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1. Introduction 

 

This document presents a summary of histological work done on Swan Canning 

Riverpark Indo-Pacific bottlenose dolphins (Tursiops aduncus) provided by 

Department of Biodiversity, Conservation and Attractions (DBCA) and Murdoch 

University with the main purposes of determining the minimum age at mortality of five 

known individuals from the Swan Canning Riverpark community. Obtaining a 

minimum age estimate at mortality is important for understanding population 

dynamics, demographics, and life history.  

 

Data on age at mortality is limited for mammals in general, and more so for marine 

mammals because of their difficult accessibility. For mammals studied, minimum age 

at mortality data from naturally deceased animals has been obtained successfully 

through the analysis of tooth structure. The dentine and cementum layers provide an 

indication of age because alternating opaque and translucent layers of tissue are laid 

down annually (e.g. annual growth layer groups or GLGs). 

 

 

2. Methods 

 

The work was completed by Oceans Blueprint with the support of the Lions Eye 

Institute between the months of April and October 2020. 

 

2.1. Specimens 

Teeth from five individual dolphins were extracted from the jaw and macerated in warm 

water over approximately 3-4 months to remove remaining tissue attached to the teeth. 

An initial analysis with one tooth per individual was undertaken and followed up by a 

second tooth from individuals in which sections were of medium to poor quality, until 

the best possible quality was attained. The result was the histological preparation and 

analysis of sections of two teeth from three individuals (Pirulli, Pebbles, and Highnitch) 

and one tooth from two individuals (Gizmo and Zari).   

 

2.2. Histology 

All teeth were placed in a decalcification bath made up of RDO (Rapid Decalcifying 

Agent, Apex Engineering Products Corporation, Illinois, USA) for a period greater than 

24 hrs until the inner dentine layer had just softened.  After decalcification, teeth were 

rinsed for a minimum of six hours in slow running water to prevent any further 

decalcification. Each tooth was then mounted on a freezing slide microtome stage using 

OCT (Optimal Cutting Temperature) embedding compound by positioning the tooth 

level to the microtome blade for sectioning longitudinally along the widest plane. The 

specimens were allowed to freeze within the cryostat chamber at an approximate 

temperature of -2 to -20 °C. Once frozen and at the correct temperature for best 

sectioning results, each tooth was sectioned from crown to root with a setting of 20-40 

μm thickness until the approximate midpoint of the tooth was reached. Sections from 

the centre were then transferred and placed in a bath of DI (deionized) water and floated 

onto slides. All slides with the mounted sections were then placed in staining solutions 

as per Evans et al. (2007). 
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2.3. Age determination based on GLG counts 

Growth layer groups were defined as per Perrin and Myrick (1980) as: “groups of 

incremental growth layers which may be recognised by virtue of a cyclic repetition, 

generally occurring at constant or regularly changing relative spacing. Such a cyclic 

repetition of incremental growth layers must involve at least one change, i.e. between 

translucent and opaque, dark and light, ridge and groove, more stained, less stained but 

may involve more than one change”. Evans et al. (2007) indicate that growth layer 

groups in the dentine of the common bottlenose dolphin (T. truncatus), which is closely 

related to the species in this work, have been described as “a thick layer of intermediate 

to slightly opaque optical density with fine substructure followed by a slightly thinner 

layer containing an alternate sequence of two to five opaque and translucent layers”, 

with “each GLG bordered by thin opaque margins” (Perrin and Myrick 1980). Evans et 

al. (2007) also note that because “the definitions of GLGs depend on the interpretation 

of the individual” age estimates are qualitative and subjective. Here several approaches 

were taken to reduce bias. Sections mounted on slides were examined under a 

transmitting light microscope with 40× and 100× magnification, and age estimated by 

counting the GLGs in the dentine.  

 

To ensure consistency and accuracy of readings, GLGs were counted at least 3 times, 

from at least two different sections. In addition, all slides were photographed with a 

macro lens fitted on a Canon 6D, converted into grey scale images, and contrast and 

colour levels adjusted to enhance GLGs. Care was taken to be sure that details were not 

lost nor additional lines introduced. Digital image counts were compared to manual 

counts using a microscope and found to be an improvement. Final counts were based 

on digital images and presented in the results.  

 

3. Results 

 

Based on counts of GLGs, the minimum age of deceased Swan River dolphins ranged 

from 6 to >22 years of age (Table 1; Figures 1-5).  

 

Three of the five individuals had pulp cavities still open (e.g. Zari, Gizmo, and Pirulli), 

consistent with their younger relative ages (ranging from 6-12). Tooth cross sections 

from Pebbles (minimum age estimated at 15 years) and Highnitch (minimum age 

estimated at 22 years) had closed pulp cavities. A pulp stone was present in the 

specimen from Highnitch. Pulp stones are thought to develop more often in association 

with age. 

 

Minimum estimated age using GLGs was comparable to likely minimum possible ages 

based on the date of first sighting, earliest documented age class, and date deceased 

(Table 1).  
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Table 1. Estimated minimum age of Swan Riverpark dolphins based on GLGs (data on first sighting and earliest documented age class provided by Delphine 

Chabanne, Hugh Finn, & Dolphin Watch). 

Estimated Minimum Age 

Specimen 

ID 
Sex 

Number of 

GLGs 

Qualitative assessment 

of clarity of GLGs 

First recorded 

sighting  
Deceased  Earliest documented age class 

Hypothesised age based 

on information available 

Gizmo M 
between  

6 and 7 
High 2011 2015 Independent juvenile in early 2014  Between 6 and 7 

Zari M 
between  

7 and 8 
High 2011 2019 

In 2012 estimated to be 3-4 years, 

independent juvenile in mid-2013 
Between 7 and 8 

Pirulli F 15 High 2009 2016 Recorded as an adult in 2009 > 14 

Pebbles M 27  

Moderate, closure of the 

pulp cavity obscuring 

GLG’s towards the centre 

2009 2018 Recorded as an adult in 2009 > 16 

Highnitch F 28 High 2001 2018 
Recorded as an adult in adult in 

2001 
> 24 
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Figure 1. Cross-section of Gizmo’s tooth, showing GLGs illustrated with black circles. 

 

 
Figure 2. Cross-section of Zari’s tooth, showing GLGs illustrated with black circles. 
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Figure 3. Cross-section of Pirulli’s tooth, showing GLGs illustrated with red circles (note that 

GLGs in the dark area are visible when exposure is increased in post-production photo-editing 

software, but are not visible here). 
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Figure 4. Cross-section of Pebble’s tooth, showing GLGs illustrated with red circles (note that 

GLGs in the dark area are visible when exposure and contrast are increased in post-production 

photo-editing software, but are not visible here). 
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Figure 5. Cross-section of Highnitch’s tooth, showing GLGs illustrated with red circles. 

 

4. Discussion 

 

Overall, the minimum age estimation at mortality of the five dolphins assessed in this 

study fell within the expected ages, based on dates of first sightings and earliest reported 

age classes. The estimated minimum age based on GLG counts for Zari was between 6 

and 7, for Gizmo was between 7 and 8, for Pirulli was 15, for Pebbles was 27 years and 

Highnitch was 28 years old. Only two animals were reaching the age of life expectancy 

for dolphins in the wild – Pebbles and Highnitch. Photos of the process have been taken 

for communications (including social media) purposes. These are presented in the 

Appendix.  

 

The quality of the sections varied as a result of varying decalcification from crown to 

root; with less dense areas sometimes over-decalcified and dense areas under-

decalcified. Good quality sections were identified for all individuals, while a moderate 

quality section was available for Pebbles. Occlusions in the form of a pulp stone in 

Highnitch obscured GLGs by disrupting lamina formation so that GLG’s were no 

longer clearly defined in one tooth. In the sections from this tooth, there were no GLGs 

clearly identifiable within the mineralisation area, which caused interference, and under 



 

10 

  

estimation of the age. Subsequent histology of a second tooth from Highnitch, however, 

resulted in a high-quality section, with no pulp stone, and clearly formed GLGs. Closure 

of the pulp cavity, in Pebbles may have obscured GLGs, which can affect accuracy of 

GLG counts. Consequently, we conclude that those individuals that could be older than 

the minimum age determined here was Pebbles.   

 

Finally, standard protocol to improve estimates are for several observers to blindly 

count GLG’s, and an estimate produced. In this report, only one observer undertook 

counts. For future publication purposes, this double blind counts are recommended. 
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Appendix A. Photos of Histological Process for the Purpose 
of Communications  

 

 

 

 
Figure 6. Decalcification of teeth (top panel) and mounted unstained and stained slides 

(bottom panel). 
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Figure 7. Decalcification of teeth (top left and bottom panels) and mounted unstained and 

stained slides (top right panel). 
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Figure 8. Preparation of stained sections. 

 

 

  
Figure 9. Sections floated in a water bath (left panel) and mounted on slides (right panel). 

 


