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The development of deformities in farmed fish is largely the result of abiotic, biotic, and xenobiotic factors, information deficiencies
in optimizing nutrition, and the genetic background to which the fish are exposed in their early life stages. In general, skeletal
anomalies are considered to have significant adverse effects on animal welfare, biological performance of farmed fish, product
quality, and production costs. In the data obtained by the meta-analysis method, the presence of negative effects on the formal
structures of fish was found, regardless of the region, duration, stage, factor, stock density, and method used to detect deformation.
In this regard, in the studies considered within the deformation region/type, 46% of deformities were found in the spine, 37% in the
head, and 16% in the total skeleton. In turn, the results of the meta-analysis showed that the percentages of the apparent value were
35.82% in the spine, 33.12% in the skeleton, and 31.06% in the head. The deformation rate had an overall negative effect on the
functional characteristics of the fish, regardless of the variables considered. In addition, all statistically significant individual
response variables had a negative effect size. In the future, advanced statistical tools such as Bayesian meta-analysis, network
meta-analysis, and meta-regression analysis can be used to explore more complex data structures. The rapid development of
artificial intelligence techniques will increase the efficiency of data collection and the robustness of results for meta-analysis studies
in aquaculture and other fields.

1. Introduction

Marine fish farming is now an industry that has become an
important source of economic profit, employment, and live-
lihood in many countries. Due to the high economic value of
the species produced and their suitability for intensive pro-
duction, their market share is growing daily. In this context,
marine fish farming accounts for 7.3million tons of the
30.8million tons of seafood produced worldwide [1]. With
this intensive production, problems related to production
have also arisen. The goal of good production is to maintain
the characteristics of the morphologically natural forms of
farmed fish in terms of quality and quantity. However, even
with the best breeding techniques, some morphological dis-
orders can occur in the farmed species. Permanent differ-
ences in shape (deformities), which are readily apparent to

the consumer, usually occur in the early embryological and
postlarval stages of production [2]. Production defects that
occur at certain times in breeding facilities also cause unde-
sirable deformations. Theoretically, developmental defects
cause phenotypic differences in individuals who genetically
exhibit the same traits under the same environmental con-
ditions. As the increase in phenotypic changes negatively
affects the feeding and swimming activities of the fish, the
stress factor also comes into play [3]. However, it is not yet
clear whether individuals with deformities in their embry-
onic and postembryonic stages exhibit the same character-
istics throughout their lives. Although the causes of vertebral
deformities in juvenile and adult fish are considered to be
notochord deformities that occur during the larval period,
the study of fish ontogeny development is understood to
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cause skeletal deformities in alternate biological processes.
The development of deformities in reared fish is largely the
result of abiotic, biotic, and xenobiotic influences, informa-
tion deficits in diet optimization, and the genetic background
to which fish are exposed in their early life stages [4]. Abiotic
factors, such as photoperiod, light intensity, dissolved oxy-
gen, and carbon dioxide, and high water current [5–11], such
as nutritional (nutritional imbalance) deficiencies (lysine,
tryptophan, phenylalanine, vitamin A (VA), C, D, E, K, n-
3 highly unsaturated fatty acid, phospholipid, phosphorus,
manganese, and zinc) swimbladder problems, stock densi-
ties, manipulations, parasites, bacterial, and viral infections,
have an intense effect on deformations [6, 12–19].

The protruding abdominal areas, relatively small head
structure, and scale deformities observed in fish in the first
years of production took on other shapes as the production
level increased and the number of deformed individuals
increased. In addition, some chemicals are known to cause
deformations in fish larvae [20–24]. Contaminants mixed
with water such as dioxins, polychlorinated biphenyls, and
tributyltin can negatively affect the mineralization process
and cause the weakening of the skeletal structure [25–29].
Inevitably, the genetic background [30–34] can be shown as
the main causes of these deformations. The protruding
abdominal regions, relatively small head structure, and scale
deformities previously observed in fish took other forms as
production levels increased and the number of deformed
individuals increased. In addition, inappropriate net struc-
tures caused the formation of irregular scratches on the
scales and skin of the fish, which became apparent as exces-
sive mucus production and desquamation during the mar-
keting phase [7, 35, 36]. In addition, problems with poor
coloration (the color of the fish deviates from its natural color)
have increased. Subsequently, the increase in production
capacity and survivability over the years has led to various
deformation structures and related production problems. In
this context, skeletal deformities are defined as one of the
most important biological problems in contemporary pro-
duction. Skeletal deformities are generally observed in the
axial skeleton, the jaw and operculum, the fin carrier, and
the complex structures of the tail bone [7, 17, 37–39]. The
most common types of skeletal deformations of the axial
skeletal structure under aquaculture conditions are lordosis,
kyphosis, and scoliosis [15, 17, 40–42]. These deformation
types are intensively studied in red sea bream (Pagrus major),
gilthead sea bream (Sparus aurata), European sea bass
(Dicentrarchus labrax), Japanese flounder (Paralichthys oliva-
ceus), Atlantic salmon (Salmo salar), rainbow trout (Oncoh-
rynchus mykiss), Senegal sole (Solea senegalensis), Atlantic
cod (Gudas morhua), Yellowtail (Seriola sp.), and grouper
(Epinephelus sp.) farmed in different regions of the world
[37, 42–49]. Sometimes very different types of deformation
can be detected at the same time in the same individual. These
types of deformation can be detected by staining the bone
cartilage, observation under the microscope, X-rays, and by
the naked eye. Skeletal development is important for external
morphology and functional mobility during juvenile rearing,
and skeletal deformities increase production costs [50, 51].

Movement difficulties, poor growth, high mortality, and
diseases in deformed fish cause great economic losses
[36, 51–54]. It has been noted that it is difficult to obtain
official data on the incidence of deformities from commercial
hatcheries, but generally, 7%–20% of deformed individuals
occur, and this rate may even increase to 45%–100% from
time to time [37, 39, 43–45, 47, 55–60]. In the first stages of
production, fish are stunned in high salinity to separate indi-
viduals without a swim bladder. Additionally, deformed fish
are separated on illuminated tables before being sent to net
cages and/or earthen ponds. However, despite all these prac-
tices, deformed individuals are encountered in the later stages
of production. Since deformed fish are not preferred by con-
sumers, market opportunities, and prices for these products
are lower. In addition, these individuals must be separated
from other individuals at the hatchery, which increases pro-
duction costs. It is estimated that European aquaculture suf-
fers annual losses of 50million euros due to deformities [51].
This situation also puts a lot of pressure on the sustainable
development of the aquaculture industry [51, 53, 54, 61, 62].
For this reason, researchers tend to find the reason for these
negative characteristics that occur in production with the new
techniques that they constantly use.

In a meta-analysis, the results of multiple studies on
specific topics are collected independently, combined, and
analyzed using statistical methods. Thanks to this method,
it can also be defined as a measure that expresses the extent
and direction of the relationship between variables. A meta-
analysis is a useful approach for extracting and integrating
information from different studies. It recognizes the need to
integrate and synthesize experimental observations using a
quantitative approach [63–66]. For this purpose, a meta-
analysis was conducted, which is a systematic literature
review, and used. The goal of the study conducted in this
context is to analyze the results of research on deformities in
marine fishes using the method of meta-analysis, to evaluate
the cause–effect relationships of the problems uncovered so
far, and to develop different approaches for new research.

2. Materials and Methods

In the study, the data on the deformation rate of control and
experimental groups in all scientific articles on marine fish
larvae farming were searched. Thus, it was investigated whether
the deformation rate affects the deformation region/type and
the factors that cause the deformation. For this purpose, a
meta-analysis was conducted, which is a systematic literature
review, and used. In the data analysis, the appropriate methods
for the data type were selected from the possible combinations
of research results. In this study, subgroup analysis for defor-
mity region/type and causes was performed following the
guidelines of empirically based published studies for research-
ers [67]. First, the characteristics of these studies were coded.
Then, effect sizes were calculated using a common scale.
Finally, the moderation effects of the studies on the outcome
measure were examined.

In addition to the effect of the deformation rate on the
deformation area in the hypotheses established for the study,
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the continent where the study was conducted was evaluated
in terms of working time, fish production stage, deformation
factor, stocking density, and method of determining defor-
mation. A literature review was then planned to determine
the validity of these hypotheses [68, 69]. To define the prob-
lem under study, the fish species studied, deformation factor,
working time (day), fish production stage, number of fish
used for analysis (n), stocking density (individual/l), defor-
mation analysis method, statistical analysis method, signifi-
cance value (P), deformation type, and deformation rate (%;
control and experimental) were analyzed by meta-analysis
method.

In the data collection, a literature search strategy was first
established for the studies to be included in the meta-analysis
of the factors affecting the development of deformations. For
this purpose, the Web of Science (WOS), Google Scholar,
and Scopus databases were searched, covering the years
1997–2022 (June). The search term was ((“deformities”
AND “marine fish larvae”), (“abnormalities” AND “marine
fish larvae”), (“malformation” AND “marine fish larvae”),
(“osteological abnormalities” AND “marine fish larvae”),
and (“skeletal deformation” AND “marine fish larvae”)).

As a result of the search, 1,700 references were obtained.
The search strategy was changed due to a large number of
literatures, the fact that reviewing individual abstracts can
lead to errors, and the number of literatures that did not
meet the acceptance criteria, we had previously established
in the Google Scholar database. It was decided to use the
WOS database because it was believed that randomized con-
trolled trials, one of the acceptance criteria, could be obtained
at a higher rate than in the Google Scholar database. In
addition, in order to reduce the number of literatures to
some extent and to examine the lower number of relevant
literatures in more detail, the terms “deformities,” “marine
fish larvae,” and “aquaculture” were set as keywords.

In accepting the literature on the topic, English-language
full-text articles were first identified. In addition, articles that
were evaluated first asked about early developmental stages
(larval stage, weaning, pregrowth, and juvenile fish), cause of
deformity (feeding, production model, and other factors),
type of deformity (head, spine, and skeleton), and rate of
deformity. Articles that did not meet the above criteria and
those that did not provide statistical results were not
included in the study.

In the coding phase of the studies, after the literature was
transferred to the Mendeley program, the title and abstract
were first reviewed and evaluated. After the preliminary eval-
uation, the full text of all the literature to be analyzed was
obtained. The literature to be included in the analysis was
coded by full-text evaluations according to the inclusion and
exclusion criteria. The number of literatures to be included in
the search and review is shown in the PRISMA flowchart
[69]. The PRISMA flowchart for the literatures was included
in the analysis, inspired by the work of Cozer et al. [70]
(Figure 1).

In coding the studies, the studies included in the analysis
were grouped under the heading of diet, production system,

and other factors to show the general cause of deformation.
These studies are listed in Table 1.

2.1. Data Analysis. In the effect size meta-analysis, it was
necessary to calculate the measures of the outcome variables
(effect sizes) for each of the studies before numerically com-
bining each research article included in the study. In calcu-
lating the effect size, the values of “OR” were used as the basis
for evaluating the overall effect size in the analyzes con-
ducted for binary data. The limit of statistical significance
in the evaluation of the overall effect meant that the risk of an
OR> 1 outcome was increased [101–103]. The minus (−)
sign at the beginning of the effect values represents the con-
trol group; the plus (+) sign indicates that the effect was
positive for the experimental group. When the effect size
was zero or close to zero, it indicated that there was no result
for or against the control and experimental groups. A com-
posite effect size of 0.80 and above was considered a signifi-
cant effect; values between 0.50 and 0.79 were considered
moderate, and values below 0.50 were considered no effect
[104]. If the study had a homogeneous distribution, the fixed
effects model was used; if the distribution was not homoge-
neous, the random effects model was used [105].

To adjust or calibrate the results of studies meeting the
criteria to a common scale, effect sizes were calculated using
odds ratios and Hedge’s g values. Statistical analyses were
performed using the metaessentials workbook Version 1.4,
which is licensed under Creative Commons. Data were inter-
preted using the user’s guide under the Attribution-Non-
Commercial-ShareAlike 4.0 International License [106]
and developed after [107]. Subgroup and moderator analyses
were performed when heterogeneity (I2) was high [108].
This allowed the researchers to further investigate the role
of the different variables.

After calculating the deformation rate and effect size
values of each trial in the control and experimental groups,
the I2 statistic was reviewed for heterogeneity analysis. I2 is
the heterogeneity ratio of the total change in the observed
effect. Heterogeneity is related to the percentage of variance
disclosure of the available studies. Heterogeneity increases as
the percentage of disclosure increases [66]. When assessing
heterogeneity, a heterogeneity rate (I2) of less than 25% is
considered absent, 25%–50% is considered low, 51%–75% is
considered moderate, and more than 75% is considered high
[103]. This test tests the null hypothesis that all items rate the
same effect. This analysis is used to determine if there is a
statistically significant variance [109].

Publication bias above a certain level affects the average
effect size to be calculated and makes it higher than it should
be [110]. For this reason, publication bias is determined by
calculating Kendall’s tau coefficient from the “funnel plot”
graph, and another statistic of Begg and Mazumdar’s rank
correlations. If there is no publication bias, this coefficient
should be close to 1 and the double-tailed p-value should not
make a significant difference, i.e., the p-value will be greater
than 0.05 [103]. In addition, the results were interpreted
using Orwin’s number and Egger’s regression analysis to
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reset the statistically significant effect of the deformation rate
in the meta-analysis.

A meta-analysis was performed between the deformation
rates using the studies that compared the percent change
between the deformation region/type and cause between the
control and experimental groups, which are included in
Table 1. The I2 statistic was used for heterogeneity analysis.
When this value was above 50% and the p-value of the het-
erogeneity test (Q) was significant (p≤ 0:05), the analysis was
performed with the random effects model. These variables
were working time, stock density, deformation detection anal-
ysis methods, deformation region/type (head, spine, and skel-
eton), deformation factors (feeding, production model, and
other factors), and stage (larval stage, weaning, on growing,
and juvenile). Publication bias was visualized with a funnel
plot and quantitatively defined with the Begg–Mazumdar test,
which is preferable to Egger regression because it considers
smaller samples [111, 112]. All tests were performed at a 95%

confidence level (CI), and all p-values less than 0.05 were
considered significant.

3. Results

The following are the outcome issues:

(1) Location of deformation zone/type (head, spine, and
skeleton).

(2) Deformation factors (feeding, production model, and
other factors).

(3) It consists of the publications considered for the
deformation stage (larval stage, weaning, on growing,
and juvenile).

In the studies examined, it was found that the continent,
working time, phase, factor, stocking density, and variables
considered by the deformation detection method of the

Papers identifed: 2,152

Literatures identifed: 2,713 Duplicate literatures and
books: 1,013 

Literatures afer deleting the
duplicates: 1,700 

Selected literatures: 1,700 

Excluded because they do
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parameters: 62

Id
en

tif
ca

tio
n

Se
le

ct
io

n
El

ig
ib

ili
ty

In
cl

us
io

n

Literatures identifed from
other sources (books): 561

Business-led or for-proft
excluded literatures due to

potential bias: 1,580

FIGURE 1: Flowchart showing the four stages of the systematic review (PRISMA) conducted to identify the literatures underlying deformations
in marine fish larval culture.
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publication that determines the deformation were studied
and the data belonging to these common factors were
analyzed.

The data on the deformation rates obtained from the
results of the factors considered to cause deformation in
the study are shown in Table 1.

As shown in Figure 2, the effect size of each study in the
meta-analysis was represented with a square symbol. The total
effect size, reflecting the sum of the individual studies, was
shown in black at the bottom. The width of the circles was also
indicated in proportion to the weight of each paper. The result
of the meta-analysis calculating the difference between the
means was −0.82 (−1.48, −0.45). Thus, the relationship
between the deformation rate and the control and experimen-
tal groups was significant (p≤ 0:001) (Table 2).

According to the hypothesis that the deformation rate
has a significant relationship with the deformation location
of the control and experimental groups, the I2 value was
83.95%. The Q-value of the heterogeneity test was 379.96
(p≤ 0:001), the random effects model was used, and the
results were presented with the forest plot diagram in Figure 2
and the meta-analysis in Table 2.

As shown in Figure 3, the effect size of each study in the
meta-analysis was represented by the round red symbol. The
overall effect size reflects the sum of the individual studies, as
defined by the green symbol at the bottom. The width of the
circles was also indicated in proportion to the weight of the
individual papers. In themeta-analysis, performed by calculating
the difference between the means, 0.44 (0.17, 1.15) was found.

These results were in favor of the control group. Conse-
quently, the relationship between the deformation rate and
the control and experimental groups was significant (p≤
0:001) (Table 3).

To determine the influence of the deformation rate in the
publications included in the study on the deformation region/
type, a p-value of less than 0.05 was determined. The Q-value
(379.96) wasmore significant than the result of the heterogeneity
test, and the statistical I2 valuewas calculated as 83.95. As a result
of the individual studies included in the analysis, it was found
that the studies examined by deformation region/type had a
heterogeneous structure in the applications of the meta-analysis.
Therefore, the distribution of effect sizes was evaluated as a result
of the random effects model calculations. The results of the
meta-analysis of 62 studies that examined the effect of region/
type of deformation andwere included in the study are shown in
Figure 2 with the forest plot. In the analysis performed according
to the random effects model, the effect size was statistically sig-
nificant with a value of 0.44 (0.08–2.35; p≤ 0:001).

To this end, a subgroup analysis was performed to exam-
ine the effects of deformation rate on deformation region/
type. The results of the subgroup analysis are shown in
Figure 3 and Table 3. In the study, the deformation region/
type was divided into three areas: head, spine, and skeleton.
All subgroups were evaluated according to the random
effects model.

When the results of the meta-analysis of the deformation
zone/deformation type are examined in detail, the risk dif-
ference in the direction of the deformation zone/deformation

type in an analysis of heterogeneity among them based on
the head region (Q= 154.40, p≤ 0:001), the risk difference in
the direction of the deformation region /type is 0.21 (0.08,
0.57) in favor of the experimental group. When analyzed
among themselves based on spine region (Q= 147.27, p≤
0:001), the risk difference toward deformation region/type is
0.36 (0.17, 0.76) in favor of the experimental group when
analyzed among themselves based on skeletal structure
(Q= 59.01, p≤ 0:001) based on the skeletal structure. The
risk difference for per type was found to be 1.10 (0.42,
2.91) in favor of the results of the funnel scatterplot, which
also serves as a visual summary of the meta-analysis data set
and highlights the possibility of publication bias, are shown
in Figure 4. A large proportion of the 62 studies included in
this study are very close to the combined effect size and in the
upper ranges. According to Figure 4, it can be said that there
is no picture of publication bias. Since Kendal’s tau coeffi-
cient is −0.16 and p>0:074, no publication bias was observed
in the studies included in the meta-analysis according to the
calculated values.

Examination of the funnel plot indicates the possibility of
publication bias. To confirm this finding, the Begg–Mazumdar
rank correlation was used and this value was used to determine
whether or not the number of studies included in the study
was safe. The average effect of the included publications on
study time formed a uniform and symmetrical funnel. The
Begg–Mazumber rank correlation yielded a coefficient of 0.14
(p>0:265) for the value of Kendal’s tau (Figure 5). Therefore,
the number of studies considered appeared to be valid for the
overall effect size determined in themeta-analysis. In accordance
with this finding, the articles of the authors who drew common
conclusions in the studies on the deformation rate were used.

The average impact of the publications on the studied
continent, phase, factor, stock density, and deformation
method formed a uniform and symmetrical funnel. The
Begg–Mazumdar rank correlation yielded a value of 0.17
(p>0:131) for Kendall’s tau (Figure 6). Therefore, the num-
ber of studies considered seemed to be valid for the overall
effect size obtained in the meta-analysis. According to this
result, the articles of the authors who had drawn common
conclusions in the studies on the deformation rate were used.
The results of the moderators’ effect size analysis are pre-
sented in Table 4.

Regression plots and lines can be interpreted according
to the steepness of the line. At run time, the regression lines
with stock density were not steep, but almost straight. This
meant that changing the moderator did not affect the effect
size. High p-values supported this result for run time
(p>0:9182) and stock density (p>0:7867). Therefore, the
publications on deformation showed that the deformation
rate in the different subgroups was not affected by the stud-
ied continent, phase, factor, and moderators of the deforma-
tion detection method. A steep sloping line was observed for
the factor and deformation detection method, and it was
interpreted that when these studies are published next year,
a sharp change in effect size will be observed. However, data
analysis showed that factor (p>0:784) and method of defor-
mation detection (0.7839) had no effect-on-effect size. When

8 Aquaculture Research
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Study name Odds
ratio

CI
lower
limit

CI
upper
limit

Weight
(%) 

Giebichenstein et al. [71] 0.027 0.004 0.205 0.014
Giebichenstein et al. [71] 0.121 0.040 0.363 0.020
Giebichenstein et al. [71] 0.237 0.101 0.556 0.021
Giebichenstein et al. [71] 0.012 0.001 0.207 0.010
Fu et al. [72] 0.665 0.353 1.253 0.022
Olsvik et al. [73] 0.236 0.064 0.873 0.018
Olsvik et al. [73] 0.192 0.100 0.371 0.022
Sivaramakrishnan et al. [74] 1.547 0.591 4.049 0.021
Sivaramakrishnan et al. [74] 1.547 0.591 4.049 0.021
Martins et al. [75] 0.670 0.371 1.210 0.023
Martins et al. [75] 0.670 0.371 1.210 0.023
Hansen et al. [76] 0.966 0.463 2.015 0.022
Iwasaki et al. [77] 0.163 0.008 3.348 0.009
Iwasaki et al. [77] 0.019 0.001 0.317 0.010
Iwasaki et al. [77] 0.019 0.001 0.326 0.010
Zhou et al. [78] 1.576 0.700 3.547 0.021
Partridge and Woolley [79] 0.993 0.469 2.103 0.022
Katan et al. [80] 0.057 0.003 1.024 0.010
Katan et al. [80] 0.057 0.003 1.024 0.010
Katan et al. [80] 0.014 0.001 0.245 0.010
Katan et al. [80] 0.014 0.001 0.245 0.010
Katan et al. [80] 0.043 0.002 0.764 0.010
Katan et al. [80] 0.043 0.002 0.764 0.010
Katan et al. [80] 0.007 0.000 0.124 0.010
Katan et al. [80] 0.007 0.000 0.124 0.010
Puvanendran et al. [81] 0.699 0.129 3.773 0.016
Puvanendran et al. [81] 0.725 0.141 3.718 0.016
Boglino et al. [82] 0.001 0.000 0.006 0.016
Johannsdottir et al. [83] 11.592 2.307 58.258 0.016
Johannsdottir et al. [83] 11.592 2.307 58.258 0.016
Johannsdottir et al. [83] 4.684 0.213 102.913 0.009
Johannsdottir et al. [83] 4.684 0.213 102.913 0.009
Richard et al. [84] 6.159 1.721 22.041 0.019
Richard et al. [84] 6.159 1.721 22.041 0.019
Skalli et al. [85] 0.005 0.000 0.084 0.010
Boglino et al. [87] 0.881 0.461 1.683 0.022
Hansen et al. [88] 2.444 1.145 5.220 0.022
Zouiten et al. [89] 0.007 0.000 0.111 0.010
Penglase et al. [90] 0.963 0.503 1.844 0.022
Cobcrof and Battaglene [91] 0.409 0.149 1.124 0.020
Cobcrof and Battaglene [91] 0.409 0.149 1.124 0.020
Cobcrof and Battaglene [91] 0.279 0.149 0.521 0.022
Engrola et al. [92] 1.245 0.681 2.275 0.022
Faulk and Holt [93] 0.024 0.001 0.407 0.010
Fernández et al. [17] 0.094 0.020 0.457 0.017
Nhu et al. [94] 0.988 0.255 3.836 0.018
Nhu et al. [94] 0.988 0.255 3.836 0.018
Nhu et al. [94] 0.988 0.255 3.836 0.018
Saavedra et al. [95] 2.000 1.089 3.673 0.022
Saavedra et al. [95] 1.613 0.792 3.284 0.022
Fernández et al. [96] 0.463 0.224 0.956 0.022
Fernández et al. [96] 0.424 0.213 0.842 0.022
Fernández et al. [96] 0.174 0.086 0.352 0.022
Nguyen et al. [16] 1.671 0.951 2.937 0.023
Imsland et al. [97] 3.871 1.233 12.150 0.019
Imsland et al. [97] 3.871 1.233 12.150 0.019
Opstad et al. [98] 0.050 0.001 2.023 0.007
Opstad et al. [98] 0.050 0.001 2.023 0.007
Cobcrof et al. [99] 0.017 0.001 0.296 0.010
Koumoundouros et al. [100] 0.026 0.002 0.452 0.010
Koumoundouros et al. [100] 0.024 0.001 0.417 0.010
Koumoundouros et al. [100] 0.026 0.002 0.445 0.010

FIGURE 2: Forest plot diagram of deformation rate.

Aquaculture Research 9



the phase was examined, a very steep upward line was seen,
which was interpreted as a strong change in the effect size of
the studies in other studies to be conducted. However, data
analysis showed that the factor (p>0:599) had no effect on
the effect size.

4. Discussion and Conclusion

Shape deformities can be caused by inadequate knowledge of
larval development and a lack ofmanagement and production
techniques. Deformities that occur in larval production sys-
tems follow a complex structure. According to the obtained
data, it was found that there were negative effects on the
formal structure of fish regardless of the region, duration,
stage, factor, stocking density, and method used to detect
deformities. Although environmental conditions, supported
by advanced application techniques, have an essential place in
solving the problem, the high rate of deformation, which
occurs frequently despite all developments, forces production.

Although the studies investigated were carried out on
different or the same species using different or similar factors
in different parts of the world, similar deformations were
found in different or the same parts of the larval body
[71, 85, 89]. In this analysis, we clearly understood that
both abiotic, biotic, xenobiotic nutritional, and production
systems have caused many different or similar deformations
in many countries from Australia to Asia, Europe to Africa,
and even in the Americas (Table 1).

Production of portioned fish in marine fish farming is a
long and difficult process. The deformities that occur when
fish reach the portion stage are observed in the first days of
the larval stage, when skeletal tissue is weak or not yet dif-
ferentiated, and can be seen by the naked eye in the early
stages of production. The proportion of fish with abnormali-
ties differs not only between other facilities but also between
different batches in the same incubator and even among
larvae from the same breeder. In addition, extreme skeletal
abnormalities can occur throughout the life cycle of fish, but
their development usually begins with slight abnormalities in
internal elements [51]. Even when egg quality criteria are
met, the negative factors that occur in the early stages of
larval life can affect the larva in a short period of time. The
signs of deformation can be seen at the blastomere stage of
embryonic development of the egg. In this context, produc-
tion techniques and environmental conditions for the man-
agement of the rootstock should be carefully monitored
[113, 114]. At the beginning of the larval period, the most
critical problem in the fish produced was swim bladder infla-
tion, which caused significant problems, especially in the
production of sea bream and sea bass. Although the rate of
the noninflated swim bladder problem averages about 10%,
this situation sometimes reaches up to 50%. The entire tank

can be lost, especially due to the thickness of the oil film layer
formed on the tank surface and inadequate cleaning
[6, 115, 116]. Remaining larvae experience deformities of
the pectoral fins, notochord/vertebral axis, and prehaemal
vertebrae. Not only the noninflating of the swim bladder
but also the hypertrophic (overinflated) swim bladder causes
severe losses, notochord, and spinal deformities [117].
Deformities of the larval notochord that occur in the early
life stages have a risk to the entire culture process.

Spinal deformities in the subsequent period are the main
problem, especially in the breeding of marine fish. Different
names denote disorders of the spine in different forms, and
naming is done according to the type of deformity, its sever-
ity, and frequency. Lordosis is one of the most common types
of deformity in farmed species, and it is commonly seen in
scoliosis and kyphosis, which are other major deformities of
the spine. These deformities can sometimes occur simulta-
neously [4]. Although it has been associated with the infla-
tion of the swim bladder in some species, it has been
associated with various causes such as feeding, water flow,
and genetics in other species [6, 52, 59, 118, 119]. In addition,
there are some deformities ((a) dislocation, fusion, shorten-
ing, deformation, or absence of the centers [9, 120]; (b) dis-
location, compression, deformation, absence, or additional
formation of the haemal and neural arches, and apophysis
[16]; (c) dislocation, shortening, deformation, absence, or
separation of the ribs [44, 118, 121]; and (d) platyspondyly,
vertebral ankylosis, and platyspondyly [122]) that have been
described. Not only the spine or related systems but also the
fins are deformed. These deformities can often originate
from breeding techniques, tank structure, and stocking den-
sity. The disorders, which are intensely observed under the
name saddleback syndrome, are not only found in many
species but also have different structures in themselves. How-
ever, it has been noted that these deformations can also be
formed in the early stages of larvae, although it is not known
whether they are caused by fish behavior or by nature [7].
Although these deformities affect the welfare of the animals,
they do not have a decisive effect on market conditions
because the main structure of the fish has not deteriorated.

Another condition that is common in fish and differs in
classification is head deformities. Although they cannot be fully
explained, genetic disorders, sudden temperature changes dur-
ing the incubation period of eggs, parasites, environmental
conditions, and the use of feeds with insufficient vitamin con-
tent, in particular, are thought to cause the development of such
deformities [7, 51, 76, 96, 99]. In general, these morphological
disturbances in the cephalic region adversely affect the respira-
tory metabolism and feed intake of the fish.

The techniques used to detect the above deformations
have now reached the standard. Depending on the life stage

TABLE 2: Meta-analysis findings of studies using a percentage of deformation control and experimental groups.

Overall effect size Standard error Z-value p-Value
95% Confidence interval

Lower limit Upper limit

−0.82 0.48 −3.74 0.001 −1.48 −0.45
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Study name/Subgroup
name  

Odds
ratio

CI
lower
limit

CI
upper
limit

Weight
(%)

Fu et al. [72] 0.665 0.353 1.253 6.084 
Hansen et al. [76] 0.966 0.463 2.015 5.973 
Zhou et al. [78] 1.576 0.701 3.547 5.882 
Partridge and Woolley [79] 0.993 0.469 2.103 5.955 
Katan et al. [80] 0.057 0.003 1.024 2.950 
Katan et al. [80] 0.014 0.001 0.245 3.013 
Katan et al. [80] 0.043 0.002 0.764 2.971 
Katan et al. [80] 0.007 0.000 0.124 3.021 
Boglino et al. [82] 0.001 0.000 0.006 4.550 
Johannsdottir et al. [83] 11.592 2.307 58.255 4.698 
Johannsdottir et al. [83] 4.684 0.213 102.904 2.736 
Skalli et al. [85] 0.005 0.000 0.084 3.023 
Cobcrof and Battaglene [91] 0.409 0.149 1.124 5.617 
Cobcrof and Battaglene [91] 0.279 0.149 0.521 6.093 
Engrola et al. [92] 1.245 0.681 2.275 6.115 
Faulk and Holt [93] 0.024 0.001 0.407 3.000 
Nhu et al. [94] 0.988 0.255 3.835 5.102 
Fernández et al. [96] 0.424 0.213 0.842 6.028 
Fernández et al. [96] 0.174 0.086 0.352 6.011 
Opstad et al. [98] 0.050 0.001 2.023 2.186 
Koumoundouros et al. [100] 0.026 0.002 0.452 2.996 
Koumoundouros et al. [100] 0.024 0.001 0.417 2.999 
Koumoundouros et al. [100] 0.026 0.002 0.445 2.997 
Head 0.212 0.079 0.569 31.056 
Olsvik et al. [73] 0.192 0.100 0.370 11.596 
Sivaramakrishnan et al. [74] 1.547 0.591 4.049 10.393 
Martins et al. [75] 0.670 0.371 1.210 11.825 
Richard et al. [83] 6.159 1.721 22.040 9.062 
Boglino et al. [87] 0.881 0.461 1.683 11.628 
Hansen et al. [88] 2.444 1.145 5.220 11.217 
Nhu et al. [94] 0.988 0.255 3.835 8.722 
Saavedra et al. [95] 2.000 1.089 3.673 11.767 
Imsland et al. [97] 3.871 1.233 12.150 9.621 
Cobcrof et al. [99] 0.017 0.001 0.296 4.170 
Skeletal 1.104 0.419 2.910 33.119 
Giebichenstein et al. [71] 0.027 0.004 0.205 3.089 
Giebichenstein et al. [71] 0.121 0.040 0.363 4.356 
Giebichenstein et al. [71] 0.237 0.101 0.556 4.680 
Giebichenstein et al. [71] 0.012 0.001 0.207 2.225 
Olsvik et al. [73] 0.236 0.064 0.873 4.070 
Sivaramakrishnan et al. [74] 1.547 0.591 4.049 4.543 
Martins et al. [75] 0.670 0.371 1.210 4.964 
Iwasaki et al. [77] 0.163 0.008 3.348 2.055 
Iwasaki et al. [77] 0.019 0.001 0.317 2.218 
Iwasaki et al. [77] 0.019 0.001 0.325 2.218 
Katan et al. [80] 0.057 0.003 1.024 2.173 
Katan et al. [80] 0.014 0.001 0.245 2.223 
Katan et al. [80] 0.043 0.002 0.764 2.189 
Katan et al. [80] 0.007 0.000 0.124 2.230 
Puvanendran et al. [81] 0.699 0.129 3.773 3.543 
Puvanendran et al. [81] 0.725 0.141 3.718 3.614 
Johannsdottir et al. [83] 11.592 2.307 58.255 3.642 
Johannsdottir et al. [83] 4.684 0.213 102.904 2.002 
Richard et al. [84] 6.159 1.721 22.040 4.119 
Zouiten et al. [89] 0.007 0.000 0.111 2.230 
Penglase et al. [90] 0.963 0.503 1.844 4.906 
Cobcrof et al. [99] 0.409 0.149 1.124 4.479 
Fernández et al. [17] 0.094 0.020 0.457 3.695 
Nhu et al. [94] 0.988 0.255 3.835 4.005 
Saavedra et al. [95] 1.613 0.792 3.284 4.842 
Fernández et al. [17] 0.463 0.224 0.956 4.827 
Nguyen et al. [16] 1.671 0.951 2.937 4.989 
Imsland et al. [97] 3.871 1.233 12.150 4.301 
Opstad et al. [98] 0.050 0.001 2.023 1.575 
Vertebra 0.359 0.169 0.761 35.824 
Combined efect size 0.442 0.169 1.154 

Effect size
0.001 0.004 0.016 0.064 0.256 1.024 4.096 16.384 65.536 262.144
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FIGURE 3: Forest plot diagram of the effect of deformation rate on deformation region/type.
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of the fish, different techniques are used to determine the
intensity of deformation patterns and different degrees of
accuracy. Deformations in fish can be detected by techniques

such as external observation, X-ray, palpation, staining, synchro-
tronmicrocomputed tomography, computed tomography, histol-
ogy, histopathology, histochemistry, and immunohistochemistry.
These techniques may have some advantages and disadvantages
depending on their application and/or larval age. More detailed
applications are used in scientific studies, especially for larval
stages. However, it has been shown that commercial companies
confirm the quality standard by taking X-rays of a certain number
of fish to register their quality at the sales stage, after sorting out
the deformed fish at the appropriate stage.

So far, various factors have been shown to play a role in
the development of skeletal abnormalities in different fish
species under culture conditions. In general, skeletal abnor-
malities are thought to have significant adverse effects on
animal welfare, biological performance of cultured fish, prod-
uct quality, and production costs. Many of these explained
factors indicate that, even if possible contaminants and patho-
gens in rearing conditions are controlled, improper feeding
and/or starvation, adverse abiotic conditions, and genetic fac-
tors are the most likely causes of skeletal abnormalities in
reared fish [51]. If nutritional requirements of preferred
food are not met or more elements are supplied than neces-
sary, especially during the early life development, this has a
strong effect on skeletal deformities [123]. Proteins and amino

TABLE 3: Meta-analysis results of deformation ratio of deformation region/type.

Subgroup name Odds ratio
CI lower
limit

CI upper
limit

Weight
(%)

Q pQ I2 (%) T2 T
PI lower
limit

PI upper
limit

Head 0.21 0.08 0.57 31.06 154.40 0.001 85.75 1.82 1.35 0.01 4.11
Vertebra 0.36 0.17 0.76 35.82 147.27 0.001 80.99 1.51 1.23 0.03 4.96
Skeletal 1.10 0.42 2.91 33.12 59.01 0.001 84.75 0.99 0.99 0.10 12.77
Combined effect size 0.44 0.17 1.15 379.96 0.001 83.95 1.47 1.21 0.08 2.35
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FIGURE 4: Funnel scatter plot (funnel pilot).
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FIGURE 5: Funnel scatter plot for time (funnel pilot).
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TABLE 4: Results of moderator analysis of studies with deformation in marine fish larvae farming.

Moderator B SE 95% CI Z-value p-Value Regression model

Region 0.2390 −0.88 (1.36, 0.23) 0.43 0.666

Regression model
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TABLE 4: Continued.

Moderator B SE 95% CI Z-value p-Value Regression model

Factor −0.3349 1.22 (−2.81, 2.14) −0.27 0.784
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acids, lipids and fatty acids (essential fatty acids, phospholi-
pids, and oxidized lipids), and vitamins (water-soluble vita-
mins, fat-soluble vitamins, and minerals (macrominerals,
trace elements) form the basis and content of feeds, and their
effects on larvae are both it has been explained in detail in the
form of a general assessment and the species in the review
[51, 124]. On the other hand, the environmental factors most
frequently cited as possible causes of skeletal abnormalities in
reared fish are broodstock condition, egg quality, stocking den-
sity, rapid growth conditions, handling stress, hydrodynamic
turbulence/water turbulence/water supply, rearing methods,
light regime, mechanical factors, oil films on the water surface,
O2/CO2 content, pH, physical trauma/mechanical stress, patho-
gens, parasites, toxins, radiation, salinity fluctuations, substrate
condition (especially for flatfish), tank characteristics (volume,
shape, color, andmaterial), temperature fluctuations, antibiotics,
and xenobiotics [13, 52, 59, 125–127]. In addition, genetic selec-
tion programs aimed at achieving rapid growth rates have been
introduced over time; studies showing the inheritance of skeletal
abnormalities, genetic drift, or gene mutations in deformed fish,
their effects on phenotype, inbreeding, and selective breeding
polyploidy were performed and interpreted [4, 34, 128–134].

The final success of the production is possible primarily
by raising quality offspring. The most important precaution
in this regard is to avoid sudden changes, keeping the physi-
cochemical structure of the surrounding water under con-
stant control at every stage of production and avoiding the
factors that cause stress. In addition, it is important to obtain
the broodstocks to be used in production from the natural
environment, if possible, or to replace the population of
broodstocks used in production with broodstocks obtained
from nature at a certain rate (around 30%) every year. Feed-
ing of broodstock with high-quality feed throughout the year
or at least from the stage of egg formation will inevitably has
a positive effect on the quality of the eggs. Fish eggs should be
obtained in an environment free of pesticides, metal ions,
hypochlorite, and other pollutants. Although it is not done
most of the time, the bacterial load should be reduced by
disinfecting the live eggs after the dead eggs are separated.
Also, attention should be paid to egg stock density by hatch-
ing. In the larval period, it is important to prepare the envi-
ronment of the tank according to the needs of the larvae
(avoiding the formation of air bubbles, especially on the
tank walls), to keep the stock density of the larvae optimal,
and to avoid sudden changes in parameters and mechanical
shocks. In particular, the influence of the light factor on the
larval stage should not be forgotten. During this time, stress,
especially from a sudden power outage, has a very strong
effect on swimbladder hypertrophy. For this reason, the gen-
erator systems must be suddenly activated. In addition, sud-
den changes in salinity have a very strong effect on
swimbladder hypertrophy during larval production in low
salinity. Therefore, the sustainability of freshwater resources
is important. Removal of the oil layer accumulated on the
tank surface is inevitable for the formation of a functioning
swimbladder. Surface cleaners should be placed according to
the tank surface area and their cleaning should be done
uninterruptedly. The flow rate applied to the tanks should

be increased in direct proportion to the age of the larva, and
the larva’s swimming speed and resistance should be taken
into consideration when making flow rate calculations.
Automatic flow meters should be used in tanks. If the sur-
vival rate around day 20 in the tanks does not reach the
desired level of quality larvae, the tanks should be quenched
by chlorination. Chlorination is essential to maintain the
natural population. Live food sources should be fortified
with essential fatty acids and vitamins and refrigerated dur-
ing the day, so they do not lose their nutritional value. In
addition, the content of artificial feeds should be defined sepa-
rately for each species, and the nutritional composition of the
feeds should be determined for different developmental stages of
the same species. In addition, before transferring the fish to net
cages and/or earthen ponds for rearing, they should be examined
on light tables for shape deformation, and deformed individuals
should be separated and destroyed. In addition, it would be
beneficial to follow the current literature and integrate all kinds
of scientific data with the production system, to record the cur-
rent production data system in a healthy way and to use these
data in subsequent productions.

Despite these evaluations, which are considered a success
for quality production, it is inevitable to encounter different
problems at different stages of production, even when trying
to meet all conditions. In a process where the survival rate
under cultural conditions is so high compared to the natural
environment, there will continue to be deformed individuals.
Changes in deformation types and rates will inevitably affect
ecosystem structure and function in the long run, as well as
production, individuals escaping, or being released into the
natural environment. The combination of degraded popula-
tion structure in the natural environment with environmental
impacts (especially microplastics and pollutants) poses a
major threat to the ecological balance. There is no guarantee
that this will not impact ecosystems and human communities.

This study examined 62 national and international stud-
ies on deformation rates between 1997 and 2022. The studies
included in the study were identified by scanning Google
Scholar, WOS, Scopus, Science Direct, and ULAKBİM
data. In total, 100% of the national and international studies
included in the study are covered within foreign articles. In
this study, the meta-analysis method was used to analyze the
studies on the topic of deformation “because it allows the
results of many independent studies on a given topic to be
combined and the findings obtained to be analyzed using
statistical techniques.” Unlike other screening methods,
the meta-analysis method is based on numerical data and
statistical techniques and provides a comprehensive and
systematic summary of the literature on the studied concept
[135].

Our results showed that the deformation rate had an
overall negative effect on the functional properties of fish,
regardless of the variables considered. The effect size
appeared statistically significant and negative when analyzed
as a whole, including all heterogeneous data. The number
and content of the publications studied were determined to
include the source of deformation. In addition, all statisti-
cally significant individual response variables had a negative
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effect size. Also in our study, the effects of deformation on
region/type were supported by high p-values for maturity
and stock density under the experimental conditions ana-
lyzed as a function of conditions in the variables considered.
Therefore, the deformation publications showed that the
deformation rate among the different subgroups was not
affected by the continent, phase, factor, and moderators of
the deformation detection method studied. In addition, it
showed that the factor and the deformation detection
method did not affect the effect size, and it was found that
there was a strong change depending on the phase.

In this study, when the results were evaluated based on
the meta-analysis method, it was found that the deformation
rate was in the spine, head, and skeleton. In this regard, in the
studies that were treated within the deformity region/type,
46% of the deformities were found in the spine, 37% in the
head, and 16% in the skeleton. According to the meta-
analysis results, the apparent value weight percentages were
35.82% in the spine, 33.12% in the skeleton, and 31.06% in
the head.

Consequently, meta-analyzes may process results from
multiple trials in aquaculture studies. However, results may
differ between experimental conditions due to experimental
conditions, parametric properties, and functional variability.
Although meta-analysis is used in many fields, aquaculture is
still developing. Meta-analysis of aquaculture studies also
presents many challenges, including high heterogeneity,
data sources, biased information, and nonautomated content
of literature data. However, the findings from our global
meta-analysis can be considered as a key indicator of defor-
mities limiting fish production. In the future, advanced sta-
tistical tools such as Bayesian meta-analysis, network meta-
analysis, and meta-regression analysis can be used to explore
more complex data structures. The rapid development of
artificial intelligence techniques will increase the efficiency
of data collection and the robustness of results for meta-
analysis studies in aquaculture and other fields.
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