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SUMMARY: Given the importance of the Golden kingkl(pgnypterus blacodgas an alternative to the production of salmonid
species for worldwide diversification of aquaculture this study researched the morpho-histology of the digestive canad, providi
uniform nomenclature and basic information to support their nutritional management in captive conditions. The objectiesaras to
be the normal morphology of the digestive canal. Twelve wild specimens were collected and dissected. Samples of the esophagus,
stomach, liver, pyloric blind and intestines were obtained. An anatomical and histological description was performed.tiVke diges
canal presented a short tubular esophagus, a slightly dilated, J-shaped stomach and thick walls. The stomach had arcémndiac regi
ended in a pyloric sphincter from which the intestine of thin walls. The intestine presented an anterior, middle andggstenbiThe
anterior region of the first segment of the middle intestine presented 4-5 pairs of pyloric cecum. The middle intestintedeprese
approximately 30 % of the total length of the digestive canal, with a smaller diameter compared to the first segmentridhe poste
intestine was separated from the middle intestine by a thick and powerful sphincter. The liver was large and elongadteld amthiec
peritoneal cavity located to the left plane and ventral to the swim bladder. The gallbladder was located lateral to thet@epatiolf.

The bile duct led to the duodenal region of the anterior intestine. Ventrally, the rectum ended in the anus, locateftive faoa @in.

In general, the histological structures were variable according to the segment studied, a mucous tunic was recognizsdetiat pres
simple columnar epithelium, a lamina propria composed of loose connective tissue, a muscular layer of the mucosa congmiked of sm
muscle tissue and a submucosal layer composed of loose connective tissue, a circular and longitudinal stratum of musditdr tunic
had striated musculature and an adventitial tunic composed of a simple squamous epithelium. In conclusion, Goldeaddygkdipui
blacode} presents a digestive system typical of a carnivorous benthic fish adapted to feed on fish and crustaceans.
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INTRODUCTION

The overexploitation of marine resources has beeri$a demersal carnivorous species of an average length of 80
constant problem in recent decades in the worldwide, in fagfn found in depths between 100 and 800 meters associated
in Chile currently 72 % of the main fisheries collapsed (SeWith rocky substrates (Taschetial, 2003; Paredes & Bra-
vicio Nacional de Pesca, 2016). Due to this situatioif0, 2005). This species is considered as a culinary delicacy
aquaculture emerges as a sustainable alternative #th high international demand, reaching prices of US $ 3.5/
productive diversification, fulfilling an important role in the kg and US $ 4.2/kg for fresh and frozen products respectively
achievement of food security and in boosting the econonfigervicio Nacional de Pesca).
development of coastal areas (Food and Agriculture
Organization of the United Nations, 2016). Among the Currently, studies oi&. blacodesare focused on
diverse Chilean native species with the potential to E®lving scientific-technological gaps that allow the scale-
cultivated, Golden kingklipGenypterus blacodgshas Up production of this species. In this matter, the lack of
shown to be an excellent candidate (Silva, 2@ 1placodes knowledge concerning the nutritional requirement has been
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identified as one of the main biological limitations to beén 0.9 % NaCl physiological solution. It was subsequently
solved (Silva). Studies on feeding behavior of this speciéged in 10 % phosphate buffered formalin for 24 h. Then,
have shown that it feeds on pelagic organisms such as smsalinples of esophagus, stomach, liver, pyloric cecum and
crustaceans, fish and cephalopods (Taséedi; Dunnet intestines were obtained. Subsequently, they were cut into
al., 2010). However, despite the relevant information provid@5 cm longitudinal sections using a sterile scalpel.
for these studies on establishing the dietary preferences of
the species, knowledge of the normal anatomical structuréissue processingSections of esophagus, stomach, pyloric
of the digestive tract is essential for the determination gieca, intestines and liver were obtained and fixed in 4 %
specific nutritional requirements of fish species at differerfibormaldehyde for 24 h at room temperature (22 °C). Then,
stages of life and, therefore, phases of the productive cythey were dehydrated in a series of alcohols, clarified in xylol
(Serrancet al, 2014). and embedded in Paraplast (Paraplast Plus embedding
medium; melting point: 54 °C; Sigma-Aldrich Chemical Co.,
Several authors (Hellberg & Bjerkas, 2000; Lokk&st Louis, MO, USA). Serial sections were made, 5mm thick,
et al, 2013; Serranet al) have described and studied thewvith a motorized rotary microtome Leica RM2255 (Leica
anatomo-physiological characteristics of the digestive systavticrosystems, Switzerland). Subsequently, the sections were
of fish to better understand their nutritional dynamics. Theehydrated, immersed in xylol (10 m), exposed to descending
digestive tract of carnivorous fish consists in a tubulatoncentrations of ethanol (100 %, 96 %, 80 % and 70 %, all
structure of variable diameter that is divided longitudinalit5 s) and finally distilled water. Sections of each sample
into the esophagus, stomach, intestine and rectum. Eaeére routinely stained with hematoxylin and eosin and were
segment of the digestive tract performs a specific functioopvered with Entellan mounting medium (Merck, Darmstadt,
which have a high degree of morphological specializaticdBermany) and a glass cover slip. Digital photomicrographs
with the purpose of achieving greater efficiency in secretionf each tissue sample were obtained using a Leica®DM750
absorption and digestive functions (Buddington & Diamondayptical microscope equipped with a Leica®MC170HD
1987). The oral and oropharyngeal cavities play an importatigital camera. A histological evaluation at 40X was
role in the identification, selection, capture and seizure performed.
food items, while the esophagus, stomach and intestine are
responsible for the transport, storage, digestion and
absorption of nutrients. Nevertheless, among the differeRESULTS
fish species there are morphological and functional
differences of the digestive tract, suggesting the need of more
detailed studies in order to understand the mechanisms &mss morphology.The digestive canal of ti@. blacodes
processes involved in obtaining, assimilating andonsisted of a short tubular esophagus, with firm and thick
metabolizing nutrients (Buddington & Diamond; Hornwalls that continued without a clear and defined region of
1998). Consequently, given the importanc&oblacodes transition to a slightly dilated stomach, with a J-shape and
for Chilean aquaculture diversification, the objective of ththick walls. The length of the esophagus and stomach
present study is to describe the normal morphology of tlkemprised approximately 40 % of the total length of the
digestive canal (canalis digestorius) of this species, provididigestive canal. The stomach had a muscular lamina, which
a uniform nomenclature and basic information to suppoig particularly thick at the level of the pyloric sphincter.
its nutritional management in captive conditions. Possibly, according to diet, shape and size were variable
among individuals studied, The stomach presented a cardiac
region which ended in a pyloric sphincter from which the
MATERIAL AND METHOD thin-walled intestine was directed towards the cranial (Fig.
1). The intestine is longer and rectum than the stomach; and
his muscular tunic is thinner. It presented a middle and pos-
Fish and samplesTwelve specimens @. blacodesvere terior segment. The middle intestine turned slightly to the
collected by longline gear at 250-300 m depth in the Quillaipegght of the abdominal cavity antbntinued in the caudal
bay at Lagos Region, Chile (#B3'20.6"S 7243'58.8"W). direction. The anterior region of the first segment of the middle
Each specimen o&. blacodeswas sacrificed using an intestine presented 4-5 pairs of pyloric blind, representing 30
overdose of> 250 mg/l of benzocaine (Kalmagin 20 %) arfd of the total length of the digestive canal. The second segment
labeled with a microchip for identification at the time ofof the midgut (without pyloric blinds) shifted to caudal and
collecting the samples at the Quillaipe Necropsy Laboratorgpresented approximately 30 % of the total length of the
of Fundacién Chile. Images were captured using a Candigestive canal, with a smaller diameter compared to the first
Rebel T3i camera. The GT was dissected, opened and rinsedment. No blood vessels were observed in intestinal serous
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Fig. 1. Gross anatomy of the digestive canal of Golden kingldgnypterus chilensisRight side view. IntA, first segment of the
anterior-intestine with pyloric caeca (PC). IntM, first segment of the mid-intestine posterior to pyloric caeca. IntR; pegteeiot. The
oesophagus, pyloric part of stomach, and the pyloric sphincter are not indicated.

tunica. The posterior intestine separated from the middleucosae) composed of smooth muscle tissue and a
intestine by a thick and powerful sphincter. The liver was larggubmucosal layer (tela submucosa) composed of loose
and elongated, and located in the peritoneal cavity moveddonnective tissue, ii) a circular (stratum circulare) and
the left plane and ventral to the swim bladder, it presentedangitudinal (stratum longitudinale) stratum of muscular
convex and smooth parietal face, and a concave visceral fatemic (tunica muscular), which had striated musculature and
Both faces converged in sharp and free margins. In additiaiiy a adventitial tunic (tunica adventitia) composed of a sim-
anterior, appendicular and posterior lobes were observed. Tile squamous epithelium . In the esophagus (Fig. 2A), the
gallbladder hangs from the back of the anterior lobe and opdamina propia of the mucosa presented a stratified epithelium
in the bile duct that ends in the duodenal region of the anterimnd the submucosal layer a dense connective tissue with
intestine. Ventrally, the rectum ends at the anus, locatedabundant fibroblasts. The muscular tunic had a robust and
front of the anal fin. well-defined circular (external) and a longitudinal (internal)
stratum that extended into the submucosa, both strata had
Histology. In general, GT presented a digestive canal whidtriated (myofibra striata) and smooth (myocytus levis)
was constituted by: esophagus, stomach, pyloric cecum andscle fibers. The transition from the esophagus to the
intestines. In addition, there were accessory digestive glandgymach (gaster) was clearly discernible through the change
such as liver and a pancreas (not described). In general, tfieepithelium to a simple columnar with mucous cells
histological structures were variable depending on tHepitheliocytus gastricus) whose nucleus was located in the
segment studied, they were recognized i) a mucous tutiasal region of the cell cytoplasm, with mucous content in
(tunica mucosa): which presented a simple columnére apical region and the presence of gastric glands (glandula
epithelium, a lamina propia of the mucosa (lamina proprigpstrica propria). The stomach (Fig. 2B) had wide folds (plica
composed of loose connective tissue (textus connectivgastrica). In the basal region of eaelstyic fold of the tunica
laxus), a muscular layer of the mucosa (lamina muscularisucosa, the gastric glands were a polygonal shape, opening
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epithelium, numerous folds and moderate number of mucous cells and the lamina propria (LP) are observed. The subm&d3al layer (
formed by loose connective tissue. Muscle layer (M) formed by external circular (fmc) and internal longitudinal (fml) Btratum.
Stomach, mucous tunic (M) lined by a simple epithelium folded with mucous cells, lamina propria (LP) with numerous galstric glan
(Gl), muscular layer of the mucosa (MscM). Muscle layer (M) with an internal layer formed by longitudinal fibers and driagegrna
formed by circular fibers. C, Pyloric cecum. Amucous layer formed by columnar epithelium is observed, with a small nuadoersof m
cells, a thin lamina propria is observed in the folds. D, Anterior intestine, mucous tunic (CM) formed by columnar epitfiblite,
presence of moderate amount of large mucous cells (CeM). A thin lamina propria (LP) is observed. E, Middle intestirthgevilli in
mucous tunic (CM) formed by columnar epithelium with a small amount of small mucous cells. A thin lamina propria (LP)lidéthe vi
observed. F, Liver, polygonal hepatocytes, fatty degener ation is observed. Hematoxylin and Eosin staining.

towards the mucous folds, and a thin muscular layer of tiheyer was observed, especially between the base of the folds
mucosa (lamina muscularis mucosae). The submucosal laged the compact layer of the mucosa. In liver (hepar; Fig. 2F)
presented abundant blood vessels. In addition, a thick myslygonal cells of different sizes were observed, which
cular tunic was observed, which presented a circular laypresented central nuclei and, in some cases were peripherally
(external and thick) and a well-circumscribed longitudinadlisplaced. The bile ducts (canaliculus bilifer) showed a
(internal and thin) layer. Both strata have striated (myofibreolumnar epithelium, consisting of high prismatic cells. In
striata) and smooth (myocytus levis) muscle fibers. A Pylorigddition, the presence of star macrophages (macrophagocytus
cecum (Fig. 2C) presented a mucous layer formed Isyellatus) was observed as part of the sinusoid walls.
columnar epithelium, with a small number of mucous cells,

also, a thin lamina propria is observed in the folds. The ante-

rior (Fig. 2D) and middle (Fig. 2E) intestine presente®ISCUSSION

prominent folds (plica) and intestinal villus (villus intestinalis).

The mucous tunic was thick and lined with simple columnar

epithelium, formed especially by epitheliocytes (columnaris There is limited knowledge regarding the digestive
epitheliocytic villi). In addition, a moderate amount of largesystem ofG. blacodes This study provides detailed
mucous cells was observed. The lamina propria of the mudoformation about the macroscopic and microscopic
sa was observed thin and the folds presented a thin layemadrphology of the GT. Different sections of the stomach and
connective tissue between the base and the compact stratligestive canal were studied. This information is useful to
(stratum compactum mucosae). In the posterior intestinmderstand eating habits and consequently to propose
moderately sized folds and villi were observed. The mucousorphological responses to physiological, pathological and
tunic was thick, it was formed by a stratified columnammunological problems that are related to the evaluation of
epithelium with few large mucous cells. A thin submucosaliets or treatments.
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The esophagus @. blacodess a short and straight habits of this species, which are associated with the digestion
tube with a large amount of muscle tissue, that connects thfgprotein-rich preys (Machadz al, 2013). The intestine of
mouth to the stomach. Interestingly, the length of this orga@, blacodesonsists of a tubular organ similar to those found
associated only with the passage of food, is similar to thogeterrestrial vertebrates, which is morphologically divided
found in stomach less fish, such as lampreys, in which tir@o pyloric caeca, an anterior and a posterior region (Kardong,
esophagus is directly connected to the intestine (Steven2809; Canart al, 2012). The presence of the pyloric caeca
Hume, 1995). The epithelial lining and extensive longitudindlas been considered an evolutionary adaptation to facilitate
folds suggest an effortless swallowing of food items. Thiéhe digestive process, by increasing the area of nutrient
stratified epithelium would play a protective role againstbsorption (Canaat al). There are reports that they play a
abrasion, mechanical stress and also an osmoregulatosie in enzymatic decomposition and in the absorption of
function (Hellberg & Bjerkas). Our study also revealed thglucose, amino acids and peptides (Buddington & Diamond;
presence of cilia that cover the esophagus epithelium. TlBakke-McKellepet al, 2000). Other functions such as food
suggests a role in the movement of food particles, and prevesiéposits, stomach supplements and areas of bacterial
injuries when solid particles pass through the lumen, simildegradation have also been suggested, similar to what occurs
morphology has been described in eels (Abaurrea-Equisoaiith food in the pyloric caeca of mammalian. In the current
& Ostos-Garrido, 1996). Moreover, esophagus epithelium sfudy, the pyloric caeca showed small folds with a clear
G. blacodegresented a considerable number of mucous cellsngitudinal orientation with respect to the axial axis of the
which have been commonly described in the postgastric meaeca, this organization could facilitate transport within this
cosa of teleost fish. These cells produce a mucoid substasteicture. Regarding the mucous cells, although they were
that not only has immune functions (against bacteriakcarce in the epithelium, their presence would indicate an
infection; Humberet al, 1984) and osmoregulators, but theyadditional role of the pyloric caeca with respect to mucus
are also important for the rapid and uniform lubrication afecretion, It was also possible to observe a thickening of the
food particles along entire esophagus during swallowingratified columnar epithelium tissue in the folds, similar to
(Albrechtet al, 2001). The thick striated muscular layeithat reported in salmon (Lgkkaal, 2013). The anterior and
observed orG. blacodesesophagus provides protection,a posterior intestine d&. blacodesshowed macroscopic
flexibility and strength for swallowing large prey differences, displaying a larger diameter of the anterior region
(Domeneghinkt al, 1998). Cao & Wang (2009) affirm that compare to the posterior region. Nevertheless, no histological
this type of musculature allows rejection of the food ingestedifferences were observed regarding the layers in the wall
when it is not palatable and also helps to push food to thetween these regions. The arrangement of the simple
stomach under a voluntary contr@l. blacodegresents a J- columnar epithelium is similar to that described previously
shaped stomach, which has also been described in otlremost teleost fish (Kardong). This pattern in the organization
carnivorous fish (Clarke & Witcomb, 1980). This anatomicaleveals a highly absorbent surface and is usually associated
shape allows a better distension capacity, and therefore, thiéh the presence of a functional stomach. Moreover,
intake and storage of large amounts of food. The findings morphological observations of the anterior intestingof
the present study showed that the stomadh. dflacodess blacodesshowed longer folds covered with a larger number
divided into the cardiac, fundic, and pyloric regions. The thic&f mucous cell and microvilli, which would indicate that this
muscular layer suggests the presence of a strong crushiagion, together with the stomach, concentrates most of the
mechanism of the food prior to its passage to the intestirdigestive and enzymatic function of the GT. Similar results
The presence of gastric glands in the stomach indicates thatére described in other teleost, where nutrient absorption
could synthesize gastric acids with digestive enzymes. Thesecurs primarily in the foregut and pyloric caeca (Buddington
mentioned features have also been describ&alimo salar & Diamond; Bakke-McKellegt al).

(Lokkaet al), Esox luciugBucke, 1971Anguilla anguilla

(Clarke & Witcomb) andAnarhichas lupugHellberg & In conclusion, Golden kingkligX. blacodelpresents
Bjerkas). In most carnivorous fish, the main feature of the digestive system typical of a carnivorous benthonic fish
pyloric region is the presence of the pyloric sphincter aretdapted to feed on fish and crustaceans. The canalis
thicker lamina muscularis mucosae, both plays a role in miximtigestorius of this fish species showed a short esophagus, J-
and regulating the flow of partially digested food from theshaped stomach and pyloric caeca that was constituted by
stomach to the intestine (Albreoit al). This later pattern mucous, submucosal, muscular and serous tunic layers. The
was also observed in our study, suggesting the need to canterior and middle regions of the intestine are more active
trol the gastric evacuation rate due to the nutritionah nutrient absorption. Therefore, formulation and
complexity of food items such as crustaceans and other fistanufacturing of artificial feed fo&. blacodesshould
species. Furthermore, the presence of a large number of gastansider high levels of protein, probably of marine origin,
glands observed 8. blacodess consistent with the feeding and low levels of lipids. Furthermore, the observations
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described in this study are useful as a reference for reseafehan. B.; do Nascimento, W. S.; da Silva, N. B. & Chellappa, S.

: Morphohistology of the digestive tract of the damsel fi¢agastes fuscus
related to the effect of environmental factors, drugs, stress (Osteichthyes: PomacentridaSgientificWorld Journal, 201287316, 2012.

and diet on the digestive system of this fish species. Futw#, x. J. & wang, w. M. Histology and mucin histochemistry of the digestive
nutri-physiological or genomic studies may also potentially tract of yellow catfishPelteobagrus fulvidracoAnat. Histol. Embryol.,

; ; i ; 38(4).254-61, 2009.
benefit from morphologlcal information. Clarke, A. J. & Witcomb, D. M. A study of the histology and morphology of the

digestive tract of the common e@guilla anguillg. J. Fish Biol., 16(2)159-

70, 1980.
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dorado Genypterus blacodpsint. J. Morphol., 38(3%77-682, 2020. Dunn, M. R.; Connell, A. M.; Forman, J.; Stevens, D. W. & Horn, P. L. Diet of

. . . . two large sympatric teleosts, the linG&nypterus blacodgsand hake
RESUMEN: Dada la importancia del Congrio colorado (Merluccius australis PLoS One, 5(1313647, 2010.

(Genypterus blacodgsomo alternativa a la prOdUCCi_C"n de especiefoog and Agriculture Organization of the United Nations (FADJ State of
salmonideas para la diversificacion mundial de la acuicultura, el objeti- Wworld Fisheries and Aquaculture (SOFIA}ome, Food and Agriculture
vo del presente estudio es describir la morfologia normal del canal di- Organization of the United Nations, 2016.
gestivo de esta especie, proporcionando una nomenclatura uniformie#iberg, H. & Bjerkas, I. The anatomy of the oesophagus, stomach and intestine
informacion basica para apoyar su manejo nutricional en condiciones de in common wolffish Anarhichas lupus..): a basis for diagnostic work and
cautiverio. Doce especimenes silvestres fueron colectados y disecados.resea‘mhf“c?a Vet. Scand., 41(283-97, 2000. ) )
Se obtuvo muestras del eséfago, estémago, higado, ciego pildrico eHHIMPert, W.; Kirsch, R. & Meister, M. F. Scanning electron microscopic study

- B Y P . o of the oesophageal mucous layer in the Aafuilla anguillaL. J. Fish
testinos. Se realiz6 una descripcion anatomica e histolégica. El canal Biol., 25(1)117-22, 1984
digestivo present6 un esofago tubular corto, un estomago ligeramepig ;g ; i

. > dong, K. VVertebrates: Comparative Anatomy, Function, Evolutigwston,
dilatado, con forma de J y paredes gruesas. El estomago presentaba UngicGraw-Hill Higher Education, 2009.

region cardiaca que terminaba en un esfinter pilérico desde el cual gkka, G.; Austbg, L.; Falk, K.; Bjerkas, . & Koppang, E. O. Intestinal
intestino de paredes delgadas. El intestino presentaba un segmento antanorphology of the wild atlantic salmorSélmo salay. J. Morphol.,

rior, medio y posterior. La region anterior del primer segmento del intes- 274(8)859-76, 2013.

tino medio present6 4-5 pares de ciegos piléricos. El intestino medftfchado, M. R. F.; de Oliveira Souza, H.; de Souza, V. L.; de Azevedo, A;;
represent6 aproximadamente el 30 % de la longitud total del canal diges-Goitein, R. & Nobre, A. D. Morphological and anatomical haracterization
tivo, con un diametro menor en comparacion con el primer segmento. El of the digestive tract d€entropomus paralleluandC. undecimalisActa

. . . . . . . Sci., Biol. Sci., 35(4367-74, 2013.
intestino posterior estaba separado del intestino medio por un esfi e{edes’ F. & Bravo, R. Reproductive cicle. Reproductive cycle, size at first

grugso y pqderoso. EI, higado era gra.nde.y alargado, y ubicado _?n ?amaturation and fecundity in the golden li@gnypterus blacode Chile.
cavidad peritoneal ubicado al plano izquierdo y ventral a la vejiga . 7. 3. Mar. Freshw. Res., 39(5)85-96, 2005.
natatorig._ La vesicula biliar se ubicF') lateral al lobo an_terior_hepético._gérrano, E.; Leiva, C.; Lonza, C.; Sanchez, J. C.; Wacyk, J.; Zegers, T. & Godoy,
ducto biliar desemboc6 en la region duodenal del intestino anterior. M. Histological and morphological characterization of the digestive tract of
Ventralmente, el recto termind en el ano, ubicado frente a la aleta anal. southern hakeMerluccius australis Int. J. Morphol., 32(3)1079-84, 2014.
En general, las estructuras histologicas fueron variables segin el segjvicio Nacional de Pesca (SERNAPESCA). Anuario estadistico de pesca 2016.
mento estudiado, se reconocié una tiinica mucosa que presentaba un epyalparaiso, Servicio Nacional de Pesca, Gobierno de Chile, 2016. Available
telio columnar simple, una lamina propia de la mucosa compuesta porfrgm: ho%0ntion= entgtaskeyi htg?&’_’;"agg&sner”?ﬁgzga-c'/
tejido conectivo laxo, una capa muscular de la mucosa compuesta S?Vr'” €X.php foption=com_contentétask=view&id= emid=

i\

, . - . Ilva, K. Estado de las potenciales especies para diversificar la acuiddlinc
musculo liso tejido y una capa submucosa compuesta de tejido conec Opcuic. 826-8. 2011

laxo, un estrato circular y longitudinal de tinica muscular, que ten§eyens, C. E. & Hume, I. D.dBeral Characteristics of the Vertebrate Digestive
musculatura estriada y una ttnica adventicia compuesta por un epitelio systemin: Stevens, C. E. & Hume, I. D. (Eds.). ComparaBbgsiology of

plano simple. En conclusion, Congrio colora@G®ypterus blacodgs the Vertebrate Digestive Syste®i ed. Cambridge, Cambridge University
presenta un sistema digestivo tipico de un pez benténico carnivoro adap-Press, 1995.
tado para alimentarse de peces y crustaceos. Tascheri, R.; Sateler, J.; Merino, J.; Diaz, E.; Ojeda, V. & MontecinoBsiM-
dio biolégico-pesquero de congrio colorado, congrio negro y congrio do-
PALABRAS CLAVE: Congrio Dorado; Canal Digestivo; rado en la zona centro-sWalparaiso, Instituto de Fomento Pesquero, In-
Estémago; Intestino; Teledsteos; Peces. forme Final FIP 2001-15, 300, 2003.
REFERENCES Corresponding author:

Dr. Paulo Salinas
Abaurrea-Equisoain, M. A. & Ostos-Garrido, M. V. Cell types in the esophagehstitute of Biology - Faculty of Sciences

epithelium of Anguilla anguilla (Pisces, Teleostei). Cytochemical and Pontificia Universidad Catdlica de Valparaiso
ultrastructural characteristicllicron, 27(6)419-29, 1996. .
\éalparalso- CHILE

Albrecht, M. P.; Ferreira, M. F. N. & Caramaschi, E. P. Anatomical features an
histology of the digestive tract of two related neotropical omnivorous fishes
(Characiformes; Anostomidag). Fish Biol., 58(2y419-30, 2001.

Bakke-McKellep, A. M.; Nordrum, S.; Krogdahl, A. & Buddington, R. K. Email: paulo.salinas@pucv.cl
Absorption of glucose, amino acids, and dipeptides by the intestines of

Atlantic salmon $almo salal.). Fish Physiol. Biochem., 223-44, 2000. ; L9240
Buddington, R. K. & Diamond, J. M. Pyloric ceca of fish: A “new” absorptive Recelved: 23-10-2019
organ.Am. J. Physiol., 252(1 Pt. 365-76, 1987. Accepted: 27-12-2019

682



