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Morphometric parameters comparisons of the digestive tract of four teleosts
with different feeding habits

Comparagdes de parametros morfométricos do trato digestorio de quatro teledsteos
com diferentes hébitos alimentares

Alexssandro Geferson Becker'V Jamile Fabbrin Gongalves' Luciano Oliveira Garcia'
Everton Rodolfo Behr'" Dominguita Luhers Graga"' Mario Kurtz Filho" Tessie Martins'
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ABSTRACT

The present study compared some morphometric
parameters of the digestive tract of four teleosts with different
feeding habits: traira (Hoplias malabaricus, carnivore), silver
catfish (Rhamdia quelen, omnivore), hassar (Hoplosternum
littorale, omnivore), and grass carp (Ctenopharyngodon idella,
herbivore). The digestive tract was removed from fish collected
from nature and fixed for some morphometric analyses, such
as: intestinal quotient, intestinal area quotient, vilosity height,
digestive somatic index, and hepatosomatic index. Grass carp
showed the highest values of intestinal quotient and height
vilosity. On the other hand, the intestinal area quotient was
higher in traira than in the other species. The intestinal quotient
can be used to estimate the feeding habit, and the intestinal
area quotient, vilosity height and the relationships between
digestive tract length and fish weight or digestive tract weight
can provide important additional information to analyze the
feeding habits.
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parameters, pyloric ceca.

RESUMO

O presente estudo comparou alguns parametros
morfométricos do trato digestério de quatro teledsteos com
diferentes habitos alimentares: traira (Hoplias malabaricus,
carnivoro), jundia (Rhamdia quelen, omnivoro), tamoata
(Hoplosternum littorale, omnivoro) e carpa capim
(Ctenopharyngodon idella, herbivoro). O trato digestério foi
removido dos peixes coletados da natureza e em seguida fixado
para algumas analises morfométricas, tais como: quociente
intestinal, quociente da area intestinal, altura da vilosidade,

indice digestivo somatico e indice hepatossomatico. Os maiores
valores para o quociente intestinal e a altura das vilosidades
foram encontrados em carpa capim. Por outro lado, o
quociente da area intestinal foi maior na traira do que nas
outras espécies. O quociente intestinal pode ser utilizado para
estimar o habito alimentar, e o quociente da area intestinal, a
altura da vilosidade e as relagbes entre o comprimento do
trato digestério e o peso do peixe ou peso do trato digestério
podem fornecer importantes informacdes adicionais para
analisar o habito alimentar.

Palavras-chave: trato gastrintestinal, intestino, parametros
morfolégicos, cecos pildricos.

INTRODUCTION

In teleosts, the gastrointestinal tract
morphology usually shows specific variations related
to diet, feeding habit phylogeny, body shape, and also
features that reflect functional differentiation
(NOAILLAC-DEPEYRE & GAS, 1974; KAPOOR etal.,
1975; ANDERSON, 1986; ABAURREA etal., 1993).
Moreover, there is a correlation between the structures
of the digestive apparatus and the feeding habit of
fishes (BARBIERI etal., 1994; BUDDINGTON etal.,
1987; FUGI etal., 2001; WARD-CAMPBELL et al., 2005).
The morphological structures give insights on the
feeding ecology of a species, since these peculiarities
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suggest how a fish is able to feed ( WARD-CAMPBELL
et al., 2005). In addition, in Coregonus schinzi palea
the diet influences the intestinal morphology
(DABROWSKI & KAUSHIK, 1985).

Studies regarding feeding in fishes from
tropical regions usually reported diet composition and
feeding periodicity (PEREIRA et al., 1982;
WINEMILLER, 1987; BARBIERI et al., 1994;
KIRKAGAG, 2003), but for interpretation of feeding
habits, is also important to analyze morphometric
parameters of the digestive tract. The gastrointestinal
tract shows a high variability in structure according to
diet (BUDDINGTON et al., 1987). It is commonly
emphasized that herbivore and detritivore fish species
tend to have longer, thinner and narrower intestines
than carnivores (FANGE & GROVE, 1979; JUNGER et
al., 1989, FUGI et al., 2001), and the intestine of
omnivores species have an intermediate length
(WARD-CAMPBELL etal., 2005). Intestinal length and
area could be affected by the feeding habits
(BUDDINGTON etal., 1987). Therefore, the aim of this
study was to analyze some morphometric parameters
of the digestive tract, such as: intestinal quotient,
intestinal area quotient, vilosity height, digestive
somatic index, and hepatosomatic index of four teleosts
with different feeding habits. The results should provide
important basic information for increasing our
understanding about the influence of the feeding habit
in the digestive tract of teleost fish and, also signaling
which parameters might be used as indicators of the
feeding habits.

MATERIAL AND METHODS

Teleosts of four species with different
feeding habits, traira (Hoplias malabaricus; Bloch,
1794; Erythrinidae) (n=9), silver catfish (Rhamdia
quelen; Quoy & Gaimard, 1824; Heptapteridae) (n=7),
hassar (Hoplosternum littorale; Hancock, 1828;
Callichthyidae) (n=9), and grass carp
(Ctenopharyngodon idella; Valenciennes, 1844;
Cyprinidae) (n=8) (Table 1), were collected with nets
placed in ponds at the campus of the Federal University
of Santa Maria in Santa Maria (29°41°02"S 53°48°25"0),
Southern Brazil. The feeding habits considered were:
carnivore, omnivore and herbivore. Classification into
these categories was based on specific references of
feeding habits for each species: traira (PEREIRA et al.,
1982), silver catfish (GOMES et al., 2000), hassar
(WINEMILLER, 1987) and grass carp (KIRKAGAC,
2003). Species were considered carnivores, omnivores
or herbivores only when references stated that at least
80% of their meal was based on the specified food.

The fishes were apparently healthy, and after
collection were transported to the Fish Physiology
Laboratory and kept in aerated 250-I tanks for at most
2h. The fishes took a blow to the head and then were
euthanized by spinal cord section, weighed, and
measured.

The digestive tract of traira was dissected
following the guidelines of MENIN & MIMURA (1992)
into stomach, pyloric ceca, mid-intestine (starts after
the last pyloric ceca and ends at the ileum rectal valve),
and posterior intestine. Regarding to the other species,
the digestive tract was separated as follow: silver
catfish (stomach, anterior, mid- and posterior intestine),
hassar (stomach, anterior and posterior intestine) and
grass carp (without stomach), and was also separated
in oesogaster (the expanded proximal region of the
intestine: 15-20% of total intestinal length), and mid-
and posterior intestine, following the guidelines of
BUDDINGTON et al. (1987). After emptying the content
of the segments, the morphometric parameters were
measured or calculated, and these segments were fixed
in 10% buffered formalin (pH 6.8-7.0). Tissues were
then embedded in paraffin blocks, sectioned at 5um
and stained with hematoxylin and eosin for
morphometric analysis. The analysis of the digestive
tract of traira was made only in the pyloric ceca and
intestine, because the stomach was previously
described by MENIN & MIMURA (1992). All vilosities
of each segment were measured with a graduate ruler
under an optic microscope (Lambda LMR - 2) at a
magnification of 100X. The intestinal area (1A) was
calculated using the following equations for each
species:
traira: IA=A+B.

A=pyloric ceca area by equation: (vilosity perimeter x
number of vilosities) x number of pyloric ceca x pyloric
ceca length.

B=intestinal area by equation: (vilosity perimeter x
number of vilosities) x intestinal length.

silver catfish, hassar and grass carp: l1A=B.

Other measured parameters were:
IQ=Intestinal Quotient (Intestine length/total length);
HSI=Hepatosomatic Index [(liver weight/body
weight)x100]; DSI=Digestive Somatic Index [(digestive
tract weight/body weight) x100]; DL/FW=Digestive
tract Length/ Fish Weight; DL/DW= Digestive tract
Length/Digestive tract Weight; VH=Vilosity Height;
IAQ=Intestinal Area Quotient (Intestinal Area/Body
Weight); ITW/IA=Intestinal Total Weight/Intestinal
Avrea.

All data are expressed as means £ SEM.
Homogeneity of variances among species was tested
with the Levene’s test. Comparisons among the
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Table 1 - Body and morphometric measurements of fish species studied. 1Q=Intestinal Quotient (Intestine length/total length); VH=Vilosity
Height; 1AQ=Intestinal Area Quotient (Intestinal Area/ Body Weight); ITW/IA=Intestinal Total Weight/Intestinal Area;
HSI=Hepatosomatic Index [(liver weight/body weight)x100]; DSI=Digestive Somatic Index [(digestive tract weight/body
weight)x100]; DL/FW=Digestive tract Length/Fish Weight; DL/DW=Digestive tract Length/Digestive tract Weight.

traira silver catfish hassar grass carp
Feeding habit Piscivore Omnivore Omnivore Herbivore
Body weight (g) 581.0+81.5 516.4460.8 304.9+25.9 1728.3£291.5
Total length(cm) 38.2+1.6 37.6+1.0 24.4+0.6 53.3+3.2
1Q 0.51+0.02° 0.65+0.06° 1.36+0.03° 2.78+0.09°
IAQ (cm?g™) 0.78+0.03° 0.21+0.02° 0.18+0.01° 0.58+0.03"
VH (mm) 1.1240.04° 1.15+0.06" 0.58+0.03° 1.99+0.14°
ITW/IA (mg cm'z) 18.63+1.14° 82.63+5.21° 68.36+3.72° 38.36+2.06°
HSI 1.15+0.13% 1.08+0.11% 1.19+0.11% 1.53+0.08%
DSl 2.53+0.25° 1.98+0.20° 1.87+0.20% 2.00+0.22°
DL/FW (cm g'l) 5.69+0.60° 5.31+0.26° 11.61+0.60% 9.73+0.87°
DL/DW (cm g™) 2.4740.52° 2.56+0.36° 7.33+0.58° 4.59+0.24

Means+SEM. Different letters in the rows indicate significant difference among species by one-way ANOVA and Tukey test (P<0.05), or

Kruskall — Wallis ANOVA and Mann — Whitney test (DSI) (P<0.05).

different species were made by one-way analysis of
variance and Tukey test or, when homogeneity among
the species was not obtained (DSI), by Kruskall-Wallis
ANOVA and Mann-Whitney test. Analysis was
performed using the software Statistica (version 5.1),
and the minimum significance level was set at P<0.05.

RESULTS AND DISCUSSION

Interpretations of feeding habits based only
in isolated analysis of gastrointestinal content items
might lead to incorrect conclusions, because the
frequency of these items usually is related with their
availability in the environment (BARBIERI et al., 1994).
In addition, the digestion rate of the different food items
varies, and the presence of less easily digested items
in the stomach may overestimate their importance in
the diet of a given species (ROSS et al., 2006).

The significantly highest intestinal quotient
was observed in grass carp, followed by hassar and
after traira and silver catfish, which were statistically
similar (Table 1). WARD-CAMPBELL etal. (2005) stated
that intestinal quotient below one indicate a carnivore
diet, between one and three indicate an omnivore diet
and over three a herbivore or detritivore diet. The
intestinal quotient of traira calculated in the present
study (0.51) is within the expected range for a
carnivorous species and similar to values reported by
MENIN & MIMURA (1992) and BARBIERI etal. (1994)
for the same species. The value of the intestinal
quotient of hassar (1.36) is in the range suggested by

WARD-CAMPBELL et al. (2005) for omnivorous
species, but the intestinal quotient of silver catfish
(0.65) is in the range of carnivorous species. A similar
value (0.76) was found by BARBIERI et al. (1994).
Silver catfish is an omnivore with carnivore
tendency (OLIVEIRA-FILHO & FRACALOSSI, 2006).
The obtained value for the intestinal coefficient also
indicates a carnivore tendency for this species. The
minimum value (3.0) suggested by WARD-CAMPBELL
et al. (2005) for herbivore species apparently is not
correct because the values of the intestinal quotient
for grass carp found in the present study (2.78), that
are reported by BUDDINGTON etal. (1987) for the same
species (1.90) and DREWE et al. (2004) for large
herbivore specimens of Brycon guatemalensis (Regan,
1908; Characidae) (2.3) are below this value.
Consequently, in spite of being a helpful parameter,
the use of the intestinal quotient as a single parameter
to determine the feeding habit it is not recommended.
The highest value of the intestinal area
quotient was observed in traira, followed by grass carp.
This value was statistically similar in silver catfish and
hassar. The intestinal area quotient of the studied
species in the present study decreased in the following
order: carnivores > herbivores > omnivores. However,
BUDDINGTON etal. (1987) reported that the intestinal
area quotient was higher in carnivores and herbivores
than omnivores. It is possible that the use of a different
methodology to calculate the intestinal area led to the
different results in this parameter, because in the study
of BUDDINGTON et al. (1987) intestinal area was
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calculated considering the intestine and the pyloric
ceca as smooth-bore cylinders.

The vilosity height was significantly lowest
in hassar compared to the other species. On the other
hand, the highest value of this parameter was found in
grass carp (Table 1). Silver catfish and traira present
similar values of intestinal quotient and vilosity height,
but the intestinal area quotient is significantly lower in
silver catfish. Probably this is due to the presence of
the pyloric ceca in traira, which according to
BUDDINGTON & DIAMOND (1987) increases the
intestinal area of the anterior intestine. Moreover, the
lowest intestinal area quotient found in hassar might
be explained by the much lower vilosity height
compared to the other species.

BUDDINGTON & DIAMOND (1987) stated
that herbivores distribute their absorptive tissue along
a long thin intestine, while carnivores concentrate it in
a short thick intestine and/or pyloric ceca. However,
the findings of the present study do not support this
affirmative regarding to the intestinal thickness and
feeding habit. The omnivores analyzed in the present
study, silver catfish and hassar, have the lowest
intestinal area quotient and also the highest values in
the relationship intestinal total weight/intestinal area,
which indicates that their intestines are thicker than
those from traira and grass carp.

The values for the digestive somatic and
hepatosomatic indexes of the studied species were
similar to those reported by HIDALGO et al. (1999) for
omnivores and carnivores species, except HSI values
for omnivore species, which were lower in the present
study. However, in this study no significant difference
between the studied species was found (Table 1),
indicating that these parameters could not be used to
determine the feeding habit. The results of the digestive
somatic index were expected because according to
BUDDINGTON & DIAMOND (1987) fishes of a given
body weights have similar gut weights, regardless of
their feeding habit.

The quotient digestive tract length/fish
weight (DL/FW) was higher in hassar and grass carp
than in the other species. The digestive tract length/
digestive tract weight was significantly highest in
hassar followed by grass carp and after traira and silver
catfish, which were statistically similar. The highest
values of intestine total weight/ intestinal area were
found in silver catfish and hassar (Table 1). In
agreement with these results, HIDALGO et al. (1999)
also found higher values for both parameters in
omnivore and herbivore species, followed by carnivore
species. The presence of a stomach with thick muscular
walls, which increase digestive tract weight, is an

important factor to explain the lower values found in
the digestive tract length and fish weight or digestive
tract weight in traira and silver catfish.

CONCLUSION

The intestinal quotient might be used to
estimate the feeding habits, but the value of this
parameter in some omnivores and herbivores teleosts
species fall in an indeterminate range, and some
additional parameters must be used. The intestinal area
quotient, vilosity height and the relationships between
digestive tract length and fish weight or digestive tract
weight can provide important additional information
to analyze the feeding habit, but as only data from a
few species are available, additional studies must be
performed to state if these parameters show a
relationship with the feeding habit.

The methodology of this experiment was
approved by the Ethical and Animal Welfare Committee
of the Federal University of | Santa Maria.
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