
 
 
 

 
 

Macquarie University PURE Research 
Management System 

 
 

 
This is the peer reviewed version of the following article:  
 
Wueringer, B. E., Winther-Janson, M., Raoult, V., Guttridge, T. L. (2021) 
Anatomy of the mechanosensory lateral line canal system and electrosensory 
ampullae of Lorenzini in two species of sawshark (fam. Pristiophoridae). 
Journal of Fish Biology. Vol. 98, no. 1, pp. 168– 177.  
  
which has been published in final form at: 
 
https://doi.org/10.1111/jfb.14567 
 
 
This article may be used for non-commercial purposes in accordance with 
Wiley Terms and Conditions for Use of Self-Archived Versions. 
 
 
 
 

https://doi.org/10.1111/jfb.14567


This article has been accepted for publication and undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process which may lead to 
differences between this version and the Version of Record. Please cite this article as doi: 
10.1111/jfb.14567 

 

Anatomy of the mechanosensory lateral line canal system and electrosensory ampullae of 

Lorenzini in two species of sawshark (fam. Pristiophoridae) 

 

Barbara E. Wueringer1, 2, *, Marit Winther-Janson1, Vincent Raoult2, Tristan L. Guttridge3 

1 Sharks And Rays Australia, PO Box 575, Bungalow, Qld 4870, Australia 
2 Department of Biological Sciences, Macquarie University, Sydney, NSW 2109 
3 School of Environmental and Life Sciences, University of Newcastle, Ourimbah, NSW 2258, 

Australia 

 3 Saving the Blue, Cooper City, Florida, 33328, USA 
* to whom correspondence should be addressed: b.wueringer@gmail.com 

 

 

Abstract 

It has long been assumed that the elongated rostra (the saws) of sawsharks (Fam. Pristiophoridae) 

and sawfish (Fam. Pristidae) serve a similar function. Recent behavioural and anatomical studies 

have shed light on the dual function of the pristid rostrum in mechanosensory and electrosensory 

prey detection and prey manipulation. Here, we examine the distributions of the mechanosensory 

lateral line canals and electrosensory ampullae of Lorenzini in the southern sawshark, Pristiophorus 

nudipinnis and the longnose sawshark, Pristiophorus cirratus. In both species, the receptive fields 

of the mechano- and electrosensory systems extend the full length of the rostrum indicating that the 

sawshark rostrum serves a sensory function. Interestingly, despite recent findings suggesting they 

feed at different trophic levels, we recorded minimal interspecific variation between the two 

species. However, compared to pristids, the pristiophorid rostrum possesses a reduced 

mechanosensory sampling field but higher electro-sensory resolution, which suggests pristiophorids 

may not use their rostrums to disable large prey like pristids do. 
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Introduction 

Sawsharks (order Pristiophoriformes, fam. Pristiophoridae) represent an ancient lineage of 

elasmobranchs, which remains one of the least understood among sharks (Underwood, 2006: 

Ducatez, 2019). Phylogenetic analyses suggest that they are most closely related to sharks from the 

orders Squatiniformes and Squaliformes (Guinot et al., 2012). Pristiophorids are distinguished by 

their distinctly elongated rostrum, which is armed with rostral teeth that are arranged in lateral rows 

(Ebert and Cailliet, 2011). It is widely assumed that pristiophorids employ their rostrum in prey 

capture and feeding (Cortés, 1999; Ebert and Cailliet, 2011; Nevatte et al., 2017a). However, as use 

of the rostrum has eluded observation due to the deep habitats of these sharks, the assumption rests 

on the rostrum’s apparent similarity to that of sawfish (family Pristidae).  

 The saw-like rostrum of pristiophorids and pristids is an example of convergent evolution. 

Early claims that pristiophorids and pristids were closely related (Hoffmann, 1912), and that batoids 

evolved from pristiophorids have been refuted by molecular analysis (Guinot et al., 2012). A suite 

of phylogenetic, ecological, and morphological differences distinguish pristiophorids from pristids 

(Kriwet, 2004; Wueringer et al., 2009; Guinot et al., 2012). Phylogenetically, pristiophorids are 

sharks (superorder Selachimorpha) whereas pristids are batoids. In terms of ecology, pristiophorids 

are associated with deep coastal waters to depths of 600m (Raoult et al., 2020), whereas pristids 

typically inhabit shallow coastal habitats and rivers (Ebert and Cailliet, 2011). However, both are 

known to prey on demersal teleosts and crustaceans (Peverell, 2009; Raoult et al., 2015). 

 Morphologically, pristiophorids are smaller-bodied than pristids, with the former reaching 

maturity at the smaller size of 60 cm total length (Ebert and Cailliet, 2011; Raoult et al., 2016) 

while Pristis sp. mature at around 300 cm total length (Peverell, 2009). Despite this size difference, 

the rostrum constitutes a comparable but species-specific percentage of the total body length 

(Wueringer, 2012; Nevatte et al., 2017a). Interestingly, rostral teeth are lost and replaced in 

pristiophorids, whereas they grow continuously in pristids (Slaughter and Springer, 1968). Most 

notably, pristiophorids possess long rostral barbels, which hang anterior to their nostrils (Ebert and 

Cailliet, 2011), whereas these structures are absent in pristids.  

Behavioural studies have revealed that the well-developed electrosensory system of the 

pristid rostrum is used to detect and localize prey (Wueringer et al., 2012a, b). Rostral teeth stun, 

impale and injure prey enabling it to be pinned down and manoeuvred to the mouth using cues from 
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the mechanosensory system (Wueringer et al., 2011a, b). Electrosensory and mechanosensory 

capabilities are therefore key to the functionality of the pristid rostrum (Wueringer et al., 2011a, b). 

However, behavioural studies of pristiophorids are complicated by the inaccessibility of their deep-

water habitats and reticence to feed in captivity (pers. obs. TLG), possibly due to high stress levels 

in these environments and/or difficulty reproducing environments conducive to their diurnal 

movement patterns (Bourke, 2019). 

The receptive fields of the elasmobranch electrosensory ampullae of Lorenzini and 

mechanosensory lateral line canals are defined by their subdermal distribution (Kasumyan, 2003; 

Wueringer, 2012). The functional units of the mechanosensory lateral line canal, the neuromasts, 

are distributed continuously through a sub-epidermal web of lateral line canals (Kasumyan, 2003). 

Neuromasts located within canals that open to the external environment via pores detect water 

displacement at a range of a few body lengths (Szabo, 1974), while the neuromasts of the non-pored 

canals found in batoids respond to tactile stimuli (Maruska and Tricas, 2004). The functional units 

of the electrosensory system, the ampullae of Lorenzini, expose the nervous system to bioelectric 

fields generated by other organisms (Kalmijn, 1974). As each ampulla of Lorenzini functions as an 

independent detector of external electric fields, the distributions of the ampullary pores define the 

receptive field of a species, and the density of ampullary pores within a field define its resolution 

(for a review see Wueringer, 2012). 

The anatomies of the electrosensory and mechanosensory systems are a reflection of 

phylogeny, body-shape and ecology (Coombs et al., 1988). This study seeks indirect insight into the 

ecology of pristiophorids through the examination of these sensory structures in the southern 

sawshark Pristiophorus nudipinnis Günther 1870 and the longnose sawshark Pristiophorus cirratus 

Latham 1794. Both species are endemic to the continental shelf off southern Australia, where they 

inhabit sandy demersal habitats at depths of 50–500 m (Last and Stevens, 2009; Raoult et al., 2015). 

Raoult et al. (2015) revealed that P. nudipinnis have a higher trophic level than P. cirratus and 

proposed that resource partitioning is achieved by employing different behaviours for prey capture; 

P. nudipinnis feeding in a similar manner to pristids and P. cirratus using their rostra to sift through 

sand to find prey (Raoult et al., 2015). We hypothesise that if pristiophorids use their rostra in the 

same way that pristids do then the anatomy of their sensory systems should be comparable. Given 
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the evidence for resource partitioning between P. cirratus and P. nudipinnis, we would also expect 

to see anatomical structures that support those differences.  

 

Materials and methods 

Study species 

The heads including the pectoral girdles and pectoral fins of eight specimens (4 males, 4 females) of 

P. nudipinnis and two specimens of P. cirratus (1 male, 1 female) were used in the present study 

(Table 1). Pristiophorus nudipinnis specimen No. 5 was caught off the coast near Eden (New South 

Wales), and P. cirratus specimen No. 1 was caught near Brisbane (Queensland). All other 

specimens were caught on the East coast of Tasmania in a demersal trawl net at depths of ~80m. 

The sexual maturity status of the specimens was inferred from published literature (Last and 

Stevens, 2009; Raoult et al., 2017).  All heads were donated frozen by commercial fishermen, 

thawed in two changes of 10% neutrally buffered formalin and subsequently stored in 0.1 M 

phosphate buffer. 

 

Dissections 

Right and left body halves of each specimen were examined independently. Each half was further 

divided along the dorsoventral axis such that the dorsal and ventral sides of the head were drawn 

separately (Figure 1). Following the methods of Wueringer et al. (2011a, b), the skin was stained 

with methylene blue (1% aqueous solution), removed, and examined under a stereomicroscope 

(Leucazoom 2000 and Nikon SMZ 745T). Images were captured with a Canon 7D on a microscope 

adaptor. The terminology of the lateral line canals follows that of Maruska (2001) and that of the 

electrosensory system follows Ewart (1888), von Bonde (1933), and Ashley and Chiasson (1988). 

Ampullary pores were distinguished from lateral line pores by examination of the structures 

leading to each pore following the method of Wueringer et al. (2011a). Lateral line canals were 

further distinguished from rostral blood vessels by the irregular branching network of the blood 

vessels (Figure 1f). In order to trace the lateral line canals through the skin and cartilage, methylene 

blue (1% aqueous solution) was injected into the canals with a syringe. Fine fishing line was also 

inserted into the rostral lateral line canals to trace their paths.  
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Rostral pore counts were derived through the extrapolation method used for pristids by 

Wueringer et al. (2011b). Ampullary pores were counted in three skin samples, each 1 cm wide, 

taken at 25%, 50%, and 75% of the rostrum length. The total pore count was then extrapolated 

based on these counts and the length of each pore field. The accuracy of this method was confirmed 

by counting rostral pores along the whole length of the rostrum in one specimen of P. nudipinnis.  

 
Data processing 

A schematic diagram of both sensory systems was developed (Adobe illustrator CS6). Data analysis 

was performed using R (version 3.6.1; http://cran.r-project.org). Given that the lateral halves of 

specimens were examined independently, data were combined as required to perform the different 

analyses with each specimen treated as a sample (n = 8 for P. nudipinnis and n = 2 for P. cirratus). 

Pore counts for each pore field are presented as mean ± standard deviation. 

Due to low sample sizes, non-parametric tests were used throughout. A Mann-Whitney U 

test was used to determine if there was a significant difference between the two species in the mean 

number of pores per body half. Given that there were only two specimens of P. cirratus, further 

tests were only carried out for P. nudipinnis.  

The Wilcoxon signed-rank test was used to determine if there was a significant difference 

between the total ampullary pore counts of right and left body halves, and of the dorsum and 

ventrum. In order to assess whether the number of ampullary pores remained constant 

ontogenetically, as in other elasmobranchs, a Spearman's rank correlation was used to determine if 

there was a relationship between the total number of ampullary pores per specimen and specimen 

length. Further, a Wilcoxon rank sum test was used to determine if there was a difference between 

the total ampullary pore count of male and female specimens. Finally, the Kruskal-Wallis rank sum 

test was employed to determine if there was a significant difference between the ampullary pore 

counts of different clusters. Results were considered to be significant if the alpha value was less 

than 0.05. 

 

Results  

Mechanosensory lateral line system 

In both species, pores of the lateral line system are generally smaller than those of the ampullae of 

Lorenzini (Figure 1a). The bilaterally symmetrical mechanosensory lateral line canals of P. cirratus 
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(Figure 2a) and P. nudipinnis (Figure 2b) are identical in their distribution. In both species, the 

lateral line extends from the distal end of the rostrum to the first gill slit on the ventral side and on 

the dorsal side it additionally continues to track caudally. All sections of the lateral line canal are 

continuously pored via unbranched tubules (Figure 1d). Lateral line canals of the right and left body 

halves connect across the medio-lateral axis both on the ventrum and dorsum. On each lateral half, 

the canals also connect dorso-ventrally, once along the skin and four times through the cartilage 

itself. 

 On the dorsum, the posterior lateral line canal (PLLC) extends anteriorly along the trunk 

parallel to the rostro-caudal axis. Medial to the posterior corner of the eye, it connects with the 

PLLC of the other body half and also merges with the infraorbital canal (IOC), which curves around 

the eye. Lateral to the eye, it continues its path under the skin to the ventral side, where it connects 

to the hyomandibular canal (HMC).  

 On the ventrum, the HMC extends anteriorly along the base of the rostral teeth from an end 

pore anterior to the first gill slit. Anterior to the nostril, the HMC becomes the ventral supraorbital 

canal (VSOC). As the VSOC continues anteriorly it weaves back and forth between dorsum and 

ventrum. After penetrating through the cartilage towards the dorsum anterior to the nostril, it 

continues on the dorsum for a few millimetres before returning to the ventrum, where it continues 

for a few millimetres before penetrating through to the dorsum and connecting to the dorsal 

supraorbital canal (DSOC). 

 The DSOC extends along almost the full length of the rostrum. Near the distal tip of the 

rostrum it passes through the cartilage to connect to the prenasal canal (PNC) on the ventral side. 

The PNC extends from the distal tip of the rostrum to the nostril, curves around the nostril and 

connects to the PNC of the other body half before continuing laterally and connecting to the HMC.  

 

Electrosensory system 

As in other elasmobranchs, a pristiophorid ampullary pore leads to a single ampullary bulb with 

multiple compartments (Figure 1c). Pristiophorus nudipinnis and P. cirratus possess a total of 1283 

± 86 and 1438 ± 160 (mean ± st dev) ampullary pores, respectively (Table 2). The interspecies 

difference in pore count was not significant (Mann-Whitney U test: W(10,9) = 14, p =  0.1778). In 

both species, the majority of the pores (55% in P. nudipinnis and 58% in P. cirratus) are located on 
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the ventrum. Non-parametric analysis of P. nudipinnis confirm that this difference was significant 

(Wilcoxon signed-rank test, V8,7 = 0, p = 0.007). Ampullary canal lengths, only measured in P. 

nudipinnis, range between 0.2% and 5.7% of total length and in P. cirratus they are similarly short 

(Table 2; Figure 4).  

In both species the ampullary pores are arranged in seven bilaterally symmetrical pore fields 

(four ventral, V1–V4, and three dorsal, D5–D7). The ampullary bulbs connected to the pores are 

arranged in five clusters / aggregations. As the extent of the pore fields and locations of clusters are 

very similar in both species, they will be described together.  

Ampullary bulbs of the head are located in clusters. Cluster C4 is located anterior to the eye 

and innervates pore field D6. Pores of D6 are arranged lateral of the eye, extending from C4 to the 

spiracle. Canals range in length from 0.6 to 5.7% of total body length. Cluster C1 is located 

posterior to the spiracle, and innervates pore fields D5 and V1. Pore field D5 consists of a few pores 

positioned posterior to the spiracle. Canals range in length from 0.9 to 2.9% of total body length 

(Table 2). The pores of pore field V1 are positioned posterior to the lower jaw, and its canals range 

in length from 1.0 to 5.5% of total body length (Table 2), leading to cluster C1. Cluster C2 is 

located posterior to the nostril, and innervates pore field V2. Its associated pores cover the area 

between the mouth and the nostril. Canals range in length from 0.6 to 4.9% of total body length 

(Table 2). 

Ampullary pores located on the rostrum are arranged in 1–2 rows. All canals run 

perpendicular to the rostro-caudal axis and range in length from 0.02 to 0.03% of total body length 

(Table 2). Unlike the above spherical clusters, rostral ampullae belong to aggregates A5 and A3, 

which are arranged in a linear fashion. On the dorsal side of the rostrum, pore field D7 leads to 

aggregate A5. Associated pores are reinforced with a concentric ring of dermal denticles. On the 

ventrum, pore fields V3 and V4 belong to ampullae of aggregate A3. Pore field V3 extends from 

the nostril to the distal tip of the rostrum, while pore field V4 only extends about three-quarters of 

the length of the rostrum. Non-parametric analysis of P. nudipinnis indicates that aggregate A3 

contains significantly more ampullary bulbs than any of the other clusters or aggregates (Kruskal-

Wallis rank sum test, Kruskal-Wallis x2
8,4 = 33.782, p < 0.001).  

The ampullary pore counts of P. nudipinnis also revealed no significant differences between 

left and right body halves (Wilcoxon signed-rank test: V8,7 = 13.5, p = 0.575) or between males and 
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females (Wilcoxon rank sum test: W8,7 = 13, p = 0.2). Nor was there a significant relationship 

between the length and total pore counts of specimens found (Spearman's rank correlation: S8,7 = 

56, p = 0.428). 

 
Discussion  

This study presents a detailed description of the anatomy of the mechanosensory lateral line canal 

system and electrosensory ampullae of Lorenzini of P. nudipinnis and P. cirratus. This detailed 

morphological assessment shows that the elongated rostrum provides a sensory advantage to 

pristiophorids. In P. nudipinnis and P. cirratus both dorsal pore fields and lateral line canals extend 

along the full length of the rostrum. Their rostra constitute 19% and 23% of total body length, 

respectively (Nevatte et al., 2017b). Given that both sensory systems detect signals at close range, 

the elongation of the pristiophorid rostrum provides an increased sampling area. The enhanced 

electrosensory hypothesis, which was developed for sphyrnids (Kajiura, 2001) and expanded for 

pristids (Wueringer et al., 2011b; 2012a), thus also likely applies to pristiophorids. 

Both the mechnosensory and electrosensory systems of pristiophorids bear a striking 

resemblance to those of pristids. In both taxa over 80% of ampullary pores are positioned on the 

rostrum, which is comparable to pristids (79–84%). Moreover, with the exception of narrow sawfish 

Anoxypristis cuspidata, all saw-bearing species have the majority of pores located on the ventrum 

(A. cuspidata 48%, Pristis clavata 50%, P. pristis 54%, P. nudipinnis 55%, P. cirratus 58%) 

indicating that the rostra of all taxa are an important feature for prey detection.  

Comparison of the total number of ampullary pores between closely related species that 

attain similar total lengths allows to identify electroreceptive specialists versus generalists, as the 

density of pores resembles the electroreceptive resolution. Amongst pristids, significant 

interspecific differences in total pore counts exist (Wueringer et al., 2011b; Wueringer, 2012), while 

no significant differences were found in the total pore counts of the two pristiophorids. Pristis 

pristis is considered to be an electroreception specialist, with over 3000 ampullary pores 

(Wueringer et al., 2011b). Pristis clavata and Anoxypristis cuspidata, which have 1400 and 1600 

ampullary pores, respectively, are considered electroreception generalists (Wueringer et al., 2011b). 

The pore counts of P. nudipinnis and P. cirratus are comparable to the latter, but as the number of 

ampullary pores does not increase ontogenetically, and adult pristiophorids remain much smaller 

than pristids, the relative density of their pores is much greater than that of adult pristids. 
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 Interspecific comparison within the genus Pristiophorus indicates that the two pristiophorids 

should be considered electroreception specialists (Table 3), as the only other species studied to date, 

P. schroederi, only possesses around 800 ampullary pores (Kajiura et al., 2010). The lower pore 

count of P. schroederi is likely also related to its deeper habitat, as ampullary pore counts in sharks 

decrease with increasing depth, decreasing light levels, and increasing pore size (Kajiura et al. 

2010). Therefore, while pristids are electrosensory specialists with higher numbers of total 

ampullary pores than pristiophorids, the longer rostra of adult pristids means that the absolute 

resolution of their electrosensory ability is lower than that of pristiophorids, albeit across a larger 

area. This probably reflects the smaller prey that pristiophorids are restricted to as a result of their 

smaller gape size, which would require greater electroreceptive resolution. 

There are electroreceptive adaptations that differ between the two groups. Ampullary 

sensitivity depends on canal length and orientation (Kalmijn, 1974; Wueringer, 2012). The rostral 

ampullae of P. nudipinnis and P. cirratus all possess extremely short canals, orientated 

perpendicular to the rostro-caudal body axis, on both sides of the rostrum. In three species of Pristis 

sp., canals on the dorsal side of the rostrum are much longer, and oriented along the rostro-caudal 

axis, while ventral canals are short and oriented in multiple angles (Wueringer et al., 2011b). The 

canal arrangement on the rostrum of Anoxypristis cuspidata resembles that of pristiophorids more 

than pristids. Anoxypristis cuspidata is also the sawfish species with the relatively largest eyes 

(BEW, unpublished) and occurs in clearer, offshore waters (Peverell, 2009), making it likely the 

most visual predator of all pristids. The pristiophorids examined here also have large eyes relative 

to body size (Raoult et al., 2016). The described morphological adaptations likely indicate that in 

pristiophorids the electroreceptive system is used in conjunction with the visual system during 

hunting. Moreover, while pristiophorid rostral canals may not be as sensitive as those of Pristis sp., 

as they are much shorter, they likely allow the detection of small prey in a very localised manner, 

closer to the rostrum, and in conjunction with visual input.  

The comparison of the rostral sensory systems in pristiophorids and pristids would be 

incomplete without taking ‘dentition’, both on the rostrum and in the mouth, into account. The teeth 

of both taxa have been described in detail elsewhere (Cappetta, 1987; Nevatte et al., 2017b), but it 

is to be noted that pristophorid rostral and oral teeth appear to be better adapted to impale and hold 

smaller prey, but are not well adapted to tearing up prey. This may also be the reason why 
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pristiophorids, unlike other sharks or pristids do not possess a mandibular canal (Chu and Wen, 

1979). The pristid mandibular canal is thought to help guide the ingestion of prey after it has been 

disabled with lateral swipes of the saw and pinned down, which is especially important as the diet 

of pristids can include large, catfish with venomous spines (Wueringer et al., 2012). Like pristids, it 

is therefore possible that pristiophorids rely on direct capture or stunning of prey with their rostra, 

but their prey capture might not include pinning behaviour. 

The barbels of both species of sawshark likely add another sense that is used in the detection 

of prey, namely chemoreception. Nevatte et al. (2017b) were not able to find any specific sensory 

structures, only free nerve endings, in the barbels of P. nudipinnis and concluded that a 

chemoreceptive function was most likely. The present study also failed to find electro- or 

mechanoreceptive structures on the barbels of either sawshark. More work needs to be done to 

identify whether the barbels play a role in the detection of free swimming versus benthic prey. It is 

possible that these structures, which are disproportionately large relative to other species of shark, 

can be used in a tactile manner similar to whiskers of seals to sense the water currents produced by 

prey (Denhardt et al., 2001).  

It is clear from our results, that the minor anatomical differences in the mechano- and 

electrosensory systems likely do not contribute to the recent documented niche differentiation 

between P. nudipinnis and P. cirratus. This could indicate that the pristiophorid rostrum, with its 

sensory capabilities, is already such a specialised structure that allows the capture of different types 

of prey, as suggested by Raoult et al. (2015). P. nudipinnis is primarily differentiated from P. 

cirratus by a slightly lower rostrum to body length ratio and barbels positioned slightly further 

posterior (Last and Stevens, 2009; Ebert et al., 2013), which could explain the apparent resource 

partitioning if barbel placement has an impact on diet, but this is currently unknown. Other physical 

differences such as mouth size that were not investigated may play a role in facilitating the trophic 

separation of marine animals with an overlapping dietary niche in order to avoid direct competition 

(Sale, 1979), though the mouth size of these species overlap is unlikely to explain trophic separation 

on its own (Raoult et al., 2015). Pristiophorus nudipinnis could exclude P. cirratus from higher 

trophic levels when the two species occur in the same area, similar to when lemon and blacktip 

sharks co-occur (Matich et al., 2017). The wider depth range of P. cirratus (Raoult et al., 2020) may 

also allow this species to avoid competition.  
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Interspecific variations in lateral line canal distribution have often been attributed to the 

body shapes of different elasmobranchs (Coombs et al., 1988). In both pristids and pristiophorids 

the DSOC and the PNC extend along the length of the elongated rostrum. The VSOC in 

pristiophorids, unlike in other sharks or sawfish, loops back and forth between dorsum and ventrum 

(Raschi, 1978; Kajiura et al., 2010), but connects over a short distance to the DSOC. Similar to the 

posterior lateral line canal in teleosts, which often curves away from the pectoral fin to minimise the 

detection of water movement caused by the pectoral fin (Kasumyan, 2003), the reduction of the 

pristiophorid VSOC could aid in reducing the perception of mechanosensory noise created by the 

movement of the barbels.  

The role of phylogeny in determining the anatomy of the pristiophorid lateral line canal is 

also evidenced by its lack of non-pored canals. Pristids such as P. pristis, P. clavata, and 

Anoxypristis cuspidata all possess long non-pored sections of their ventral lateral line canals 

(Wueringer et al., 2011a), but only pored canals were found in pristiphorids. Maruska (2001) 

proposed that non-pored canals protect lateral line canals from becoming blocked by benthic 

sediments. However, Winther-Janson et al. (2012) hypothesised that this rule only applies to 

batoids, as even sharks with ecological constraints similar to those of benthic rays exhibit 

continuously pored canals. 

The pristiophorid rostrum may also have a defensive role. Puncture marks and slashes on the 

pristiophorid trunk have been reported (Ebert and Cailliet, 2011; Nevatte et al., 2017a). Moreover, 

P. nudipinnis have been observed to swipe their saw defensively in response to perceived threats 

(pers. obs. TLG, VR). It is however unlikely that the electroreptive system of pristiophorids aids in 

the detection of predators at large distances, as the detection ranges of sharks and rays tested to date 

are around 40 cm (for example see Kajiura and Holland, 2002; Wueringer et al., 2012b). In situ 

observations of pristiophorids will be needed to assess this hypothesis, and this underlines the need 

to attempt to observe these animals in the wild and/or the value of holding them in aquarium 

facilities.  

 

Conclusions 

This study provides a detailed description and comparison of the anatomy of the electro- and 

mechanosensory systems of two pristiophorid sharks, P. cirratus and P. nudipinnis.  Results have 
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informed their sensory capabilities and revealed possibilities for pristiophorid rostrum function, as 

well as similarities and differences to pristids. Interestingly, like pristids, the receptive fields of the 

electrosensory ampullae of Lorenzini and mechanosensory lateral line of P. nudipinnis and P. 

cirratus indicate that their elongated rostra serve a sensory function for prey detection and capture. 

Some prey capture behaviours may overlap with pristids, but to what extent is unknown and 

requires further study. Moreover, the rostrum may serve multiple functions for pristiophorids e.g. 

prey detection and predator defence, especially when the barbels of pristiophorids are considered. 

Importantly with the miniaturisation of multi-sensor tag packages that record 3D acceleration at 

high resolution, as well as HD video it should be possible to reveal exactly how pristiophorids use 

their rostrum (Gleiss et al., 2017; Papastamatiou et al., 2018) through in situ behavioural 

observation.  

 The sensory biology of the pristiophorids warrants further study, as for example the 

‘fingerprint structure’ present on the tip of the rostrum in P. cirratus (Nevatte et al., 2017b) and the 

pre-nasal pits present on the rostrum of P. nancyae (Ebert and Cailliet, 2011; Weigmann et al., 

2014) are not fully understood, and neither is the use of the sawshark barbel (see table 3).  
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Significance statement 

The sensory biology and significance of the elongated rostrum in sawsharks is not well understood. 

The electro- and mechanosensory systems of two species of sawsharks are described. Both species 

are considered to be electroreception specialists. Even though these species occupy different trophic 

niches, their sensory adaptations are similar, indicating that sensory adaptations likely do not 

contribute to the recent documented niche differentiation between P. nudipinnis and P. cirratus.  
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Table 1 Biological data on specimens used in the present study. All individuals are presumed 

to be adults, based on (Last and Stevens, 2009; Raoult et al., 2017).  

Specime

n No. 

Sex Total length 

(mm) 

Pristiophorus nudipinnis 

1 F 780 

2 F 673 

3 M 676 

4 F 510 

5 M 900 

6 F 1002 

7 M 980 

8 M 764 

Pristiophorus cirratus 

1 F 1005 

2 M 940 

 

Table 2 Arrangement of the ampullae of Lorenzini in the southern sawshark Pristiophorus 

nudipinnis and the longnose sawshark P. cirratus. Pore counts are presented as the mean ± st. 

dev. per pore field per lateral body half. The range of canal lengths in each pore field are 

presented as a percentage of total body length. 

 

Pore field Cluster Pore count P. 

nudipinnis 

(n=8) 

Pore count P. 

cirratus (n=2) 

Canal length ranges 

of P. nudipinnis 

(n=2) 

Ventral 

V1 Hyoidean cluster 29 ± 6 35 ± 3 1.0 - 5.5 % 

V2 Ventral outer buccal 

cluster 

43 ± 11 68 ± 1 0.6 - 4.9 % 

V3 Inner buccal cluster 179 ± 18 207 ± 22 0.02 - 0.03 % 

V4 Inner buccal cluster 101 ± 7 108 ± 32 0.02 - 0.03 % 

Dorsal 

D5 Hyoidean cluster 9 ± 2 13 ± 5 0.9 - 2.9 % 

D6 Dorsal outer buccal 

cluster 

19 ± 6 31 ± 1 0.6 - 5.7 % 

D7 Superficial ophthalmic 

cluster 

262 ± 29 257 ± 25 0.02 - 0.03 % 

Total per 

specimen 

 1283 ± 86 1438 ± 160 0.2 - 5.7 % 

 

Table 3 Ecological characteristics and details of the electrosensory and mechanosensory 

systems in sawsharks studied for their sensory adaptations to date. This is not a complete list 

of sawshark species. References: 1 present study, 2 Hoffmann (1912), 3 Nevatte et al. (2017b), 4 

Ebert and Calliet (2011), 5 Weigman et al. (2014), 6 Kajiura et al. (2010). 7 Ebert et al. 2013.  

 

Species Max. 

total 

length 

Habitat 

depth 

Number 

of 

ampullar

y pores  

Details of the 

lateral line system  

Other sensory 

structures 
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Pristiophorus 

cirratus longnose 

sawshark 

149cm7 40–630m7, 

1–311m6 

1438 

±1601 

Well developed, 

pored canals1 

‘Fingerprint’ 

structure on saw 

tip could be 

sensory3 

P. nudipinnis  

southern 

sawshark 

124cm7 30–110m7 1283 ±861 Well developed, 

pored canals1, 2 

 

P. nancyae  

African dwarf 

sawshark 

62cm7 287–

500m7 

– No published 

account. Sensory pits 

are likely part of 

lateral line system.  

Multiple large 

sensory pits 

anterior of 

barbels4,5 

P. schroederi  

Bahamas 

sawshark 

73cm7 229–

593m7, 

438–

952m6 

804 – – 

P. japonicus 

Japanese 

sawshark 

136–

153cm7 

– – 2Lateral line system 

described together 

with that at of P. 

nudipinnis 

– 
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Figure 1 Sensory structures of Pristiophorus nudipinnis. (a) Size difference between 

ampullary pores (AOL) and lateral line canal pores (LL) on the ventral side of the rostrum,  

(b), (e) Photograph of the rostral teeth (RT). (c) Photomicrograph of an ampullary canal (Ca), 

ampullary bulb (Ab) and associated nerve (N). (d) Photomicrograph of the dorsal supraorbital 

canal injected with methylene-blue dye. Tubules (T) branch off the lateral line canal (Lc). 

Ampullary pores (AOL) of pore field D7 are surrounded by dermal denticles. (f) Ventral 

(upper) and dorsal (lower) habitus. (B) barbel, (M) mouth, (Rb) rostral blood vessel. 

 

 

Figure 2 Distribution of the mechanosensory lateral line canals (red lines) on the dorsal and 

ventral sides of (a) Pristiophorus cirratus and (b) P. nudipinnis. Note that the canals connect 

across the mediolateral and dorsoventral axis along the body outline (▬) and they connect 

across the dorsoventral axis through the cartilage (●). Lateral line canal names are as follows: 

dorsal supraorbital canal (DSOC), hyomandibular canal (HMC), infraorbital canal (IOC), 

Posterior canal (PC), prenasal canal (PNC), ventral supraorbital canal (VSOC). For reference, 

gills (G), spiracle (S), endolymphatic duct (ED), eye (E), mouth (M), nostril (N), anterior 

fontanelle (AF), barbel (B) and rostral teeth (RT) are marked.  

 

 

Figure 3 Distribution of the ampullary pores (●) on the dorsal and ventral sides of (a) 

Pristiophorus cirratus and (b) P. nudipinnis. Ampullary pores are organised into pore fields 

(ventral: V1 – V4, dorsal: D5 – D7).  

 

 

Figure 4 Directions of ampullary canals on the dorsal and ventral sides of (a) Pristiophorus 

cirratus and (b) P. nudipinnis. Canals are marked with arrows and ampullary clusters are 

marked with blue circles. Note that the ampullary bulbs of the rostrum are aggregated in rows 

rather than true clusters, with canals displayed extending from aggregations.  
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