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Abstract of Thesis 
 

The Pubic Symphysis as an Age Indicator for Mountain Gorillas 
 

  

Physical Anthropologists and Bioarchaeologists need to determine age at death 

from the human remains they are analyzing to build a biological profile of the individual 

and for population demographics. One of the primary skeletal features employed to 

estimate age in adults is the pubic symphysis, which in humans is known to undergo 

predictable age-related changes in its morphology. However, studies assessing the 

reliability of this method for age determination in non-human primates are rare.  The 

present study utilizes the macroscopic changes in the pubic symphysis to find a viable 

age estimation technique in non-human primates, particularly mountain gorillas.  The 

method is tested in a unique sample of wild primates of documented chronological age – 

mountain gorillas (Gorilla beringei beringei; N=43) recovered postmortem from 

Volcanoes National Park, Rwanda. Based on previously published methods of age 

estimation using the human pubic symphysis, this study puts forth a modified set of 

phases pertaining specifically to the aging patterns of mountain gorillas. The trends 

exhibited by humans and mountain gorillas in respect to the metamorphosis of the pubic 

symphysis are remarkably similar, and the five phases explained in this study closely 

align with previous research on humans. The present study aims to contribute to the 

identification process of unknown mountain gorilla remains and hopes to further critical 

research with this highly endangered species.     
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INTRODUCTION 

Assessing age at death is a crucial component of reconstructing the biological 

profile of unknown human remains, and several different methods have been employed to 

achieve this. When complete remains are discovered, both cranial and postcranial 

methods are typically consulted to ensure the validity of the estimated age at death. The 

most commonly used methods rely on macroscopic/quantitative observations of various 

features based on morphological change over time (Marquez-Grant, 2015). Applicability 

of these methods varies depending on the biological age of the individual (i.e., infant, 

juvenile, adult, etc.). In humans, before the age of 28 years, there are reliable methods to 

determine age at death. Between infancy and approximately 17-20 years of age, dental 

eruption is perhaps the most widely used method for age estimation (Scheuer & Black, 

2002).  Tooth enamel represents the most densely mineralized tissue in the body, making 

it less likely to decompose at the same rate as other soft and hard tissue remains. Also, 

the timing at which teeth emerge past the gingival margin tends to display less variability, 

and is thought the be less sensitive to environment than bone development. These two 

qualities make the dentition a reliable feature for analysis (Alqahtani et al., 2010).  

Another method commonly used by biological anthropologists to assess age at 

death in younger individuals is epiphyseal fusion. The long bone epiphyses close at 

systematic rates, providing physical anthropologists with reliable estimates for age at 

death. The last epiphysis to close in humans is the medial clavicular, closing between 22 

and 28 years (Brooks, 1955). After the closure of the medial clavicular epiphysis, other 

skeletal methods based on wear and remodeling must be used to determine age at death.   
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Examining arthritic changes in the bones of adult remains is a very commonly 

used method to determine age at death; arthritic changes do follow an organized 

progression, but this approach is not as reliable as other methods. In young and healthy 

bone, bone deposition approximates bone absorption, resulting in a stasis in bone density.  

However, articulation sites as well as epiphyses exhibit ‘wear and tear’ over time, 

resulting in increased deposition of bone tissue (Tersigni-Tarrant & Zachow, 2010). This 

imbalance can cause degenerative changes such as arthritis and bony growths that are 

useful for determining age at death.  

Other common features used for adult age estimation in humans are the sternal 

end of ribs, the auricular surface of the illium, and the pubic symphysis (Marquez-Grant, 

2015).  Iscan et al. (1984) have reported on use of sternal rib 4th and 5th, visually 

identifying changes in the rims due to calcification of the costal cartilages. The technique 

for age estimation on the auricular surface of the illium was first introduced by Lovejoy 

et al. (1985), and has been more recently modified by Buckberry & Chamberlain (2002). 

The method involves macroscopic observations of the porotic and remodeling changes on 

the auricular surface as an individual ages (Lovejoy et al. 1985, Buckberry & 

Chamberlain, 2002). However, the os pubis is perhaps the most commonly-used element 

for bioanthropological practice and forensic identification. In a 2012 study focusing on 

preferred methods of determining age at death, 78% of respondents marked the pubic 

symphysis as their most preferred method for identifying adult human remains. (Garvin 

et al., 2012). 
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  Figure 1: The human pelvis  

The pubic symphysis is the surface of the pubis where it is joined by cartilage to 

the opposite pubic surface. It is a secondary cartilaginous joint (a joint made of hyaline 

cartilage and fibrocartilage). The symphyseal surface demonstrates metamorphosis by 

boney breakdown and remodeling, making it a skeletal feature ideal for age estimation 

(Al-Salihi et al., 2002).    

Literature Review  

Todd (1920) was the first to publish on pubic symphysis features using a series of 

different age ranges. He identified that the pubic symphysis exhibited systematic changes 

in its morphology throughout life, and that this metamorphosis showed a definable age-

related progression which he categorized into ten phases spanning from 18-50 years of 

age (Todd 1920). The general pattern that he describes is the presence of furrows in the 

youngest adults, the beginnings of dorsal margin formation and ventral beveling, 

formation of a dorsal rim, and eventually erosion of these features leaving an erratic 

symphyseal face in the oldest adults. Todd (1920) based his phases on the Western 

Reserve University Collection, now known as the Hamann-Todd Osteological Collection, 

housed at the Cleveland Museum of Natural History. Although his method is widely 

accepted, some researchers have raised critiques on the grounds that Todd (1920) 
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excluded from his sample individuals that did not fit into his phases (Gillett, 1991, 

Brooks, 1955, Katz & Suchey, 1986). His phases and associated descriptions are 

provided in Appendix A.   

In 1955, Brooks published a re-evaluation of the Todd (1920) method. Her overall 

assessment of his method found that it had some serious shortcomings when applied to 

different human populations. She also argued that his method often yielded higher than 

actual ages and she criticized his deletion of specimens that didn’t fit into his phases 

(Brooks, 1955). However, she did acknowledge the usefulness of using the pubis as an 

age indicator and would eventually create a revised method.  

Subsequent to Brook’s (1955) critique, McKern & Stewart (1957) created a new 

set of phases to address some of the shortcomings of Todd’s (1920) methods (Singh et 

al., 2013).  This new technique consists of a three-component system that highlights three 

specific features of the pubic symphysis: the dorsal plateau, the ventral rampart, and the 

symphyseal rim (McKern & Stewart, 1957).  According to some, their method is easier 

and more accurate than Todd’s (1920) method because the scoring system eliminates a 

subjective bias in the interpretation of the bone metamorphosis (Singh et al., 2013). 

However, regardless of their scoring system, the method is still based on the same 

features and progression as Todd’s (1920) method. These phases and associated 

descriptions of McKern & Stewart (1957) can be found in Appendix A.    

In 1978, Hanihara and Suzuki developed another pubic symphyseal aging method 

that incorporates a multivariate statistical approach. Their model features stages for seven 

morphological features of the pubic symphysis. Once a score is obtained for each feature, 

this multivariate dataset is used to determine age at death (Lungmus, 2009). Meindl et al 
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(1985) noted that the accuracy was generally better than that of other component systems 

in the 20 to 40-year age range, although many researchers opt for methods with less 

statistical influence (Garvin & Passalacqua, 2011). Hanihara and Suzuki’s (1978) method 

is provided in Appendix A.  

Katz and Suchey (1986) employed the largest and most diverse human sample 

from the Los Angeles Medical Examiner cases to produce their stages of age changes in 

pubic symphyseal aging, consisting of six phases. In a survey of anthropologists that 

utilize the pubic symphysis to determine age at death, 95.3% follow the Suchey-Brooks 

method. The second most popular method is that of Todd (1920), with only 27.9% of 

researchers preferring it (Garvin & Passalacqua, 2011). One reason that Suchey-Brooks is 

often preferred over Todd’s is due to the consolidated phases. The Suchey-Brooks 

method collapses the ten phases of the Todd method into six phases, making the 

association of features to age much simpler (Katz & Suchey, 1986). The Suchey-Brooks 

method can be found in Appendix A.      

Lungmus (2009) tested these four methods, along with a couple others, for 

accuracy using a known-aged sample of 396 individuals randomly selected from the 

William M. Bass (WMB) Donated Skeletal Collection housed at The University of 

Tennessee, Knoxville. Her results indicate that the Todd (1920) method yields the most 

accurate results, and the McKern-Stewart (1957) method results in the highest levels of 

inaccuracy. See Table 1 below.   
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Table 1: Aging method inaccuracy in years 
   

 

 

 

 

 

Present Research 

  In recent years, researchers have come across situations that mandate a similar 

aging technique in cases of non-human primates. Thus far, there has been no application 

of pubic symphyseal aging techniques to any species except humans. Mountain gorillas 

provide both an opportunity and a reason for such a methodological test, given the 

availability of skeletal samples derived from well-documented individuals of known 

chronological age. Mountain gorillas (Gorilla beringei beringei) are currently divided 

into two populations, the Virunga Volcanoes of Rwanda, Uganda and Democratic 

Republic of Congo, and the Bwindi Impenetrable National Park in Uganda, respectively 

(Robbins et al., 2005).  In Rwanda, Dian 

Fossey established The Karisoke Research 

Center (now called the Dian Fossey Gorilla 

Fund International’s Karisoke Research 

Center, DFGFI), named after the two closest 

volcanoes, Karisimbi and Visoke (Fossey, 

1983; Robbins et al., 2005), where she initiated                    Figure 2: Virunga Mountains 
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long-term observational monitoring of individually-recognized gorillas from habituated 

study groups in Volcanoes National Park.         

Fossey spent her career studying and living in close quarters to the mountain 

gorillas. Her book, Gorillas in the Mist, chronicles her time spent with the gorillas and 

her observations about their lives, and her opinions on conservation efforts (Fossey, 

1983). Today, roughly 70% of the Virunga mountain gorilla population is habituated, 

monitored in Rwanda for both research and tourism purposes by the Rwanda national 

parks authority (Rwanda Development Board’s Department of Tourism and 

Conservation), DFGFI and the Mountain Gorilla Veterinary Project. Skeletons derived 

from members of this population have also accumulated naturally in recent decades 

(MGSP, McFarlin et al. 2009). 

 Due to the endangered nature of this species, an accurate method for estimating 

the ages of unhabituated gorillas can provide valuable data for efforts to monitor the 

demographics and health of this population.  With the creation of a gorilla-based pubic 

symphyseal aging technique, this research attempts to provide a viable method for age 

assessment in mountain gorillas. 

 

MATERIALS AND METHODS  

To create a method of age estimation of adult mountain gorillas focused on the 

pubic symphysis, chronological ages must be known for all specimens. The Mountain 

Gorilla Skeletal Project (MGSP, McFarlin et al. 2009) has recovered the skeletal remains 

of mountain gorillas who have died since the mid-1990s in Volcanoes National Park, 

Rwanda.  To date, the MGSP has curated skeletons from 147 individuals, 55% of which 
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have known identities and were observed throughout their lifetime.  Thus, age at death is 

known for many individuals in the collection, often to the exact day. For the sample used 

in this study, age and sex of all individuals were known to the exact day, as they had been 

observed since birth, with five exceptions. (Table 2). One female aged 30.10 years was 

assigned a birth error of +/- 15 days, a female aged at 36.85 years was assigned a birth 

error of +/- 2 years, a female aged at 38.31 years was assigned a birth error of +/- 15 

days, a female aged at 38.32 years was assigned a birth error of +/- 15 days and a  

female aged at 42.07 years was assigned a birth error of +/- 4 years.  Two individuals, 

Pablo and Papoose, were found dead at an advanced stage of decomposition; their 

identities were determined based on field 

reports (e.g., dates of last appearance in the 

group compared to the date of carcass 

recovery), and the fact that their carcasses 

were recovered within the range area of 

their social groups. 

 

 

 

Table 2:  Sample of mountain gorilla 

individuals examined in the current study. 
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 The current study sample includes 28 individuals of known identity, spanning in 

chronological age from 8.61 to an estimated 43 years. Fifteen individuals were known 

males and the remaining thirteen individuals were known females. The individuals used 

for this study died while in the Virunga Mountains, and were buried shortly after death.  

Techniques for characterizing the pubic symphyseal surface using molding or 

impression techniques may be destructive on such porous surfaces, particularly for fragile 

specimens, so photographs were taken of each individual instead. Standard digital 

photographs were collected using a Nikon D810 camera with a 70-200mm lens. 

Photographs were collected from ventral and medial views. See Appendix B for 

photographs. Due to the very limited sample size, males and females were not 

differentiated for the purposes of this study, although it should be noted that in human 

populations, females exhibit more variability than males (Katz & Suchey, 1986, Singh et 

al., 2013). Also, although the right side was typically photographed, a few of the 

specimens were represented by the left pubis. However, according to Hens et al (2008), 

there is no significant side difference for the human male and female pubic symphyses, 

and this research operates under the assumption that the same is true for mountain 

gorillas.   

 Following the methodology of Todd (1920), the high-resolution photographs were 

printed on photo paper and arranged in order by chronological age. Based on trends in 

humans, the photos were studied for age-related patterns based on the features used in 

human pubic symphyses: (1) ridges and furrows, (2) dorsal margin, (3) upper extremity, 

(4) lower extremity, (5) symphyseal rim. Ridges and furrows can be recognized as 

horizontal grooves along the symphyseal face. The dorsal margin is a border on the 
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dorsal side of the face. Upper and lower extremities can be identified by slight borders on 

the superior and inferior portions of the symphyseal face. The symphyseal rim is a border 

that completely surrounds the entire face. Once the morphological characteristics of the 

features were identified (based on previously published illustrations and descriptions i.e. 

Suchey-Brooks (1990)) for each individual, they were arranged into five phases based on 

similar features. Five phases were created (as opposed to more or less) because that is the 

amount of stages that were visibly distinguishable based on macroscopic features on the 

symphyseal face.  

 Chronological ages of the individuals were rounded to the nearest whole number. 

Published human methods start at age 18 years, defined as the end of the subadult phase.  

Since mountain gorillas develop more rapidly and reach adulthood earlier than humans 

(Galbany et al. 2017), the chronological age of 8 years was used in the current study. 

According to Williamson & Gerald-Steklis (2001), mountain gorilla females are 

considered reproductively mature at eight years of age. This age also marks the end of the 

subadult phase for males. The final phase includes individuals aged 30 years and older.  

This was due to: a limited sample size; the fact that mountain gorillas rarely live past 40 

(Robbins et al., 2005); and that it is common in older gorilla adults that the pelvic girdle 

fuses together at the pubic symphyses and sacro-iliac joint, making the feature unusable.   

 

RESULTS 

The final number of individuals that could be included into the five phases is 19. 

Of the 28 individuals in the sample, 8 were excluded because the pelvis was partially or 

fully fused, making the pubic symphysis not visually assessable (GP.190, GP.149, 
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GP.143, GP.121, GP.130, GP.117, GP.131, GP.078). This fusion is common with older 

individuals. One more individual was ruled out due to erosion of the symphyseal face 

(GP.038) - thus leaving 19 suitable specimens. See Appendix C for the associated table of 

individuals, and Appendix B for the photos.  

 

Table 3: Age Distribution by Sex 

 

The resulting phases are as follows (see Appendix B for pictures): 

Phase 1 (8-13 years) 

Symphyseal face exhibits a strong billowing pattern with many horizontal ridges and 

furrows. There is no evidence of a dorsal margin and there are no clear borders or upper 

and lower extremities. This phase is comprised of GP.147, GP.038, GP.167, GP.033.  

Phase 2 (14-19 years) 

The symphyseal face may still demonstrate a billowing pattern, but the ridges and 

furrows have begun to be replaced by more smooth bone.  The borders are no longer 
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unclear. A dorsal margin is beginning to form. There is still no presence of an upper or 

lower extremity. The individuals in this phase are GP.045, GP.216, and GP.210.   

Phase 3 (20-24) 

The face of the symphysis is flat with microgranular bone, no ridge and furrow system is 

present. The dorsal margin is completely formed. There is a complete, or nearly 

complete, oval symphyseal rim with a slight depression of the face. The specimens that 

conform to this phase are GP.148, GP.200, GP.026, GP.176, GP.190, and GP.139.   

Phase 4 (25-29)  

There is a partial or complete breakdown of the symphyseal rim. There may still be 

remnants of an upper extremity, but the rim is mostly eroded. The bone may start to 

appear irregular and more macroporosity can be found. The individuals that make up this 

phase are GP.191, GP.150, GP.211, GP.204.   

Phase 5 (30+) 

The face will start to develop an irregular shape. The face displays a breakdown of bone, 

as evidenced by porosity, with an unorganized appearance. This phase is made up of 

GP.153, GP.124, GP.116, and GP.134.  

 

PHASE AGE RANGE  ACTUAL AGE 

RANGE 

MEAN AGE 

1 8-13 8.61 - 12.71 10.40 

2 14-19 14.94 – 18.98  17.12 

3 20-24 19.79 – 24.26 20.71 

4 25-29 24.53 – 27.48 24.69 

5 30+ 30.10 - 43 35.56 

Table 4: Percentage of sample in each phase 
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DISCUSSION 

Overall, the pubic symphyses of mountain gorillas exhibit a very similar aging 

pattern to humans.  The younger aged individuals exhibit a billowing surface comprised 

of ridges and furrows, leading to the development of a dorsal margin, followed by a full 

faced symphyseal rim, which soon leads to breakdown of the margins and an overall 

irregular face in older adults. The first phase is distinct from the rest because of the strong 

and deep furrows that are not seen in any other phase. Also, the borders are very jagged 

and undeveloped. The second phase was differentiated from the first primarily due to the 

apparent reduction of the furrows on the symphyseal face. Also, the borders are no longer 

jagged and undefined. GP.216 and GP.210 show an interesting resorption type trend 

where the furrows are being enclosed by smoother bone. GP.045 was a bit of an anomaly 

among other phase two individuals due to its lack of any remnants of furrows. However, 

according to Todd (1920), individual deviations, especially pertaining to advanced 

skeletal remodeling, are somewhat common. The third phase is the most distinguishable 
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of the five phases in this method. It is the only phase that includes individuals with a 

complete oval rim around the face. Aside from GP.026, who is missing the lower 

extremity of the rim (potentially from postmortem damage), the rest of the individuals in 

this phase have a fairly obvious and complete rim. The fourth phase was discernible from 

the third due to the breakdown of this complete rim around the symphyseal face. There 

are still remnants of a margin but there is no rim that completely surrounds/encircles the 

face. The fifth phase was potentially the most difficult to identify. There are 11 total 

individuals in the 30+year age category for this sample. However, due to the fusion of the 

pelves, only 4 out of the 11 could be consulted for this phase. The major feature of this 

phase, similar to the last phase in the human methods, is the irregularity of the bone. 

More specimens would be needed to further define this phase, and to possibly separate it 

into more than one age group. It should be noted that fused pubic symphyses and sacro-

iliac joints are evidence for older age, only being seen in earlier ages when there has been 

trauma (fractures).    

 

Limitations & Future Studies 

There are several limitations to this study – (1) though unparalleled for wild great 

ape samples, the study sample of known-aged individuals is nonetheless small; (2) the 

use of photographs only (due to time constraints) for assessment of surface morphology 

of the pubic symphyses has been a challenge. It was helpful that there were at least ten 

photographs taken in association with each individual, making inspection of the 

symphyseal surface possible from all angles of the bone. And (3) the lack of reported 

literature on gorilla skeletal aging dynamics. There is essentially no reporting of ageing 
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observations on gorillas, other than zoo specimens, which don’t reflect the species in the 

wild. The Karisoke collection is unique in the fact of having known information 

concerning the life, activities and death of these glorious creatures.   

Future studies should use new individuals to test the phases that are introduced 

here. As new gorilla skeletons are exhumed in Rwanda, the pubic symphyses should be 

photographed and compared to this method. Including more individuals in the study will 

help refine the phases identified here, and test the accuracy of the method that has been 

presented in this study. Future studies (with larger sample sizes) should also consider 

evaluating whether males and females exhibit different aging-related changes in the 

morphology of the pubic symphysis. This research also sheds a light on forensic 

approaches to the study of non-human primates. Hopefully, future studies will engage 

more with the application of other bioanthropological non-metric and metric methods on 

non-human primates, such as other aging methods and sexing techniques.      

 

Other Aging Methods   

 It is noteworthy to point out that The Buckberry-Chamberlain (2002) method for 

aging a skeleton using the auricular surface of the ilium was also attempted on this 

sample.  Similar to the pubic symphysis, the auricular surface also demonstrates age-

related changes. The most common features associated with this aging technique are 

transverse organization, microporosity, macroporosity, surface texture, and apical 

changes (Buckberry & Chamberlain, 2002). In a preliminary assessment of the auricular 

surface of 43 individual mountain gorillas from this sample, changes do appear to occur 
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in the morphology of the auricular surface.  However, a consistent age-related pattern 

could not be discerned. 

CONCLUSION 

 Adapting widely-accepted methods that use the human pubic symphysis as an 

indicator for age estimation (Todd (1920), McKern & Stuart (1957), Hanihara & Suzuki 

(1978), Suchey-Brooks (1990)), this study identified a similar pattern of consistent age-

related changes in the morphology of the pubic symphysis of wild mountain gorillas. The 

new method developed here distinguishes five stages of pubic symphsyseal changes 

across the adult lifespan of mountain gorillas aged 8-43 years.  While the sample size 

studied here was small out of necessity, this research nonetheless makes a unique and 

valuable contribution. Despite the recent rebound of mountain gorillas due to 

conservation efforts (Robbins et al., 2011), and the reports of recent censuses 

demonstrating continued population growth (Vigilant et al. 2014), the species is still 

considered “critically endangered” (IUCN ‘Red List of Threatened Species’, 2018). This 

study provides a method for estimating age at death of adult mountain gorillas from their 

skeletal remains. This information can be used to confirm the individual identity of 

mountain gorilla remains derived from habituated groups that are subject to research 

and/or monitoring efforts.  For unhabituated gorillas, this information can help 

researchers learn more about the life and death of mountain gorillas, population 

demography, and can contribute in other ways to understanding the biology of these 

critically endangered apes. 
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APPENDIX B  
 
Phase 1 (8-13 years) 
Symphyseal face exhibits a strong billowing pattern with many horizontal ridges and 
furrows. There is no evidence of a dorsal margin and there are no clear borders or upper 
and lower extremities.  
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Phase 2 (14-19 years) 
The symphyseal face may still demonstrate a billowing pattern, but the ridges and 
furrows have begun to be replaced by more smooth bone.  The borders are no longer 
unclear. A dorsal margin is beginning to form. There is still no presence of an upper or 
lower extremity.  
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Phase 3 (20-24) 
The face of the symphysis is flat with microgranular bone, no ridge and furrow system is 
present. The dorsal margin is completely formed. There is a complete, or nearly 
complete, oval symphyseal rim with a slight depression of the face. 
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Phase 4 (25-29)  
There is a partial or complete breakdown of the symphyseal rim. There may still be 
remnants of an upper extremity, but the rim is mostly eroded. The bone may start to 
appear irregular and more macroporosity can be found.  
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Phase 5 (30+) 
The face will start to develop an irregular shape. The face displays a breakdown of bone, 
as evidenced by porosity, with an unorganized appearance.  


