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Abstract.- The anatomy, disposition and extension of the main cephalic sensory canals and associated structures in a clupeiform

from Chile, S. bentincki, are provided for first time. Ten cephalic canals were identified: supraorbital, infraorbital, anterorbital,

postorbital, preopercular, mandibular, ethmoidal, temporal, postemporal and extrascapular. Due to the scarce literature in
sensory structures regarding Chilean Clupeiformes, it is necessary more studies about those features for the respective comparisons
to obtain a better understanding of the systematic and comparative ethology of the sardines and to have an integral view of the

cephalic sensory system of canals in this order.
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INTRODUCTION

Anatomy of cephaic sensory canalsarerelevant to systematic
studiesof fishesof the order Clupeiformes(e.g., Grande 1985,
Ohshimo 1999, Di Dario 2004, Di Dario & de Pinna2006).
Number and disposition of cephalic canals are somewhat
consarvativeamong teleosts, however, variaionsintheextenson
and connectionsbetween different branches of the system have
beenidentified (Tracy 1920, Greenwood 1968, Nelson 1972,
Webb 1989, Kasumyan 2003, Di Dario 2004, Di Dario & de
Pinna2006, Stephens2010).

Srangomerabentincki (Norman, 1936) isendemicto the
Chilean coast. The specieswasincluded in different taxonomic
studies (de Buen 1958, Araniset al. 2007, Silva& Pequefio
2007), andisfrequently captured by thefishing float (Coquimbo,
Valparaiso and of the south to Talcahuano, Isla Mocha),
together with other speciesof the Clupeiformes. In spiteof those
studies, knowledge on the sensory system of clupeomorphsof
theregionisstill scarce.

Thisspecieshasacomplex systemof cephdic sensory candls,
whichispart of theacougticlateral system. Thissensory system
together with other structures(i.e., recessuslateralis, otic bullae,
supratempora system) areinvolved inthe schooling formation,
detection of water vibrationsand detection of predators, helping
aso for the position of the school fish and the detection of
pressureduring thevertica migration (Whitehead 1985, Di Dario
2004, Di Dario & De Pinna2006).

The main ramifications of the supraorbital, infraorbital,
preopercular and pterotic canals converge on anintracranial
space of the otic region, therecessuslateralis (Grande 1985,
Whitehead 1985, Di Dario 2004). Thisstructureisaspecial
chamber, typical of the Clupeiformes, located intheinterior of
the skull and has three main openings (anterior, medial and
posterior) andtheir interna wall haveamembranethat separates
agasilled chamber (fromthe swimbladder) from perilymphatic
liquid (surrounding theinner ear) (Tracy 1920, Whitehead 1985,
Di Dario 2004, Di Dario & De Pinna2006).

Thefunction of thisstructureisnot accurately known, but it
is probably related to the detection and analysis of small
vibrational pressuresof water and displacement of fish (Tracy
1920, Grande 1985, Whitehead 1985, Webb 2013). Moreover,
theotic region hostsanother important structure, thectic bullae,
that isclosely associated with therecessuslateralis, whichis
also connected to the swimbladder, wherethin tubesenter to
theskull uptotheotic bullag, surroundsit in capsules prootic
and pterotic bones (Whitehead 1985, Whitehead & Blaxter
1989, Ganiaset al. 2015).

Herein, theanatomy, disposition and extension of themain
cephalic canals and associated sensory structures of
Srangomera bentincki are described for first time. Itishoped
that an increase in the knowledge of that systemwill led to
improvements in the taxonomy and systematics of the
Clupeiformes, in additionto behaviora and ecological studies
of thisspecies.



M ATERIALSAND METHODS

M ATERIAL EXAMINED

Fifteen specimens of Srangomera bentincki were examined,
all capturedinNiebla, Vadivia(X1V Region) of Chile. Total
length varied between 84.6 and 103 mm, and cephalic length
varied between 16.6 and 26 mm. The cephalic sensory canals
wereexamined by clearing and staining techniques, following
Taylor (1967). Specimenswere photographed to register the
cephalic canals. Thediaphanized specimensweredepositedin
thefish collection of the Universidad de Concepcion Chile, with
the number: MZUC - UCCC 45082 and 45083.

To observetheswimbladder and itsconnectionwiththeotic
region, which are structuresassociated with theacoustic | ateral
system, one specimen (LT= 100 mm) wasdissected (Fig. 2).

Cephalic canals and associated bones abbreviation
are: AOC antorbital canal, SOC supraorbital canal, POC
postorbital canal, 10C infraorbital canal, MC mandibular
canal, PPC preopercular canal, PTC postemporal canal,
ESC extrascapular canal, EC ethmoidal canal, TC pterotic
canal, fr frontal bone, paparietal bone, tem temporal bone.

RESULTS AND DISCUSSION

M orPHOLOGIC STUDY

In the specimens studied, 10 narrowed and branched
cephalic canals were observed (Figs. 1a and b):

Supraorbital canal (SOC): bilateral canal, completely
restrict to the frontal bone, surrounds the upper half of
the orhit. The posterior medial portion of the supraorbital
canal continues from the temporal canal.

Figure 1. a) Cephalic sensory canals of Strangomera bentincki. b) Scheme based on Fig. 1a. AOC, antero orbital canal; SOC, supra orbital canal; POC,
postorbital canal; 10C, infraorbital canal; EC, ethmoidal canal; TC, temporal canal; PTC, post temporal canal; PPC, preopercular canal; MC, mandibular
canal; EEC, extrascapular canal; fr, frontal bone; pa, parietal bone; tem, temporal bone / a) Canales sensoriales cefélicos de Strangomera bentincki.
b) Esquema basado sobre la Fig. 1a. AOC, canal antero orbital; SOC, canal supraorbital; POC, canal postorbital; I0C, canal infraorbital; EC, canal
etmoidal; TC, canal temporal; PTC, canal post temporal; PPC, canal preopercular; MC, canal mandibular; EEC, canal extraescapular; fr, hueso

frontal; pa, hueso parietal; tem, hueso temporal
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Figure 2. Dorsal view of the swimbladder and pre-celomic ducts in Strangomera bentincki. The segmented arrow indicates entry of the pre-
celomic ducts towards the cranial region. In the low box there is an approximation of the post orbital region and the location of the otic bullae
/ Vista dorsal de la vejiga gaseosa y su conducto pre-celémico en Strangomera bentincki. La flecha segmentada, sefiala la entrada del conducto
pre-celémico hacia la regién craneana. En el recuadro inferior un acercamiento de la regién post orbital y la ubicacién de la bula ética

Infraorbital canal (IOC): bilateral canal that bordersthe
upper inside region of the orbit, antero dorsally connects
with the anterorbital canal. It islocated in the dorsolateral
portion of the supraorbital bones.

Anteroorbital canal (AOC): bilateral canal, small,
located infront of the eye. It extends upwardsand laterally
in the orbital region.

Postorbital canal (POC): bilateral canal, that originates
from the supra orbital canal, between the division of the
parietal and the temporal canal.

Preopercular canal (PPC): it is the longest of al the
observed canals in this species.

Bilateral canal, and bordering the preopercular bone.
This canal continues anteriorly towards to the lower jaw,
where it continues as the mandibular canal.

Mandibular canal (MC): bilateral canal, is situated at
the lower jaw, including the dentary bone.

Ethmoidal canal (EC): short canal, is located between
the nasal and premaxillar bones.

Postemporal canal (PTC): long canal and contact the
posteriomedial region of temporal canal and extends over
the start of the operculum bone.

Temporal canal (= pterotic canal) (TC): canal situated
behind of the anterior extension of the infraorbital canal.

Its anterior margin contacts the sphenotic and the lateral
wing of the frontal bone.

Extrascapular canal (EEC): short canal, located over to
the temporal canal. This canal contacts the posteromedial
region of the temporal canal. The EEC presents a superior
shorter branch towards the temporal superior edge and a
longer one that goes down by the temporal bone edge
and extends towards the branch were the postemporal
channel begins.

ASSOCIATED STRUCTURES TO THE CEPHALIC SENSORIAL
SYSTEM: SWIMBLADDER AND OTIC BULLAE

These structures are common to almost all modern
clupeormorphs. In the dissected specimen, the pre-coelomic
duct fromthenorma dliptica shape, mediun size swimbladder,
that penetrates the skull through the exoccipital bone and
expandsinsidethe cranium, forming two bony capsules(otic
bullae) in the prootic and also in the pterotic bones (Fig. 2).

Thebranched and narrow cephalic sensory canalsobserved
in S bentincki, itisaprimitive condition of the Clupeiformes
and reflectsthe complexity of thesemecanosensorid structures
(Webb 1989).

Despite the limited literature, we were able to compare
the sensory canals of S. bentincki with other
clupeomorphs, such as Clupea pilchardus and Denticeps
clupeoides (Wohlfahrt 1937, Di Dario & De Pinna 2006),

Vol. 53,51, 2018
Revista de Biologia Marina y Oceanografia

3



being C. pilchardus phylogenetically ataxon closer to S,
bentincki (Lavoué et al. 2007). In both cases, the main
difference is in the shape and size of the supraorbital,
anterorbital, preopercular, mandibular, ethmoidal and
postemporal canals. While comparing Strangomera
bentincki with C. pilchardus, is noted that the supraorbital
canal is shorter, the anterorbital canal is smaller,
preopercular canal ismorerounded in our specimens, and the
mandibular cana isshorter thanthat observedin C. pilchardus.
Inthecaseof D. clupeoides, themain differenceisthe presence
of alateral lineinthetrunk, an L-shaped preopercular canal
andlarger supraorbital, anterorbital, postorbital and ethmoidal
cands.

Itispossiblethat the presence of these sensory structures
have maintained their cephalic position on the possibility of
development into thetrunk, becausethey arecloser tothebrain,
sensory and behavioral command unit and transmission of
impulses, as well as the fast and sudden movements, that
probably hasbeen decisivein the schooling survival to predator
in attacks, which may have been submitted in its long
evolutionary step (Webb 1989).

Animportant structure associated to thiscomplex cephalic
sensory system, is the swimbladder. This structure can be
classified according to its shape (normal to elliptic, medially
compressed, anteriorly compressed and posteriorly
compressed) and it size(small, medium, big, distended) (Blaxter
& Batty 1990, Ganiaset al. 2015). It isgenerally accepted
that the herring swimbladder playsaminor rolein buoyancy
andthat it functionsmainly asareservoir for theacoudtic system
(Blaxter 1985, Blaxter & Batty 1990). The other associated
structure of the cephalic sensory systemin clupeidsistheotic
bullae, that together withthehead lateral linedso stimulatethe
laterd lineneuromagts(White& Blaxter 1989). Therefore, these
twostructures, dongwiththecephaic cands, veststheindividua
withgreat sengtivity totheenvironment surroundingit and alow
it to respond to potentia attacksfrom predators. It isimportant
to carry out more morphological studies and a complete
description of thetypes of swimbladdersaswell astheotic
bullae, to obtain acompl ete perspective of the cephalic sensory
structuresfound in Chilean clupeids, facilitating comparisons
among taxa. It isimportant to emphasi ze that the cephalic
sensory cand sareanimportant aspect inthe phylogenetic study
of fishes (Arratia1996, Webb 2013) and their configurations,
could show taxonomic differentiation among species and
eventualy condtitute elementsfor systematic and evolutionary
analysis. Unfortunately, the scarce literature in Chilean
Clupeiformes, especially in S. bentincki, makesit difficult
to perform better morphological comparions of these
sensory structures.
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It is mandatory to corroborate with more biological
samples if other species of the region also have patterns
that allow its use in taxonomy, systematic, ethology,
physiology and other aspects and advance in the
knowledge of such sensory structures.
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