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i Glossary of Terms 

 
Abiotic  Non-living factors that may affect an ecosystem. 

Biotic Living components of an ecosystem. 

Centra Round centre of the vertebrae  

Demersal Living on or near the sea bed 

Distal  Remote from the point of attachment.  

Hypoplasia  Underdevelopment or incomplete development of a tissue or organ. 

Kyphosis             
Excessive outward curvature of the spine, causing hunching of the 
back.  

Lepidotrichia Of dermal origin, they form the soft rays of the fins. 

Lordosis              Inward curvature of the spine.  

Meristics  
Method of differentiating fish species based on fin ray or scale 
counts.  

Notochord  
Longitudinal supporting axis of body which is eventually replaced as 
a support by the vertebral column in teleost fishes.  

Ontogeny The development of an individual organism.  

Ossification The process of bone formation.  

Oocytes A female gametocyte involved in reproduction. 

Progeny An immediate offspring 

Protandrous 
Male reproductive organs come to maturity before the female - 
opposite of protogynous. 

Proximal 
(Latin proximus; nearest) describes that part of a fin ray, bone, etc 
closest to the point of attachment – opposite of distal.  

Pterygiophore     Internal cartilage or bone that supports a median fin ray or spine. 

Skeletogenesis The process of skeleton formation. 
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1 Executive Summary 

This literature review presents the current state of knowledge pertaining to Saddleback 

Syndrome (SBS) regarding the identification of factors that may contribute to its 

identification, occurrence and causes in yellowfin bream Acanthopagrus australis. For 

the purposes of this review, SBS will be defined as an “abnormality of the dorsal fin 

and profile, lacking one to all of the hard spines and rays, accompanied by shape, 

number and position abnormalities of associated pterygiophores” as reported by 

Koumoundouros et al. (2001). 

 

Anecdotal evidence suggests that the incidence of SBS in A. australis has increased in 

recent years. Queensland’s peak recreational fishing representative body, Sunfish 

Queensland, report that the rate of incidence of SBS is as high as 10% in some 

locations, with SBS observed in catches from Mackay to the New South Wales border. 

 

SBS has been observed in both natural (wild) and cultured populations. In natural 

populations, causative factors reported include pollution and a lack of genetic diversity. 

In cultured populations, most authors cite rearing conditions − including factors such as 

temperature, nutrition and stocking density − as the probable causative factor, although 

no authors actually identify a single factor or combination of factors responsible. 

Genetic mutation has also been identified as causing SBS. 

 

As such, from the current review, it is difficult to identify a specific cause of SBS in A. 

australis and other species. SBS may result from a combination of one to many 

unknown factors, all of which may prove difficult to identify with certainty. Further 

research is required in order to identify or exclude potential causative factors reported 

in the literature. 

2 Yellowfin bream in Queensland 

Yellowfin bream, Acanthopagrus australis, is an important commercial and 

recreational fish species in Queensland, with a commercial harvest of 165t in 2009/10 

(Fisheries Queensland, 2010) and the recreational catch in the millions of individuals 

per year (McInnes, 2008). A. australis is endemic to coastal and estuarine waters 

between Townsville and Victoria on the east coast of Australia (Kerby and Brown, 
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1994). A. australis inhabit shallow seagrass and mangrove areas in turbid estuaries 

within Moreton Bay (Kerby and Brown, 1994) and are demersal, feeding on benthic 

plants and animals such as sea grass, molluscs, crustaceans, worms, fish and ascidians. 

The spawning season occurs during the lower water temperatures in winter near surf 

bars during which females produce a large number of eggs. However, not all adults 

participate in the spawning each year, with around half will stay at their feeding 

grounds (Kerby and Brown, 1994; Pollock, 1982a). The non-migratory fish will 

reabsorb the yolk-stage oocytes gaining the lipids and proteins as an energy source 

usually lost during spawning (Kerby and Brown, 1994; Pollock, 1984).  A. australis are 

protandrous hermaphrodites; smaller fish usually have functional male gonads and 

larger fish often having functional female gonads (Hesp et al., 2004; Kerby and Brown, 

1994; Pollock, 1982b). Juvenile A. australis only undertake small scale movement of 

less than 6 km and adult fish undertake larger scale migration to spawning areas where 

they stay until they disperse around Moreton Bay at the end of spawning (Kerby and 

Brown, 1994; Pollock, 1982a).  

 

Eggs are spawned at high tide at the surf bars until the planktonic larvae are carried to 

the ocean and return to the estuary by lunar and tidal influence around September 

(Pollock, 1985; Pollock et al., 1983). In wild populations of A. australis, Kerby and 

Brown (1994) reported that water temperature may be an important environmental cue 

influencing seasonal reproductive development. Planktonic post-larvae use a diel-tide 

phase with movement and abundance reported to be affected by a full moon ebb tide 

(Pollock, 1985; Pollock et al., 1983; Trnski, 2001). Fry are not found in Moreton Bay 

after September as reported by Pollock (1982b) and, as such, are thought to grow to 

juvenile stage quickly. Gillanders and Kingsford (2003) reported that A. australis spend 

varying lengths of time in estuaries and, therefore, absorb differing concentrations of 

minerals. 

3 Saddleback Syndrome – a review of international occurrence 

Saddleback Syndrome is one of a number of skeletal deformities observed in both wild 

and reared fish. Although fin and spinal deformities are the topic of numerous scientific 

journal articles, very few authors specifically mention SBS. There is some confusion in 

the literature regarding SBS and Saddleback-like Syndrome, a deformity differentiated 

from SBS by the presence of dorsal spines. 
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Browder et al. (1993), reference several articles that report on “morphological 

abnormalities similar to saddleback” including Code (1950) and Lewis (1961) which 

may or may not have been SBS. Code (1950) reported the capture of cutthroat trout 

(Oncorhynchus clarkia, formerly Salmo clarkii) from the South fork of Sheep Creek in 

Utah, USA. Included in the article were photographs and X-rays depicting fish with 

symptoms similar to those observed in SBS-afflicted fish. Lewis (1961) reported on 

missing dorsal spines in a wild population of sockeye salmon (Oncorhynchus nerka). 

This article includes X-rays of a normal dorsal fin and an “abnormal” fin, with the 

author stating “A close inspection of the dorsal fin area revealed no scar, and the scale 

rows appeared to be normal. No dorsal fin rays and no distal radial or proximal radial 

bones were present”. The X-ray of the “abnormal” dorsal fin appears to conform to the 

definition of SBS, although the published X-ray is difficult to interpret with certainty. 

Both of these articles fail to call the observed abnormalities by name. 

 

Komada (1980) described deformities in natural and cultured populations of ayu 

Plecoglossus altivelis in the Hokkaido area of Japan. No mention is made of SBS by 

this author, however, Koumoundouros et al. (2001) classifies at least one of the 

deformities as SBS. Komada (1980) state that “the frequency of morphological 

deformities found in hatchery-reared ayu was about 100-500 times higher than in 

nature”. 

 

SBS was first identified and described by Tave et al. (1983) in reared tilapia 

Sarotherodon aureus. These authors stated that “Saddleback S. aureus are missing part 

or all of the dorsal fin” and that SBS was “…quite variable and exhibits a continuous 

distribution ranging from those that lack only the first spine to those that have no dorsal 

fin”. The appearance of SBS ranges from an absence of the anterior-most dorsal spines 

or sections of dorsal spines to completely lacking a dorsal fin (see Figure 1). The 

absence of dorsal spines coincides with an absence of pterygiophores, the internal 

bones that support the muscle and dorsal spines (Browder et al., 1993; Koumoundouros 

et al., 2001), resulting in a lack of structural support for the muscle, giving rise to the 

saddle-like deformity (Tave et al., 1983). In severe cases of SBS, other fin deformities 

may also be present affecting the pectoral, pelvic or anal fins (Tave et al., 1983).  
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Figure 1: Saddleback Syndrome in a yellowfin bream, Acanthopagrus australis. Note the 
absence of the anterior dorsal spines and the saddle-shaped deformity characteristic of SBS in 
this species. This fish was caught by a recreational fisher on the Gold Coast during a fishing 
competition on 19 June 2011 (TL = 29cm). 

Tave et al. (1983) give a genetic explanation for SBS, stating that it is a ‘dominant 

autosomal gene’ in the Auburn population of blue tilapia S. aureus. The study 

experimented on phenotypic ratios and found that “…the S gene interferes with normal 

embryological development and ossification1 of fin rays and associated skeletal 

structures”.  Although the experimental population was highly inbred, this was found 

not to influence the saddleback phenotype. Genetically, the study found that a 

saddleback parent always produced saddleback progeny and that SBS had a heritable 

basis in reared S. aureus. The authors went on to state that “…all saddlebacks are 

heterozygotes (S+) and that all homozygous (SS) individuals are aborted”. Further, it 

was found that by culling all fish with SBS the dominant gene can be eliminated from 

any population in a single generation. 

 

Tave et al. (1983) state that “qualitatively, saddlebacks seemed to be less hardy than 

normal fish” continuing to note that “saddlebacks seemed to be more sensitive to 

handling stress and appeared to die in disproportionate numbers when environmental 

conditions changed in the ponds”. This was quantified by exposing 953 fingerlings to a 

Saprelegnia infection resulting in a 33% mortality rate in deformed fish compared to 

5% mortality in unaffected fish. Tave et al. (1983) reported individuals afflicted with 

SBS were found to have had difficulty maintaining upright equilibrium if they lacked 

                                                 
1 Ossification refers to the formation of bony structures. 
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most, or all, of the dorsal fin, however, the absence of the anterior half of the dorsal fin 

had no noticeable effect on swimming behaviour. 

 

Tave et al. (1983) reported that “…in fish where ray loss is not consecutive, rays that 

remain are either vestigial or grossly deformed”. Further, when the dorsal or anal fins 

were missing the associated pterygiophores were also absent. These authors also 

reported that in extreme cases of SBS, pectoral, pelvic and anal fin deformities can also 

occur. 

 

Valente (1988) reported the presence of a fin abnormality in crucian carp Carassius 

carassius but did not refer to the abnormality as SBS. However, the photographs of two 

individuals published in the article appear likely to be affected by SBS. The posterior 

end of the dorsal fin appears to be absent in one individual while the anterior portion of 

the dorsal fin is absent in the second individual. The typical saddle-like abnormality is 

obvious in both individuals. 

 

Browder et al. (1993) studied 80 individuals consisting of ten fish species from six 

families of wild fish in Biscayne Bay, Florida, USA. The affected fish had 

abnormalities such as stunted or missing dorsal spines and rays and other deformities 

including ‘scale disorientation’. The authors studied 10 fish species with SBS which 

included three Sparids: pinfish Lagodon rhomboides, sea bream Archosargus 

rhomboidalis and silver porgy Diplodus argenteus. Browder et al. (1993) described 

SBS as an “incomplete dorsal fin with one or more missing or stunted dorsal spines, 

sometime accompanied by a depression in the upper body profile at the site where the 

spines are missing”. The deformity “…usually involved the anteriormost [sic] dorsal 

spines and individuals sometimes had other abnormalities”. Further, “…some of the 

specimens had posterior spines missing with the anterior-most dorsal spines intact”. 

These authors suspected that in the one location a range of deformities were caused by 

the same or a group of environmental contaminants common to all affected species. 

  

Lemly (1993) described the effects of elevated levels of selenium residues in a lake in 

North Carolina, USA, adjacent to a power station. This author found a correlation 

between selenium concentration and the incidence of skeletal, eye, head and fin 

abnormalities. This report shows an X-ray of a green sunfish Lepomis cyanellus 
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exhibiting symptoms of SBS, notably the absence of “three hard dorsal spines and five 

supporting pterygiophores” from the posterior part of the first dorsal fin. It is difficult to 

determine if other species mentioned were afflicted with SBS as the author does not 

mention SBS by name and only refers to “fin abnormalities”. For example, another 

figure shows a mosquitofish Gambusia affinis with missing pelvic fins. Unfortunately, 

all fin abnormalities were grouped together and the incidence of SBS was not 

quantified. Lemly (1993) stated that “the most frequent types of abnormalities were 

lordosis, kyphosis and fin defects…” and “…fin and head defects were restricted to 

juvenile fish”. 

 

Koumoundouros et al. (2001) studied the development of SBS in Dentex dentex in 

extensive and semi-extensive rearing conditions. The extensive system represented 

what could be expected in the wild, with only rudimentary husbandry techniques 

employed. The semi-extensive system represented conditions that reared larvae would 

experience during culture, with higher densities of juveniles than those expected in a 

natural system. The meristic characteristics and osteological appearance were used for 

comparison finding that semi extensive individuals had the highest incidence of SBS. 

These authors found that genetic factors did not have a direct involvement in the 

development of SBS in Dentex dentex, with all experimental units coming from the 

same broodstock despite those in the semi-extensive culture environment contracting 

SBS.  

 

Koumoundouros et al. (2001), found that anatomically and ontogenetically, SBS and 

severe caudal fin deformities were found to be related in Dentex dentex and originated 

in the early developmental stage. Internal identification shows that SBS was first 

identified in fish at the “early larval stage, at the posterior tip of the notochord and the 

primordial marginal finfold” (3.6 – 15.5mm Total Length, TL) in Dentex dentex and 

was evident from the seventh post-feeding day, with the size of individuals at 4.8 mm 

and 5.2mm TL. No morphological abnormalities were present during the autrophic 

phase (egg incubation and yolk sac larval phase). The authors suggest that SBS can be 

identified after the development of dorsal spines, however for early internal detection of 

SBS in fish, two new criteria were identified in this study - atrophy of the anterior 

dorsal part of the primordial marginal finfold and severe deformities of the caudal fin. 
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Neofytou et al. (2006) studied the osteological development of the skeleton and fins in 

shi drum Umbrina cirrosa cultured in a semi-intensive mesocosm. These authors 

mention that SBS was present in at least one individual of 23.6 mm TL. An X-ray 

clearly shows missing dorsal spines, along with associated pterygiophores, suggesting 

the individual was afflicted with SBS. SBS is not mentioned in this abstract, nor are any 

references cited. 

 

Setiadi et al. (2006) studied geometric morphometrics to identify affects on body shape 

and size of red spotted grouper Epinephelus akaara by SBS and vertebral deformity. 

These authors reported that before the development of dorsal distal radials, spines and 

pterygiophores, SBS is found in E. akaara at the pre-flexion stage and was found to 

affect the first to forth dorsal proximal radials and neural spines at the pre-flexion stage. 

Although, Setiadi et al. (2006) refer to the deformity as SBS, photographic evidence 

suggests that the E. akaara studied were afflicted with Saddleback-like Syndrome (see 

Chapter 6, page 17), as dorsal spine counts are the same for fish with and without the 

deformity.  

 

Koumoundouros (2008) documented SBS in wild-caught parrot fish Sparisoma 

cretense in the Argean Sea, Greece. It was found that in S. cretense, SBS manifested as 

a shorter profile of the dorsal fin with two missing dorsal spines. The associated 

pterygiophores were also absent. This author reported that SBS may not significantly 

affect fish survival, however, factors such as predator avoidance, prey capture and 

locomotion performance is affected by some skeletal deformities. Koumoundouros 

(2008) also reported that fish affected by SBS are more susceptible to stress and less 

hardy in changing environmental conditions. It was found that behavioural elements in 

wild S. cretense may be affected as dorsal fin displays are used to attract a mate.  

 

Korkut et al. (2009) studied SBS in gilthead sea bream Sparus aurata cultured in 

Turkey. These authors observed individuals with all dorsal spines absent along with 

associated pterygiophores. Further, Korkut et al. (2009) reported that SBS-afflicted S. 

aurata had a 20% lower growth rate than normal. It is noted by the authors that the fin 

deformities might negatively affect survival, growth and weight development affected 

fish. 
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Roo et al. (2010) analysed skeletal deformities in the red porgy Pagrus pagrus cultured 

using different rearing techniques. These authors examined a range of deformities such 

as lordosis, kyphosis and cranial deformities. SBS was included in this study but was 

reported in the “other deformity” category and as such, very little information regarding 

SBS is presented in this paper. Despite this limitation, Roo et al. (2010) state that 

“Reared fishes generally display a higher variability of meristic characters and higher 

numbers of deformities than natural populations”. These authors discussed the 

observation that deformity rates and stocking densities were correlated. 

 

Although SBS has been found in several species of Sparids, the manifestation of the 

syndrome differs significantly, even within species. Figure 2, Figure 3 and Figure 4 

show SBS in A. australis caught by recreational anglers during a fishing competition in 

July 2011, in the area around South Stradbroke Island.  

 

 

Figure 2: SBS in yellowfin bream with anterior dorsal spines absent (fish caught by a 
recreational angler as part of a competition on 2 July 2011). 

4 Reported causes of SBS 

As stated earlier, very little information is available in the scientific literature detailing 

specific causes of SBS. The majority of SBS-related studies relate to observations in 
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cultured populations, although of most relevance are the three studies pertaining to 

wild, or natural, populations. 

4.1 SBS in wild populations 

In the scientific literature, very few papers describe SBS in wild populations. Lemly 

(1993) sited selenium contamination as the cause of deformities, including SBS in the 

green sunfish Lepomis cyanellus in ten species of fish located in a freshwater lake 

adjacent to a coal-fired power station. The author explained that water from the lake 

was used to cool power generating units and also to mix with bottom ash from coal 

burners. The bottom ash mixture was then pumped into settlement ponds adjacent to the 

lake before returning to the lake with high concentrations of selenium (150-200 µg/l). 

Lemly (1993) reported that the elevated levels of selenium led to 1) an accumulation of 

selenium in the gonads of reproducing fish, with a resultant “very high percentage of 

abnormal larvae” and 2) the selenium levels were lethal to adults , eliminating predation 

pressures on the deformed larvae. Both of these factors resulted in the high numbers of 

deformed fish observed. 

 

Browder et al. (1993) described SBS in ten species of fish in a semi-enclosed, sub-

tropical estuary lagoon in Florida, USA. Of the ten species affected, three – sea bream 

Archosargus rhomboidalis silver porgy Diplodus argentus and pinfish Lagodon 

rhomboides – were of the Family Sparidae. Other species affected were the snapper 

(Lutjanidae) Lutjanus griseus, the grunts (Pomadasyidae) Haemulon parrai, Haemulon 

plumeri, Haemulon sciurus, the Bermuda chub (Kyphosidae) Kyphosus sectatrix, the 

scrawled cowfish (Ostraciidae) Lactophrys quadricornis and the checkered puffer 

(Tetradontidae) Spheroides testudineus. Given that multiple species were observed with 

SBS, Browder et al. (1993) suggested that “…something in the environment common 

to all species may have caused the deformity” and that SBS “…may have arisen 

through the environmental induction of mutation at some labile genetic focus shared by 

all fish groups”. As such, these authors failed to identify a specific cause of the 

deformities stating “PCBs, other chlorinated hydrocarbons, and certain heavy metals 

found in Biscayne Bay have been associated with skeletal deformities”. However, these 

authors also state that “fish populations have declined to the extent that genetic 

variability has been substantially reduced”, adding “…this might be the mechanism by 

which saddleback is produced”. 
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Figure 3: SBS in yellowfin bream with posterior dorsal spines absent (fish caught by a 
recreational angler as part of a competition on 2 July 2011). 

Koumoundouros (2008) described SBS in a single parrotfish Sparisoma cretense, 

caught in the Agean Sea off Greece, but failed to identify any potential causes of the 

deformity.  

 

Many recent studies in the scientific literature link skeletal deformities in wild fish 

populations with pollution (e.g. (Messaoudi et al., 2009; Sun et al., 2009)). Messaoudi 

et al. (2009) stated that spinal deformities in wild teleost fish species are observed only 

in polluted waters. These authors studied the association of spinal deformities with 

heavy metal bioaccumulation and found that kyphosis, scoliosis and lordosis 

deformities occurred at 10.72 % and were higher in the polluted coast, which contained 

higher levels of cadmium, copper and zinc than in the unpolluted coast.  

 

Sun et al. (2009) collected tilapia seasonally from four contaminated rivers in south 

western Taiwan. The study looked at morphological deformities as biomarkers for 

pollution. A strong relationship was found between deformity and bad water quality 

including high ammonia, lead and zinc concentrations and low dissolved oxygen. The 

study concluded that morphological deformities were found to be significantly higher in 
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fish collected in the rainy season possibly due to increase river flow stirring up organic 

material and heavy metals from the river bed. Sun et al. (2009) found that “…tilapia 

from these rivers that have different types and concentrations of pollutants such as 

heavy metals of [sic] mercury, zinc, lead, copper, chromium, serious organic pollution 

as evidenced by high ammonia levels, biological oxygen demand, coliform counts and 

low dissolved oxygen along with high suspended solids with high flowing speed during 

heavy rainfall, developed a suite of morphological deformities in response to those 

pollutants”. 

 

 

Figure 4: SBS in yellowfin bream with both anterior and posterior dorsal spines absent. This 
individual was caught by a recreational fisher during a competition on 2 July 2011 in proximity 
to South Stradbroke Island. 

4.2 SBS in cultured populations 

Several authors have reported SBS in cultured populations of fish (Akashi and Abe, 

2011; Komada, 1980; Korkut et al., 2009; Koumoundouros et al., 2001; Roo et al., 

2010; Tave et al., 1983; Valente, 1988) however, few describe the causative factor, or 

combination of factors, responsible.  

 

Komada (1980) noted a higher rate of deformity in cultured populations of ayu 

Plecoglossus altivelis compared to natural populations. This author suggests that the 



 

 -12- 

higher incidence in reared populations could be attributed to unfavourable 

environmental factors, such as temperature and dissolved oxygen, during ontogeny but 

failed to identify a single cause of the deformity. 

 

Tave et al. (1983), when describing SBS in a cultured population of the blue tilapia 

Sarotherodon aureus  states “the most plausible explanations for the occurrence of this 

phenotype is that the S gene arose in the Auburn population of S. aureus by mutation”. 

These authors report that inbreeding of this population was not the cause of SBS and 

found that SBS was not developed in eggs and fry of S. aureus by chemicals or physical 

stimuli. 

  

Valente (1988) does not refer to Tave et al. (1983) in a short communication describing 

an deformity in the crucian carp Carassius carassius. The author did not refer to SBS 

and does not indicate likely causes apart from referring to Welch et al. (1963) stating 

that “…such anomalies might originate through unfavourable environmental conditions 

during embryonic development”. However, Valente (1988) stated that their “data do not 

provide evidence” that environmental conditions caused the deformities. 

 

Koumoundouros et al. (2001) reported that 4.0-4.4% of cultured Dentex dentex larvae 

reared under semi-extensive conditions were afflicted with SBS during experiments, 

while those reared under extensive conditions exhibited no signs of the syndrome. This 

suggests that differences in rearing strategies, particularly those associated with 

stocking density and nutrition, may influence the occurrence of SBS in cultured 

populations of D. dentex. The difference between extensive and semi-extensive in this 

context is not discussed however, the authors state that the extensive conditions 

correspond to those associated with conditions experienced by wild populations, 

whereas the semi-extensive conditions are associated with mass production of 

juveniles. The eggs produced for the experiment came from the same batch, suggesting 

that there were no genetic differences in the two experimental groups. However, this 

does not discount a genetic abnormality occurring as a result of the semi-extensive 

rearing conditions experienced by this group of larvae.  

 

Although the deformity reported by Setiadi et al. (2006) appears to be Saddleback-like 

Syndrome as discussed previously, these authors observed the deformity in cultured 
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Epinephelus akaara. These authors gave no indication as to likely causes of the 

deformity, simply stating that “the deformity reported in this study might possibly be 

caused by rearing conditions”. 

 

Korkut et al. (2009) published the first account of SBS occurring in gilthead sea bream,  

Sparus aurata, cultured in sea cages in Turkey. These authors fail to identify causative 

factors and suggest that further studies focused on factors such as nutrition, genetics 

and abiotic factors. Korkut et al. (2009) reported that nutritional phosphorus and 

micronutrients such as Vitamin A, C and D deficiencies are factors that can cause 

skeletal deformities and, as such, may be a causative factor in SBS. 

 

Further, Roo et al. (2010) discussed the observation that deformity rates and stocking 

densities were correlated in the red porgy Pagrus Pagrus.  

4.3 Summary 

In natural populations, two authors have suggested that pollution has led to an increase 

in the incidence of SBS. Lemly (1993) reported that high concentrations of selenium 

led to SBS, while Browder et al. (1993) failed to identify a single causative factor or 

factors. It is difficult to say with certainty that pollutants were directly responsible for 

the deformity or if the pollutants caused a genetic abnormality to occur, with progeny 

acquiring the syndrome from affected cohorts, as suggested by Tave et al. (1983). 

 

In cultured fish, rearing conditions have been shown to affect the incidence of SBS 

(Akashi and Abe, 2011; Komada, 1980; Korkut et al., 2009; Koumoundouros et al., 

2001; Roo et al., 2010; Tave et al., 1983; Valente, 1988), yet no authors identify 

specific causative factors. Presumably, factors such temperature, dissolved oxygen 

levels, stocking density and nutrition, or a combination of same, contribute to the 

occurrence of SBS in a population. 

5 Saddleback Syndrome in Queensland – a review of articles in 
the media 

Saddleback Syndrome has been identified in fish species with importance to 

recreational fishing in South East Queensland. Both recreational and commercial 

fishers have, in recent years, insisted that SBS has become more prevalent and is now 
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occurring in species other than A. australis such as luderick, Girella tricuspidata, 

tarwhine, Rhabdosargus sarba, and snapper, Pagrus auratus, (John Page, commercial 

net fisher – Moreton Bay, personal communication; (Bateman, 2010a; Bateman, 

2010b)). Recreational fishers were convinced that the saddle-like deformity was an 

injury sustained during removal from commercial gill nets. This, combined with a 

perceived increase in prevalence of SBS, motivated the recreational fishing peak body, 

Sunfish Queensland Incorporated (hereafter referred to as Sunfish), to launch a 

monitoring program in 2009, whereby Sunfish members were encouraged to provide 

information regarding the location and date of any fish captured showing signs of SBS 

(Bateman, 2009). In the same article, Mr. Bateman states “First reports came from the 

Jumpin pin [sic] area but after some exposure to our members it appears that the 

problem is widespread & [sic] occurs in approx 5% of fish taken in some areas”. 

  

On 30 September 2009, Queensland Health released a report detailing the analysis of 

three A. australis, two afflicted with SBS and one not afflicted, provided by Dr. Ross 

Quinn from Fisheries Queensland, on behalf of Sunfish Queensland Incorporated. 

These animals were analysed for a range of pesticides, PCB’s and trace metals and 

were found to been safe for human consumption according to the Food Standards 

Australia New Zealand (FSANZ – formerly ANZFA) Food Standard Code. Although 

from a small sample, the observed lipid content was lower in SBS-afflicted fish 

compared to the control fish, while the levels of total arsenic were higher in the SBS-

afflicted fish. The elevated arsenic levels were not considered unusually high for 

marine fish. 

 

As part of his Chairman’s Column in the October 2009 edition of the Sunfish Magazine 

(Pollock, 2009), Dr. Barry Pollock conveyed that Sunfish had provided samples for 

analysis by Queensland Health but had yet to receive feedback regarding the results. 

The results (above) were reported in the January 2010 edition of the Sunfish Magazine 

(Pollock, 2010), with Dr. Pollock stating that the analyses revealed “… that there are nil 

or very low concentrations of contaminants in deformed bream and hence these fish 

appear OK [sic] to eat”. 

 

On 10 May 2010, Mr. David Bateman from Sunfish, along with Jim Groves, the 

Managing Director of Fisheries Queensland, and Matt Landos, an aquaculture 
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veterinarian, were interviewed as part of the Morning program on the ABC (see 

(Gaffney, 2010)). During these interviews, Mr. Bateman stated that one in ten bream 

caught by Sunfish members exhibited signs of SBS, which he described as “an 

indentation on the top of the head that has well-and-truly healed-up”. Mr. Bateman 

went on to state that the Sunfish monitoring program mentioned earlier had shown that 

SBS was present in samples from “as far north as Mackay and also well into New 

South Wales, but mainly in Moreton Bay” and that “it looks like it’s now mutating into 

other species as well and increasing in numbers”. Mr Bateman gave a small snapper P. 

auratus as an example of how SBS had ‘mutated’ into other species as well as luderick, 

Girella tricuspidata, and tarwhine, Rhabdosargus sarba. During the interview, Mr 

Bateman suggested that the SBS-related deformity “…could be started off by chemicals 

and then reproduced, genetically, through the reproduction system of the fish” and that 

“…it looks more like it’s some sort of a genetic defect caused by a chemical of some 

sort”. 

 

Mr. Jim Groves was then interviewed by Ms. Gaffney. Mr. Groves stated that the 

deformity is “…a naturally-occurring phenomenon in a number of species of fish 

world-wide. It’s known as Saddleback Syndrome, it appears as a notch on the top of the 

spine…” and that “it does look like a healed wound”. Mr. Groves then went on to state 

that “…it occurs or is generated in the pre-larval stage”. Mr. Groves also pointed out 

“…that it’s a naturally-occurring phenomenon that has no adverse consequences for 

either the fish or for people who catch the fish”. Mr. Groves then conceded that 

scientists could not rule out “that there has been some kind of chemical interaction at 

the larval stage of the fish and it is being genetically reproduced”, a question asked by 

Ms. Gaffney. 

 

When interviewed, Mr Landos immediately stated that it was “extremely unlikely that 

this is any kind of genetic issue. We’re talking about wild fish here, breeding, where 

there is no real chance of inbreeding to be taking place”. Mr. Landos went on to state 

that “…industrial pollutants and pollutants that are coming via sewerage which have 

endocrine-disrupting effects and can alter the way in which embryos are developing and 

cause deformities”. 
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Later that day, an article appeared on the ABC News website that summarised Mr. 

Bateman’s interview (Anonymous, 2010a). The article highlighted Mr. Bateman’s 

comparison of SBS with deformities observed at a fish hatchery on the Noosa River, 

the symptoms of which manifested as two-headed embryos. 

 

Bateman (2010b) published an article in the June 2010 edition of Sunfish Magazine, 

reporting on the monitoring program Sunfish had established. The author stated “The 

most intensely monitored area has been the Jumpinpin area where the incidence is now 

reportedly 10% in some catches”. Further, the author gives an account of an undersize 

snapper, Pagrus auratus, exhibiting signs of SBS with an accompanying photograph 

showing the individual with the deformity. In the same article, Mr. Bateman stated that 

“At the current rate of increase it is possible the [sic] 50% of the catch will be affected 

in 5 years time and it will be too late then to remedy the cause but more importantly to 

stop the spread to other species”.  

 

On 24 September 2010, Queensland Fisheries Director General Jim Groves was quoted 

by the Australian Times as describing SBS as “naturally occurring”, that fish afflicted 

were “perfectly safe for human consumption” and that the affliction “…posed no 

adverse health risks”. Mr. Groves was also quoted as saying that in regards to testing 

“Nothing was found that was a concern whatsoever” (Hill, 2010). 

 

An article appeared on the website of the Brisbane-based Courier Mail (Williams, 

2010) quoting the then Sunfish Chairperson, Dr. Barry Pollock as saying that 

“…fishermen [sic] had been catching deformed bream for about 10 years but the 

problem had been getting worse over the past five years”. The article also listed causes 

of SBS “…including physical, genetic, environmental, nutritional and infectious, but 

interaction with fishing nets was ruled out”, although this was not attributed to a 

particular source article or quote. 

 

On 24 September 2010, an article appeared on the Tweed Daily News website 

(Anonymous, 2010b). This article quoted fishing guide, Mr. Brad Smith, as saying that 

he was “…getting at least one deformed bream for each charter on the Tweed River, but 

he has seen it for the last twenty years”. The article states that “Local ACORF 

representative Charlie Howe has been contacted by fisheries managers from Sydney 
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asking what the situation was on the Tweed. Unfortunately it is not good”. The article 

goes on to say that “Charlie has personally caught two”. The article then states that 

“Polluted waterways is [sic] thought to be the primary cause”. 

 

Also in September 2010, an article by Sunfish representative, David Bateman, appeared 

in the Sunfish Magazine (Bateman, 2010a), reporting on the capture of an SBS-afflicted 

tarwhine, Rhabdosargus sarba. An attached photo depicts a 10cm (TL) specimen with a 

spinal deformity. A close-up of the deformity shows that the fish was afflicted with 

what appears to be Saddleback-like Syndrome (see Chapter 6) as dorsal spines are 

present. 

 

In the December 2010 edition of the Sunfish Magazine (Anonymous, 2010c), the author 

states “Attempts by Sunfish for scientists to do research to find the cause of deformities 

in bream and other species (Snapper [sic] and Tarwhine[sic]) have been supported by 

the commercial fishing sector but OPPOSED [sic] by Fisheries Queensland”. The 

author states that “…the incidence of the deformed bream can be as high as 10% of the 

catch at some popular fishing locations”. 

  

As a result of the increasing pressures from Sunfish and other sources, the Queensland 

Fisheries Research Advisory Board (QFRAB) announced, as one of their Research and 

Development priorities for 2010, that there was an “urgent need for research into the 

cause of a particular deformity of bream that is occurring in the important Moreton Bay 

fishery”. As such, a research project was proposed and submitted (15 September 2010) 

by the Principal Investigator of the current project seeking significant funds ($245,000 

from the Fisheries Research and Development Corporation) with aims of determining 

the cause of SBS using a range of techniques including otolith microchemistry and 

genetic methods. This proposal was unsuccessful, with QFRAB suggesting that the 

current work be undertaken. 

6 Saddleback-like Syndrome and Saddleback disease 

6.1 Saddleback-like Syndrome 

Saddleback-like Syndrome may have been identified as early as 1963 when Welch et al. 

(1963) described a rainbow trout (Oncorhynchus mykiss) that “…showed some unusual 

skeletal characteristics of the second dorsal fin. The pterygiophores of the second fin 
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were bunched together and not aligned with the fin rays”. The photograph published as 

part of the article is lacking in resolution and it is, therefore, difficult to determine if 

Saddleback-like Syndrome is present. The authors failed to identify the deformity by 

name, although references were cited giving explanations for such deformities 

occurring due to radiation exposure or high temperatures.  

 

Saddleback-like Syndrome was identified in Diplodus sargus and described as the 

appearance of a V-shaped dorsal profile externally, with a depression of the body line, 

fin spines and rays (Sfakianakis et al., 2003). Saddleback-like syndrome is identified by 

these authors as differing from SBS by “…being associated with (a) lack of dorsal fin 

elements, characterised by a concurrent deformation of both the dorsal fin and the 

ventral column, where each pterygiophore was fused with its underlying neural 

process”. It was also noted that in Saddleback-like Syndrome of D. sargus there was no 

association between notochord and finfold abnormalities that are present in SBS as 

identified by Koumoundouros et al. (2001). Sfakianakis et al. (2003) found that 

pterygiophores were present, however they were deformed and dislocated in the 

affected area. This study also showed that in affected specimens, misalignment of the 

vertebral column caused by kyphosis and lordosis was evident as was fusing of each 

pterygiophore. It was assumed by the authors that the skeleton develops normally 

before the syndromes’ causative factor acts. 

 

Saddleback-like syndrome has been misidentified previously as SBS in papers by 

Korkut et al. (2009) and Setiadi et al. (2006). These authors erroneously refer to the 

deformity reported by Sfakianakis et al. (2003) as SBS, rather than Saddleback-like 

Syndrome. Although Korkut et al. (2009) reference Sfakianakis et al. (2003), the 

samples shown in photographs published as part of this article show SBS-afflicted 

Sparus aurtata. 

 

Setiadi et al. (2006) found that in hatchery-reared red spotted grouper, Epinephelus 

akaara, “SBS affects the deformities of the first to forth dorsal proximal radials, neural 

spines and disposition of the dorsal spines which cause depression in the external dorsal 

body”. However, given that these authors found that SBS in E. akaara was “not 

associated with the lack of dorsal distal radials, spines, rays and pterygiophores”, it is 

difficult to determine whether the deformity reported was SBS. Another limitation with 
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this study was that fish with multiple deformities were excluded despite Tave et al. 

(1983) stating that in extreme cases of SBS pectoral, pelvic and anal fin deformities can 

also occur. Setiadi et al. (2006) provide X-rays of E. akaara with Saddleback-like 

Syndrome showing pterygiophores present along with dorsal spines in the location of 

the deformity. 

 

 

Figure 5: Saddleback- like syndrome in a juvenile tarwhine, Rhabdosargus sarba, as reported 
by Bateman (2010) 

Similarly, Akashi and Abe (2011) reported on what the authors referred to as 

Saddleback Syndrome in hatchery-reared E. akaara. As with the study by Setiadi et al. 

(2006), Akashi and Abe (2011) published X-rays of individuals exhibiting a deformity 

similar to SBS, however, the pterygiophores and dorsal spines were present. The 

articles by Akashi and Abe (2011) and Setiadi et al. (2006) both report on Saddleback 

Syndrome in E. akaara, yet by the definition used by Sfakianakis et al. (2003), these 

deformities appear to be Saddleback-like Syndrome. It is difficult to determine if the 

specimens in each of these studies were, indeed, afflicted with Saddleback-like 

Syndrome or the deformity associated with SBS manifests differently in species of the 

genus Epinephelus. Further research is needed to determine the difference between SBS 

and Saddleback-like Syndrome. 

 

Bateman (Bateman, 2010b) published a photograph in the Sunfish magazine depicting a 

tarwhine, Rhabdosargus sarba, afflicted with Saddleback-like Syndrome. Figure 5 is 
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reproduced from the magazine and clearly shows that the dorsal spines are present, 

excluding the deformity as SBS as defined in the current study. 

6.2 Saddleback Disease 

Cone et al. (1980) describe the saddle lesion associated with Saddleback disease as 

“…a band of pale discoloration [sic] that usually develops symmetrically on the flanks 

of the body on either side of the dorsal fin…” in cultured juvenile Atlantic salmon 

(Salmo salar). These authors reported that the individuals exhibiting the lesion became 

sluggish and died within 12 hours. Cone et al. (1980) state that “Saddleback disease 

appears to be caused by a gram-negative, flexible, bacterium…” and cite Pacha and 

Ordal (1967) as identifying the bacterium Flexibacter columnaris as being associated 

with a saddle-shaped lesion observed on chinook (Oncorhynchus tshawytscha) and 

sockeye (Oncorhynchus nerka) salmon, however, Cone et al. (1980) fail to associate the 

lesion in their study with F. columnaris. Cone et al. (1980) report that “…the bacterium 

associated with saddleback disease gains entrance through the dorsal fin” and suggest 

that the crowded conditions in a hatchery “could easily give rise to an abraded dorsal 

fin and make a fish susceptible to infection”.  

 

Morrison et al. (1981) identify F. columnaris as being “the causative organism of 

‘saddleback’ disease” in juvenile, cultured S. salar. These authors suggest that a layer 

of mucus protects fish from bacteria under normal conditions, however, F. columnaris 

were able to gain access to the epidermis after skin abrasion due to “handling, 

overcrowding or too high a flow rate in the rearing ponds”. This infection resulted in 

the death of the affected animals within 2 days at 20°C. 

 

Rand and Wiles (1988) described lesions observed on reef silversides, Atherina 

harringtonensis, in aquaria located in Bermuda. The lesions were similar in appearance 

to those observed in S. salar reported by Cone et al. (1980) and Morrison et al. (1981), 

being “…bands of pale discolouration that often covered symmetrically the dorsal and 

lateral surfaces at either end of the fish’s first dorsal fin”. Rand and Wiles (1988) 

suggest that in the studies by Cone et al. (1980) and Morrison et al. (1981), microscopy 

revealed that there were bacteria other than F. columnaris present in samples. Rand and 

Wiles (1988) suggest that, in A. harringtonensis, “saddleback disease is caused by 

infection with at least five potentially infectious bacterial strains which may, when 
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together, become pathogenic”. Rand and Wiles (1988) identified four bacteria, 

Acinetobacter calcoaceticus, Aeromonas hydrophila, Pseudomonas sp. and Vibrio 

parahaemolyticus, while the fifth was “tentatively identified as a species of 

myxobacteria”. 

 

Suomalainen et al. (2005) examined the effect of rearing conditions, such as density 

and temperature, on Flavobacterium columnare infection in O. mykiss. These authors 

reported that Flexibacter columnaris were re-classified as Flavobacterium columnare 

by Bernardet et al. (1996). Since this publication, a number of recent scientific articles 

have been published reporting on the effects of F. columnare on a range of cultured 

species including O. mykiss (Barnes et al., 2009; Kubilay et al., 2008; Kunttu et al., 

2009), channel catfish Ictalurus punctatus (Bullard et al., 2011; Darwish et al.; Gaunt et 

al., 2010) and O. kisutch (Avendano-Herrera et al., 2011), none of which reference 

Rand and Wiles (1988).  

7 Discussion and Conclusion 

SBS has been shown to affect several species in both natural and cultured populations 

of fish. The scientific literature suggests that pollution and a lack of genetic diversity 

may be causative factors affecting the incidence of SBS in natural populations. 

Although a high concentration of selenium was cited as a probable causative factor of 

deformities observed in a freshwater lake by Lemly (1993), Browder et al. (1993) fails 

to identify a single pollutant or other causative factor that led to the deformities 

observed in a suite of species in a sub-tropical estuary in Florida. 

 

The samples provided to Queensland Health, mentioned by Pollock (2010), revealed 

that the SBS-affected individuals had 2.4 mg/kg and 3.0 mg/kg, respectively, of arsenic 

compared to 1.2 mg/kg for the control specimen. The report fails to mention selenium, 

however, mercury, lead and cadmium levels were similar for both affected and 

unaffected fish. Similarly, pesticide and PCB  levels were identical for both affected 

and unaffected individuals. 

 

In cultured populations, rearing conditions is the most common causative factor of SBS 

cited, although no author has suggested a single factor or suite of factors responsible. 

Temperature, hypoxial conditions, nutrition and stocking density have been suggested 
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by authors who observed SBS in cultured fish populations as possible causative factors 

of SBS. 

 

The genetic transference of the S gene, as suggested by Tave et al. (1983), is a 

complicating factor. It is possible that the SBS observed in A. australis may be caused 

by pollution, a lack of genetic diversity or an environmental factor, with affected 

individuals passing on the syndrome to their progeny. This would account for the 

perceived increase in the incidence of SBS observed in A. australis. 

 

Some authors suggest that SBS can cause swimming difficulties in some species, which 

may lead to higher levels of mortality. This is of particular relevance in wild 

populations, where predation of deformed individuals may result in significant 

increases in natural mortality. 

8 References 

Akashi, H., Abe, Y., 2011. Saddleback syndrome deformity in hatchery-reared red 

spotted grouper, Epinephelus akaara, and its possible use in stock separation studies. 

Bulletin of the Kagawa Prefectural Fisheries Experimental Station, 13-18. 

Anonymous, 2010a. Fears deformed fish rate 'more widespread'. Australian 

Broadcasting Corporation 

http://www.abc.net.au/news/2010-05-10/fears-deformed-fish-rate-more-

widespread/429332. 

Anonymous, 2010b. An increasing number of silver bream being caught in Gold Coast 

and Moreton Bay. Tweed Daily News APN Newspapers Pty. Ltd. 

Anonymous, 2010c. Research on Deformed bream opposed by Fisheries Queensland. 

Sunfish Magazine. Sunfish Queensland Incorporated, Brisbane, Queensland. 

Avendano-Herrera, R., Gherardelli, V., Olmos, P., Godoy, M.G., Heisinger, A., 

Fernandez, J., 2011. Flavobacterium columnare associated with mortality of salmonids 

farmed in Chile: a case report of two outbreaks. Bulletin of the European Association of 

Fish Pathologists 31, 36-44. 



 

 -23- 

Barnes, M.E., Bergmann, D., Jacobs, J., Gabel, M., 2009. Effect of Flavobacterium 

columnare inoculation, antibiotic treatments and resident bacteria on rainbow trout 

Oncorhynchus mykiss eyed egg survival and external membrane structure. Journal of 

Fish Biology 74, 576-590. 

Bateman, D., 2009. Have you seen a bream looking like this? , Sunfish Magazine. 

Sunfish Queensland Incorporated, Brisbane, Queensland. 

Bateman, D., 2010a. The deformed fish keep appearing. Sunfish Magazine. Sunfish 

Queensland Incorporated, Brisbane, Queensland. 

Bateman, D., 2010b. Fish deformities now a high Sunfish priority for research. Sunfish 

Magazine. Sunfish Queensland Incorporated, Brisbane, Queensland. 

Bernardet, J.-F., Segers, P., Vancannyt, M., Berthe, F., Kersters, K., Vandamme, P., 

1996. Cutting a Gordian Knot: Emended Classification and Description of the Genus 

Flavobacterium, Emended Description of the Family Flavobacteriaceae, and Proposal 

of Flavobacterium hydatis nom. nov. (Basonym, Cytophaga aquatilis Strohl and Tait 

1978). International Journal of Systematic Bacteriology 46, 128-148. 

Browder, J.A., McClellan, D.B., Harper, D.E., Kandrashoff, M.G., Kandrashoff, W., 

1993. A major developmental defect observed in several Biscayne Bay, Florida, fish 

species. Environ. Biol. Fish. 37, 181-188. 

Bullard, S.A., McElwain, A., Arias, C.R., 2011. Scanning Electron Microscopy of 

“Saddleback” Lesions Associated with Experimental Infections of Flavobacterium 

columnare in Channel Catfish, Ictalurus punctatus (Siluriformes: Ictaluridae), and 

Zebrafish, Danio rerio (Cypriniformes: Cyprinidae). Journal of the World Aquaculture 

Society 42, 906-913. 

Code, M.R., 1950. Cutthroat Trout without Dorsal Fins. The Progressive Fish-Culturist 

12, 85-86. 

Cone, D.K., Miller, J.D., Austin, W.K., 1980. The pathology of 'saddleback' disease of 

underyearling Atlantic salmon (Salmo salar ). Can. J. Zool. 58, 1283-1287. 



 

 -24- 

Darwish, A.M., Mitchell, A.J., Straus, D.L., Evaluation of the therapeutic effect of 

potassium permanganate at early stages of an experimental acute infection of 

Flavobacterium columnare in channel catfish, Ictalurus punctatus (Rafinesque). 

Aquacult. Res. 41, 1479-1485. 

Fisheries Queensland, 2010. Annual Status Report - East Coast Inshore Finfish Fishery. 

Queensland Department of Employment, Economic Development and Innovation, 

Brisbane, Queensland, p. 30. 

Gaffney, A., 2010. Anglers concerned about fish deformities in bream catches. 

Australian Broadcasting Corporation, Brisbane. 

Gaunt, P.S., Gao, D., Sun, F., Endris, R., 2010. Efficacy of Florfenicol for Control of 

Mortality Caused by Flavobacterium columnare Infection in Channel Catfish. Journal 

of Aquatic Animal Health 22, 115-122. 

Gillanders, B.M., Kingsford, M.J., 2003. Spatial variation in elemental composition of 

otoliths of three species of fish (family Sparidae). Estuar. Coast. Shelf Sci. 57, 1049-

1064. 

Hesp, S.A., Potter, I.C., Hall, N.G., 2004. Reproductive biology and protandrous 

hermaphroditism in Acanthopagrus latus. Environ. Biol. Fishes 70, 257-272. 

Hill, V., 2010. Fishy Problem in Queensland Waterways. Australian Times 

http://www.australiantimes.co.uk/news/fishy-problem-in-queensland-waterways.htm. 

Kerby, B.M., Brown, I.W., 1994. Bream, whiting and flathead in south-east 

Queensland: A review of the literature. Information Series QI94028. Queensland 

Fisheries Management Authority, Brisbane, Queensland. 

Komada, N., 1980. Incidence of gross malformations and vertebral anomalies of natural 

and hatchery Plecoglossus altivelis. Copeia 1, 29-35. 

Korkut, A.Y., Kamaci, O., Çorban, D., Suzer, C., 2009. The first data on the 

Saddleback Syndrome in cultured gilthead sea bream (Sparus aurata L.) by MIP-MIPR 

method. Journal of Animal and Veterinary Advances 8, 2360-2362. 



 

 -25- 

Koumoundouros, G., 2008. First record of saddleback syndrome in wild parrotfish 

Sparisoma cretense (L., 1758) (Perciformes, Scaridae). J. Fish Biol. 72, 737-741. 

Koumoundouros, G., Divanach, P., Kentouri, M., 2001. The effect of rearing conditions 

on development of saddleback syndrome and caudal fin deformities in Dentex dentex 

(L.). Aquaculture 200, 285-304. 

Kubilay, A., Altun, S., Diler, O., Ekici, S., 2008. Isolation of Flavobacterium 

columnare from Cultured Rainbow Trout (Oncorhynchus mykiss) Fry in Turkey. 

Turkish Journal of Fisheries and Aquatic Sciences 8, 165-169. 

Kunttu, H.M.T., Valtonen, E., Suomalainen, L.R., Vielma, J., Jokinen, I.E., 2009. The 

efficacy of two immunostimulants against Flavobacterium columnare infection in 

juvenile rainbow trout (Oncorhynchus mykiss). Fish & Shellfish Immunology 26, 850-

857. 

Lemly, A., 1993. Teratogenic Effects of Selenium in Natural Populations of Freshwater 

Fish. Ecotoxicology & Environmental Safety 26, 181-181. 

Lewis, D.E., 1961. Sockeye Salmon Oncorhynchus nerka without a Dorsal Fin. Copeia 

1961, 116-117. 

McInnes, K., 2008. Experimental results from the fourth Queensland recreational 

fishing diary program (2005). Queensland Deparment of Primary Industries and 

Fisheries, Brisbane, Queensland, p. 34. 

Messaoudi, I., Deli, T., Kessabi, K., Barhoumi, S., Kerkeni, A., Saied, K., 2009. 

Association of spinal deformities with heavy metal bioaccumulation in natural 

populations of grass goby, Zosterisessor ophiocephalus Pallas, 1811 from the Gulf of 

Gabes (Tunisia). Environmental Monitoring and Assessment 156, 551-560. 

Morrison, C., Cornick, J., Shum, G., Zwicker, B., 1981. Microbiology and 

histopathology of 'saddleback' disease of underyearling Atlantic salmon, Salmo salar L. 

J. Fish Dis. 4, 243-258. 



 

 -26- 

Neofytou, M., Sfakianakis, D.G., Koumoundouros, G., Mylonas, C.C., Kentouri, M., 

2006. Osteological development of the Vertebral column and of the fins in Shi Drum 

Umbrina cirrosa L. Aqua 2006. World Aquaculture Society, Florence, Italy - 

https://www.was.org/meetings/AbstractData.asp?AbstractId=10426. 

Pacha, R.E., Ordal, E.J., 1967. Histopathology of experimental columnaris disease in 

young salmon. Journal of Comparative Pathology 77, 419-423. 

Pollock, B., 2009. Chairman's Column. Sunfish Magazine. Sunfish Queensland 

Incorporated, Brisbane, Queensland. 

Pollock, B., 2010. Chairman's Column. Sunfish Magazine. Sunfish Queensland 

Incorporated, Brisbane, Queensland. 

Pollock, B.R., 1982a. Movements and migrations of yellowfin bream, Acanthopagrus 

australis (Guenther), in Moreton Bay, Queensland as determined by tag recoveries. J. 

Fish Biol. 20, 245-252. 

Pollock, B.R., 1982b. Spawning period and growth of yellowfin bream, 

{IAcanthopagrus australis} (Guenther), in Moreton Bay, Australia. J. Fish Biol. 21, 

349-355. 

Pollock, B.R., 1984. Relations between migration, reproduction and nutrition in 

yellowfin bream Acanthopagrus australis. Marine ecology progress series. Oldendorf 

19, 17-23. 

Pollock, B.R., 1985. The reproductive cycle of yellowfin bream, Acanthopagrus 

australis (Guenther), with particular reference to protandrous sex inversion. J. Fish Biol. 

26, 301-311. 

Pollock, B.R., Weng, H., Morton, R.M., 1983. The seasonal occurrence of postlarval 

stages of yellowfin bream, Acanthopagrus australis (Guenther), and some factors 

affecting their movement into an estuary. J. Fish Biol. 22, 409-415. 

Rand, T.G., Wiles, M., 1988. Bacterial involvement in a saddleback disease of the reef 

silverside, Atherina harringtonensis Goode (Pisces: Atherinidae) from Bermudan 

waters. Journal of Fish Biology 32, 805-816. 



 

 -27- 

Roo, F.J., Hernandez-Cruz, C.M., Socorro, J.A., Fernandez-Palacios, H., Izquierdo, 

M.S., 2010. Occurrence of skeletal deformities and osteological development in red 

porgy Pagrus pagrus larvae cultured under different rearing techniques. Journal of Fish 

Biology 77, 1309-1324. 

Setiadi, E., Tsumura, S., Kassam, D., Yamaoka, K., 2006. Effect of saddleback 

syndrome and vertebral deformity on the body shape and size in hatchery-reared 

juvenile red spotted grouper, Epinephelus akaara (Perciformes: Serranidae): a 

geometric morphometric approach. J. Appl. Ichthyol. 22, 49-53. 

Sfakianakis, D.G., Koumoundouros, G., Anezaki, L., Divanach, P., Kentouri, M., 2003. 

Development of a saddleback-like syndrome in reared white seabream Diplodus sargus 

(Linnaeus, 1758). Aquaculture 217, 673-676. 

Sun, P.L., Hawkins, W.E., Overstreet, R.M., Brown-Peterson, N.J., 2009. 

Morphological Deformities as Biomarkers in Fish from Contaminated Rivers in 

Taiwan. Int. J. Environ. Res. Public Health 6, 2307-2331. 

Suomalainen, L.R., Tiirola, M.A., Valtonen, E.T., 2005. Influence of rearing conditions 

on Flavobacterium columnare infection of rainbow trout, Oncorhynchus mykiss 

(Walbaum). J. Fish Dis. 28, 271-277. 

Tave, D., Bartels, J.E., Smitherman, R.O., 1983. Saddleback: A dominant, lethal gene 

in Sarotherodon aureus (Steindanchner) (= Tilapia aurea ). Journal of fish diseases. 

Oxford 6, 59-73. 

Trnski, T., 2001. Diel and tidal abundance of fish larvae in a barrier-estuary channel in 

New South Wales. Mar. Freshwat. Res. 52, 995-1006. 

Valente, A.C.N., 1988. A note on fin abnormalities in Leuciscus cephalus L. and 

Carassius carassius L. (Pisces: Cyprinidae). Journal of Fish Biology 32, 633-634. 

Welch, E.B., Katz, M., Hull, M., 1963. A Trout with Two Dorsal Fins. Transactions of 

the American Fisheries Society 92, 67-68. 

Williams, B., 2010. Deformed bream caught in Moreton Bay as anglers urge probe into 

water quality. http://www.couriermail.com.au/news/queensland/deformed-bream-



 

 -28- 

caught-in-moreton-bay-as-anglers-urge-probe-into-water-quality/story-e6freoof-

1225925521435. 

 

 


