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ABSTRACT

This study describes the morphology of the digestive apparatus and the size and organic content of
the ingested food of five species of benthic-feeding fisHe®chilodus lineatusSteindachnerina
insculpta Loricariichthys platymetopanlrachydoras paraguayenséslheringichthys labrosus The

samples were taken in the floodplain of the up Parana River in February and August 1991. The re-
sults suggested that these species have different mouth, teeth, gill rakers, stomach and intestine length.
These morphologic characteristics were related with the type, size and nutritional quality of the food
ingested. Although these species feed on the bottom, the morphologic divergences probably explain
the differences in diet.

Key words trophic morphology, bottom-feeding, Parana River.

RESUMO

Morfologia tréfica de cinco espécies de peixes comedoras de bentos de uma planicie de
inundacéao tropical

A morfologia do aparelho digestivo e alguns aspectos relacionados ao tamanho e ao conteddo organico
do alimento ingerido por cinco espécies de peixes com alimentacao benEioidlodus lineatus
Steindachnerina insculptéoricariichthys platymetoparrachydoras paraguayenselheringichthys

labrosug estao descritos neste estudo. As amostragens foram realizadas na planicie de inundacao do
alto Rio Parana em fevereiro e agosto de 1991. Os resultados mostraram que a posicao da boca, os
dentes, os rastros branquiais, o estbmago e o comprimento do intestino diferenciam essas espécies,
e que essas caracteristicas estao relacionadas ao tipo, ao tamanho e ao valor nutricional do alimento
ingerido. Assim, embora essas espécies se alimentem no fundo, as divergéncias morfologicas explicam
as diferencas na dieta.

Palavras-chavemorfologia tréfica, comedores de fundo, Rio Parana.

INTRODUCTION ecology of a species, since these peculiarities sug-
gest how a fish is able to feed. Wootton (1990)
Studies on trophic morphology expandedemphasized that there may be evolutionary con-
following the classic work of Suyehiro (1942), Al- vergence in the morphology of phylogenetically
Hussaini (1949), and Angelescu & Gneri (1949),unrelated species that use similar food resources.
among others, who demonstrated that a correlation  Although the relationship between the mor-
exists between the structures of the digestive appghology of the digestive apparatus and diet of fishes
ratus and the feeding habit of fishes. Particulahave been well documented (Suyehiro, 1942; Al-
morphological traces give insights on the feedingHussaini, 1949; Angelescu & Gneri, 1949; Junger
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et al., 1989; Veregina, 1990), the morphologicalwith an ocular micrometer. Far. platymetopon

variations within trophic categories in tropical the food was removed from the anterior third of

fishes appear to be poorly known, specially amonghe intestine.

detritivores and other benthic feeding fishes. In order to compare the length of the intes-
Prochilodus lineatus, Steindachnerina ins-tines of the five species, controlling the effect of

culpta, Loricariichthys platymetopon, lheringi- fish length, a covariance analysis (ANCOVA) was

chthys labrosusandTrachydoras paraguayensis used (Huitema, 1980). The data were log trans-

are the most abundant bottom-feeders in théormed prior to the analysis. The organic matter

Parana River floodplain (Agostintet al,, 1997). content of the food (%) was compared between

These species are bottom-feeders, and explothe species, with a one-way ANOVA (Zar, 1996).

different food resources (Fugt al, 1996). The

present investigation intended to relate the mor- RESULTS

phology of the trophic apparatus to the ability of

these species to consume different benthic foo€omparative morphology of the digestive tract

items. The morphological characteristics of the di-
gestive tract of the species analyzed, as well as
MATERIAL AND METHODS the predominant food items in their diets, are shown
in Table 1.
The five species studie®.(lineatus, S. ins- Prochilodus lineatusias terminal mouth and

culpta, L. platymetopon, I. labrosusndT. para- well-developed and very protractible lips. $n
guayensi¥y were collected with gillnets at two insculptaandl. labrosusthe mouth is sub-terminal
sampling stations (a channel and a backwater, bottind in the first species has spatular javachy-
with semi-lentic characteristics), in the floodplain doras paraguayensisave inferior mouth. Ir.
of the up Parané River (State of Parana, Brazil)platymetoporthe mouth is ventral and suking.
in February and August 1991. Steindachnerina insculpt@oes not have teeth. On
Following capture, the specimens were meathe other hand, the teeth are small, mobile and
sured and fixed in 4% formaldehyde. The shapeestrict to the lips irP. lineatus L. platymetopon
and position of the mouth, the distribution of thehas teeth in the premaxillary and dentary and pha-
teeth in the different regions of the buccal cavity,ryngeal teethT. paraguayensigas only pharyngeal
and the structures of the gill rakers, stomach, anteeth.P. lineatus, S. insculp@ndT. paraguayensis
intestine were determined in 25 specimens of eachave short gills rakers which are numerous and
species. The gill rakers description and the distandénked. InL. platymetoporthe rakers of the first
between them were taken of each using a sterossch are short and with spaces gaps between them.
copic microscope with an ocular micrometer. Thesé. labrosushas in the first branquial arch longer
measurements were made onlylfoplatymetopon and spaced rakers compared with the other species.
andl. labrosus which have separate rakers. TheThe stomachs d?. lineatusandS. insculptehave
intestine was separated from the viscera and meawo regions very delimited, cardic and piloric
sured from the insertion of the stomach to thggizzard). The stomachs bflabrosusandT. para-
urogenital aperture. guayensiare sacciform with the cardid and piloric
The organic content of the food was estimatedegions not well differentiated.
by incinerating the stomach contents in a muffle
furnace at 55@ for three hours. The sizes of the Relationship of intestine length to standard length
particles and the organisms present in the stomach  The slopes of the relationships between gut
contents were measured (three samples were takand fish length were not different for the five spe-
from each stomach of ten individuals) in order tocies ¢ = 0.751;P = 0.558). The common angular
evaluate possible selective retention in the gillcoefficient of 0.961, was significantly different
rakers. For those species which ate filiform insecfrom zero f = 278.72;P < 0.001), indicating a
larvae, the lengths of these larvae were measuredtrong linear relationship between log LI and log
The sizes of the particles and organisms were me&L. The gut length differed between the five species
sured with the aid of a steroscopic microscope fittedF = 2,590.1;P < 0.001).
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TABLE 1

Main morphological characteristics of mouth, teeth, gill rakers, stomach, intestine and main food of five
fish species (Cl = Confidence Interval).

Species Mouth Teeth Gill rakers Stomach Intestine * Main food
Chemic (cardic)
and mechanic
Terminal | o aller and (gizzard), | Longest, | oo ivided
. and Numerous, shorty elongated and | with folds .
P. lineatus . movables . . S sediment and
protractible - and juxtaposed with similar of the :
; labial teeth ) L detritus
lips dimension; mucosa
numerous pilorig
ceca
Chemic (cardic)
Subterminal and mechanic . -
B . Finely divided
. spatular jaw Numerous, shortg (gizzard), Very long )
S. insculpta ; Absent : ) sediment and
lightly and juxtaposed | sacciform, the | and slende :
L ) detritus
protract latter is bigger; 4
little piloric ceca
Premaxillary
and dentary Short. Gap Large detritus
Ventral and teeth; between rakers: particles,

L. platymetopon sucking pharyngeal | 125-187.5um; Absent Short benthic
teeth very | X = 152.7+ 4.6 Cl organisms
developed
Pharyngeal Numerous and Microcrusta-

T. paraguayensig Inferior yng Sacciform Short ceans and

teeth shorts

Testacea
Dentlggrous Long. Gap betwee
plates in the rakers:
I. labrosus Subinferior | premaxillary, s Sacciform Short Chironomidage
dentary and 218.8-364.5um;
X =256.0+ 10.0 C

pharyngeal

* From Fugiet al (1996).

The adjusted means for intestinal length ded. labrosus,which ingested items up to 1,48/.
creased in the following orde8. insculpta>P.  The particles ingested ¥ lineatusandS. inscul-
lineatus> L. platymetopor» T. paraguayensis  ptahad sizes predominantly (>80%) between 35
I. labrosus(Fig. 1). and 105um. ForL. platymetoporthe highest

frequencies were observed for the 35 to Lt
Organic matter content and size of particles and size classes, and for paraguyensibetween 105
organisms and 245.um. lheringichthys labrosyswhich varied

The relative amount of organic matter in themost in size, had a greater frequency of the smallest
stomach contents differed significantly amongsize items considered (36n) (Fig. 3).
species = 124.119P < 0.001). The means in-
creased in the ordeP. lineatus< S. insculpta<
L. platymetopork I. labrosus< T. paraguayensis
(Fig. 2). According Scheffé test applied for post In all five species, the position of the mouth
hoc comparisons, only organic matter means fowas suitable for obtaining food from the bottom.
L. platymetoporandS. insculptawere not sta- AlthoughP. lineatushas a terminal mouth, inappro-
tistically different ¢ = 0.103165). priate for bottom-feeding, its well-developed and

The particles present in the gastric contentwery protractible lips allow it to obtain food without
were smaller than 550m for all species, except changing its general body position.

DISCUSSION
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Fig. 1 — Adjusted means and standard error of intestine length (number in parentheses = sample size) of five fish species.
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Fig. 2 — Mean values of the relative amount organic matter of the stomach contents (mean, minimum and maximum
values) of five fish species.
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Fig. 3 — Frequency distribution by size class of the food particles of the stomach contents of five fish species.
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Goulding (1981) mentioned thRtochilodus The selective retention of food by the gill
nigricansuses its lips to remove detritus from therakers has been mentioned by Angelescu & Gneri
bottom and other substrates.Sninsculptathe  (1949), Keenleyside (1975), and Hoogenboezem
subterminal mouth and shovel-shaped dentary allowt al. (1991). In the present study, adaptations of
it to dig in the substrate. This behavior has beethe gill rakers to the feeding regime were observed
described for other curimatids (Sazima & Cara-in all the species, most obviously when the size
maschi, 1989)Loricariichthys platymetopagrwith  of the food ingested was compared to the space
ventral mouth, was the most adapted to the bottonbetween the gill raker®rochilodus lineatus, S.
feeding habit. In this species, the cup-shaped moutinsculpta andT. paraguayensjswvhich consume
aids in suction of detritustrachydoras para- mainly small particles of detritus, mud and small
guayensisandl. labrosushave small mouths in organisms (microcrustaceans and Testacea), have
inferior and sub-inferior positions respectively, the rakers quite close together, preventing loss of
which allows them to select their food, based orfood through the gill net. On the other hand, the
benthic invertebrates (Fuet al., 1996). branchial structure df. platymetoporandl. labro-

The relationship of the position and form of sushas a selective function. These species, par-
the teeth has been discussed by Al-Hussaini (194%%jicularly 1. labrosus which consumes larger food
Angelescu & Gneri (1949) and Blabatral. (1994), items, has well-spaced rakers, permitting rejection
and is considered an important adaptation resultingf undesirable particles such as sand grains. The
from evolutionary processes mediated by the naturkatter, which has the greatest distance between the
of the food (Veregina, 1990prochilodus lineatus rakers, consumed relatively large organisms (Chi-
andS. insculptehave rudimentary or no teeth. The ronomidae). Lammens & Hoogenboezem (1991)
food consumed by both species, basically mud andbserved that for benthophagous fishes, large sand
fine particulate detritus, does not require the preparticles do not pass through the rakers and are
sence of well-developed teeth, since they do nadpat out, while the small grains are eliminated
need these structures to ingest or hold the foodhrough the channels formed by the rakers.
Veregina (1990) stated in this context that a com- The conformation of the stomachs of the
mon adaptation for the detritivore feeding regi-species studied suggests tRatineatusandS.
me is the partial or complete reduction of the teethinsculptaare strongly adapted to the iliophagous
The small labial teeth present i lineatus on  feeding regime. Their diet, based on items that are
the other hand, must aid in scraping the periphytoulifficult to digest (mud and detritus), necessitate
from the substrate. mechanical action, which in these species are per-

The rudimentary teeth implanted in the pre-formed by the well-developed gizzard-shaped
maxillary and dentary df. platymetopomust also  pyloric stomach. This type of stomach mainly frag-
function to scrape the surfaces of substrates, beforments the food (Odum, 1968). According to
the food is sucked in. The dentigerous plates ineregina (1990), the grinding is assisted by small
I. labrosussuggest a function for grasping small mineral particles that accompany the food. On the
organisms harvested in the sediment. In both casesther handl.. platymetopotas an accessory struc-
these statements find support in the type of foodure that has been described as a stomach (Ange-
ingested (large detritus particles in the case ofescu & Gneri, 1949; Py-Daniel, 1984), although
L. platymetoponand benthic organisms Inla-  Silva et al. (1997) concluded that this structure
brosus. is an accessory organ adapted for aerial respiration.

Pharyngeal teeth, found In platymetopon, This is an adaptation to low dissolved oxygen
I. labrosus andT. paraguayensjsare responsible concentrations that occur occasionally in the Upper
for grinding or dismembering food (Lagletal, = Paran& River floodplain (Thomaet al., 1997).
1977). The presence of these teeth is associatélderingichthys labrosuandT. paraguayensibave
with the absence of a well-defined stomach, espesacciform stomachs, common among fishes.
cially the mechanical function, since the teeth The intestine has been thoroughly studied as
assume part of the function of the stomach (Angethe structure of the digestive apparatus related to
lescu & Gneri, 1949). diet, with certain patterns precisely defined. Accor-
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ding to Fryer & lles (1972), the length of the intes-ANGELESCU, V. & GNERI, F. S., 1949, Adaptaciones del
tine is cIearIy related to the trophic status of the apara’to digestivo al régimen alimenticio en algunos peces
. . . . . del Rio Uruguay y Rio de La Plat&ev. Inst. Nac. In-
species, and its length is ordered in the following \cqt Nat 1: 161-281.
way: carnivores < omnivores < herbivores < detri—BLABER S 3 M. BREWER. D. T & SALINI J. P. 1994
t|vores.Proch|Iodus Im_eatuandS_. msculptavx_/hlch Diet and dentition in tropical ariid catfishes from Aus-
feed exclusively on finely particulate detritus and  tralia. Environ. Biol. fishes40: 159-174.
mud (Fugiet al_a 1996), have the |0ng_65t 'nt?5t|neS-BOWEN, S. H., 1983, Detritivory in neotropical fish com-
In these species the length of the intestine is an munities. Environ. Biol. Fishes9(2): 137-144.
adaptation for consuming food that is difficult to FRYER, G. & ILES, T. D., 1972The cichlid fishes of the
digest and assimilate, and which requires a large Great Lakes of AfricaEdinburg: Oliver and Boyd.
area for absorption. This becomes evident when weual, R., HAHN, N. S. & AGOSTINHO, A. A., 1996, Feed-
consider the proportion of organic matter in their  ing styles of five species of bottom-feeding fishes of
stomach contents, which were low in both species. he High Parana RiveEnviron. Biol. FishesA6: 297-
The fact thaP. lineatushas a shorter intestine than . dihe |
; I ; ;. GOULDING, M., 1981,The fishes and the forestxploration
S. insculptahaving Inge.Sted food with lower organic in Amazoniam Natural HistoryJniversity of California
content, can be explained by the presence of folds pess Berkeley, 280p.
in the intestine which increase the. area of absorptlomOOGENBOEZEM’ W.. BOOGAART. J. G. M., SIBBING,
On the other hand’,._paraguayensmndl. labrosus  F.A,LAMMENS, E. H. R, TERLOUW, A. & OSSE, J.
have shorter intestines, which are related to a diet w. M., 1991, A new model of particle retention and bran-
based on benthic organisms with high nutritional ~chial sieve adjustment in filter-feeding breaAbtamis
value, as shown by the higher values of organic i’;ama Cyprinidae).Can. J. Fish. Aquat. S¢iag(1): 7-
matter found in their stomach contents. Jurejer UITE'MA B E. 1980Th vsis of _ dal
. . . . , b. E., ,I’ne analysis o1 covariance ana al-
?l' 51989¥ State_d tha'l[ ?hort (Ijr']tfsj“rt]est' m?;catfhy ternatives John Wiley & Sons, New York, 445p.
nden rnivory. Intermediate intestinal len
enadency Odcil fdgory| erme aeh. isf ad €ng SJUNGER, H., KOTRSCHOR, K. & GOLDCHMID, A., 1989,
were reco_r e - p atymetoponV\{ Ich teeds on Comparative morphology and ecomorphology of the gut
large detritus particles and a certain amount of ben- in European cyprinidsd. Fish Biol., 34 315-326.
thic organisms. The data fo_r organic matter alSqeenLEYSIDE, M. H. A., 1975, Feeding behavior, pp. 17-
corroborate these results, since these values were 43. In: W. S. Hoar, B. Hoelldobler, K. Johansen, H.
higher than irP. lineatusandS. insculptaand lower Langer & M. Lindauer (eds.Diversity and adaptation
than inT. paraguayensiand|. labrosus Bowen In fish behaviour Springer-Verlag, Berlim.
(1983) suggested that this relationship be interpretef*CLER, K. F., BARDACH, J. E., MILLER, R. R. &
. . PASSINO, D. R., 1977¢chthyology John Wiley & Sons,
as a result of the resistance of different foods to ., Jersey, 506p
igestion by intestine enzymes. ' '
d gestloh by htiSt f.e enzymes b LAMMENS, E. H. R. & HOOGENBOEZEM, W., 1991, Diets
Alt C_)UQ the five speue; are a Ottqm' and feeding behaviour, pp. 353-376: |. J. Wintified &
feeders, different aspects of their morphology direc- J. Nelson (eds.)Gyprinid fishes systematics, biology and
tly reflect the food resources that they exploit.  exploitation London, Chapman and Hall.
ODUM, H. E., 1968, The ecological significance of fine par-
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