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Introduction:The cranial canals of the mechanosensory lateral line system of bony
fishes exhibit four morphologies (narrow, branched, widened, and reduced), which are
embedded in a conserved set of dermatocranial bones. Of particular interest are the
widened canals, which have been implicated in benthic prey detection and are
characterized by reduced canal roof ossification and unusually large neuromasts,
especially in the mandibular, preopercular and infraorbital canals. Micro-computed
tomography (µCT 40, Scanco Medical, Brütisellen, CH) was used to generate highresolution images (8, 16 or 32 µm isometric voxel size) of the cranial skeletons of
species with narrow canals (Tramitichromis intermedius, Cichlidae), widened canals
(Aulonocara baenschi, Cichlidae; Gymnocephalus cernuus, Percidae), both widened
and narrow canals (Ericymba buccata, Cyprinidae), and reduced canals (Apollonia
melanostomus, Gobiidae). 2-D slice images and 3-D volume and surface renderings
were generated using OsiriX (v. 3.1.6, 64-bit; www.osirix-viewer.com/), as were
interactive rotation and cutaway movie sequences. Novel qualitative descriptions of
the lateral line canals and quantitative analysis of canal diameter (from 2-D images)
and % coverage of the canal roof by bone (from 3-D reconstructions) were carried out
in order to begin to more precisely describe the morphological differences between
narrow and widened canal systems, in particular, for functional and genetic studies.
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Figure 5. 3-D volume renderings showing ontogeny of mandibular and preopercular
canal morphology (ventral view) in juvenile A. hansbaenschi (25-44 mm SL) and an
adult A. baenschi (87 mm SL).
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Figure 3. 3-D volume renderings - lateral, dorso-lateral and ventral views of
species with widened canals: A) Aulonocara hansbaenschi (44 mm SL), B)
Aulonocara baenschi (87 mm SL), and C) Gymnocephalus cernuus (55 mm
SL). Note: the large infraorbital and mandibular/preopercular canal pores are
directed ventrally, likely for enhancing detection of their benthic prey.
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Figure 1. µCT slices (Aulonocara baenschi; 15 µm isometric voxels) provide
resolution comparable to histological sections (paraffin, HBQ stain, 8µm thickness) for
the identification of features of the lateral line system. A-C) the widened supraorbital
(SO), infraorbital (IO) and mandibular (MD) canals, canal pores, and nerve foramina
that carry the lateral line nerves to canal neuromasts are visible. D) Details of otolith
morphology (e.g., size, in situ position, variation in density) can also be discerned (see
also Fig. 2).
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Figure 4. 3-D volume
renderings of the round
goby, Apollonia
melanostomus with
reduced canal morphology
(and proliferation of
superficial neuromasts, but
not visible here), which is
typical of gobies. A, C) Note
absence of infraorbital
bones/canals, mandibular,
preopercular canals. B, D)
Supraorbital canals are in
the thin frontal bones
between large orbits.
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Obtaining Quantitative Data
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Figure 2. The narrow dorsal (supraorbital, SO) canals and the widened ventral
(infraorbital, IO, preopercular, PO, mandibular, MD) canals of the silverjaw minnow,
Notropis buccatus (=Ericymba buccata) can be easily discerned in A-C) 3-D
reconstructions in dorsal, lateral and dorso-lateral views (The vertebral elements
composing the Weberian apparatus are easily visualized), and 2-D slices taken at
level of D) the orbit and E) the otoliths (see arrows in B).
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Mandibular canal diameters were
measured in 2-D slices using
OsiriX. In each slice, two
diameters (min, max) of the left
and right canal were automatically
calculated using a polygon
measurement plug-in. Diameters
were measured along the length
of the canal - at the midpoint of
each pore and at the midpoint of
the bony roof of each canal
segment (=neuromast position).
The % bone cover of a canal was
calculated using surface
renderings of the mandible (see
Fig. 7) and the closed polygon
region of interest (ROI) tool by
subtracting pore areas from total
mandibular area.
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Figure 6. Quantifiable parameters derived from 2-D and 3-D images for ontogenetic
and interspecific comparisons of mandibular canal. A) Relative pore size expressed as
percent bone cover (mean of left and right), B) Trends in canal diameter - expressed
as ratio of diameters at neuromast/pore positions (100%=cylindrical canal).
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Figure 7. 3-D surface renderings showing mandibular canal morphology (in dentary
and anguloarticular bones) in Tramitichromis intermedius (narrow canals), A.
baenschi (widened canals), and Gymnocephalus cernuus (widened canals).

Conclusions: µCT imaging can be used to describe ontogenetic and interspecific
differences in lateral line canal morphology (canal diameter, pores, foramina) and
their relationship to dermal bones in small fishes. Early stages of ossification (in
small juveniles) make quantitative measurements challenging, and only fish heads
up to a certain size can be imaged using µCT. Animations of 3-D reconstructions
reveal structural features not fully appreciated in static images. We have begun to
develop quantitative methods that will be used to discriminate between individuals
with narrow and widened canals for use in studies designed to reveal genotypephenotype relationships and those that will use morphological data
to model lateral line function.
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