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ABSTRACT - The objective of this study was to verify which morphometric measures and ratios are more directly
associated with the weight and body yields of rounded fish. A total of 225 specimens of rounded fish (59 pacus, 61 tambaquis,
52 tambacus and 53 paquis) with average weight of 972.43 g (±115.52 g) were sampled, stunned, slaughtered, weighed, measured,
and processed for morphometric and processing yield analysis. The morphometric measures taken were: standard length (CP);
head length (CC); head height (AC); body height (A1); and body width (L1). For completeness, the following morphometric
ratios were calculated: CC/CP, AC/CP, A1/CP, L1/CP, CC/A1, AC/A1, L1/A1, CC/AC and L1/CC. The yields of carcass, filet,
rib and filet with rib were estimated after processing. Initially, a “stepwise” procedure was performed in order to eliminate
multicollinearity problems among the morphometric variables, and the phenotypic correlations were then calculated for the
dependent variables (weight and body yields) and independent variables (morphometric measurements and ratios). These
correlations were later deployed in direct and indirect effects through path analysis, and the direct and indirect contributions
of each variable were measured in percentage terms. The CC and A1 measures were important for determining the weight of
rounded fish. The CC/A1 ratio was the variable most directly associated with carcass yield. For filet, filet with rib and rib yields,
the L1/CC ratio was found to be more appropriate and can be used directly.
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Introduction

Round fish (species and hybrids of the Colossoma and
Piaractus genera) are easy to cultivate and present good
animal performance, meat of excellent quality, low demand
for water quality, resistance to disease and are valued in
recreational fishing (Carneiro & Abimorad, 2004; Jomori et al.,
2008; Signor et al., 2010), thus representing 82% of the total
native fish reared in Brazil (IBAMA, 2005).

The fish processing industry places no value on the
fish carcass characteristics, and still bases business
decisions with its suppliers on the fish weight. However,
the consumer market prefers the finest cuts such as filet
and, in the case of round fish, the ribs, which served mainly
as an aperitif, are much appreciated in the North and Midwest
regions of Brazil. Thus, studies of fish body yields have
great importance in estimates of productivity, by reducing
costs and increasing profits for both farmer and industry
(Souza et al., 1999).

Breeding programmes that are aimed at body yield
increase present difficulties, since the direct measurement

results in sacrifice of the animal and hence in the loss of
a potential breeder within the group (Crepaldi et al., 2008).
In this context, studies of some alternatives that enable
the production of fish with better carcass traits have
focused primarily on the use of body measurements as
selection criteria mainly related to carcass and filet yields
(Silva et al., 2009).

Correlation of body yields with morphometric
measurements has been the subject of several studies for
some fish species (Freato et al., 2005; Diodatti et al., 2008).
However, this simple correlation only makes it possible to
evaluate the direction and magnitude of the association
between two characters, without providing necessary
information concerning the direct and indirect effects of a
group of characters in relation to a dependent variable of
major importance (Cruz, 2001).

“Path analysis” is a device that a breeding researcher
can use to break the correlation of direct and indirect
effects (Cruz & Carneiro, 2003) through basic variables
such as body yields, and explanatory variables such as
morphometric ratios and measures, providing a better
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understanding of the reasons for the associations between
these traits (Costa, 2011).

This study used path analysis of the phenotypic
correlations to verify which morphometric measures and
ratios would be more directly associated with body weight
and yields of round fish (pacu Piaractus mesopotamicus,
tambaqui Colossoma macropomum and their hybrids).

Material and Methods

A total of 225 specimens of round fish, weighing
972.43±115.52 g obtained from the Aquaculture Station of
the Instituto Federal do Espírito Santo, Campus Colatina,
were used. Of these fish, 59 were of specimens of pacu, 61of
tambaqui, 52 of tambacu (from the crossing of male pacu
with female tambaqui) and 53 of paqui (from the crossing of
male tambaqui with female pacu), all reared in the same earth
pond. To keep the genetic groups separated during
cultivation, polypropylene mesh (9 × 9 mm) was used to
divide the pond into four parts of equal size (6 m × 11 m), each
with an individual supply of water, where fish were fed
a commercial diet incorporating 320 g of crude protein per
kg feed.

To obtain the morphometric measurements and body
yields, the sampled fish were stunned by a cut at the spinal
cord following the protocol described by Pedrazzani et al.
(2009), sacrificed by exsanguination, weighed, subjected to
morphometric evaluation and dissected for the separation
and weighing of body components.

The following morphometric measurements were
evaluated: standard length (SL), measured between the
anterior head extremity and the insertion of the tail fin; head
length (HL), between the anterior head extremity and the
end of operculum; head height (HH), between the upper and
lower edges of the head; body height (BH), measured in
front of the first ray of dorsal fin; and body width (BW),
measured at the first ray of the dorsal fin (Figure 1).

The standard length was measured using an ictiometer
and the other measurements were taken with a caliper
graded in millimeters (mm).

 To complement the measurements above, the following
morphometric ratios were calculated: HL/SL, HH/SL, BH/SL,
BW/ SL, HL/BH, HH/BH, BW/BH, HL/HH, and BW/HL.

At dissection, the fish were weighed, gutted, the carcass
(eviscerated fish) was weighed, then the skin with scales
was removed with the aid of pliers in the skull-tail direction.
Following this procedure, the head was separated from the
trunk by means of a cross-sectional cut at the operculum
end and at the pectoral fin insertion. Using a fileting knife,
filet and ribs were separated from the backbone and,

subsequently, the filet was separated from ribs. At every
step of dissecting, the products generated were weighed
and the following body yields were calculated in relation to
slaughter weight: carcass yield; filet with rib yield; filet
yield; and rib yield.

For this study, slaughter weight and body yields
obtained were considered as response (or dependent)
variables and morphometric measurements and ratios as
independent variables. Path coefficient estimates (direct
and indirect effects) are obtained by regression equations,
ie., from the system of equations solution X´Xβ̂ = X´Y, so it
is necessary that the matrix X´X be properly conditioned,
because multicollinearity problems may make it singular,
and consequently, the least squares estimates may be
unreliable (Cruz & Carneiro, 2003). The data were therefore
initially submitted to a multiple linear regression analysis,
using a “stepwise” procedure, to eliminate possible effects
of multicollinearity and, by the Akaike criterion (AIC), the
defined independent variables were included in the path
analysis for each response variable studied (Coimbra et al.,
2005; Charnet et al., 2008).

Having defined the independent variables, identification
via Cook’s Distance was conducted for each response
variable, and influential points were discarded. The
correlations between the dependent and independent
variables were then calculated using Pearson’s linear
correlation coefficient, applying Student’s T test (α = 0.05)
to assess their significance (Charnet et al., 2008). These
correlations were then deployed in direct and indirect effects
by path analysis (Cruz & Carneiro, 2003), in which direct and
indirect contributions are quantified as a percentage based
on the total sum of direct and indirect effects of each
independent variable. All analyses were performed using
the software “R” version 2.13.2 for Windows.

SL - standard length; HL - head length; HH - head height, BH - body height;
BW - body width.

Figure 1 - Morphometric measurements of round fish.
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The interpretation of results was based on the following
criteria (adapted from Loures et al., 2001): if an independent
variable (x) does not present a significant correlation
coefficient with the dependent variable (y), this indicates
that it is not determining the variation in y, regardless of any
presence or absence of any high direct effect on y; if an
independent variable (x) has a significant correlation and
high direct effect on the dependent variable (y), this indicates
that it is determining the variation of y; and, if the independent
variable (x) show a significant correlation but low direct
effect on the dependent variable (y), this indicates that it
should not be used alone as a determining factor for y.

Results and Discussion

The “stepwise” procedure resulted in the inclusion of
the following morphometric measures and ratios in the path
analysis for each response variable studied: WEIGHT = HL,
BH, BW, BH/SL, BW/SL, BW/HL; carcass yield = HH, BH,
BW, HH/SL, HL/BH, BW/BH; RCOST = HH/SL, BH/SL,

BW/SL, HH/BH, BW/HL; filet with rib yield = HH, BW/SL,
HL/HH, BW/HL; filet yield = HH, HL/HH, BW/HL.

Most correlation coefficients were significant and the
determination coefficients showed values   above 0.55 for
the weight and body yields of round fish (Table 1),
demonstrating the effectiveness of using morphometric
measures and ratios in this study. Sang et al. (2009) also
report that body measurements were effective in the
estimation of weight and body yield in catfish
Pangasianodon hypophthalmus.

The highest correlation coefficient between the
morphometric variables and weight of fish was observed to be
the body height measure (BH), with a value of 0.83 (Table 1).
However, the measures with the highest direct effect
percentage for weight were HL (62.09%) and BW (57.72%),
while BH, with the highest correlation coefficient, presented
a large percentage of indirect effects (57.47%), particularly
for HL and the BW/HL ratio (Table 2), indicating that body
height is important in determining weight, but should not be
considered singly. Thus, HL, which had the second highest

Morphometric measurements: standard length (SL), head length (HL), head height (HH), body height (BH), body width (BW). Morphometric ratios: HH/SL, BH/SL,
BW/SL, HL/BH, HH/BH, BW/BH, HL/HH, BW/HL.

Variables Correlation P value Direct Sums of % direct % indirect R2 adj.
coefficient effects indirect effects effects effects

                       Weight
HL 0.48 0.000 1.232 -0.752 62.09 37.91 0.92
BH 0.83 0.000 0.353 0.477 42.53 57.47
BW 0.21 0.012 0.785 -0.575 57.72 42.28
BH/SL -0.07 0.323 0.187 -0.257 42.12 57.88
BW/SL -0.16 0.019 -2.150 1.990 51.93 48.07
BW/HL -0.23 0.018 2.041 -2.271 47.33 52.67

                                Carcass yield
HH 0.36 0.000 0.814 -0.454 64.20 35.80 0.56
BH -0.03 0.691 0.239 -0.269 47.04 52.96
BW -0.3 0.000 -1.851 1.551 54.41 45.59
HH/SL 0.19 0.012 -0.602 0.792 43.18 56.82
HL/BH 0.55 0.000 0.502 0.048 91.30 8.70
BW/BH -0.29 0.000 1.719 -2.009 46.11 53.89

                                   Rib yield
HH/SL -0.33 0.000 -2.678 2.348 53.28 46.72 0.58
BH/SL -0.09 0.187 1.658 -1.748 48.68 51.32
BW/SL 0.18 0.012 -0.967 1.147 45.74 54.26
HH/BH -0.25 0.000 2.876 -3.126 47 .92 52.08
BW/HL 0.58 0.000 1.375 -0.795 63.37 36.63

                            Filet with rib yield
HH -0.45 0.000 -0.256 -0.194 56.82 43.18 0.79
BW/SL 0.49 0.000 -0.166 0.656 20.21 79.79
HL/HH -0.6 0.000 -0.302 -0.298 50 .38 49.62
BW/HL 0.84 0.000 0.702 0.138 83.59 16.41

                                  Filet yield
HH -0.36 0.000 -0.144 -0.216 39.96 60.04 0 .7
HL/HH -0.54 0.000 0.240 0.360 40.00 60.00
BW/HL 0.82 0.000 0.635 0.185 77.40 22.60

Table 1 - Correlation coefficients, direct and sums of the indirect effects, and percentages of direct and indirect effects of morphometric
measurements and ratios with weight and body yield of round fish (pacu, tambaqui, and their hybrids: tambacu and paqui)
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correlation coefficient (0.48), when used along with BH,
may be of interest for estimation of the weight of round fish.

Charo-Karisa et al. (2007) found significant phenotypic
correlations between body measurements and weight of
tilapia ranging between 0.64 and 0.89, while Rutten et al.
(2004) observed coefficients of 0.76 and 0.91 for phenotypic
correlation of height and width with body weight, also for
tilapia. Barbosa et al. (2008) indicate standard length as the
measure most correlated (0.93) with live weight, for tilapia.
Freato et al. (2005), working with piracanjuba Brycon
orbignyanus, suggests that standard length, height and
body circumference, taken at the insertion of the dorsal fin,
are the most suitable for determining the weight of this
species, finding a correlation coefficient of 0.89, 0.89 and

0.92, respectively, for these measurements. This divergence
of results for morphometric measurements most closely
correlated with weight is common, since the species, and
even strains of the same species, exhibit variations in their
body shape.

Regarding round fish, Serafini (2010), evaluating the
performance, along with morphometric and carcass traits,
of tambaqui, pacu and their hybrids, observed a superiority
for the final weight of tambaqui and the hybrid tambacu in
comparison with pacu, while pacu showed the smallest
head length and height, confirming the importance of the
size of the fish head for weight determination in the studied
species. This information is relevant to those branches of
the industry that base businesses with suppliers on the

Effects Weight

HL BH BW BH/SL BW/SL BW/HL

Direct 1.232 0.353 0.785 0.187 -2.150 2.041
Indirect by HL — 0.776 0.025 0.025 -0.308 -0.924
Indirect by BH 0.222 — 0.035 0.131 -0.074 -0.155
Indirect by BW 0.016 0.079 — 0.063 0.714 0.502
Indirect by BH/SL 0.004 0.069 0.015                        — 0.045 0.004
Indirect by BW/SL 0.537 0.451 -1.956 -0.516 — -1.698
Indirect by BW/HL -1.531 -0.898 1.306 0.041 1.613 —

Carcass yield
HH BH BW  HH/SL HL/BH BW/BH

Direct 0.814 0.239 -1.851 -0.602 0.502 1.719
Indirect by HH — 0.334 -0.073 0.659 0.350 -0.212
Indirect by BH 0.098 — 0.014 0.002 0.072 -0.088
Indirect by BW 0.167 -0.111 — 0.204 0.074 -1.685
Indirect by HH/SL -0.487 -0.006 0.066 — -0.138 0.066
Indirect by HL/BH 0.216 0.151 -0.020 0.115 — -0.090
Indirect by BW/BH -0.447 -0.636 1.564 -0.189 -0.309 —

                                                                                                                     Rib yield
HH/SL                  BH/SL               BW/SL                     HH/BH                     BW/HL

Direct -2.678 1.658 -0.967 2.876 1.375
Indirect by HH/SL — -0.187 0.134 -2.276 0.509
Indirect by BH/SL 0.116 — 0.431 -0.763 0.017
Indirect by BW/SL 0.048 -0.251 — 0.174 -0.774
Indirect by HH/BH 2.445 -1.323 -0.518 — -0.546
Indirect by BW/HL -0.261 0.014 1.100 -0.261 —

                                                                                                             Filet with rib yield
                                                      HH                  BW/SL               HL/HH                    BW/HL
Direct -0 .256 -0.166 -0.302 0.702
Indirect by HH — 0.089 0.054 0.115
Indirect by BW/SL 0.058 — 0.007 -0.131
Indirect by HL/HH 0.063 0.012 — 0.154
Indirect by BW/HL -0.316 0.555 -0.358 —

                                                                                                                  Filet yield
                                                       HH                  HL/HH               BW/HL
Direct -0 .144 -0.240 0.635
Indirect by HH — 0.030 0.060
Indirect by HL/HH 0.050 — 0.125
Indirect by BW/HL -0.267 -0.330 —  
Morphometric measurements: standard length (SL), head length (HL), head height (HH), body height (BH), body width (BW).
Morphometric ratios: HH/SL, BH/SL, BW/SL, HL/BH, HH/BH, BW/BH, HL/HH, BW/HL.

Table 2 - Estimates of direct and indirect effects, obtained by path analysis, between the morphometric measurements and ratios and
weight and body yields of round fish (pacu, tambaqui, and their hybrids: tambacu and paqui)
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weight of the animal, since heavier animals are also those
with larger heads, which is the body part of lower commercial
value.

Measurements of head height (HH), body width (BW)
and the HH/SL, HL/BH and BW/BH ratios showed significant
correlation coefficients with the carcass yield (Table 1),
with higher values observed for HH (0.36) and HL/BH (0.55).
The highest percentage of estimated direct effect (91.3%)
was also with respect to HL/BH, with a path coefficient of
0.502, showing that this is an important morphometric ratio
for the determination of round fish carcass yield.

Similarly to weight, differences in the anatomical shapes
of species and strains of the same species result in different
body proportions (Contreras-Guzman, 1994).

In a study using tilapia, Diodatti (2008) notes a
significant correlation coefficient between morphometric
measurements and carcass yield only at the perimeter (0.448),
measured at the anal fin insertion. Freato et al. (2005)
highlights the height of the body, measured at the pectoral
fin insertion, as the most important for carcass yield
determination of piracanjuba; however, the author reports
a low and negative (-0 35) correlation coefficient, although
significant, suggesting that further studies on this body
yield would be appropriate. Costa (2011), using path analysis
between body shape and body yield of pacu, concludes
that morphometric measurements and ratios are not suitable
for estimating fish carcass and waste yield.

As found for weight, Serafini (2010) observes that fish
with a higher carcass percentage (tambaqui and tambacu)
also have the largest head measures, reinforcing the path
analysis results, i.e., fish with larger head size, or with heads
longer than the body height (CC/A1) are those with highest
carcass yield: this is potentially important information for
the fish processing industry.

Rib yield showed significant correlation coefficients
with the HH/SL, BW/SL, HH/BH and BW/HL ratios (Table 1).
The percentages of the direct effect of BW/SL and HH/BH
were below 50%, mainly due to indirect effects of BW/HL
(1.100) and HH/SL (-2.276), respectively (Table 2); although
HH/SL has a percentage of direct effect  above 50% on rib
yield, the correlation between these variables is relatively
low (-0.33), indicating that these three morphometric ratios
are inadequate to estimate rib yield. The BW/HL ratio
presented the highest correlation coefficient (0.58) and also
had a high percentage of direct effect (63.37%), and is
considered to be the morphometric ratio of most interest for
estimating the rib yield of round fish.

In the study of Costa (2011), similarly to the results for
carcass yield, there was also no good fit between
morphometric measurements and ratios and rib yield,

producing very low correlation coefficients ranging from
0.04 to 0.17. This may be explained by the fact that the author
worked only with pacu, one of the species of round fish
evaluated in this study, which may have resulted in low
variability in the fish morphometry, and therefore low
adjustments in the analysis.

Regarding filet with rib yield, the head height
measurement (HH) and the BW/SL, HL/HH and BW/HL
ratios showed significant correlations with this body yield
(Table 1). The correlation coefficient between HH and filet
with rib yield was relatively low and negative (-0.45) and,
despite having a direct effect at a percentage above 50%, had
an indirect effect path coefficient based on BW/HL (-0.316),
which was higher than the direct effect coefficient (-0.256)
(Table 2). The BW/SL ratio showed a correlation coefficient
of 0.49, reaching almost 80% of indirect effect, mainly due
to BW/HL. The HL/HH ratio showed a correlation coefficient
that was slightly higher (-0.6); however, as in the case of HH
and BW/SL, this ratio showed an indirect path coefficient
due to BW/HL (-0.358), which was higher than the direct
coefficient (-0.302), also a variable of little importance for
this body yield. This demonstrates the importance of the
BW/HL morphometric ratio which, besides having the
highest correlation coefficient (0.84), also had a high
percentage for direct effect (83.59%), indicating that it is a
suitable variable for estimating the filet with rib yield.

The filet with rib or bones would be an alternative for
the fish processing industry in order to better utilize raw
materials, primarily aimed at a less demanding market, since
it would be a part with a yield only above the filet.

 Similarly to what was observed for filet with rib yield,
the filet yield, a part of the fish with the highest economic
value, showed significant values   for correlation coefficients
with HH and the HL/HH and BW/HL ratios (Table 1). The
measurement related to head size i.e., HH (-0.36) and HL/HH
(-0.54), showed negative correlations and high indirect
effect percentages: on average 60%, mainly due to BW/HL.
Moreover, the indirect effect path coefficients of these
measurements due to BW/HL were higher (-0.267 for HH
and -0.330 for HL/HH) than the direct effect coefficients:
-0.144 for HH and -0.240 for HL/HH (Table 2). Morphometric
ratio L1/CC, with the highest correlation coefficient (0.82)
and with a high percentage for direct effect (77.4%), was
shown once again to be an important variable for carcass
traits of round fish at the determination of the filet yield.

According to Diodatti et al. (2008), morphometric
measurements and ratios usually have low correlations with
filet yield, but tilapia, which are longer and wider in the
posterior region of the body, have a larger filet percentage.
Freato et al. (2005) notes that piracanjubas, with a body
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shape closer to a torpedo, or which are longer and more
plump, had a higher filet yield. Costa (2011) states that if the
aim is to produce pacu with higher filet yields, then fish with
higher BW must be selected. This can be explained by the
fact that pacu have a body height and width in greater
proportions to standard length (SL) than the other species,
as is characteristic of round fish (Serafini, 2010).

Overall, the morphometric measurements and ratios of
the heads of round fish, especially head length, were directly
related to the weight and carcass yield, i.e., higher HL
results in fish that are heavier and with a higher carcass
yield. When considering the body yields with higher
economic value, morphometric ratio BW/HL always
presented high correlation coefficients and high
percentages for direct effects with rib yield, filet with rib
yield and filet yield, indicating that the larger the dorsal
region and the shorter the head of round fish, the higher the
yield for rib, filet and filet with rib.

At this point, it is important to note that these results
were obtained from the path analysis of fish phenotypic
correlations, and it is therefore inappropriate to use these
results in a possible improvement programme for round fish
carcass traits. For this, a genetic study of these traits would
be required, aiming at estimating important parameters for
the genetic correlations between the morphometric variables
and body yields and heritability, mainly of the morphometric
measurements and ratios that were prominent in this study.

According to Turra et al. (2010), information about
phenotypic variances and covariances between
characteristics are not sufficient for breeding programmes.
Genetic covariances are necessary to predict breeding
values   and to estimate genetic gain, by either directly or
indirectly selecting for traits of interest. Velasco et al.
(1995), working with tilapia, estimate the heritability of body
weight at 0.61 (males) and 0.24 (females), height of 0.61
(males) and 0.57 (females), and standard length at 0.48
(males) and 0.44 (females).

Nguyen et al. (2007) conclude that there is little or no
independent genetic variation between morphometric
measurements of tilapia (genetic correlations of 0.94 to 0.99)
and suggest that it would be unnecessary to use all
measurements in a selection programme. The same authors
estimate the heritability for body weight, length, height and
width, which varied between 0.20 and 0.35, and also estimate
high correlations (from 0.91 to 0.96) between sexes for all
body measurements and weight, indicating that is not
necessary to have separate breeding programmes by gender.

Rutten et al. (2005) were the first to genetically evaluate
the filet yield of Nile tilapia (Turra et al., 2010) and, in their
study, the filet yield is genetically correlated with width

(0.98), with filet weight (0.81) and with body weight (0.74),
and these values   were considered completely satisfactory
for the indirect selection process.

Conclusions

The head length and body height measurements are
important for determining the weight of round fish. The
ratio of head length and body height is directly associated
with carcass yield. To determine the most important carcass
traits, i.e., filet, rib and filet with rib yields, the body width/
head length ratio is the most appropriate morphometric
variable and can be used directly by the fish industry. In
addition, this morphometric ratio could be used in breeding
programmes as a measure of indirect selection for fish with
better carcass traits, but first, it is necessary to conduct a
genetic study to provide information about the heritability
and genetic correlation of this variable with the body yields
of interest.
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