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Summary 
 

The measurement of fish life history traits provides important information to 

estimate rates of population change that are essential for species 

conservation and fisheries management. Such traits ultimately determine a 

population’s rate of recovery, sustainable harvest and risk of extinction. Of the 

various traits, age is a key variable that must be estimated to calculate 

parameters such as population growth rates, mortality, and productivity. 

Furthermore, life history information should be combined with habitat use 

patterns and movement data because these determine the degree to which 

sub-populations are connected. Low connectivity (genetic exchange among 

sub-populations) increases the risk of extinction. In the past decade it has 

become clear that marine biodiversity worldwide is under ever-increasing 

threat, primarily as a result of over-harvesting, pollution and the direct and 

indirect impacts of climate change. One taxonomic group of marine fishes that 

has come under increasing scrutiny in terms of extinction risk from these 

processes is chondrichthyans (sharks and rays and chimaeras), especially 

those species that live in coastal environments and have critical habitat 

requirements, such as sawfishes.  

 

There are four species of sawfish in Australia: freshwater (Pristis microdon), 

green (P. zijsron), dwarf (P. clavata), and narrow (Anoxypristis cuspidata). P. 

microdon and P. zijsron are listed as Vulnerable under the Commonwealth 

Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). 

Although globally endangered, Australian populations may be relatively 

abundant and the least threatened compared to populations elsewhere and 

therefore, they provide a unique opportunity to learn and understand the 

dynamics of arguably the most intact population anywhere in the world. We 

aimed to develop a non-lethal aging technique for sawfishes and determine if 

stable isotope analyses could be used as a tool for identifying population 

sources and movement patterns. 
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To date, most methods to estimate age have required lethal sampling. We 

provide evidence that the bands on the rostral teeth of narrow sawfish can be 

used to estimate age in a non-destructive manner. In this preliminary study, 

we compared growth rings from vertebrae and rostral teeth for 16 Anoxypristis 

cuspidata. Teeth were stained with silver nitrate and increments counted. 

There was a positive relationship between size and estimated age of 

individuals. However, the estimated age of the individual determined from the 

rostral teeth became more uncertain with increasing age and size. Relative 

estimates of age from teeth were similar to ages determined from counts of 

vertebral growth bands, but there was some evidence to suggest that ages 

were underestimated for older sawfishes relative to those obtained from 

vertebrae. More research is needed to reduce variation in counts and to verify 

if this technique can be applied to other species.  

 

We also examined the stable isotope composition of sawfish rostral teeth to 

determine whether chemical fingerprints could be used as tags to identify 

populations. We used a solution-based inductively coupled plasma-mass 

spectrometer (ICP-MS) to obtain chemical signatures. We found regional 

differences in the stable isotope composition of Anoxypristis cuspidata for 

individuals from the Gulf of Joseph Bonaparte in the Northern Territory and 

from the Gulf of Carpentaria in Queensland. We found some evidence to 

suggest that local differences in stable isotope composition exist for Pristis 

microdon and P. clavata caught along the Queensland coast, but results were 

uncertain due to small sample sizes. When individuals of all species were 

combined (assuming that stable isotope physiological integration processes 

were the same), we found a difference in chemical signatures that might 

indicate that freshwater sawfish (Pristis microdon) and dwarf sawfish (P. 

clavata) have overlapping habitats or diet and that these differ to those of 

Anoxypristis cuspidata. Further investigation of fine-scale spatial differences is 

required to refine and verify our findings along with new studies to understand 

the processes that influence the integration of stable isotopes into body 

tissues.  
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Background information 
Northern Australia has a relatively pristine marine environment (Halpern et al. 

2008) compared to the other regions where sawfishes (Pristidae) can be 

found (Martin 2005). While these species are thought to have large potential 

ranges, there is relatively little detailed data available describing their life 

history and distribution patterns. This lack of information is of concern for 

conservation of these species, as sawfishes in Australia are caught as by-

catch by recreational and commercial fisheries; however, the implications of 

by-catch for long-term population persistence are unknown.  

 

Sawfishes populations have declined (Martin 2005), and all seven species are 

classified as Critically Endangered by the IUCN (IUCN 2007). The greatest 

threats are thought to be from target and by-catch fisheries because of the 

organism’s tendency to become ensnared by its elongated rostrum in 

commercial and recreational fishing nets (Simpfendorfer 2000). These 

species are also assumed to be susceptible to and deterioration and 

degradation of habitats with increasing use and alteration of coastal and 

estuarine environments (IUCN 2007).  

 

In Australia there are four species: freshwater (Pristis microdon), green (P. 

zijsron), dwarf (P. clavata), and narrow (Anoxypristis cuspitata). All species 

are protected under the Commonwealth Environment Protection and 

Biodiversity Conservation (EPBC) Act 1999, and P. microdon and P. zijsron 

and listed as Vulnerable (Pogonoski et al. 2002). Although globally 

endangered, Australian populations may be relatively abundant and the least 

threatened compared to populations elsewhere (Martin 2005) and therefore, 

provide a unique opportunity to measure the basic ecological and life history 

attributes of a relatively intact population. 
 

Australian sawfishes  
Despite their poor conservation status, little is known about the ecology of 

these species primarily due to their rarity (Pogonoski et al. 2002, Thorburn et 

al. 2003, Martin 2005). However, biological information about their life history 
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is a high priority as there are some interactions with the inshore and offshore 

fisheries for all four species, especially in the Gulf of Carpentaria (Peverell 

2005, Field et al. 2008), for which little information on population impacts is 

available. 

 

Effective conservation management requires knowledge of status and trends 

in population size. To estimate these parameters, the size at age and growth 

rate of individuals must be determined. In fishes, age can be obtained by 

analysis of growth bands in calcified tissues such as otoliths, scales and 

vertebrae (Campana 2001, Campana & Thorrold 2001). Age estimates, length 

data and other demographic rates such as maturity and litter size can be 

incorporated into age-structured demographic models to estimate population 

recovery potential and extinction risk (Sinclair et al. 2006). For the majority of 

elasmobranch species the only method to collect the age data is analysis of 

the vertebrae, which is, or course, lethal to the animal. This has obvious 

conservation and ethical implications for these endangered sawfishes. 

  

Appropriate management strategies also require knowledge about the 

connectivity of populations because extinction risk varies among species 

depending on their degree of permanent (genetic) connectivity. It is a truism in 

conservation ecology that fragmented, isolated and small populations have 

higher rates of extinction (Brook et al. 2008). The degree of connectivity 

among populations thus defines the appropriate spatial scale for management 

(Jennings 2000). A recent innovation in this area has been the analysis of 

isotopic signatures in the calcified structures such as otoliths and vertebrae to 

track movements among habitats and locations. This is possible because 

chemical signatures within otoliths and vertebrae are often unique to the 

environment that the fish inhabits. Thus, the origin of individuals and 

movement among habitats is recorded in the chemical fingerprints within the 

calcified structure (Campana & Thorrold 2001, Rooker et al. 2001). For 

sawfishes, chemical fingerprints within vertebrae can be used to determine 

the natal rivers of some species and to track migration between river systems 

(S. Peverell, unpubl data). However, like age analysis, examination of the 

chemical fingerprints within vertebrae requires lethal sampling of the animal. 
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We aimed to determine whether age and chemical fingerprint information can 

be reliably extracted from rostral teeth of sawfishes. Unlike vertebrae, these 

can be removed and analysed without harming the animal. If rostral teeth age 

estimates adequately reflect those derived from lethally sampled vertebrae, it 

would allow routine non-lethal sampling of these species so that sufficiently 

large databases of age, growth and movement patterns can be acquired.  
 

Aims 
Due to conservation and management concerns over sawfishes the specific 

aims of this preliminary study were to: 

1) Develop a non-lethal method to accurately predict the ages of 

sawfishes using the rostral teeth, and 

 

2) Determine stable isotope analyses could create chemical 

fingerprints from sawfish rostral teeth to provide estimates of the 

population source and movement patterns of sawfishes. 
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Developing non-lethal methods for aging sawfishes 
 

Introduction 
Elasmobranchs populations are declining worldwide (Stevens et al. 2000a, 

Coelho et al. 2003, Myers et al. 2007, Dulvy et al. 2008). The primary cause 

for these declines are increased fishing pressure to provide shark and ray 

products (mainly meat and fins), unsustainable by-catch rates and the 

cascading effects from the overfishing of prey species (Stevens et al. 2000a). 

Effective management of elasmobranch fisheries and by-catch and other 

potential drivers of population decline require biological information from 

which population models can built to estimate demographic rates (Sinclair et 

al. 2006). However, many of these parameters have not been measured (or 

have been measured imprecisely) for most elasmobranch species (Cortés 

2002). 

 

Demographic models typically require age data to determine growth, survival 

and age-specific fertility rates. In elasmobranchs, age is most often estimated 

from counts of annuli, consisting of a translucent and opaque band, within 

vertebrae and referred to as ‘paired growth bands’. This process requires 

sacrificing individuals so that vertebrae can be removed (Cailliet et al. 2006). 

This can be problematic, especially when studying threatened species or 

those where populations have been greatly reduced. Therefore, the need to 

avoid destructive sampling has led to recent investigations of alternative 

techniques of live aging using calcified structures that do not require the death 

of individuals. 

 

Recently, there have been studies that have used alternative verified 

(confirmed age using known age markers or proxies) and relative aging 

techniques. Gallagher et al. (2006) demonstrated that growth bands observed 

in sections of the caudal thorns of the thorny skate (Amblyraja radiate) could 

be used for determining relative ages non-lethally. Campana et al. (2006) 

used bomb radiocarbon dating to show that counts of enamel growth bands in 

the dorsal spines of spiny dogfish (Squalus acanthias) provided accurate age 
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estimates. Similarly, Irvine et al. (2006a, b) showed that growth bands within 

the dorsal spines of giant lantern sharks (Etmopterus baxteri) and golden 

dogfish (Centroselachus crepidater) were reliable indicators of relative age. 

Growth rates have been estimated for P. microdon, A. cuspidata, P. clavata, 

and P. zijsron (Tanaka 1991, Peverell 2000, Thorburn et al. 2007) using the 

traditional method of removing the vertebrae and counting the number of 

paired growth bands.  

 

Narrow sawfish are relatively abundant in the Northern Territory compared to 

populations elsewhere (Field et al. 2008) and frequently caught in commercial 

fisheries. However, the effects of commercial fishing are not currently known 

for this species and age and growth information will be important for 

determining potential impact. Due to the commercial catch and number of 

rostra in private collections, this species provides an ideal opportunity to 

develop new, non-lethal aging techniques that may be also applied to other 

sawfishes.  

 

Rostral teeth are permanent structures not replaced once lost. If damaged, 

the tooth will not grow to the maximum size (Slaughter & Springer 1968). 

Therefore, rostral teeth may provide markers by which the individuals can be 

aged. In this study, we compared the age estimates made from growth bands 

within rostral teeth to those made from vertebrae to assess the potential for 

using the former non-lethal technique as an effective ageing technique for 

these species. There are currently no verified age estimates for this species of 

sawfish so we consider all ages estimates to be relative.  
 

Specific aims 
We used the banding found on the rostral teeth of narrow sawfish 

(Anoxypristis cuspidata) to provide a relative age estimate of individuals. 

These age estimates were compared with those calculated using the 

traditional analysis of vertebral growth bands for the same individuals by 

Peverell et al. (2000). We also investigated whether the location of the tooth 

influenced the estimates. Finally, we determined if there was a general 
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relationship between estimated age and a relative rostral length to support the 

use of tooth-based age estimates. 

 

Methods 

Sample collection 
Vertebrae and rostra were collected from 16 A. cuspidata caught by 

commercial and recreational fishers (10 in the Gulf of Carpenteria, 

Queensland; 14° 20’ S, 138°29’E) and 6 in Shoal Bay, Northern Territory; 12° 

27’ S, 130° 50’ E) from March 2001 to June 2007. In June 2007, 61 rostra 

(without associated vertebrae) were purchased from private collections that 

had been caught around Fog Bay, 150 km west of Darwin, Northern Territory 

(12° 51’ S, 130° 16’ E). The dates of capture of these specimens were not 

known, but were generally taken some time between 2004 and 2007.  
 

 
Figure 1. The broad sampling locations of narrow sawfish collected from the Northern 
Territory (orange ellipse) and Queensland (maroon ellipse). Only broad sampling 
areas can be shown due to the commercial nature of fisheries associated data. 
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Morphometric measurements were taken for each of the individual as 

described by Peverell (2005): total length (TL), fork length, lower-jaw total 

length, and lower-jaw fork length. We also recorded rostrum morphometrics 

for all samples, and included total rostral length, relative rostral length and 

rostral width (Figure 2). Total rostral length (TRL) is defined as the length 

measured dorsally from the tip of the rostrum to the point at the base where 

the head begins to broaden. The relative rostral length (RRL) was measured 

dorsally from the tip of the rostrum to the point where left-side teeth stop 

protruding, and rostral width (RW) was the distance across the rostrum at the 

10th tooth from the tip on the left hand side. 
 

 
Figure 2. The rostral measurements taken for all narrow sawfish rostra.  

 

Vertebrae and rostral teeth preparation and aging 
A total of 5 vertebrae from beneath the first dorsal fin were removed from 

each individual and cleaned of excess flesh and connective tissue by soaking 

in 5 % bleach for 40 minutes. Vertebrae were then rinsed under warm water, 

dried for 24 hours and placed in a square Teflon®-coated cooking dish and 

set in epoxy resin. Vertebrae were thin-sectioned along the vertical axis at a 

thickness of 500 µm using a Buehler® diamond wafering blade.  

 

The vertebral thin sections were mounted on a slide and observed under a 

dissecting microscope under reflected light. Growth bands (also known as 

‘annuli’) were defined as the narrow translucent bands representing reduced 
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growth periods, as opposed to the adjacent wider opaque bands that 

represent faster growth. The relative vertebral age (RVA) as measured by the 

number of growth bands were counted for each individual, commencing after 

the birth mark which identified by a change of angle on the outer edge of the 

corpus calcerium (Goldman 2004).  

 

The teeth from fresh rostra were removed by cutting down the side of the 

teeth, severing any connecting tissue and lifting the tooth away using padded 

forceps. The tooth was then cleaned of any remaining flesh. Whole teeth were 

removed from the dried rostrum using a fine tooth Dremel tool (Dremel, South 

Clayton, Victoria, Australia). Teeth were boiled in water and scraped with a 

scalpel to remove all remaining cartilage. 

  

All teeth were then immersed in a 1 % solution of AgNO3 for 30–60 minutes 

depending on tooth size. Smaller teeth required approximately 20–30 minutes 

and the larger teeth required 30–60 minutes. When immersed the teeth were 

covered by aluminium foil to prevent the reaction of the AgNO3 stain with light. 

The stained teeth were then placed on the bench to expose the AgNO3 to light 

and begin the reaction. Teeth were then exposed to light for 5 minutes to 

darken the bands, thus allowing for better differentiation between light and 

dark bands. Once the bands in the teeth were darkened, the reaction was 

fixed by washing the teeth with distilled water for 30 seconds followed by 

immersion in a 10 % solution of sodium thiosulphate for 10 minutes. 

 

From the tip of the tooth to the base, wide translucent and narrow opaque 

bands were observed for stained and unstained teeth as lighter and darker 

bands. The stained teeth gave greater contrast and were viewed under a 

dissecting microscope using reflected light. The opaque bands were much 

thinner than the dark/calcified bands but were deemed to be an age band if 

the band was visible around the whole tooth. Furthermore, when viewed with 

directional light under the microscope, areas where light bands were present 

were slightly raised and cast a shadow across the tooth that further aided in 

the identification of band pairs. No birth band could be identified. The relative 

tooth age (RTA) was determined from counts of the bands on each tooth 
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made by two observers. Counts were repeated twice by each observer and 

counts were done ’blind’ so that readers had no knowledge of any 

characteristics of the individual from which the tooth was derived or previous 

counts of the tooth being aged. Where there were different ages recorded by 

observers we used the mean age for analysis and comparison. 

 

Vertebral and tooth age comparisons and growth 
We used only teeth located at positions 10 to 11 from the tip of the rostrum to 

provide a standard measure of relative age to compare between different-

sized individuals. To test whether age estimates increase as a function of 

individual size, we regressed RRL and age. To determine if there was any 

influence of the age/size of an individual, we grouped individuals into three 

broad age/size classes based on the distribution of the RRL (Figure 3; small: 

RRL < 35 cm, medium: 35 < RRL < 50 cm, and large: RRL > 50 cm) and 

compared the standard deviation in age estimates from all age readings 

combined. Finally, for the 16 individuals where both vertebrae and rostral 

teeth were available, we compared the ages from both techniques to 

determine if the ages from teeth and vertebrae were correlated. All 

comparisons were done using linear least-squares regression (Goldman 2004) 

in R (R Development Core Team 2008). Akaike information criteria weights 

(corrected for small sample sizes, AICcwt) are used to provide a measure of 

the strength of evidence for each model (evidence ratio, ER), that represents 

the ratio of AICcwt values for each model relative to the whole set of candidate 

models along with the % of deviance explained (%DE). To investigate 

whether there was an increase in the variance of age with RRL we use a test 

of non-constant variance, in R (ncv.test), which hypotheses constant error 

variance against the alternative that the error variance changes with the level 

of the response, using chi-square scores (Breusch & Pagan 1979). 
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Figure 3. The relative rostral length frequency distribution of narrow sawfish (n = 77). 
 

Results 
External banding was seen on 98 % of the rostral teeth of narrow sawfish 

individuals (n = 77) that were used in the relative aging analysis.  

 

Sawfish age and length relationship 
Before analysis we tested for evidence of a relationship between the relative 

age of an individual estimated from rostral teeth (RTA) and size of the rostrum 

(RRL) (Figure 4). There was a strong positive relationship between RTA and 

RRL (ER=1.674e+22; %DE=66.3 %).  
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Figure 4. Relationship between relative age from rostral teeth (RTA) and size of 
individuals (RRL) (ER=1.674e+22; %DE=66.3 %). 

 

Sawfish length and age variation 
The positive relationship between RTA and RRL indicates that RTA does 

indeed reflect relative age; however, variance in RTA was non-uniform. The 

variation is estimated by its standard deviation increased with age/size. Small 

sawfish had lower standard deviations compared to the other size classes 

(Figure 5). We tested this using a test of non-covariance and found only weak 

support (p=0.5) rejecting constant variance in our data. However, this does 

indicates greater possibility of uncertainty in the ages of larger individuals. 
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Figure 5. Relationship between the size of individuals (RRL) and the variation in RTA 
(standard deviation) (test of non-constant variance; p=0.05) for the three size classes 
of narrow sawfish.  

 

Sawfish vertebral and tooth age comparison 
We compared the ages from vertebral and tooth growth band counts for 

sixteen individual sawfish. The ages from the different techniques were highly 

correlated (Figure 6; ER=1.575e+7; %DE=89.3%). Although the relative ages 

were close to a 1:1 relationship, the figure below indicates that the ages from 

rostral teeth (slope=0.738; SE=0.06) tended to become underestimates as 

age increased, and ages obtained from the vertebrae and the teeth tend to 

differ by more than one year after age six. 
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Figure 6. Relationship between narrow sawfish ages determined from growth bands 
observed form vertebrae (RVA) and rostral teeth (RTA) (ER=1.575e+7; %DE=89.3%). 
Solid line represents the line of best fit for the data and the dotted line a 1:1 
relationship. 

 

Discussion and conclusions 
Non-lethal techniques for determining ages have rarely been investigated for 

elasmobranchs, principally due to the lack of calcified structures in these 

animals (Campana 2001, Gallagher et al. 2006, Irvine et al. 2006a, b). 

However, the rostral teeth of sawfishes can be used in this manner and have 

the advantage of being relatively easy to remove, clean and process. The 

removal of a tooth is unlikely to affect an individual’s foraging success or long-

term survival because most sawfish are missing or have damaged up to 35 % 

of their rostral teeth (I. Jupp, unpublished data). 
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We have shown that growth bands observed on the rostral teeth of narrow 

sawfish can provide a relative age for individuals; however, this preliminary 

investigation is limited and needs further investigation to be developed and 

validated so that it can be trialled for other sawfish species. Limitations 

include the inability to identify a birth mark in a tooth’s structure and the 

underestimation and variability of relative age with an increase in animal size. 

The lack of a birth mark means that it is almost impossible to determine the 

true age (Goldman 2004); however, the strong relationship between the 

counts of growth rings from vertebrae, where birth marks were identifiable, 

and from rostral teeth, supports the use of teeth growth bands for ageing. 

 

We also identified underestimation in relative ages determined from teeth 

relative to vertebrae. Discrepancies in age estimates from different calcified 

structures such as scales and otoliths within an individual are common in 

teleost fishes (Barnes & Powers 1984, Hammers & Miranda 1991). In our 

study, the underestimation of ages for older or larger individuals may arise 

because sawfishes use the rostrum to hunt and investigate the coastal 

environment in which they live (Last & Stevens 1994). Rostral teeth are 

permanent structures for sawfishes (Slaughter & Springer 1968), so they wear 

as the animal ages, particularly as growth slows once adult size is attained.  

 

The teeth of young animals (RRL < 35 cm) are sharp and possess a cusp, but 

as the animal ages, wear of the tooth changes its shape so that it becomes 

blunter and more rounded. Slower growth during the adult phase may also 

result in narrower growth bands, making them difficult to discern at the base 

of the tooth. In general for older narrow sawfish, we have shown that the 

tooth-aging technique decreases in precision and accuracy with size and age; 

however, the shape and size of rostral teeth in relation to other body 

morphometrics might prove a useful proxy of age if a consistent relationship 

could be demonstrated and validated using conventional methods. 

 

Another source of potential error was the assumption that growth bands were 

laid down annually. This can be tested by mark-recapture studies using 

chemical tags, such as tetracycline to deposit permanent marks within hard 
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parts, including the rostral teeth. Once tagged, the time at liberty between 

marking and recapture can be compared to the number of growth increments 

within the most recently deposited section of the body part used for aging 

(Campana 2001). The difficulties associated with validating ages of 

elasmobranchs are well-recognised (Campana 2001, Carrier et al. 2004, 

Cailliet et al. 2006), and have generated recent novel approaches to aging, 

such as the use of bomb radiocarbon dating (Campana et al. 2006). Current 

recapture rates for narrow sawfish are relatively low in tagging studies in 

northern Australia (~ 2 %, Field, unpublished data), making validation difficult 

and slow. However, populations of Australian sawfishes tend to be in remote 

and difficult-to-access regions where there has been relative low fishing 

pressure, and fisheries interactions can be used as an effective way of 

collecting data and releasing by-catch sawfish as part of mark-recapture 

studies. Such studies have committed to validate the frequency and timing of 

deposition of growth bands in teeth and vertebrae for some Australian 

sawfishes (Northern Territory Fisheries, unpublished data; S. Peverell, 

unpublished data), but they are likely to take many years to complete.  

 

In summary, there is strong evidence to support the use of rostral teeth to 

estimate relative ages of narrow sawfish. There is a strong, positive 

relationship between age and individual size, but non-constant variance in 

age estimates increases uncertainty for larger, older animals. The ages of 

these older sawfish obtained from teeth were also underestimated when 

compared to those derived from the vertebrae. Other techniques, such as 

ultrasound and fine-scale surface roughness indices, might provide future 

alternatives. We have, however, shown the possibility of deriving ages from 

rostral teeth. Combined with more expansive sampling, archived specimens of 

rostra in museums and private collections could be used to describe historical 

patterns of age and growth for narrow sawfish populations. Future work 

should include age validation using bomb radiocarbon, chemical tagging and 

laser-ablating inductively coupled plasma mass spectrometry approaches.  
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Stable isotope analyses for determination of spatial 
distribution of sawfishes 

Introduction 
Determining structure and connectivity of populations can provide information 

on a species’ long-term extinction risk (Brook et al. 1997, Brook et al. 2000). 

Generally, isolated populations are more susceptible to local extinction than 

those connected by dispersing individuals (Fahrig & Merriam 1985, Root 1998) 

because low external recruitment or genetic effects such as inbreeding can 

impede population recovery (Fahrig & Merriam 1985, Hanski 1998, Jennings 

2000). Thus, a thorough understanding of the connectivity of managed 

populations is required to decide whether local or regional strategies are 

needed for each population or meta-population (Palumbi 2003, Cowen et al. 

2006). For example, local management can be tailored in situations of low 

connectivity where each population is isolated from the others (Roberts 1997). 

Alternatively, regional management strategies are suited to species with high 

connectivity between sub-populations (Palumbi 2003) because changes in 

one population can affect neighbouring populations (Cowen et al. 2006). 

  

One of the most commonly used methods for determining the connectivity of 

populations is measurement of gene flow (Palumbi 2003). Similarities in the 

genetic structure of neighbouring populations can indicate individual 

movements and population mixing. If there is little variation in the genetic 

structure among populations, strong mixing and high connectivity are likely; 

however, genetically isolated populations have a higher probability of local 

extinction events after population decline (Mora & Sale 2002). Such 

approaches are unfortunately limited by the assumption that genetic diversity 

is high within species (Frankham et al. 2002). Genetic diversity within shark 

species has been found to be low and can therefore lead to false 

interpretation, the requirement of large sample sizes, and time-consuming and 

expensive development of appropriate genetic markers. Another method to 

measure connectivity is capture-mark-recapture (CMR) where marked 

individuals can be tracked among sub-populations (Sinclair et al. 2006). 

However, CMR can be expensive and logistically difficult in challenging 
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environments such as the turbid and remote tropical estuaries of northern 

Australia (Pollock 2000, Stevens et al. 2000b, Wood et al. 2007).  
 

An alternative method has been developed using heavy metal isotopes 

through inductively coupled plasma-mass spectrometry (ICP-MS) analysis 

(Gillanders 2005). These isotopes are incorporated from ingested food and 

water into the growing calcified structures of fish and have been used to 

determine stream occupancy and connectivity for a number of species 

(Thorrold et al. 1998, Kennedy et al. 2002, McCulloch et al. 2005). There are 

many isotope ratios which can be used to distinguish populations originating 

from different rivers, such as 87Sr/86Sr (Kennedy et al. 2000, Kennedy et al. 

2002, McCulloch et al. 2005) in otoliths (Campana et al. 1995, Kennedy et al. 

1997, Kennedy et al. 2002), vertebrae (Kennedy et al. 1997), scales (Wells et 

al. 2003), and fin rays (Clarke et al. 2007). Despite the growing literature on 

this subject, there have been few intra-structure comparisons to determine 

ontogenetic changes in habitat use (Kennedy et al. 1997, Wells et al. 2000, 

Wells et al. 2003, Clarke et al. 2007). Otoliths are generally the most 

appropriate structures for analysis because other calcified structures do not 

often have enough variation to distinguish between closely located habitats 

(Wells et al. 2000, Wells et al. 2003, Clarke et al. 2007). Another problem is 

that sampling calcified structures normally requires killing the organism, which 

is clearly not desirable for threatened species. 
 

There have been no studies using isotopic concentrations in calcified 

structures for chondrichthyans to determine habitat use and broad movement 

patterns. Chemical signatures have only been measured from the vertebrae of 

the round stingray Urobatis halleri to verify annual deposition of the growth 

bands (Hale et al. 2006). Isotopic signatures have also been derived from the 

scales of fish (Wells et al. 2000, Wells et al. 2003) and from sawfish rostral 

teeth, which are modified scales that are not expected to be replaced once 

lost (Bigelow & Schroeder 1953, Slaughter & Springer 1968) 
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Specific aims 
We aimed to determine whether the rostral teeth three Australian sawfishes 

(Anoxypristis cuspidata, Pristis microdon and P. clavata) can be used as 

reliable structures to determine chemical signatures and discriminate (1) 

between regional populations, 2) within regional sampling locations and 3) 

broad habitats. 

Methods 

Sample collection 
Samples were collected from commercial fishing boats from the Northern 

Territory (NT) and Queensland (QLD) coasts from March 2001 to June 2006. 

Rostral teeth were collected from 11 narrow sawfish (Anoxypristis cuspidata; 

n = 6, Gulf of Carpentaria, NT and n = 5, Gulf of Carpentaria, QLD), and four 

freshwater sawfish (Pristis microdon) and four dwarf sawfish (P. clavata) were 

collected from various locations in Queensland. The specific locations of the 

samples collected with known capture sites are shown in Figure 7. 
 

 
Figure 7. The sawfishes sampling location across northern Australia. Species are 
denoted as ■ = narrow sawfish (Anoxypristis cuspidata), ● = freshwater sawfish 
(Pristis microdon), and ▲= dwarf sawfish (P. clavata). Also shown in adjacent to the 
species symbols are the sample sizes for each species and location. 
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Determining elemental composition of rostral teeth 
The elemental composition of the rostral teeth was determined by energy 

dispersive microscopy elemental analysis using a scanning electron 

microscope. The teeth were removed from the rostrums using a sharp knife if 

the samples were fresh or by a rotary saw if dry. Excess flesh was removed 

by a scraping the surface of the tooth lightly with a scalpel blade. Rostral teeth 

were placed in labelled 60-ml acid-rinsed plastic falcon tubes with lid, then 

ultrasonically cleaned in high-purity water (HPH2O) for 10 minutes and rinsed 

under HPH2O between sonications. This process was repeated three times. 

Teeth were dried in a convection oven at 60 °C overnight and then weighed 

on acid-washed tared scales. The samples were dissolved in 30 % ultra pure 

HNO3 at a ratio of 13.3 ml of acid solution to 1 g of the analyte. Samples were 

left to dissolve for three days in 60-ml acid-washed falcon tubes. Once 

dissolved, the falcon tubes containing the dissolved analyte were not moved. 

This allowed all undissolved material to settle at the bottom or float on the 

surface. Five ml of analyte were transferred into labelled 15-ml acid-washed 

ICP-MS tubes and diluted to a 15 % acid mix with 5 ml of HPH2O. The analyte 

was taken from the centre of the solution to avoid any floating or sunken 

matter. Transfers were done using acid-washed pipette tips rinsed once in 30 

% ultra pure acid and twice in HPH2O between samples. If there was < 5 ml of 

analyte, the sample was placed in 30% acid at 1:1 dilution, with HPH2O to 

ensure standard amounts of acid concentration in each ICP-MS vial.  
 

Elemental analysis of the rostral teeth was done using a quadruple ICP-MS 

(Agilent 7500 Series). Rostral teeth from each individual species were 

analysed for the isotopic ratios Mg:Ca, Ba:Ca, and Cd:Ca. To account for 

instrument drift (Eggins et al. 1998), 5 standard solutions were made up from 

the reference sample and the standard itself. The standard solution contained 

10 ml of Sr (1000 ppm), 1 ml of Mg (1000 ppm), 2 ml of ICP 2 standard (10 

ppm), and 0.2 ml of concentrated ultra-pure HNO3. The standard solution was 

then diluted up to 25 ml. The first standard contained only 5 ml of the standard. 

The following standards all contained the 5 ml of standard, but one contained 

50 µl of a reference sample, 1 contained 250 µl of reference sample, and 1 

contained 1.25 µl of reference sample. The reference sample was a randomly 
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selected digested sawfish sample from the species being analysed. All 

standard solutions were then diluted to 10 ml with HPH2O measured with an 

acid-washed 10 ml volumetric flask. The standards were run after every fourth 

sample to account for instrument drift and machine variation.  
 

Analysis 
The limits of detection (LOD) for each of the elements were calculated as 3 σ 

of the concentration of the blank solutions to determine the minimum viable 

values at which analysis of the elements could be done. The concentrations of 

the isotopic ratios of the solutions where analysed by principal components 

analysis (PCA) in R (R Development Core Team 2008). Prior to PCA, a 

Spearman’s rank correlation matrix was constructed to determine if any 

elements were strongly correlated. If so, these elements were removed from 

analysis. We used a one-way analysis of variance, on the coordinates of the 

individuals on the axis explained by the qualitative variable, to test there were 

differences between categories. We then used a student T-test to compare 

the average of the category with the general average producing an associate 

p-value to support whether there were differences between categories. To 

determine if there were inter- and intra-regional differences, we analysed each 

species separately because they are thought to use different habitats. For 

inter-regional differences, we tested only narrow sawfish individuals sampled 

from the Gulfs of Joseph Bonaparte (NT) and Carpentaria (QLD). For intra-

regional differences, we tested freshwater sawfish samples from around the 

Archer and Smithburne Rivers, and for dwarf sawfish from the Staaten and 

Leichardt Rivers although these data are only described and not subject to 

analysis due to low sample sizes. Finally, assuming that all sawfishes ingest 

and retain chemical components according to similar physiological processes, 

we tested whether the species could be differentiated based on broad 

differences in their environment or foraging behaviour. All descriptions of 

changes in stable isotope ratios are expressed in relation to Calcium (Ca) 

unless otherwise noted. 
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Results 
The chemical composition of rostral teeth for narrow, freshwater and dwarf 

sawfishes show that the teeth are primarily composed of calcium, phosphate 

and oxygen, with these three elements comprising approximately 96 % of the 

total elemental composition of the tooth (Table 1). The LOD (ppm) for each of 

the elements were: Mg = 360.8, Ca = 3884.2, Ba = 217.42, and Cd = 21.82. 
 

Table 1. The Elemental composition (%) of the rostral teeth of Anoxypristis cuspidata 
(n = 11), Pristis microdon (n = 4), and Pristis clavata (n = 4). 

Element  A. cuspidata P. microdon P. clavata 
O 41.42 39.11 39.56 
Ca 35.42 37.97 38.21 
P 19.83 19.67 19.10 

Na 1.66 1.56 1.61 
Mg 0.82 0.90 0.78 
Cl  0.41 0.39 0.39 
S 0.22 0.18 0.15 
Si 0.20 0.20 0.17 
Al 0.02 0.01 0.02 
K 0.01  0.01 0.01 

 

Inter-regional differences in stable isotope composition 
The principal component analysis of narrow sawfish tooth samples from the 

Gulf of Joseph Bonaparte and the Gulf of Carpentaria found that was 

evidence for a difference from their chemical compositions (p=0.04; Figure 8). 

There was almost a complete separation of the samples from the two regions. 

The first two dimensions of the analysis explained over 62 % of the variance 

and were characterised by increases in ratios of Pb, Ba, Cu, and a decrease 

in Mn in the first dimension and an increase in Fe and decrease in Mg in the 

second dimension (Figure 8).  
 

Intra-regional differences in stable isotope composition 
We used samples of freshwater and dwarf sawfish to test for differences 

within the Gulf of Carpentaria. No differences were found for either freshwater 

sawfish or dwarf sawfish (Figure 7), although these analyses were based on 

two samples from different locations for each species. 
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Environmental differences in species stable isotope composition 
Combining all samples regardless of their locations, species could be 

separated by their isotope ratio components (Figure 9; p=0.002. The first two 

dimensions of the PCA accounted for over 70 % of the variance and were 

characterised by increases in ratios of Mn, Fe, Pb, Ba and Cu with a decrease 

in Mg and Cd in the first dimension, and an increase in Mg, Cd, Mn, Ba, Fe, 

and Ba with decrease in Pb and Cu in the second dimension (Figure 8). 
 

Discussion and conclusions 
The persistence of populations of many fish species depends on of the 

interchange of individuals among sub-populations (Westemeier et al. 1998). 

Thus, human-induced reductions in connectivity, through excessive fishing-

related mortality or habitat loss and degradation, can reduce the contribution 

of external recruitment and subsequently increase the chance of a local 

extinction, especially for already depleted populations (Westemeier et al. 

1998). This is compounded for species that have a limited range size (Brook 

et al. 2008). Therefore, methods that can measure the potential degradation 

of connectivity in threatened fish populations, especially if they are non-lethal, 

provide a major tool to ascertain a species’ conservation status and 

restoration prospects.  
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Figure 8. Principal components analysis (left plot) and the separation of the stable 
isotope ratios across the fist two dimensions (right plot) for narrow sawfish 
(Anoxypristis cuspidata; top panel), freshwater sawfish (Pristis microdon; middle 
panel) and dwarf sawfish (P. clavata; bottom panel). Individuals are shown as dots 
with eclipses showing the 95 % confidence grouping of individuals. Open squares 
indicate the centre of their composition distribution. Locations are denoted as: 
GB=Gulf of Joseph Bonaparte (black), GC= Gulf of Carpentaria (red), AR=Archer 
River (black), SM=Smithburne River (red), LR=Leichardt River (black) and 
SR=Staaten River (red).  
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Figure 9. Principal components analysis (left plot) and the separation of the stable 
isotope ratios across the fist two dimensions (right plot) for all sawfishes. Narrow 
sawfish (Ac=Anoxypristis cuspidata, black dots), freshwater sawfish (Pm=Pristis 
microdon, green dots) and dwarf sawfish (Pc=P. clavata, red dots). Species are 
shown by coloured dots with eclipses showing the 95 % confidence grouping of 
individuals. Open squares indicate the centre of the species chemical composition 
distribution.  

 

We found that chemical signatures obtained from the rostral teeth of sawfish 

can separate individual between capture regions, thus providing essential 

information on movement and connectivity which can be used to determine 

population vulnerability.  

 

Our research shows that stable isotope concentrations in the rostral teeth of 

globally threatened sawfish can be used to distinguish individuals between 

capture regions in northern Australia. These results indicate that the 

elemental compositions of the teeth depend on chemical conditions on a 

regional scale and provide some evidence at a local extent to which 

individuals are exposed. 

 

Rostral teeth of sawfish are thought to be modified denticles or scales 

(Bigelow & Schroeder 1953, Slaughter & Springer 1968), so our results are 

comparable to studies of fish scales. Scales are chemically less stable than 

otoliths and vertebrae (Campana 1999, Wells et al. 2003), and Wells et al. 

(2003) found that chemical fingerprints obtained from scales were less able to 

distinguish individual trout among streams that those based on otoliths. Our 
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results confirm that chemical fingerprints from rostral teeth produced strong 

separation for narrow sawfish, but small sample sizes for the other species 

prevented analysis. For other fish species, isotopic variation has been 

observed in the scales when compared to other structures that may cease 

growing at some point early in the life cycle (Bilton & Robins 1971), and some 

chemicals may be reabsorbed during times of physiological stress and scale 

replacement (Bilton 1975). This may explain some of the variation among 

sampling regions. 

 

Although the isotopic composition the rostral teeth of sawfishes can be used 

to discriminate between regions, more information is required to examine how 

physical conditions alter isotopic signatures. Wells et al. (2000) found that 

under controlled laboratory conditions, the ratios of Mg:Ca, Ba:Ca, and Cd:Ca 

in scales can differ from those within the surrounding water matrix due to 

differences in substitution rates. Fish scales also have high protein content 

which may elevate Ba concentrations relative to other structures (Degens et al. 

1969). Furthermore, individuals exposed to the same environments at 

different stages of their life cycle incorporate elements at different rates 

(Thresher et al. 1994, Campana et al. 1995).  

 

Despite these limitations, we conclude that the chemical signatures from the 

rostral teeth of sawfish appear to be reliable indicators of capture site in 

narrow sawfish, and might be used to indicate fine-scale distribution of 

freshwater and dwarf sawfishes, although greater samples are required. 

Further application of this technique will depend partially on how tooth wear 

affects chemical signatures over time. Regardless, the technique shows 

promise for using rostral teeth from previously harvested rostrums to 

reconstruct past environmental histories of individual fish. Unpublished 

capture-mark-recapture data by the Queensland and the Northern Territory 

government fisheries agencies suggest that sawfish do not disperse far from 

capture location (perhaps < 50 km), so finer-scale separation through 

chemical signatures may be possible. Further development of the technique 

could also lead to chronologies of individual movements if the relevant 

isotopic signature libraries were available for the gradient of water chemistries 
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available within an individual’s home range. Currently there are databases of 

stream chemistry being constructed for freshwater systems in north-eastern 

Australia (McCulloch et al. 2005), providing an additional tool to determine 

connectivity of sawfish populations for conservation management. 

 

Summary and direction for future research 
Determining age of individuals and connectivity patterns of populations are 

vital for determining a species’ response to human-induced environmental 

change and ultimately, its risk of extinction. Northern Australia has some of 

most pristine waters in the world and relatively healthy populations of 

sawfishes, which are Critically Endangered elsewhere. Research is therefore 

required to understand population structures for conservation and fisheries 

management. Our preliminary studies show that rostral teeth of globally 

threatened sawfishes can be used to estimate the age of individuals and their 

regional source populations. For the use of teeth for aging from growth bands, 

more investigation is required to validate our results and refine these methods 

for other sawfish species and across a broader range of ages and sizes. 

Other data could also be collected and analysed to provide additional support 

and evidence for the use of non-lethal aging including 1) tooth shape and 

morphometric data, 2) the use of chemical composition of the teeth to 

determine the chemical structure of growth bands, and 3) the trialling of 

alternative imaging techniques to identify growth bands better and to 

understand their development and wearing processes. 

 

Stable isotope composition of the teeth has provided another tool to 

determine the regional source population of individuals. Greater sample sizes 

are required to confirm and improve this technique for all sawfish species and 

to refine spatial resolution. Our study suggests that it might be possible to 

identify specific stable isotope signatures that could be used to determine if 

there are both intra- and inter-specific differences in environment or habitat 

use among different age and size classes of sawfishes. This information will 

be important in identifying critical habitat and conservation value as well as 
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understanding the movements and connectivity of populations in their 

environment, and will be an alternative to conventional tracking studies. 

 

The two techniques described here also have the advantage that they can be 

used on historical sawfish rostrum collections that may allow retrospective 

studies of population structure and distribution, in conjunction with other tools 

such as population genetics, to understand better the current status of sawfish 

populations in northern Australia and for their conservation across their global 

ranges. 
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