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ABSTRACT

The pacuPiaractus mesopotamicysiolmberg, 1887), is a commercially important serrasalmid fish
endemic to the Parana-Paraguay River basin, and one of the most widely cultivated native fish species
in the Neotropics. As a migratory species, also inhabiting temporary pools subjected to hypoxic con-
ditions, the species presents a high plasticity concerning respiratory adaptations. In order to supplement
basic knowledge on the respiratory physiology and morphology of this species, some structural features
of pacu gills, such as filament and lamellae structure, and circulatory pattern are described in this
paper.
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RESUMO

Aspectos estruturais e morfolégicos das leranquias d@aractus mesopotamicus
(Holmberg, 1887)

O pacu,Piaractus mesopotamicu#iolmberg, 1887), um serrasalmideo de importancia comercial
endémico da bacia do Parana-Paraguai, € uma das espécies de peixe mais amplamente cultivadas n
regido Neotropical. Sendo uma espécie migradora, que também habita ambientes temporarios sujeitos
a condicdes hipoxicas, apresenta grande plasticidade em suas adaptacdes respiratorias. Com a finalidad
de complementar o conhecimento sobre a fisiologia e morfologia respiratéria da espécie, alguns
aspectos morfologicos das branquias do pacu, como a estrutura de filamentos e lamelas e o padrao
circulatdrio, séo descritos neste trabalho.

Palavras-chaveestrutura branquial, morfologia branquial, paeigractus mesopotamicus.

INTRODUCTION Environmental conditions in fish ponds may

be extremely stressful for cultivated species,

The pacuPiaractus mesopotamicyblolm-  particularly in the tropics, owing to daily and
berg, 1887), a commercially important serrasalmidseasonal dissolved oxygen fluctuations, which may
fish endemic to the Parana-Paraguay River basirtiead to severe hypoxia or even temporary anoxia,
is currently one of the most widely cultivated nativenotedly under semi-intensive culture systems
fish species in the Neotropical region, and its(Boyd, 1984). Such variations may have a
potential for aquaculture has long been recognizedeleterious effect on feeding or reproduction, and

by several authors (Godoy, 1975; Lowe-lead to nutritional deficiencies, metabolic

McConnell, 1984; Saint-Paul, 1986). alterations and diseases.
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The ability of any fish species to overcomefilaments, disposed inside a laterally compressed
such environmental constraints is closely relate@percular cavity. The gill filaments are located on
to its respiratory strategy, whether unimodal orthe posterior portion of the epibranchial and
bimodal (Kramer, 1983), which in turn dependsceratobranchial bones, and disposed in two rows
on gill morphology and morphometrics, respiratoryalong the arch length, forming the so-called an-
physiology, as well as other physiological, terior (oral) and posterior (aboral) hemibranches,
biochemical and behavioural aspects (Braum &both of which constitute the holobranch (Harder,
Junk, 1982; Saint-Paul & Soares, 1987; Kramer1975). These elements extend out of the bony
1988). structure, along the tegument and project into the

Saint-Paul & Bernardino (1988) first cranial and mandibular insertion of the gill arches.
recorded the use of aquatic surface respiratioffhis tegument is longer in arches Ill and IV than
(ASR) by P. mesopotamicyswhile the cardio- | and Il (Fig. 1).
respiratory responses to ASR were analysed by  The filaments are long and numerous, and
Rantin & Kalinin (1996) and Rantiet al (1998). their free portion from the interbranchial septum
Severi et al. (1997) characterised the gill (is) averages 60% of the total filament length.
morphometry of the species, and Kalieinal. (in In arches | and Il, longer filaments are located
press) studied the relationship between ventilatoryn the epibranchial median region, while those in
flow and buccal and opercular volumesRf arches Ill and IV are located in the median
mesopotamicuduring normoxia and graded hy- ceratobranchial region. The joint region between
poxia. In order to supplement basic knowledge omranchial bones corresponds to the arch curvature
the respiratory physiology and morphology of thiswhere shorter filaments in all arches are found (Fig.
species, some structural features of pacu gills arg). The average filament length decreases from

described in this paper. arch | to IV, both in the epibranchial and
ceratobranchial bones, as seen in Fig. 2.
MATERIAL AND METHODS The secondary lamellae (sl) are perpen-

dicularly distributed along the whole superior and
Right side gill arches were removed from 23inferior filament surfaces, being also found at the
fish (ranging in weight from 13.4 to 1,470 g), region between filament insertion on the arch (Fig.
previously anesthetized in benzocaine (0.01%), and). Lamellae dimensions vary along the filament,
fixed in ALFAC (80% Ethanol — 85%, formalde- with the base breadth being always shorter than
hyde — 10%, and glacial acetic acid — 5%) for 24filament width. The dominant lamellae shape is
hours, followed by 12 to 24 hours-period of tapwaterectangular (Figs. 4B and 5C), but triangular ones
wash-out, depending on specimen size. All archeare also located near the filament tip (Figs. 4A and
were then stored in 70% Ethanol prior to analysis5D).

The analysis of filament structures, such as Some circulatory and structural details along
lamellae shape and dimensions, circulatory systera transversal view of a pacu holobranch are
and muscles, was done according to the methadepicted in Fig. 5. The afferent branchial artery
dology proposed by Hughes (1984). Samples ofaba) leads to the afferent artery (aa), which runs
the base, middle and tip of the second branchiadlong the gill arch and extends into afferent primary
arch filaments were dehydrated in ethanol seriesarteries (ag at the base of the filaments (Fig. 5A).
embedded in wax and serial sectionsn{®) from  These are distributed along the filament and far
longitudinal, transverse and saggital of the gillfrom the lamellae base through all the septum
filaments were stained with haematoxylin-eosinregion. The afferent primary arteries ja@riginate
(as per Becak & Paulete, 1970), and analyzed und&om the afferent artery into ramifications leading
light microscopy. to one or more lamellae (Figs. 5B and 6). The

efferent branchial artery (eba) is more internal to

RESULTS the arch, and drains the arterial blood from the

efferent artery (ea) placed at the outer filament

The pacu presents a branchial apparatus conportion and along the secondary lamellae external
posed of four gill arches, with long and numerousbase (Fig. 5A).
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Fig. 1 — Anterior view ofPiaractus mesopotamicusranchial arches (arches | to IV; gr — gill rakers; gf — gill filaments).
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Fig. 2 — Diagram showing variation in filament average length of the four archPsacdctus mesopotamicu®Vv, = 171
9).

The epibranchial and ceratobranchial arevariabilities were considered to be inter and intra-
placed at the anterior-lateral side of the arch. Thepecific by Harder (1975), dependent on spatial
branchial rays (br) stretch into the filaments almostelations in the fish head, leading to different shapes:
to its end, and present undulations on its outer sidé,e. long or short, laterally or dorso-ventrally
similar to spines, which cover up to half the freecompressed. Similarly, Galis & Barel (1980) studied
portion of the filament (Fig. 5E). some morpho-functional aspects of gills among

The gill-filament muscles are comprised of several cichlids, and considered the filament number
adductor muscles located on each hemibranchand length as morpho-plastic features, and an
crossing at the septum, and abductor ones locatediaptation to the esterno-hyoid muscle shape, which
between the branchial ray base and the filamenis related to the buccal cavity and outer head shape.

supporting bone (Fig. 5E). The laterally-compressed body®fmesopo-
tamicushas favoured the development of long
DISCUSSION filaments, with an average length of 1.38 mm for

a 1 g fish (Severi, 1991). The difference found in

The anatomical structure of pacu gills is si-average filament length, as well as in filament
milar to other teleost fish. The branchial filamentsnumber per mm of filament length along the
are disposed in four branchial arches (I to 1V), aifferent arches, may be related to the head
common feature in characins, whose gills arenorpho-anatomical characteristics and to the
composed of five arches, the last one when preseriixygen absorption control (see below).
being modified into a pharingeal plate (Weitzman, Differences on the participation of different
1962). These arches correspond to the viscdranchial arches in the total filament number and
rocranium cephalic arches 3 to 6 (Harder, 1975)length have been demonstrated among cichlids by
The filaments length along the different arches isGalis & Barel (1980). Greater participations for
variable, as well as the anterior and posterioarches | and Il on the composition of such
hemibranches length. parameters were determined fdaplochromis

Such characteristics have been observed imacrognathusH. pharyngomylusandH. schu-
other species (Hughes, 1972; Burggeeal, 1979; botzi in a similar manner as shown férmeso-
Fernandes & Rantin, 1985, 1986). The associategotamicus
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Fig. 3 —Insertion of secondary lamellae (sl) at the base of adjacent filameRisiactus mesopotamicuslls.

Teleost gills are formed from the endodermal& Morgan (1973), in which the adductor muscle
tissue around the branchial skeleton, composedriginates on the basal end of two successive gill
of hypo-, cerato-, epi- and pharyngobranchial bonegays, being inserted on the gill ray of the filament
(Bertin, 1958; Harder, 1975). The filamentsRof of the opposite hemibranch. The two muscles,
mesopotamicuare mainly distributed along the therefore, cross on the intermediary septum region.
epi- and ceratobranchial, the other bones bein@he abductor muscles are located on the anteri-
markedly reduced. The extension of filaments oubr end of the gill arch, and join the oral end of
of the bony structure and into the cranial andts cartilage to the terminal end of the gill ray.
mandibular insertions, as observed in this species, = The water flow through the different filament
may be a function of its compressed head and smatlortion (basal, median and apical) varies according
space available for filament distribution. The to the respiratory cycle phase and the ventilatory
branchial rays located internally to the filamentsvolume.
are responsible for its support, and present some  Under moderate ventilation there is a great
lateral propagations which might also provide tissugesistance to flow at the filament tip, directing water
support. to flow mainly through base and median lamellae.

The interbranchial septum is reduced in theThose lamellae on the septum region, which are
pacu, similar to other teleosts, and in contrast tanore densely disposed, present longer length and
those presented by elasmobranchs (Goodrich, 1958)reater bilateral area, therefore presenting a greater
This feature, together with the action of abductoresistance to water flow and probably increasing
and adductor muscles, and a developed branchidiffusion at this region.
ray, allow filaments to be maintained in a favourable The functioning system, according to the
position for gaseous exchanges (Harder, 1975).animal’s metabolic demand, is made possible by

The position of the gill-filament muscles in nervous and muscular control of filaments, which
the pacu is similar to type | described by Hughegpermit their movement (Hughes & Shelton, 1962).
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Fig. 4 —Semi-thin cross-section of a primary lamellaeP@&ractus mesopotamicushowing the shape of secondary lamellae
(sl) at: (A) filament's tip and (B) median region. Note the disposition of the branchial ray (br), afferent primary arjery (aa

and efferent primary artery (ga

Fig. 5 — (A) Schema of the gill vasculature Bfaractus mesopotamicuga. afferent artery; aal. afferent primary artery;

aba. afferent branchial artery; bb. branchial bone; bv. branchial vein; c. cartilage; ea. efferent artery; eba. efferht branch
artery; is. interbranchial septum; sl. secondary lamellae); (B) detail of afferent primary arteries; details of secondaey lamel

at filament (C) median and (D) terminal region; and (E) schema of filament musculature (abd m. abductor muscle; add m.

adductor muscle; br. branchial ray).
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Fig. 6 — Longitudinal section oPiaractus mesopotamicidiament, showing the ramification of afferent artery into af-
ferent primary arteries (gaat the interbranchial septum.

As ventilation increases, there is a lamellaeadjacent filaments in several genuses (Muir &
recruitment, mainly from the filament extremities, Kendall, 1968; Muir, 1969).
which are not used under moderate ventilation According to Harder (1975), new lamellae
(Hughes, 1972). The long filaments Bf meso- in teleosts are formed at the tip of the filaments,
potamicusmostly free from the septum, and assistedvith older ones located at its base. In the pacu,
by its muscles, make it possible to maintain theriangular lamellae are present at the apical portion
filaments of adjacent arches into a distendedf the filaments, and rectangular ones along the
position, thus offering more resistance to water flowrest of it. Based on Harder’s assertion, the lamellae
effectively increasing diffusion. This mechanismseem to change their shape as the length of
may be beneficial during intense swimming activityfilaments increases during the ontogenic
(e.g. migration of the species in its naturaldevelopment, thus taking a rectangular shape as
environment). its base broadens to fit the filament base broadening

The secondary lamellae appears to preserdt its intermediary portions.
considerable variation in shape along the filament The arterio-arterial system & mesopota-
and may constitute a species-specific characteristimicusgills show a configuration similar to the
(Hughes, 1970, 1984; Hughes & Morgan, 1973) cypriniform type described by Harder (1975). The
For example, those located near the filament ti@rterioles ramifications found at the septum region
tend to be shorter and higher, than those from thenust have some relevant role on the control of
base which are normally more rectangular (Hughessecondary lamellae recruitment under a greater
1972). Some striking differences may be found inoxygen demand (Harder, 1975; Hughes & Morgan,
some species, such as among Scombriforme4,973).
whose gills possess fusion between lamellae from
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