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Abstract 

The study of the sensory organs of a species improves the understanding of its behavior and 

ecology. Elasmobranch fishes occupy a wide range of ecological niches, and several aspects 

of their biology are still largely unknown. The sense of smell may have different levels of 

importance among species. This study investigated the morphology and histology of the 

olfactory rosette of the lesser-spotted dogfish (Scyliorhinus canicula). The research was 

conducted at the Dipartimento di Scienze della Terra, dell'Ambiente e della Vita (DISTAV), 

Università di Genova, under the supervision of PhD Sara Ferrando. Four adult specimens of 

S. canicula were collected and measured. The olfactory organ of this species, as in other 

elasmobranchs, is a rosette characterized by the presence of primary lamellae 

(macroscopically visible) and secondary folds (microscopical visible). Morphometric data 

were obtained from the olfactory rosettes using a caliper, and three primary lamellae 

representing different regions of each rosette were removed for surface area measurements 

using ImageJ software. In addition, the rosettes underwent histological processing to 

estimate, using ImageJ software on micrographs, the contribution of the secondary folds to 

the sensory surface area, thereby enabling the calculation of the olfactory capacity of each 

specimen. The specimens (TL ranging from 41.9 to 48.2 cm) had a sensory surface area 

ranging from approximately 10 to 19 cm2 when only primary lamellae were considered and 

from 40 to 134 cm2 when the secondary folds were included. These results indicate that the 

contribution of the secondary folds to the surface area increases as the fish grows. The data 

obtained provide valuable insights into the sensory abilities of a medium-sized coastal 

predator that plays a key ecological role. 

Keywords: elasmobranchs; olfaction; secondary folds. 
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1. Introduction 

Sharks (Class Chondrichthyes; Subclass Elasmobranchii) possess a highly developed 

array of sensory systems [1, 2] that enable them to detect prey and conspecifics, avoid 

predators and obstacles, and navigate through their environment [3]. Consequently, many 

species are considered apex predators within food webs and play a key role in regulating 

ecosystem function [4]. They occupy a wide range of ecological niches in aquatic 

environments, particularly in marine environments [5, 6, 7]. Each sensory modality 

enables the perception of specific environmental cues, including light, chemicals, 

mechanical stimuli, and electric fields, across different spatial scales and sensitivity levels 

[4]. Understanding the evolutionary diversification of these sensory systems is therefore 

essential for explaining how environmental information is processed, which often 

requires a multi-level approach encompassing genes, cells, and organs [8]. 

In this context, research on the olfactory organs of Chondrichthyes has grown 

considerably [3, 9], highlighting their crucial contribution to the overall sensory repertoire 

of cartilaginous fishes [1, 2, 10, 11, 12, 13, 14, 4, 3, 15]. These structures are vital for key 

survival functions such as prey detection, predator avoidance, and chemosensory 

communication with conspecifics [16, 1, 17, 18, 12, 13, 4, 3, 15]. As a result, they 

contribute significantly to a more accurate ecological understanding of these species [19]. 

In elasmobranchs, the peripheral olfactory system is generally characterized by a 

multilamellar olfactory organ, the olfactory rosette, covered by sensory and non-sensory 

epithelia that respond to specific odor molecules in the aquatic environment [20, 21, 22]. 

The olfactory organs are located on the lateral–ventral aspect of the head, close to the 

mouth, within laterally positioned cartilaginous capsules [23, 12, 3]. They communicate 

with the external environment through paired nostrils, which are typically divided by 

skin-covered flaps into a lateral incurrent naris and a medial excurrent naris [23, 24, 25, 

3]. Water enters the olfactory capsule through the incurrent naris, flows over the olfactory 
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lamellae, and exits through the excurrent naris [24, 25, 26, 3, 27, 28, 22]. 

Inside the olfactory capsule lies the olfactory sac, which is almost entirely occupied 

by the olfactory rosette. The rosette consists of two rows of stacked, wing-shaped 

lamellae that originate from a central ridge, the raphe, and attach to the wall of the 

olfactory cavity [23, 24, 25, 29, 13, 3, 22]. 

The morphology of the olfactory rosette varies substantially among elasmobranch 

species, this variation includes rosette size and shape, positioning of the nares, number of 

lamellae, lamellar surface area, and sensory epithelial surface area [23, 30, 31, 32, 33, 24, 

25, 34, 35, 29, 36, 37, 13, 3, 38, 15]. Depending on the species, lamellae may extend 

perpendicular to the raphe or be arranged radially around a central axis [39, 21, 40, 36, 

13, 22]. Each lamella bears secondary folds that greatly increase the surface area of the 

olfactory epithelium, which is divided into sensory and non-sensory regions [12, 3]. 

Scyliorhinus canicula is an extremely common shark along the northeastern Atlantic 

coast, with a distribution extending from Senegal to southern Norway [41]. It also occurs 

in the Mediterranean and Adriatic Seas [42]. This species primarily inhabits sandy, 

gravelly, or muddy bottoms at depths ranging from a few meters to approximately 400 m 

[43, 44, 45, 42] In the Cantabrian Sea, its distribution is continuous along the continental 

shelf, although individuals may aggregate according to sex and size. Juveniles are 

predominantly found in the eastern region at depths around 200 m, whereas adults occur 

over a broader depth range (50-450 m), most commonly between 150 and 300 m [46, 47, 

48, 42]. The diet consists mainly of benthic organisms, including crustaceans, mollusks, 

and small teleost fishes [49]. Like all members of the family Scyliorhinidae, S. canicula is 

oviparous [50, 51]. 

Based on the above, this study aimed to describe the morphology of the olfactory 

rosette, correlate body and olfactory rosette morphometric variables, and characterize the 

olfactory epithelium through histological analyses. The surface area of the primary 
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lamellae and secondary folds was quantified using ImageJ to estimate the olfactory 

capacity of the lesser-spotted dogfish, Scyliorhinus canicula. 

2. Material and Methods 

2.1. Precedence and morphology analysis 

The four specimens analyzed were obtained from accidental bycatch captured by 

professional fishermen in the Ligurian Sea, Northwestern Mediterranean. The samples 

were collected onboard, fixed in 4% paraformaldehyde in 0.1 M phosphate-buffered 

saline (PBS, pH 7.4), washed in PBS, and stored in 70% ethanol. Each specimen was 

photographed from dorsal, ventral, and lateral views. 

The following data were collected, adapted from Timm & Fish (2012): sex, sexual 

maturity, total length, head length and width, total nostril length, incurrent nostril length, 

nasal lobe length, internasal distance, pre-nasal distance, nose-mouth distance, pre-oral 

distance, mouth length and width, and horizontal eye diameter (Figures 1 and 2). These 

measurements were used to determine whether there is any correlation between the 

morphology of the body and that of the olfactory rosette. 

 

 

 

 

 

 

 

Figure 1. Ventral view of the head of the lesser-spotted dogfish, showing the morphometric data taken. 

Abbreviations: inl = incurrent nostril length; nll = nasal lobe length; id = internasal distance; pnd = pre-nasal 

distance; nmd = nasal-mouth distance; pod = pre-oral distance; ml = mouth length; mw = mouth width. 
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Figure 2. Lateral (A) and dorsal (B) views of the lesser-spotted dogfish, showing the morphometric data taken. 

Abbreviations: tl = total length; hed = horizontal eye diameter; hl = head length; hw = head width. 

 

The olfactory rosette from the left nostril of each specimen was removed by manual 

dissection using a scalpel and then photographed. The following parameters were 

recorded: length, width, and volume. The length and width of the rosette were measured 

using an analog caliper (Figure 3), and its volume was determined by immersion in a 

graduated cylinder. The proportional dimensions of the length and width of the olfactory 

rosette were compared with the previously described morphometric variables of the body. 

The terminology used for the structures composing the olfactory rosette follows that 

commonly employed in similar anatomical studies [29, 37, 52, 19]. 

 

 

 

 

 

 

Figure 3. The olfactory rosette of the lesser-spotted dogfish, showing the morphometric data taken with the analog 

caliper. Abbreviations: rl = rosette length; rw = rosette width. 
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The olfactory rosette was bisected, with one half reserved for morphometric analysis, 

and the other for histological processing. Three primary lamellae were manually dissected 

from each olfactory rosette using a scalpel: one from one end, one from the middle, and 

one from the opposite end of the selected half. This sampling strategy was designed to 

account for regional variation in lamellar morphology across the olfactory rosette.  

2.2. Histology and characterization of the olfactory epithelium 

Following the methodology of [52], the other half of the olfactory rosette was 

processed for histological investigation of the secondary folds. Tissue samples were 

embedded in paraffin according to the following protocol: 2 h in 80% EtOH, 2 h in 90% 

EtOH, 8 h in 95% EtOH, 1 h in 100% EtOH (I), 1 h in 100% EtOH (II), 1 h in 100% 

EtOH (III), 15 min in 50% EtOH + 50% Bioclear, 3 min in Bioclear (I), 3 min in Bioclear 

(II), 3 min in Bioclear (III), 15 min in Bioclear + paraffin in an oven at 60ºC, 1 h in 

paraffin (I), 1 h in paraffin (II), and 1 h in paraffin (III). 

After embedding, the material was blocked and sectioned at a thickness of 5 μm using 

a microtome. As a standard procedure, 1.000 μm were discarded between each section, 

except in specific cases described below. Approximately 20 to 25 slides were prepared for 

each specimen, each containing about four to six slices. 

2.2.1. Hematoxylin and Eosin (BIOPTICA) staining 

Hematoxylin is a basic dye that stains nuclei and other basophilic components 

violet, while Eosin is an acidic dye that stains the cytoplasmic and other acidophilic 

elements pink. This staining was first applied in three or four slides selected to 

represent the entire structure. 

For specimen 24.1, slides #8, #13, and #25 were selected. For slide #25, an interval 

of 2.000 μm was discarded from the previous section, as the raphe level had not yet 

been reached. For specimen 24.2, slides #6, #16, #21, and #24 were chosen, with 

1.040 μm discarded before slide #24 for the same reason. For specimen 24.3, slides 
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#3, #7, #15, and #19 were selected; between slides #15 and #19, 2.000 μm were 

discarded due to a small cartilage fragment that was damaging the tissue and required 

removal. For specimen 24.4, slides #8, #17, and #20 were selected. 

For staining, the samples underwent paraffin removal and rehydration as follows: 

15 min in Bioclear (I), 15 min in Bioclear (II), 1 min in 100% EtOH (I), 1 min in 

100% EtOH (II), 1 min in 95% EtOH, 1 min in 90% EtOH, 1 min in 80% EtOH, and 

finally rinsed in distilled water. 

The coloration procedure consisted of 6 min in Hematoxylin, 10 min in tap water, 

1 min in distilled water, 6 min in Eosin, and 5 min in distilled water. For dehydration 

and clearing, the slides were processed sequentially for 5–10 s in 80%, 90%, 95%, 

100% EtOH (I), and 100% EtOH (II), followed by 1 min in Bioclear (I) and Bioclear 

(II). 

To prepare the slides for microscopic analysis, a coverslip was carefully 

positioned, and the slides were dried in an oven for 24 hours. After drying, they were 

observed under the microscope, and between three and five secondary folds were 

selected to measure both their linear length and total length. 

2.2.2. Alcian Blue PAS + Gill’s Hematoxylin (Sigma-Aldrich) staining 

The Alcian Blue PAS + Gill’s Hematoxylin technique was used to identify and 

differentiate mucopolysaccharides in the olfactory epithelium. Alcian Blue stains 

acidic mucopolysaccharides blue, while PAS (Periodic Acid–Schiff) stains neutral 

mucopolysaccharides pink. Gill’s Hematoxylin was used as a nuclear counterstain. 

This staining was performed on one slide from each specimen. For specimen 24.1, 

slide #20 was selected; for specimen 24.2, slide #17; for specimen 24.3, slide #17, 

with 2.000 μm discarded from the last section due to a small cartilage fragment that 

was damaging the tissue and required removal; and for specimen 24.4, slide #5. 

Paraffin removal and rehydration were carried out following the same procedure 
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previously described for Hematoxylin and Eosin staining. The staining protocol 

consisted of 5 min in Alcian Blue, 3 min in tap water, 3 min in distilled water, 5 min 

in Periodic Acid, 3 min in distilled water, 15 min in Schiff reagent, 5 min in tap water, 

90 s in Gill’s Hematoxylin, 3 min in tap water, and 3 min in distilled water. 

Dehydration and clearing were performed as described in section 3.2.1. Finally, a 

coverslip was applied, and the slides were dried in an oven for 24 hours before 

microscopic observation. 

2.2.3. Azan Trichrome (BIOPTICA) staining 

Azan Trichrome staining was used as the method of choice for connective tissue 

analysis. The procedure was performed on one slide from each specimen. For 

specimen 24.1, slide #24 was selected, with 2.000 μm discarded from the last section, 

as the raphe level had not yet been reached. For specimen 24.2, slide #15 was used; 

for specimen 24.3, slide #18, with 2.000 μm discarded from the last section due to the 

presence of a small cartilage fragment that was damaging the tissue and required 

removal; and for specimen 24.4, slide #4. 

Paraffin removal and rehydration were carried out following the same procedure 

described for Hematoxylin and Eosin staining. The staining protocol consisted of the 

following steps: Solution A (Azocarmine according to Heidenhain): 30 minutes in a 

humid chamber in an oven at 56 °C, followed by 5 min at room temperature; excess 

was removed by dripping; Solution B (Alcohol-aniline): 1 min, followed by removal 

of excess; Solution C (Acidified alcohol, stopping solution): 1 min, then excess 

removed; Solution D (Phosphotungstic acid solution): 30 min in a humid chamber, 

excess removed afterward; Solution E (Polychrome mixture according to Mallory): 30 

min in a humid chamber, followed by a brief wash (maximum 30 s) in 95% EtOH. 

Dehydration and clearing followed the protocol described in section 3.2.1. Finally, a 

coverslip was carefully positioned, and the slides were dried in an oven for 24 hours 
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prior to microscopic analysis. 

2.2.4. Sirius Red (Sigma-Aldrich) staining 

Sirius Red staining was used to observe collagen presence in the tissue, allowing 

color differentiation among fiber types. The thinnest fibers ranged in color from 

yellow to green, whereas thicker fibers appeared red. Observation was performed 

under polarized light using two filters, which rendered the background (non-

collagenous tissue) black, leaving only the fibers visible. Because the collagen 

structure disrupts the orientation of polarized light, the fibers appear bright under the 

microscope. 

The Picrosirius solution contained 0.1 g of Sirius Red dissolved in 100 mL of a 

saturated picric acid solution, and the 0.5% acetic acid solution was prepared by 

adding 50 μL of glacial acetic to 10 mL of distilled water. 

The procedure was performed on one slide from each specimen. For specimen 

24.1, slide #15 was selected; for specimen 24.2, slide #22, with 1.040 μm discarded 

from the last section due to the presence of a small cartilage fragment that was 

damaging the tissue and required removal; for specimen 24.3, slide #14; and for 

specimen 24.4, slide #1. Paraffin removal and rehydration were carried out following 

the same procedure described for Hematoxylin and Eosin staining. 

The staining protocol consisted of 1 h in Picrosirius solution in a humid chamber, 

after which the excess solution was removed by dripping. The slides were then 

washed twice with 0.5% acetic acid, and excess solution was again removed by 

dripping. 

Dehydration and clearing were performed more rapidly than described in section 

3.2.1, with 5–10 seconds in 100% EtOH (I) and 100% EtOH (II). Finally, a coverslip 

was carefully positioned, and the slides were dried in an oven for 24 hours prior to 

microscopic analysis. 
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2.3. Calculations of the analysis of the olfactory capability 

All samples were examined using a Leica DMRB light microscope, and images were 

captured with a Leica CCD camera DFC420C (Leica, Switzerland) [53]. Image analysis 

was performed with ImageJ Software [54, 55, 37, 19, 52]. 

To calculate the olfactory capability of this species, the average area of the three 

lamellae was determined and multiplied by twice the total number of lamellae, accounting 

for both surfaces of each lamella. This provided the total surface area of the primary 

lamellae in one olfactory rosette. To obtain a more accurate estimate, the presence of 

secondary folds containing sensory epithelium was also considered. The calculation was 

performed as follows: the length of the secondary folds (L2) was multiplied by 100 and 

divided by the linear length of the lamella (L1), yielding the approximate percentage of 

surface area (referred to as X). This procedure was repeated for three to five lamellae, and 

the average of these values was calculated (referred to as Y). The Y value was then 

multiplied by the total surface area of the primary lamellae and divided by 100, resulting 

in the final olfactory capability value for each specimen. 

By combining the surface area of the primary lamellae with the proportional increase 

contributed by the secondary folds, this method provides a more accurate estimation of 

the total sensory epithelial surface and, consequently, of the olfactory capability of the 

specimen (Figure 4). 
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Figure 4. Diagram illustrating the process used to obtain the measurements analyzed in this study. (A) 

Measurements as length, width and volume (not shown in the figure) were taken from the olfactory organ (rosette) 

of four specimens of the lesser-spotted dogfish, each exhibiting an elongated raphe. (B) The half of the olfactory 

organs were dissected to obtain three lamellae of different sizes (one small, one medium and one large) for surface 

area calculation. (C) Calculation used to estimate a proxy for the gross surface area of the organs. (D) The olfactory 

organs were processed using standard histological methods, observed, and photographed under a stereomicroscope. 

(E) The linear length and the corresponding boundary with secondary folds of five primary lamellae were measured 

to calculate the percentage of surface increase due to the secondary folds. (F) Calculation used to estimate the final 

value of the olfactory capability of the specimens. (Adapted from Ferrando et al., 2019). 

 

To quantify the amount of collagen within a given area, Sirius Red staining was 

employed. Two images were selected: one representing tissue with abundant dense 

collagen and another showing tissue with lower collagen content composed of thinner 

fibers. For both images, the color threshold was adjusted to a brightness range of 50–255 

using ImageJ Software on the polarized light micrographs. Three rectangular regions 

were selected in each image, and the total area in pixels and mean gray value were 

measured. Using equations in Microsoft Excel, the number of black pixels was calculated 

as the total area in pixels multiplied by ((mean gray – 255) / –255), while the number of 

white pixels was obtained by subtracting the black pixel value from the total area. The 

percentage of collagen was then determined as (white pixels × 100) divided by the total 

area in pixels. Finally, the average collagen percentage was calculated separately for the 

thin-fiber and thick-fiber tissue samples. 

2.4. Statistical analysis 

Statistical analysis was conducted in the R 4.3.0 environment (R Core Team, 2023). 

Prior to the analyses, data normality was tested using the Shapiro-Wilk test. The 

morphometric data of the body and the internal nasal morphology of each Scyliorhinus 

canicula specimen were then correlated using the Pearson correlation coefficient for 

variables with p > 0.05 in the Shapiro–Wilk test, and the Spearman correlation coefficient 

for variables with p < 0.05 in the same test. The significance level for all correlations was 

set at α = 0.05. For the semi-quantitative analysis of collagen, data normality was initially 

tested using the Shapiro–Wilk test. Subsequently, an ANOVA was performed, 

considering a significance level of α = 0.05. 
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In addition, a descriptive analysis was performed for the four specimens, calculating 

the minimum, maximum, mean, and standard deviation values for all variables 

(morphometric variables of the body and the olfactory organ). 

3. Results 

3.1. Morphological analysis and calculation of olfactory capacity 

Regarding the external morphology, it was observed that the rostrum of the lesser-

spotted dogfish is slightly pointed. The olfactory organ is located ventrolaterally on the 

snout, close to the mouth. A distinct feature observed is that, from the anterior margin, a 

large nasal flap extends toward the mouth, partially covering the excurrent nostril. The 

incurrent nostril is circular, whereas the excurrent nostril is oval and considerably smaller. 

The olfactory organ is enclosed within a thin cartilaginous nasal capsule. The olfactory 

rosette is slightly elongated and consists of two rows of lamellae separated by a slightly 

curved transverse raphe. 

Inside the olfactory rosette, the lamellae are arranged such that they are largest in the 

middle of the organ and gradually decrease in size toward both ends. According to the 

literature, Scyliorhinus canicula has approximately 33 lamellae in the olfactory rosette 

[56]. Each lamella bears secondary folds (Figure 5), which significantly increase the 

surface area of the olfactory organ, as indicated by the data collected (Table 1). 

 

 

 

 

Figure 5. In this figure, it is possible to see the two wing-shaped lamellae from the olfactory organ of the lesser-

spotted dogfish. 

 

Table 1. Data of Scyliorhinus canicula specimens analyzed in this study. All specimens were collected from the 

Ligurian Sea, Northwestern Mediterranean, on 28 May 2024. 

 

Parameter 24.1 24.2 24.3 24.4 

Sex Male Female Female Male 
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Maturity Adult Pregnant adult Adult Adult 

Conservation Fixed Fixed Fixed Fixed 

Institution DISTAV DISTAV DISTAV DISTAV 

Total length (cm) 41.90 43.20 42.70 48.20 

Head length (cm) 7.56 6.93 6.66 8.61 

Head width (cm) 4.07 4.17 5.08 5.04 

Nostril length (cm) 0.80 0.81 0.90 0.90 

Incurrent nostril length (cm) 0.24 0.29 0.30 0.35 

Nasal lobe 

length (cm) 
0.72 0.62 0.88 0.98 

Internasal 

distance (cm) 
1.81 1.80 1.80 2.10 

Prenasal 

distance (cm) 
0.80 1.10 0.90 1.60 

Nose–mouth distance (cm) 0.29 0.31 0.40 0.45 

Preoral distance (cm) 1.25 1.60 1.70 2.00 

Mouth length (cm) 1.49 1.50 1.50 1.95 

Mouth width (cm) 2.90 2.80 3.10 3.35 

Horizontal eye diameter (cm) 1.20 1.30 1.10 1.20 

Rosette volume (ml) 0.30 0.40 0.20 0.50 

Rosette length (cm) 1.38 1.42 1.49 1.65 

Rosette width (cm) 0.80 0.91 0.96 1.23 

Large primary 

lamella area (cm²) 
0.203 0.256 0.267 0.341 

Medium primary 

lamella area (cm²) 
0.140 0.181 0.183 0.316 

Small primary 

lamella area (cm²) 
0.100 0.168 0.133 0.263 

Average lamelar 

area (cm²) 
0.148 0.202 0.194 0.306 

Average * twice 

number lamellae (cm²) 
9.746 13.310 12.826 19.470 

Average linear 

length (cm) 
0.259 0.319 0.312 0.376 

Average secondary 

folds length (cm²) 
1.116 1.834 1.480 2.704 

% of increase 416.01 564.6 475.22 689.83 

Total surface 40.54 75.15 60.95 134.31 
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area (cm²) 

 

Furthermore, a descriptive analysis (minimum, maximum, mean, and standard 

deviation) was performed for 17 morphometric data obtained from the four specimens of 

Scyliorhinus canicula (Table 2). It is possible to observe that the other parameters follow 

a growth pattern consistent with total length. 

Table 2. Descriptive analysis including minimum, maximum, mean, and standard deviation of 17 morphometric data of four 

specimens of Scyliorhinus canicula. 

 

Parameter  Min Max Mean ± SD 

Total length (cm)   41.9 48.2 44 ± 2.85 

Head length (cm)   6.66 8.61 7.44 ± 0.87 

Head width (cm)   4.07 5.08 4.59 ± 0.54 

Mouth lenght (cm)   1.49 1.95 1.61 ± 0.23 

Mouth width (cm)   2.8 3.35 3.04 ± 0.24 

Nasal slit length (cm)   0.8 0.9 0.85 ± 0.06 

Incurrent nostril length (cm)   0.24 0.35 0.3 ± 0.05 

Nasal lobe length (cm)   0.62 0.98 0.8 ± 0.16 

Internasal distance (cm)   1.8 2.1 1.9 ± 0.15 

Preoral distance (cm)   1.25 2 1.64 ± 0.31 

Prenasal distance (cm)   0.8 1.6 1.1 ± 0.36 

Nose-mouth distance (cm)   0.29 0.45 0.36 ± 0.08 

Horizontal eye diameter (cm)   1.1 1.3 1.2 ± 0.08 

Rosette surface area (cm²)   40.54 134.31 77.74 ± 40.3 
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Rosette length (cm)   1.38 1.65 1.49 ± 0.12 

Rosette width (cm)   0.8 1.23 0.98 ± 0.18 

Rosette volume (ml)   0.2 0.5 0.35 ± 0.13 

 

In addition, the body variables were correlated with the rosette variables (Table 3). 

Significant correlations were observed for the following parameters: total length (cm) 

with rosette surface area (cm2) and rosette volume (mL); incurrent nostril length (cm) 

with rosette width (cm); pre-oral distance (cm) with rosette width (cm); pre-nasal distance 

(cm) with rosette surface area (cm2); and nose–mouth distance (cm) with rosette length 

(cm). 

Table 3. Correlation values (Pearson and Spearman) for each body measurement with the rosette measurements. cor = Pearson's 

correlation coefficient. rho = Spearman's correlation coefficient. p = Significance of the correlation, with α being set to 0.05. 

Significant correlations are marked with an asterisk *. 

 

   Rosette surface area 

(cm²) 

Rosette length 

(cm) 
Rosette      width 

(cm) 

Rosette volume 

(ml) 

Measurements 
cor/rho p cor/rho p cor/rho P cor/rho P 

Total length (cm) 
0.99/- 0.01* 0.94/- 0.06 0.97/- 0.03* 0.81/- 0.19 

Head length (cm) 
-/0.4 0.75 0.68/- 0.32 0.76/- 0.24 0.78/- 0.22 

Head width (cm) 
0.57/- 0.43 0.82/- 0.18 0.68/- 0.32 -0.01/- 1 

Mouth length (cm) 0.94/- 0.06 0.93/- 0.07 0.94/- 0.06 0.77/- 0.23 

Mouth width (cm) 
0.76/- 0.24 0.94/- 0.06 0.89/- 0.11 0.35/-   0.65 

Nasal slit length (cm) 
0.59/- 0.41 0.83/- 0.17 0.77/- 0.23 0.02/- 0.98 
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Incurrent nostril 

length (cm) 

0.93/- 0.07 0.94/- 0.06 0.97/- 0.03* -/0.4 0.75 

Nasal lobe length (cm) 
0.63/- 0.37 0.87/- 0.13 0.8/- 0.2 0.16/- 0.84 

Internasal distance (cm) 
0.93/- 0.07 0.91/- 0.09 0.91/- 0.08 0.77/- 0.23 

Preoral distance (cm) 
0.91/- 0.09 0.94/- 0.06 0.95/- 0.05* -/0.4 0.75 

Prenasal distance (cm) 
0.99/- 0.01* 0.89/- 0.11 0.94/- 0.06 0.87/- 0.13 

Nose-mouth distance (cm) 
0.78/- 0.22 0.95/- 0.05* 0.92/- 0.08 0.29/- 0.71 

Horizontal eye diameter 

(cm) 

0.14/- 0.86 -0.24/- 0.76 -0.11/- 0.89 -/0.63 0.37 

 

These results may be explained by two possible factors: first, the small sample size 

may not have provided sufficient data to establish reliable correlations among the 

measurements; second, since the four specimens were approximately the same size, there 

was little variation to encompass a broader ontogenetic range. 

3.2. Histological analyses and characterization of the olfactory epithelium 

The olfactory lamella is covered by both sensory and non-sensory epithelium. It 

consists of three main cell types present: basal cells located on the bottom, receptor cells 

with the nuclei located in the middle, and supporting cells with the nuclei at the apical 

surface, where microvilli are present along with cilia as, receptor cells have microvilli, 

while the supporting cells are ciliated. Along the epithelium, the presence of mucous cells 

was also observed (Figure 6). 
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Figure 6. Olfactory epithelium of Scyliorhinus canicula in Hematoxylin and Eosin staining. (A) Basal cells; (B) 

Receptor cells; (C) Supporting cells; (D) Microvilli; (E) Mucous cell. 

 

Using the Alcian Blue PAS + Gill’s Hematoxylin staining, it was possible to observe 

and differentiate the elongated mucous cells (Figure 7). The mucous cells located in the 

non-sensory epithelium which lines internally the connective olfactory capsule, exhibited 

a more bluish coloration, whereas those present in the olfactory epithelium of the 

secondary folds showed a purplish tone. This difference may be related to the type of 

mucous cell, the cells within the olfactory capsule may be less acidic than those in the 

olfactory epithelium of the secondary folds. 

 

 

 

 

 

Figure 7. Mucous cells of Scyliorhinus canicula stained with Alcian Blue PAS + Gill’s Hematoxylin. (A) Mucous cells located 

in the epithelium covering the connective olfactory capsule; (B) Mucous cells located in the olfactory epithelium of the 

secondary folds.  

 

Using Azan Trichrome staining, it was possible to observe the connective tissue 

(Figure 8). The basal lamina appeared more intensely stained and thicker in the center of 

the raphe and in areas with denser connective tissue. In contrast, the basal lamina was less 
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stained and much thinner in regions such as at the extremities of the secondary folds. 

 

 

 

 

 

 

 

Figure 8. Olfactory epithelium of Scyliorhinus canicula stained with Azan Trichrome. (A) Thick basal lamina; (B) Thin basal 

lamina. 

 

Finally, through Sirius Red staining, it was possible to observe that collagen 

distribution within the olfactory rosette is not uniform (Figure 9). The collagen fibers 

appeared denser and more abundant in regions where the tissue is more rigid, such as the 

raphe, whereas thinner and less abundant collagen fibers were found in softer tissue areas. 

This difference may be related to the water flow through the incurrent and excurrent 

chambers, in regions where the water flows more strongly, such as the raphe, the tissue 

needs to be more resistant to pressure, thus containing more collagen. In contrast, water 

flows more gently through the secondary folds, allowing these regions to have less 

structural reinforcement and consequently less collagen. 
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Figure 9. Sirius Red staining of Scyliorhinus canicula. (A) Region with abundant collagen and dense collagen fibers observed 

under the stereomicroscope, (B) under two polarized light filters; (C) analyzed in ImageJ Software using a 50–255 brightness 

range for the black-and-white threshold; (D) Region with less collagen and thinner fibers observed under the stereomicroscope; 

(E) under two polarized light filters; (F) analyzed in ImageJ Software using a 50–255 brightness range for the black-and-white 

threshold. 

 

According to the results of the semi-quantitative collagen analysis (Table 4), there 

was a significant difference (p = 0.001) between thin and thick collagen in the olfactory 

lamellae. Overall, all specimens showed a higher percentage of thick collagen compared 

to thin collagen (Figure 10). This may occur because only in the secondary folds is the 

tissue softer, as water flows through these regions with lower pressure. In contrast, in 

other areas of the olfactory organ, where water flow is stronger, the tissue presents denser 

collagen fibers. 

Table 4. Semi-quantitative analysis of collagen in the olfactory rosette of four specimens of Scyliorhinus canicula. 

 

Specimen  Thin collagen (%) Thick collagen (%) 

24.1   31.4 74.15 

24.2   27.6 71.24 

24.3   41.94 70.34 

24.4   54.88 77.75 
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Figure 10. Box plot of the semi-quantitative analysis of collagen in the olfactory rosette of four specimens of 

Scyliorhinus canicula. 

 

4. Discussion 

This study demonstrated that analyzing the surface area of the secondary folds 

significantly increases the total surface area of the olfactory rosette, allowing for a more 

accurate estimation of olfactory capability than studies that only calculate the area of the 

primary lamellae. This occurs because the olfactory epithelium is organized into tightly 

packed sheets and further folded into secondary folds on both sides of each lamella, as 

previously described [31, 24, 36, 56]. Sensory and non-sensory epithelia can be easily 

distinguished, as they are characterized by different surface structures. The receptor cells that 

reach the apical surface possess only microvilli [58, 25, 31, 24]. 

In addition, a fixed number of primary lamellae was considered, since, as reported in 

previous studies, the number of lamellae in elasmobranchs remains relatively constant 

throughout growth [36, 59, 22]. This can be explained by the fact that fully developed organs 

at a young age may indicate that olfaction is an important sensory modality throughout all life 

stages [22]. 

Moreover, the non-uniform distribution of collagen due to water flow may support the idea 

proposed by [22], who measured raphe width and provided preliminary evidence that this 

parameter should be considered in future hydrodynamic studies. The raphe width, as a 

variable influencing hydrodynamic flow, suggests that regions containing more collagen are 
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those in greater contact with water, therefore requiring higher rigidity to withstand pressure, 

consistent with the observations made in this study. 

With this work, it was possible to quantify the percentage increase in the sensory 

epithelium surface area of the olfactory organ of Scyliorhinus canicula promoted by 

secondary folds. The different staining techniques applied in this study also allowed the 

organization, structure, and characterization of the olfactory epithelium to be observed, 

showing that only a few regions consist of non-sensory tissue, such as those near the 

cartilaginous capsule and the raphe, while sensory tissue predominates throughout the organ.  
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