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ABSTRACT 

Austronesians are a genetically-related people, recognized by the similarities in their 

languages, and with a shared past evidenced by material culture. Research into the origin and 

migration route of Austronesians has progressed through the disciplines of Linguistics, 

Archaeology, and Genetics. Out of Taiwan is currently the dominant theory with strong 

evidence from the three disciplines involved. Consequentially, the Philippines is the first stop 

of the migrating Austronesians, and therefore the closest link to the homeland in Taiwan 

linguistically, archaeologically, and genetically. The archaeological approach to understand the 

Austronesian diaspora has been tracing material culture like nephrite and ceramics. However, 

rock art as a traceable material culture has been underutilized, especially in places like the 

Philippines where the rock art is relatively unknown and lacks research. The two rock art styles 

that have been identified in Borneo, East Timor, and Southwest Pacific and have been linked 

to Austronesians are the Austronesian Painting Tradition (APT) and the Austronesian 

Engraving Style (AES). The aim of this research has been to test the validity of APT and AES in 

the Philippines. 

An inventory of rock art of the Philippines was needed to enable descriptions and comparisons 

with the region. This was achieved through low-cost 3D modelling using Structure-from-

Motion (SfM) photogrammetry. However, the physical and socio-economic environment in 

the Philippines makes rock art research a difficult undertaking. One of the challenges of 

studying Philippine rock art was the geological condition obfuscating the rock art at some of 

the sites. Remote sensing techniques were used during this research to address the issue. 

Specifically, an innovative method of combining SfM and GIS (Geographic Information 

Systems) algorithms was developed so that obscure engraved rock art was made clearly 

visible. Being able to properly identify the rock art allowed for a more accurate inventory, 

thereby increasing the reliability of the interpretations. 

There are 22 verified rock art sites in the Philippines and seven areas with alleged sites. Of the 

verified sites, four have engravings, 16 have black figures, and two have predominantly orange 

figures. Four of the sites (three engraving and one painting site) were completely recorded 

with 3D models which resulted in spatially-linked databases of the three engraving sites. All 

other sites were described from past publications, museum reports, and empirical 

observations. By compiling the rock art in an inventory and comparing the inventory to the 

prescribed qualities of APT and AES, it is evident that APT and AES are not descriptive of 

Philippine rock art. Furthermore, primary sources of Taiwanese rock art reveal that it is highly 
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unlikely APT originated in Taiwan since there is no known painted rock art on the island. 

Although the Taiwanese engraved rock art matches the description of AES and could therefore 

originate in Taiwan, it is inconclusive because the description of AES is too generic. 

A systematic quantitative literature review of the rock art of Southeast Asia and Micronesia 

was compiled to ascertain the amount of research conducted and to compare the inventory 

of the Philippines with the rock art of the region. For example, parallels in anthropomorphic 

depictions are found within the Philippines and between the Philippines and the region. Aside 

from determining similarities, conspicuous absences in motifs and styles were also noted, such 

as hand stencils and painted boats. An example of the unique aspect of Philippine rock art is 

the textured vulva-forms of Alab because they are not similar to the few other examples of 

engraved vulva-forms in Southeast Asia. In addition, a summary of Micronesian rock art is 

provided which might be the first for the region. Micronesian rock art potentially has 

information of an Austronesian style of rock art. The first colonizers of Micronesia were 

Austronesians and they remained the sole inhabitants for millennia on some islands until 

European contact in the 16th century, making the rock art found in Micronesia very likely 

Austronesian. 

Cost-effective techniques were emphasized throughout the research, not just as an efficient 

way to conduct this particular research but also to encourage the continuity of the research 

into Philippine rock art. Beyond the Philippines, the methods are relevant to any rock art 

research on a limited budget, which is typical of most rock art projects. It should be noted that 

the methods employed, while low-cost, were still state-of-the-art for rock art recording. With 

a baseline of the current conditions of the rock art sites, a longitudinal study can be organised 

for the quantitative monitoring of change. In addition to answering archaeological questions, 

the inventory can be used to develop conservation plans and influence government policies.  
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Chapter 1: Introduction 
A world map with what is known as the ‘Valeriepieris circle’ exposed that more than half of the 

global human population lives within a 4,000 km radius in Asia (verified by Dewey 2013, Quah 

2015), which includes the Philippines and most of Southeast Asia (Figure 1.1). Issues affecting a 

major group of people within this circle concern, either directly or by proximity, the majority of 

the world population today. However, the amount of research conducted within the 

Valeriepieris circle, specifically on migration theory and rock art, is not commensurate with the 

amount of people affected. Therefore, this research attempts to alleviate that discrepancy by 

exposing the rock art of the Philippines and using it to address archaeological questions of 

human migration. 

‘All you guys outside the circle are just playing a sidegame.’ –Ken Myers (2013), humorous 

comment he posted on his viral Valeriepieris circle map. 

 

Figure 1.1 Original map posted on Reddit by Ken Myer (2013), who observed that majority of the world’s 
population was concentrated in Asia. The map is known as the Valeriepieris circle and has been viewed by millions 
of people worldwide. 

Rock art and Austronesian migration theory 
The majority of the current population in Southeast Asia is Austronesian. The Austronesians 

were first identified by a shared language family and present-day speakers are dispersed as far 

west as Madagascar, east to Easter Islands, south to New Zealand, and north to Taiwan and 
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Hawai’i. It was the most widespread pre-colonial modern hominid population expansion on the 

planet associated with unprecedented seafaring achievements. However, there is an ongoing 

debate as to the origin and migration routes of these maritime people.  

The major disciplines involved in the discourse are Linguisitics, Archaeology, and Genetics. The 

salient positions of each will be discussed in Chapter 2: Austronesian Context. At present, the 

dominant theory, championed by archaeologist Peter Bellwood and linguist Robert Blust, is that 

Austronesians originated in Taiwan and migrated south through the Philippines to the rest of 

present-day Austronesian-speaking lands as opposed to the theory that Austronesians 

originated somewhere in Southeast Asia, either in the mainland, the islands, or the now 

submerged Sunda shelf, before spreading across oceans. 

Despite being so densely populated, Southeast Asia is one of the least researched regions of the 

world for rock art (Taçon and Tan 2012, Taçon et al. 2014). However, the region is rapidly gaining 

prominence in terms of rock art since the oldest hand stencil and the oldest figurative rock 

painting of an animal made by modern humans have been found in Sulawesi, Indonesia (Aubert 

et al. 2014). These minimally date to about 40,000 years and 36,000 years ago, respectively. 

Also in Java, Indonesia, the oldest geometric engraving was found on a shell made by a Homo 

erectus individual over 400,000 years ago, forcing a reassessment of the definition of modern 

cognition (Joordens et al. 2014). Those dates far exceed the range of Austronesians, who are 

believed to have expanded out of Taiwan circa 6,000 years ago (Bellwood and Dizon 2005). 

Rock art is an anthropogenic marking on or in rock. It is either subtractive (e.g. engraving) or 

additive (e.g. painting) on an intentionally in situ rock surface. Some rock art may be considered 

non-utilitarian but it has been argued that rock art is ‘essential to human adaptation and the 

product of the behaviour is an instrument in the reproduction of society’ (Boyd 2003:7). A key 

aspect of rock art is that the artists intended their rock art to be in a fixed landscape context 

(e.g. cave, rockshelter, outcrop, or boulder), however, natural or human intervention may have 

dislodged the rock art from its original context. The in situ characteristic of rock art 

differentiates it from portable art. 

Other rock art researchers distinguish between paintings and drawings, with the former often 

having a binder and applied ‘wet’ while the latter does not have a binder and was applied ‘dry’. 

However, throughout the rock art literature of the region, which includes Southeast Asia, 

Taiwan, Hong Kong, and Micronesia, rock art has been misclassified at times or an outdated 

definition was used. For simplicity and clarity throughout this thesis, all additive rock art is 
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classified as ‘paintings’ or ‘pictograms’ and all subtractive rock art is classified as ‘engravings’ or 

‘petroglyphs’. Likewise, the paintings are generally described and statistically analysed by their 

colour and not possible material. 

There are more painted sites than engraved sites in the region and red is the predominant 

colour followed by black and white. Zoomorphs and anthropomorphs are the dominant motifs 

in both paintings and engravings, though there are also geometrics, material culture, boats, 

abstract designs, scenes, botanics, and inscriptions. In Southeast Asia, specific to paintings are 

hand stencils (but some people classify them as a separate rock art technique) and specific to 

engravings are faces, foot prints, vulva-forms, and crosses. 

Rock art has been an unexploited archaeological resource for understanding Austronesian 

migration until the recent efforts of Hoerman (2016a), Tan (2016a), and O’Connor (2015). Tan 

(2016a) outlined the geographic boundaries of the rock art theories while Hoerman (2016a) and 

O’Connor (2015) tested the validity of the two rock art theories relating to Austronesians in 

discrete Southeast Asian contexts. The first rock art theory was of an Austronesian Engraving 

Style (AES) described by Specht (1979) in the western Pacific and the second theory was an 

Austronesian Painting Tradition (APT) postulated by Ballard (1988, 1992) in Indonesia. These 

rock art theories will be discussed in detail in the first section of Chapter 3: Theory and Methods. 

The rock art of the Philippines will be tested against these theories to determine their validity 

in the Philippine context. 

The significance of the Philippines in the Austronesian context is that if the theory of Taiwan as 

the genesis of Austronesian expansion is accurate, the Philippines is the first stop after leaving 

Taiwan (Bellwood and Dizon 2013). If AES and APT are indeed Austronesian styles, is there any 

evidence of the styles in the rock art of the Philippines? The implications are a possible link of 

rock art as a traceable material culture all the way to Taiwan. However, if these styles are not 

found in the Philippines perhaps their absence is an indication that AES and APT are local 

evolutions and not widespread styles of rock art or that the genesis of the rock art styles is not 

shared with the first dispersing Austronesians from Taiwan but originates elsewhere. What 

makes this research even more pertinent is that the rock art of Taiwan is even less known than 

that of the Philippines and the rate of its disappearance is as yet undetermined.  

The dearth of research on Philippine rock art has not previously allowed a proper assessment. 

Until now the rock art of the Philippines has been relatively unknown (Taçon and Tan 2012, Tan 

2014a). Aside from The Tinge of Red: Prehistory of Art in the Philippines (2000) by Jesus T. 
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Peralta, a condensed booklet, the rock art of the Philippines has not been comprehensively 

studied, neither as a particular body of rock art nor in relation to the rock art of the region. 

Therefore, one of the aims of this research is to describe the rock art of the Philippines in detail 

to address the lack of inventory. The rock art of other parts of Southeast Asia have been used 

to validate theories on Austronesian migration (e.g. see Hoerman 2016a) in contrast to the rock 

art of the Philippines which has not been used to address archaeological questions and theory. 

The physical environment and peopling of the Philippines is introduced in Chapter 4: The 

Philippine Context. A background on the Philippines is helpful to understand the context of the 

rock art and the potential artists. Understanding the cultural and natural landscapes is essential 

to interpreting the art within its context. It is also useful for appreciating the limitations of 

undertaking fieldwork in the Philippines. Another aim of this research was to ascertain if the 

rock art is Austronesian. As some of the rock art is associated with indigenous people, who could 

be Austronesian or Negrito, establishing a baseline measure of when they migrated to the 

Philippines is important to determine if the APT and AES theories apply to the Philippines. 

Understanding the context of the rock art allows for theorising of its purpose and techniques in 

which the artist created the work—it cannot be created or found in a cultural vacuum.  

As a result of this research, 22 rock art sites have been verified in the Philippines either through 

peer-reviewed publication, National Museum of the Philippines reports, or site visits and 

discovery. Of the 22 rock art sites, 18 of them are painting sites and 4 are engraving sites. The 

18 painting sites are on 4 different islands, and 16 of the sites have black figures while 1 site has 

red figures and the remaining site has red, purple, and orange paint. The paintings are generally 

abstract designs, geometric, anthropomorphic, and possibly zoomorphic. Three of the 

engraving sites are on the same island and are dominated by geometrics and vulva-forms, 

though in one of the sites those motifs have been altered to anthropomorphs. In addition to 

those sites, at least 7 areas allegedly have rock art. The verified and alleged rock art sites are 

described in detail in Chapter 5: The Rock Art of the Philippines. 

After the inventory of the rock art in the Philippines was compiled, it allowed a comparison with 

the rock art of the region. The inventory provided a basis of comparison between motifs and 

techniques, which was a more effective tool for comparing rock art than using previous 

descriptions. The result of this comparative tool is the contribution of Philippine rock art to the 

discourse of Austronesian migration theory. A systematic quantitative literature review (SQLR) 

of the rock art of the region was conducted to analyse the rock art of the region and offer a 

basis for comparison. Chapter 6: Comparison of Philippine Rock Art with Southeast Asia and 
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Micronesia provides a discussion using the data from the SQLR and the inventory of rock art of 

the Philippines to ascertain similarities and differences. The inventory is unique for rock art of 

the Philippines and obtaining the necessary data required pioneering new methods. 

Innovative methods 
The Philippines is an archipelago of 7,641 islands stretched over an area of approximately 1,850 

km by 1,050 km. The few known rock art sites are spread out on various islands or different 

parts of the same island. As a result, conducting fieldwork at the different rock art sites around 

the country can be expensive and time-consuming.  

As a developing country, funding for archaeological research in the Philippines is meagre. 

Economic crises resulted in the reduction of local archaeological research and consequently 

foreign-subsidized projects dominated the archaeology (Ronquillo 2003). In the interest of 

ensuring both the relevance and potential for continuity of the research in the Philippines, my 

focus was on developing low-cost yet state of the art solutions for documenting and analysing 

rock art.  

I was exposed to Structure-from-Motion (SfM) photogrammetry modelling in 2011, while 

working with Mark Willis on recording the rock art of Palau (Willis and Jalandoni 2011). Mark 

Willis, a recognized emerging technology innovator, was the first to use SfM to create 3D 

models before the advent of integrated software (e.g. Agisoft™ Photosan, Pix4D). Structure-

from-Motion photogrammetry, especially with the usability of Agisoft™ Photoscan™, was a 

cost-effective technique for recording and creating a baseline of Philippine rock art. However, 

to prove the effectiveness and reliability of low-cost SfM for recording rock art, the models were 

first demonstrated to be visually and metrically accurate (Jalandoni et al. 2018, Appendix A). 

 My research and investigations were directed at developing innovative technologies to better 

understand the rock art and extend the capabilities for studying rock art in extreme 

environments. The condition of some of the rock art sites in the Philippines necessitated the 

development of new techniques to enhance the obfuscated rock art. By recognizing the 

potential of rock art as micro-topography, engravings were enhanced using SfM 

photogrammetry and Geographic Information Systems (GIS) (Jalandoni and Kottermair in press, 

Appendix B). In addition, GIS was used to trace rock art in a new way that led to a valuable 

spatially-linked database. The spatially-linked database was statistically analysed to create the 

inventory of rock art per site and to demonstrate the potential for the quantitative analysis. The 

SfM and GIS methods are extensively explained in Chapter 3, and the results are visible in 
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Chapter 5. Furthermore, the implications and research potential for automatic detection and 

automatic tracing are discussed in Chapter 7: 3D Models and Modelling for Rock Art 

Conservation. 

Relevance 
The methods used and developed during this research are not limited to the study of Philippine 

rock art. Their practicality is suitable for numerous other contexts, especially for obfuscated 

engravings and inadequately-funded rock art research projects. Furthermore, the applications 

extend beyond rock art and can be used for archaeological documentation in general and 

enhancement of anthropogenic markings on most material (e. g. cut marks on bones or shells, 

eroded designs on ceramics). 

The significant findings of this thesis are summarised in Chapter 8: Conclusion. While it is the 

culmination of my research on the contribution of Philippine rock art to the discourse of 

Austronesian migration, it is not the end of rock art studies in the Philippines and Micronesia 

but the beginning. 
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Chapter 2: The Austronesian Context 

Introduction 
This chapter sets the Philippines in a broader regional context of the Austronesian diaspora. Far 

from attempting a comprehensive account of the Austronesian diaspora, the Austronesian 

debates most relevant to the study of Philippine rock art are selectively discussed. I have 

summarized the positions and included the most recent arguments from the three major 

disciplines involved, namely linguistics, archaeology and genetics. The disciplines are discussed 

in the order of when they joined the Austronesian discussion, which does not reflect the 

significance of the contribution. Most archaeological contributions from the Philippines will be 

discussed in Chapter 4: The Context of the Philippines. 

The Austronesian context is important up front because the discussion in Chapter 3: Theoretical 

Framework and Methods about rock art theories, Austronesian Painting Tradition and 

Austronesian Engraving Style, is rooted in an understanding of this group of people. The 

migratory route might also provide insight into the relationship of the rock art of the Philippines 

with that of Island Southeast Asia and the Pacific (see Chapters 5 and 6). It might also influence 

the interpretation of the art and reveal a geospatial aspect of Philippine rock art summarized in 

later chapters. 

What is Austronesian? 
The word ‘Austronesian’ comes from the Latin australis (southern) + Greek nēsos (island). It is 

originally a linguistic term. The Austronesian language is the most widespread pre-colonial 

language family with a distribution extending from Madagascar to Easter Island west to east, 

north to Taiwan and Hawai’i, and south to New Zealand (Bellwood 1995, Pawley and Ross 1993, 

see Figure 2.1). There are presently over 1200 distinct Austronesian languages spoken by more 

than 380 million people worldwide (Blust 2011, Greenhill et al. 2008, Simanjuntak et al. 2006). 

The Austronesian-speaking people are credited with being the first to break the remote Oceania 

barrier and colonize the eastern islands of the Pacific (Wilson 2002). These statements are 

about as much as can be said about the Austronesian diaspora without contention.  
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Figure 2.1 Austronesian boundaries determined by linguistic, archaeological, and genetic evidence. Source: Andrea 
Jalandoni. 

Austronesian Debate 
The Austronesian debate focuses on the origin and migration route of colonizing Austronesians. 

There are two main models, but neither have a consensus even among supporters. The 

predominant theory (‘Out of Taiwan’) is that the Austronesian-speaking people originated in 

Taiwan circa 4000 BC after crossing the South China Sea much earlier and then migrated south 

through the Philippines circa 2000 BC before expanding. The alternate theory (‘Nusantao’) is 

that they originated in Island Southeast Asia and expanded from there (Figure 2.2). Both 

theories need not be mutually exclusive, since a shared sailing technology would have enabled 

multiple voyages by numerous peoples in various directions, cross-fertilizing the western Pacific 

linguistically and genetically, well beyond the limits of archaeology to detect accurately. 

The Southeast Asia migration theory (‘Nusantao’) was first devised by Heine-Geldern (1932) 

who continued expanding this theory until 1974 (Solheim 1988). The proposed route is that 

from southern China, Austronesian speakers went south down continental Southeast Asia into 

Indonesia, and the route splits into one track continuing east to the Pacific and a north track 

through Sulawesi into the Philippines and Japan. Solheim (1988) aligned himself with this theory 

but made adjustments. He proposed the term Nusantao because it is an Austronesian word that 
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means ‘people of the island homeland.’ The Island Southeast Asia genesis model will hereafter 

be referred to as Nusantao. 

 
Figure 2.2 The two main Austronesian-speaking people migration theories. Source: Andrea Jalandoni. 

The Philippines as the gateway was first proposed by H. Otley Beyer in 1947–48 and Howells in 

1973, though heavily advanced and revised since (Solheim 1988). Shutler and Marck (1975) 

used comparative linguistic techniques to propose a southward migration through Taiwan. This 

model is popularly termed ‘Out of Taiwan’ and proposes an early exodus to the Philippines from 

Taiwan, and from the Philippines expanding to the present-day extent of the Austronesian-

speaking world. 

In the early days of Austronesian debate, Solheim (1988) recognized that the prehistory of the 

Austronesian language, culture, and people could never be understood without combining the 

disciplines of linguistics, archaeology, and physical anthropology. When there is a conflict of 

interpretation between fields, the evidence of both needs to be closely examined and either a 

compromise reached or a justifiable disregard of one interpretation. Presently, the 

Austronesian debate has been advanced predominantly by linguistics, archaeology, and 

genetics (Ardika 2006, Bellwood 2006b, Bulbeck 2008). If the linguistic, archaeological, and 
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genetic data show analogous dates for the common sequence of events, then the interpretation 

is considered reliable. However, Higham (2001) cautioned against circular arguments where 

disciplines coincide. The results of each discipline need to be derived independently before they 

can be compared. 

Linguistics 

In the 17th century, European explorers noticed similarities on word lists from Madagascar, 

Indonesia, Polynesia, and the South Pacific and postulated a relationship (Blust 1995, Forster 

1778, Pawley and Ross 1993, Tryon 1995). Forster (1778) theorized that all these ‘dialects’ 

(today considered disparate languages) share a common origin, which linguists would call a 

super language. The term ‘Austronesian’ was coined by linguistics. The ‘principle of least moves’ 

is used to locate the original home of a language family through geographical convenience 

(Bernal 1987). Following the principle of least moves, Taiwan was proposed as the most likely 

origin of the Austronesian languages in 6000 BP, and it was argued that it quickly expanded to 

the Northern Philippines by 5500 BP (Blust 1976, 1995). The Proto-Austronesian speakers 

probably came from southern China, but the language link was eradicated during the expansion 

of the Han Dynasty from 206 BC – 220 AD (Blust 1995). The linguistic and archaeological 

evidence showed that by the time the Austronesian-speaking people reached the Philippines 

and south China coast they had outrigger canoes, pottery, and root and tree crops including the 

yam, taro, banana, sago, breadfruit, coconut, and sugarcane (Blust 1995).  

Other points of contention are whether Austronesian culture was spread via diffusion from 

trade or settlement and colonization. Bellwood et al. (1995) emphasized that the languages are 

not simply borrowed from one another, but spread by colonizing speakers. While it is difficult 

to pinpoint what is uniquely Austronesian, a shared ancestry exists throughout the language 

group as well as culture- and region-specific transformations (Bellwood et al. 1995). 

While some archaeologists hold that the Austronesian-speaking people travelled south from 

China on the continent of Southeast Asia, most linguists are convinced the primary migration 

route went from Taiwan to the Philippines. From there they diverged with one group moving 

south-west through Borneo and curving back up all the way to Vietnam and Cambodia, while 

the other group moved south into Sulawesi (Tryon 1995). Again, neither theory is mutually 

exclusive given the flexibility enabled by evolving sailing technologies and knowledge of 

seasonal currents and winds.  

The Lapita people are thought to be the common ancestors of the Polynesians, Micronesians, 

and Austronesian-speaking Melanesians (Kirch 1997) and are often identified by their detailed 
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ceramics. Spriggs (1995) summarised the opposing theories as Lapita being an indigenous 

development in the Bismarck Archipelago or as an intrusive culture linked to ISEA (i.e. 

Austronesians). Diamond (1988) coined the ‘express train to Polynesia’ theory using Bellwood’s 

archaeological evidence for an expansion out of Taiwan circa 6000 BP. It assumed that Lapita 

culture was fully developed in ISEA and spread rapidly eastward. In response, Oppenheimer and 

Richards (2001) devised the ‘slow boat’ model that supported an earlier development of 

Austronesians east of the Wallace line 17,000 BP, and expanding 4000 BP. 

In biology, phylogenetic methods study the historical relationships to test evolutionary 

hypotheses, usually represented as a phylogenetic tree. By applying the phylogenetic methods 

used in biology to linguistics (Figure 2.3), the express-train model of Austronesian-speakers 

expansion is found to be the most parsimonious explanation (Gray and Jordan 2000). However, 

the data used was from Blust’s Austronesian Comparative Dictionary Project and ‘therefore not 

ideally suited to making robust inferences about the sequence and timing of population 

expansions’ (Greenhill et al. 2008). Greenhill et al. (2008) compiled wordlists from almost half 

(over 500) the Austronesian languages into a web-accessible database, the Austronesian Basic 

Vocabulary Database (ABVD). Aside from protecting valuable linguistic information, the ABVD 

systematizes the wordlists enabling computational comparative linguistic research, genetic 

data associations, and addressing questions of human prehistory like the Austronesian 

diaspora. The ABVD has recently been used to demonstrate that lexical and grammatical data 

have disentangled evolutionary dynamics (Greenhill et al. 2017). 

Glottochronology, inspired by radiocarbon dating, was developed by Swadesh (1955, 1971) 

using lexicostatistic methods of counting similar words among vocabularies of related 

languages. The premise, now discredited, was that ‘under similar conditions, the lower number 

of agreements, the longer the dialects have been separated’ (Swadesh 1971:271). 

Glottochronology was seen as a way to answer the question of the Austronesian origin (Ardika 

2006), however, it has since been widely discredited because languages do not evolve at 

constant rates (Bergsland and Vogt 1962, Gray et al. 2011, Greenhill et al. 2017, Meacham 

1988). Unfortunately, glottochronology has damaged the credibility of linguistics, and current 

linguists have galvanized the discipline by borrowing proven scientific methods from other 

fields.  

Languages evolve in the same way as biology and inheritance from common ancestry, and 

convergent evolution applies to both (Gray and Jordan 2000). Linguistics can provide relative 

 



 
 

The Austronesian Context 12 
 

 
Figure 2.3 Phylogenetic tree showing the express-train model to be the most parsimonious (Gray and Jordan 2000) 

dates by using Bayesian phylogenetic methods to estimate language divergence dates, as Gray 

et al. (2009, 2011) demonstrated for the Austronesian expansion. After describing both 

hypotheses, ‘pulse-pause’ (Out of Taiwan) and ‘slow boat’ (Nusantao), and identifying potential 

difficulties, such as rapid expansion not allowing language evolution and accelerated rates of 

language replacement due to new environments, they determined the ‘pulse-pause’ hypothesis 

best fit their models.  
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While still accepting Taiwan as the origin, Blench (2016) proposes a model of Proto-

Malayopolynesian as a network or related subgroups instead of unitary language. He used the 

similarity for the word ‘pangolin’ in Taiwan and Borneo and not the Philippines as evidence of 

a direct route that bypasses the Philippines. 

Archaeology 

Bellwood’s ‘Out of Taiwan’ Theory 

Over a period of 4000 years, the Austronesian-speaking agricultural colonists expanded 

continuously with intermittent periods of relative stasis and rapid movement (Bellwood 1995). 

In contrast, the previous 2000 years in Taiwan were assumed to be a period of transition from 

initial settlement to gradual regionalization. Bellwood (1995) postulated the possible reasons 

for the expansion as (1) continuous population growth, (2) the success of agricultural economy 

for colonizers, (3) the presence of a ‘frontier zone’ available for colonization, (4) a developing 

tradition of sailing, and (5) a predisposition for rapid coastal movement and exploration. In 

2006, two other possibilities were added, (6) a socially-approved desire to be deified as the 

founder of a new settlement, and (7) a search for raw material with the end goal of trading 

prestige goods (Bellwood 2006a). A defining characteristic of Out of Taiwan theory is that 

agriculture, particularly rice cultivation, was the catalyst of the expansion process and it gave 

them advantages when colonizing large regions (Bellwood 1995).  

The most substantial archaeological investigation in the Philippines that focused on 

Austronesian dispersal was the Batanes Archaeological Project (in which I participated in 2005). 

Batanes are a group of islands, between Taiwan and Luzon (the biggest island of the 

Philippines), that mark the northernmost boundary of the Philippines. Based on the excavated 

slate, nephrite, and ceramics, an occupation timeline of Batanes is proposed and linked to 

Taiwan (Bellwood and Dizon 2005). According to Bellwood and Dizon (2005, 2013), Batanes was 

settled in 4000 BP and continued contact with Taiwan until at least 1300 BP. 

Criticism for ‘Out of Taiwan’ 

The majority of the opposition can be summed up as disputing time depth, directionality, and 

nature of movement (Paz 2006). Solheim (1988, 2014) rejected the ‘Out of Taiwan’ model 

favoring an Island Southeast Asia ‘Nusantao’ homeland instead. While he admitted the 

archaeology of his time would not be considered scientific today, he considered his exposure 

to the early material (the 1920s to 1960) as advantageous in seeing the bigger picture. His 

interpretations were based on earthenware ceramics of which he was a specialist. In his last 
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contribution to the field of archaeology, he criticized Bellwood’s ‘Out of Taiwan’ hypothesis and 

claimed Bellwood ignored data that did not fit his model (Solheim 2014).  

Anderson (2005), who instigated the Batanes project, examined the 2002–2004 data from the 

Batanes project and critiqued many points, primarily the dates and implications. Of all the dates 

collected in Batanes, he ruled the date of 800 BC from charcoal to be the earliest reliable date 

obtained, and discounted dates from other material. Therefore, he argued the Neolithic dates 

for Luzon of 1700 BC are wrong and that this area was likely colonised later. When the Kuroshio 

Current, which flows northward, is taken into consideration, Batanes is more likely to have been 

colonized from Luzon then vice-versa (Anderson 2005, Meacham 1988). Anderson (2005) made 

a distinction between Neolithic I and II: Neolithic I expanded landward through Thailand and 

Vietnam, associated with the expansion of Austroasiatic languages and cord-marked ceramics; 

and Neolithic II expanded insularly through the Philippines, associated with Austronesian 

languages and red-slipped pottery. Other issues were that the ‘stepping-stone’ linear migration 

might not be accurate given the Southeast Asia island density distribution, scarcity of cereal 

remains at Neolithic II sites and Bellwood’s hypothesis on agriculture-driven expansion. While 

he points out many problems with Bellwood’s hypotheses for migration and the Batanes 

project, he does not discount the Out of Taiwan theory. However, he does not have it going 

through Batanes. He also challenges the agriculture angle, instead hypothesizing climate change 

as a catalyst for migration and expansion. 

Peterson (2009), also a proponent of the Nusantao theory, described the dispersal as the 

‘Austronesian moment’, which encapsulates the rapidity of expansion and ‘swarming’ 

migration. He discussed some of the data from genetics and linguistics and determined them 

to be circular in their dependency and support of the Out of Taiwan theory.  

Pacific Ocean 

Lapita 

An objection towards migration theories, particularly the Austronesian one into Melanesia, is 

that they are not always the most parsimonious explanation (Allen and White 1989, Terrell 

1981). Opponents of the Austronesian migration theory would instead recommend that 

rationalizations within a system should be sought, for example treating Near Oceania as a closed 

system of human communities (Terrell 1981). Allen and White (1989) hesitate to accept the 

‘Asian origin’ view of the ‘Lapita cultural complex’ because no homeland area for Lapita has 

been found in Southeast Asia and that it is based primarily on linguistics.  
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The archaeological data supports that the Lapita culture arrived already fully developed in the 

Bismarck Archipelago and moved further east, with no evidence of a gradual development of 

ceramics (Diamond 1988). More definitively, a finely decorated pottery style has been identified 

in the Philippines that lacks the elaboration of Lapita assemblages but bears core similarities 

(Hung et al. 2011). Carson et al. (2013) utilized the pottery decorative system to identify a 

‘pottery trail’ that has its homeland in the Philippines at around 3800–4000 BP, expanded to 

the Marianas in 3500 BP and then to the Bismark Archipelago between 3500 BP and 3350 BP, 

though a more confident date is 3350 BP. Spriggs (2016) disagrees with the semi-consensus 

date of 3350 BP for the arrival of Austronesians to the Bismarck Archipelago. Based on the 

similarities between the ceramics in Vanuatu and the Bismarck Archipelago, it should be dated 

to 3150 BP (Spriggs 2016).  

Technology Loss 

One of the difficult phenomena to explain with the Austronesian migration from Taiwan moving 

to Oceania is the technology loss (Table 2-1). Blust (1995) cited archaeological evidence from 

Tonga where ceramics are found as early as 3200 BP, then stylistically deteriorate after 2400 BP 

and disappear around 2000 BP. A possible explanation is provided by Nunn and Carson (2015), 

who stress the vulnerability of island societies to environmental changes, particularly the sea-

level change in the western Pacific. In Fiji, the Mariana Islands, Vanuatu, New Caledonia, and 

the Bismarck Archipelago the end of the Early Period (defined by decorated and Lapita pottery) 

occurred simultaneously around 2750 BP, suggesting a region-wide causation (Nunn and Carson 

2015).  

Table 2-1 Loss of technology from Taiwan to Fiji and western Polynesia based on Blust (1995). 

TAIWAN (6000 BP) FIJI AND WESTERN POLYNESIA (3500 BP) 
CULTIVATED RICE AND MILLET NO EVIDENCE FOR GRAIN CROPS 
Lived in substantial timber houses raised 
on piles 

Lived in reasonably well-constructed houses; 
No evidence for houses raised on piles 

Domesticate pigs, dogs, water buffalos and 
chickens 

No evidence for water buffalo nor dog 

True weaving on simple back looms No evidence of true weaving; Used bark cloth 
Bow and arrow for war Bow and arrow for sport 
Familiar with some metals, like tin No evidence of metals 

The Mariana Islands 

The Austronesian crossing of the 2300 km of open sea from the Philippines to the Marianas is 

heralded as the longest maritime voyage in human history at 3500 BP (Figure 2.4) (Bellwood 

2016, Carson 2013, Hung et al. 2011, Rainbird 2003). Early European contact noted similarities 

between people in the Pacific and Southeast Asia beyond language. Forster (1778:187), a 
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naturalist, noticed affinities, such as ‘size, colour, habit, manners, and customs’ that led him to 

believe the Chamorro in the Marianas were ‘nearly related in every aspect’ to the Tagalogs in 

the Philippines. 

Figure 2.4 Dates of the major Austronesian colonizing migrations in Micronesia following the ‘Out of Taiwan’ 
theory (Carson 2013) 

Carson and Kurashina (2012), examined archaeological evidence from eight sites and 

established that the Mariana Islands were the first Austronesian settlement in Micronesia, as 

early as 3500 BP. Hung et al. (2011) compared the motifs and decorations of the earliest ceramic 

assemblages in the Marianas and found them to be most similar to those in Cagayan Valley, 

Philippines. Carson (2013) reviewed the archaeological evidence and noted that while strong 

links between the Philippines and the Marianas exist, the first settlers brought only a subset of 

the material culture available in their homeland.  

Southeast Asia 

Bioarchaeology 

The debate within bioarchaeology for Austronesians has been compared with Multiregional 

versus Out-of-Africa models (Demeter 2006, Oxenham and Tayles 2006). The ‘Out of Northeast 

Asia’, also known as the Two-layer hypothesis and Agricultural Demic Expansion model, 

proposed that there was an earlier late Pleistocene population and the agricultural population 

came and interacted or admixed in the Neolithic (Demeter 2006, Matsumura 2006, Matsumura 
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et al. 2016). The opposing view is known as the Population Continuity Model, championed by 

Turner (1987), which proposed that current populations of Southeast Asia evolved locally from 

earlier groups in the late Holocene onward (Pietrusewsky 2006). 

Matsumura’s (2006) morphometric analysis of skull and teeth remains have demonstrated that 

the early Malay and Flores specimens exhibit close affinities with the indigenous people 

(‘Austrolo-Melanesians). His findings suggest that these fossils, as well as those from Tabon 

Cave and Niah Cave, could be an early group of Southeast Asians who originated in late 

Pleistocene Sundaland. Furthermore, they could be the ancestors of the modern Melanesian 

and Australian aboriginal peoples. Based on the metric and non-metric dental characteristics 

and osteometrics, he determined that many modern Southeast Asians are hybrids of Northeast 

Asians and Austrolo-Melanesians. In the Gua Harimau site in Sumatra, 78 human burials have 

been excavated and studied phenotypically showing ‘two-layers’ of different settlers 

(Matsumura et al. 2016). This hypothesis also corresponds with evidence from Java where 

modern human populations existed with dispersal histories of their own before the arrival of 

the Austronesian-speaking people (Semah 2016). 

Pietrusewsky (2006) performed multivariate statistics on cranial measurements from 

archaeological and modern craniums of Southeast Asia and demonstrated a sharp division 

between the cranial series from Australia, Tasmania, New Guinea and island Melanesia and that 

of East Asia, Southeast Asia, Micronesia, and Polynesia. He noted that there is no conclusive 

evidence for either theory of Demic Expansion Model or Population Continuity Model.  

Ceramics 

Simanjuntak (2016) evaluated the archaeological data in Indonesia and claimed that Sulawesi 

was the centre of Austronesian dispersal at 4000 BP. The red-slipped ceramics, often associated 

with Austronesian-speaking people, are older in East Indonesia than West Indonesia indicating 

a migration from east to west. However, the cord-marked ceramics considered to be an older 

style than red-slipped ceramics showed a contradictory western-originating migration.  

Rice and root crops 

The archaeological evidence from Peninsular Malaysia, Borneo, and other regions of Southeast 

Asia, does not support the introduction of food crops, such as rice and root crops, by the 

Austronesian-speaking people (Chia 2006). Rice has been found in only two sites in Malaysia. 

However, it is unknown if it was domesticated or traded. There is a dearth of archaeological 

evidence for cultivated rice in Southeast Asia, except for a few sites in Taiwan (dated to 

ca. 4200 BP) and Northern Philippines (dated to ca. 3500 BP) (Deng et al. 2017, Hung and Deng 
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2016). Chia (2006) suggested that many crops were indigenous developments, possibly 

associated with Papuan root crops that have been dated as early as 9000 BP. 

Nephrite 

Hung et al. (2007) traced the Southeast Asian nephrite (jade) in its two common forms, namely 

lingling-o (three-pointed penannular earrings) and double animal-headed ear pendant. The 

lingling-o is found in archaeological contexts around the South China Sea from southeastern 

Taiwan, the Philippines, Sarawak, central and southern Vietnam, central and southern Thailand, 

to eastern Cambodia, making it the most widely distributed jade ornament in Southeast Asia. 

Fox (1970) interpreted the distribution as having entered the Philippines through Palawan (Chia 

2006).  

An electron probe microanalysis confirmed that many of the nephrite artefacts found in sites in 

the Philippines, East Malaysia, Vietnam, and Thailand were sourced from Fengtian, Taiwan 

(Hung et al. 2007). Fengtian nephrite artefacts have been dated from around 5000-1500 BP in 

Taiwan, around 4000-1500 BP in the Philippines, and the other sites around the South China 

Sea have been dated between 2500 and 1500 BP. Hung et al. (2007) also noted stylistic 

similarities between the nephrite artefacts found in the Philippines and Taiwan. 

Obsidian 

There is evidence of inter-island trade in SEA of obsidian as early as 12,000 years ago 

(Reepmeyer et al. 2011b) and the Ille Cave, Palawan, Philippines has obsidian flakes possibly 

older than 10,000 BP (Neri 2007). Reepmeyer et al. (2011b) sourced obsidian found in the 

Philippines to West New Britain in the Bismarck Archipelago. However, since the obsidian, a 

surface-find, is undated, Specht et al. (2014) highlight the limitation of not knowing when it was 

traded for understanding the contact of ISEA and the Bismarck Archipelago.  

Genetics 

Human 

Early mitochondrial DNA (mtDNA) supported the Taiwan origin of the Austronesian migration 

(Melton et al. 1995, Sykes et al. 1995). The ‘Polynesian motif’ has the highest diversity and 

frequency in Taiwan and moderate frequencies in the Philippines and east Indonesia (Melton 

et al. 1995). These results are supported by another mtDNA study by Trejaut et al. (2005) that 

suggests a Taiwan origin. It resembles the linguistics model in that five of the Austronesian 

subgroups are found exclusively in Taiwan while the entire Austronesian population outside of 

Taiwan shares one subgroup. The mtDNA sequence from an ~8,000-year-old skeleton from 
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Liang Island, Taiwan, shows closest relations to Formosans, Taiwanese indigenous people, 

providing the most ancestral haplogroup E sequences, which is found among most Austronesian 

speakers (Ko et al. 2014).  

There is an opposing view that the ‘Polynesian motif’ actually originates in tropical ISEA, 

probably eastern Indonesia (Oppenheimer and Richards 2001, Richards et al. 1998). Early non-

recombining Y-chromosome (NRY) data supports an origin of Austronesian people within 

Southeast Asia, where it splits into two migratory people, one towards Taiwan and the other to 

Polynesia via Island Southeast Asia (Su et al. 2000). However, more recent NRY tracing seems 

to allow the possibility of Taiwan being the Austronesian origin (Kayser et al. 2008). In a focused 

NRY study of Philippine Indigenous People (IP) it was found that TMRCA haplogroups O-M119, 

O-M110, and O-M122 coincide with Austronesian expansion (Delfin et al. 2011). Only O-M110

has clear Taiwan-specific origins; the other two require explanation. In order to fit the Out of

Taiwan theory, genetic drift can explain the absence of O-M122 in the indigenous people of the

Northern Philippines. Alternatively, the results might be explained by a southern entry into the

Philippines, which would support the Nusantao theory.

The genetic data has not been coherent. The disjointedness might be explained by errors in 

genetic data because of the lack of appropriate calibration points and systematic violations of 

the molecular clock (Gray et al. 2011). It could also be explained because Austronesian-speaking 

populations are known to be admixed, yet previous genetic research has relied on clustering 

methods and bifurcating trees that are not useful in modelling admixture events (Lipson et al. 

2014). Another explanation for varying DNA results could be that men and women have 

differentiated histories (Trejaut et al. 2014).  

In 2009, the HUGO Pan-Asian SNP Consortium published a pioneering genome map that 

sampled 75 populations in Asia to understand genetic diversity in the region. The conclusion 

was that haplotype diversity decreased from south to north and that Southeast Asia was a major 

geographic source of East Asian populations (HUGO Pan-Asian SNP Consortium 2009). Figure 

2.5 shows that the two different indigenous ethnicities tested in Taiwan were almost 

completely unadmixed. In the Philippines, both Negritos and major urban groups were tested. 

The five Negrito groups showed various levels of mixing between Sino-Tibetan and 

Austronesian. After the Taiwan groups, the Filipino Urban groups were the closest to 

unadmixed Austronesians than any population tested.  
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Figure 2.5 Maximum-likelihood tree of 75 populations (HUGO Pan-Asian SNP Consortium 2009) with Taiwan and 
Philippines results in red box. 

Lipson et al. (2014) showed that the aboriginal Taiwanese are not admixed, and every other 

Austronesian-speaking population in Island Southeast Asia (ISEA) has some admixture of the 

Austronesian component (Figure 2.6). These conclusions are supported by other DNA studies 

by Mirabal et al. (2013) that lend credence to theories that the Daic populations of southern 

China are the likely Proto-Austronesian (PAN) forefathers. However, three aboriginal groups 

within Taiwan have been identified as the most genetically influential among the fringes of the 

Austronesian range (Mirabal et al. 2013). The most parsimonious explanation for this is the Out 

of Taiwan theory of migration.  
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Figure 2.6 Locations and best-fit mixture proportions of Austronesian-speaking other populations (Lipson et al. 
2014) 

Animals 

Recent zooarchaeological and genetic research of domesticated dogs, chickens, and pigs display 

complex migration routes. There is no evidence of the introduction of these domesticated 

animals into Southeast Asia before 5000 BP (Piper 2017) and therefore may not have been with 

the first wave of Austronesian-speaking people. There are two strains of pigs in Southeast Asia: 

the Pacific clade, and the Lanyu (Piper 2017). The Lanyu pig is found in Taiwan and the 

Philippines only. The Pacific clade is absent from Taiwan and the Philippines but found in 

mainland Southeast Asia, and moved through Island Southeast Asia into the Pacific.  

The earliest archaeological record for the Southeast Asian dog is found in early agricultural 

communities before hunter-gatherer sites (Higham 2001). The domesticated dog follows a 

similar path as the Pacific clade pig (Piper 2017). Oskarsson et al. (2012) study of mtDNA showed 

Australian dingoes and Polynesian domesticated dogs were introduced through Indonesia and 

Mainland Southeast Asia before the Neolithic, and not with the Austronesian expansion from 



The Austronesian Context 22 

Taiwan. The mtDNA founder haplotypes for dingoes and Polynesian dogs were found in South 

China, Mainland Southeast Asia, and Indonesia, but not in Taiwan and the Philippines 

(Oskarsson et al. 2012). Fillios and Taçon (2016) reviewed the varying proposed 

phylogeographic origins of the dingoes against archaeological data and concurred with 

Oskarsson et al. (2012).  

While there have been many theories on the origin of domesticated chickens in Island Southeast 

Asia and the Pacific, the most recent genetic study suggests that the chickens in the Pacific are 

related to those in the Philippines and have a haplotype not found anywhere in Southeast Asia 

including Taiwan (Piper 2017). 

More animal bones need to be recovered from archaeological sites throughout Southeast Asia 

to elucidate migration routes (Fillios and Taçon 2016). The results so far show the domesticated 

pigs and dogs are likely following the movements of Austroasiatic-speaking populations through 

Island Southeast Asia and into the Pacific (Piper 2017). In the Philippines, dogs and pigs likely 

came in from Taiwan with Austronesian-speaking people, but the Pacific chicken might originate 

in the Philippines (Piper 2017).  

Plants 

Chang et al. (2015) traced the phylogeography of the paper mulberry from across the Pacific 

and identified haplotype cp-17 as originating in Taiwan. Paper mulberry is a common East Asian 

tree that was introduced into the Pacific and clonally propagated, therefore brought and likely 

cultivated by humans. A single haplotype is dominant in the Pacific and means that they were 

not dispersed naturally but transported intentionally (Matisoo-Smith 2015).  

It is found in Taiwan, Sulawesi, New Guinea, and throughout the Pacific all the way east to Rapa 

Nui and Hawai’i and was used to make tapa (barkcloth) associated with Austronesians (Chang 

et al. 2015, Matisoo-Smith 2015). Taiwan’s paper mulberry has great nucleotide diversity with 

19 haplotypes and 16 of those being endemic (Chang et al. 2015, Matisoo-Smith 2015). 

Haplotype cp-17, one of the haplotypes originating in Taiwan, was present in the majority of 

the paper mulberry in the Near and Remote Oceanic Islands.  

However, haplotype cp-17 paper mulberry is curiously absent from the Philippines. Paper 

mulberry needs to be cultivated in an equatorial climate and may have been left to extinction, 

possibly because of early introduction to hand-woven fabrics from Southeast Asia (Chang et al. 

2015). An interesting case is New Guinea which has both the haplotype originating in Taiwan 

and the haplotype originating in Nusantao. 
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Discussion 
‘The discourse of ISEA archaeology has sometimes seemed set in stone when its foundations 

are very much built on sand.’ – Spriggs (2016) 

The debate is far from definitive, but at present, there is more evidence linguistically, 

archaeologically, and genetically to support the Out of Taiwan theory. Linguistically, other than 

those that rely on genetic data (Donohue and Denham 2011), there is little resistance to the 

Out of Taiwan theory. However, there are some researchers who look at the data from 

linguistics (Blench 2016) and archaeology (Anderson 2005, Peterson 2009) that disagree with it 

being a linear route. Archaeologically, while there are two camps, there is more published data 

in support of the Out of Taiwan theory, though not without problems. The genetic data is all 

over the place, with every latest study refuting the previous one, however there is a rising 

consensus towards the Out of Taiwan (see Lipson et al. 2014).  

A major argument against the archaeological position of Bellwood is that it relies heavily on 

Blust’s linguistics (Meacham 1988, Peterson 2009). Bellwood (1988) in response argued that 

opposition to the Austronesian model comes from those who ignore the linguistics and rely only 

on the archaeology and biological anthropology to test a hypothesis originated in linguistics 

(Bellwood 1988, 2016, Bellwood et al. 1995).  

The human DNA data (Lipson et al. 2014, Mirabal et al. 2013) and the DNA of paper mulberry 

(Chang et al. 2015) are compellingly analogous to Blust’s (2009) linguistic data pointing to 

Taiwan as the origin. The importantance of this is that they arrived at their results 

independently, from research in very different studies. They show the pure Austronesian 

language group, unadmixed human DNA, and a paper mulberry haplotype all originate in 

Taiwan. Also, Taiwan is the source of most of the raw material used to make nephrite 

ornaments found in Southeast Asia (Hung et al. 2007). Stylistic analysis of ceramic provides links 

from the Pacific to the Philippines with corresponding dates that fit the Out of Taiwan model 

(Carson et al. 2013, Hung et al. 2011).  

There are still many other aspects to consider. The archaeological data seems to concur that 

populations existed in much of Southeast Asia before the arrival of the Austronesian-speaking 

people. There is little support of cultivated rice being brought with Austronesian-speaking 

people outside of Taiwan and Northern Philippines (Bulbeck 2008, Chia 2006, Deng et al. 2017). 

Domesticated pigs and dogs might have been brought out of Taiwan into the Philippines, but 

for the rest of Southeast Asia and the Pacific they were likely introduced from mainland 
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Southeast Asia (Fillios and Taçon 2016, Oskarsson et al. 2012, Piper 2016). The species of 

chickens found in the Pacific likely originate in the Philippines, not Taiwan, and that species is 

not found in the rest of Southeast Asia (Piper 2016). By evaluating the current data, I arrive at 

a similar conclusion to Bulbeck (2008:48) that the Out of Taiwan theory is validated as the 

Austronesian origin associated with cereal agriculture in Taiwan, but the Nusantao theory is 

also defensible ‘as the Austronesian foundations in ISEA are based on maritime trade and 

foraging’ not agriculture. 

The difficulty of reconciling the issue often arises from semantics. Is Austronesian a language, a 

people, or a culture? Austronesians are a genetically-related people, recognized by the 

similarities in their languages, and with a shared past evidenced by material culture. While the 

genetic and linguistic studies are all conducted on current populations, the archaeological 

studies look at both past and present material culture. Complications arise because the 

language, people, and culture share similar but not identical diaspora and evolution. Language, 

genes, and material culture were exchanged between Austronesians and other populations at 

various times and to varying degrees.  

The current modelling and analysis methods (e.g. Gray et al. 2011, Gray et al. 2009, Gray and 

Jordan 2000, Greenhill et al. 2008, Greenhill and Gray 2012, Greenhill et al. 2017) bolster the 

strength of linguistics, which is outlining the most plausible connections between languages. 

With these advancements in the field, the old scepticism against the contribution of linguistics 

to understanding prehistory (see Meacham 1988) is unwarranted. Since linguistics borrowed 

methodologies from genetic studies, the two disciplines provide similar benefits. Genetics is 

most useful at tracing gene divergence among populations. However, the picture is complicated 

or improved (depending how you view it) by the possibility of men and women having different 

and overlapping migratory patterns. So while these disciplines provide compelling evidence for 

linguistic and genetic links between current populations, neither are at present very reliable at 

providing absolute dates. In contrast, archaeology looks back beyond the current population 

and can often supply dates and other information on material culture. However, linguistic and 

genetic studies can present relative dates with phylogenetic trees (e.g. unadmixed DNA is the 

antecedent of mixed DNA). 

The dialogue is exacerbated by arguments rooted in solipsism and those that rely on circular 

reasoning between disciplines. The data from each field of study needs to be understood in the 

context of what the discipline can provide. Also, as they are disparate disciplines, few, if any, 

researchers can claim expertise in linguistics, archaeology and genetics. Therefore, a certain 
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amount of humility is necessary to approach such a complex problem. Each of the three fields 

has a valid contribution to the understanding of migration and cooperation is vital in making 

sense of the big data. There need not be one unifying theory for the origin or spread of 

Austronesian languages or culture, nor their primacy over pre-existing peoples inhabiting the 

western Pacific. In fact, the lack of convergence between disagreeing lines of evidence suggests 

that culture contact in prehistory was much as it is today, a matter of negotiation not resolution. 

The debate is far from over. New information is being published almost weekly, adding to or 

changing our understanding of the Austronesian context. At present, the data display varying 

migratory patterns that add complexity to the issue. As long as the methodologies are sound, 

the new data and ensuing complexities should be embraced, not ignored, for adding dimensions 

to the debate. One of the more unexpected disciplines to enter the discussion is music. Some 

researchers are trying to identify an ‘Austronesian Stratum’ in the traditional music of Island 

Southeast Asia and have suggested ‘polyphony’ as a diagnostic feature of Austronesian music 

(Yampolsky 2016). Bamboo instruments like bamboo stamping tubes, xylophone blades, and 

quill tube percussion have also been used to reconstruct a possible migration route from Taiwan 

to Island Southeast Asia (Nicolas 2016).  

Similarly, a certain style of painted and engraved rock art has long been argued to show the 

movement of Austronesian people and relatedness between different groups of people. But as 

with the other forms of evidence, there are divergent views on what the rock art tells us and 

different things appear to have happened with painted versus engraved rock art, the focus of 

discussion in the Chapter 3: Theory and Methods. 
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Chapter 3: Theory and Methods 
This chapter outlines the theory and methods of this research project. Current theoretical 

models proposed for rock art in Southeast Asia have originated from studying the rock art of 

the Pacific. They are known as the Austronesian Painting Tradition (APT) and the Austronesian 

Engraving Style (AES) because of their association with Austronesian-speaking people. After 

discussing issues affecting these theoretically constructed ‘traditions,’ the next section of this 

chapter explains the importance of 3D models in rock art recording. Structure from Motion 

(SfM) photogrammetry is an economical and effective method for creating 3D models that 

should be standard for recording rock art. A new method of enhancing engravings developed 

during this research is also introduced and the advantages unique to digital tracing with a 

Geographic Information System (GIS) software are emphasized. Finally, the specific methods, 

in the field and lab, for conducting this research are discussed in detail. 

Theoretical Models  

The theoretical models this research tests are whether the Austronesian Engraving Style (AES) 

and the Austronesian Painting Tradition (APT) are applicable for rock art studies and 

interpretation in the Philippines. 

Specht (1979) was the first to recognize regional trends in the rock art of Western Pacific 

regarding style, geology, geography, and association with Austronesian-speakers. The 

characteristics of the rock art styles were further developed and the Austronesian connection 

explored by the research done in Melanesia by Gunn (1986), Rosenfeld (1988), Ballard (1992, 

1988), Wilson (2002, 2004), Byrne (2013), and subsequently in Southeast Asia by Ballard et al. 

(2004), O'Connor (2003), O'Connor and Oliveira (2007), Bulbeck (2008), O'Connor et al. (2010), 

Taçon et al. (2014), O'Connor et al. (2015), and Hoerman (2016a). Until now, the rock art of 

Micronesia in the Northwestern Pacific has not been part of the APT and AES discussion.  

If a rock art style is linked to the Austronesian migration, it provides a non-destructive terminus 

post quem for the associated rock art figures for places where the arrival of Austronesians is 

known. For example, if the rock art on Guam in the Marianas is identified as APT, and the first 

arrival of the Austronesians on Guam is dated to 3500 BP (Carson 2012), then the rock art 

cannot be older than 3500 BP. Dating the rock art by style associated with a group of people is 

even more useful in areas of Southeast Asia (SEA) where existing populations were present at 

the time of Austronesian arrival. Dating the style allows us to assign relative dates to figures 

because they are similar to other figures already dated. European Paleolithic rock art is 

universally recognized by a particular style of depicting zoomorphs, not every zoomorph needs 
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to be dated. Similarly, in Australia a ‘Dynamic Figure’ or ‘Northern Running Figure’ style has 

been identified and has a minimum age of 9,400 cal. BP (Jones et al. 2017, May et al. 2017), 

therefore other dynamic figures that have not been dated have the potential to be that old too.  

However, if rock art is going to be used to trace migration, more data is needed about individual 

rock art sites. Tan (2016a) emphasized that if rock art is to be an indication of Austronesian 

migration in Island Southeast Asia (ISEA), it needs to be recorded systematically, analysed as big 

data, and dated. Those requirements for rock art are needed beyond ISEA, and extend to 

Mainland Southeast Asia (MSEA) and the Pacific. 

Austronesian Engraving Style (AES) 

The theory that links Austronesians and Western Pacific rock art was first proposed by Specht 

(1979), wherein he identified a rock art engraving style: 

‘The designs of this group are generally curvilinear geometric forms such as 

spirals, concentric circles, facelike forms, and various other concentric forms. In 

addition to design content these sites share other features: they are all on 

boulders or open rock faces, never in caves or shelters; they are all situated by 

water courses or the sea, and they are all in areas where Austronesian languages 

are spoken today.’ (Specht 1979:74) 

Gunn (1986) described 12 rock art engraving sites on Tabar, New Ireland in Papua New Guinea, 

as displaying motifs of faces, anthropomorphic parts, spirals, enclosed spirals, and concentric 

circles like in other parts of Melanesia. While hesitant to include it in any tradition, he did note 

that the locals on Tabar are Austronesian speakers. Rosenfeld (1988) reviewed the rock art data 

available at the time and included rockshelters in her description of possible engraving locales.  

For Melanesia, Wilson (2002:209) proposed a chronology for three engraving traditions 

(cupules, curvilinear, and rectilinear) based on multivariate analysis, archaeological findings, 

and linguistic data. Byrne (2013) identified a three-dimensional rock art tradition as the fourth 

tradition in Uneapa, Papua New Guinea. Byrne (2013) validated the chronology using 

superimposition. 

Cupules 

The cupule-based tradition has a ¹⁴C calibrated minimum date between 3259 - 2892 BP in the 

Solomon Islands (Roe 1992). Roe (1992) dated the stratigraphic sequence of sediment that 

partially covered the cupules in the Vatuluma Posovi cave site in Guadalcanal. The date 

corresponded to the initial settlement of Lapita culture in the nearby Bismark Archipelago 
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3500– 3300 BP (Carson 2013, Summerhayes 2007) and spread through the Solomon Islands and 

further east between 3100 – 2900 BP (Spriggs 2011). Wilson (2002:210) proposed a correlation 

between the distribution of cupules and Lapita culture.  

Note that while cupules might be part of AES, they are not exclusively Austronesian. Cupules 

are ubiquitous all over the world and have been interpreted in a variety of ways (see Taçon et 

al. 1997, Wright et al. 2014).  

Curvilinear 

The spiral-based tradition, recognized by curvilinear designs, dates from ca. 3300 BP but 

proliferates after ca. 2000 BP, and has a wider geographic range than cupules (Byrne 2013, 

Wilson 2002:212). In some instances, curvilinear patterns are carved over cupules (Byrne 2013). 

In Uneapa Island, Papua New Guinea, curvilinear rock art is located away from human 

habitation and possibly has political implications because of its proximity to water and clan 

boundaries (Byrne 2013). The location away from current habitation was a regional trend 

noticed by Specht (1979). The curvilinear designs are what Specht (1979) described as being 

associated with Austronesian speakers and located on open boulders near water. 

Rectilinear 

The rectilinear engraving tradition dates from ca. 1500 BP and is associated with APT, which 

thrives after ca. 1000 BP (Byrne 2013, Wilson 2002:215). In Uneapa, rectilinear designs 

superimposed cupules and curvilinear art, suggesting a more recent addition (Byrne 2013). 

Interestingly, rectilinear rock art is stylistically similar to traditional motifs still used today by 

local artists in Uneapa (Byrne 2013). Also, Byrne (2013) proposed rectilinear rock art might be 

an indigenous dialogue with already existing rock art, based on perpetual association. 

Three-dimensional carvings 

Three-dimensional carvings are engravings done on potentially portable small boulders. Byrne 

(2013) argued the three-dimensional tradition in Uneapa is distinct based on style, distribution, 

lack of superimposition, and uniqueness in Melanesia. However, similar three-dimensional 

engravings are found in Papua New Guinea (Byrne 2013), Palau (Liston and Rieth 2010), and 

Easter Island (Van Tilburg and Lee 1987) in the Pacific and across Southeast Asia. Where this 

type of art fits into the chronology is unknown and is further complicated by its semi-portable 

nature.  
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Identifying AES 

To identify whether the engraved rock art is AES, it must possess the three known descriptions 

listed below. 

1. Engraved motif of curvilinear geometric and concentric forms (such as but not limited 

to spirals, circles, face-like, see Figure 3.1). 

2. Engraved on exposed rock, open-faced boulders, and rockshelters, but not in caves. 

3. Located near present-day Austronesian-speakers. 

While some rock art might be part of the AES and not fulfill all three characteristics, the list is a 

starting point for evaluating the engraved rock art sites of the Philippines. Specht (1979:66) also 

noted that engraved art is found predominantly on igneous rock. 

CUPULE CIRCULAR                      SPIRAL RECTILINEAR FACE-LIKE 

    

 

Figure 3.1 Examples of AES based on descriptions from Specht (1979), Wilson (2002, 2004), Byrne (2013), and 
Hoerman (2016a). Source: Andrea Jalandoni. 

Austronesian Painting Tradition (APT) 

The concept of an Austronesian Painting Tradition (APT), framed by Ballard (1992), utilized 

many of the ideas he first developed from his research in the Moluccas (see Ballard 1988). It is 

interesting to note that Ballard did not initiate the currently used term ‘APT’ himself. Ballard 

(1992) linked rock art, topography, and Austronesian-speakers by looking at four variables of 

rock art sites: distance from the current coastline, topography, maximum height, and associated 

language group in the vicinity. He described the rock art as being found in inaccessible but highly 

visible locations in areas associated with Austronesian-speaking settlements near the coast.  

Wilson’s (2002) doctoral thesis addressed the lack of research on rock art in the Pacific and 

emphasized what it can add to the archaeology. In her in-depth study of Vanuatu’s rock art, she 

explored the definition and validity of the Austronesian painting tradition (APT) and the 

Austronesian engraving style (AES). While Specht (1979) and Ballard (1988, 1992) 

conceptualized AES and APT respectively, it was Wilson who coined the terms in her thesis 

(2002:2). In the Western Pacific, she identified three subsets of AES that coincide with cultural 

transformations, and four subsets of APT that are geographically linked but changing from west 

to east. She concluded the AES and APT have been verified in Vanuatu and the Western Pacific, 

but not without refinements in the definition. O'Connor and Oliveira (2007) also confirmed that 
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the rock paintings at Racolo, Indonesia, fit the description of APT, except that they are located 

inland and positioned in an accessible part of the wall. The APT as a general description mostly 

holds true, but with regional distinctions (O'Connor and Oliveira 2007, Wilson 2002). 

Wilson (2004) critiqued previous comparative studies of Western Pacific rock art by pointing 

out the research has focused on non-motif variables, such as ‘inaccessibility,’ ‘red pigment,’ and 

‘cliff-face locations,’ as opposed to motifs. She provided excellent summaries of the previous 

models of Specht (1979) and Ballard (1992). Drawing on her 2002 thesis, Wilson (2004) 

conducted multivariate analyses of motif data and combined that with non-motif data, to 

examine the similarities and differences amongst engraved and painted sites. Her finding was 

that there are sufficient numbers of rock-art motifs to show a pattern of overall homogeneity 

in most of the region.  

Wilson (2004) challenged Specht’s (1979) observation that painted rock art is geographically 

distinct from engraved rock art, citing New Ireland painted rock art being more homogenous 

with the rest of western Pacific painted rock art than with the engraved rock art of New Ireland. 

Gunn (1986) mentioned only one rock art site, painted in red ochre, on Tabar, New Ireland in 

Papua New Guinea. The people on Tabar claimed a German painted the four-point figure during 

World War I. However, Gunn (1986) expressed doubts because of a similar figure at a different 

engraved site on the island. 

 Identifying APT 

The non-motif variables for identifying APT based on Ballard (1992) are: 

1. Painted rock art site located within 1 km of the current coastline. 

2. The site is on a cliff face or cave within cliffs. Specht (1979: 65) postulated that painted 

sites are found mostly on limestone or light-coloured surfaces. 

3. Rock art had a maximum height of 5 m or more. The art was deliberately placed in 

inaccessible areas for maximum visibility.  

4. The rock art is located near Austronesian-speakers. 

5. Red pigment is the most common colour of the paintings. 

APT and AES in Southeast Asia 

Southeast Asia is one of the least researched regions of the world for rock art (Taçon and Tan 

2012, Taçon et al. 2014). Thailand has more than 200 known rock art sites that are depicting 

anthropomorphic and zoomorphic figures, hand and footprints, objects, and flora (Srisuchat 
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1996). In East Timor, rock art research has continued for over two decades, and the theory of 

an APT revised (O'Connor 2003, O'Connor et al. 2015, O'Connor and Oliveira 2007).  

Research on APT and AES in the context of Island Southeast Asia (ISEA) to date has been 

minimal, with even the works of O'Connor (2003) and O'Connor and Oliveira (2007) on East 

Timor placing it in the context of the Western Pacific region and not specifically ISEA until 

O'Connor et al. (2015). Bulbeck (2008), cited the rock art found by Ballard (1988) in the 

Moluccas, Niah’s Painted Cave (Pyatt et al. 2005), Racolo in East Timor (O'Connor and Oliveira 

2007), Gua Sireh in Sarawak (Datan 1990; but see also Datan 1993), East Kalimantan (Chazine 

2004; but see also Chazine 2005), and South Sulawesi (Bulbeck 2004), to make an astute 

observation that APT appears to be limited to the Banda Sea in Island Southeast Asia.  

O'Connor et al. (2015) published a focused study that places APT and AES in the context of 

Southeast Asia, confirming Bulbeck’s (2008) origin hypothesis in the process. By using recent 

discoveries in West Timor, Indonesia, and an analysis of motifs and medium of some known 

rock art sites in Taiwan and the Philippines, O'Connor et al. (2015) suggested the origin of APT 

may be in eastern Indonesia, rather than the Austronesian homeland of Taiwan or the 

Philippines. There is no rock art in Taiwan nor the Philippines that is consistent with Ballard’s 

(1992) description of APT (O'Connor et al. 2015). However, O'Connor et al. (2015) find that, 

based on motif, the AES could have originated in Taiwan, moved southeast into the Banda Sea, 

Island Melanesia, and then throughout the Pacific. Similarly, Hoerman (2016a) examining the 

rock art of Borneo in the APT context, recognized a ‘high degree of stylistic diversity’ and 

concluded that Borneo is the homeland of the tradition. However, Hoerman’s (2016a:166) 

characterization of Bornean APT is vastly different from Ballard’s (1992) description. While 

there may be arguments for survey bias, the examples of Indonesian rock art from the books of 

Arifin and Delanghe (2004) and Permana (2015) make it easy to accept it as the epicenter of 

rock art for the region. Almost every motif and colour, both of petroglyph and pictogram, is 

found in the area. 

These findings are consistent with Taçon et al. (2014:1062) suggestion that there were likely 

many temporal and regional rock art traditions across Southeast Asia and that describing all 

post-4000 BP ISEA rock art as APT may be problematic. There are major implications for the 

debate about the origins and movements of Austronesian peoples (see Chapter 2) and the 

nature of temporal and regional change in Southeast Asian rock art. 
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One of the complications has been in applying models that originate in the Pacific to the context 

of Southeast Asia, in reverse of the migration route. The migration of people around Southeast 

Asia is much more complex than that of Western Pacific. While the disagreement of the origin 

of Lapita culture rests on the difference of a few hundred years for initial contact, the route 

from the West (Southeast Asia) to the East is resolved. The origins and routes of the 

Austronesian-speaking people in Southeast Asia are far from established. Micronesian rock art 

has a terminus post quem of 3500, BP based on the arrival of the first inhabitants who were 

Austronesian (Hung et al. 2011), such a convenient earliest possible date is not available in 

Southeast Asia (O'Connor et al. 2010). 

The prerequisite for a comprehensive analysis of APT and AES in Southeast Asia is a database 

that inventories the rock art of each country. Then a multivariate statistical analysis, like what 

Wilson (2002) did for the Pacific, can be undertaken to determine whether or not APT and AES 

are valid models in Southeast Asia. 

The rock art of the Philippines is an important case study because it can add, by presence or 

absence of certain design elements and motif types, to the discussion of APT and AES. Following 

the Out of Taiwan hypothesis, the Philippines geographically straddles two major routes of 

interaction, west to SEA through the South China Sea (recently renamed West Philippines Sea) 

and the Lapita fast train down the Philippine Sea, hence may have elements of both styles. By 

adding to the APT and AES discussion, this research provides another piece of material culture 

to the understanding of the larger puzzle of the Austronesian origin and migration.  

Rock art dating in Southeast Asia and Micronesia 

The rock art in Southeast Asia and Micronesia is in dire need of chronology. In response, 

Hoerman (2016a) combined scientific dating and superimposition of rock art styles to provide 

a chronology of the rock art of Borneo. However, the rock art of Southeast Asia has never been 

directly dated (Aubert et al. 2017). Hoerman (2016a) identified figures of APT in Borneo that 

are made with charcoal. They could be viable samples for directly dating APT.  

In Micronesia, the only example of direct rock art dating was by Hunter-Anderson (2013), where 

she dated the black pigment from Mahlac Cave, Guam, Mariana Islands, to 1410 ± 30 BP. 

However, she acknowledged the possibility of ‘old charcoal’ dilemma and was not able to date 

the white and brown pigment collected. Aubert et al. (2017) also warned about the potential 

for contamination from other sources of carbon when dating charcoal pigment. In Ritidian, 

Guam, Mariana Islands, Carson (2017b) provided a chronology of pigment colours based on 
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style and superimposition, and date estimates derived from the archaeology after extensive 

field research (Carson 2012, 2014a, 2014b, 2017a). 

Already, advances in rock art dating have started to contradict previously held notions of 

Austronesian rock art in Southeast Asia (Aubert et al. 2017). Although some still believe, with 

no empirical evidence, that all the rock art in Indonesia is made by Austronesian-speaking 

people and therefore not older than 4000 BP, following the Out of Taiwan model (Widianto 

2016). In Kalimantan, Indonesia, cross-dating Th/U and 14C of calcite overlaying hand stencils 

resulted in a minimum age of ~10,000 years ago and confirmed suspicions of Pleistocene rock 

art which precedes the Austronesian arrival on the island (Plagnes et al. 2003). However, the 

oldest hand stencil in the world and the oldest figurative rock painting of an animal made by 

modern humans have been found in Sulawesi, Indonesia (Aubert et al. 2014). These figures 

minimally date, using U-series dating, to about 40,000 years and 36,000 years ago, respectively. 

The finely layered calcite deposits on top of the rock art are sequentially dated by uranium-

series to provide a minimum age for the art.  

Other instances of uranium-series dating of rock art are at Lene Hara Cave, East Timor, which 

yielded two dates: a maximum age of less than 6,300 years ago for a possible red painting and 

~23,000–30,000 years ago for red pigment (Aubert et al. 2007). At the same site, the surface 

calcite on top of the engravings has also been dated by uranium-series. The maximum age of 

one group of concretion is ~30,000 years ago and ~13,000 years ago for a sun-ray faced 

engraving, a motif often attributed to Austronesians (O'Connor et al. 2010). 

If the rock art across Southeast Asia can be dated, it will clarify the connection between the rock 

art and Austronesian-speaking people, if indeed there is a connection. Direct rock art dates may 

be the only evidence in some situations to determine association with Austronesian-speaking 

people and prove or disprove APT and AES. 

Unfortunately, with the uranium-series dating method, not all the rock art can be dated because 

of specific conditions outlined by Aubert et al. (2017). Every rock art site needs to be assessed 

for dating potential. The viability of obtaining a date is usually determined during the recording 

stage. 

What’s the alternative? 

The rock art theories of APT and AES are hardly universally accepted. All existing APT and AES 

rock art research interprets connections in the rock art between motifs that might not 

necessarily exist. Rosenfeld (1988:134) admits that shared origins are assumed because of 
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recurring motifs, and the variations are explained by selective adoption and adaptation. So if 

rock art is not part of the Austronesian colonization package together with language, ceramics, 

crops, and animals (see Chapter 2), then it started after initial colonization by local 

development, brought in with a later wave of immigrants, or a trading of ideas. Cruz Berrocal 

and Millerstrom (2013) suggested a local development or adaptation for Fijian rock art, without 

mention of APT or AES. While Wilson (2002) for Vanuatu, Hoerman (2016a) for Borneo, and 

O’Connor and Oliviera (2007) for East Timor, still acknowledged APT, they also recognize the 

style has been localized. 

The Next Wave of Rock Art Recording: 3D Models 
‘Recording is the essential prerequisite of any database compiled for research and conservation 

programmes for rock art.’ (Simpson et al. 2004) 

In the early days of rock art research, images were often recorded by drawing or painting on 

paper by hand, tracing and similar methods. But sketching, manual tracing, and rubbing can be 

gravely inaccurate (Loendorf 2001, Lymer 2015, Simpson et al. 2004). For instance, in 1832 Jean-

Frédérick Waldeck believed the Mayan cities were built by Babylonians, Phoenicians, or Hindus, 

and therefore included elephants in his Mayan hieroglyph sketches (Coe et al. 2009). It was not 

until the 1880s when Alfred Maudslay brought a glass-plate camera to record the Mayan 

hieroglyphs in accurate detail that decipherment could be properly initiated. Manual recordings 

of the same site at different times, sometimes even by the same recorders, are demonstrated 

to be highly erroneous (see Lymer 2015, Simpson et al. 2004). 

Furthermore, the old methods can be invasive and damage the rock art instead of preserving it 

(see Loendorf 2001 for many examples). Examples of enhancing paintings and engravings with 

an additive (chalk, paint, etc.) for photographic recording is widespread. In the Philippines, the 

experimental casting of engravings has permanently changed the rock art (see Peralta 1973). 

Enhancing can also nullify dating potential of the rock art (Loendorf 2001). 

The camera was the first major advancement in rock art recording that was non-destructive, 

accurate, and repeatable. Like all technology, it was initially expensive to employ. Film cameras 

continued to advance and become more affordable. It was not until the advent of consumer 

digital cameras in the late 1990s that digital rock art recording could proliferate in the early 

2000s. Today even standard photography is no longer deemed sufficient for recording faint rock 

art (Brady 2006, Gunn et al. 2010). 
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Image enhancement 

McNiven et al. (2000) demonstrated in Torres Strait that digital enhancements of rock art could 

expose previously unknown or indiscernible images and add valuable information crucial to the 

understanding of the site. In the same region, Brady (2007) did a comparative study of enhanced 

photographs documented by the Torres Strait Rock-Art Recording Project with photographs and 

sketches from the 19th Century. He found that design elements were missed in 19th Century 

recordings. In both these studies, the enhanced images revealed rock art presently too faded 

to be seen by the naked eye and helped ‘determinate’ rock art figures previously thought to be 

‘indeterminate.' 

Image processing has come a long way from film manipulations (see Rip 1983). While there is 

still a discourse on the objectivity of image enhancement (Read and Chippindale 2000), it is 

widely accepted by rock art researchers as reducing subjectivity (Brady 2006, Brady and Gunn 

2012, David et al. 2001, Le Quellec et al. 2015). Image processing with DStretch® (Burton et al. 

2017, Defrasne 2014, Gunn et al. 2010, Harman 2006, Le Quellec et al. 2015, Taçon et al. 2012, 

Taçon et al. 2013, Taçon et al. 2010b, Tan et al. 2014), Adobe Photoshop® (Brady 2007, David 

et al. 2001, Domingo et al. 2013, Gunn et al. 2010, Mark and Billo 2002), and other photograph 

manipulation software (Clogg et al. 2000) are currently an integral part of rock art recording 

and digital tracing of painted rock art sites.  

Painted rock art 

Photograph manipulation software, like Adobe® Photoshop®, is used to change contrast, hue, 

saturation, curves, levels, and other parameters to distinguish the art from the rock (Brady 

2006, Mark and Billo 2002). When DStretch® was developed by Harman (2005) with pre-set 

calibrations known as colourspaces (such as LAB, YDS, YBR, YNK, CRGB, LDS, LRE, and RGB) 

specifically for rock art research, it was a major innovation because it allowed fast, free, and 

repeatable image enhancements at the click of a button. DStretch® brought down the level of 

technical knowledge a researcher needed to make image enhancements and encouraged 

repeatability and therefore transparency in enhancement methods The release of iDStretch® 

and AndroiDStretch®, mobile versions of DStretch® for iOS and Android devices developed in 

2016-2017, has further increased the portability of DStretch®. 

DStretch® is a plugin that can enhance digital images using decorrelation stretch algorithms 

(Harman 2006). Decorrelation stretch was used in remote sensing (Gillespie et al. 1986) and on 

the Mars Rover for discriminating subtle colour differences (NASA 2004). Adobe Photoshop® or 

other photograph manipulation software is rarely used for enhancement of rock art with the 
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advent of DStretch®, yet they are far from obsolete. Now Adobe Photoshop® and their 

equivalents are widely used for digitally tracing the rock art from digital photographs, in 

addition to enhancing painted rock art when DStretch® is deficient. It is becoming the standard 

to use DStretch®-enhanced images for tracing in Adobe Photoshop® (see Defrasne 2014, 

Domingo et al. 2013).  

Engraved rock art 

Stereotypically, DStretch® has been used for enhancing rock art paintings, but Defrasne (2014) 

demonstrated that it could also be used to highlight engravings. While DStretch® may work on 

engravings to a limited extent (see Taçon et al. 2013), it is not applicable in many contexts, for 

example, on sites with severe discolouration like Alab, Bontoc. It is simply not a practical 

solution for enhancing engravings. 

Reflectance transformation imaging (RTI), a set of methods for generating surface reflectance 

information by varying the direction of light (Cultural Heritage Imaging n. d., Woodham 1980), 

and Polynomial Texture Mapping (PTM) (Malzbender et al. 2001) are widely successful in 

enhancing the detail on documentary artefacts and engravings on monuments (Dellepiane et 

al. 2006, Earl et al. 2011, Miles et al. 2014, Palma et al. 2010). However, the size of the study 

area for applying RTI and PTM is limited by the range of the turning lights and therefore is not 

efficient for large rock art sites (Mudge et al. 2006, Plisson and Zotkina 2015). Also, it requires 

more equipment (studio lights and reflective ball) and time for set-up in the field. Instead, I co-

developed a method of using 3D modeling and GIS tools to enhance engravings more accurately 

than DStretch® and more efficiently than RTI for tracing and measurements (Jalandoni and 

Kottermair in press).  

3D modelling  

The inherent limitation of all 2D representations of rock art (sketches, traces, rubbings, and 

even photographs) is the attempt to portray an object or scene that has three dimensions in 

just two dimensions (Chippindale and Taçon 1993, Simpson et al. 2004). Orthogonal 

measurements cannot be obtained from any of the old methods of recording, including 

photographs (unless extensive calibrations are applied), due to numerous distortions (Bea and 

Angás 2017, Domingo et al. 2013, Jalandoni et al. 2018). Integrating 2D image enhancement 

and 3D modeling techniques allow for the most comprehensive digital recording with fewer 

downsides (Domingo et al. 2013).  

Applying Chippindale’s (2004) framework for studying rock art in spatial terms, 2D 

representation is effective for studying the scale in centimetres of figures and motifs (Table 
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3-1). In contrast, 3D modeling allows meticulous analysis of not just the technique and figure 

and motifs, but also the surface or panel. The rock is the canvas, and therefore an important 

aspect of understanding the art on it (Keyser and Poetschat 2004), and a 3D model includes the 

canvas more accurately than any other recording.  

Table 3-1 The four physical scales of rock art study (Chippindale 2004:115) 

SCALE NAME ASPECT ADDRESSED 
Thousandths of a meter Millimetre Technique 
Hundredth of a meter Centimetre Figure and motif 
Meter Meters Surface or panel 
Thousands of meters Kilometre Place in a broader landscape 

It must always be remembered that while the rock-art is a part of the landscape, the landscape 

has its significance in the rock-art itself (Lenssen-Erz 2004). Therefore, the landscape cannot be 

separated from the meaning of the rock art. The 3D model coupled with GIS software can 

accurately place rock art in a broader landscape as never before. 

Structure from Motion (SfM) Photogrammetry 

In the near future, 3D models will be the standard of recording rock art because of low-cost 

Structure from Motion (SfM) photogrammetry and their versatile future-ready applications. 

Photogrammetry is the use of image measurements and interpretations from photographs to 

make 3D reconstructions of an object (Luhmann et al. 2006). It relies on math and optics to 

derive the three dimensions of a point from at least two homologous but spatially separated 

image rays (Luhmann et al. 2006). Close range photogrammetry is an imaging distance of 300 

meters or less (Luhmann et al. 2006) applicable to rock art. Digital photogrammetry is defined 

as digital images and computer-controlled measurements (Luhmann et al. 2006). 

Early digital photogrammetry required the researcher to know the three-dimensional position 

of the cameras or ground control points for triangulation and reconstruction. Specialists or 

professional surveyors and dedicated equipment were necessary to collect the data needed to 

make 3D models. Like DStretch® with image enhancement, SfM photogrammetry reduces the 

technical knowledge required to create 3D models. 

With the advent of SfM photogrammetry, the exact positions are no longer required to make 

3D models. The SfM technique uses a highly redundant bundle adjustment based on matching 

features in multiple overlapping and spatially separated images (Westoby et al. 2012). The 

effectiveness of SfM 3D modelling is well documented in archaeology (Chandler et al. 2007, 

Chandler and Fryer 2005, De Reu et al. 2013, Koutsoudis et al. 2013, Sevara and Goldhahn 2011), 
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and there are several examples of 3D models providing an accurate record of the rock art for 

analysis and preservation (Fritz et al. 2016, Jalandoni et al. 2018, Willis and Jalandoni 2011). For 

engraved rock art they can provide volume and depth of cultural features, such as cupules and 

other depressions, that would otherwise be unfeasible to measure (Burton et al. 2017), and 

discern material from tool imprints (Plisson and Zotkina 2015). 

 The SfM technique is ideal for low-budget research in remote areas, which encompasses the 

majority of rock art research, not just in the Philippines but in many parts of the world. It is 

another milestone for rock art recording that requires items already fundamental to a rock art 

researcher’s toolkit: a camera and scale. It reduces the need for expensive specialists and 

cumbersome equipment in many situations. For a while, photo-stitching or photo-mosaic 

software was becoming popular, but with the accessibility of SfM, those are becoming 

redundant. 

Terrestrial laser scanning (TLS) products are dropping in price from hundreds of thousands of 

dollars a few years ago to now tens of thousands of dollars, but the quality that can be 

accomplished with DSLR cameras and accessible software at a fraction of the price is 

comparable for rock art research purposes (Jalandoni et al. 2018, Willis et al. 2016). The 

technology and price for cameras and software needed to create usable 3D models are at an 

optimum, which is why SfM photogrammetry is an accessible and cost-effective alternative to 

TLS in many contexts. However, the quality of the SfM-produced 3D model depends on the 

software, hardware, and user.  

Software 

The range of 3D software available to the public today allows even a layperson to create 3D 

models with virtually any camera. The use of 3D technology is no longer restricted to those with 

photogrammetry degrees and 3D design expertise and knowledge of these will contribute to a 

better quality final product.  

Several open-source photogrammetry software programs are available, like 

Python Photogrammetry Toolbox™, openMVG™, and VisualSFM™ while the most 

common commercially available software are Agisoft™ Photoscan™ and Pix4D™. Finally, 

there is free proprietary software like Microsoft© Photosynth™ and 123D Catch™ by 

Autodesk™ (makers of AutoCAD©). Available as an app on your phone or tablet, 123D Catch is 

introducing the ease of SfM photogrammetry to the general population.  
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This research project uses Agisoft™ Photoscan™ because it is a professionally integrated 

photogrammetry program with a user-friendly interface. Agisoft™ Photoscan™ streamlines the 

workflow of uploading photographs, calibrating, aligning, building a mesh, building a point 

cloud, building texture, and much more, all unified in a stand-alone program. It is a ‘plug and 

play’ workable solution to create 3D models. In contrast, many of the open-source programs 

are piecemeal and require a different program to handle each step with interfaces that are far 

from user-friendly. Also, as a professional program, the resources and support in the form of 

articles and forums are more extensive than those available for the open-source 

photogrammetry programs.  

While 123D Catch™ (or similar software; 123D Catch™ was discontinued in 2017) might seem 

like an even easier ‘plug and play’ program than Agisoft™ Photoscan™, its limitations are not 

acceptable for rock art research. 123D Catch™ has a photo limit of 70 and compresses the photo 

quality. Also, an internet connection is required for 123D Catch™ to process the images on a 

cloud and download the finished model. The number of photographs Agisoft™ Photoscan™ can 

handle is in the tens of thousands and is more likely to be limited by the hardware. Plus, 

Agisoft™ Photoscan™ allows control over more parameters in all phases of the reconstruction, 

whereas 123D Catch™ restricts any adjustments in settings. Perhaps the biggest drawback of 

using 123D Catch™ for recording rock art is that Autodesk owns the copyright of the uploaded 

photographs. 

The limitation of Agisoft™ Photoscan™ is the way the 3D model is exported; it is split into two 

files: a .obj file carries the mesh information, and a TIFF file carries the texture (Perondi and 

Vianini 2013). The division may result in some loss of quality when the model is exported. 

Another drawback is that it is not gratis software. Consequently, those with no budget may 

prefer to use open-source options. 

Hardware 

Camera 

The first piece of equipment to consider is the camera. A digital camera with at least 5 MP 

(megapixels) is recommended by Agisoft (2013). Therefore any camera, even those on a 

smartphone, can be used to create a 3D model. However, the quality of the 3D model depends 

on the quality of the photographs taken by the camera. Theoretically, photographs taken with 

even the highest end smartphone camera should produce a noisy 3D model with poor geometry 

because of the small sensor size. In reality this is not necessarily the case. I have successfully 

created 3D models of rock art sites in Australia, Hong Kong, and New Zealand using a 
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smartphone. While the quality varies depending form the lighting condition, the results are 

impressive. Point-and-shoot cameras will also work. Again, while theoretically they should not 

produce as good a 3D model as a DSLR (digital single-lens reflex), I have seen many examples to 

the contrary. Aside from point-and-shoot cameras weighing less and therefore likely to cause 

less movement, the lack of depth of field is an advantage. Also, if the photographer does not 

know how to use a DSLR effectively, a point-and-shoot on automatic settings will produce better 

results.  

If the goal is to create 3D models of rock art that can be used for analysis, then a DSLR or 

mirrorless camera is advisable. Cameras that shoot in RAW formats, like DSLR, are better 

because JPEG compressions, which most point-and-shoot cameras use, produce noise. The goal 

is to use a camera and lens that produce the least amount of noise and image distortion. 

Lens 

Experiments conducted by Shortis et al. (2006) on the stability of lenses confirmed that fixed 

focal length lenses are more stable and geometrically accurate than zoom lenses. Additionally, 

zoom lenses may accidentally change focal lengths between shots, which make it more difficult 

to match up features in photogrammetry software. Therefore, fixed lenses are preferred for 

photogrammetric modeling, particularly SfM photogrammetry which relies heavily on the 

geometry of the photograph to compute camera locations. Prime lenses (fixed focal length) 

between 20 – 80 mm are preferred, but the ‘nifty-fifty’ (50 mm focal length, 75 mm film 

equivalent) is recommended by the photogrammetry software Agisoft (2013). Lens distortions, 

like those produced by fish-eye and wide-angle lenses, should also be avoided. However, the 

software is adapting to address the growing demand of Unmanned Aerial Systems (UAV), and 

UAV cameras often deal with distortion and other problems with rolling shutters. Recent 

upgrades to Agisoft™ Photoscan™ have addressed these distortion issues. 

Computer 

The complexity of the Agisoft™ Photoscan™ 3D model is dependent on computer hardware; 

specifically RAM (random-access memory), CPU (central processing unit) and GPU (graphics 

processing unit). The number of photographs that can be processed and maximum project size 

is determined by the amount of available RAM (Agisoft 2016). The CPU is necessary to process 

highly redundant bundle adjustments and complex geometry reconstruction algorithms 

necessary for SfM. High-speed multi-core CPUs (3GHz+) are recommended by Agisoft™ (2016). 

Agisoft™ Photoscan™ utilizes OpenCL (Open Computing Language) and a fast OpenCL-

compatible GPU can speed up the dense cloud processing, which is the most time-consuming 
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step in the workflow. OpenCL is the open standard for parallel programming across 

heterogeneous platforms (KHRONOS 2016). However, in this research project, successful 3D 

models were made on a five-year-old laptop with specifications much lower than the 

recommended Agisoft™ (2016) basic configuration. The details will be discussed further in the 

Methods section below. 

User 
‘The single most important component of a camera is the twelve inches behind it.’  

– Ansel Adams(n.d.) 

Structure from Motion photogrammetry relies on the image quality and consistency of the 

photographs and overlap. The technique of the photographer in capturing images will affect 

the final 3D model product. Preferably, photographs should be taken with the mindset that they 

will be used for photogrammetry. A visually pleasing, well-composed set of photographs will 

not necessarily have the information required to produce a SfM-generated 3D model. However, 

even photographs that were not intended for photogrammetry (e.g. historic photographs) can 

still be utilised in some circumstances.  

Noise and blur are the antagonists of SfM photogrammetry. The photographer needs to 

understand the settings on the camera to get the maximum possible resolution, lowest ISO, 

high enough aperture, and fast enough shutter speed to get sharp and clear images.  

It is important to gauge the context of the rock art and determine if SfM photogrammetry will 

be possible. Perhaps the circumstance calls for additional equipment such as remote controls 

tripods, and portable studio lights. However, these need careful consideration. Portable LED 

(light-emitting diode) lights and high-end tripods are cumbersome and may be impractical 

during rapid surveys. They also require more time at the rock art site than hand-held 

photography. In many situations, if the natural light is sufficient, hand-held photography is not 

only the fastest but also most practical method. The resulting 3D model is sufficient for analysis.  

Limitations 

Structure-from-Motion can produce high-quality 3D models in many geological contexts, but it 

is limited by the spectral texture of the surface being modeled. If the goal is to record the entire 

cave, a combination of Terrestrial Laser Scanning (TLS), SfM, and Spatial Imaging System are 

ideal to create high-resolution 3D models (see Grussenmeyer et al. 2010). When using both TLS 

and SfM, usually the close-range photogrammetry is used to produce the texture of the model 

(Grussenmeyer et al. 2010). Fortunately, many of the rock art sites in the Philippines are not 
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caves, but rockshelters and exposed rock outcrops. The natural lighting in the rockshelters and 

outcrops, in most cases, are suitable for creating SfM 3D models.  

DStretching 3D models 

There have been numerous examples of DStretch® applied on photographs to enhance a faded 

image. Applying DStretch® on a 3D model allows more detail to be seen in areas that are no 

longer visible to the naked eye. It makes it possible to see rock art that would not have 

otherwise been photographed. This research is one of the pioneering projects for this 

technique. The effectiveness of using DStretch® on an entire 3D model of a painted rock art site 

can be evaluated. 

Remote sensing and rock art 

Remote sensing is acquiring data on an object without making physical contact. Usually it 

describes data obtained from satellites or aircrafts from a distance, but in the broadest 

definition it includes data obtained by photography. Therefore, in order to effectively study the 

rock art of the Philippines, remote sensing techniques were employed. 

Landscape analysis, largely supported by Geographic Information Systems (GIS), has become an 

integral part of archaeology, especially rock art research that is tied to the landscape (Bradley 

1991, Gaffney and Stancic 1991, Ling 2008, Llobera 2001, Mark and Billo 2002, Savage 1989). 

Mostly, GIS used in archaeology is on a kilometre-scale to understand the spatial distribution of 

the sites in a broader landscape or metre-scale for features within a site (based on Chippindale 

2004, Table 3.1). Most rock art research that utilized GIS was limited to data compilation, 

processing, and visualization. However, more studies are appreciating the potential of GIS for 

quantitative analysis, spatial analysis (spatial patterning, habitat association, and context, 

landscape association), topographic analysis (viewshed analysis, least-cost path analyses, and 

virtual environments), and predictive modelling (Wienhold and Robinson 2017). 

Developing a digital enhancement technique for engravings 

During the course of my Ph.D. research, I co-developed a technique with Maria Kottermair, a 

GIS specialist, for enhancing engravings. The intention was to find a method of enhancing 

engravings like DStretch® enhances paintings. For the fieldwork in Bontoc, Philippines, where 

the condition of the rock made the engravings difficult to discern, it was essential to develop a 

method to record, highlight, and analyse engraved rock art in the most cost-efficient way 

possible. The solution was a combination of low-cost 3D modeling and spatial analysis. The 

innovative aspect of the method is that we propose treating engraved rock art as micro-



 
 

Theory and Methods 43 
 

topography, which allows a suite of GIS tools to become available for rock art analysis. 

Technically, an engraving is an anthropogenic depression on the topography of a rock surface. 

Geographic Information Systems programs, like ArcMap™ or QGIS™, allow the utilization of 

DEMs (Digital Elevation Models) that have multiple applications. Hillshading has been used on 

the DEM of a 3D model of engravings to get higher definition (e.g. Gomez-Heras et al. 2014). 

There is also the potential for comparing DEMs of the same rock art at different times as an 

effective way of monitoring change (Willis 2010).  

Our method applies a TPI (Topographic Position Index) algorithm on a DEM of an engraved rock 

art site. The TPI compares the elevation of each pixel of a DEM to the mean elevation of pixels 

in a specified surrounding area, providing a relative position (Weiss 2001). Therefore, a TPI is 

commonly used to classify a landscape into valleys, slopes, and ridges or to detect anomalies 

such as depressions (e.g. Doctor and Young 2013). While TPI has been used in archaeology as 

part of a landscape survey to locate the entryways of caves in Mesoamerica (Weishampel et al. 

2011), our application might be the first time TPI is being used on a centimetre-scale to enhance 

rock art. 

Digitally tracing the engravings and creating a database in a GIS program 

Digital tracing in a GIS program allows for a comprehensive recording, including spatial 

information, of the rock art in a database. Detailed tracings and datasets can be done manually, 

but they are laborious processes and, therefore, reserved only for key sites that answer 

important research questions (Chippindale and Taçon 1993). Digital tracing might be time-

consuming in the lab, but it significantly reduces the amount of time needed in the field to 

record a rock art site, which is overall more cost-effective and less tedious (Jalandoni et al. 2018, 

Whitley 2005). The database facilitates a quantitative analysis of the rock art. 

During this research, I created databases in GIS of the rock art inventories for Alab Site 1, Alab 

Site 2, and Angono Petroglyph Site. All the databases will be submitted to the National Museum 

of the Philippines. Not only will this preserve the data gathered during this research, but it will 

serve as the start of a comprehensive national database for rock art in the Philippines. The 

database also facilitates comparisons to the rock art of other areas, such as the Marianas, 

Taiwan, Indonesia, and the rest of Southeast Asia, especially for evaluating APT and AES rock 

art traditions. The creation of the database will also underpin future rock art conservation and 

management programs, with full documentation and condition assessment integral to suceed 

(Jalandoni and Taçon 2018, Appendix C). 
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Methods 

There are two methods for studying rock art: informed and formal (Taçon and Chippindale 

1998). As the name suggests, the informed method involves already known information. It is 

acquired directly or indirectly from the artists through ethnography, ethnohistory, historical 

record, or common knowledge (Chippindale 2004). The formal method approaches the rock art 

with no inside knowledge, and works with it ‘cold’ (Chippindale 2004); all deductions are made 

from the analysis of the material elements such as landscapes, artefacts, and images (Taçon and 

Ouzman 2004).  

For studying the rock art of the Philippines, the informed method was unsuitable because of 

the lack of ethnographic or ethnohistorical information, except Palawan where the artists are 

the Tau’t Batu indigenous people (see Chapter 5). The limited information provided by the 

guides and elders near some rock art sites is included in Chapter 5. Previous archaeological 

research in the form of the few published articles and mostly unpublished materials, such as 

Masters theses and ‘grey’ literature or museum reports, was reviewed. The formal method of 

collecting data during field work was more relevant for this research.  

The methods outlined below were conducted on four sites in the Philippines to record the rock 

art and create an inventory. The resulting inventory is compiled in a database used to test the 

theoretical models of APT and AES. Initially, performing multivariate statistical analysis 

following Wilson’s (2002) thesis was proposed. However, the paucity of rock art sites in the 

Philippines is too small a sample size. Instead, the rock art sites are individually described and 

evaluated regarding the characteristics for identifying of APT and AES listed earlier.  

The database inventory is also used to compare the rock art of the Philippines to the rest of 

Southeast Asia, Taiwan, Hong Kong, and Micronesia (see Chapter 6). As no unified database is 

available for all the rock art of Southeast Asia and Micronesia, the Philippine collection will have 

to be compared with rock art published in books and journal articles. While there are only a few 

publications on the rock art in Micronesia, I have prior rock art research experience in this area. 

Fieldwork 

This section describes all the activities that were conducted and all the equipment that was 

used during fieldwork. It includes work conducted at the rock art site and the camp. It covers 

the work accomplished during the Ph.D. research (started 22 September 2014) and also prior 

to the Ph.D. when working as an archaeologist directly or indirectly with rock art in the Mariana 

Islands, Palau, and the Federated States of Micronesia. Photographs and information on 
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regional rock art gathered as a tourist, for example, Gua Badak in Malaysia in 2006, are also 

included.  

Three engraved and one painted rock art site of the Philippines were comprehensively 

recorded, described, and modelled. The research team located previously known sites and 

established or confirmed the spatial boundaries of each site. Rockshelters, caves, and outcrops 

in the surrounding areas were examined for previously undetected rock art. Global Positioning 

System (GPS) points were recorded for each site using consumer grade GPS handheld units, in 

addition to photograph perspectives, cultural features, natural and modern landscape features, 

or any other point as determined necessary by the research team.  

The sites were recorded with a rock art assessment checklist developed by Taçon (see Appendix 

D). Data recorded on site included museum site number or temporary ones for new sites, types 

of figures, key superimpositions, site dimensions (length, height, depth), some motif 

dimensions, the orientation of site, GPS coordinates, landscape description, associated 

artefacts, and numerous photographs. Every site was assessed for the possibility of dating. 

It was originally intended that every figure would be photographed with and without an IFRAO 

scale (the standard colour and measurement scale produced by the International Federation of 

Rock Art Organizations and used by rock art researchers worldwide). However, employing 3D 

models nullified the necessity. Some photographs were still taken with and without IFRAO scale, 

but the 3D models were relied upon for complete scaling. 

Capturing photos and constructing low- and medium-quality 3D Models 

In the field, a prosumer dSLR, Nikon D7000 (<$1,000 USD), was used with an AF-S DX Micro 

NIKKOR 40mm f/2.8G (<$350 USD) fixed lens. The key features of the D7000 are 16.2 MP 

(megapixel) resolution and clean images at high ISO (International Standards Organization) 

ranges. Contrary to expectations, higher MP ratings expose more focus problems and are more 

likely to necessitate camera calibration (Mansurov 2014). Rockwell (2010) compared the ISO 

results of Nikon D7000, D300, D3 (D700), and Canon 5D Mark II and, back in 2010, found the 

Nikon D7000 to be the cleanest in the world at ISO 25,600. The D7000 images are very clean at 

ISO 100 through 800 and start to get noisy with higher ISOs (Imaging Resources 2016). Even if 

the camera was more than half a decade old, it was capable of capturing high-quality images to 

produce SfM-generated models. The AF-S DX Micro NIKKOR 40mm f/2.8G was used because 

the micro (Nikon’s equivalent of macro) capability allows images to be captured up to 16.3 cm 

away from the object, a feature which was occasionally useful in rock art recording.  
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While professional surveyors recommend camera and lens calibration before going into the 

field, this was not done. Jalandoni et al. (2018) demonstrated that using the same equipment, 

it was not necessary to calibrate and still get a model with sufficient accuracy for measuring and 

tracing from the 3D model (Figure 3.2). Most archaeologists do not calibrate their cameras and 

lenses, and we intended to demonstrate that 3D models could be made with equipment 

available to the majority of archaeologists without being intimidated by the requirements of 

specialists. 

 
Figure 3.2 Digital tracing of the head of a female Dynamic Figure from a medium-quality 3D model (left), high-
quality 3D model of the specific motif (centre), and High-quality 2D photograph (right). From top to bottom: visible 
light images; D-stretched images and digital tracings (Jalandoni et al. 2018). 

The camera settings were fixed at F/5.6, ISO varied based on the amount of natural light 

available, the lowest possible ISO was favored, neither tripod or flash was used, and shutter 

speed varied to balance exposure. 

Agisoft™ Photoscan™ markers were printed out and attached to four aluminum rulers at the 0 

cm and 30 cm tick lines. The rulers were placed near the rock art panels to be included in the 

photographs but never obstructing the rock art. The markers are automatically detectable by 

the Agisoft™ Photoscan™ program and allow for efficient scaling of the 3D model. On the 3D 

model, the two points between the markers on the same ruler have a known distance of 30 cm. 

While not all the markers were automatically detectable, likely due to slight movements from 

the wind, they were still useful for manual placement of points of known distance on the 3D 

model.  

Photographs were taken with at least 60% overlap from at least two perspectives but usually 

much more. Markers were placed on or near the panel and included in the photographs. Images 
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were saved in both raw and fine formats. The fine format was used to create 3D models in the 

field, while the raw files were used to make high-quality 3D models in the lab. 

The fine format created by the camera were 7–8MB JPEG files of the images, and those were 

processed the same day back in camp with no camera calibration. The laptop used was a 2011 

Toshiba Satellite P750 with Intel® Core™ i7-26300QM CPU 2.00GHz, 8GB RAM, and NVIDIA 

GeForce GT 540M. The camera-generated JPEG images were loaded into Agisoft™ Photoscan™ 

for photogrammetric processing and produced scaled 3D models. The program was configured 

to use maximum CPU and GPU cores for processing.  

Due to the limitations of the processing power of the laptop, the site was divided into Chunks 

to facilitate processing. In Angono, Alab 1, and Lamanoc Island, Chunks were panels separated 

arbitrarily 2 m apart. In Alab 2, the Chunks were based on clustered rock art figures. The 

photographs were taken with these Chunks in mind. 

Low or medium quality 3D models should be created in the field to identify problems in the 

dataset while still capable of returning to the site to retake (Jalandoni et al. 2018). Testing the 

data is especially important in remote areas, where returning to the site can be costly both 

financially and temporally. While in the field, we ensure the raw material (photograph quality 

and quantity) is sufficient to produce better models in the lab. 

Site-specific methods  

Lamanoc Island, Philippines 

Fieldwork on Lamanoc Island was done over two periods. The first visit was 13–16 June 2015 

with Douglas J. Mello, a graduate student from the Archaeological Studies Program, University 

of the Philippines. Mello and I collaborated for the fieldwork since he is doing his Masters thesis 

on the site. The second fieldwork was from 26–30 January 2016 with Mello and Kottermair. 

On Lamanoc Island, all the rock art was recorded with iDStretch, a mobile version of the 

DStretch® for the iPad and iPhone developed in 2016. The ideal setup would be to use an iPhone 

(or an equivalent) to take a photograph and transfer it to iPad to utilize iDstretch. The iPhone 

has a better camera than the iPad, but the iPad has a bigger screen to view the enhanced rock 

art. However, for the sake of simplicity and lack of an iPhone, only an iPad was used to record 

and enhance the rock art while on Lamanoc Island. Photographs were taken for 3D modeling.  
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Angono, Philippines 

The fieldwork in Angono was 5–9 February 2016 with Prof. Paul Taçon. Fieldwork consisted of 

taking photographs to create 3D models, interviewing locals, experimenting with various 

materials in relation to rock art production, and exploring nearby caves for possible rock art.  

At the site, iDstretch was tested on the engravings and found to be marginally useful. DStretch® 

is primarily used by rock art researchers for enhancing paintings but has also successfully been 

used to enhance incisions (Defrasne 2014). Depending on the geological condition, DStretch® 

can contrast shadows created by engravings. 

Alab 1, Philippines 

There were two visits to Alab site 1, on 27 March 2015 and three days between 22 February 

and 6 March 2016 with Maria Kottermair. In addition to digital recording in Alab 1, plastic sheets 

and markers were used to replicate the old style of recording engravings (see Roe 1992). Sheets 

were laid out over the rock outcrop, and ink markers were used to reproduce the pecking or 

scraping evidenced on the rock. Our local guides helped with the manual tracing (Figure 3.3). 

The evaporation from the rock clung to the plastic sheet, a common problem with this method, 

and made tracing difficult. Some of the outer crust of the rock outcrop had flaked off due to 

weathering. A piece of the crust was kept for testing. 

Alab 2, Philippines 

The second site in Alab was discovered on the last day of fieldwork for Alab site 1, on 6 March 

2016. The site was revisited on 16 May 2017 and photographs were taken to create a 3D model. 
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Figure 3.3 Local guides (Shamraine Afidchao and Giffany Atiwag) helping with the tracing of Alab site 1. Source: 
Andrea Jalandoni. 

Palau  

During 26–28 February 2011, Mark Willis and I attempted to visit and document six pictograph 

sites located in the Rock Islands of Palau. Five of the sites were located and recorded using 

various innovative techniques at the time, such as SfM photogrammetry (the first time used on 

rock art in the region) and DStretch® (Willis and Jalandoni 2011). The effort was part of a larger 

project related to the proposed listing of the area as a World Heritage Site with the United 

Nations Educational, Scientific and Cultural Organization (UNESCO) with the help of 

International Council on Monuments and Sites (ICOMOS), the Republic of Palau's Bureau of Arts 

and Culture (BAC) and the Micronesian Area Research Center (MARC) at the University of Guam 

(UoG). MARC funded travel and lodging from Guam to Palau. All other work on the project was 

pro bono.  

The Rock Island pictograph panels were primarily located within high limestone grottos or 

rockshelters on the cliff-like walls of the island edges. Sites were accessed either by mooring a 

boat and climbing to the rock art, photographing the panels from the boat, or walking to the 

pictograph panel on foot.  

All of the methods used to document the pictographs during the project were non-invasive and 

photographically based. Two digital single-lens reflex (DSLR) cameras were used for all the 

photographic documentation. A Canon 50D was the primary camera used. All photographs from 
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the Canon 50D were collected in RAW format as well as the highest resolution JPEG available 

(15.1 megapixels: 4752x3168 pixels). The backup camera was a Nikon D300S. Similarly, the 

Nikon took high-resolution JPEG images (12.3 megapixels: 4288x2848 pixels) as well as saving 

each image in the Nikon Electronic Format (NEF). A Kodak Q-14 colour separation guide and 

grayscale (CAT 1527662) was used for colour balance and matching. In addition to this 

equipment, a sturdy tripod and GigaPan® Epic Pro robotic camera mount were also used. In 

total, nearly 4,000 photographs were taken of the rock art. 

The GigaPan® system is a robotic tripod mounted camera trigging device. The mechanical 

aspect of the GigaPan® allows for the automated precise photographing of a dense grid of 

photographs (Figures 3 and 4). The GigaPan® system is placed in front of a rock art panel and a 

telephoto lens on a DSLR is attached to it. The user zooms the lens to get the maximum detail 

desired and programs the area to be photograph. The GigaPan® then automatically triggers the 

camera to take a series of photographs starting in the upper left-hand portion of the imaging 

area. The machine moves the camera in transects from top to bottom and left to right taking 

pictures that overlap each other by 40%. The matrix of images is downloaded after the process 

is finished and processed using proprietary software that stitches all of the photographs 

together into one large panorama. The resulting image is hyper-detailed and of much higher 

resolution than possible using any other photographic method (Figure 3.4). The final graphics 

must be viewed using special software that is freely available. 

The GigaPan® system recorded 1,068 photographs and produced a 2.53 gigapixel image from 

that mosaic of photographs. That image is available for detailed examination at 

http://www.gigapan.org/gigapans/12f747f6177fe198c8379373853ab987/  

The GigaPan® system successfully recorded most of the pictographs but due to the limitations 

of working next to the cliff edge, the final image is unavoidably clipped at the top and right side 

(Figure 3.5). 

The 3D model created from photographs was challenging to generate because of the intricacy 

of the shape and a large number of photographs needed to document it fully. As photographs 

are added to a SfM project, the computation time and power needed goes up exponentially. It 

took approximately 1,600 hours of computer processing time to create the Ulong Island 

pictograph 3D model (Figure 3.6). However, due to time and weather constraints in the field, 

the majority of effort was placed on the recording of the rock art at Ulong Island. 

http://www.gigapan.org/gigapans/12f747f6177fe198c8379373853ab987/
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Figure 3.4 Example of a GigaPan® image mosaic before stitching (Willis and Jalandoni 2011). Each rectangle is a 
full resolution photograph.  

 

Figure 3.5 Low-resolution 3D model of the Ulong Island pictograph site (Willis and Jalandoni 2011). 

 

Figure 3.6 Low resolution textured and untextured 3D model from Ulong Island pictograph site (Willis and 
Jalandoni 2011). 

New Zealand 

The fieldwork in New Zealand was conducted 21–22 October 2017. The main purpose of the 

fieldwork was to demonstrate for Maori researchers the ease and quality of SfM 

photogrammetry for recording rock art. New Zealand is the southernmost boundary of 

Austronesian expansion and the last to be colonized (800 BP, see Chapter 2). While it was an 
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honour to share expertise, it also allowed me to view rock art that would otherwise be 

inaccessible. However, due to cultural property rights, I am not at liberty to share those models. 

Australia 

The fieldwork in the Northern Territory, Australia, was conducted mostly in the Wellington 

Range and Kakadu National Park areas 1–18 June 2016 and 16–30 June 2017 respectively. The 

fieldwork there allowed me to test SfM photogrammetrical recording of rock art in a different 

environment and demonstrate the simplicity and effectiveness of SfM photogrammetry as a 

viable cost-effective substitute for laser scanning. Nourlangie in Kakadu National Park is one of 

the most visited and iconic rock art sites in Australia, yet it does not have a conservation plan. 

By creating a baseline 3D model of Nourlangie and other key sites, it may be possible to track 

changes both historically and in future (see Chapter 7: 3D Models and Monitoring for Rock Art 

Conservation). 

Labwork 

The main software programs used were Agisoft™ Photoscan™ for creating the models, 

ArcMap™ 10.3 for enhancing engravings and schematic digital tracings, SPSS® for statistical 

analysis, and DStretch® for enhancing paintings. Other software used included Adobe 

Photoshop®, Meshlab, and Google Earth™. 

The computer, with an Intel® Xeon® Processor E5-1650 v4 (6C), 64GB 2400MHz DDR4 RDIMM 

ECC and an NVIDIA® Quadro® M5000 8 GB GPU, was specially built for processing 3D models. 

However, in hindsight, the graphics card used was not ideal but still satisfactory. Agisoft (2016) 

recommends an NVIDIA® GeForce® GTX 980 Ti, GeForce® GTX 1080, or GeForce® TITAN X for 

an advanced configuration. 

Creating high-quality 3D models 

The procedure for creating high-quality 3D models is mostly the same as creating the medium-

quality model in the field. The main difference is that in a high-quality model, higher 

specifications are used. So instead of limiting the tie points and key points, they are set to 

infinite. Another difference would be the need to calibrate the model. While in Jalandoni et al. 

(2018) RAW files were converted to TIFF files for the high-quality model, the conversion was 

not applied to the Philippine rock art models. This step was foregone to prevent the Agisoft™ 

Photoscan™ from crashing and to minimize processing time. The results from the JPEG files 

were sufficient for rock art identification and digital tracing. Processing reports for the 3D 

models are available in Appendix E. 
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Measurements were taken by zooming into the area of interest and creating markers at the 

exact points to be measured. Provided the model is scaled, the program provides the distance 

between the markers and the margin of error (Figure 3.7). 

 
Figure 3.7 A screenshot of a 3D model from the Wellington Range, Arnhem Land, Northern Territory, Australia 
made in June 2016. Markers attached to rulers were used for scale, and digital distance measurements between 
two selected points were generated. Permission for the use of the image from the Traditional Owners has been 
granted (Jalandoni et al. 2018). 

Post-processing the 3D model of Lamanoc 

Lamanoc was the only painted site in the Philippines for which I created a 3D model. The site 

was divided into two Chunks, west and east, because the natural column in between was 

difficult to photograph. Certain figures were processed again separately to get better detail on 

the 3D model. Finally, I investigated different methods and successfully applied DStretch® to 

the 3D model, by altering the texture file (Figure 3.8). 
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Figure 3.8 Screenshots of a 3D model for East rockshelter (top), DStretch® LRE (centre), and DStretch® LAB 
(bottom). Source: Andrea Jalandoni. 

Since the rock art in Lamanoc has many shades of red, it was used to figure out how to DStretch® 

a whole 3D model. Aside from enhancing faded known rock art, researchers often find 

unexpected rock art beside known rock art using DStretch®. To detect previously unknown rock 

art, it has to be within the same frame of the known rock art photographed. The advantage of 

being able to DStretch® a 3D model over a single photograph would be finding rock art in an 

unexpected area meters away from the known rock art. Conceivably, one could achieve similar 

results by photographing the entire site in detail and applying DStretch® to every photograph. 

Also, with iDStretch, the enhancement can be done in the field. However, both those methods 
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would be tedious and time consuming. Applying DStretch® to a 3D model is more time efficient 

in the field and allows for all the other benefits of a 3D model.  

While it is unlikely that this is the first time DStretch® has been applied to a whole 3D model, I 

have not seen any publication with a DStretch® 3D model. Furthermore, there has not been any 

instructions in a publication or on web pages (which are usually more current) on how to do it. 

Post-processing the 3D model for engraved sites: Alab site 1 and site 2, and Angono  

The dense point clouds of the engraving sites (Alab site 1 and site 2, and Angono) were used to 

create a DEM in TIFF format through Agisoft™ Photoscan™. The DEMs were exported into 

ArcMap™ 10.3 for enhancing, using the TPI-HS method, and creating inventories.  

The software used for this research was ArcMap™ 10.3. However, similar results should be 

possible with QGIS™ (Documentation QGIS 2.8) and other GIS programs. The DEM was imported 

into ArcMap™, and a projected coordinate system (CS) was assigned to the data frame to take 

measurements. The UTM WGS84 Zone 53N was used because of its regional popularity, metric 

system (point cloud is in meters), and zero distortion at the central meridian but other CS with 

similar properties could have been chosen (Jalandoni and Kottermair in press). Secondly, a 

hillshade (HS) was created to visualize the DEM. Next, the TPI tool was applied, which is part of 

the Topography Tools (Dilts 2015), a free downloadable plug-in for ArcMap™. Different values 

for the neighbourhood were chosen, but the best results for the sample yielded a radius of 30 

cells. The TPI layer was made 50% transparent with the HS underneath (TPI-HS layer) to 

combine the advantages of both layers to enhance visual interpretation. While TPI allowed a 

clearer view of the engraving, the HS improved identification of ‘Texture’ in Alab site 1. 

Creating site inventories and statistical analysis 

I initially attempted to use Wilson’s (2002) classification of motifs of Vanuatu to categorize the 

rock art of the Philippines. If it were successful, there would be a dataset supporting APT 

(Wilson’s) to test against the Philippine dataset. However, it was clear in the early stages that 

the classification of motifs was not analogous. Instead, I devised a method of assigning 

attributes to each motif and converting qualitative data into quantitative data. A census of the 

rock art for each of the engraving sites (Alab site 1, Alab site 2, and Angono) was achieved by 

digitizing lines visible on the TPI-HS enhanced rock art into shapefiles. Originally, I wanted to 

trace the rock art realistically, which is uncomplicated with Adobe Photoshop® but tedious with 

ArcMap™. However, Adobe Photoshop® does not produce a database. By tracing in ArcMap™ 

10.3, I sacrificed a realistic tracing for a schematic one, but not only do I gain a dataset, but also 

it is also a visually- and spatially-linked database (Figure 3.9). 
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Figure 3.9 Screenshot of spatially-linked database of Alab Site 1. Figures with the attribute of Vulva-form are 
highlighted. Source: Andrea Jalandoni. 

Alab site 1 

In Alab site 1 the following attributes were applied: Cupules, Vulva-form, Isosceles, Open/Close, 

Traced Over, Shape (U/V), Texture, Bisect Line, Bisect Line Crosswise, Superimposition, 

Superimposed Over, Natural, and Faint (Figure 3.10). 

The plastic sheets with manual tracings were photographed with a smartphone using 

CamScanner™ that performed automatic camera skewing correction and converted images into 

PDF files. However, even after using Adobe Photoshop® to automatically and manually photo-

stitch the images together, there were still many distortion problems due to misalignment of 

the plastic sheets, fold marks, and the innate difficulty of tracing a 3D surface on a 2D plane. 

Over 200 ties (called control points) had to be made between the stitched image of manual 

tracing and the TPI-HS layer to spatially reference it in ArcMap™. By aligning the stitched image 

with the TPI-HS layer, discrepancies between the manual tracing and digital tracing could be 

identified. 
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To make sure all engravings were captured and classified as accurately and consistently as 

possible, we (AJ and MK) classified the features independently and then compared them 

(Jalandoni and Kottermair in press). Quality control was facilitated by visualizing the figures by 

attributes, which is a unique feature of a spatially-linked database. Another advantage of 

digitizing using a GIS software is the ability to calculate the area of figures, instead of traditional 

height-length measurements, which can still be done. The area of eligible figures was calculated 

by creating a minimum bounding geometry (convex hull). Orientation was defined as the 

cardinal direction of the vertex of the two longest lines, and equilateral triangles have no 

discernible orientation. The attribute table was then summarized and exported for further 

statistical analysis.  

The data table from ArcMap™ was imported into SPSS® v. 23 for descriptive statistics and cross-

tabulation of attributes. Most of the data was nominal, so chi-square tests were calculated 

between each attribute. Chi-square tests have been used in many rock art research projects 

(see Lynch and Donahue 1980, Taçon 1989) to understand associations between variables. The 

hypotheses were as follows: 

H0: In Alab, attributes (A-L) are independent of each other.  

Ha: In Alab, attributes (A-L) are not independent of each other. 

In order to meet conditions of the chi-square test, the number of cupules associated with a 

motif were summarized as n= 0, 1, and 2+; Bisect lines were summarized into absent (n=0) or 

present (n=1-5); Textures identified as bas-relief (n=26), semi-bas-relief (n=8), and intaglio (n=3) 

were summarized into present (Y), while no texture was considered absent (N); Area was 

grouped into intervals of 20 cm² and all ≥80 cm² together; and Orientation was bracketed into 

South-North (SN), East-West (EW), and not discernable (ND). The figures were classified as 

Open, Closed, and neither, while their shapes were described as U-shaped, V-shaped, and 

other. Other attributes (Vulva-form, Isosceles, Bisect Line Crosswise, Traced Over, 

Superimposed, Superimposed Over, Natural, Faint) were characterized as present (Y) or  absent 

(N). Many attributes (Bisect_Cross [n=7], TracedOver [n=10], SuperImp [n=15], Natural [n=5], 

Faint [n=12]) had too few present samples to meet the minimum requirement for a chi-square 

test. Only figures (n=191) identified in ArcMap™ as having a defined area were included in the 

descriptive statistics and analysis in SPSS®, while lines and graffiti were excluded. The 

acceptable significance level (α) is 0.05 and Cramer’s V effect size is interpreted using Cohen 

(1988) standards to determine the strength of the relationship. 
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Figure 3.10 Data dictionary for attributes at Alab (Jalandoni and Kottermair in press). 
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Alab site 2 

Alab site 2 followed the same procedure described in Alab site 1. However, there were fewer 

attributes recorded: Cupules, Isosceles, Open/Close, Traced Over, Shape (U/V), Bisect Line, 

Superimposition, Superimposed Over, and Natural. 

Angono 

Due to the large size of Angono (57 m length), the photographs were taken in arbitrary ‘Chunks’ 

representing 2 m lengths. In the laboratory, photographs were processed in chunks for separate 

models, but a dense point cloud was also made with all the photographs processed together 

(Figure 3.11). There was a discrepancy of several meters between the in-field measurement 

using a laser distance meter and the 3D model. Therefore, I scaled the model using twenty-one 

scale bars for millimeter accuracy. The discrepancy is likely due to an accumulated offset error 

with the laser distance meter.  

 
Figure 3.11 Dense point cloud (DPC) of entire site (Jalandoni and Taçon 2018). 

In accordance with the procedure for the two Alab sites, the DEM of each Angono chunk was 

imported into ArcMap™ 10.3. The rockshelter is concave, resulting in the majority of the rock 

art being slanted or invisible altogether if the model was exported singularly instead of in chunk. 

The purposeful segmentation of the site into chunks provided a corrective view of the rock art. 

However, due to the contour of the rockshelter surface and the conversion from 3D to 2D, the 

chunks could not be completely aligned without accepting excessive distortion. Enhancing the 

engravings using topographic position index and hillshade (TPI-HS) and exporting the data to 

SPSS® v.23 followed the procedure for Alab, except the layers were not adjusted for 

transparency.  

It was a conscious effort to keep as many of the attributes used in Alab for Angono so that 

comparisons could be made. However, due to the variation of motifs, other attributes were 

used. The attributes used to describe Angono were Superimposed, Superimposed Over, Traced 

Over, Fingers, Headgear, Cupules, Bisect Lines, and Converted Geometrics. 

Descriptive statistics and cross-tabulation between phase/anthropomorph and certain 

attributes (superimposed, superimposed over, traced over, ‘fingers’, ‘headgear’, cupules, bisect 
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lines and converted geometrics) were calculated to identify possible associations (Table 3-2). 

The number of cupules and bisect lines associated with a figure were summarised into present 

(n>0) and absent (n=0) to meet the conditions of a chi-square test. The hypotheses used for the 

chi-square test were as follows: 

H0: In Angono, Phase/Anthropomorph and attribute (Superimposed, Superimposed Over, Traced Over, 

Fingers, Headgear, Cupules, Bisect Lines, and Converted Geometrics) are independent of each other.  

Ha: In Angono, Phase/Anthropomorph and attribute (Superimposed, Superimposed Over, Traced Over, 

Fingers, Headgear, Cupules, Bisect Lines, and Converted Geometrics) are not independent of each 

other. 

Table 3-2 Definition of attributes at Angono (Jalandoni and Taçon 2018). 

Phase If figure is determined to be phase 1 or 2 
Anthropomorph If figure is human-like 
Superimposed If the line(s) superimpose on another figure 
Superimposed 
over 

If superimposed by another figure 

Traced over If signs of retouching or redirecting 
‘Fingers’ If appendages are attached or associated with the arms or legs of an 

anthropomorph 
‘Headgear’ If an object is attached or associated with the head of an 

anthropomorph 
Cupules If pecked or pounded rounded pits, holes and cup-like forms (Taçon et 

al. 1997) 
Bisect lines If line is across the figure 
Converted 
geometrics 

If figure is determined to be converted from an earlier geometric form 

Limitations 

I intended to visit and create 3D models of all the known rock art in the Philippines. 

Unfortunately, several factors have restricted the final product to four sites out of the twenty-

two verified sites. However, three of those four sites have been completely recorded and 

inventoried during this research and all four have 3D models. Time, resources, and safety were 

the main constraints. The weather proved unpredictable, with typhoons in the dry season. 

Bandits and militant groups were also an obstacle to access the rock art sites in Mindanao and 

the mountains of Northern Philippines. These obstacles will be discussed further in Chapter 5: 

Rock Art in the Philippines. 
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Chapter 4: The Philippine Context 

Introduction 
The purpose of this chapter is to provide a basic introduction to the physical environment and 

peopling of the Philippines. In the first section, the geography, climate, biogeography, and 

natural disasters that impact the rock art and the study of rock art is reviewed. Then the 

population theories, Pleistocene evidence, Indigenous People, Negritos, Austronesians, and 

historical migrations of the possible artists of the rock art are described. Understanding the 

physical environment and the populations of the Philippines will provide insight into the rock 

art found scattered across the islands, as well as the enigma of why some areas do not have 

rock art or why it has not yet been found. 

Physical Environment 

Geography 

The Philippines is an archipelago in Southeast Asia (Figure 4.1). As of 2017, the archipelago 

consists of 7,641 islands (Barile 2017) instead of an earlier count of 7,107. Islands can have 

different genesis: they can be made by continental breaking, volcanic eruptions, or corals rising. 

The mountainous region of Baguio (~1,500 m altitude), for example, was once underwater. The 

island of Palawan is a case of continental breaking because it was a part of southern China that 

ended up in the Philippines. The geology and biogeography of Palawan is markedly different 

from that of oceanic Philippines. Palawan was part of Sundaland and was once attached to 

Borneo, Malaysia, but then separated due to sea level rise 160,000 years ago (Heaney 1986). 

Volcanic eruptions have brought up some new islands, such as Didicas Volcano, as recently as 

1952. However, the increase in over 500 islands is attributed mostly to technological advances, 

such as satellite imaging, that have led to a more accurate count. Of the 7,641 islands only 2,590 

(33.9%) were inhabited in 1939 (Commission of the Census 1943). The current population of 

the Philippines is almost 106 million, ranked 13th most populated in the world (Worldometers 

2017).  

The country is divided into three geographical regions: Luzon, Visayas, and Mindanao (Figure 

4.1). Luzon and Mindanao are the two largest islands, while the Visayas is the group of islands 

in between. The Philippines is bounded to the east by the Philippine Sea, south by Celebes Sea, 

southwest by Sulu Sea, and to the west is the South China Sea. However, due to the ongoing 

dispute with China over islands in the South China Sea, the Philippines renamed their exclusive 
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Figure 4.1 Map of the Philippines with known Negrito and Tribal territories from the end of the 19th century marked 
with dots (adapted from Padilla 2015 with the permission of Wayne State University Press), archaeological sites 
marked with triangles, and labels on places mentioned in this chapter. Source: Andrea Jalandoni. 
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economic zone (EEZ, 200 nautical miles from the coast) within the South China Sea as the West 

Philippine Sea (Manila Bulletin 2012). 

Google Maps™ was used to estimate the distances from the Philippines to the adjacent 

landmasses. From the northernmost islands off the coast of Luzon, where the Batanes 

Archaeological Project (see Chapter 2) was conducted, it is ~160 km to the southern tip of 

Taiwan. East of the Philippines are the Mariana Islands (~2,100 km away) and Palau (~875 km). 

Some of the islands in southwestern Philippines are a mere ~40 km away from Malaysian 

Borneo. From Mindanao to the main island of Suluwesi, Indonesia, is ~469 km, with small 

Indonesian islands in between. The nearest point in the Philippines to Mainland Southeast Asia 

(MSEA) is southern Palawan to Vietnam at ~1000 km northwest. The northwestern tip of Luzon 

to the nearest point in China is Guangdong Province at ~690 km northwest.  

Climate 

The climate of the Philippines is similar to Central America, and can be described as tropical and 

maritime characterized by relatively high temperature, high humidity, and abundant rainfall 

(Philippine Atmospheric Geophysical and Astronomical Services Administration n.d.). The mean 

annual temperature of the Philippines, excluding Baguio, is 26.6⁰ C with no significant difference 

between Luzon, Visayas, or Mindanao. According to Philippine Atmospheric Geophysical and 

Astronomical Services Administration (PAGASA n.d.), humidity varies between 71% and 85% 

and mean annual rainfall is 965 mm to 4,064 mm. Based on temperature and rainfall, there are 

two major seasons, rainy (June to November) and dry, though the dry season can be subdivided 

to cool (December to February) and hot (March to May). Through statistical modelling, Hilario 

(2014) determined significant climate changes and indications of increasing frequency of 

extreme weather (extreme rainfall or drought) events that have plagued recent years will 

continue.  

Biogeography 

The Philippines is considered a mega-diversity country, characterized by high biotic diversity 

and endemism. Of the 52,177 known fauna and flora species in the Philippines, more than half 

are endemic (Ong et al. 2002). ‘On a per unit area basis, the Philippines probably harbors more 

diversity of life than any other country on the planet’ (Department of Environment and Natural 

Resources: Biodiversity Management Bureau 2016). 

Heaney (1986) observed that terrestrial fauna in the Philippines is largely derived from 

Sundaland. Successful over-water colonization is one to two species per 500,000 years, 

background extinction rate is 1–2% every 10,000 years, and speciation rate is at least twice that 
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of extinction rate (Heaney 1986). Heaney (1986) suggested that some of the native mammals 

are actually prehistoric human introductions. Examples of such are the Maraca, Paradoxurus, 

Viverra, Sus, Rattus, Bubalus and possibly the leopard cat Prionailurus bengalensis.  

Based on observations in the Philippines, Heaney (1986) developed a theory that the ages of 

the islands correlate with increasing endemism and biodiversity; older islands have more 

endemic species than younger ones. Luzon, estimated to be over 60 million years old, has 85% 

endemism in its mammals and birds, compared to Sulu with only 10% endemism in mammals 

in the 3-million-year-old island. Moreover, Heaney (1986) found that faunal variation between 

regions is higher than within each region, and that insular fauna are not in equilibrium. 

Heaney (1986) grouped the Philippines into five greater ice-age islands. Some islands were 

connected and then separated, reconnected, or never connected at all. Except for Palawan and 

Mindoro, all of the islands are of de novo oceanic origin. These islands have been isolated from 

each other for at least 3 million years and in that time became home to distinct endemic species. 

This explains such occurrences as different species of bleeding-heart pigeon on different 

islands. Heaney’s genetic studies denote that long-term genetic structuring was a consequence 

of isolation and ecological affinity of species. 

Another essential explanation of biogeographical diversity patterns that characterizes the 

Philippines is the mid-range or mid-domain theory. This mid-domain effect is seen when ranges 

overlap increasingly toward the centre of a shared geographic area, producing a ‘mid-domain’ 

peak of species productivity. Results in the Philippines suggest that ecological factors constrain 

species richness and distribution; there is no latitudinal and longitudinal gradient in species 

richness. 

Dispersal, migration, relative island ages, and the mid-domain theories thus make up the key 

building-blocks of a suitable theory explaining the origins and dimensions of Philippine 

biodiversity. Environment and habitat play a large role in the genetic structuring of endemic 

Philippine mammals. 

Natural disasters 

According to the World Risk Index, the Philippines is the 3rd most disaster-prone country in the 

world, after Vanuatu and Tonga (Integrated Research of Disaster Risk 2015). The Philippines is 

near the equator and part of the Pacific Ring of Fire, therefore prone to earthquakes, volcanic 

eruptions, tsunamis, and typhoons. At least 20 tropical cyclones hit the Philippines every year, 
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causing billions of US dollars in damage and thousands 

of casualties. In 2013, super typhoon Yolanda, local 

name for Haiyan, had a toll of 6,300 dead, while 28,689 

were injured and 1,061 missing (de la Cruz 2016). Mayon 

Volcano in southern Luzon, renowned for its almost 

perfect conical shape, erupted in early 2018. Initially, 

50,600 people evacuated the area (Wood 2018). These 

calamities are especially detrimental to the 20+% of the 

population living below the poverty line (Philippine 

Statistics Authority 2017). Disasters such as these would 

have severely impacted on people since humans first 

occupied the region. 

Figure 4.2 Mayon Volcano erupting on  
22 January 2018. Source: Geri P. Moraleda. 

Peopling the Philippines 

Migration theories 

H. Otley Beyer (1948), considered the ‘Father of Philippine Archaeology’ (Scott 1992), built on

the ideas of Blumentritt (1900) and propagated a ‘Waves of Migration’ theory for the peopling

of the Philippines. Scott (1992:11) discredited Beyer’s ‘Waves of Migration’ theory as a

fabrication unsupported by any evidence. Scott (1992) and Acabado (2017) point out the most

severe problem is that the model has been outdated by anthropological, archaeological,

geological, and linguistic research for more than half a century (70 years today) and yet it is still

being taught in schools indiscriminately. From personal experience, as a high school student in

the Philippines, Beyer’s waves of migration was still the dominant theory of migration being

taught in the late 1990s.

An alternative theory was suggested by Jocano (1975) based on the archaeological evidence at 

the time. Jocano’s (1975:67) theory is that ‘…prehistoric men, whose fossil remains have been 

recovered from a number of places in the region, represent the core-population in the area 

around which genetic accretions were superimposed as later groups of people trickled into the 

region from other places, thus giving rise to new populations we now recognize as 

contemporary ethnic groups.’ Jocano (1975) categorized Philippine prehistory into the 
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Formative Period (stone tools), Incipient Period (ceramics and metals), and the Emergent Period 

(contact with other Asians). 

The zeitgeist of 1970s was rebuilding or defining Filipino identity (see Cuyugan [in Jocano 

1975:x], Reyes 2008). Jocano (1975) emphasized that labels were introduced and propagated 

by the Europeans in Southeast Asia during colonization. He argued strongly against the term 

‘Malay’ as a race or entity to describe the Filipinos because it creates an origin myth not 

substantiated by the archaeological evidence. 

‘On the other hand, fossil evidence suggests that the people in Island Southeast 

Asia – Indonesia, Malays, Filipinos – are the products of both the long process of 

human evolution and the latter events of movements of people. They stand co-

equal as ethnic groups, without any one being the dominant group, racially or 

culturally.’ (Jocano 1975:70) 

Pleistocene 

Landbridges were proposed as the earliest migration method (Zaide 1970:20). As our 

understanding of past environmental conditions improves we can make more educated 

assumptions. However, it is still difficult to make any assumption because the Philippines was 

tectonically very active during the Pleistocene (Heaney 1986). Since the eustatic sea level during 

the Middle Pleistocene was 160–180 m lower than the present, it is likely that many of the 

islands were connected (Heaney 1986). However, the channel between Palawan and Borneo is 

145 m deep, so if there was a landbridge it would have had to exist before around 160 kya when 

sea level started to rise (Heaney 1986). Stone tools found in association with extinct animals 

suggest human occupation in the Philippines dates as far back as 250,000 – 300,000 years ago 

(Fox 1979:41). Large mammals, such as Elephas, Stegadon and Rhinoceros, might lend further 

credibility to the landbridge hypothesis (Pawlik and Ronquillo 2003). 

Recent discoveries and dating of 47 teeth in China suggest Homo sapiens were in the region as 

early as 80 kya (thousand years ago) and possibly as early as 120 kya (Dennell 2015, Liu et al. 

2015). In the Philippines, the earliest human remains are dated to 66.7 (±1) kya BP from a 

metatarsal found in Callao Cave, northern Luzon (Mijares et al. 2010). In Tabon Cave, Palawan, 

a tibia fragment was dated to 47 kya (±11–10) (Détroit et al. 2004). Both of these caves are 

located relatively near known rock art sites. Callao Cave is part of the Peñablanca Cave Complex 

where 12 caves with rock art have been identified. Tabon Cave is located less than 100 km from 

the Tau’t Batu and the rock art of Ugpay Cave.  



It has been suggested that the Negritos of the Philippines could be related to these early 

humans (Delfin et al. 2011, Détroit et al. 2013). A Y-chromosome genetic study of indigenous 

people in the Philippines identified haplogroups C-RPS4Y and K-M9, founding lineages in the 

Asia-Pacific region with TMRCA (Time since the Most Recent Common Ancestor) estimates of 

14–58 kya. Significantly, the dated fossils of Tabon Cave fall within this range (Delfin et al. 2011). 

Fox (1970) collected archaeological material from Tabon Cave in the 1960s that was dated and 

analysed decades later by Détroit et al. (2004) and Corny et al. (2016). Détroit et al. (2004, 2013) 

examined the human fossils from Tabon Cave and Callao Cave. The fossils of Tabon Cave showed 

a wide variation, but the smaller fossils possibly fit the range of Philippine Negritos, though 

further study is needed. The Callao metatarsal shows morphometric features similar to the 

gracile Negritos. However this determination is far from conclusive due to the sample being just 

one very small bone. Corny et al.’s (2016) morphometric analysis of the upper molars found at 

Tabon Cave revealed two that were larger than submodern Southeast Asians and four that fall 

within the variability range of Philippine Negritos. While this hypothesis is intriguing and the 

most parsimonious explanation for the origin of the Negritos, it is still in its preliminary stage 

and more research is needed.  

Indigenous People (IP) 

The Indigenous People (IP) in the Philippines can be Negrito or Austronesian. They are best 

described as ‘historically distinct from the majority of Filipinos in their success in resisting the 

Spanish colonial administration of the Philippines. As a result, they maintained their indigenous 

belief systems, worldviews and ways of life while the Filipino majority was assimilated into the 

socio-cultural, economic and political system brought about by the Spanish conquestadores’ 

(Alternative Law Groups Inc (ALG) et al. 2009).  

Padilla (2015) posthumously published a map showing known Negrito and tribal locations 

during the 19th century using Blumentritt’s 1890 and Algue’s 1900 data. It should be noted the 

accuracy and comprehensiveness of the data are limited and the IP can be peripatetic. 

Currently, the IP are severely marginalized because the majority of their land has been 

appropriated by the government. In the early 1900s, the IP were dispersed throughout the 

archipelago (Figure 4.1). Many IP are still occupying their ancestral territories (Alternative 

Law Groups Inc (ALG) et al. 2009). The IP are still found throughout the Philippines, and some 

of the rock art is found in places associated with the IP either in the past or continuing to the 

present. 

PANAMIN initially stood for Private Assistance for National Minorities when it was 

Manuel Elizalde Jr.’s private foundation. It was a dubious organization that may have had 
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genuine intentions initially, but was used during the Marcos regime for moving IP off their 

lands, arming tribal communities against each other, and relocating IP to reservations to 

serve as tourist attractions (Schirmer and Shalom 1987:200). Charles Lindbergh became a 

board member of PANAMIN, adding international allure (Hemley 2003). However, Elizalde 

and PANAMIN are most famous for encountering the Tasaday, perhaps the most infamous of 

the Philippine IP, and announcing their presence on National Geographic as ‘a tiny tribe of 

people who had lived for thousands of years in such blissful Stone Age isolation’ (Thomas 

1997). When the Marcos dictatorship ended, everything associated with the regime was 

demonized, including the Tasaday (Hemley 2003:148). The Tasaday were labelled a hoax by 

both local and international academics, based more on the restricted access imposed by 

Elizalde than on the evidence. However, Reid’s (1993) linguistic research supported the 

authenticity of the Tasaday. ‘It is apparent to any unbiased observer that the Tasaday have 

a form of speech that is distinct from the surrounding communities, but how distinct it is 

remains a question’ (Reid 1993: 18). It is an odd case of the hoax being a hoax, and 

much like the ‘waves of migration’ theory, the misinformation is perpetuated. 

Negritos 

The Philippine Negritos are a minority population that are presumed to have arrived before the 

Austronesians in the Philippines. They are phenotypically classified by kinky hair, dark skin, and 

short stature, resembling other present-day hunting and gathering people of Southeast Asia 

(Bulbeck 2013, Détroit et al. 2013, Padilla 2015, Turner and Eder 2006). However, stature is not 

truly diagnostic, as they fall within the shorter end of the range of variation for Southeast Asians 

(Bulbeck 2013).  

The Negritos are speculated to have arrived in the Philippines during the Pleistocene via 

landbridges or short watercraft trips as has been suggested for the Aboriginal population into 

Australia (Mulvaney and Kamminga 1999, Turner and Eder 2006). They are suspected to have 

been present on almost every island in the Philippines before the arrival of the Spaniards, but 

in small populations (Blumentritt 1990). By the late 19th century it was estimated that the entire 

population in the Philippines was around 25,000. In addition to their own languages, the 

Negritos also speak the languages of the Austronesians in proximity (Blumentritt 1990, Turner 

and Eder 2006). The languages of the Negritos may have many Austronesian elements, in some 

places their languages are even understood by neighbouring Austronesian-speakers (Reid 

1994). However, Reid (1994), a linguist who has worked extensively with Negritos in the 

Philippines, recognized enough differences to identify a non-Austronesian substratum in the 
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language. Therefore, the Negritos likely had their own pre-existing language that they creolised 

to communicate with the arriving Austronesians. 

Turner and Eder (2006) suggest genetic drift as a result of isolation to explain the Sundadonty 

of the Batak Negritos dentition. They found that the Batak Negritos fitted within the Southeast 

Asian Sundadonty and not Oceanic Austrolo-Melanesians or Africans. The Aeta Negritos 

dentition studies also suggest that there is no direct relation with Australian Aboriginal 

populations (Hanihara 1990). Matsumoto (1988) argued that Philippine Negritos are 

morphologically very similar to one another and to the Austronesian groups in their immediate 

vicinity, therefore supporting local evolution theory. Bulbeck (2013:124) summarized the 

evidence as ‘Thus, while all negrito [sic] groups can trace a substantial proportion of their 

ancestry to the Late Pleistocene Homo sapiens colonists of the Asia-Pacific, their ancestral 

lineages appear to have evolved largely independently of each other.’ 

There are several Negrito groups scattered around the Philippines but they show cultural 

(Bulbeck 2013) as well as genetic differences, indicating different migratory origins (Omoto 

1981). A group of Negritos called Mamanwa vary in their admixture of Denisovan DNA, not only 

from other Negritos in the Philippines but also from Near Oceania and Australia as well (Reich 

et al. 2011). Reich et al. (2011) explain this variation by the Mamanwa splitting earlier from the 

New Guineans and Australians (Figure 4.3). Also, the DNA of some Negrito groups in the 

Philippines show varying degrees of admixture with Austronesian (HUGO Pan-Asian SNP HUGO 

Pan-Asian SNP Consortium 2009, Lipson et al. 2014, see Figures 2.5 & 2.6) 

Figure 4.3 A model of population separation and admixture that fits the data for Mamanwa Negritos of the 
Philippines (Reich et al. 2011). 
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Austronesian 

In the 17th century, the existence of the Austronesian linguistic family group was identified when 

similarities were noticed from word lists from Madagascar, Indonesia, Polynesia, and the South 

Pacific brought back by early European explorers (Blust 1995, Pawley and Ross 1993, Tryon 

1995). Austronesians are the first to break the remote Oceania barrier and colonize the eastern 

islands of the Pacific (Wilson 2002). In fact, the Austronesian crossing of the 2300 km of open 

sea from the Philippines to the Marianas is heralded as the longest voyage in human history at 

3500 BP (Carson 2013, Hung et al. 2011, Rainbird 2003). Today there are over 1200 distinct 

Austronesian languages, spoken by more than 380 million people (Blust 2011). For more 

information of Austronesians and the current debate of origin and migration, see Chapter 2: 

Austronesian Context. 

The majority of the current population in the Philippines are Austronesian, as confirmed by DNA 

results (HUGO Pan-Asian SNP Consortium 2009, Lipson et al. 2014, see Figures 2.5 & 2.6). 

Phylogenetic trees demonstrate that the Austronesian languages in the Philippines are the 

closest link to the Austronesian languages in Taiwan (Gray and Jordan 2000, see Figure 2.3). The 

earliest date of their arrival in the Philippines is 4000 BP in Batanes dated through 

archaeological material (Bellwood and Dizon 2005). However, most Austronesian-associated 

assemblages from the southern Philippines are either undated or in much later contexts (Lewis 

2016). The Austronesian picture is not clear cut for the rest of the Philippines. While the 

predominant theory is that they arrived from Taiwan to Batanes and continued south, there is 

much contention as discussed in Chapter 2: Austronesian Context.  

Nelzo Ereful, an Ivatan (native of Batanes) and post-doctoral Molecular and Computational 

Biology researcher, published the results of his personal DNA test (Ereful 2017). Ereful’s (2017) 

paternal DNA contained an O1 haplogroup. The O1 haplogroup appeared 30 kya and is found 

in highest concentrations among indigenous Taiwanese and southeastern coastal Chinese, 

which suggest a southward migration from Taiwan to Batanes (Ereful 2017). Eferful’s (2017) 

maternal DNA contained E haplogroup, which his references point to an Indonesian archipelago 

origin 10 kya and suggest a more recent northward migration. However, Ko et al. (2014, see 

Chapter 2) found archaeological evidence that Taiwan has the most ancestral E haplogroup. 

While this is a single case study, Ereful embodies the Out of Taiwan and Nusantao debate 

discussed in Chapter 2. 
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Asian and European influences 

Centuries before the Spaniards arrived in 1521, there was trade and cultural influences in the 

Philippines from southern China, Japan, India, Arabia, Malaysia, and Indonesia (Blumentritt 

1900, Garcia 1979, Zaide 1970).The first document that pertains to the Philippines (referred to 

as Ma-i) described trade by the Chinese during the Sung dynasty in AD 982 (Zaide 1970:1–2, 

(Fox 1979:36). However, it is likely that trade relations started before then, during the Tang 

Dynasty (AD 618–907), as is evidenced by trade goods found in archaeological sites throughout 

the Philippines (Fox 1979:51). 

There was also a Hindu and Indian influence in the Philippines, not directly, but through Hindus 

in Sumatra (Sri-Vishna Empire) and Java (Madjapahit Empire) possibly as early as the 9th century 

(Beyer 1979:20, Fox 1979:52, Zaide 1970). Beyer (1979) showed photographs of bronze, copper, 

and gold statues of Hindu gods all dated before the arrival of the Spaniards. Beyer (1979:20) 

argued that, ‘Except recent European culture, the Indian influences are on the whole the most 

profound that have affected Philippine civilization.’ This might seem unusual because of the 

strong Chinese influence in the present day, but the majority of Chinese immigrants came 

during the Spanish Period. The Chinese had an economic influence over the pre-Hispanic 

Filipinos, and the words adopted from the Chinese are exclusively commercial. While the Indian 

influence, in contrast, was political, social, religious, and aesthetic (Beyer 1979). 

Portugal established the first European colony in Southeast Asia. The Portuguese arrived in 

Malacca (present-day Malaysian state) in 1509 and colonized it by 1511. It is not well known, 

but the Portuguese were the first Europeans in the Philippines, when they were inadvertently 

shipwrecked there in 1512 (Zaide 1970:49–50). In The Suma Oriental of Tome Pres and The Book 

of Francisco Rodriguez, the Portuguese documented that the pre-Hispanic Filipinos (specifically 

from Luzon) traded their gold, food, wax, and honey with people from Borneo and Malacca 

(Zaide 1970:51–52).  

Writing 

At the time of the arrival of the Spaniards there was an indigenous script (baybayin or surat) 

(Scott 1985:53, Guillermo and Paluga 2011). Baybayin and many words in Filipino languages 

have obvious Sanskrit influences (Beyer 1979, Fox 1979). The first book printed in the 

Philippines was a religious book, Doctrina Christiana (1593), but it was printed in baybayin. 

However, there are limited pre-Hispanic samples of the writing and it has often been assumed 

they wrote on bamboo. The Calatagan pot, found ~90 km southwest of Manila, is the oldest 

example of pre-Hispanic writing. It was undeciphered for so long, in part due to the inaccuracies 
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of transcription (Guillermo and Paluga 2011). Guillermo and Paluga (2011) deciphered the text 

and have provided the current interpretation of the inscription to be a magical incantation in a 

language of the Visayas. This is an indication of trade or interaction that existed among the 

islands before the arrival of the Spaniards. There is also some documentation about pre-

Hispanic Philippines from the Chinese written records (Scott 1985:63–90). 

Boats 

For pre-Hispanic Filipinos, boats were the only form of transportation and all commercial and 

political leverage depended on who had them and who did not (Scott 1992:95). The boats, 

called caracaos by the Spaniards, were 20–25 m long, sleek, double-ended vessels with quarter 

rudders, tripod masts with square sails, a raised fighting deck, and double outriggers (Scott 

1992:95, Figure 4.4). They were built for speed and trade-raiding. Archaeological remains of 

nine boats (balanghay) have been found in Butuan, Agusan del Norte (Clark et al. 1993). Three 

of the boats have been excavated and dated to AD 320 (Ronquillo 1987), AD 1214 (Abinion 

1989), and AD 1250 (Clark et al. 1993). 

Figure 4.4 Scott’s (1992) illustration of caracaos (left) and excavation photograph of a Butuan Boat in situ with 
plank seams and scarfs delineated and labelled (right, National Museum n.d. [in Clark et al 1993]). 

Technology 

Scott (1992:73-83) used the vocabulary recorded by Spanish lexicographers to make inferences 

on the material culture and technology available to 16th century Tagalogs. In terms of 

agriculture, there are six major root crops besides rice and millet. The Spanish accounts claim 

that the locals preferred rice but only a few places could produce enough year-round so root 

crops were the staple (Scott 1992:138). Their vocabulary indicates they used swiddens, 

irrigation, and transplanted crops. They also fished and hunted. Scott (1992) also noted an 
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extensive vocabulary for textiles and they had cotton, looms, and basketry. They practiced 

woodworking and built houses ranging from huts to mortised timber.  

Surprisingly, there were not many words connected to ceramics and Scott (1992:80) explained 

this by the plethora of words for imported ceramics, which he inferred reduced the local 

industry to producing ‘cheap earthenware’. He also stressed the absence for the word for 

potter’s wheel might suggest they did not use one. The paddle-and-anvil were used for making 

ceramics, as evidenced by their appearance in the vocabulary lists collected for at least two 

Filipino languages, Marcos de Lisboa’s Vocabulario de la lengua bicol and Alsonso de Mentrida’s 

Bocabulario de la lengua bisaya-hiligueyna y haria (Scott 1992:80). 

Scott (1992:80–82) noted that metals had one of the most extensive vocabularies from 

production to product. Iron, gold, and silver are most commonly referenced, but copper, lead, 

tin, and brass are also mentioned. Beyer (1979) had an example of a bronze gun used by pre-

Hispanic Filipinos. Interestingly, Scott (1992:81) noted that ‘Chinese cast iron pans, patalim, so-

called because they are the most common source for steel blades (talim)’. However, Dizon’s 

(1983) The metal age in the Philippines: an archeometallurgical investigation and his 1988 

archaeological PhD thesis entitled An Iron Age in the Philippines? A critical examination 

concluded that while there were iron-using societies starting 370 B.C, there is no Metal Age in 

the Philippines. Dizon (1983, 1988) warned that the term ‘Metal Age’ connotes a complex social 

organization that has the capability to manage and manipulate resources, and that may not 

have been the case in pre-Hispanic Philippines. Iron was supplied to pre-Hispanic Philippines 

through trade with China and processed by blacksmiths in the Philippines to make domestic and 

agricultural implements and surpluses were diffused through trade among the different groups 

within the Philippines (Dizon 1988). Furthermore, Dizon (1988) stressed that there is no 

evidence to support large-scale iron production in the pre-Hispanic Philippines, which indicates 

that local production was on a small scale. Therefore, the extensive vocabulary for metals might 

signify the importance of metal to pre-Hispanic Philippines and not actual availability. 

Gold 

As of 2016, the Philippines ranked fifth in gold production in Asia (Inquirer 2016). We know how 

fervently the pre-Hispanic Filipinos adorned themselves with gold from the impressive display 

of archaeological material at the Gold Exhibit at the Ayala Museum in Metro Manila, 

corroborated with historical descriptions from the first Spaniards. For example, there is a 1668 

account of an important marriage in the Visayas where the bride wore at least 25 lb. (11.34 kg) 
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of gold, but in general ‘The gold they have now is very little in comparison to what they used to 

have in olden times…’ (Alcina 1668 [in Scott 1992:8]).  

The most graphic representation is in the Boxer Codex, a manuscript of unknown origin 

purchased by Charles Ralph Boxer in 1947. The Boxer Codex included a collection of illustrations 

ca. 1590 of the people from the Philippines, Java, the Moluccas, the Marianas, Thailand, China, 

among other images. Keeping in mind that the first Spanish settlement in the Philippines is in 

the Visayas in 1565, and Manila is not subdued until 1570, this possibly leaves just two decades 

before the Boxer Codex.  

There are 15 illustrations of Filipinos that depict differences in skin colour, dress, and weaponry 

(Figure 4.5). The most conspicuous aspect of the illustrations is probably the gold, some of the 

‘Naturales’ and ‘Billayas’ are depicted with even more gold ornaments than the emperor of 

China. The ‘Cagayanes’ are people from Cagayan, though it is unclear if they are from Cagayan 

De Oro in the south or Cagayan Valley in the north. The ‘Negrillos’ are Negritos, the ‘Billayas’ 

are people from the Visayas, and ‘Zambales’ are people from Zambales. The ‘Naturales’ have 

been thought to be Tagalogs and there are subscripts of ‘Tagalog’ on three out of five of 

‘Naturales’ examples. However, it is italicized and in a darker ink than the headings and no other 

illustration has a subscript, therefore it may have been a postscript added later by someone 

other than the original illustrator. 

Almost half of the metal-working pre-Hispanic vocabulary revolves around gold (Scott 1992:81). 

In addition to gold ornaments, many early Spanish accounts mention the elaborate tattoos on 

the entire bodies of Filipinos, both men and women (Agoncillo 1990:34). While tattoos were 

meant to enhance beauty, they also exhibited a man’s heroism. The Boxer Codex contains an 

illustration of a tattooed Visayan (Figure 4.5), which corroborated the Spanish record of calling 

the Visayans Pintados for being the most tattooed people in the Philippines (Agoncillo 1990:34). 
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Figure 4.5 Illustrations of Filipinos at the beginning of Spanish colonization (Boxer Codex ca. 1590). 
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Post-Spanish Contact 

Spain 

In 1521, Magellan arrived in Cebu and in subsequent years the Spaniards colonized the islands 

and artificially grouped them together as one entity, the Philippine Islands, under Spanish 

governance (Jocano 1975). The Chinese steadily immigrated to the Philippines during the 

Spanish period and commercial ties were known from 14th century (Blumentritt 1900), though 

the Spaniards tried to discourage them with high taxes and almost complete annihilation every 

time they revolted. There is also evidence of a Japanese 16th century settlement (Blumentritt 

1900). While it was difficult to account for the number of Spaniards in the Philippines, the record 

showed that the most was probably only 6,000 in 1830 in contrast to 1,500 Spaniards and 

20,0000 mestizos (half-Spaniard) in 1842; the numbers dropped by almost half in 1850 

(Blumentritt 1900). In 1898, the Philippines was sold in the Treaty of Paris to the United States 

from Spain. However, Spain had already lost the war in the Philippines to the Filipinos but 

wanted to surrender to a western power (Agoncillo 1990). 

1898 onward 

In 1898, the USA proclaimed ‘benevolent assimilation’ of the Philippines, however, at the same 

time the Filipino Revolutionary congress declared the First Republic (Nadeau 2008:xix). 

Eventually, the Filipino president was captured, but revolts continued. In 1935, a new 

constitution for the Philippines to self-govern was approved by US President Roosevelt, but the 

US Governor-Generals still oversaw the country. In 1941, World War II started in Asia and the 

Philippines was invaded by Japan by 1942. The Japanese were in control of the Philippines until 

1945 and it was during this time that General Yamashita is suspected to have hidden billions of 

dollars of plundered gold all over the Philippines, the origin of the legendary Yamashita 

treasure. The Americans transferred governing power to the Philippines in 1945, but continue 

to be a presence through military bases and trade agreements (Nadeau 2008:xx). 

All these different influences, throughout the recent and distant past, are reflected in the 

culture and people today. As Fox (1979:35) summarized it, ‘Cultural and social patterns were 

not borrowed in toto; then, as now, specific influences were borrowed and reshaped to conform 

with existing institutions, values, belief, and in response to local needs.’ 
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Chapter 5: The Rock Art of the Philippines 

Introduction 
As mentioned in the previous chapters, the rock art of the Philippines is not well known. In most 

discussions of Philippine rock art only the Angono petroglyphs are consistently mentioned, 

sometimes in addition to a few other sites (Taçon and Tan 2012, Tan 2014a). However, this 

research illustrates that there are at least 22 known rock art sites in the Philippines and suggests 

there are many more as yet unreported or unverified (Figure 5.1).  

The rock art sites at Alab, Angono, Lamanoc Island, and Ilin Island were visited and recorded 

during fieldwork for this research, and therefore described in detail. The rock art in the caves 

of Peñablanca was the first rock art I ever saw when I visited in 2005 and 2007 as a graduate 

student. However, the thoroughly researched undergraduate thesis of Tobias (1998) and the 

most recent published research of Faylona et al. (2016) provide great detail so they are the 

primary references for the Peñablanca sites. For the sites in Palawan I rely on the extensive 

ethnographic work of Novellino (1999) and observations of Peralta (2000). The only source on 

the rock art of Balut Island, Sarangan is the unpublished museum paper by Dizon et al. (2008). 

Lastly, the alleged rock art sites are discussed. 
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Figure 5.1 Map of all known and alleged rock art sites of the Philippines. Source: Maria Kottermair and Andrea 
Jalandoni. 
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Alab, Bontoc 

Alab Site 1 (AS1) 

Alab Site 1 was used to pilot an engraving enhancement technique that aided in an inventory 

of the rock art (Jalandoni and Kottermair in press). Until this research, no academic research 

had been published about the petroglyphs of Alab Site 1 in Bontoc, Philippines, except for a 

brief description in Peralta’s book The Tinge of Red: Prehistory of Art in the Philippines (2000:65–

66). The site is listed in general discussions of Philippine rock art (Barretto-Tesoro 2008, Faylona 

et al. 2016, Peralta 1983, 2000, Tan 2014a) and the National Museum of the Philippines 

produced a preliminary report (Peralta 1972). Regardless of the dearth of information, the Alab 

engravings and the Angono petroglyphs are one of only two rock art sites from the Philippines 

on the UNESCO tentative list for World Heritage Nomination (UNESCO n.d.).  

Site description 

The site is on an exposed, relatively flat, volcanic tuff outcrop on Mt. Data (Figure 5.2). The 

volcanic composition of the rock was confirmed by Jillian Huntley (PERAHU, Griffith University) 

using pXRF (portable X-Ray Fluorescence). It is located around 1375 m above sea level, 435 m 

or ‘1000 steps’ above the town of Alab Oriente. A public rest house sits a few meters above the 

site (Figure 5.3). The outcrop is approximately 8.7 m long by 6 m wide and oriented north-south. 

Lichens and water damage have discoloured the rock with damage from graffiti and recent 

deepening or retracing of some of the engraved figures.  

The engravings were first reported to Robert Fox at the National Museum in 1972 by a lumber 

businessman who had come across them some ten years prior. Presumably, they were known 

to the local population of Alab even earlier. The National Museum sent Jesus T. Peralta, 

renowned for his work on the Angono engravings (Peralta 1973, Peralta and Evangelista 1972), 

and Noel Escultura, a scientific illustrator, to investigate the engravings at Alab, Bontoc. 

Peralta (1972, 2000) estimated some 200 engravings of mostly ‘pudenda and two penes’ (vulva-

forms, Figure 5.4). He noted that it appears that there was no orientation for the ‘pudenda,’ but 

they seem to have been made with the engraver facing north, though it is not clear on what 

basis. He clarified later that ‘there seems to be no distinct orientation of the various units, 

except that all face a northerly direction’ (Peralta 2000). They were described as isosceles 

triangles with the circumscribing lines mostly complete and oriented upside-down (Peralta 

1972). Peralta (1972:4) also gauged the engravings had to be made at least two generations 

ago, based on their absence from living memory. Peralta (1972:2) considered the Alab  
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engraving to have been made with ‘a metallic tool with a long, straight sharp edge and a 

“picklike” point.’ However, he still upheld their authenticity (Peralta 1972:5). The ethnographic 

data of low birth rates in the area suggests the engravings could have been for ritual purposes 

such as fertility rites according to Peralta (1972). 

 
Figure 5.2 South overview of Alab Site 1. Source: Andrea Jalandoni. 

 
Figure 5.3 Northeast overview of resthouse from Alab Site 1. Source: Andrea Jalandoni. 
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Our local guides, Lopez and Kis-ing, interpreted the engravings to be pudenda, though it is 

unknown whether that interpretation is influenced by what the community was told in the 

1970s. Peralta (1972) recounts that the ‘binut-butu’ referred to the female genitals and Prill-

Brett (2000) corroborates that the triangular engravings were called ‘binot-boto’ meaning 

‘clitoris-like’; however, Lopez and Kis-ing call the rock outcrop as ‘binutbuto,’ which translates 

to ‘penis’ from their local language. There is a legend associated with the rock outcrop but the 

engravings are mentioned only in the periphery (Appendix F).  

  
Figure 5.4 Examples of two vulva-forms: hillshade enhanced DEM (left) and TPI-HS enhanced DEM (right) 
(Jalandoni and Kottermair in press). 

Description of the rock art 

Using the methods of remote sensing discussed in Chapter 3, the rock art of Alab, Bontoc, was 

unobscured for the first time. A census of the rock art for the Alab site consisted of 1454 digitally 

traced lines, which included regular (n=895), stray (n=221), natural and traced natural (n=42), 

graffiti (n=296), 275 traced cupules, and 266 figures. Of those 266 figures, 179 were classified 

as triangular figures and used for a more robust dataset for statistical analysis. 

There were bas-relief (n=26), semi-bas-relief (n=8), and intaglio (n=3) textured figures. There 

were 56 Open and 122 Closed, 52 U-shaped and 126 V-shaped, 25 Vulva-forms, 30 Isosceles, 8 

Bisect Crosswise, 12 Traced Over, 16 Superimposition, 18 Superimposed Over, 7 Natural, and 

73 Faint. 

The orientation of the triangular figures is evident with the majority of them pointing South 

(n=92), then North (n=27), East (n=24), and only a few facing West (n=16) or have no discernible 

orientation (n=19).  

By exporting the data table of triangular figures to SPSS®, we were able to compute the 

frequencies of attributes (enumerated above) and cross-tabulate them. Table 5.1 presents the 

frequency of cupules and bisect lines per figure. A figure is 73% more likely to have at least one 

cupule, however only 21.9% likely to have multiple cupules. Bisect lines are more rare with only 

36.6% of figures having at least one, and 12.4% having multiple. 
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Table 5-1. Frequency of cupules and bisect lines per figure. 

Number of 
cupules/bisect lines  

Frequency per figure 

Cupules Bisect Lines 
0 
1 
2 
3 
4 
5 

Total 

48 113 
91 43 
25 12 
12 6 
1 3 
1 1 

178 178 
 

Associations 

All the attributes were cross-tabulated against each other (Appendix G) and Table 5-2 shows a 

summary of attributes with chi-square tests that have a relationship between attributes.  

Table 5-2 Results of chi-square tests that demonstrate an association. 

 
 CUPULE 

 
OPEN/ 
CLOSE 

SHAPE 
(U/V) 

BISECT 
 

VULVA-
FORM 

TEXTURE  

BISECT χ2(df) 
p-value 
Cramer’s V 

8.949(1) 
.003 
.224 

- 
9.516(1) 
.002 
.231 

- 
15.797(1) 
.000 
.298 

- 

SUPERIMPOSITION χ2(df) 
p-value 
Cramer’s V 

- - - 
4.374(1) 
.036 
.157 

- - 

TEXTURE 
 

χ2(df) 
p-value 
Cramer’s V 

- 
5.034(1) 
.025 
.168 

54.598(1) 
.000 
.554 

- - - 

VULVA-FORM χ2(df) 
p-value 
Cramer’s V 

7.789(1) 
.005 
.209 

- 
70.475(1) 
.000 
.629 

- - 
110.837(1) 
.000 
.789 

BISECT CROSSWISE χ2(df) 
p-value 
Cramer’s V 

- - - 
14.562(1) 
.000 
.286 

- - 

SUPER-IMPOSED 
OVER 

χ2(df) 
p-value 
Cramer’s V 

- 
6.232(1) 
.013 
.187 

- - - - 

FAINT χ2(df) 
p-value 
Cramer’s V 

- - 
23.047(1) 
.000 
.360 

11.378(1) 
.001 
.253 

16.469(1) 
.000 
.304 

24.478(1) 
.000 
.371 

AREA χ2(df) 
p-value 
Cramer’s V 

11.948(4) 
.018 
.259 

- - 
25.787(4) 
.000 
.381 

14.425(4) 
.006 
.285 

9.936(4) 
.042 
.236 

 

A chi-square test revealed a strong association between the Shape and presence of Texture (, χ2 

(1, N=178) = 54.598, p < 0.001, and a large effect size (Cramer’s V = 0.554). U-shaped figures 

(29/52, 55.8%) were more likely to be textured than V-shaped figures (8/126, 6.3%). Texture 

can be subdivided into intaglio, semi-bas-relief, and bas-relief. Of the 8 V-shaped figures that 
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were textured, 6 were semi-bas-reliefs, 2 intaglios, and no bas-relief. In contrast, 26 out of the 

29 (89.66%) U-shaped figures were bas-reliefs. 

There is also a statistically significant association between Shape and Faint. A chi-square test 

resulted in χ1 (1, N=178) = 23.047, p < 0.01, and a medium effect size (Cramer’s V = 0.360). Half 

of V-shaped figures were faint (66/126, 52.4%), while only 7/52 (13.5%) of U-shaped figures 

were faint. 

Potential for relative dating 

The attributes of Traced Over, Superimposed, and Superimposed Over were important because 

they have the potential for relative dating. Of the 16 triangular figures that superimpose, 15 

(93.8%) of them are V-shaped and only 1 (6.3%) is U-shaped.  

No statistical significance was noted for Superimposed Over and Shape. While 7 U-shaped 

figures are superimposed over, 11 V-shaped figures are also superimposed over. However, V-

shaped figures are superimposed over by other V-shaped figures and stray lines. There is an 

association between Superimposed Over and Open/Close, χ1 (1, N=178) = 6.232, p < 0.05 and 

a small effect size (Cramer’s V = 0.187). Almost all of the Superimposed Over figures are Closed 

(94.4%, 17/18). 

While the sample did not meet the minimum requirements of the chi-square test, 12 figures 

were noticeably traced over and they were divided equally between U and V shape. However, 

vulva-forms are three times as likely to be traced over (4/25, 16%) than other triangular figures 

(8/153, 5.2%).  

Alab vulva-forms 

Vulva-forms are disembodied oval and triangular shapes that resemble (at least to researchers) 

female genitalia (Figure 5.4) (Hays-Gilpin 2013). I acknowledge the ongoing debate about the 

‘Venus hypothesis’ (Bahn 1986, 2006, Nowell and Chang 2014), but will use the term ‘vulva-

form’ for its descriptive simplicity.  

While it is possible to consider all 178 triangular figures as vulva-forms, we reserve the term for 

triangular figures with specific attributes. There are associations between Vulva-form and the 

presence of Cupules and Bisect lines, Shape, Faint, Area, and Texture. Further statistical analysis 

is needed to explore possible associations between Vulva-form and Traced Over, and Bisect 

Crosswise where the conditions of a chi-squared test are not met. However, we are able to 

statistically describe the vulva-forms in Alab as always U-shaped [P(U-Shape|Vulva-

form)=100%], always textured [P(Texture|Vulva-form)=100%], very likely to have at least one 
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cupule [(P(1+Cupules|Vulva-form)=96%], likely to have at least one bisect line [P(Bisect|Vulva-

form)=72%], and almost never Faint [P(Faint|Vulva-form)=4%). In addition, the conditional 

probability of having two or more cupules is twice as likely for vulva-forms than non-vulva-forms 

in Alab [P(2+Cupules|non-Vulva-form)=16.9% versus P(2+Cupules|Vulva-forms)=36%]. There is 

also a disproportionately high count of vulva-forms in the biggest area group (100+ cm²).  

Alab Site 2 (AS2) 

Alab Site 2 was known to Barangay Captain, Marion Kis-Ing, but not to our tour guides from the 

same barangay (town). We showed Kis-Ing our tracings on plastic, and the medium-quality 3D 

model of Alab Site 1 made at camp, only then did he mention the possibility of another site. It 

was the last day of our second fieldwork session at AS1 but we visited the site to verify the rock 

art. The triangular figures with cupules, similar to AS1, were evident and prompted a third 

fieldwork session in the area.  

Site description 

The engravings are on an outcrop protruding from the walking path (Figure 5.5). Walking paths 

also serve as barriers between rice fields. The dimensions of the outcrop are approximately 5 

m long (E-W), 3 m wide (N-S), and 1.5 m high. The northwest side of the rock is a dangerous 

drop to an uncultivated area. AS1 is visible from AS2, and identification was aided by referencing 

the rest house beside AS1 (Figure 5.3, Figure 5.6). From visual inspection, it appears that the 

rock is the same volcanic tuff material as AS1 and subject to the same lichens and 

discolouration. However, the outcrop is flaking less than AS1, therefore no samples were 

collected.  

Our guides (the same ones from AS1) were surprised that they never noticed the rock art while 

they worked in adjacent rice fields less than a few metres away (Figure 5.7). They also noted 

that they and others are likely to have sharpened their farming implements on the rock, which 

accounts for some of the engraved lines I classify as ‘stray lines’. It may also account for the 

stray lines in AS1.  

Description of rock art 

There were 40 figures in AS2 but only 17 figures with a triangular shape like AS1. The other 

figures were mostly abstract or some other polygon, and one that could be an insect with many 

legs (Figure 5.8). For the triangular figures, 6 were U-shaped and 11 were V-shaped. 

Unfortunately, the sample size was too small for chi-square tests. However, the frequencies 

provide some insight. The V-shaped were mostly isosceles (8/11, 72.7%), and many were faint 

(4/11, 36.4%). None of the U-shaped figures in AS2 were faint. The orientation of the triangular 
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figures were mostly South (n=6) and West (n=4). There is one figure with texture, but it is not a 

triangular figure and it encircled a natural protrusion of the rock instead of crafting texture. 

There were 2 U-shaped figures that were pecked. 

 
Figure 5.5 Northwest overview of Alab Site 2 with author recording and Ofelia Lopez, local guide. Source: Maria 
Kottermair. 

 
Figure 5.6 Northeast view from Alab Site 2 with other outcrops surveyed. Alab Site 1 is over 300 m above the 
mountain slope. Source: Andrea Jalandoni. 
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Figure 5.7 Southwest view from Alab Site 2 with adjacent rice field. Source: Andrea Jalandoni. 
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Figure 5.8 Alab Site 2 Hillshade layer with tracing (dark purple) and area generated from minimum bounding 
geometry (light purple). Source: Andrea Jalandoni. 
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Survey around Alab Site 2 

Other outcrops in the vicinity of Alab Site 2 were surveyed for rock art. Eight suspected areas 

were recorded and tested with the Topographic Position Index-Hillshade (TPI-HS) enhancement 

method outlined in Chapter 3 (Figure 5.9 & 5.10). While most of the samples were likely natural, 

samples 2, 4, and 7 warrant further investigation. 

 
Figure 5.9 Samples 1-4 enhanced from area near Alab Site 2. Source: Andrea Jalandoni. 
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Figure 5.10 Samples 5-8 enhanced from area near Alab Site 2. Source: Andrea Jalandoni. 

Discussion 

There have been no excavations near the Alab engraving sites and minimal archaeological 

investigation. However, there has been plenty of research on the rice terraces in the region. 

The World Heritage listed Banaue rice terraces are less than 25 km south linear distance from 

Alab, Bontoc.  

Barton (1919) and Beyer (1955) approximated the rice fields to be 2000 years old based on how 

long they speculated it would take to adapt the landscape into tiered terraces. The age of 2000 

years has been repeated and perpetuated by locals and official institutions, as per the UNESCO 
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World Heritage List (1995) description. However, revisionist theories suggested that the arrival 

of the Spaniards forced locals to move into the mountains (therefore dating the terraces to the 

sixteenth century at the earliest), while lexical and linguistic evidence and observed short 

duration of terrace building also pointed to a younger date (Keesing 1962, Dozier 1966, 

Lambrecht 1967 [in Acabado 2009]). Acabado (2009, 2017) thoroughly excavated the rice 

terraces and obtained Bayesian modeled radiocarbon dates that support wet-rice varieties 

being introduced in the region after the arrival of the Spaniards in northern Luzon circa 1575.  

It would be a mistake to assume that the rock art in Bontoc necessarily post-dated the Spaniards 

arrival in Luzon. In Old Kiyyangan Village, less than 30 km linear distance from Bontoc, there is 

evidence of earthenware sherds and faunal remains (deer, pig, and water buffalo) dating to AD 

1050–1260 and earthenware, porcelain, stoneware sherds, and faunal remains dating to AD 

1280–1445, although there is currently no estimate for pre-contact population (Acabado 2017). 

Acabado’s (2017) research showed a dramatic increase in all archaeological material post-

contact and reinforced the theory of population increase in the area as a result of Spaniards in 

the low-lands. The examples of porcelain pre-contact are likely evidence of pre-contact trade 

(Acabado 2017). 

Comparison between Alab Site 1 and Alab Site 2 

Alab Site 1 has a panoramic view, virtually-flat outcrop, and hundreds of engravings especially 

if stray lines are included. In contrast, Alab Site 2 is on a much lower terrace than AS1, can be 

described as a protruding outcrop with planes, and has less than a hundred engravings even if 

stray lines are included. AS1 had an accompanying origin legend, while AS2 was barely known 

by the locals. 

The significance of AS2 is that it provided a dataset for comparison with AS1. AS2 has no 

triangular figure with texture, and texture is a prominent attribute of AS1 vulva-forms. The faint 

figures of both sites are likely made with metal because of the thinness and sharpness of their 

lines. The non-faint figures may have been made with metal too, but are not restricted to metal. 

The attribute of Faint seems to indicate expediency, in contrast to the attribute of Texture that 

infers laboriousness. It would take time and effort to engrave a figure with texture. There is an 

association between Shape and Texture, and even stronger association between Texture and 

Vulva-form. All vulva-forms are textured.  

People started founding villages in the mountains of Central Luzon to avoid the Spaniards in the 

lowlands circa 1600, however, there is some archaeological evidence of people in the region 

before that but they had limited trade goods (Acabado 2017). There was no metal industry in 
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the Philippines before the Spaniards (Dizon 1983, 1988), as discussed in Chapter 4. Therefore, 

it is likely any engravings made with metal would have been made in post-1600. However, the 

possibility of using highly-prized traded metal pre-1600, although unlikely, cannot be 

discounted. 

While the counts do not meet the minimum requirement for chi-square test, observations can 

still be made about superimposition. In Alab Site 1, V-shaped figures superimpose U-shape 

figures, an indication that V-shape figures are more recent than U-shaped figures. Therefore, 

the textured vulva-forms of Alab Site 1, as a subset of U-shape figures, are part of the older 

style. Furthermore, Alab Site 2 only has V-shaped figures of similar style as the V-shaped figures 

of Alab Site 1, the handful of U-shaped figures at Alab Site 2 are dissimilar to Alab Site 1. 

However, in both sites it should be noted that superimpositions are rare. 

Alab Site 1 offers a comfortable and spacious platform for a group of people to enjoy the 

panoramic views, while Alab Site 2 allows only a few people to perch on it with a comparably 

less impressive view. Finally, Alab Site 2 is a lateral walk from the town of Alab Oriente and 

there is easy access to the river, as opposed to Alab Site 1 that requires at least a 1 km hike to 

an elevation of 400+ m above the town and an average slope of 40% (for 700 meters of the 

path, the average slope is 60+%, see Figure 5.11).  
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Figure 5.11 Screenshot of the location of Alab Site 1 and Alab Site 2 in the landscape (top). Screenshot of the steep 
section of the elevation path (white line) of Alab Site 1 (bottom). Source: Andrea Jalandoni. 
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Angono, Rizal 
The most famous and controversial of all Philippine rock art sites is the Angono Petroglyph site, 

which is the first engraving site found in the Philippines. Most fieldwork at Angono, including 

rock art recording and excavation, was conducted in the 1960s and 1990s. Peralta (1973) 

recorded 127 discernible engravings describing them as anthropomorphic. However, using 3D 

modeling and GIS tools to enhance the engravings (as discussed in Chapter 3), we recorded 179 

figures, including 113 anthropomorphs. We also identified two phases of rock art production at 

Angono, explored some misconceptions of the rock art, and discussed the difficulty of dating 

the rock art at Angono, Rizal. 

The municipality of Angono, Rizal is known as the ‘Art Capital of the Philippines’ (The Philippine 

Star 2015). The Angono Petroglyphs are located in a rockshelter east of the town and north of 

Laguna de Bai, the largest lake in the Philippines (Figure 5.1). The topography consists of valleys 

and mountains with the Sierra Madre Range in the east. The average annual rainfall of the area 

is 2,223 mm, and the average temperature is 27.2 C° (Climate-Data.Org 2016). Geologically, the 

rock art is engraved on Guadalupe tuff, described as fine-grained, brownish to ‘buff-coloured’ 

tuff (De La Rosa n.d.:8). De La Rosa (n.d.:10) asserts the rockshelter is geologically ‘young’ and 

formed as recently as the late Pleistocene or early Holocene. 

Currently, the site is open to the public for a nominal fee and easily accessed through a tunnel 

burrowed south of the site. The National Museum (NM) of the Philippines manages the site and 

has a satellite museum below the rockshelter. The site has a viewing platform to keep tourists 

from coming in contact with the engravings. To the north of the site are remnants of old steps 

used by the 1960s research teams to access the site by going up and down the hill where the 

engravings are located. In the 1990s, the NM fenced off the rockshelter to manage visitation to 

the site with portions of the fence still remaining today (Figure 5.12).  

In 1965, Carlos V. Francisco, a nationally renowned artist, discovered the Angono Petroglyph 

rockshelter. Although it was declared a National Cultural Treasure in 1973 under Presidential 

Decree No. 260, the deterioration of the site has been brought to public attention (France-

Presse 2014). When the World Monuments Watch program was launched in 1996, the Angono 

Petroglyphs and Borobudur were the only two Island Southeast Asian sites included (World 

Monuments Fund 1996). 

The same year as discovery, excavations were carried out at the Angono rockshelter by 

Evangelista et al. (1965). The shelter was locally called Mantandang Yungim (Bautista 1998) but 
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is now widely known as the Angono Rockshelter or Angono Petroglyph Rockshelter. Excavation 

within the rockshelter was aborted when it was determined there was no accumulation, but in 

fact, the floor was eroding away (Peralta 1973). Excavations at the edge of the cave floor yielded 

ceramic sherds, two obsidian flakes, two chert flakes, and shallow (2 cm below surface) 

charcoal, while surface digging outside the cave unearthed a polished stone adze and chert 

(Evangelista et al. 1965). The 1965 research team attempted to cast the engravings. In the 

process, some of the rock was unintentionally extracted and vestiges of plaster are still visible 

fill within the engravings. Graffiti and vandalism also started at this time (Peralta 1973, Stanley-

Price 1997), presumably because of the fascination of being the first engraving site in the 

Philippines. 

In 1998, Bautista from the NM led an excavation to gain more information on the engravings. 

The artefacts recovered were a corroded bullet and four pieces of petrified wood (Bautista 

1998). Likewise, the flotation results showed insignificant amounts of charred material and 

organic fragments (Paz 1998). Bautista (1998) admits the effort failed to provide any 

information for dating the engravings but recommended further excavation. The corroded 

bullet is noteworthy because it supports accounts of Filipino guerillas occupying the rockshelter 

during World War II (Peralta 1973:30). 

Peralta (1973:24, 46) clearly states no association was found between the artefacts and the 

petroglyphs. However, based on the presence of archaeological material, such as earthenware 

ceramics, obsidian flakes and stone tools found in the rockshelter, absence of metal and 

porcelain, and that the engravings do not appear to have been made with a metal tool, he 

admits the possibility of a relationship between the makers of the rock art and the owners of 

the tools (Peralta 1973:48–19). If they are associated, then the rock art might date ’prior to the 

introduction of metals into the country, that is the Neolithic Age, in what may be at least a 

millennium before the birth of Christ‘ (Peralta 1997 as cited [in Stanley-Price 1997]) . Barretto-

Tesoro (2008) is critical of the date and insists further research needs to be conducted, 

especially since the excavation of Bautista (1998) and pollen analysis of Paz (1998) proved futile. 

Peralta (1973:47–49, 143) proposed the terminus ante quem for the engravings would be when 

the Spaniards arrived in the Laguna de Bai area because they stopped many cultural practices 

wherever they evangelized. 

Peralta’s (1973) Masters thesis incorporated the excavation work of 1965. He recorded 127 

discernible engravings classified into 51 types of figures (or motifs) representing 78 of the total 

number of engravings, and 49 indeterminate or abstract engravings in the rockshelter. He 
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suggested the rock engravings were a result of sympathetic magic; for example, the engravings 

he proposed represented children were made to transfer sickness to the rock (Peralta 1973:92, 

132). He also suggested the anthropomorphs were depicted for ritual (Peralta 2000:63). 

Dimensions and orientation 

According to Peralta (1973), the Angono rockshelter measured 62.84 m in length, with the 

majority of the rock art within a 48 m stretch of wall (Figure 5.12, Figure 5.13). However, when 

we (AJ, PT) conducted fieldwork in 2016, our calculations were different (Jalandoni and Taçon 

2018). When measured from the 3D model, the rockshelter is 57.53 m, and all the rock art, 

excluding an outlier to the north, is within 41.84 m (Figure 3.11). As mentioned in Chapter 3 

and published in Jalandoni et al. (2018), measuring from a scaled 3D model is more accurate 

than measurements taken in the field because you get the orthogonal distance. The site 

boundaries were delineated by the habitable zone as determined by dripline and height of 

shelter. The outlier is 7.69 m from the rest of the rock art. The 3D model is accurate because 

measurements can be taken in straight lines, unlike in the field which is often offset for long 

distances. The rockshelter measured a maximum height of 5 m and a maximum depth of 9.2 m 

using a laser distance measurer. The panel faces WNW at 300–325⁰. The highest petroglyph, a 

human figure, is 3.4 m above the current ground level and the highest petroglyphs are 

approximately 2.5–3.4 m above current ground level when measured with a laser distance 

measurer. 

Survey of surrounding area 

We took the old steps to the top of the ridge above the shelter and explored in both directions. 

There are excellent views to the west and southeast and a number of large boulders on top of 

the ridge. We examined the more prominent ones of various sizes, but no rock markings were 

found. As well, the rock face outside the shelter proper (with overhang) does not have any 

petroglyphs. However, we did find an engraving 7.9 m north of the main panel of petroglyphs 

near the very northern end of the overhang. It is well outside the limits of the original green 

iron fence from the 1990s but was included in Peralta’s record. 

We surveyed other caves in the area, using the locals as guides. Another site called Kinahon was 

reported in the vicinity, but has never been relocated (Barretto-Tesoro 2008, Peralta n.d.). We 

asked the locals, particularly the elders, if they knew of Kinahon, or any other sites like the 

Angono Petroglyphs, including any painted sites in the area. We also talked casually about their 

livelihood, what they do with the caves, and anything they wanted to tell us about the area. 



 
 

The Rock Art of the Philippines 96 
 

 

Figure 5.12 Angono rockshelter and viewing platform with remnants of 1990s green fence visible (Jalandoni and 
Taçon 2018). 

 

Figure 5.13: Plan view of Angono Rockshelter (Jalandoni and Taçon 2018). 

Survey results 

Our brief survey of the limestone caves nearby proved fruitless. The locals in the surrounding 

town have recently immigrated to the area two or three generations ago. When interviewed, 

they were very familiar with the landscape but did not know about any other rock art site. Many 

of the caves had trash and graffiti. It should be noted that there are no other known rockshelters 

in Angono’s Guadalupe tuff. Therefore, it is not unusual to expect the Angono Petroglyph site 

may be the only rock art in the area.  

How were Angono Petroglyphs made? 

Peralta (1972:48) was convinced that no metal was used to make the engravings and therefore 

the terminus ante quem date of the rock art is pre-Metal Age. However, from visual inspection, 

it is easy to imagine some of the sharp incisions being made of metal. 
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From our experiment in the tunnel, we found it was effortless to make sharp and crisp-edged 

incisions on the Guadalupe Tuff (Figure 5.14). With all the materials, it was fast and easy to 

make a very deep, straight, incised line like those of the engravings. We estimated the material 

to be between one and three on the Mohs Hardness Scale. While we initially thought some of 

the incisions had to be made with metal tools, we now believe that they are most likely made 

of stone. However, metal tools cannot be completely ruled out. Chert and obsidian were both 

recovered from the 1965 excavation and are very capable of making the straight cuts like metal. 

Metal tools could also have been used to retouch the rock art in ancient or recent times. 

The Guadalupe tuff is low on Mohs Hardness Scale, so the material of the tools used to make 

the Angono designs is still a mystery. Macroscopic 3D recording of engravings has been 

successful for identifying tool marks, particularly on soft rocks (Burton et al. 2017, Plisson and 

Zotkina 2015) and could be applicable for the Angono engravings. Future research could include 

replicating the experiments conducted here with glass and siltstone but recording the before 

and after with microscope photography to see if any scratch marks are produced. 

Petroglyph Description: two Styles of Engraving 

Peralta recognized that the engravings were not done by one person and that the overlapping 

style is a product of ‘cultural institution’, i.e. group (1973:103–108). However, we propose that 

the Angono engravings demonstrate two phases of engraving with different cultural traditions. 

These phases were identified by empirical observation in the field and corroborated with 3D 

models and enhanced visualization. 

The first phase (Phase-1) consists of 51 geometric shapes, including 11 vulva-forms, which make 

up 28.5% of all figures. In Angono, there are figures identfied as vulva-forms because they have 

a round or oval indentation and occasionally a line at the bottom. However, they are different 

from the textured or relief vulva forms at Alab, Bontoc, a site approximately 280 km north of 

Angono (Jalandoni and Kottermair in press).  

There is at least one ‘hocker’ human-like figure, with limbs shown bent at elbows and knees 

(see Lommel 2001, Schuster 1951), made in Phase-1 (Figure 5.15). There is also a deeply pecked 

and pounded three circle relief figure (Figure 5.15). The relief method is similar to the vulva 

forms recorded at Alab, Bontoc (Jalandoni and Kottermair in press), but not the three circle 

design. A few cupules and deep ovals were made by incorporating naturally occurring holes of 

the rockshelter. We suggest all Phase-1 designs were made with stone tools because they 

appear as pounded, pecked, and scraped designs with deep and broad engraved lines and rough 

edges. In the case of Angono, vulva-forms are usually triangular shapes with a bisecting 
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Figure 5.14: Experiments of incising Guadalupe tuff: glass and siltstone (top left to right); and chert (bottom) 
(Jalandoni and Taçon 2018). 

line or hole/ small cupule near the bottom of the triangle. The vulva-form designs are similar to 

those found in many other parts of the world but most were made by hunter-gatherers (e.g. 

see Hampson 2016, Morwood 2002, White et al. 2012 for some examples but note that Easter 
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Island vulva forms were made by Austronesians, see Van Tilburg and Lee 1987). Consequently, 

we argue hunter-gatherers most likely were responsible for Phase-1.  

Peralta interpreted the triangles to be sexual or incomplete zoomorphic figures (1973:74); 

however, based on empirical observation, we interpret them to be Phase-1 figures that were 

altered in a second phase (Phase-2). There were 128 Phase-2 figures, and 53.1% (n=68) of them 

were converted Phase-1 geometrics. Of the 68 converted geometric, 62 (91.2%) were altered 

into anthropomorphs.  

Phase-2 predominantly converted Phase-1 geometrics to anthropomorphs by adding 

appendages, such as thin line arms, and legs, and either thin, thick, or fully hollowed out head 

or torso. Only six (9.1%) of the anthropomophs were not converted Phase-1 geometrics. The 

chi-square test affirmed a likely association between anthropomorph and converted geometric, 

χ2 (1, N=179) = 37.062, p < 0.000, Cramer’s V = 0.455, interpreted as a medium effect size (based 

on Cohen 1988). 

Some features of the anthropomorphs include phalanges; 18.6% (n=21) had two to three 

phalanges extending from one to all four appendages (Figure 5.16). Also, 13.3% (n=14) were 

wearing some form of headgear, predominantly circular (n=11) (Figure 5.16), but also horns 

(n=2), and one figure has both horns and a rectangularly shaped headgear. Four of the 

anthropomorphs had a bowling pin shape (Figure 5.16), three had oval bodies (Figure 5.16), 

three were holding a curved object, and one had a fishtail for legs. 

Overall, Phase-2 engravings appear to be much more recent based on appearance, shape, and 

more refined or reworked edges, as well as thin incised lines. The lines are mostly engraved but 

not as deep as Phase-1 figures. Also, stone-pecking and replication of partial geometric shapes 

are present. For the most part, second-phase figures might look like they were made with metal 

tools, but as explained above, the softness of Guadalupe Tuff makes it is just as possible for 

stone to make the marks. Finally, modern graffiti and imitation human figures are visible but 

differentiated from Phase-1 and Phase-2 because of discrepancies in the manner of depiction 

(style, technique, placement, etc.). 

  



 
 

The Rock Art of the Philippines 100 
 

 
Figure 5.15 Examples of Phase-1 figures: photographs (left) and TPI-HS enhancement (right), vulva-form (top), 
hocker (centre), and three circle relief (bottom) (Jalandoni and Taçon 2018).  
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Figure 5.16 Examples of Phase-2 anthropomorphs: photographs (left) and TPI-HS enhancement (right), converted 
vulva form, oval-shaped body (top), traced over with circular headgear and three fingers and three toes (centre), 
two bowling pin body with rare superimposition (bottom) (Jalandoni and Taçon 2018). 
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Who were the artists? 

While it has not been published, some archaeologists in the Philippines question the 

authenticity of the Angono engravings. One of the suggestions is Carlos V. Francisco, the 

discoverer of the rock art, made the rock art himself. The suspicion arises because Francisco 

was a famous and influential artist in his lifetime, even posthumously receiving the highest state 

honour of Pambansang Alagad ng Sining ng Pilipinas (National Artist of the Philippines). However, 

various lines of evidence suggest the Angono engravings were made before the 1960s, including 

the nature of the Phase-1 designs which can also be found at Alab, Bontoc, Central Luzon 

(Jalandoni and Kottermair in press).  

We used the information from Padilla’s map and superimposed it on a map highlighting the 

location of Angono to see if Negritos were known to be in the area. The results indicate Negritos 

were in the vicinity of Angono (Figure 4.1). While rock paintings by Negritos in Malaysia (Orang 

Asli) have been well documented (Matthews 1960, Saidin and Taçon 2011, Tan 2014a), there 

are no recorded engraving sites made by Negritos. However, as noted above, ‘vulva’ designs 

are traditionally attributed to hunter-gatherers, which would make the Negritos the most likely 

candidates for Phase-1. 

For the Phase-2, the artists are either the Austronesian hunter-gatherers or the guerrillas who 

camped in the rockshelter during World War II. They are dated sometime after Phase-1 and 

before their discovery in 1965. 

Dating 

The age of the engravings has always been an enigma. Progress has been made in uranium-

series dating methods for rock art, particularly in Southeast Asia (Aubert et al. 2014). 

Unfortunately, there are no speleothems to date in the Angono Petroglyph site. The only 

deposits on the rock and engravings are mineral salts or efflorescence. The rockshelter was 

formed in the late Pleistocene or early Holocene (De La Rosa n.d.), and the engravings cannot 

be older than their canvas. Therefore, the terminus post quem for the engravings at Angono 

would be approximately 11,700 years ago (based on Walker et al. 2009 date for the global 

Holocene). While the date might not seem constructive, it does rule out the engravings being 

tens of thousands of years old. 

While absolute dating technology for engravings has not made any progress for Angono since 

the assessment of Peralta (1973), the importance of superimposition should not be overlooked. 

Van Tilburg and Lee (1987) identified a symbolic stratigraphy of the rock art in Easter Island and 

proposed that superimposition of new symbols indicate a shift in ideological emphasis. For 
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example, ‘vulvas’ in Easter Island are considered late phase and symbolize a replacement of the 

birdman cult with the fertility cult around 1500 AD (Van Tilburg and Lee 1987). Use and reuse 

are common in rock art sites around the world. When discussing methods used for dating 

Arnhem Land rock art, Chippindale and Taçon (1998) noted that over time there were several 

changes in both the subject and the manners of depiction. In South Africa, Morris (1988) 

observed many engraving sites were superimposed over the course of centuries and ancient art 

is often accompanied by more recent or modern imitations, together with inscriptions and 

vandalism.  

Alterations of both painted and engraved figures, including vulva-forms, into new forms are 

evident in many rock art sites around the world. Phase-1 and Phase-2 traditions demonstrate 

both a change in manufacturing technique and a thematic shift which are significant and time-

related. In understanding the stratigraphic sequence of a single panel, it is important that 

multiple observations can be made (Chippindale and Taçon 1998). At Angono, Phase-2 re-use 

of Phase-1 is ubiquitous throughout the site. There were originally 116 Phase-1 geometrics and 

vulva-forms, and 68 (58.6%) of them were re-used during Phase-2. 

It was observed on site that the engravings did not often superimpose, only 13 (7.3%) figures 

were superimposed, and seven (3.9%) superimposed over another figure. A comparably low 

percentage of superimposition was also recorded in Alab, Bontoc (Jalandoni and Kottermair in 

press). However, in Angono retouching was pervasive with 72 (40.2%) figures being traced over. 

The chi-square test exposed an association between Phase and TracedOver, χ2 (1, N=179) = 

36.090, p < 0.000, and a medium effect size (Cramer’s V = 0.467) (based on Cohen, 1988). We 

found 70/128 (54.7%) of Phase-2 were traced over versus 2/51 (3.9%) of Phase-1. 
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Lamanoc Island, Anda, Bohol 
In 1981, the NM discovered 147 archaeological sites in eastern Bohol, including the Anda 

Peninsula (Santiago 2003:22). The stone tools found suggest dates as far back as 50,000 years, 

and Santiago (2003:22) further states that it is the longest lithic tradition in the country. He also 

suggested the Last Glacial Maximum forced human behavior and tool technology to adapt 

(Santiago 2003:24). In addition, Neolithic sites were found in the coastal region of Anda, 

indicating the possibility of continuous habitation in the area. However, like much of the 

Philippines, many of the previously coastal sites and landbridges are likely underwater due to 

sea level rise. 

Lamanoc Island is an uninhabited island off the coast of the municipality of Anda, Bohol (Figure 

5.17). The island is a protected sanctuary with visits requiring an entrance fee and accompanied 

by a guide. The access to the island is through a bamboo bridge above the mangroves followed 

by a 10-minute paddle boat ride to the Lamanoc landing area.  

According to our guide, Fortunato, the island is named Lamanoc because there used to be a 

plethora of chickens. In many Filipino languages, ‘manok’ translates to ‘chicken.’ However, the 

name might be a reference to the shamanistic practices of the area. Lamanoc is unique to other 

rock art sites in the Philippines because it is the only rock art site where shamanism is still known 

to be prevalent in the local culture.  

 
Figure 5.17 Overview of outcrop with rock art on Lamanoc Island (North). Source: Andrea Jalandoni. 
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Site description 

The rock art is approximately 200 m by a small foot path southwest from the landing area. The 

demarcation of the island is not clear from Google Earth™ because the mangroves connect the 

island to the mainland. However, the limestone outcrop where the rock art is located is 

approximately 1 hectare in area, 150 m long, 100 m wide, and oriented west-east (Figure 5.17). 

The rock art is located in a limestone rockshelter at approximately 45 m above sea level (asl) 

and facing southwest (Figure 5.18). The rockshelter was formed by wave-cut action, so either it 

formed at a time when the sea level was 45m higher than modern sea level, or the current 

elevation is a result of tectonic uplift, or a combination of the two processes (Peterson et al. 

2017).  

The rockshelter is divided by columns and a cavern into two sections, delineated here as East 

section and West section (Figure 5.19, Figure 5.20). It is possible to walk around the cavern to 

access either side. The West section is approximately 19 m long and 3 m high (Figure 5.21). The 

East section is approximately 16.5 m long and 2.5 m high. There is also a 3 m tall wooden cross 

in the East section that is visible from the boat ride over.  

 
Figure 5.18 View from Lamanoc rockshelter (South). Source: Andrea Jalandoni. 
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Figure 5.19 Columns in a cavern separating East and West section of the rockshelter. Source: Andrea Jalandoni. 

 
Figure 5.20 Plan view of Lamanoc. Source: Andrea Jalandoni. 

 
Figure 5.21 Screenshot of DPC for West section of rockshelter. Source: Andrea Jalandoni. 
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Description of rock art 

The paintings are of at least three shades of red and white, mostly indistinguishable figures with 

a few finger markings and some lines made with tools. The West rockshelter has more paint 

than the East one, though almost entirely abstract. An interesting feature is the white paint 

encircling small crevices in the wall (Figure 5.22). There are lines that look like finger markings 

(Figure 5.23) and thin lines indicating a tool was used to apply paint (Figure 5.24). There is a 

superimposition of white pigment over purple pigment, which in turn superimposes over red-

orange pigment (Figure 5.24). On the East rockshelter, there are only a few figures, mostly 

indistinguishable except for a possible anthropomorph (Figure 5.25). 

The red paintings are assumed to be hematite (Peralta 2000, Jenkins 2007), but the analyses of 

pigment at Kain Hitam in the Borneo Niah Cave complex should caution those assumptions 

because they found the pigment was made of tree resin (Pyatt et al. 2005). Peralta (2000) 

mentions remnants where the paint was ground up on the rockshelter floor, however, this is 

not visible today. In fact, when Jenkins visited in 2004, he noted that he could not see it then. 

Douglas Mello, a student from the Archaeological Studies Program at the University of the 

Philippines, is currently studying the rock art of Lamanoc as the topic for his Masters thesis. Part 

of his research includes working with the NM and their pXRF to determine whether the red 

paint is hematite. Fortunato told us a foreign archaeologist, a Dr. Pederson, had taken a sample 

of the rock art. Attempts were made to contact Dr. Pederson and his brother who is the owner 

of a prominent resort in the area. However, no correspondence was returned from either of 

them. I could not find any publications with results of the analysis of the Lamanoc rock art. 
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Figure 5.22 Different shades of red paint and white paint encircling natural features (top), and iDstretch LDS 
version (bottom) of West rockshelter. Source: Andrea Jalandoni. 
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Figure 5.23 Possible finger markings at Lamanoc rockshelter (top), and iDStretch RGB0 (bottom) of West 
rockshelter. Source: Andrea Jalandoni. 

  



 
 

The Rock Art of the Philippines 110 
 

 

 
Figure 5.24 Lamanoc superimposition of white pigment over purple and red pigment over orange pigment on West 
rockshelter (auto-contrasted and auto-leveled, top). Superimposition colour matrix (bottom). Source: Andrea 
Jalandoni. 
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Figure 5.25 Anthropomorphic red figure from East rockshelter (top) and DStretch® LDS version (bottom). Source: 
Andrea Jalandoni. 
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Wooden boat-coffin 

Below the rock art are the remains of a lungon or a dugout coffin (Figure 5.26). The length of 

the coffin is 185 cm, the height is 16 cm, and the width is 30–35 cm. Inside the wooden boat-

coffin are human bones, shells, ceramics, and the wooden peg that locks the coffin. There are 

also two tridacnca shells on the south side of the canoe. The remnants of the coffin cover lie to 

the east. This is perhaps one of the 59 wooden coffins made of molave recorded in Anda and 

Mabini by Santiago (2003). Grave goods included shell and stone ornaments, gold earrings, and 

copper bracelets (Santiago 2003:25). Wooden coffins, dated by association to 14–15th century 

Butuan coffins, are more recent than ceramic burial jars and both are used for multiple 

secondary burials. Santiago says the rock art site had many jar burials and wooden coffins filled 

with bones (Jenkins 2007:378). The best examples of those jars are likely accessioned and in 

storage at the NM, following the archaeological practice in the Philippines. East from the 

Lamanoc landing point, another cave called Burial Cave has examples of jars and shards with 

plenty of loose human bone.  

 

 
Figure 5.26 Screenshot of the DPC (top) and photograph (bottom) of the wooden boat-coffin with cover. Source: 
Andrea Jalandoni. 
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Shamanism 

Pagdiwata, a ritual for calling spirits, is still practiced in some parts of Bohol (Santiago 2003). 

During the ritual, an animal, usually a pig or chicken, is sacrificed, cooked, and offered to the 

spirits. Hunters use the ritual for good fortune in hunting, while in Anda, which is coastal, they 

‘asked the spirits of the forest and the sea to guide people to make better use of natural 

resources’ (Santiago 2003:27). Rey Santiago from the NM, who worked on the cave in the 1980s, 

said that it was a burial site, with bones and ceramics likely associated with shamanistic 

practices (Jenkins 2007). Fortunato said that while Lamanoc Island is still used for rituals, they 

are not done at the rock art site. There is a shaman’s cave circa 1 km away, confusingly called 

Lamanoc Cave (Jenkins 2007:378). Traditionally, only tambalans or babaylan (shamans) visited 

the island to perform ritual offerings to heal the sick, to pray for abundance (crops, fish, and 

fertility), and to strengthen their powers. Presently, they also perform rituals to ensure the 

safety of tourists who visit the island. There are still around 20 practicing tambalans in the area. 

No one resides on the island because it is thought to be full of spirits. Before entering the island, 

visitors are warned not to upset the spirits with boisterous behavior and loud voices. 

Jenkins (2007:379) believed that the nearby shamanism must have been associated with the 

rock art in Lamanoc. In northern Bohol, the shamans wear white with red headgear, sash, and 

chestband because red symbolized ‘the shaman’s bravery and fortitude in facing the forces of 

evil and illness that afflict humankind,’ their dedication to a life of discipline, and it is the colour 

of blood or life (Jenkins 2007:380).  

Peralta (2000) claimed that there were other red markings nearby, but Jenkins’ (2007:379) local 

guide said there were no other markings. Fortunato confirmed that there was no other rock art 

in the vicinity, and the nearest one is in Mabini (discussed below). 

Lamanoc Island may be the only site in the Philippines where an interpretation of the rock art 

as shamanistic has some validity. However, there does not seem to be any direct link between 

shamanism and the rock art site. According to Fortunato, the shamans do not involve the rock 

art in their ritual nor do they make any interpretation of the significance of the rock art. 
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Ilin Island, Mindoro 
The rock art on Ilin Island, Mindoro, was found in 2013 by a team of archaeologists on the 

Mindoro Archaeological Research Project of the University of the Philippines. The research 

team had been excavating the Bubog rockshelter on Ilin Island for three field seasons before 

they noticed rock art a metre from their trench (Figure 5.27). There are red painted figures on 

the limestone walls of Bubog rockshelter (Figure 5.28). The rockshelter faces northeast and is 

between 40–50 m long, 4 m wide, and 30 m asl.  

Archaeology of Bubog rockshelter 

The excavations at the site have revealed more than a meter deep of stratified shell midden 

that dates to 11 kya onwards (Pawlik et al. 2014, Figure 5.29). A Tridacna shell adze from the 

site has been AMS C14-dated and X-ray diffraction screened to 7500 BP and is currently the 

earliest well-stratified and securely dated shell adze in Island Southeast Asia, though unlikely to 

remain the earliest (Pawlik et al. 2015). Pawlik et al. (2015) suggested that the shell tool 

technology indicated that voyage and contact between eastern Indonesia, the Philippines, and 

Near Oceania, might have occurred a few thousands of years earlier than with the 

Austronesians at 4000–3500 BP. 

However, like it is often the case in rock art, we cannot assume an association between the 

archaeological evidence and the art on the walls. Particularly in the case of Bubog rockshelter 

where the rock art may have gone unnoticed by researchers for years. 

Description of rock art 

The two red figures found by the research team are located on the west wall of the rockshelter, 

near the 8 m in diameter entrance. The figures are approximately 25 cm apart. The figure on 

the left (figure A) is 22 cm long and 16 cm wide, located 132 cm above the surface (Figure 5.30, 

Figure 5.31). The figure on the right (figure B) is 21 cm in height and 14 cm in width, located 167 

cm above the surface. The thinness of the lines indicates a tool was used. The two figures appear 

to be contemporaneous due to the similarity in size, execution, and colour.  

Figure A superimposes the white splotches on the wall, therefore indicating that it is younger 

than the splotches (Figure 5.30). When trying to determine whether the white splotches are 

mineral or lichen, I sent a photograph to Danko Taboroši, a geologist specializing in limestone 

caves and karsts in the Pacific (see Taboroši 2004, 2006, Taboroši et al. 2005), who confirmed 

they were lichens. Tabosoši (pers. comm. 30 November 2017) said that he usually sees these in 

specific microclimates, at the entrances of caves, in well-shaded areas, and these factors 
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indicate a biological response. The factors seem to be present at the Bubog rockshelter. 

Samples would need to be collected and analysed for a definitive answer. 

Figure B shows scratches within the painted line that looked fresh, possibly from the tool used 

to paint (Figure 5.30). Upon leaving the Bubog rockshelter, there was suspicious discolouration 

on the north side of the rockshelter. A right handprint was semi-visible from the photograph, 

but not confirmable (Figure 5.32). Auto-contrasting and auto-leveling the photographs made 

the handprint unmistakable and DStretch® even more so. Note that this fieldwork was 

conducted before the release of iDStretch® and androiDstretch®. The orange handprint is 18 

cm long and 10 cm wide. While the two figures near the excavation trench may be quite recent, 

the handprint might be older. 

 
Figure 5.27 The location of rock art in Bubog rockshelter (red rectangle, see Figure 23). Source: Andrea Jalandoni. 



 
 

The Rock Art of the Philippines 116 
 

 
Figure 5.28 Overview of figures A and B in Bubog rockshelter encircled by blue dashed lines. Source: Andrea 
Jalandoni. 

 

 
Figure 5.29 Excavation trench at Bubog rockshelter with shell midden visible. Source: Andrea Jalandoni. 
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Figure 5.30 Figure A auto-contrast and auto-level (left) and DStretch® YRE (right). Figure B auto-contrast and auto-
level with blue inlet showing fresh scratch marks (left) and DStretch® CRGB (right). Source: Andrea Jalandoni. 
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Figure 5.31 Scaled sketches Figure A and B (Digitized by Andrea Jalandoni from Erin Main’s field drawings). 

 
Figure 5.32 Handprint auto-contrast and auto-level (left) and same image DStretch® LDS (right). Source: Andrea 
Jalandoni. 
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Peñablanca Caves, Cagayan Valley 
Peralta was the first to publish any information on the pictograms of Cagayan in his book The 

Tinge of Red: Prehistory of Art in the Philippines (2000). However, the most comprehensive work 

was done by Tobias in her unpublished undergraduate thesis entitled The Pictograms of the 

Peñablanca Caves, Peñablanca, Cagayan (1998). In 1976 and 1977, William Ronquillo, Rey 

Santiago, and Florante Henson of the National Museum recorded, to varying degrees, twelve 

caves with rock art in Peñablanca. In 1977, Cagayan Valley and Kalinga Apayao were declared 

Archaeological Reservations with Marcos’ Presidential Decree #1109. 

The rock art of Peñablanca is the northernmost limits of the currently known rock art of the 

Philippines. The Peñablanca limestone caves are in Cagayan Valley in Northeast Luzon. The most 

famous of the Peñablanca caves is Callao Cave for the oldest dates for human remains in the 

Philippines (discussed in Chapter 4). It has a diverse topography of forests, the Sierra Madre 

Mountain range, and the Cagayan River flowing into the China Sea (Figure 5.33). The name 

‘Cagayan’ comes from ‘tagay’ trees, and so the Spaniards called it ‘Catagayan,’ which was 

eventually shortened to ‘Cagayan’ (Tobias 1998). The indigenous people (IP) in the area are 

known by many names, but most commonly referred to as the Agta. Members of the NM survey 

team suspected that the Agta made the rock art in the caves (Tobias 1998). 

 
Figure 5.33 Overview of Peñablanca area. Source: Andrea Jalandoni. 
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Tobias (1998) compiled a table of the information available at the time of her research, which 

included museum reports, raw data (maps, traces, photos), and her visits to four of the sites 

(Table 5-3). In 2012, Faylona et al. (2016) revisited ten of the sites, tabulated the number of 

pictograms in each, and assessed the condition of each site. 

Table 5-3 Data available to Tobias (1998:45) from the 1976–1977 NM survey and sites she visited. 

 Visited Traces Scaled Floor 
Map 

Cross 
Sec. Photo Museum 

form Plotted 

Segismundo 
Daquioag - X - X X - X - 

Hunong Spring - X - X X - X - 
San Carlos X X X X - X - - 
Gumahong X X X - - X - - 
Laurente X X X X X X - X 
Pedro Calimag 
Rockshelter A - X X - - - - - 

Eme A - X - X X - - - 
Minori - X - X - - - - 
Dasilig A - - - X - - X - 
Hermoso Tuliao - X - - - - - - 

Musang X X X - - X - - 
Segundino Tuliao 

- X - X - - X - 

There has been significant archaeological research in Cagayan Valley and even specifically in 

Peñablanca (see Chapter 4), though not in all the caves with rock art. The rock art has never 

been dated. However, Hermoso Tuliao, one of the guides during the 1976–1977 NM survey, 

claimed the pictograms were there before he was born almost 90 years ago (Faylona et al. 

2016:9). Peralta (2000:67, 71) noted the dates are indeterminate, but the rock art ‘…belong to 

a single time…’ and ‘…a single category of representation, technique and cultural imperative.’  

1976–1977 National Museum survey and 2012 survey 

When the NM recorded the rock art in 1976–1977, there were twelve known caves with 384 

black, assumed to be charcoal, pictograms (Tobias 1998). The caves were Dasilig A, Eme A, 

Gumahong, Hermoso Tuliao, Laurente, Minori A, Musang, San Carlos, Segismundo Dacquioag, 

Segundino Tuliao, Hunon Spring, and Pedro Calimag Rockshelter. In 2012, Faylona et al. (2016) 

revisited ten of the sites, all except Hunon Spring and Pedro Calimag Rockshelter. The ten sites 

visited had 372 pictograms in the 1976–1977 NM surveys, while the 2012 survey recorded only 

241 pictograms, or 65% of the previous survey (Table 5-4). In 2007, I visited eight sites and 

photographed some of the rock art (Figure 5.34, Figure 5.35). 
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Table 5-4 Comparison of the pictogram count per cave between 1976–1977 NM survey and 2012 survey with 
condition assessment. 

Name of site 

1976–1977 
NM survey 

(Tobias 
1998) 

2012 
(Faylona et al. 

2016) 

Difference 
of 2012 

from 1976–
1977 

Missing/ 
(Added) 

Condition 
Assessment 
(Faylona et 

al. 2016) 
Musang 3 3 - 0% Fair 
Segundino Tuliao 42 26 -16 38% Fair-good 
Hermoso Tuliao 18 16 -2 11% Fair-good 
Minori A 62 36 -26 42% Bad 
Dasilig A 18 38 +20 (111%) Fair 
Eme A 51 19 -32 63% Fair 
Laurente 14 7 -7 50% Fair 
Gumahong 51 30 -21 41% Fair 
San Carlos 63 18 -45 71% Bad 
Segismundo 
Dacquioag 

A 
B 

8 
42 

22 
26 

+14 
-16 

(175%) 
38% Fair 

Hunon Spring 
Cave 6 NA NA NA NA 

Pedro Calimag 
Rockshelter A 6 NA NA NA NA 

Description of sites 

Laurente 

According to Pedro Calimag, a local informant, the cave is named after a folk song, and Filipino 

refugees hid in it during WWII (Tobias 1998:52). Laurente Cave is located in Barangay (Brgy.) 

Nannarian. The dimensions of the site are 9 m in length, 17 m width, and 6.7 m height, at an 

elevation of 195 m asl (Faylona et al. 2016). The NM survey team found two pictograms in 1976 

and twelve more in 1977 (Tobias 1998). Faylona et al. (2016:5) found only seven (50%) 

pictograms on a prepared surface. The pictograms were very faded and affected by lichens and 

termite structures.  

Gumahong 

Gumahong Cave, Brgy. Nannarian, has the dimensions of 12 m in length, 14 m width, and 4.12 

m height, at an elevation of 175 m asl (Faylona et al. 2016). Tobias (1998) noted a recently 

placed wooden cross, which is still there as of 2012 (Faylona et al. 2016). The cave is still used 

for rituals. The first survey reported 51 pictograms, while the most recent survey reported 30 

(59%). There is vandalism noted, but not superimposing the pictograms.  
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Figure 5.34 Samples of rock art from Dasilig, Eme, Laurente and Segundino Tuliao auto-contrasted and auto-
leveled photographs (left) and DStretch® applied (right). Source: Andrea Jalandoni. 
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Figure 5.35 Samples of rock art from Gumahon, Minori, and San Carlos auto-contrasted and auto-leveled 
photographs (left) and DStretch® applied (right). Source: Andrea Jalandoni. 
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San Carlos 

The San Carlos Cave, Brgy. Nannarian, is very deep and requires crawling to survey, but the rock 

art is at the mouth. The dimensions of the site are 11 m in length, 5.3 m width, and 1 m height, 

at an elevation of 96 m asl (Faylona et al. 2016). There were 63 pictograms previously reported, 

but only 18 (29%) remain. Graffiti was already noted when Tobias (1998) visited, and confirmed 

both when I visited in 2007 and when Faylona et al. (1998) visited in 2012. Faylona et al. (2016) 

also noted evidence of treasure hunters and ceramics, bones, and teeth (presumed to be faunal 

remains) were visible on the surface.  

Segismundo Daquioag 

Segismundo Daquioag Cave, Brgy. San Roque, has two openings, A and B. The dimensions of 

the Segismundo Daquioag A are 13.4 m in length, 6.7 m width, and 3.4 m height, at an elevation 

of 297 m asl, while B is 17.3 m in length, 4.6 m in width, and 4 m in height, at an elevation of 

300 m asl (Faylona et al. 2016). Tobias (1998:59) reported that Chamber A contained eight 

pictograms, and Chamber B contained 42. When Faylona et al. (2016) revisited the site, they 

recorded 22 (175% increase) and 26 (62%) pictograms respectively. Tobias (1998:59) describes 

the designs as predominantly leaf skeletons and leaf outlines while a few had ‘interconnecting 

diamond lines with dots in the middle, linear designs, including a human-like stick.’ Faylona et 

al. (2016) add geometric designs, circle patterns, zigzag patterns, and an anthropomorph with 

a wide body to the description. 

Hunong Spring 

Hunong Spring Cave, San Roque, is 5.35 m long, 12.7 m wide, and 5 m high, at an elevation of 

310 m asl (Tobias 1998). There are six pictograms at this site. 

Pedro Calimag Roc shelter A 

The only information available for Pedro Calimag Rockshelther A is that there are 6 pictograms 

(Tobias 1998). 

Eme A 

Eme A Cave, Brgy. Malibabag, was named from the ‘M’-shaped vegetation surrounding the cave 

(Tobias 1998). The dimensions of the site are 9 m in length, 6.1 m width, and 4.8 m height, at 

an elevation of 262 m asl (Faylona et al. 2016). There were 51 pictograms recorded in the first 

survey of insects, kites, ‘a cross on a grave’, comb, spider, and a headless anthropomorph 

among other designs (Tobias 1998:63). During the second survey, they found only 19 (37%) leaf 

and linear forms and the walls were covered in lichens (Faylona et al. 2016). 
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Eme Cave has been excavated and artefacts recovered include chert, ceramics, andesite and 

basaltic flakes, lithic debris, snails and Thiara sp. shells, and faunal remains. Charcoal has 

provided radiocarbon dates of 2010–1690 cal. BP (Mijares 2006:74). Based on soil 

micromorphology, the cave appears to have been continuously occupied from the latest pre-

ceramic through to later ceramic periods (Mijares and Lewis 2009). 

Musang 

Musang Cave, named after the civet cat in the area, is located in Brgy. Quibal. The dimensions 

of the site are 22 m in length, 9 m width, and 3 m height, at an elevation of 87 m asl (Faylona et 

al. 2016). Only three pictograms of linear design are present (Tobias 1998, Faylona et al. 2016). 

There is evidence of human occupation from 10,000 BC to relatively recent dated from two 

assemblages (Thiel 1988). The first assemblage, dated from 10,000–4,500 BC, was attributed to 

hunter-gatherers from artefacts of flake tools, shell, and bone. The second assemblage, dated 

from 4,500 to recent times, had artefacts from the older assemblage but with the addition of 

pottery, human bone, ornaments, and a brass needle among other artefacts (Thiel 1988). Thiel 

(1988:64) noted that the surface of the front part of cave was littered with sherds, but few in 

the central and back areas where it was dark.  

Minori A 

Minori Cave is a four-chamber cave located in Brgy. Quibal. Chamber A has the rock art and the 

dimensions of the chamber are 36 m in length, 9.5 m width, and 5.27 m height, at an elevation 

of 254 m asl (Faylona et al. 2016). The initial survey recorded 62 pictograms, but the resurvey 

found only 36 (58%). The site is in bad condition because graffiti and the pictograms are very 

faint (Faylona et al. 2016). Excavations were conducted on the site in 1981 and 1999 (Mijares 

2001). Aside from andesite and chert flake tools and faunal remains, two cultural layers were 

identified. The more recent cultural layer was dated to 4590± 50 BP. Mijares (2001:139) 

considered the older cultural layer to be analogous to Musang Cave, and therefore dated to 

approximately 12,000 years old. 

Dasilig A 

Dasilig A Cave is located in Brgy. Quibal. The dimensions of the site are 19.5 m in length, 10.5 m 

width, and 3.2 m height, at an elevation of 315 m asl (Faylona et al. 2016). The cave has three 

mouths, and ‘Dasilig A’ refers to cave mouth A. Artefacts included ceramics and faunal remains 

(Tobias 1998). There were 18 pictograms in the 1996–1997 survey and the main motif was 

described as a sea anemone. There were also leaf skeleton, comb, and other linear forms 

(Tobias 1998:68).  
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Hermoso Tuliao 

Hermoso Tuliao Cave is located in Brgy. Quibal. The dimensions of the site are 14.2 m in length, 

3 m width, and 10 m height, at an elevation of 152 m asl (Faylona et al. 2016). The 1996–1997 

survey found 18 pictograms here and the dominant motif was a sea anemone (Tobias 1998:70). 

Segundio Tullao 

Segundio Tullao Cave is located in Brgy, Nangilatan. The dimensions of the site are 7.64 m in 

length, 12 m width, and 5.65 m height, at an elevation of 164 m asl (Faylona et al. 2016). There 

was evidence of treasure hunters disturbing the cave floor and unearthing ceramics (Tobias 

1998:70). There were 42 pictograms recorded in the 1996–1997 survey depicting leaf skeletons, 

grid with dots, a possible zoomorph (insect), and zigzag lines (Tobias 1998:70). 

Categorizing the rock art 

The rock art in the Peñablanca caves is located near the mouth of the cave, where there is light 

and accessibility (Tobias 1998). Faylona et al. (2016:8) observed that the pictograms clustered 

on the left side of the cave mouth and that the size of most of the figures was between 5 cm 

and 30 cm. The individual motifs are located at accessible heights, not requiring any additional 

platform, though some are in nooks. Tobias (1998) noted that most of the pictograms were not 

much bigger than the size of a hand. Weathering and deterioration of the rock art have been 

noticed in the 1990s (Tobias, 1998), I observed it in 2007, and most recently reported in 2012 

(Faylona et al. 2016). It is also interesting to note that the ceramic distribution, as observed by 

Thiel (1998) in her archaeological research of Musang cave, is parallel to the rock art distribution 

with most of the rock art being near the entrance where there is light. Thiel (1988) also 

mentioned that the front part of the cave was more suitable for habitation. 

Tobias (1998) identified twelve categories of motifs: leaf skeleton, linear, broken line, kite-like, 

unidentified enclosed figure, spider-like, web, curved lines/ worm-like, grid-like, leaf outline, 

others, and the combination of types/ categories (Figure 5.36). Then she categorized all 143 

pictograms of six of the twelve sites that she visited or had access to the NM tracings (Table 

5-5). After examining the data available from all twelve sites, Tobias (1998:80) concluded that

the predominant motif is the leaf skeleton figure. She also looked at the categories per site and

determined that the leaf skeleton was among the dominant categories in ten out of the twelve

sites. Faylona et al. (2016) used a different category system of zoomorphs, anthropomorphs,

geometrics, ‘botanical,’ and abstract or linear designs (Table 5-6). They consider the dominant

category to be abstract.
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Figure 5.36 Tobias’ (1998) categories of rock art at Peñablanca. 
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Table 5-5 Categories applied to six sites (Tobias 1998). 

CAVE A B C D E F G H I J K L TOTAL 

Hunong Spring - 3 2 - - - - - 1 - - - 6

San Carlos 18 3 - 3 6 2 - 2 - 25 3 1 63

Gumahong 17 4 4 - 14 1 2 - 3 - 2 4 51

Laurente 10 3 - - - - - 1 - - - - 14

Pedro Calimag Rockshelter A 3 2 - - - - - - - - - 1 6

Musang 1 1 - - - - - - - - 1 3

TOTAL 49 16 6 3 20 3 2 3 4 25 6 6 143 

Table 5-6 Faylona et al. (2016) categories and distribution of pictograms per site. 

Discussion 

By comparing the 1976–1977 NM survey and 2012 survey, certain inferences about the rock art 

can be made. The increase in the number of pictograms in Dasilig A by 111% (20 figures) is likely 

an indication of recent additions (Table 5-4). I visited some of the same sites in 2007 and noted 

perceptible fading and an increase in graffiti on some of the rock art paintings when compared 

to preliminary visits in 2004 and 2005. Also, it is unlikely the 1976–1977 NM surveys would have 

missed so many figures that are visible in 2012 because paintings do not become more vibrant 
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after several decades. In addition, black pigment on near-white limestone is usually easy to 

discern unless art is faded or covered by growth. The same applies to Segismundo Daquioag A, 

where the initial recording is eight, and the 2012 recording reported 22 (175% increase). While 

these are the only two sites that can be inferred from looking at the counts, it indicates that 

there may be additions to the other sites as well. 

It is also likely that the anthropomorphs observed by Faylona et al. (2016) in Minori A are a 

recent introduction. They are not mentioned by Tobias (1998) who analysed the raw data from 

the 1976–1977 NM surveys. Tobias was familiar with anthropomorphs from her research on 

Thailand rock art (Tobias 1998:9, 145). Peralta (2000:67) also specifically stated that there are 

no anthropomorphic figures in Peñablanca, though allows for Gumahong and Eme to have 

‘approximation of anthropomorphism’ (p. 69–70). Neither Gumahong nor Eme are the caves 

with anthropomorphs mentioned by Faylona et al. 

(2016). Furthermore, Faylona et al. (2016) found the 

most anthropomorphs in Minori A (n=3), but when I 

surveyed that cave in 2007, I did not note any. Both 

Tobias (1998:59) and Faylona et al. (2016:6) noted a 

single anthropomorph in Daquioag Cave. However, 

Tobias’ (1998) description is ‘a human-like stick figure’ 

(p. 59), while the figure recorded by Faylona et al. 

(2016:6) had a trapezoidal body (Figure 5.37). 

Not including Dasilig A and Segismundo Dacquioag A, because of recent additions, and Pedro 

Calimag Rockshelter A and Hunon Spring Cave, because they were not in the 2012 survey, only 

43% (177/312) of the pictograms traced by the NM are no longer visible. The pictograms of San 

Carlos, of which 71% are missing, may be severely impacted by visitors and the graffiti. 

However, Segundino Tuliao is missing 38% of pictograms, even if the cave was described by 

Faylona et al. (2016) as being in ‘fair-good’ condition, the highest rating they gave any of the 

Peñablanca Caves.  

While the inconsistency in the number of figures could be attributed to researchers counting 

individual figures differently, or adeptness at finding rock art, more likely it is because in 36 

years many of the figures have faded away. Fading could also account for Tobias (1998) being 

able to identify leaf skeleton as the dominant category, while Faylona et al. (2016) claimed the 

majority of the pictograms were abstract. The leaf skeleton motifs, if any part of them was still 

visible, may have faded to the point of abstraction. Tobias (1998:80) made a similar observation 

Figure 5.37 Anthropomorph from Daquioag 
Cave (Faylona et al., 2016). 
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when analysing Hunong Spring Cave, the only cave she studied with no leaf design, stating that 

‘…broken line form seems to suggest a leaf skeleton figure but it is difficult to conclude because 

the visible lines are really hard to discern.’ 

If 43% of the rock art has disappeared in the hiatus between the 1976–77 and 2012 surveys, 

there are several possible explanations. The majority of rock art is located by the entrance of 

the caves where climate change may have altered the conditions to allow more water to flow 

over the rock art. Another possibility is that visitors have erased the rock art or covered it up 

with graffiti. However, the most likely explanation is that the rock art was not very old. There is 

no indication that the pictograms at each site were not created concurrently. Peralta (2000: 67) 

noted the possibility that they were created at the same time. In fact, there are numerous 

similarities between all sites, such as black colour, execution, motif or categories, and in site 

location of figures, which suggest they are contemporaneous. Therefore, the rock art created 

in the more vulnerable areas was probably created synchronously to the designs that are 

protected and currently well visible. It follows that if the vulnerable ones are fading away or 

have completely disappeared in just 36 years of exposure, then they were probably not made 

very long before the first survey of 1976.  
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Rizal, Palawan 

Tau’t Batu 

The rock art in Palawan was first reported by Manuel Elizalde Jr. of PANAMIN (see Chapter 4) in 

May 1978 (Peralta 1983). The rock art sites in Palawan are the only rock art sites in the 

Philippines where the artist can be identified with certainty. The Taw ät Batu / Tau’t Batu / 

Tau’t Bato (people of the rock) are a subgroup of the indigenous people who periodically inhabit 

the caves (Figure 5.38). Palawan has three main IP groups: Batak and Tagbanuwa who inhabit 

the north and centre of the island respectively, and Pälaqwan who inhabit the south where the 

rock art is located. 

When the Tau’t Batu became known, President Marcos visited the area several times. Members 

of the group remember the presidential visit and the aftermath. It is likely a source of the 

mistrust the Tau’t Batu have for outsiders and why they might not be forthcoming about 

explaining their rock art. 

‘It was during this time that President Marcos made multiple visits to Singnapan 

valley to explore the area. Our guide, Buano and our host, Tumihay, who was just 

a little boy at the time remembers the helicopters flying into the valley with 

Marcos and Imelda on-board. Tumihay said President Marcos only stayed for 30 

minutes in fear that the people may attack him. The helicopters brought in 

clothes, rice and some other provisions to distribute to the tribe. This is the first 

time Tumihay remembers getting western style clothes. However, the reason 

Marcos was so interested in this area was because of the riches it held. For many 

months Marco’s [sic] team raided all the caves in the area (the burial sites for the 

Tau’t Bato) and collected all the gold and other valuables on the bodies. Buano 

also said that it’s possible they found Japanese treasure as well in the caves, 

because many of the caves Marco’s team explored were caves the Tau’t Bato 

never went into. Years later there were many stories that Marcos hid a lot of his 

wealth in the caves of Singnapan. In the 80’s and 90’s this area saw numerous 

visitors from all over the world searching for Marco’s hidden wealth. However, 

the reality was, Marcos was there to take the wealth from the natives not leave 

hidden treasure of his own.’ (Maentz 2012) 

The significance of the rock art of Palawan is that it is the only known rock art in the Philippines 

with ethnographic potential. Dario Novellino, a Visiting Research Associate of the  
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Figure 5.38 Top: A Tau’t Batu family looks 
down into the Singnapan valley beneath 
their home in Palawan (Alders Ledge 
2016). Left: Tau’t Batu man in cave (Ally 
2013). 

  

https://twitter.com/hashtag/Palawan?src=hash
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Institute of Philippine Culture (IPC) of the Ateneo de Manila University, spent several field 

seasons conducting fieldwork with indigenous groups on Palawan. Novellino (1999) published 

his research on four sites in Rizal, Palawan.  

Site description 

Site 1 is 15 km inland in an area cut off from the path by two rivers during the peak of rainy 

season. Novellino (1999) described the cave as facing southwest, having a large chamber, and 

underground passages extending 220 m to four exits. There was evidence of long periods of 

habitation, including animal bones, edible snails, both marine and freshwater shells, and a 

midden. According to a Pälaqwan informant, the cave has long been used as a place to cook 

and eat animals. In the dark passages, there are line drawings and an incision (lukis). The figures 

that are considered by the IP to be old (taqmaq) are located higher up, reached by platforms. 

Novellino noted that similar bamboo platforms (datag-datag) are still used for rest. The main 

panel has both engravings and paintings. The black paintings, assumed to be charcoal, are of 

helicopters and anthropomorphs (Figure 5.39). 

Site 2 is a rockshelter, known locally as Puqun ãt Batu or ‘the stem of the stone,’ at the bottom 

of Mãnguguna cliff, and is accessible from both east and west coasts. According to the IP, 

Mãnguguna is a healer entrusted to care for the Palawan people and an intercessor of God. 

They believe the limestone formation Mãnguguna reaches ‘the underworld corresponding to 

the seventh lower level of the universe’ (Novellino 1999:6). They also view the outcrops of 

limestone as metamorphosed ancestors. The rockshelter is still being used by the IP for 

protection during heavy rains and is a hunting ground for bats and swallows. The rock art 

consisted of both old and new styles mostly described as anthropomorphs. Some 

anthropomorphs have weapons while others are dancing. One anthropomorph with long claws 

has been noted in other sites in the area as well. There is also a schematic airplane figure in 

addition to undetermined abstract figures and lines.  

The other two caves are Pängi-pängi and Ägpäj/Ugpay in the Singnapan Valley, around 200 m 

asl. Two of the cave chambers in Pängi-pängi are used for habitation. One of the chambers 

contains the ‘largest agglomeration of charcoal drawings with various superimpositions’ 

(Novellino 1999:8). Across the Sumuräm river from Pängi-pängi is Ägpäj Cave, with impressive 

anthropomorphs. Unfortunately, according to Novellino (1999), foreign visitors have vandalized 

one of the most remarkable panels. 
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Figure 5.39 Examples of rock art from Palawan (Novellino 1999:12) 

Novellino (1999:8) tried to derive information about the rock art from the choice of words the 

Pälaqwan use and concluded that they do not consider them ‘aesthetic’ productions. He also 

noted that different communities might favour certain motifs over others. Novellino (1999:13–

19) also expounded on the mythology of the Pälaqwan that might be expressed in some of the 

rock art.  
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Novellino (1999) attributed the rampant superimposition of figures to the dearth of suitable 

canvas, and observed no association between motif and location. The number of figures per 

site is limited by the availability of smooth surfaces and daylight in the cave. Peralta (1983:154) 

noted that there were signs of deliberate erasures. According to Peralta (1983:154), ‘The 

execution of figures in different styles but conforming to the same configuration suggests that 

the drawings were executed by different persons and probably at different times through a long 

period’. 

Novellino (1999:19) also stated that there is no designated artist, the only qualification is having 

experienced somethings (i.e. a dream) worth sharing. Like in Arnhem Land in Australia, some of 

the rock art in Palawan was produced to educate or communicate (Novellino 1999:20, see 

Domingo et al. 2016, May et al. 2017). The rock art is also used to remember the dead person 

who created it and some designs are drawn with that intention (Novellino 1999:20). The IP 

attribute some of the ‘old’ drawings to mythological ancestors and distinguish them from 

‘recent’ drawings they consider the work of children (Novellino 1999:19–20). Peralta (1983:154) 

rejected the notion that the newer drawings were all done by children because of some of their 

inaccessible location and ‘purposive quality’. Novellino (1999:22) asserted that ‘the belief 

system of contemporary Pälaqwan offers ideologically valid interpretations for recent drawings 

as well as for those which may have been produced during an earlier period.’ 

Both Novellino (1999) and Peralta (1983) observed a motif similarity between the charcoal 

drawings of Palawan and the engravings of Angono. Peralta (1983:155) and Novellino (1999) 

both noted that the long-standing and continuing tradition of creating the art pointed to a 

belief, value, or idea system shared by the Tau’t Batu.  
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Balut Island, Sarangani 
Sarangani is a group of islands located in the southernmost part of the Philippines, south of 

Mindanao. The site is east of Barangay Tagen at approximately 250 m elevation on Balut Island 

(Dizon et al. 2008). Balut Island has a potentially active fumarolic volcano, Mt. Balut.  

In 2008, the National Museum sent a team to investigate a group of ruins that was suspected 

to be part of the Ruy Lopez de Villalobos expedition in 1543 on a nearby island. The rock art site 

consisted of two boat figures on a boulder, the only examples of boats in the known rock art of 

the Philippines (Figure 5.40). The boat on the upper left measures 137 cm long and 60 cm high 

with a human figure on the bow and a sail on the stern (Dizon et al. 2008). The second boat 

figure on the lower right has a rudder and measures 95 cm from stern to rudder. Earthenware 

sherds were found below the boulder accessioned with the NM. Locals filled in the engravings 

with red paint for emphasis. From the photographs and known geology of the island, the rock 

material is likely volcanic. Also visible in the photograph are engraved graffiti beside the 

engraved boats.  

Boats are a ubiquitous motif throughout SEA, and not just in rock art. In the Philippines, there 

are 15 boat-shaped burial markers on Batanes, the northern-most islands of the Philippines, 

equidistant to Taiwan and Luzon (Dizon and Mijares 1999). Two of the boat-shaped sites in 

Batanes had been radiocarbon dated to 1850 AD and 1595 AD (Dizon and Mijares 1999:5). One 

of the most iconic artefacts from the Philippines is the Manunggul jar from Palawan that has 

two people paddling on a boat protruding from the top of the lid (see Fox 1970). The Manunngal 

jar has often been interpreted as a ship-of-the-dead, and Szabó et al. (2008) pointed out the 

association with red painted curvilinear designs on the vessel. The importance of boats to pre-

colonial Filipinos is emphasized by William Henry Scott (1994) when he explained it as the 

etymology of barangay. 

Barangay is currently the smallest political unit in the Philippines, which is congruous with the 

original meaning of community or possibly tribe.  

‘These [datus] were chiefs of but few people, as many as a hundred houses and 

even less than thirty; and this they call in Tagalog, barangay. And what was 

inferred from this name is that their being called this was because, since these 

are known from their language to be Malayos, when they came to this land, the 

head of barangay was taken for a datu, and even today it is still ascertained that 
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one whole barangay was originally one family of parents and children, slaves, and 

relatives.’ (Juan de Plasencia 1589a, 23v [in Scott 1994]) 

 

Figure 5.40 Overview of rock art (top), boat figure with man and sail (bottom- left), boat figure with rudder and 
signs of graffiti (bottom-right). Source: Eusebio Z. Dizon. 
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Summary of rock art in the Philippines 
Certain associations become apparent by summarizing some aspects of the known rock art sites 

in the Philippines (Table 5-7). The sample size of 22 sites may be too small for statistical 

certainty. However, it does allow observations to be made for the current sites and hypotheses 

to be tested with future sites found. 

All the petroglyph sites, which are Alab, Angono, and Balut Island, are engraved on volcanic 

material. While Novellino (1999) briefly mentioned the rock art in Palawan had some incisions, 

it is unclear whether it was rock being incised or lichens, moss, or soot. In contrast, all the 

painted sites are on limestone. Another similarity is that all the black painting sites, which are 

in Peñablanca and Palawan, are found in inland caves and are the only sites with known 

association with indigenous people. The sites with red paintings, Lamanoc Island and Ilin Island, 

are on rockshelters that overlook the sea.  

Sites grouped within the same vicinity share the same art type. The two sites of Alab are both 

engraving sites, the twelve sites of Peñablanca have black paintings, as do the four sites of 

Palawan. Luzon is the only island in the Philippines with multiple areas of rock art. However, it 

is the biggest island and two of the areas, Alab and Angono, have engravings, while Peñablanca 

has black painting sites. 

Table 5-7 Summary of Philippine rock art by area, number of sites, location in the landscape, type of rock art, the 
colour of paint, rock material, rock feature, and association to indigenous people. 

 Alab Angono Lamanoc I. Ilin I. Peñablanca Palawan Balut I. 

Sites 2 1 1 1 12 4 1 

Location Inland Inland Coastal Coastal Inland Inland Inland 

Art Type Engraving Engraving Painting Painting Painting Painting Engraving 

Colour - - 
Red, purple, 

orange 
white 

Red, 
orange Black Black - 

Rock 
Material 

Volcanic 
Tuff 

Volcanic 
Tuff Limestone Limestone Limestone Limestone Volcanic 

Rock 
Feature Outcrop Rock-

shelter Rockshelter Rock-
shelter Cave Cave Outcrop 

IP  No Maybe No Maybe Yes Yes No 

Dominant 
motif 

Vulva-form, 
triangles 

Anthropo-
morph, 

geometrics 

Abstract, 
finger 

markings 

Unknown, 
hand print 

Leaf-
skeleton, 
abstract 

Anthropo-
morph Boat 
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Alleged Rock Art 
During this research, there were other alleged rock art sites, but with neither photographic 

evidence nor documentation. While every effort was made to visit each of these sites, they 

were unsuccessful due to safety and time constraints. These sites have yet to be verified, but 

they demonstrate the potential to increase the number of rock art sites in the Philippines. 

Tabugan (Taboan) River 

In the 1980s the aboriginal people of the Philippines, the Agta, informed anthropologist, Bion 

Griffin (currently Emeritus Professor of the University of Hawai’i), that there was rock art near 

the Tabugan River in the Sierra Madre mountain range of Luzon, northern Philippines (Figure 

5.41). According to Griffin (pers. comm. 20 March 2015), he did not visit the alleged rock art site 

when he was told of it because he feared people might destroy the cave in search of gold. It 

would be considered highly suspect for a non-local to show any interest in a cave, a sentiment 

that is still present today but to a lesser degree. The art was described to be a figure of a baboy 

damo, which translates to a wild pig (Griffin, pers. comm. 18 March 2015). The possible motif 

was especially intriguing because, aside from there being no examples of large zoomorphs in 

Philippine rock art, it is also a similar motif as one of the oldest dated rock art figures in Sulawesi, 

Indonesia (see Aubert et al. 2014). 

Currently, aside from difficult terrain and weather, political complications in the area persist. 

The New People’s Army (NPA), the communist party of the Philippines, controls the region and 

their intentions toward cultural resources remain unknown. Despite these complications, two 

expeditions were undertaken in early 2015 to find and record these previously reported rock 

art sites with Griffin. One expedition was overland and included a 24-km hike. The other was by 

open sea for 6 hours in a bangka (small pump-boat) to Linauan for a 10-km hike (Figure 5.42). 

Both missions failed to reach the town nearest the alleged rock art. A third expedition was 

planned for May 2016, but a violent encounter at the start-off point a few days before, between 

the NPA and police, left a few people dead. A sea expedition was not possible either at this time 

because of an unusually late amihan, the northeast monsoon winds. 
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Figure 5.41 Tabugan river and Sierra Madre mountain range in the 1980s. Source: Bion Griffin. 

Figure 5.42 View of Sierra Madre mountain range from Linauan, less than 10 km away from Tabugan, in 2015. 
Source: Andrea Jalandoni. 

Mabini, Bohol 

While working on Lamanoc, our guide Fortunato said he was told by a foreign archaeologist 

(perhaps Jenkins?) of a second site nearby in Mabini, 11 km away. He said it is not well known 
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because the state of degradation is more severe than Lamanoc. Jenkins (2007) said Rey Santiago 

told him about Mabini, but he was not able to visit it. 

I went to Mabini and talked to the local officials at the local government offices. However, none 

of the locals knew of any rock art in their area but still took me to some of the caves nearby. 

Mining for phosphate was a major industry in the area. One of the caves they took me to was 

an abandoned phosphate mine several kilometers deep. We went ~1 km in before turning 

around due to safety concerns. There was a lot of graffiti on the walls but no rock art. 

Alburqueque, Bohol 

On 13 April 2017, I was introduced by email to Andrea Yankowski. Yankowski reportedly told 

John Peterson, Associate Vice President of the University of Guam, of a petroglyph site in Bohol 

guarded by cobras. I inquired if the rumours allude to the painted snakes in Hinagdanan Cave, 

Dauis. The Hinagdanan Cave still has remnants from when it was painted for the 1994 movie 

Dark Tide, an American movie filmed in the Philippines. However, Yankowski (pers. comm. 17 

April 2017) clarified that the petroglyphs were in Albuquerque, not Dauis, but he has yet to 

verify them. 

Bukidnon 

On 10 February 2016, Nanette Roa from the Archaeological Studies Program at the University 

of the Philippines reported that she was told of some strange marking on rocks in Bukidnon. As 

of August 2016, Roa could not establish contact with the landowner. 

Guiuan, Eastern Samar 

In the early 2000s, an acquaintance mentioned an alleged rock art site in Guiuan, Eastern Samar. 

Unfortunately, due to the typhoon Yolanda (Haiyan), the area has been devastated and we no 

longer have contact with the person who reported it. As of 2016, we were advised by the OIC 

of the Archaeology Division of the NM that the area was not safe for research. 

Masbate 

In late 2016, a new site in Monreal, Masbate, was reported by the media (GMA News Online 

2016). From the news clippings, they said there were paintings of caterpillars or snakes, 

monkeys, anthropomorph, dragonfly, and birds among other things and engravings (Figure 

5.43). They also claimed they are 1000 years old. In early 2017, the NM sent a team to 

investigate the authenticity of the site.  
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Figure 5.43 Screenshots from the news video of the rock art from Monreal, Masbate (GMA News Online 2016) 

Palawan 

On 7 January 2018, Jun Carreon, Kate Lim, and Emil Robles informed me of rock art sites in 

Palawan, near Puerto Princessa. They were black figures, like the ones made by the Tau’t Batu, 

but supposedly not made by indigenous people. 

Gold and Rock Art 
There was an unexpected connection between gold and rock art identified during this research. 

Gold is an important part of Philippine history and affects the study of archaeology and rock art 

even today. In the 1990s, Bion Griffin avoided a cave near the Tabugan River with alleged rock 

art for fear that his presence will encourage looters. The Marcos’ regime was infamous for 

searching for the Yamashita treasure. Marcos’ interest in PANAMIN, specifically the Tau’t Batu 

of Palawan, and the possible gold in the area brought him to the island. His presence may be 

commemorated in the helicopters found in their rock art. Furthermore, Marcos’ activities may 

have made the Tau’t Batu suspicious of strangers and by extension those that inquire about 
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their rock art. On Ilin Island after three field seasons of the Mindoro Archaeology Project, the 

excavation unit was destroyed by treasure hunters (K. Lim, pers. comm. 15 May 2017). The 

search for gold and the legend of Yamashita treasure have inadvertently impacted the study of 

rock art. 

Conclusion 
Since Philippine rock art has been described as largely unknown (Taçon and Tan 2012, Tan 

2014a), one of the main objectives of this research was to describe Philippine rock art and start 

an inventory. This chapter has established that there are 22 verified rock art sites in the 

Philippines and discussed them in detail. 

The engraving sites are on igneous material in Alab, Angono, and Balut Island. In Alab, there 

were two styles of triangular figures, U-shape and V-shape, identified in Alab Site 1. Based on 

superimposition, it is likely the U-shaped figures predate the V-shaped figures. Since Alab Site 

2 only has V-shaped figures of the same style as Alab Site 1, it seems as though Alab Site 2 is 

more recently engraved than Alab Site 1. In Angono, there were two pre-1965 phases identified, 

Phase-1 and Phase-2, and they differ in both subject and execution. Phase-1 is comprised mostly 

of geometrics and vulva-forms that were pounded, pecked, or incised with broad strokes using 

a stone tool. Phase-2 was a re-use of the figures of Phase-1, by altering and adding appendages. 

The lines of Phase-2 are sharper, and the edges were crisper than Phase-1, but metal tools were 

not necessarily needed for their production. The rock art site on Balut Island has two engravings 

of boats. 

The rock art of Lamanoc Island were mostly abstract with some finger marking and non-

identifiable figures painted in red, orange, purple, and white. Ilin Island had two possible 

zoomorphs and a handprint all in orange paint. The verified rock art of Palawan were mostly 

anthropomorphs and all figures were in black done by the Tau’t Batu, Austronesians who are 

considered indigenous people. The Peñablanca sites had black figures of leaf motifs and 

abstracts, not anthropomorphs and associated with the Agta, indigenous Negritos. 

Seven additional areas require verification of an unknown number of alleged sites. The rate at 

which alleged sites are being exposed is significant. Various people in the Philippines, many of 

them with archaeology or anthropology backgrounds, have knowledge of rock art that has not 

been previously recorded or studied. Haubt (2015) emphasized the importance of a global 

database for rock art, the case of the Philippines highlights the need for at least a national 

database.  
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The current inventory of verified Philippine rock art sites indicates that APT and AES, as 

described by Ballard (1988, 1992) and Specht (1979) respectively, are not present in the 

Philippines. However, it is possible there are other connections with other rock art in Southeast 

Asia and Micronesia. The next chapter will focus on using the inventory of Philippine rock art 

for comparison with the region. 
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Chapter 6: Comparison of Philippine Rock Art with Southeast Asia 

and Micronesia 
Summaries of Southeast Asian rock art have been produced by Tan and Taçon (2014), Scott and 

Tan (2016), Taçon (2017), Tan (2014a) and Taçon et al. (2014). Taçon (2017) cited all the seminal 

work in the region. Tan (2014a) synthesized the known rock art of Mainland Southeast Asia 

(MSEA) and Island Southeast Asia (ISEA). Taçon et al. (2014) focused on the painted sites of the 

region, including China, in understanding a shared rock-marking legacy with the rest of the 

world. In-depth discussion on the rock art of specific locations are best found in PhD theses that 

go into detail of MSEA (see Taha 2000, Tan 2014b) and Borneo (see Hoerman 2016a), as well as 

books on West Papua and Indonesia (see Arifin and Delanghe 2004, Permana 2015).  

Cruz Berrocal and Millerstrom (2013) noted that similarities in rock art motifs do not 

automatically demonstrate interaction on a large scale. However, Fox (1979:38) encouraged 

the thorough study of cultural material from a site to make comparisons with cultural materials 

found in other sites in the Philippines and elsewhere in Southeast Asia (SEA). As part of an 

investigation into the existence of a link between rock art and migration, commonalities in rock 

art need to be identified before they can be considered associated. 

Tan (2014a) and Tan and Taçon (2014) emphasize that the rock art of SEA is not well known and 

there is a disparate amount of research done across SEA. Moreover, the research is often not 

published in international peer review journals but remains as restricted access museum 

papers, or is published in local languages. All these issues make the rock art of SEA difficult to 

generalize.  

The purpose of this chapter is to compare the rock art of the Philippines with the neighbouring 

areas and expose gaps in the research. This chapter is not intended to be a comprehensive 

account of all the rock art research in SEA. Instead, it offers the preliminary results from a 

systematic quantitative literature review (SQLR) and fieldwork conducted before and during 

this PhD research. The rock art of SEA is more researched and well-known than that of Taiwan, 

Hong Kong, and Micronesia. Therefore, SEA rock art will not be elaborated upon here, and will 

only be used to understand the rock art of the Philippines. However, there is a discussion on 

prominent elements of SEA rock art that are not found in Philippines. 

Before undertaking this PhD research, I had the opportunity to work in Micronesia and see a 

majority of the known rock art of the region. As a result, the rock art of Micronesia will be 

discussed in detail to provide what might be the first summary of all the known rock art in 



Comparison of Philippine Rock Art with Southeast Asia and Micronesia 146 

Micronesia. Finally, the question of why rock art is absent in parts of SEA and Micronesia is 

addressed. This is important because the two areas are presumed to be linked by a common 

cultural origin before approximately 1500 BC.  

Systematic Quantitative Literature Review (SQLR) 

Method 

The methodology employed for the systematic literature review followed from Petticrew and 

Roberts (2006), the quantitative aspect from Pickering and Byrne (2013), and the flowchart of 

the method is presented in Figure 6.1. The data was primarily collected from the online 

databases of Google Scholar™, Project Muse®, and ProQuest® and ProQuest Dissertations & 

Theses Global, and Trove. Every combination of a geographical location and a rock art 

terminology was searched through each database. The geographical locations included 

‘Southeast Asia’, ‘Indonesia’, ‘Malaysia’, ‘Philippines’, ‘Thailand’, ‘Vietnam’, ‘Cambodia’, ‘Laos’, 

‘Brunei’, ‘Myanmar’, and ‘East Timor’/ ‘Timor-Leste’, ‘Taiwan’, ‘Hong Kong’, ‘Marianas’/ 

‘Mariana Islands’, ‘Guam’, ‘Saipan’, ‘Tinian’, ‘Rota’, ‘Palau’, ‘Federated States of Micronesia’/ 

‘FSM’, ‘Yap’, ‘Pohnpei’, ‘Chuk’/ ‘Truk’/ ‘Chuuk’, ‘Kosrae’, ‘Marshall Islands’, and ‘Kiribati’. The 

rock art terminology included ‘rock art’, ‘rock-art’, ‘cave art’, ‘painted site’, ‘pictograph’, 

‘pictogram’, ‘stencil’, ‘engravings’, and ‘petroglyph’. Other databases, such as JSTOR, Science 

Direct, Scopus, Web of Knowledge, were tested but did not provide additional references. Other 

sources of data were from personal libraries and reference sections of publications. While 

atypical for systematic reviews of this kind, Masters and PhD theses, books, abstracts, and 

conference proceedings that were available through the online databases were included, in 

addition to the standard peer-reviewed articles. Also, only papers published in English were 

included in this study. While these limitations might limit the scope, they were necessary. For a 

comprehensive list of all the literature available on the rock art of SEA and Micronesia region, 

physically visiting the museums and historic preservation offices of many of these places would 

be required. It may also necessitate months of waiting for access permits and lifted restrictions 

on copies. Even if copies were obtained, they would entail translating the text from i.e. Bahasa 

Indonesia, Bahasa Malay, Thai, Vietnamese, Khamer, and Mandarin. For this reason, I did not 

include the museum papers I do have because they would bias the counts in favour of areas I 

have worked extensively (e.g. Philippines, Palau, Guam, and Saipan). 

The data were collected between 19 May and 15 June 2017. Publications uploaded or released 

after that date were not included. Since algorithms of the search engines change periodically 

and without warning, it was best to do the searches within a short time frame.  
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Figure 6.1 Flow chart using PRISMA (preferred reporting items for systematic reviews and meta-analyses) 
statement for the systematic review (adapted from Moher et al. 2009).  

Limitations 

The SQLR quantifies references to rock art in geographic regions. The counts can be biased in 

places where several references exist for one site (e.g. Tan 2009, Tan and Chia 2010, 2011, Tan 

and Chia 2012 for Gua Tambun in Malaysia), which may give the impression that there is more 

rock art in the area. Conversely, there are also references that discuss several rock art sites in a 

single geographical area yet are only counted once (e.g. Fage and Chazine 2010 for Kalimantan, 

Faylona et al. 2016 for Peñablanca in the Philippines). Therefore, the summations produced by 

the SQLR should not be interpreted as quantity of sites, but as quantity of research with no 

indication on quality. 
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Results 

The search through all the databases returned 404 entries and an additional ten were 

unsearched personal sources. After duplicates were removed and the entries screened for 

language and access, 277 references remained. Those 277 references were further analysed but 

151 were then further excluded for not being related to rock art or periphery mention or not 

within scope. A total of 126 references were included in the systematic review. The density of 

research per geographic region is presented in Figure 6.2.  

Figure 6.2 Density of research by geographic region. Source Maria Kottermair and Andrea Jalandoni. 

Taiwan and Hong Kong 
While Taiwan and Hong Kong are not officially part of SEA, their proximity to the Philippines 

makes their inclusion essential. Taiwan is especially pertinent because of the Austronesian 

connection. 

Hong Kong 

In Hong Kong, all the rock art sites are engraved with geometric, curvilinear, zoomorphic, and 

abstract motifs. Meacham (2010) associated the motifs of the rock art with designs from Bronze 

Age ceramics. Davis et al. (1974) reported five engraved sites, while Meacham (1976) reported 

eight engraving sites, including one of an inscription (Figure 6.3). In 1978, a new site known as 

Lung Ha Wan was reported and investigated by Meacham (2009:127) and a geologist. They 
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considered it to be natural and not rock art but the Hong Kong government had already declared 

it an ancient monument. In 2010, despite the controversy, Lung Ha Wan was still included in 

the preservation study of all the rock art sites in Hong Kong (Meacham 2010). Using a 

smartphone I have taken photographs of two sites and created 3D models. 

Figure 6.3 Map showing all nine recognized rock art sites (marked by stars) of Hong Kong. Source Andrea Jalandoni. 

Taiwan 

There are no known peer-reviewed publications directly about the rock art of Wanshan—the 

only known rock art in Taiwan. Tan (2014a) had to reference Meacham’s 2009 book about Hong 

Kong, where Taiwan rock art is talked about in the periphery to find comparisons with Hong 

Kong. O’Connor (2015) and O'Connor et al. (2015) used photographs of unknown sources and 

the government website with scant information on the Wanshan Rock Carvings Archaeological 

Site. Therefore, the primary source of A Guidebook of the Special Exhibition of Prehistoric Rock 

Art (Ching 2009) and Wanshan Rock Carvings: The First Discovery of Cliff Art in Taiwan [in 

Mandarin] (Kao 1991) warrants a detailed discussion. 

Like Hong Kong, all 13 rock art sites in Taiwan are engraved. There is a legend associated with 

the Wanshan engravings, like Alab. A woman with the ability to call hundred-paced snakes was 

exiled by her husband’s family. She waited for her husband by the rocks and used her finger to 

draw pictures on the rocks because she was bored. The rock was soft at the time, so her figure 

was imprinted on the stone. 
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‘In the ancient times, Oponohu was a barren mountain where no one lives. There 

were five families coming from north to bring the land under cultivation, and they 

then became the present noble class. It is said that a man from the Laba-U-Lai 

family of Wanshan village married a woman from the Southern Tsou tribe (or 

Bunun tribe according to another version). She cooked sweet potatoes by digging 

a pit oven in the ground, heating stones with fire, and then baking the sweet 

potatoes and hot stones covered with soil. But whenever other family members 

were not at home, she would whistle to call some hundred-paced snakes, and she 

would cook them- coiled around a stone- with the sweet potatoes. She ate the 

snakes before the other family members gathered. They generally became 

thinner and thinner. After the family members discovered her secret, she was 

kicked out of the household. She ate hundred-paced snakes as she walked. Each 

of the bones that she threw on the ground when she finished eating the remaining 

snakes became a small snake. She walked to Kopaca'e and Tubulili to wait for her 

husband. When she was bored, she used her fingers to draw pictures on the rocks. 

Because the rock at that time was as soft as cake, her figure was imprinted on 

the stone when she lay clown. Because her husband did not come at last, she 

finally went back alone to Yaner village.’ (Kao 1991 [in Ching 2009:13]) 

In 1978, the first two engraving sites were shown to a professor, Kao Yeh-jung, by the local 

people. However, as in the case of the Alab engravings, presumably the local people had 

previously known about the sites. Aside from generally relating the motifs to others in the 

Pacific, Ching (2009:18) relates the petroglyphs in Taiwan with Hong Kong, Zhuhai, Xianzi Deep 

Pool in F'ujian, Lianyun Harbor in Jiangsu, Heilong River, and Wusuli River. Twisting snakes, 

concentric circles, and faces are the prominent motifs of Wanshan petroglyphs and they are on 

sandstone (Ching 2009:14). 

The Wanshan petroglyphs are located at an altitude of 800–1500 m near the Zhuokou River, 

approximately 1.8m north of Wantoulan Mountain, near the Maolin Township in Kaohsiung 

(Ching 2009:14). The Kopaca’e (TKM 1) site is 1.6 km away from the Tubulili (TKM 2) site. The 

nearest tribe is the Oponohu of Rukai, 3 km southwest of the petroglyphs. If members of 

Oponohu pass the engraving sites, they must clean them by custom for good omens related to 

dreams. However, Ching (2009:14) claims there is no direct relationship between the rock art 

and the Opunohu, though they have hunting areas to the east. 
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Kopaca’e is the most famous site with anthropomorphs, faces, and concentric circles and 

dimensions of 11.6 m in length and 6.7m width (Figure 6.4 and Figure 6.5, Ching 2009:23). The 

motifs relate with the creation legend of Rukai tribe, e.g. the anthropomorphs represent ‘lake 

gods of the spirits of hundred-pace snakes’ (Figure 6.6) that raise their hands to the cosmos and 

the cupules are old signs to represent ‘life energy and witchcraft’ (Kao 1991 [in Ching 2009:24]). 

The engravings, covered in moss and vegetation, are poorly-preserved due to natural 

weathering and human-induced erosion from treading, cleaning, and rubbing (Ching 2009:24). 

The Tubulili (TKM2) site is 0.4 m long and 0.36 m wide (Ching 2009:26). The rock is cut to be 

three steps, but it is unknown if it occurred naturally or anthropogenically. The engravings are 

to the side of the step, so the artist can sit on the steps and engrave (Figure 6.7). The engravings 

have been identified as footprints and cupules. The foot patterns are pecked and overlap, 

describing the route and direction where a tribe moves (Ching 2009:26).  

The Sanaginae site is on an aboriginal hunting pathway with working houses and cultivated 

areas nearby (Ching 2009:28). The engravings are partially covered by sedimentation and it 

appears that some of the engravings have been lost due to spalling (Figure 6.8). 



Comparison of Philippine Rock Art with Southeast Asia and Micronesia 152 

Figure 6.4 Photograph (top) and ‘hand drawn’ recording (bottom) of the engravings at site Kopaca’e (Ching 2009, 
Kao 1991). 
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Figure 6.5 Photograph of figures from Kopaca’e (top, Bureau of Cultural Affairs Kaoshiung City Government 2008) 
and rubbings (bottom, Ching 2009). 
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s
Figure 6.6 Kopaca’e rubbing of an anthropomorph with raised hands (Ching 2009). 

Figure 6.7 Pecked footprints (left) and drawing of Tubulili (Ching 2009:26) 
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Figure 6.8 Photograph (Bureau of Cultural Affairs Kaoshiung City Government 2008) and drawing of the Sanaginae 
site (Ching 2009). 
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Takalravoe has ten engraving sites and is not far from Kopaca’e except for a hanging valley in 

between (Ching 2009:40). Due to the terrain and uncultivatable land, Ching (2009:40–41) 

assumed that the artists did not stay long in the area and that may explain why many of the 

engravings look incomplete. Unlike the other sites, Ching (2009:41) interpreted some of the 

Takalravoe sites to be devoid of meaning because the engravings look impromptu and 

incomplete. Ching (2009:47) assumed that the artists of Takalrovoe are in the same cultural 

group as the artists of the other site, though possibly created by different people at different 

times. Ching (2009:47) believed that the forest and landscape influenced the artists in some 

way and may explain why the Takalrovoe sites are so discontinuous. An alternative 

interpretation offered is that the Takalrovoe sites, as evidenced by their ‘immature technique’, 

may have been the trial before working on the other sites (Ching 2009:48). 

Takalravoe site 1 has lost engravings due to weathering and a tree growing on the side of the 

rock and obfuscating the engravings (Chiung 2009:42). Still, it has the most variety of patterns 

of the Takalravoe sites with concentric circles, line patterns, diamond-shaped snake patterns, 

and geometrics (Figure 6.9). Site 2 has linked diamond shapes and zigzags. Site 3 has lines, 

diamond-shaped patterns, face patterns, and a pecked snake-like pattern. Site 4 is the biggest 

with large cupules, spiral, lines, concentric circles, geometrics, anthropomorph, and frog-

shaped anthropomorph (Ching 2009:43). Only a rubbing is available of the frog-shaped 

anthropomorph but is not clearly visible. Sites 5 and 7 are within 40 m of each other and have 

motifs of snakes, mountains, and cupules. Site 6, 6.5 m from site 5, is a pecked circle pattern 

and thought to be impromptu in comparison to site 5 (Ching 2009:46). Sites 8, 9, and 10 are 

mentioned but it is unclear if there are any engravings. 

 
Figure 6.9 Rubbings (left) and highlighted serpent pattern (right) found in Takalravoe site 1 (Ching 2009:30) 
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Micronesia 
Micronesia is a region in the Northwest Pacific composed of more than 600 small islands. 

Politically, they are further divided from west to east as Palau, Marianas, Federated States of 

Micronesia (FSM; also referred to as the Caroline Islands), the Marshall Islands, and Kiribati (also 

known as the Gilbert Islands). The Marianas refers to Guam, a United States Territory, and the 

northern islands known as the Commonwealth of Northern Marianas Islands (CNMI). The FSM 

consists of the four States Yap, Chuuk, Pohnpei, and Kosrae (west to east). Each of the four 

states has a high volcanic island and, with the exemption of Kosrae, several surrounding low-

lying islands (i.e. atolls), many of which are still inhabited. The following section describes the 

known rock art sites in Micronesia. 

Mariana Islands 

Guam 

Guam has a few areas with rock art. Mahlec Cave in the south of Guam is inaccessible to the 

public because it is located in a US Naval base. Hunter-Anderson (2013) identified more than 40 

figures of black, white, and red anthropomorphs and zoomorphs in that cave (Figure 6.10). The 

black pigment was radiocarbon dated to 1410 ± 30 BP, however, there is the possibility of the 

‘old wood’ predicament (Hunter-Anderson 2013). If the black pigment was determined to be 

coconut, it would avoid the ‘old wood’ problem. Unfortunately, Hunter-Anderson (2013) could 

not identify the species of the sample dated.  

Figure 6.10 Black anthropomorph that was sampled (left) and unusual naturalistic red anthropomorph with fingers 
(right) from Mahlec Cave (Hunter-Anderson 2013). 

Gadao Cave, on the east side of the island, has over 50 figures of anthropomorphs, cultural 

material, zoomorphs, and a bill fish that Cabrera and Tudela (2006:47) claimed is both engraved 

and painted. The figure of two anthropomorphs with comb-like feet and hands is perhaps the 

most iconic figure of rock art on Guam. It is visible in all sorts of material culture today, such as 
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bumper stickers, t-shirts, rings, pendants, earrings, etc (Figure 6.11). A chemical analysis of the 

yellowish white pigment contained calcium carbonate and silica (Henrickson 1968 [in Hunter-

Anderson 2013]). 

 
Figure 6.11 Photograph of the most iconic rock art figure of Guam from Gadao Cave (left) and same figure on a 
ring (right). Source: Andrea Jalandoni. 

Dixon and Schaefer (2014) reported white headless anthropomorphic pictographs and red hand 

prints in Finegayan, northwest Guam. Excavations in the cave retrieved dates of 980± 40 BP 

(Dixon and Schaefer 2014:59), however it is unknown if they are related to the painted figures.  

At the northern tip of Guam, Carson (2017b:433) worked out a chronology for the painting 

styles in Ritidian based on the sites of Beach Cave, Pictograph Cave, Gate Cave, Lower Cave, 

Upper Cave, and View Cave (Figure 6.13). White anthropomorphs (post-AD 1000) are the most 

recent, followed by black anthropomorphs, contorted figures, and unknown shapes (1500–

1100 BC), then bright red handprints and hand X-ray (1100–700 BC), and dull reddish-brown 

fingerprint dots and geometric shapes being the oldest (1500–1100 BC). One of the figures in 

Star Cave has been interpreted to be a star calendar based on a traditional navigation sidereal 

compass which associates the locations of islands and sea lanes to the rising and setting of stars 

(Figure 6.12, Villaverde 2013). In 2010, I collected samples of the pigment from the star calendar 

for chemical analysis and the results showed our samples contained C6H10N4O4 (hydrogen 

succinate) and C16H14O4 (imperatorin) (Peterson et al. 2016). Imperatorin is a furocoumarin 

present in citrus fruits that may have been used to help pigment bind to rock surfaces (Fitzhugh 

et al. 1997). We have yet to identify the exact species of plant where the imperatorin may have 

originated.  

In a cave in Tarague, east of Ritidian, Dixon and I visited white anthropomorphs in 2013. There 

are also reports of a site to the west of Ritidian with more rock art.  
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Figure 6.12 Anthropomorph possibly wearing a hat in Beach Cave (top) and possible star calendar in Star Cave 
(bottom), Ritidian. Source Andrea Jalandoni. 

Figure 6.13 Carson’s (2017b) relative dating of Ritidian rock art. 

Saipan 

The first written account of Kalabera Cave was by naturalist Alfred Marche (1982), when in 1887 

he explored the ‘Mount de las Calavera’. He mentions many caves with skeletons and being 
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informed by the locals that many burials in the caves are in an upright position. Fritz (2001), in 

his account of the bones buried in the cavities of the Calaberas, postulated that the function of 

the cave might be a meeting place due to a metre-high layer of ash found within the cave. He 

also noted a human bone spear tip and two shell signal horns. Stanislaus von Prowazek (1913) 

published the first recording of the rock art in Kalabera Cave (Figure 6.14). Both Fritz (2001) and 

Prowazek (see Spennemann 2004) referred to the cave as the As Teo, but it is currently known 

as Liyang Kalabera In the 1920s, Hans Hornbostel captured the first photograph of the famous 

pictogram known as the man in the canoe. He also photographed the skulls at the entrance of 

the cave (Figure 6.15).  

 
Figure 6.14 Stanislaus von Prowazek (1913) representation of the pictograms. 

 
Figure 6.15 Skulls inside Kalabera Cave (Hornbostel 1920’s [from Cabrera and Tudela 2006]). 

Over 50 images, both pictograms and petroglyphs, were identified at Kalabera Cave (Cabrera 

and Tudela 2006). Many of them are headless anthropomorphic figures. Another interesting 

element of the anthropomorphic rock art is that some of them are anatomically correct with 

what has been interpreted as penes (Cabrera and Tudela 2006).  
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Cabrera and Tudela (2006) have done the most work on the rock art of Kalabera Cave by 

locating, recording, and interpreting the petroglyphs and pictograms. Using the headless 

pictograms and presence of skulls in the caves in the 1920s, Cabrera and Tudela (2006) 

interpreted the cave as a burial site and the rock art as ancestral worship for ancient Chamorros. 

Hunter-Anderson (2012) cautioned that no ethno-historic records indicate that skulls were 

placed at cave entrances and that there is a wide variation of Latte Period burials, many of 

which are intact. Cabrera and Tudela (2006) also interpreted certain anthropomorphic box-like 

pictograms to directly depict flex burials. Hunter-Anderson (2012) offered an alternative 

interpretation of the anthropomorphic figures as ‘sympathetic or imitative magic’ or that the 

artist is drawing on the wall to create a desired situation to become a reality. As an example, 

the flexed box-like figure interpreted by Cabrera and Tudela (2006) to be a burial could be the 

manifestation of the desire for fertility according to Hunter-Anderson (2012). The artist, as a 

husband for his wife or as the wife herself, is graphically expressing the desire to be pregnant 

or bear a child, fertility being a crucial issue for small island population survival. Cabrera (2012) 

holds that the key to interpreting the pictograms is the link between i man-aniti (ancestors) and 

their descendants, which is still valued by contemporary Chamorros. McKinnon et al. (2014) 

mention the rock art of both Kalabera and Laulau. They mention the motifs are headless 

anthropomorphs, zoomorphs, material culture (fishhooks), and boats. McKinnon et al. (2014) 

focus on the relationship of the rock art with the fishing culture of the island. 

Between 2014 and 2015, I recorded the rock art in Kalabera Cave, Saipan. Aside from the rock 

art already known and reported in Cabrera and Tudela (2006), I discovered the first red 

paintings on the site. They were of headless anthropomorphs in a style similar to the white ones 

ubiquitous in the cave. They were located in the highest section of the cave where a known 

anthropomorph engraving exists (Figure 6.16). The famous ‘man in a canoe’ takes a prominent 

spot of visibility in the cave. Using SfM photogrammetry to detect change, differences from 

Hornbostel’s 1920s photograph of the site and the 2014 recording were observed (Figure 6.17). 

While the brightness of the 1920s photograph might be attributed to chalk highlighting before 

the photograph, a common practice in those days, there is currently a depression by the stern 

that was not there in the 1920s. I also surveyed other rock art sites around the island informally 

through the guidance of Genevieve Cabrera. 
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Figure 6.16 Previously unknown red headless anthropomorphs (DStretch® LDS-enhanced, top) and an 
anthropomorphic engraving (bottom) from Kalabera Cave, Saipan, Marianas. Source: Andrea Jalandoni. 
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Figure 6.17 ‘Man in the canoe’ from Kalabera Cave, Saipan. Hornbostel's 1920s single photograph converted into 
a 3D model using SfM (top), compared with a 3D model (bottom, source: Mark Willis and Andrea Jalandoni). The 
deterioration on the stern of the boat is readily visible.  

Tinian 

Engraved sites are rare in the Marianas, and Unai Dangkulu on Tinian is the only exclusive 

engraved site known (Cabrera and Tudela 2006:45). The engravings consist of around 50 figures 

of cupules, geometrics, and pecked and incised anthropomorphs, also headless like the 

paintings in Kalabera Cave, Saipan (Cabrera and Tudela 2006, Dixon and Schaefer 2014). When 

Dixon and I visited the site in 2012, we noted that the site is in grave condition because it on a 

limestone bedrock shelf on the shoreline. Therefore, it is under seawater for a period of time 

each day and subjected to wave action at other times. 
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Rota 

Liyang Chugai in Rota is a cave with black paintings of geometrics, zoomorphs (turtles and bill 

fish), and anthropomorphs that require lighting to be seen (Cabrera and Tudela 2006:46). 

Turtles are ‘rare, but present throughout Polynesian rock’ (Hoerman 2016b:205), but Rota has 

the only referenced turtles in Micronesia. While I did not visit Liyang Chugai, there are a few 

lesser known rock art sites Dixon showed me that also have black paintings. 

Palau 

Palau is the westernmost boundary of Micronesia. As mentioned in Chapter 2, Mark Willis and 

I recorded the rock paintings of Palau in 2011 and created 3D models of the rock art sites. Our 

work in Palau is one of the earliest examples of SfM photogrammetry of rock art in the world 

and the first time in the region of SEA and Micronesia. However, due to restrictions, we never 

published the material but submitted a report to the Ministry of Community & Cultural Affairs 

of Palau to be used for a UNESCO World Heritage nomination (Willis and Jalandoni 2011, 

Appendix H). 

The pictographs are the earliest known documentation by Palauans (Kloulubak 2009). All 

documented pictographs are located in the Rock Islands of Koror, Palau. Legend attributes the 

pictographs of the Rock Islands to the cultural hero Orachel (sometimes spelled Orachl), who is 

also credited for the bai (traditional Palau community house) building and decorating tradition. 

The hero carried red-ochre colouring pigment, the kind used to paint canoes or decorate bodies, 

and painted figures or inscriptions on the overhanging roofs of ledges on the cliffs of every 

island he passed ending in Ulong islet (McKnight 1964). Orachel used these pictographs to teach 

the art of documentation to the people (Kloulubak 2009). According to McKnight (1964) and 

Schmidt (1974) there are six known and recorded locations for pictographs in the Rock Islands 

(Figure 6.18), we relocated five of the sites (Figure 6.19, Willis and Jalandoni 2011). 

In 2010, Palau’s first petroglyph site was identified on a basalt boulder in Babeldaob, the main 

island north of the Rock Islands. Liston and Rieth (2010) identified four pecked petroglyphs on 

a basalt boulder of triangles, three of them with cupules and headless anthropomorph. There 

is a legend of Surech, a beautiful woman who was willingly beheaded by her lover rather than 

be given to the chief, and an unknown boulder marks her burial (Liston and Rieth 2010:404). 

There are headless painted anthropomorphs in Saipan and engraved headless anthropomorphs 

in Tinian (see above), but the ones in the Marianas are stick figures while the ones in Palau have 

triangular bodies. The engravings on the Babeldaob boulder also show similarities with the 

triangular engravings of Alab (Figure 6.20).  
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Figure 6.18 Map with six rock painting locations in Palau; the 7th site marked ‘Boi’ is an anthropomorphized 
natural white stain (adapted from McKnight (1964) [in Willis and Jalandoni 2011]).  

 

 
Figure 6.19. Locations of pictograph sites relocated in 2011 (Willis and Jalandoni 2011). 
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Schmidt (1974) considered the rock art to be very different from the ethnographic art. Schmidt’s 

Masters thesis (1974:62–63) identifies similarities with Indonesian rock art, even suggesting 

that eastern Indonesia is the original home of the Palauan rock art style and that the art was 

created soon after migration. Liston and Rieth (2010) agreed that they were painted early in the 

cultural sequence and noted there is no relation between engraved and painted rock art. 

Schmidt (1974:48) observed that painted faces were by themselves or on a full anthropomorph. 

Reepmeyer et al. (2011a) suggested the rock art might be a highly visible indicator of territorial 

rights, though not all of the rock art is highly visible. Reepmeyer et al. (2011a:96) also noted the 

presence of graffiti in Ulong islet; therefore the site needs protection. 

Figure 6.20 Engravings on a boulder in Babeldaob. Source Andrea Jalandoni. 

The Ngermid pictographs are on Ulong islet and the rockshelter is vaguely divided into two 

separate alcoves by the narrowing of a limestone ledge between the two (Figure 6.21, Figure 

6.22). The majority of the rock art is in the southwestern most alcove and consists primarily of 

red pictographs (Figure 6.23) but yellow and black images are also present. Only a limited 

amount of modern graffiti has been carved into the limestone in various places. The difficulty 

of access to the site has certainly helped preserve it from casual vandalism. 
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Figure 6.21 Overview of Ngermid rockshelter site on Ulong islet. Source: Andrea Jalandoni. 

Kloulubak (2009) stressed the significance of these pictographs because elders still continue the 

oral tradition of Orachl. Therefore, the connection between the rock art and present culture is 

still alive and relevant. Also, as the first documentation on Palau, the pictographs have become 

a high art form and cultural symbol for Palauans (Kloulubak 2009). 

 
Figure 6.22 View from inside the rockshelter on Ulong islet facing northwest. Source: Mark Willis. 
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Figure 6.23 Photograph (top) and DStretch® (LAB) image (bottom) from the Ngemerid pictograph site on Ulong 
islet. Source: Andrea Jalandoni. 

Pohnpei 

Pohnpei is one of the high islands in the FSM. The petroglyph site on Pohnpei is known by many 

names (e.g. Indenlang, Takai-nin-Talang, Takai en Intolen, Tilenm, and Takaien) (Rainbird and 

Wilson 2002), but official signage and recent literature refers to the site as Pohnpaid. Rainbird 

(2002:96, 2008:141) found over 750 engraved figures of footprints, hand prints, zoomorphs 
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(fish), geometrics, abstract designs, swords and other weapons, and a boat. Ueki and Nena 

(1983), in addition to zoomorphs and weapons, also noted anthropomorphs (Figure 6.24). The 

origins of the petroglyphs are not in living memory (Historic Preservation Office archaeologist, 

J. Lebehn, pers. comm. 26 February 2017). Rainbird and Wilson (2002:635-636) linked the 

enveloped crosses of Pohnpei with the engraving styles of Vanuatu and New Caledonia.  

 
Figure 6.24 Sample of some motifs from Pohnpaid (Ueki 1983:538). 

I used an UAS (Unmanned Aerial System) to document the rock art in February 2017. An 

objective of the project was to document Nan Madol, one of the newest sites on the UNESCO 

World Heritage list, using an UAS. Another objective was to build capacity in Micronesia by 

training Historic Preservation Officer Jason Lebehn on advanced archaeological recording 

techniques. Pohnpaid was recorded as a side project to further demonstrate the potential of 

combining an UAS with 3D modelling for archaeological sites. Pohnpaid is a large open site 

horizontally positioned with a slight slope. Terrestrial SfM would be cumbersome because of 
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the size of the site and the difficulty in establishing overlap with the condition of the rock. Like 

Alab, the engravings are obfuscated (Figure 6.25). It is an ideal site to test using an UAS to create 

a 3D model of a rock art site and apply our TPI-HS enhancement technique.  

Figure 6.25 Aerial photograph (top) and sample of rock art (bottom) of Pohnpaid. Source Andrea Jalandoni. 

Kiribati 

Kiribati is the easternmost boundary of Micronesia. Di Piazza and Pearthree (2001) reported a 

petroglyph stone from Kiribati that is currently on display at the Musée de Tahiti et des Iles in 
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Punaauia, Tahiti. The petroglyph was of a bird placed on a ‘platform containing a human bone’ 

that was excavated adjacent to a turtle carapace (Di Piazza and Pearthree 2001). Di Piazza and 

Pearthree (2001:153) used this as evidence of a possible link between religious activities and 

turtles and birds because burial platforms are an indication of religious activities. 

Using the SQLR to Compare Philippine Rock Art with the Region 
Tan and Taçon (2014:68) observed that paintings are the most dominant form of rock art in SEA 

and they are predominantly done in red. Using the data from the SQLR, it is easy to visualize 

that a lot more research has been done on painted sites than engraved sites, perhaps indirectly 

indicating that there are indeed more painted sites (Figure 6.26). Of the painted sites, red is 

mentioned almost as many times as all other colours combined. It would appear that red is 

indeed the dominant pigment, especially combined with colours on a similar palette (e.g. 

orange, brown, and purple) where differences may be due to semantics. Black is next common 

after red, while white paintings seem more dominant proportionally in the Marianas than in 

SEA. Black, which is presumed to be charcoal, and polychromatic paintings are presumed to be 

more recent than red (Tan and Taçon 2014:68). Interestingly, Specht (1972) noted similar 

dominance of red followed by black in the southwestern Pacific. 

The most commonly mentioned painted motifs are zoomorphs and anthropomorphs while 

plenty of hand stencils and geometrics are also mentioned (Figure 6.26). Painted boats and 

other material culture, usually weapons, are noted at several different research areas. 

Interestingly, the most common engraved motifs in the literature are anthropomorphs then 

zoomorphs, indicating some importance that transcends the type (i.e. painting or engraving) of 

rock art. Geometrics are the third most mentioned engraved motif. 

Tools for producing the art are rarely mentioned in the body of literature analysed (Figure 6.26). 

Three out of the five times metal is mentioned was by Peralta (1973 and 2000) and Novellino 

(1999), describing Angono and Palawan in the Philippines. Inadvertently, Fage and Chazine 

(2010:42) indicated metal was used when they noted that some of the engraved lines could be 

a result of weapon sharpening. We interpret the stray lines at the Alab sites to having been used 

for sharpening rice farming implements, corroborated by our local guide’s anecdotal experience 

(see Chapter 5). The sole painted site where tools were mentioned is one with pigment splash-

marks in Myanmar that can only be made with tools and are reminiscent of a style of rock art 

production in Australia (Aung 2013, Taçon et al. 2004).  
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Figure 6.26 Progressive circle packing of the SQLR. Source: Maria Kottermair and Andrea Jalandoni. 

There are numerous references to painted boats at sites throughout SEA (e.g. Aubert et al. 

2014, Ballard 1988, Ballard et al. 2004, Lape et al. 2007, O'Connor 2003, Pyatt et al. 2005, Szabó 

et al. 2008). The only known example of rock art with boat figures in the Philippines is an 

engraving site on Balut Island (See Chapter 5). Sites with engraved boats in SEA are scarce. While 

there are examples of engraved boats in Borneo (Hoerman 2016a, Saidin et al. 2008, Szabó et 

al. 2008, Taçon et al. 2010a), Maluku (Spriggs et al. 1998, Spriggs et al. 2005), West Papua (see 

Arifin and Delanghe 2004), and Thailand (Sukkham et al. 2017), they do not seem to be in the 

same style as Sarangani. There are engraved boats in Pohnpei, Micronesia (Rainbird 2008), but 

they also differ from the Philippines engraved boats. The engraved boats of Sarangani may be 

the only ones of that boat morphology in SEA and Micronesia.  

Black painted anthropomorphs in Gua Tambun and Gua Cincin exhibit fingers and body shapes 

(Figure 6.27, Taha 2000:265–266) similar to the Angono engravings. The anthropomorphs of 
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Angono have been likened to black anthropomorph drawings by the Tau’t Batu in Palawan 

(Novellino 1999, Peralta 1983, 2000). Datan (1993:138) described one of the styles of black 

anthropomorphs to have ‘triangular or geometrical bodies’ that are either filled in or not filled 

but with vertical lines, some with fingers. They also show a design similarity to the Angono 

petroglyphs even if different methods of rock art production were employed. 

Head-dresses are found across SEA mostly in painted sites in Malaysia (Taha 2000, Tan and Chia 

2012), Indonesia (Ballard 1988), and East Timor (O'Connor 2003, O'Connor and Oliveira 2007). 

Head-dresses are rarer on engravings with a site in Vietnam (Nguyen 2014) and another on 

Sumatra (Caldwell 1997), but they are not in similar shape as the Angono engravings. 

The black drawings in Gua Batu Luas attributed to the Negritos (Taha 1990) seem similar to 

Peñablanca and Palawan, the two regions with black pigment sites in the Philippines. In 

particular, there is a grid with dots in the middle that is similar to the one found in Peñablanca 

(e.g. Segundino Tuliao in Figure 5.34). While it is unknown if the Agta, Negritos of Peñablanca, 

made the rock art of Peñablanca, they are a known presence in the area. The only other sites 

explicitly attributed to ‘Negritos’ in SEA are in Perak, Malaysia (Saidin and Taçon 2011). The rock 

art of Palawan is known to be produced by the Tau’t Batu, while not Negrito, they are 

indigenous people. Many of the charcoal motifs of Perak, Malaysia (Figure 6.28) are similar to 

the leaf-motifs (e.g. Eme in Figure 5.34 and J and K in Figure 5.36) of the black drawings in 

Peñablanca. Furthermore, the Negritos in Malaysia were witnessed making drawings up until 

at least the 1950s, possibly continuing to the late 1990s (Saidin and Taçon 2011).  

Figure 6.27 Black anthropomorphs from Gua Cincin, Malaysia (Taha 2000: 265–266). 
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Figure 6.28 Photograph (left) and DStretch® (LDS) image (right) from Gua Badak, Malaysia. Source: Andrea 
Jalandoni. 

Arifin and Delanghe (2004:66) described the oldest style of rock art in West Papua, known as 

Tabulinetin, as various hues of red paint smeared over the rock wall and overlaid by other 

paintings. By that description it seems similar to the rock art of Lamanoc. However, the age of 

the Lamanoc rock art is unknown. Photographs were also presented by K. Arifin in a workshop 

on Innovating Rock Art Research Theory and Practice in Salzburg 2017 that showed new sites in 

Indonesia that were very analogous to Lamanoc, not just in pigment colour and abstract design, 

but the choice of canvas of a karst notch on an islet. In Micronesia, specifically the rock art of 

Ngermid and Tabkukao in Palau has similar contexts. The dugout boat-coffins found in Lamanoc 

are also noted by Fage and Chazine (2010:46–48) at rock art sites in Borneo (i.e. Liang Beraneh 

and Liang Tukadanag). 

Vulva-forms, which are a dominant motif in three of the four engraving sites in the Philippines, 

are not found in MSEA. Interestingly, they are only found at a few sites in ISEA, all in Indonesia 

(see Arifin and Delanghe 2004, Fage and Chazine 2010, Hoerman 2016a, Spriggs et al. 2005). In 

Liang Lisaibam on the Aru Islands, Spriggs et al. (2005) identified a weathered vulva-form, 

however, the quality of the image makes it difficult to make a comparison. Fage and Chazine 

(2010) and Hoerman (2016a:194, 210) noted vulva motifs in Gua Payou and Liang Sara. 

However, like Liang Lisaibam, their fleeting mention and lack of photograph suggest that they 

are not the dominating motif at those sites. In contrast, vulva-forms are the predominant 

motif at the Alab sites, and to a lesser extent at Angono. Based on the SQLR, it can be 

asserted that there are no painted vulva-forms in SEA literature, and there are no vulva-

forms, painted or engraved, in Micronesia, Taiwan, and Hong Kong literature either. 

However, there are sites with copious 
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vulva-form engravings with different styles in Carnarvon Gorge, Australia (Giogi 2017). The 

vulva-forms in Black’s Palace are considered part of Central Queensland Phase 2 in Australia 

and dated to 5000–36 BP (Morwood and Hobbs 2002:219). 

What does Southeast Asian rock art have that Philippines rock art does not? 

Instead of listing every non-existent motif, colour, and style of Philippine rock art compared 

with the rest of Southeast Asia, only the prominent absences are discussed. Hand stencils are 

conspicuously absent from Philippine rock art, though they are quite prominent in the region 

(e.g. found in Borneo [Chazine and Noury 2006, Fage 2005, Fage and Chazine 2010], Suluwesi 

[Oktaviana et al. 2016], East Timor [O'Connor 2003], and Maluku [Latinis and Stark 2005]). The 

Philippines has a few zoomorphs in the rock art but they are all of small animals (e.g. interpreted 

as insects or birds), while there are large zoomorphs in many sites in SEA (e.g. Malaysia [Tan 

2009], Cambodia [Heng 2011], Thailand [Tan 2016b], Suluwesi [Aubert et al. 2014], Borneo 

[Plagnes et al. 2003], and West Papua [Arifin and Delanghe 2004]). Engraved faces, which are 

part of the description of AES provided by Specht (1979), are also not found in the Philippines, 

but are present in Borneo (Fage and Chazine 2010, Hoerman 2016a), East Timor (O'Connor et 

al. 2010), West Papua (Arifin and Delanghe 2004) Vietnam (Nguyen 2014) and Taiwan (Ching 

2009, Kao 1991). While there are two red painted rock art sites in the Philippines, the majority 

of the currently known sites have black figures, unlike the proportion in the whole SEA of red 

dominant sites. 

What can be said about APT and AES using the SQLR? 

There are scarce mentions of artists in the available literature. Aside from the Negritos and IP 

discussed above, there are mentions of four modern artists, four Austronesians with no 

mention of APT or AES, thirteen APT, and five AES. All the references to APT are from research 

conducted surrounding the Banda Sea including Borneo (e.g. Aubert et al. 2007, Ballard 1988, 

Chazine and Setiawan 2005, O’Connor 2015, Oktaviana et al. 2016, Wilson 2004). Tan and Chia 

(2010) mention APT in passing while discussing a site in Malaysia, but not as a classification for 

the site. Therefore, the SQLR corroborates the conclusion of Bulbeck (2008), O’Connor (2015), 

and O'Connor et al. (2015) that the APT is limited to the Banda Sea area. Since none of the 

currently known sites in the Philippines conform to the parameters of APT, it seems that the 

style does not extend north. 

While AES has been proposed to be prolific in the Pacific (O’Connor 2015, Specht 1979, Wilson 

2002), Micronesia is an exception. Aside from the single site in Tinian and confirmed single site 

in Pohnpei, there are no other exclusively engraved rock art sites in Micronesia. The other 
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known sites with engravings in the Marianas have many paintings with just a few engravings. 

However, Wilson (2004) does include Pohnpei in her analysis and concluded through statistical 

analysis that a large number of motifs are likely the result of local innovation but there is also 

significant overlap across the region. 

The rock art of Wanshai, Taiwan, corresponds with all three criteria of AES provided by Specht 

(1979). The engraved motifs are curvilinear geometric, concentric, spirals, and faces. The rock 

art is on open faced boulders and similar exposed bedrock, and not in caves. Furthermore, the 

art is located near aboriginal Taiwanese who are Austronesian-speakers, perhaps the most 

genetically and linguistically pure Austronesians, though the Taiwanese researchers deny that 

the aboriginals are the artists. 

However, the currently known sites in the Philippines do not conform to AES. Perhaps future 

sites will be found in the Philippines that can be classified as APT or AES, but at present those 

theories do not apply to Philippine rock art. Furthermore, the dominance of vulva-forms in the 

known engraved sites in the Philippines and relative absence in the rest of SEA and Micronesia 

suggest a local evolution for the universal motif. 

Micronesia as a resource for determining an Austronesian art style should not be 

underestimated. Unlike SEA, the migration into Micronesia is well understood and there were 

no other populations on arrival. Austronesians were the first to arrive in Micronesia, as early as 

3500 BP in the Marianas, which is just 500 years after their arrival in the Philippines (Hung et al. 

2011). It is extremely likely that Austronesians are the artists of the rock art in Micronesia, but 

how long ago is still unknown. 

Localities with little to no rock art 

According the SQLR, Brunei is only mentioned once (see Tan 2014a) and that is in reference to 

having no rock art. Singapore is mentioned in two publications and in a PhD thesis that are 

overviews of the region (Taçon 2017, Tan 2014a, Tan 2014b) because the only known rock art 

site was demolished, but a section is in the National Museum of Singapore. These are the only 

two countries in Southeast Asia without rock art, which is an indication of the futility of grouping 

rock art by political boundaries. Both Singapore, on the tip of the Malay Peninsula, and Brunei, 

on Borneo, are tiny countries on landmasses with copious amounts of rock art. Therefore, 

researchers like Chazine and Setiawan (2005) and Hoerman (2016a) correctly approach the rock 

art beyond political boundaries by considering Indonesian Kalimantan  and Malaysian Borneo 

as one island rock art ‘province’ in their analyses. 
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The rock art across the Micronesia is sporadic. There is rock art on every currently inhabited 

island of the Marianas (Guam, Rota, Saipan, and Tinian), while the uninhabited islands may not 

have been surveyed for rock art. In Micronesia, no rock art has been reported for Marshall 

Islands, Chuuk, Yap, and Kosrae. While in the FSM, only the rock art of Pohnpei has been 

recorded, and there may be an additional site in Pohnpei and another site on Kosrae (Historic 

Preservation Office archaeologist, J. Lebehn, pers. comm. 26 February 2017). Having worked on 

several of the atolls in Micronesia (i.e. Ifalik in the FSM, Majuro in the Marshall Islands), it seems 

unlikely that the geology of the island is favourable to create rock art. However, an in-depth 

study is needed to understand why some inhabited islands in Micronesia have rock art while 

others do not, before it can be completely attributed to geology. 
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Chapter 7: 3D Models and Monitoring for Rock Art Conservation  
One of the objectives of this research has been to identify, develop, and streamline cost-

effective and efficient methods for rock art research. In this chapter the impact 3D modeling 

and enhancement has had on this research is emphasized. Then the current state of 

conservation at the rock art sites in the Philippines is discussed and how these 3D models and 

their derivatives should be integrated into a monitoring plan. 

3D Models and Enhancement 
 The analysis and interpretation of the engraving sites at Angono and Alab were greatly aided 

by the 3D modeling and GIS enhancement method, Topographic Position Index and Hillshade 

(TPI-HS). There might always be subjectivity in the recording of rock art because it is an 

interpretation of what is perceptible to the researcher. However, by enhancing the engravings 

we increase visibility, allowing for a more accurate interpretation that can be verified (or 

questioned) by others. 

Comparison of Decorrelation Stretch with TPI-HS 

DStretch® is the most commonly used enhancement method by rock art researchers and can 

be used on engravings, but only in ideal circumstances. DStretch® uses decorrelation stretch 

algorithms that enhance colour separation within each band. Therefore, it only works on 

engravings that show differences in colour. These differences in colour could be from shadows, 

freshly scratched rock, lichens growing within the engraving, water damage, moisture 

differences, and other factors. The effectiveness of decorrelation stretching engravings is 

limited because it is not necessarily enhancing the art itself.  

The TPI-HS method we propose enhances the engraving itself because it enhances differences 

in elevation (Figure 7.1). In principle, the TPI-HS method is effective because an engraving is an 

anthropogenic depression. The benefit of using the TPI-HS method is that it disregards 

distorting factors that can mislead. Unless the shadows are meant to be a part of the rock art, 

like some Upper Paleolithic art in Europe (e.g. 'bison-man' of El Castillo Cave in Cantabria, Spain 

(Pettitt 2016) or some I have seen in the Dordogne Region, France), they can cause 

misinterpretations. However, the method does not distinguish between natural and 

anthropogenic depressions; it is still up to the researcher to interpret. 

There are other programs, like MathWorks® MATLAB, that demonstrate the potential of 

decorrelation stretching and linear contrast stretching on topography (The MathWorks Inc. 

2017). Using a Landsat image of Little Colourado River as an example, it is possible to perform 
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decorrelation stretch on a satellite image and enhance the topography (Figure 7.2). The 

scatterplots of the visible (RGB) colour channels show how decorrelation stretch exaggerates 

the values. Then adding linear contrast stretch provides additional enhancement to the 

decorrelation stretched image by broadening the colour range further (The MathWorks Inc. 

2017). The river and surrounding topography are more visible after the decorrelation stretch 

and even more so after the linear contrast stretch. This method gives positive results from 

images of topography and needs to be tested on engravings, which we have stressed are 

microtopography. If the combination of decorrelation stretch and linear contrast stretch work 

on obfuscated engravings, it could be a more expeditious method of enhancement than the TPI-

HS which requires a DEM from a Dense Point Could (DPC). However, it is still advantageous to 

create 3D models for applications beyond enhancement. 

 
Figure 7.1 Two examples from Alab Site 1 of contrast and levels enhanced photographs (top), LAB-enhanced using 
DStretch® (centre), and DEM-derived TPI-HS layer (bottom) (Jalandoni and Kottermair in press). 
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Figure 7.2 Images of Little Colourado River before and after decorrelation stretch with colour scatterplots and 
linear contrast stretch produced with MATLAB (The MathWorks Inc. 2017). 
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Digital Elevation Model, Hillshade, and Topographic Position Index 

By using the DEM and resulting derivatives, HS and TPI, engravings were visually enhanced for 

this research (Figure 7.3). Figure 7.4 illustrates the difference between the DEM, HS, and TPI 

layers visually and their respective profiles (Jalandoni and Kottermair in press). The profiles are 

representative of the data value of the layers. While the DEM shows higher (lighter) and lower 

(darker) areas, the actual elevation difference, as shown in the profiles, is minor with limited 

information. Secondly, the HS augments the texture and provides a better visualization of the 

engravings than the DEM. However, the HS profiles, which are represented between 0 and 255 

(grayscale), are noisy and biased by the artificial illumination angle. Therefore, the HS layer is 

not suitable for rock art analysis. In contrast, the TPI gives the clearest visualization of the 

engraving. In topographic analysis, TPI values ~0 are interpreted as flat or consistent slope, 

positive values are ridges, and negative values are valleys. The TPI profiles of the engravings, 

treated as microtopography, show a clear negative spike where there are depressions. These 

depressions correspond to the sides of the figure and the cupule in between. As a result, the 

TPI layer has adequate information for rock art analysis (Jalandoni and Kottermair in press). 

Figure 7.3 An engraved figure from Angono shown as A) Photograph, B) DEM, C) HS, and D) TPI-HS. Source: Maria 
Kottermair and Andrea Jalandoni. 
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Figure 7.4 Two examples from Alab Site 1 of visual comparison of DEM, HS, and TPI layers with profiles. The DEM 
layers show elevation (dark=low, light=high), the HS layers give a 3D representation of the DEM (grayscale with 
values between 0-255), and the TPI layers show the relative position of a cell compared to its neighbourhood 
(values ~0 interpreted as flat or consistent slope, positive values as ridges, and negative values as valleys) 
(Jalandoni and Kottermair in press). 
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Manual versus digital recording  

Manual recordings have been known to damage rock art (see Chapter 3). By applying remote 

sensing techniques, such as SfM photogrammetry, there is no impact on the rock art. In 

addition, a more accurate digital recording can be acquired from the products of remote 

sensing.   

Alab Site 1 

Only Alab Site 1 was manually recorded during this research. It was necessary to have a record 

because the rock art was barely visible on photographs and the enhancement method was in 

the conceptual stage. The two examples from Figure 7.1 are among the most visible in the 

photographs. Collecting a manually traced record was also necessary to test the results of the 

TPI-HS derived record. 

A census of the rock art for the Alab Site 1 consisted of 1454 digitally traced lines, which included 

regular (n=895), stray (n=221), natural and traced natural (n=42), graffiti (n=296) (Figure 7.5), 

275 traced cupules, and 266 figures. Of the 266 figures digitally traced, only 136 were recorded 

by manual tracing (Figure 7.6). Approximately 18 figures were manually recorded but not 

digitally. However, closer inspection of the TPI-HS layer makes it doubtful the manual tracing is 

accurate (Figure 7.7). By applying our method, not only did we identify nearly twice as many 

engravings (95.6% more), but also with a higher level of confidence than the manual tracing in 

the field. 

Angono Site 

Peralta (1973) did outstanding work recording the Angono engravings. Unfortunately, he did 

not have the benefit of technology available today. While his table of categories is laboriously 

constructed, the majority of the classifications are inevitably erroneous because he could not 

see the rock art clearly. By enhancing the engravings, more figures can be identified with a 

higher level of confidence (Jalandoni and Kottermair in press). 

Peralta (1973:i-ii) specifies that there are 127 discernible figures, but conceded only 78 could 

be classified and the remaining 49 were indeterminable due to the method of engraving or 

erosion. Using the TPI-HS method I co-piloted, 179 figures that fit the description of Phase-1 

and Phase-2 were recorded. While we identified 101 (129.5%) more determinable figures than 

Peralta’s 78, we do not discount the possibility that some of the engravings we found were 

added (as graffiti) after his recording in the 1960s and 1970s. However, while Peralta iterates 

that there are 127 discernible figures, his drawing appears to include at least 149 figures. Also, 

we identified more than 40 other figures that do not fit the criteria for Phase-1 or Phase-2 and 



3D Models and Monitoring for Rock Art Conservation 184 

were therefore not counted as part of the 179 figures. They are possibly part of Phase-2 but are 

more likely to be very early graffiti. 

Even with generous concessions for differences in opinion, there were still grave disparities 

between Peralta’s manual record and the digital one. For example, there were undeniable 

discrepancies in the number of phalanges recorded. Peralta registered non-existent fingers and 

toes and failed to document some existing ones. We cannot fault Peralta because some of the 

interpretations Prof Taçon and I made while in the field were invalidated using 3D models and 

GIS enhancement (Jalandoni and Taçon 2018). For instance, initially, we interpreted the outlier 

figure to be phallic, which led us to speculate the phallic figure was purposefully separated from 

the vulva forms. However, viewing the 3D model of the outlier and verifying it in the field 

revealed it to be a Phase-1 geometric converted into a Phase-2 anthropomorph (Figure 7.8). 

Thus we rejected our initial phallic interpretation in favor of an interpretation of a human figure. 

The 3D model neutralized the discolouration of the rock and allowed the figure to be viewed 

from different angles, which made the engraving more distinct. In another case, what we 

interpreted to be two triangles in the field was revealed to be an anthropomorph (Figure 7.8). 

There are 46 figures where Peralta’s record has additions to the engraving, 26 figures with 

missing elements, and 4 figures with both additional and missing lines. 

There are also eight figures in Peralta’s record that were not visible on our record. As 

demonstrated in Alab Site 1, it is not unusual to have false positives with manual recording. The 

discolouration of the rock, shadows, and other distorting factors can mislead the recorder. 

The Alab site was a propitious rock art site to first test TPI-HS enhancement. Even though the 

engravings were obfuscated, the rock was an effectively flat surface with the possibility of ideal 

lighting conditions. I have since applied the enhancement method with success at two other 

rock art sites in the Philippines, Alab Site 2 and Angono Petroglyph site, two in Hong Kong, and 

two engraving sites in New Zealand. In all sites, visualization of the rock art improved. In Angono 

and one of the New Zealand sites, the method made rock art figures visible that were 

undetectable in the field. In Alab Site 2, there was no attempt to record and enhance the rock 

art using any other method. The 3D modelling and GIS software are effective in handling various 

contexts, and will only improve with software advances like SfM algorithms and 3D editing 

capabilities in GIS. 
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Figure 7.5 Digital and manual tracings overlaid on the DEM-derived HS with locations of Figures 7.6 and 7.7 
(Jalandoni and Kottermair in press). 
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Figure 7.6 DEM-derived TPI-HS layer validating the digital tracings (top). Manual tracings (bottom-left) missing 
figures visible on the digital tracings (bottom-right) (Jalandoni and Kottermair in press). 
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Figure 7.7 DEM-derived TPI-HS layer not corroborating manual tracings (top). Manual tracings with more figures 
(bottom-left) than the digital tracings (bottom-right) (Jalandoni and Kottermair in press). 
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Figure 7.8 Examples of TPI-HS method (right) enhancing obfuscated rock art (left). In the field, the outlier was 
interpreted as phallic and revealed to be an anthropomorph (top), and two triangles were reinterpreted to be an 
anthropomorph (bottom) (Jalandoni and Taçon 2018). 
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Current State of Conservation of Philippine Rock Art 

Angono 

In the Philippines, the Angono Petroglyph Site is the only site actively managed by the National 

Museum (NM). It is the easiest site to access of all the rock art sites in the Philippines because 

of the proximity to the capital city of Metro Manila, the roads are paved almost up to the site, 

and ramps and viewing platforms have been constructed.  

The site was first opened to the public in 1989 with an iron fence painted green on a low 

concrete wall immediately in front of the shelter for protection. To access the site visitors 

climbed the ridge behind the shelter from the other side and descended down stone steps that 

led to the northern end. In 1996, the corporation that owns the land, Antipolo Properties Inc. 

(API), bore a tunnel through the ridge south of the Angono rockshelter to increase accessibility 

(Stanley-Price 1997). Aside from donating the land fronting the rockshelter to the NM, they also 

continue to landscape the surrounding area and care for the access roads. In 1997, the NM 

installed a viewing platform. A replacement viewing deck opened in October 2015 after Angono 

was closed for 14 months for renovation. Angono is very popular with local Filipinos and 

tourists; we were told by Museum staff that the site receives between 1000 to 1500 visitors 

each month. Entrance fee is 20.00 PHP (~0.40 USD) for adults and 10.00 PHP (~0.20 USD) for 

students. 

The initial clearing of vegetation exposed the engravings to sunlight and rain and led to 

increased visitation by birds and people, all of which was thought to have damaged the rock art 

(Peralta n.d.). Even in the 1960s or 1970s, Peralta and Evangelista (n.d.) claimed some of 

the engravings had already been lost. However, Prof. Taçon and I found no empirical 

evidence to suggest any engravings have been destroyed (Jalandoni and Taçon 2018). 

Furthermore, more than animals or biological growths, water is the most serious threat to the 

engravings (Paterno 1999). Paterno (1999) artificially weathered samples of the rock from the 

Angono rockshelter and found the engravings are most threatened by moisture filtration that 

can cause powdering, spalling, and flaking. When we observed the site in 2016, we noted the 

area is well looked after. However, the roots near the engravings need to be controlled. 

They have the potential to damage the rock art irreparably (Figure 7.8). 

In 1965, Peralta (1973) already noted graffiti at the site. However, attempting to cast the 

engravings using lacquer, thinner, and plaster applied directly to the art was also destructive. 

The damage from the attempts to clean and cast (see Evangelista et al. 1965, Peralta 1973, 
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Peralta and Evangelista 1972) and the 1986 biocide treatment (see Stanley-Price 1997) could 

not be assessed because the exact chemicals and methods employed were not detailed 

(Paterno 1999). 

Visitor books provide an outlet for visitors to redirect graffiti (Franklin 2011, 2014), but the 

visitor book in Angono is less likely to be an effective outlet because it is safeguarded by the 

NM staff, therefore visitors are less likely to draw in it. Aside from the vigilant supervision of 

the site by staff of the NM, graffiti is also mollified because of the access tunnel to the site. The 

tunnel where we conducted our materials test has graffiti of names and anthropomorphs, 

replicating those in the rockshelter. Since the tunnel opening on the rockshelter side is not 

monitored, unlike the visitor book, it allows visitors to leave their mark. 

Other sites 

The responsibility for managing the other rock art sites in the Philippines has fallen mostly on 

the local residents in proximity to the rock art sites. 

The difficulty of reaching Alab Site 1 should help preserve the engravings from human 

destruction. However, the plethora of graffiti on the site indicates otherwise. There are names 

carved into the rock, often integrating with the petroglyph figures. From one day to the next, 

we observed retracing on the figures nearest the access point, the north portion of the outcrop. 

We were told a group of students on a field trip from a nearby town were shown the engravings 

and fresh incisions were made to highlight the rock art. Our local guides said this was not 

uncommon. We discussed the detriment of this retracing with our local guides so that they 

might instruct others. Alab Site 2 has no graffiti. As mentioned in Chapter 5, some of the stray 

lines in both sites might be attributed to tool sharpening. 

The rock art on Lamanoc Island is protected by the local government controlling access to the 

island. A 200.00 PHP (~4.00 USD) entrance fee is charged per person and it includes a canoe 

ride to the island and a guide. However, even with those safeguards, someone was able to break 

off a piece of rock with paint supposedly for research (see Chapter 5). 

The activities of the archaeological project in Mindoro attracted treasure hunters in 2016. The 

floor of Bubog rockshelter on Ilin Island was dug out several square meters. The rock art cannot 

be seen from what remains of the rockshelter floor. 

The rock art in Palawan is being managed by the Tau’t Batu people who created it. From 

Peralta’s (2000) and Novellino’s (1999) account, the Tau’t Batu decided what to erase, retrace, 

and draw. 
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The rock art in Peñablanca is fading and being added to, as can be seen in the differences 

between the record of Faylona et al. (2016) and Tobias (1998). There is nobody actively 

maintaining the sites and several of them are severely impacted by graffiti. 

The Balut Island rock art is maintained by the locals, as is evidenced by their infilling the 

engravings with red paint. There is also evidence of incised graffiti on the rock with the 

engravings. 

Future Rock Art Conservation 

Lichens were empirically observed in Alab Site 1, Alab Site 2, Angono, Lamanoc Island and Ilin 

Island and documented in Palawan (Novellino 1999) and Peñablanca (Faylona et al. 2016). 

Lichens can obscure and damage the pigment of rock paintings. Lambert (2007) suggested 

several possible ways to treat dry lichen. Changing light conditions may kill the lichen because 

they cannot live with too little or too much light and this method has the least impact on the 

rock art. If that is not possible, then dry brushing might work. Testing on a trial area with soft-

bristle brushes and dry weather periods is recommended. Washing the dry lichens is more 

effective for removal, but may impact pigments. Lichens are also known to impact engravings 

by making the underlying rock more friable and therefore more vulnerable to weathering. 

Chemicals can be applied to keep the rock lichen-free but the chemicals change the rock colour 

and may have other impacts as well (Lambert 2007). 

The best-preserved rock art sites, Angono, Lamanoc Island, and Palawan, are under constant 

supervision by the NM, local government, and indigenous people respectively. In contrast, the 

Peñablanca sites have the most graffiti and least supervision. Therefore, it seems that 

monitoring is the most effective way to manage impact at the rock art sites in Philippines.  

Implementing the level of management employed at the Angono site at all the rock art sites 

may be beyond the budget of the NM. However, training and empowering the local government 

to manage its own sites, like what was done in Lamanoc Island, is feasible. Not only is the rock 

art protected from graffiti because of the supervision, but it provides jobs, fosters tourism, and 

allows the locals to share their culture. The training should include knowing the permits that 

are required for researchers to take samples. 

If the local government units or tourism departments at Peñablanca, Alab, and Balut Island can 

be made to see the value of their rock art as a source of tourism, they will be enthusiastic about 

conserving their cultural resource. As a tourist site it can provide jobs for guides and 

maintenance of the site and rock art, in addition to fees for the local government.  
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Monitoring is especially effective if regular and recurring measurements are made to evaluate 

the change at a site (Lambert 2007). The locals at each site are in the best position to regularly 

monitor the rock art in their vicinity. The ease and cost-effectiveness of SfM photogrammetry 

make 3D modelling a feasible method to incorporate in any rock art visit. The locals at each site 

could be trained in collecting the images needed for creating 3D models. The images can be 

sent to a central unit, like the NM, for processing the 3D models and their derivatives. The 

derivatives are of tremendous value to monitoring, therefore collecting images for 3D modelling 

should be a part of every rock art assessment.  

If local governments cannot monitor the sites there are other options, such as crowdsourcing 

the task to the tourists who visit the sites. Newcastle University has developed an app for 

monitoring the condition of open air rock art in the United Kingdom and Ireland (Labyrinth Apps 

2015, Newcastle University Press Office 2017). The CARE Rock Art app was presented by A. 

Mazel in a workshop on Innovating Rock Art Research Theory and Practice in Salzburg 2017. The 

app allows anyone to be a recorder of new information about a rock art site. The data is then 

uploaded for consumers who analyse the new information (Newcastle University n. d.). The app 

description asserts that it can be used and adapted for other parts of the world. 

Applications of 3D Models for Monitoring  
Understanding and monitoring change are necessary to plan, implement, or update strategies 

for rock art management and protection (Franklin 2014). Change, both natural and human 

induced, is a constant process active in rock art sites (Franklin 2014). However, some natural 

change could also be seasonal (Melissa Marshall, pers. com. 14 February 2018), therefore 

strategic monitoring should be done before any conservation effort is undertaken. The starting 

point to monitoring change in rock art sites is a recorded rock art inventory and a list of the 

extent of forces affecting preservation. The inventory and list compiled as a database is the 

baseline for doing analysis, monitoring change, and creating conservation programs.  

A number of the rock art sites from the Philippines were inventoried for the first time. Creating 

this digital baseline for Philippine rock art will allow change to be monitored when compared 

against older photographs and future ones. During this research, 2015–2016 baselines for the 

rock art in Angono, Alab, and Lamanoc Island have been produced. It will be easier to monitor 

for future change. Periodically, the site can be recorded and the latest model can be compared 

with the baseline model for change detection. Not only will any additional graffiti be exposed, 

but we will also know if any of the figures are lost to natural processes. A 3D model is especially 

valuable if any of the figures are destroyed because at least there will be a scaled and spatially 
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accurate record. Using high-resolution 3D models also allows for the quantification of natural 

and human-induced weathering rates and how they may change over time. However, whether 

this level of quality can be achieved with prosumer cameras and lenses requires further testing. 

In addition, monitoring change at rock art sites will provide essential information for developing 

location-specific conservation and management strategies.  

Figure 7.9 presents a flowchart of the methods employed to enhance, trace, and inventory four 

of the rock art sites of the Philippines. Alab Site 1, Alab Site 2, and Angono followed every step 

of the engraving enhancement procedure to statistical analysis. Lamanoc Island was the only 

painted site where the raw photographs were used to produce a 3D model, and subsequently 

DStretch® was applied.  

The tracing of paintings in a GIS software needs to be tested for efficacy. It may require an initial 

tracing using image manipulation software, as is usually done, then transferred to a GIS or 

remote sensing software for spatial considerations and metrics. However, the benefits of 

converting the externally traced painted figure into a raster or vector need to be compared.  

As previously explained, the TPI layer has valuable data. Therefore, it could be the key to 

automating tedious tasks. There is potential to develop new or apply existing algorithms to 

automatically detect and trace engravings. 
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Metrics 

In this research, 3D models and their derivatives have been used to measure site and figure 

dimensions. The length of the site is the easiest to measure and provides a more accurate 

orthogonal measurement than what is often done in the field without a total station. Laser 

distance measurers can be inaccurate on large sites because of offsets required from exceeding 

the device maximum distance. Also, unless a tripod is used, the measurements from a laser 

distance measurer are usually inadvertently taken at an angle and not 0⁰, as can be achieved 

when digitally measuring on a 3D model. This may result in site dimensions being recorded 

larger than they are in reality. However, unless the ground and ceiling of the entire site is 

included in the 3D model, it can be difficult to measure the depth and height of the site. 

At the Angono site, the 3D model provided a more accurate length of the site, but there was 

not enough of the floor captured to do height and depth measurements from the 3D model 

produced in Agisoft™ Photoscan™. The difficulty in capturing the rockshelter floor could be from 

the lack of difference in detail of one section to the next, a known restriction of SfM 

photogrammetry. There are other 3D programs that can supplement the Agisoft™ model and 

allow for those measurements. 

Using the 3D model, the length and width of the outcrop at Alab Site 1 were measured, while 

the height was also measured at Alab Site 2.  

The measurements of the Lamanoc rockshelter were taken from both the 3D model and the 

field notes. The model of the West section ran into problems after the DPC was constructed. 

The 3D model may have to be imported into another program to repair the Mesh errors. 

However, measurements can still be made from the DPC. The East section of the rockshelter 

was incomplete because not enough photographs aligned, so the measurements were taken 

from the notes. 

When the rock art is digitally traced, applying minimum bounding geometry (MBG) may be the 

simplest way to get the length, width, and height of the area. If area is a useful measurement 

(e.g. as with geometric figures), then that can be calculated too. Area was calculated for Alab 

Site 1 with success using MBG and then with Alab Site 2 to provide a basis for statistical 

comparison of geometric figures. 

Other measurements that can be ascertained are volume and depth of engravings. This would 

be particularly useful for a study of cupules that are otherwise too laborious to measure in the 

field on a wide scale.   
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Automatic change detection 

Applying change detection with SfM models is a revolutionary way of determining rock art 

deterioration through time (Willis 2010). Willis created a 3D model from unreferenced 1920s 

photographs of Kalabera Cave in Saipan that allowed for comparison with 3D models created 

from my 2014 photographs (Figure 6.17). The 3D models are necessary to align the images 

accurately because they eliminate lens distortions and angle differences, which is almost 

impossible to accomplish with photo editing software like Adobe Photoshop®. 

For automatic change detection, DEMs of the two rock art 3D models from different times need 

to be created and aligned, then the data of the later date can be subtracted from the earlier 

date (Willis 2010). The difference that remains is the change that has occurred in the interim. 

Database 

In the data-intense world we live in, it is our responsibility as researchers to archive and 

distribute the data we generate in the most consequential ways. Instead of trying to create a 

new platform for this research, I decided it was more efficient to utilize an existing database 

repository specifically setup for rock art researchers. The low-quality 3D models of the Alab 

sites, Angono, and Lamanoc were uploaded to the Rock Art Database (RADB) and can be 

accessed from http://www.rockartdatabase.com/v2/author/andrea-jalandoni/. The advantage 

of using the RADB is the visibility and accessibility of the data for other rock art researchers 

(Haubt and Taçon 2016). 

The RADB only supports 3D models of a limited size, and therefore restricts the upload to low- 

or medium-quality models. This restriction allows the models to be efficiently viewed on 

browsers. However, in the case of the obfuscated engravings in some of the sites in the 

Philippines, the rock art is difficult to see. Therefore a complete set of the high-resolution 3D 

models will be submitted for archiving to the Archaeology Division of the National Museum of 

the Philippines and the Archaeological Studies Program in the University of the Philippines. 
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Chapter 8: Conclusions 

Summary of Findings 
The debate on the origin of Austronesians in Taiwan or Nusantao and migration paths through 

South East Asia and the Pacific is far from conclusive. At the moment, the Out of Taiwan theory 

is the dominant theory but some inconsistencies are still unresolved. Links between Taiwan and 

the Philippines have been determined through traces of material culture and radiocarbon 

dating, establishing the Philippines as the earliest migration point of Austronesians before they 

spread to the rest of the current Austronesian extent. One of the aims of this PhD research 

project was to determine whether it was possible to find a traceable style of rock art in the 

Philippines that was part of the Austronesian package (which included genetics, language, 

technology, and material culture) that left Taiwan and would support the Out of Taiwan theory. 

The two Austronesian rock art styles that have been proposed by others in the past are the 

Austronesian Painting Tradition (APT) and Austronesian Engraving Style (AES). There is evidence 

of APT and AES in Borneo and around the Banda Sea, but the styles are devised from rock art of 

the Island South East Asia and Western Pacific regions, not Taiwan. However, in the past both 

theories were unconfirmed in the Philippines because Philippine rock art was not well known 

before this research. 

The APT is highly unlikely to come from Taiwan, since there are no known painting sites there. 

Hoerman (2016a), Bulbeck (2008), and O'Connor (2015) provide convincing evidence for APT 

originating in Borneo and the Banda Sea area, where Ballard (1988, 1992) first identified it. The 

inventory of Philippine rock art clearly demonstrates that APT, as defined by Ballard (1992), 

does not extend north, at least not to the Philippines. My summary of Micronesian rock art 

demonstrates that it also does not extend northeast, except possibly to Palau. Tan (2016a) 

delineates the geographic range of APT, but does not include Mainland Southeast Asia within 

the boundary. However, he also does not include Borneo, which could be because he is yet to 

include Hoerman’s (2016a) work or he does not agree with her conclusion.  

The AES could come from Taiwan based on descriptions of AES. However, if it did, it bypassed 

the Philippines, which is not unprecedented. For example, as mentioned in Chapter 2, the paper 

mulberry that is found across the Pacific originates in Taiwan and is thought to have been part 

of the Austronesian expansion package. However, only recently introduced species are found 

in the Philippines. Chang et al. (2015) attributes the absence of Taiwanese paper mulberry in 

the Philippines to the early introduction of hand-woven fabrics from Southeast Asia. Textiles 
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would have been easier to use than continuing the cultivation of paper mulberry, so it is argued 

that the Austronesian-imported paper mulberry was allowed to go extinct in the Philippines. 

However, there is no evidence of the extinct Austronesian-associated paper mulberry in the 

Philippine archaeological record. In linguistics, Blench (2016) emphasized that some words (e.g. 

the Austronesian word for pangolin) bypass the Philippines.  

An alternative explanation is that the description of AES as ‘curvilinear geometrics’ and ‘face-

like forms’ is too broad and encompassing, though they are also defined by location on exposed 

rocks and in Austronesian-speaking areas. Still, curvilinear geometric forms like spirals and 

concentric circles are found all over the world (e.g. England [Mazel 2017], USA [Loendorf 2001], 

Spain [Bradley et al. 1994]), as are face-like forms (see Watson [2015] for many parts of the 

world; for Russia see Ponomareva [2018]; for North America see Lenik [2002], for China see 

Dematte [2011], for Australia see Brady and Carson [2012], McDonald [2005], Mulvaney 

[2010]). Perhaps the rock art of Taiwan fits AES because AES is too general. A more specific 

description of the style of faces may provide a more narrow definition of AES. There are only a 

handful of sites in Southeast Asia with engraved faces and they are widely distributed.  

The results of this research demonstrate that rock art was probably not part of the Austronesian 

migration package. An analysis of an inventory of 22 verified rock art sites and seven areas with 

an unknown number of alleged rock art sites in the Philippines clearly indicates that the 

currently known Philippine rock art does not validate APT and AES positions. Perhaps future 

sites will be discovered that prove otherwise and validate APT and AES. However, the current 

body of known sites requires alternative theories that explain the rock art of the Philippines. At 

present, many of the rock art sites in the Philippines seem to indicate local evolution, or possibly 

a localized expression of APT and AES as Wilson (2002, 2004) and Hoerman (2016a) have 

identified in other areas. For example, engraved vulva-forms are a universal motif but there are 

only a few examples in the region and none in the same style as the textured vulva-forms of 

Alab. While boats are ubiquitous is Southeast Asia, none are the same typology of Balut Island. 

Alternatively, there is also evidence of temporal and regional rock art traditions across 

Southeast Asia, as proposed by Taçon et al. (2014), and supported by the similarities in rock art 

styles between the Philippines and Southeast Asia. For example, Taçon and Tan (2012) noted a 

similarity between the Angono petroglyphs and the Batu Tulis petroglyphs in Indonesia. Also 

sites with known association of indigenous people in the Philippines and Malaysia do have 

common motifs and technique, regardless of the indigenous people being Austronesian or 

Negrito.  
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Relevance of Research 

Philippine rock art inventory 

One of the main outcomes of this research is an inventory of Philippine rock art sites. The 

inventory contains descriptions of the existing 22 sites, new detailed recordings of three sites, 

and 3D models of four sites. One of the three engraving sites recorded was a site not previously 

documented and known only by some local people, Alab Site 2, which increases the number of 

engraving sites from three to four. With this inventory, the rock art of the Philippines can be 

compared with the region and contribute to archaeological discourse. 

The database of Philippine rock art is useful for making informed interpretations and answering 

archaeological research questions. However, it also provides the foundation for government 

agencies to develop policies about cultural heritage management. The National Museum of the 

Philippines will have a copy of this thesis for their records and can develop programs to continue 

recording the known rock art sites using the cost-effective techniques outlined in this research. 

The Department of Tourism of the Philippines can also use this work to promote tourism to the 

rock art sites. However, any tourism project should be done in conjunction with the National 

Museum so that the locals are trained to be custodians of their rock art (e.g. see 

recommendations in Agnew et al. 2015).  

Furthermore, a baseline measure of the rock art is essential for developing a conservation 

management plan (Jalandoni and Taçon 2018). Conservation plans need to consider the best 

care approach at each site (Nicholas Hall, pers. comm. 16 February 2018) because every site has 

unique conditions. Rock art changes over time. Longitudinal surveys can be used to track those 

changes per site and identify specific conservational needs. The methods used in this research 

have the potential to quantitatively measure change, to provide evidence of the efficacy of the 

current policy, and to determine whether the conservation strategy needs updating. Therefore, 

using the inventory as a baseline measure for a conservation management plan is an effective 

policy instrument if combined with a longitudinal survey of the sites.  

Innovative techniques for recording and enhancing 

Recording and enhancing are essential for rock art research. After field reconnaissance and 

discovery of a rock art site, the next logical step is to record the discovery by taking notes and 

photographs. The purpose is to document the rock art, not just for personal benefit, but to 

share the knowledge with others. Interpretation of rock art is reliant on the accuracy of 

recordings to allow for proper analysis. In this research, the emphasis has been on the benefits 
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of using remote sensing techniques, specifically photogrammetry, for rock art research. Remote 

sensing allows for detection of things from a distance without physical contact with the object 

and is usually associated with satellite images. In Chapter 4, I have given examples of how 

remote sensing and enhancement have aided other studies, such as the increase in the number 

of known islands for the Philippines by over 500 and the decipherment of the Calatagan pot 

transcription. In the same way, remote sensing techniques have allowed for a more 

comprehensive record of some of the rock art sites in the Philippines. Furthermore, applying 

these methods removed some of the subjectivity that often plagues rock art recording and 

allowed for a more objective recording that still requires a level of interpretations from the 

researcher. While it is still necessary for researchers to distinguish between natural and 

anthropogenic marks, being able to see the engraving clearly increases the accuracy of 

interpretation. An aim of this research was to find credible and repeatable low-cost recording 

techniques to allow for the systematic study of rock art. 

There are four main advantages of the method outlined in this research when compared to 

conventional methods of rock art recording: cost-effectiveness, accuracy, spatially-linked 

database, and repeatability. First, Structure-from-Motion (SfM) photogrammetry is cost-

effective because it requires only a camera and scale, which are items already standard in rock 

art recording. Also, it reduces the time required in the field to collect the raw data needed to 

produce a comprehensive record of a site, therefore allowing more sites to be recorded 

(Jalandoni et al. 2018). Every software program used for this research has open-source 

equivalents. By introducing these low-cost techniques, I have intended to democratize the 

scientific study of rock art. 

Second, the engravings were enhanced substantially, which led to a more accurate record of 

the rock art for those sites. In fact, this research presents the first case of combining SfM 

photogrammetry with Hillshade (HS) and Topographic Position Index (TPI) tools to identify 

obscure rock art (Jalandoni and Kottermair in press). The advent of low-cost SfM options and 

growing familiarity with GIS makes this an accessible and innovative way of recording and 

analysing rock art.   

Third, the benefits of digital tracings stored in a spatially-linked database cannot be overstated. 

By performing the inventory in a GIS software program, a census of the rock art was created 

and each figure classified with as many attributes as needed for a statistical description. For the 

rock art of Alab Site 1, Alab Site 2, and the Angono Petroglyph Site, the method allowed for a 

quantitative descriptive foundation based on a complete enumeration of the rock art. 
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Additional attributes can be easily added and different statistical tests can be run. The results 

provided a definitive number and orientation of figures, revealed associations between various 

attributes, and many other quantitative descriptions. Furthermore, the statistical description 

and associations between attributes summarized in this research can serve as a benchmark for 

comparison with future discovered sites in the Philippines, as well as for the rest of Southeast 

Asia and the Pacific should statistical descriptions become available. 

Finally, the workflow presented is repeatable and the results are testable. The raw data, which 

are the photographs, can be reprocessed through Agisoft™ Photoscan™ or another 

photogrammetry software program. The point cloud can be exported into ArcMap™ or QGIS™ 

and the same HS and TPI settings applied. Another researcher can digitally trace the rock art 

and include or exclude different lines. The data table can be reanalysed by any statistical 

software. The repeatability and testability is significantly different from manual tracings where 

fieldwork is required to verify or refute. Manual tracings, aside from being inaccurate, force 

everyone to accept the data as it was recorded in the field. In contrast, digital tracings can be 

linked back and re-evaluated. Rock art sites need to be recorded in such a way so they can be 

regarded as valuable assets to the scientific community.  

Recommendations for Future Research 

Rock art research 

While the inventory resulting from this thesis has been a useful start, there is still much work 

to be done. The alleged rock art sites in the Philippines need to be verified and recorded to 

improve our understanding of Philippine rock art. Also, the sites not yet recorded should be 

recorded with the techniques outlined in this research so they can be added to the inventory 

and analysed with the same criteria.  

Furthermore, there are not many examples of Southeast Asian rock art where the artists are 

confirmed to be indigenous people. Comparative studies between the Tau’t Batu people of the 

Philippines and the Semang of Malaysia, particularly focusing on the rock art, may help explain 

similarities in motif and technique that were briefly discussed in this research. In addition, 

interviewing living artists can provide more reliable interpretations of the rock art and 

explanations of the creative process. The Tau’t Batu are Austronesian indigenous people and 

the Semang are Negrito (also indigenous people but from a pre-Austronesian ancestry), yet they 

produce similar art. Studying their rock art may be revealing in terms of some form of cultural 



connection between the two groups, the development of symbolic expression, or the nature of 

similar behaviour. 

Micronesia also has alleged sites that need to be explored and known ones that need to be 

recorded and analysed because understanding the rock art of that region may help to delineate 

Austronesian rock art. Austronesians are the first inhabitants of Micronesia who likely came 

from the Philippines, so Austronesians are highly likely to be the artists of any rock art found in 

the region. The study of Micronesian rock art may result in the identification of a subset of 

Austronesian rock art or it may validate the local evolution theory. Also, Micronesia as a whole 

has drastically less rock art than Hawai’i, Easter Island, and New Zealand, which are at the 

eastern boundaries of present-day Austronesian extent, and those discrepancies beg an 

explanation.  

The next step in recording and enhancing techniques 

The potential of using Topographic Position Index (TPI) to develop automatic detection and 

tracing of engravings needs to be investigated further, as stressed in Chapter 7. In addition, the 

applications for the (TPI-HS) method of enhancing are not limited to rock art. By identifying the 

surface of sites and artefacts as microtopography, the TPI-HS method may be applied to other 

disciplines, for example numismatics, tattoology, and ichnology. In theory, it should work in any 

context with a difference in elevation and this should be tested to know the limits of TPI-HS for 

enhancing. Also, an app version, similar to iDStretch and androiDStretch, which uses TPI-HS to 

enhance engravings would be invaluable for rock art researchers in the field.  

Digital tracings can be done with Adobe® Photoshop® software or other image software, but 

they do not have the advantage of being directly linked to a database with spatial information. 

A spatially-linked database allows for visualization of figures dynamically, for example by 

attributes, but also enables spatial analysis. The potential for spatial analysis of rock art motifs 

per site using a Geographic Information Systems (GIS) database has not been fully explored. 

A game-changing technology that has become readily available in recent years is an Unmanned 

Aerial System (UAS), otherwise known as drones. UASs can be used to record rock art sites in 

ways that were never possible before, especially when applying the principles of Structure-

from-Motion (SfM) photogrammetry. Rock art figures in high and hard to reach locations can 

safely be documented remotely. It also allows for different perspectives, unique overviews, and 

composite aerial images that can be stitched together. When this research project began in 

2014, the cameras on most consumer-priced quadcopters were not adequate to create useful 

models for rock art analysis. Predictably, hardware (camera technology) and software 
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(calibration algorithm) upgrades have improved to the level required. Soon UASs will be an 

affordable tool in every rock art researcher’s arsenal and their potential is unchartered. 

Another technology on the rise is affordable mobile 3D devices. Structure Sensor by Occipital is 

the world’s first 3D sensor accessory for mobile devices. It allows for portable, practically 

instantaneous 3D models to be created and viewed on an iPad. However, as of now the quality 

of the Structure Sensor 3D model is not on par with what can be created with a DSLR and 

Agisoft™ Photoscan™. Also it works only with a mesh and does not generate a point cloud, 

therefore limiting some of the derivatives. While laser scanners are becoming more affordable 

(e.g. Leica BLK 360), they are not at present the most cost-effective tool available to the majority 

of rock art researchers. It will be exciting to follow these technologies to see how they can be 

used to further rock art research as price, hardware and software improve. 

Concluding Remarks 
Until now, Philippine rock art was relatively unknown but it has been exposed through this 

research. Although the inventory of Philippine rock art sites does not validate APT and AES at 

this point in time, this may change with new investigations and technologies. This research 

marks the beginning of systematic rock art research in the Philippines and the application of 

low-cost techniques for rock art investigation. Despite being low-cost, some of the techniques 

introduced are at the forefront of technological advances applied to rock art recording. I have 

attempted to make my rock art research future-ready by using state of the art methods that 

can be repeated and built upon. The future utility of the rock art inventory of the Philippines 

and the methods developed during this research will undoubtedly contribute to further 

research in this area and will likely influence policy-making. 
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A B S T R A C T

The discussion of digital photogrammetry and/or 3D laser scanning for recording the geometry of rock art sites is
not new, but the production of high-quality 3D models requires great expenditure and specialized personnel that
are not accessible to everyone or applicable to all sites. While the use of low-cost cameras and photogrammetry
has been suggested as an alternative for fast visualization of rock art, do the results have enough quality for the
metric and visual analysis of the art? This paper explores the potential of low-cost Structure-from-Motion (SfM)
photogrammetry performed by non-professional surveyors, with no camera calibration and no tripod to speed
the process, as an alternative cost-effective tool for quantitative and qualitative analysis of rock art. The in-
novative aspect of this paper is that we have verified the metric accuracy and graphic quality of low-cost 3D
models and shown that they can be used as an effective low-cost tool for detailed analysis and tracing of rock art.

1. Introduction

1.1. Research objective

This paper explores the potential of low-cost Structure-from-Motion
(SfM) photogrammetry performed by non-professional surveyors, as an
affordable, accessible, easy and fast to use tool for data acquisition and
3D reconstruction of the geometry of rock art sites. While the potential
of inexpensive digital cameras and photogrammetry to record rock art
has been previously discussed (Chandler et al., 2007; Chandler and
Fryer, 2005), the innovative aspect of this paper is to verify the accu-
racy of the resulting products. Are low-cost solutions just an alternative
for fast visualization of rock art (Domingo et al., 2013)? Or are the
resulting 3D models accurate enough to be used for metric analysis of
the art? This paper will test the metric accuracy of the low-cost 3D
digital models, comparing physical measurements taken in situ with
digital measurements. Furthermore, we will also assess the quality of
the resulting lower-resolution digital model, to be used for digital rock
art recording (digital tracings production) and as a tool to monitor
physical degradation of rock art sites over time.

1.2. Background information of the research area

The site, known as WR100 located in the Wellington Range of

northwest Arnhem Land, Northern Territory, Australia was selected as
the master model to test the metric accuracy and graphic quality of the
3D photogrammetric acquisition (Fig. 1).

The site was found by a geologist conducting a geological survey in
the 1970s. A photo was taken but the site was not recorded. It was
relocated in 2009 and recorded by a team that included two of us (PT
and ID) at that time. The main panel features an exceptionally large
male ‘Dynamic Figure’. Dynamic Figures are believed to be late
Pleistocene/early Holocene in age (May et al., 2017). Unusually, it is
surrounded by many small female Dynamic figures with dilly bags,
digging sticks and other items of material culture. It is a unique com-
position unlike any other Dynamic Figure panel found in Arnhem Land
or nearby Kakadu National Park (e.g. see Chaloupka, 1984, Chippindale
et al., 2000).

Thus we felt it was interesting to offer other researchers the chance
to explore for themselves the dimensions of the motifs by offering an
accurate 3D model.

2. Material and methods

To test the metric accuracy of the 3D model produced using in-
expensive equipment we compared measurements of several motifs
taken in situ (physical measurements), with the same measurements
taken on the digital model (digital measurements). Reliability of 3D
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models is a key question. But how can reliability be measured? In rock
art research quantitative analysis of sizes and proportions are usually
conducted measuring the motifs in situ. But are human measurements
taken in situ reliable? To answer these questions we will test the ac-
curacy of the physical measurements by comparing measurements
taken by different people using both similar and different equipment.
The idea is to determine the degree of accuracy we consider reliable
when measuring motifs, and thus to assess if the obtained digital model
is reliable enough for archaeological analysis.

The 3D models were generated using Agisoft PhotoScan, the soft-
ware used in many archaeological projects (De Reu et al., 2013;
Koutsoudis et al., 2013; Willis and Jalandoni, 2011). To test the graphic
quality of the resulting 3D model as the basis to analyse details and to
produce digital tracings, we will digitally record the same motif from a
high-resolution photograph taken with a Canon D2X, and from an or-
thomosaic from the medium-quality model and the optimized model.
The results will be compared in terms of the level of detail visible in
each sample. The digital tracings have been produced using digital
image enhancement (Dstretch) and colour selection tools available in
the photo editing software Photoshop, following a methodology already
discussed elsewhere (Domingo et al., 2013; Domingo Sanz, 2014).

2.1. Equipment

A prosumer dSLR, Nikon D7000 (< $1000), was used with an AF-S
DX Micro NIKKOR 40 mm f/2.8G (< $350) fixed lens. The key features
of the D7000 for this research are 16.2 MP (megapixel) resolution and
clean images at high ISO ranges. Contrary to what is expected, higher
MP ratings expose more focus problems and are more likely to ne-
cessitate camera calibration (Mansurov, 2014). Rockwell (2010) com-
pared the ISO results of Nikon D7000, D300, D3 (D700), and Canon 5D
Mark II and, back in 2010, found the Nikon D7000 to be the cleanest in

the world at ISO 25,600. The D7000 images are very clean at ISO 100
through 800 and start to get noisy with higher ISOs (Imaging Resources,
2016). Even if the camera was more than half a decade old, it was
capable of capturing high-quality images to produce SfM-generated
models.

Experiments conducted by Shortis et al. (2006) on the stability of
lenses confirmed that fixed focal length lenses are more stable and
geometrically accurate than zoom lenses. Additionally, zoom lenses
may accidentally change focal lengths between shots, which makes it
more difficult to match up features in photogrammetry software.
Therefore, fixed lenses are preferred for photogrammetric modelling,
particularly Structure-from-Motion photogrammetry which relies
heavily on the geometry of the photograph to compute camera loca-
tions. Prime lenses (fixed focal length) between 20 and 80 mm are
preferred, but the “nifty-fifty” (50 mm focal length, 75 mm film
equivalent) is recommended by the photogrammetry software we used
(Agisoft, 2013). The AF-S DX Micro NIKKOR 40 mm f/2.8G was used
because the micro (Nikon's equivalent of macro) capability allows
images to be captured up to 0.163 m away from the object, a feature
which is occasionally useful in rock art recording. As a general rule, the
lens with the least distortion is best.

While professional surveyors recommend camera and lens calibra-
tion before going into the field, this was not done. Most archaeologists
do not calibrate their cameras and lenses, and our intent is to test 3D
models that could be made with equipment available to the majority of
archaeologists without being intimidated by the requirements of spe-
cialists. Agisoft Lens can calculate the lens distortion and export the
results to Agisoft Photoscan, where in addition there are camera opti-
mization parameters that help calibrate the 3D model (Appendix A). In
order to create a workflow that other archaeologists can easily follow,
we did not use Agisoft Lens, but we did perform camera optimization
for the high-quality model.

Fig. 1. Map of Australia showing the location of the Wellington Range where the site is located.
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The model was scaled with printed out Agisoft PhotoScan coded
markers, which are automatically detectable by the software, attached
to aluminum rulers on the 0 cm and 30 cm tick lines. Markers were
placed on or near the panel and included in the photographs. Therefore,
the distance between those markers was known to be 30 cm in the 3D
model (Fig. 2). While not all the markers were automatically detectable,
likely due to slight movements from the wind, they were still useful for
manual placement.

The samples were measured by zooming into the area and creating
markers at the exact points to be measured. Provided the model is
scaled, the program provides the distance between the markers and the
margin of error.

Flash was not used in any of the photographs because it changes the
exposure of every photograph, which makes it more difficult for the
software to process the model. Photographs were taken with at least
60% overlap from at least two perspectives, which is a basic photo-
grammetry requirement (Fig. 3). Images were saved in both raw (NEF)
and fine formats (JPG). The Agisoft PhotoScan software was configured
to use maximum CPU and GPU cores for processing.

2.2. Creating medium-quality 3D model and making digital measurements

In 17 min, 83 photographs were taken of the painted rock scene.
The camera settings were fixed at F/5.6 and ISO800 because there was
medium-low natural light. Shutter speed varied between 1/100 and 1/
40 in the extremes, but the majority of the photographs were taken at
1/60. No tripod was used to expedite recording in the field.

The fine format created by the camera were 7–8 MB JPG files of the
images and those were processed the same day on the field laptop with
no optimization. The field laptop was a 2011 Toshiba Satellite P750
with Intel® Core™ i7-26300QM CPU 2.00 GHz, 8 GB RAM, and NVIDIA®
GeForce GT 540M. It is recommended that low or medium quality 3D
models are created in the field to identify problems in the dataset while

still capable of returning to the site to retake. This is especially im-
portant in remote areas, such as the area under study, where returning
to the site can be expensive both financially and time wise.

The camera-generated JPG images were loaded into Agisoft
PhotoScan for photogrammetric processing and produced a scaled 3D
model. According to the Agisoft Photoscan logs, the complete medium-
quality 3D model was processed in 144 min (Appendix B).

2.3. Creating a high-quality 3D model for digital tracings

The medium-quality model produced for quick measurements was
not of sufficient quality to yield good digital tracings (Fig. 4). While it
provides a good overview of the figures, the image does not remain
completely sharp when zooming in to examine details, which is crucial
when recording rock art. Therefore, another set of photographs was
taken and run through a quality-focused process.

In 40 min, 304 photographs of the entire panel were taken with the
same settings as the previous set and also with neither flash nor tripod.
The images were saved in both raw and fine format. The photos were
converted from lossless raw format NEF to lossless TIFF with Adobe
Bridge and Photoshop. The converted photographs had an average file
size of 47.2 MB. The 304 photographs were weeded for quality and
superfluousness, and only 67 were used to construct the model. The
model was processed on a 2010 Alienware M17x with an Intel® Core™
i7-2720QM CPU 2.20 GHz, 16 GB RAM, and NVIDIA GeForce GTX
460M. Agisoft PhotoScan logged the total processing time for the high-
quality 3D model at around 4.5 h including optimizations (Appendix B).

In the high-quality 3D-model of the whole site, some of the faded
motifs were blurred when focused and enlarged. It may be possible to
fix this by masking, but in favor of the uncomplicated solution, we
decided to focus on one faded motif (Fig. 4). In order to evaluate the
effectiveness of digital tracing on low-cost models a high-quality model
of that figure was produced from 6 TIFF images (Figs. 3, 5). High-

Fig. 2. A screenshot of the medium-quality 3D model
showing samples measured and markers used for scale.
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resolution photographs were also taken using a Canon D2X mounted on
a tripod to obtain sharp images to be used as backup to explore the
details as well as to produce alternative tracings following previous
methods (see Domingo et al., 2013). The idea was to test the quality of
3D models for tracing the art against previous methods based on high
quality 2D photographs.

2.4. Creating an orthomosaic from a 3D model

Screenshots of a 3D model as the bases for digitally tracing the motif
or for 2D publications may be substandard because the quality of a
screenshot depends on the resolution of the display device. Therefore,
we recommend creating an orthomosaic from a 3D model for digital
tracings of rock art. Orthomosaic generation is the process of

Fig. 3. Sample of overlapping photographs used to produce
a 3D model.

Fig. 4. Quality differences between the medium-quality 3D model (left), the high-quality 3D model of specific motif (centre) and the high-resolution 2D photograph (right). General view
of a female Dynamic Figure (top) and close-up image of the head (bottom).
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orthorectifying images by removing perspective distortion and relief
effects using a 3D model and mosaicking them into a single image. The
result is a scaled, planimetrically correct image.

Orthomosaic generation differs from photo stitching because of the
number of keypoints. Photo stitching works for perfectly flat surfaces,
which is rarely the case in rock art. If there are contours, misalignment
is common and measurements will likely be inaccurate.

Most SfM photogrammetry programs provide the option of creating
an orthomosaic of the 3D model. The model should be scaled, and
providing local coordinates is recommended so that the image is or-
iented correctly. From Agisoft PhotoScan, the orthomosaic can be ex-
ported as a TIFF, JPEG, or PNG file. TIFF is ideal for editing and pre-
serving quality. The resulting TIFF file can be opened in Adobe
Photoshop, GIMP, or any image editing software for tracing the rock
art.

2.5. Taking physical measurements

Physical measurements were taken on site with plastic and metal
rulers, a metal tape measurer, and a laser distance measurer. All rulers
and tape measurers were compared and found to be equivalent. All the
lengths were estimated orthogonal measurements, since this method
has prevailed in prehistoric rock art studies. The sample set consisted of
six distinct features of the rock art (e.g. left corner of right ear measured
to lowest point of right foot of motif) (see Fig. 1). The samples were
selected for their varying directions and lengths. Physical measure-
ments are estimated to the nearest millimeter, while the Digital mea-
surements are in micrometers.

The first set of measurements we took with rulers served as a
baseline or “true” value, called Physical1, from which all other sets of
measurements were compared. For Physical2, an external researcher
was instructed to measure the same samples with the same tools used
for Physical1 (Fig. 6). The set of Physical3 measurements was taken by
a different external researcher using her personal tape measure with a
hooked steel tab. Lastly, a laser distance measurer was used and the set
is referred to as Laser.

3. Theory

Photogrammetry or the use of overlapping photographs for the
three dimensional reconstruction of real objects or scenarios has been
around for a century. However, the recent proliferation of digital
cameras and free or reasonably priced processing software is con-
tributing to the widespread use in archaeology (e.g. De Reu et al., 2013;
Koutsoudis et al., 2013), as well as rock art research (e.g. Willis and
Jalandoni, 2011). The benefits of 3D modelling applied to rock art

recording have been long discussed (Brady et al., 2017; Díaz-Andreu
et al., 2006; Domingo et al., 2013; Lerma et al., 2010; Plisson and
Zotkina, 2015; Robin, 2015). Both digital photogrammetry and 3D laser
scanners deliver high-quality digital duplications of sites, including
accurate information on dimensions and shape. Moreover they are non-
contact, and thus non-invasive, techniques providing high-resolution
models of undeniable value for analysing motifs, compositions and the
rock surface and to accurately reproduce the volumetric nature of rock
art. The application of both techniques to rock art research result from
interdisciplinary research, which is so highly valued these days as a way
to obtain feedback from expertise in different disciplines, to promote
scientific creativity and innovation, and to demonstrate that projects
adapt to international standards. To us, interdisciplinary collaborations
and expertise should certainly be a priority, since it improves the re-
sults, widens knowledge and promotes the development of new meth-
odological approaches to solve research questions. However, the pro-
duction of high-quality 3D models requires great expenditure and
specialized personnel (Domingo et al., 2013). The limited amount of
funding usually available to archaeology and rock art research, the
fragility of rock art (constantly exposed to all sorts of natural and
human impacts threatening the long-term preservation of this heritage)
as well as the remote and/or inaccessible location of some sites, forces
archaeologists to look for alternatives ways to be more cost-effective, in
order to fully record as many sites as possible without compromising
preservation and accuracy. Archaeologists studying rock art worldwide
face hundreds (e.g. European Palaeolithic rock art) or even thousands
of sites (e.g. Aboriginal rock art in Arnhem Land or Postpalaeolithic
rock art in Mediterranean Spain), in many cases listed in the National

Fig. 5. Specific motif cropped from panel and camera locations.

Fig. 6. Physical2 measuring the Sample E with the same ruler used by Physical1.
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Heritage Lists or even in the UNESCO list of World Heritage. In such
contexts, the prohibitive costs of professional 3D recording fully justify
any attempt to find low-cost alternatives at the expense of reducing
expertise and getting less but still acceptable accuracy to record as
many sites as possible.

4. Results

4.1. Assessing physical vs digital measurements

The sets of Physical1 and Physical2 demonstrate that even using the
exact same measuring equipment, there are minute differences in the
results of the two individuals (Table 1). When comparing the observed
values of Physical2 with the “true” values of Physical1, the average
percent error is 1.46%. The average error of the Digital observed value
compared with Physical1 is only 0.95%. Both Physical2 and Digital
measurements have very low and acceptable percentage errors. Even
without camera calibration, the Digital measurements are just as, if not
more, accurate than two individuals taking physical measurements on
site.

The laser distance measurer and Physical3 inaccuracies are due to
the difficulty in obtaining orthogonal measurements. For the laser
distance measurer, a flat surface was required to bounce the laser off at
the second point. It was almost impossible for one person to take the
measurement, while holding both the laser distance measurer and the
flat surface at perfect 90° angles, on an uneven rock surface. Physical3
was also erroneous due to the tape measure with a hooked steel tab
imposing a slope and forcing the researcher to estimate (Fig. 7).

By charting the mean, standard deviation, and measurements for
each sample, the inaccuracy of Physical3 and Laser are emphasized
(Fig. 8). Physical3 was out of range deviation in four out six samples
and Laser was out of range three out of six times. Physical1 and Digital
were outside the standard deviation for Sample B.

4.2. Digital tracing

The close up photo and the digital recordings produced from an
orthomosaic of the medium-quality 3D model, an orthomosaic of the
optimized 3D model and a high-resolution photograph capture with a
Canon D2X using a tripod demonstrates that while both 3D models are
of use to obtain accurate geometric data, only the orthomosaic of the
optimized 3D model offers enough quality to produce detailed digital
tracings similar to those traditionally obtained from a high resolution
2D photograph. This is especially so if the motifs or details are small
(less than 5 cm). Fig. 9 shows how the head of the motif selected for this
test is blurred in the orthomosaic of the medium-quality 3D model,
while it is sharper in the orthomosaic of the optimized model. We can
conclude then that digital optimized models produced with inexpensive
equipment, with no tripod and no camera calibration can certainly be
used for both metric analysis and digitally tracing rock art, while the
medium-quality 3D model is certainly useful for metric analysis and a
general understanding of the art, but no so much for digitally tracing
the art.

5. Discussion

The purpose of this paper was to estimate the value of low-cost
Structure-from-Motion (SfM) photogrammetry performed by non-pro-
fessional surveyors, for metric analysis and digital tracing of rock art
motifs.

The tests conducted with no previous camera calibration and
without using a tripod to speed the process demonstrates that both
human and low-cost digital methods of measuring the art have low
margins of error. From our perspective this low margin of error is ac-
ceptable in rock art quantitative research, since it equals or even im-
proves the results of direct physical methods used to date worldwide.
Thus, since both methods have similar levels of accuracy, producing
these sorts of low-cost 3D models will certainly contribute to reducing
the time and equipment needed in the field to measure each motif.
Furthermore, it allows measuring inaccessible motifs (Fig. 10), while
minimizing or even eliminating any chance of unintentionally dama-
ging the artwork when trying to take measurements, since physical
measurements will no longer be necessary. Finally, and more im-
portantly, the use of 3D models facilitates repeatability without having
to visit the site.

Similarly, while medium-quality 3D models do not seem to provide
the amount of detail needed to produce digital tracings of the art
(especially when referring to small figures or details), the results from
optimized 3D models of specific motifs do provide enough quality to be
used for digital rock art recording. These findings are extremely im-
portant since the production of low-cost 3D models will allow the
number of sites geometrically recorded in each field season to multiply
by speeding the process and reducing costs. Thus the 3D models pro-
duced by low-cost Structure-from-Motion (SfM) photogrammetry are
not only of use for public dissemination but also an efficient solution for
quantitative and qualitative analysis of rock art.

Table 1
Results of all measurements (value) in centimeters and errors when compared to Physical1. (Obs. = observed, Abs. = absolute, % = percent).

Physical1 Digital Physical2 Physical3 Laser

Sample “True” value Obs. value Abs. error % error Obs. value Abs. error % error Obs. value Abs. error % error Obs. value Abs. error % error

A 20.3 20.4845 0.1845 0.91% 20.5 0.2 0.99% 21.3 1 4.93% 20.5 0.2 0.99%
B 13.8 13.8311 0.0311 0.23% 13.5 0.3 2.17% 13.5 0.3 2.17% 13.4 0.4 2.90%
C 10 9.8447 0.1553 1.55% 9.8 0.2 2.00% 9 1 10.00% 9.4 0.6 6.00%
D 6.8 6.8878 0.0878 1.29% 6.7 0.1 1.47% 6.9 0.1 1.47% 7.2 0.4 5.88%
E 10 10.0957 0.0957 0.96% 9.8 0.2 2.00% 9.7 0.3 3.00% 10.2 0.2 2.00%
F 75.5 76.0812 0.5812 0.77% 75.6 0.1 0.13% 74 1.5 1.99% 74.85 0.65 0.86%
Avg % error: 0.95% 1.46% 3.93% 3.10%

Fig. 7. Physical3 measuring Sample C with a hooked tape measure, demonstrates com-
plications of slope causing 10% error.
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While the whole process of creating a 3D model might be over-
whelming, there are copious amounts of information available online
from forums and manuals to step-by-step videos and blogs. A back-
ground in photogrammetry, photography, and programming is an ad-
vantage, but it certainly is not a prerequisite. With the usability of
Agisoft PhotoScan and overlapping photographs, it is entirely possible
to create a basic 3D model on the first try.

6. Conclusions

In conclusion, this research has demonstrated that professional
surveyors and expensive professional photographic equipment are not
always needed to produce 3D-models accurate enough for measuring
and tracing rock art. While there may be specific contexts that require
surveyor expertise, as well as more expensive photographic equipment,
for the majority of rock art sites SfM 3D-modelling has proven to be a
cost-effective alternative.
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Appendix A. Sample of image residuals specific to the NIKON D7000 used in the research and generated by Agisoft PhotoScan

Appendix B. Tables of processing parameters and 3D model

Medium-quality WR100
Agisoft PhotoScan processing parameters
Intel® Core™ i7-26300QM CPU 2.00 GHz, 8 GB RAM, and NVIDIA® GeForce GT 540M

General
Cameras 83
Aligned cameras 83
Coordinate system Local coordinates (m)

Point cloud
Points 67,163
RMS reprojection error 0.14835 (1.03725 pix)
Max reprojection error 0.447556 (38.0543 pix)
Mean key point size 6.32669 pix
Effective overlap 4.73513
Alignment parameters

Accuracy High
Pair preselection Disabled
Key point limit 40,000
Tie point limit 4000
Constrain features by mask No
Matching time 31 min 14 s
Alignment time 40 s

Depth maps
Counts 83
Reconstruction parameters

Quality Medium
Filtering mode Aggressive
Processing time 58 min 8 s

Dense point cloud
Points 13,194,180
Reconstruction parameters

Quality Medium
Depth filtering Aggressive
Depth cloud generation time 4 min 27 s

Model
Faces 879,608
Vertices 444,682
Texture 4096 × 4096 uint8
Reconstruction parameters

Surface type Arbitrary
Source data Dense
Interpolation Enabled
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Quality Medium
Depth filtering Aggressive
Face count 879,608
Processing time 47 min 56 s

Texturing parameters
Mapping mode Generic
Blending mode Mosaic
Texture size 4096 × 4096
UV mapping time 41 s
Blending time 1 min 5 s

High-quality WR100
Agisoft PhotoScan processing parameters
Intel® Core™ i7-2720QM CPU 2.20 GHz, 16 GB RAM, and NVIDIA® GeForce GTX 460M

General
Cameras 67
Aligned cameras 67
Coordinate system Local coordinates (m)

Point cloud
Points 548,205
RMS reprojection error 0.127728 (0.462917 pix)
Max reprojection error 0.57825 (10.1254 pix)
Mean key point size 3.50464 pix
Effective overlap 2.5845
Alignment parameters

Accuracy Highest
Pair preselection Disabled
Key point limit 0
Tie point limit 0
Constrain features by mask No
Matching time 2 h 53 min
Alignment time 5 min 28 s

Optimization parameters
Parameters F, b1, b2, cx, cy, k1-k4, p1-p4
Optimization time 33 s

Depth maps
Counts 67
Reconstruction parameters

Quality High
Filtering mode Aggressive
Processing time 56 min 33 s

Dense point cloud
Points 40,618,721
Reconstruction parameters

Quality High
Depth filtering Aggressive
Processing time 11 min 32 s

Model
Faces 8,071,523
Vertices 4,038,911
Texture 8192 × 8192, uint8
Reconstruction parameters

Surface type Height field
Source data Dense
Interpolation Enabled
Quality High
Depth filtering Aggressive
Face count 8,123,708
Processing time 3 min 31 s

Texturing parameters
Mapping mode Orthophoto
Blending mode Mosaic
Texture size 8192 × 8192
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UV mapping time 2 min 54 s
Blending time 3 min 2 s

High-quality WR100 motif
Agisoft PhotoScan processing parameters
Intel® Xeon® Processor E5-1650 v4 (6C), 64 GB 2400 MHz DDR4 RDIMM ECC, with an NVIDIA® Quadro®
M5000 8 GB GPU

General
Cameras 6
Aligned cameras 6
Coordinate system Local coordinates (m)

Point cloud
Points 20,030
RMS reprojection error 0.119701 (0.383462 pix)
Max reprojection error 0.443447 (3.47127 pix)
Mean key point size 3.21094 pix
Effective overlap 2.37009
Alignment parameters

Accuracy Highest
Pair preselection Disabled
Key point limit 0
Tie point limit 0
Constrain features by mask No
Matching time 4 min 9 s
Alignment time 1 min 31 s

Optimization parameters
Parameters f, b1, b2, cx, cy, k1-k4,

p1-p4
Optimization time 32 s

Dense point cloud
Points 5,649,125
Reconstruction parameters

Quality Ultra high
Depth filtering Aggressive
Depth maps generation time 3 min 3 s
Dense cloud generation time 1 min 47 s

Model
Faces 1,128,942
Vertices 564,887
Texture 4096 × 4096 × 4, uint8
Reconstruction parameters

Surface type Height field
Source data Dense
Interpolation Enabled
Quality Ultra high
Depth filtering Aggressive
Face count 1,129,774
Processing time 13 s

Texturing parameters
Mapping mode Generic
Blending mode Mosaic
Texture size 4096 × 4096
Enable color correction No
Enable hole filling Yes
UV mapping time 54 s
Blending time 43 s

Orthomosaic
Size 2385 × 2454
Coordinate system Local coordinates (m)
Channels 3, uint8
Blending mode Disabled
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Appendix C. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jasrep.2017.12.020.
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1 INTRODUCTION  

Image enhancement, expedited by DStretchQR (Harman, 2005), is stan-
dard for almost all research on painted rock art sites. Unfortunately,
there is no equivalent for engraved rock art. There are enhancement
methods that work in limited circumstances, but they require special-
ized equipment, training, or additional time in the field that are not
available to most researchers.

For the fieldwork in Bontoc, Philippines, where the condition of
the rock made the engravings difficult to discern, it was essential to
develop a method to record, highlight, and analyze engraved rock art
in the most cost-efficient way possible. The solution was a combina-
tion of low-cost 3D modeling and geographical information system
(GIS). The innovative aspect of this paper is that we propose treating
engraved rock art as microtopography, which allows a suite of GIS tools
to become available for rock art analysis. Technically, an engraving is an
anthropogenic depression in the surface topography.

Theobjectivesof thisworkare (1) todemonstrate a rapid,econom-
ical, and adaptable workflow for recording and enhancing engravings,
(2)togenerate a spatiallylinkeddatabaseofmotifs,(3)toprovide a sta-
tistical description of the vulva forms of Alab, Bontoc, and (4) to pro-
duce and publish the first inventory of the rock art of Alab.

1.1 Image enhancement 
Conventionalmethodsofrecordingrockart,suchassketching,manual

tracing, and rubbing, have many inadequacies. First, the results can be

gravely inaccurate (Bea & Angás, 2017; Loendorf,2001;Lymer,2015; 
Simpson, Clogg, Diaz-Andreu, & Larkman, 2004). Manual recordings 
of the same site at different times, sometimes by the same recorders 
even, are demonstrated to be highlyvariable (see Lymer,2015; Simp- 
son et al., 2004). Second, these conventional methods can be inva- 
sive and damage the rock art instead of preserving it (see Loendorf, 
2001 for many examples). In the Philippines, the experimental cast- 
ing of engravings has permanently changed the rock art (see Peralta, 
1973). They can also nullify dating potential of the rock art (Loendorf, 
2001). Finally, these old methodsand even standard photographyare 
no longer deemed sufficient for recording faint rock art (Brady, 2006; 
Gunn, Ogleby, Lee, & Whear, 2010).

While there is still a discourse on the objectivity of image enhance-
ment (Read & Chippindale, 2000), it is widely accepted by rock art 
researchers as reducing subjectivity (Brady, 2006; Brady & Gunn, 
2012; David, Brayer, McNiven, & Watchman, 2001; Le Quellec, 
Duquesnoy, & Defrasne, 2015). Image processing with DStretchQR

(Burton, Adams, Willis, & Nadel, 2017; Defrasne, 2014; Gunn et al.,
2010; Harman, 2005; Le Quellecet al., 2015; Taçonet al., 2010, 2012, 
2013; Tan, Sokrithy, Than, & Chan, 2014), AdobeQR PhotoshopQR soft- 
ware (Brady, 2007; David et al., 2001; Domingo, Villaverde, López- 
Montalvo, Lerma, & Cabrelles, 2013; Gunn et al., 2010; Mark & Billo, 
2002), and other photograph manipulation software (Clogg, D áz-
Andreu, & Larkman, 2000) are currently an integral part of recording
and digital tracing of painted rock art sites.

Photographmanipulationsoftware isusedtochangecontrast,hue, 
saturation, curves, levels, and other parameters to distinguish the art

Geoarchaeology. 2018;1–15. wileyonlinelibrary.com/journal/gea Oc 2018 Wiley Periodicals, Inc. 1 

Abstract 
Structure from motion (SfM) photogrammetry and geographic information system (GIS) tools 
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from the rock (Brady, 2006; Mark & Billo, 2002). When DStretchQR was
developed by Harman (2005) with preset calibrationsknown as color
spaces (such as LAB, YDS, YBR, etc.) specifically for rock art research,
it was a major innovation because it allowed fast, free, and repeat-
able image enhancements at the click of a button. DStretchQR brought
down the level of technical knowledge a researcher needed to make
image enhancements and encouraged repeatability and therefore
transparency in enhancement methods. The release of iDStretchQR and
AndroiDStretchQR , mobile versions of DStretchQR for iOS and Android
devicesdeveloped in2016–2017,hasfurther increasedtheportability
of DStretchQR .

DStretchQR is a plugin that can enhance digital images using decor-
relationstretchalgorithms(Harman,2005).Decorrelationstretchwas
used in remote sensing (Gillespie, Kahle, & Walker, 1986) and on the
Mars Rover for discriminating subtle color differences (NASA, 2004).
Stereotypically, DStretchQR has been used for rock art paintings, but
Defrasne (2014) demonstrated that it could also be used to highlight
engravings. While DStretchQR may work on engravings to a limited
extent(seeTaçonetal.,2013), it isnotapplicableinmanycontexts, for
example, in sites with severe discoloration like Alab, Bontoc.

Reflectancetransformationimaging(RTI), a setofmethodsforgen-
erating surface reflectance information by varying the direction of
light (Cultural Heritage Imaging, n.d.; Woodham, 1980), and polynom-
inal texture mapping (PTM) (Malzbender, Gelb, & Wolters, 2001) are
widely successful in enhancing the detail on documentary artifacts and
engravings on monuments (Dellepiane, Corsini, Callieri, & Scopigno,
2006; Earl et al., 2011; Miles, Pitts, Pagi, & Earl, 2014; Palma, Corsini,
Cignoni, Scopigno, & Mudge, 2010). However, the size of the study area
for applying RTI and PTM is limited by the range of the turning lights
andtherefore isnotefficient for largerockartsitesor rapidrecording
of multiple sites (Mudge, Malzbender, Schroer, & Lum, 2006; Plisson
& Zotkina, 2015). Also, it requires more equipment (studio lights and
reflective ball) and time for setup in the field. Here, we are proposing
a method of using 3D modeling and GIS tools to enhance engravings
more accurately than DStretchQR and more efficiently than RTI for the
purpose oftracing.

1.2 3D modeling and GISs 
The inherent limitation of all 2D representations of rock art (sketches,
traces, rubbings, and even photographs) is the attempt to portray an
objectorscenethathasthreedimensionsinjusttwodimensions(Chip-
pindale & Taçon, 1993; Simpson et al., 2004). Orthogonal measure-
ments cannot be obtained from any of the old methods of recording,
including photographs (unless extensive calibrations are applied), due
to numerous distortions (Bea & Angás, 2017; Domingo et al., 2013;
Jalandoni, Domingo, & Taçon,2018). Integrating 2D image enhance-
ment and 3D modeling techniques allows for the most comprehensive
digital recording with fewer downsides (Domingo et al., 2013).

The effectiveness of low-cost 3D modeling is well documented in
archaeology (Chandler & Fryer, 2005; Chandler, Bryan, & Fryer,2007;
De Reu et al., 2013; Goldhahn & Sevara, 2011; Koutsoudis, Vidmar,
& Arnaoutoglou, 2013), and there are several examples of 3D models

providing an accurate record of the rock art for analysis and preser-

vation (Davis, Belton, Helmholz, Bourke, & McDonald, 2017; Fritz, 
Willis, & Tosello, 2016; Jalandoni et al., 2018; Willis & Jalandoni, 2011). 
For engraved rock art they can provide volume and depth of cultural 
features, such as cupules and other depressions, that would otherwise 
be unfeasible to measure (Burton et al., 2017), and discern material 
from tool imprints (Plisson & Zotkina, 2015; see Burton et al., 2017).

1.2.1 Structure from motion (SfM) photogrammetry 

Photogrammetry is the use of image measurements and  interpreta- 
tions from photographs to make 3D reconstructions of an object (Luh-
mann, Robson, Kyle, & Harley, 2006). It relies on math and optics to
derive the three dimensions of a point from at least two homologous 
but spatially separated image rays (Luhmann et al., 2006). Low-cost 
SfM photogrammetry is becoming the standard of recording rock art 
because of its versatile future-ready applications.

Early digital photogrammetry required the  researcher  to  know 
the three-dimensional position of the cameras or ground control 
points for triangulation and reconstruction. Specialists, like profes- 
sional surveyors, and dedicated equipment were necessary to collect 
the data needed to make 3D models. Similar to image enhancement 
like DStretchQR , SfM photogrammetry software like Agisoft Photo-
scan reduces the technical knowledge required to create 3D models. 
The SfM technique uses a highly redundant bundle adjustment based 
on matching features in multiple overlapping and spatially separated 
images (Westoby, Brasington, Glasser, Hambrey, & Reynolds, 2012). 
With the advent of SfM photogrammetry, the exact positions are no 
longer required to make 3D models.

Terrestriallaserscanning(TLS),anothermeansofcreating3Dmod- 
els, is cost prohibitive for most research projects. However, the TLS 
equipment is dropping in price from hundreds of thousands of dol- 
lars a few years ago to now tens of thousands of dollars, but the qual- 
ity that can be accomplished with DSLR camerasand accessible soft- 
ware at a fraction of the price is comparable for rock art research pur- 
poses (Jalandoni et al., 2018; Willis, Koenig, Castañeda, & Black, 2016). 
The technology and price for cameras and software needed to create 
usable3Dmodelsareatanoptimum,makingSfMphotogrammetryan
accessibleandcost-effectivealternative toTLSinmanycontexts.

1.2.2 Applying GIS to 3D models 

Landscape analysis, largely supported by GISs, has become an integral 
part of archaeology, especially rock art research that is tied to the land- 
scape (Bradley, 1991; Gaffney & Stancic, 1991; Ling, 2008; Llobera, 
2001; Mark & Billo, 2002; Savage, 1989). Mostly, GIS used inarchae-
ologyisonChippindale s (2004)kilometerscaletounderstandthespa- 
tial distribution of the sites in a broader landscape, or meter scale for
features within a site. Most rock art research that utilized GIS was 
limited to data compilation, processing, and visualization. However, 
more studies are appreciating the potential of GIS for quantitative 
analysis; spatial analysis (spatial patterning, habitat association and 
context, landscape association); topographic analysis (viewshed analy- 
sis, least-costpathanalyses,andvirtualenvironments);andpredictive 
modeling (Wienhold & Robinson, 2017). To enhance the obfuscated 
engravingsfromBontoc,therockartwastreatedlikemicrotopography
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that allowed for topographic analysis at centimeter and millimeter
scale.

GISprograms, like ArcMapTM or QGISTM, allow the creation of dig-
ital elevation models (DEMs) with multiple applications. A hillshade
(HS) is derived from a DEM to get a higher definition of engravings
(Gomez-Heras, Lòpez-Gonzàlez, Garcìa-Morales, Fort, & De Buergo,
2014). There is also potential for comparing the DEMs of the same rock
art at different times as an effective way of monitoring change (Willis,
2010).

The innovative aspect of this paper is that we apply a topographic
position index (TPI) algorithm on a DEM of an engraved rock art site.
The TPI compares the elevation of each pixel of a DEM to the mean
elevation of pixels in a specified surrounding area, providing a rela-
tive position (Weiss, 2001). Therefore, a TPI is commonly used to clas-
sify a landscape into valleys, slopes, and ridges or to detect anomalies
such as depressions (see Doctor & Young, 2013). While TPI has been
used in archaeologyas part of a landscape survey to locate the entry-
waysofcaves inMesoamerica (Weishampel, Hightower, Chase, Chase,
& Patrick, 2011), our application might be the first time TPI is being
used on a centimeter scale to enhance rock art.

Digital tracing in ArcMapTM allows for a comprehensive recording,
including spatial information, of the rock art in a database. Detailed
tracings and databases have been done manually, but they are labori-
ous processes and, therefore, reserved only for key sites that answer
important research questions (Chippindale & Taçon, 1993). Digital
tracing might be time consuming in the lab but it significantly reduces
the amount of time needed in the field to record a rock art site, which
is overall more cost effective and less tedious (Jalandoni et al., 2018;
Whitley, 2005). The database facilitates a quantitative analysis of the
rock art.

2 GEOGRAPHIC AREA AND METHODS  

2.1 Site description 
No academic research has been published about the engravings or pet-
roglyphs of the Alab site in Bontoc, Philippines (Figure 1) except for a
brief description in Peralta s book The Tinge of Red: Prehistory of Art in 
the Philippines (2000, pp. 65–66). The site is listed in general discussions
ofPhilippinerockart (Barretto-Tesoro,2008;Faylona,Lising, & Dizon,
2016;Peralta,1983;Tan,2014)andtheNationalMuseumofthePhilip-
pinesproduced a preliminaryreport (Peralta,1972).Regardlessof the
dearth of information, the Alab engravings together with the Angono
petroglyphs are the only two rock art sites from the Philippines on
the UNESCO tentative list for World Heritage Nomination (UNESCO,
1992–2015).

Thesite isonanexposed, relatively flat,volcanic tuffoutcroponMt.
Data (Figure 2). It is located around 1375 m above sea level and 435 m
abovethetownofAlabOriente,surroundedbyforestandoverlooking
rice terraces. While Peralta (1972) estimated the outcrop to measure
11 m by 6 m, orthogonallymeasured on the 3Dmodel the dimensions
areapproximately8.7 m in lengthby6.0 m inwidthandorientednorth-

south. Lichens and water damage have discolored the rock to such an

FIGURE 1 Map of the Philippines showing location of Alab, Bontoc 
with inset map of Southeast Asia

extent that the majority of the figures are not visible on photographs. 
Graffiti and recent deepening or retracing is apparent on some of the 
engraved figures.

The engravings were first reported to Robert Fox at the National 
Museumin1972by a lumberbusinessmanwhohadcomeacrossthem 
some 10 years prior. Presumably they were known to the local popu- 
lationofAlabevenearlier.TheNationalMuseumsentJesusT.Peralta, 
renowned for his work on the Angono engravings (Peralta, 1973; Per- 
alta & Evangelista, 1972), and Noel Escultura, a scientific illustrator, to 
investigate the engravings at Alab, Bontoc.

Peralta (1972, 2000) estimated some 200 engravings of mostly 
“pudenda and two penes” (vulva forms, Figure 3). He noted that it 
appears that there was no orientation for the “pudenda” but theyseem 
tohavebeenmadewith theengraver facingnorth, though it isnotclear 
what he is basing that observation on. He clarified later that “there 
seems to be no distinct orientation of the various units, except that 
all face a northerly direction” (Peralta, 2000). They were described as 
isosceles triangles with the circumscribing lines generally complete, 
and oriented upside down (Peralta, 1972). Peralta (1972, p. 4) also 
gauged the engravings had to be made at least two generations ago, 
basedontheirabsencefromlivingmemory.Peralta(1972,p.2)consid- 
ered the Alab engraving to have been made with “a metallic tool with a
long,straightsharpedgeand a ‘picklike’point.”However,hestillupheld 
their authenticity (Peralta, 1972, p. 5). The ethnographic data of low
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FIGURE 2 Overview photograph of Alab rock art site (South) [Color figure can be viewed at wileyonlinelibrary.com]

birth rates in the area suggest the engravings could have been for rit-
ual purposes like fertility rites according to Peralta (1972).

Our local guides, Lopez and Kis-ing, also interpreted the engrav-
ings to be pudenda, though it is unknown whether that interpretation
is influenced by what people in their village have been told since the
1970s. Peralta (1972) recounts that the “binut-butu” referred to the
female genitals and Prill-Brett (2000) corroborates that the triangular
engravings were called “binot-boto” meaning “clitoris-like”; however,
LopezandKis-ingcalltherockoutcropas“Binutbuto,”whichtranslates
to “penis” from their local language.

2.2 Fieldwork 
A prosumer dSLR, Nikon D7000 (< 600 USD) with an AF-S DX Micro
NIKKOR 40 mm f/2.8G (<  300 USD) fixed lens was used with aper-
ture fixed at f/5.6. ISO varied based on amount of natural light avail-
able but the lowest possible ISO was favored (125–800). Shutter speed
also varied to balance exposure. Neither tripod nor flash was used.
Photographs, saved in RAW and Fine JPG formats, were taken from
a standing position ( 1.5 m above ground) with at least 60% overlap.
Markers were placed on or near the rock and included in the pho-
tographs forscale.

It was originally intended that every figure would be photographed
with and without an IFRAO (International Federation of Rock Art
Organizations) scale. However, even the most apparent engravings
were barely visible from the photographs (Figure 3). Therefore, the 3D
model created from the photographs was relied on not just for visual-
ization but also for scale.

Since there is no available record of the rock art, we had to record
the rock art manually for comparison but took every precaution to

minimize impact. Plastic sheets were laid out over the rock outcrop

and markerswere used to reproduce the pecking or scraping that was 
evidencedontherock(seeDimitriadis,Coimbra,Prestipino,Mailland, 
& Vianello, 2007; Roe, 1992). Manual tracing was difficult due to the 
extreme discoloration of the rock and evaporation from the rock clung 
to the plastic sheet, which is a common problem with this method.

2.3 Postprocessing the 3D model in ArcMapTM and 
SPSSOR

The 3D model was produced using SfM photogrammetry on Agisoft 
Photoscanv.1.3.0, followingmethodsextensivelydiscussed inJalan- 
doni et al. (2018). Due to the limitations of the field laptop, the site was 
dividedinto“Chunks”tofacilitateprocessing.Chunkswerepanelssep- 
aratedarbitrarily 2 m apart north to southandphotographswere taken 
with these Chunks in mind. However, all the photographs were pro- 
cessed together in the lab (see Supporting Information 1). The dense 
point cloud was converted to a DEM in TIFF format and exported for 
further analysis in ArcMapTM.

The software used for this research was ArcMapTM 10.3, however 
similar results should be possible with QGISTM(Documentation QGIS 
2017)andotherGISprograms.TheDEMwasimported intoArcMapTM

and a projectedcoordinatesystem(CS)wasassignedtothedataframe 
in order to take measurements. We chose UTM WGS84 Zone 53N 
because of its common use, metric system (point cloud is in meters), 
and zero distortion at the central meridian but other CS with similar 
properties could have been chosen. Second, a HS, which is a 3D rep- 
resentation of a DEM, was created. Next, we ran the TPI tool that is 
part of the Topography Tools (Dilts, 2015), a free downloadable plug- 
in for ArcMapTM. Different values for the neighborhood were tested 
and a radius of 30 cells yielded the best result for our sample. The 
TPI layerwasmade50%transparentwiththeHSunderneath(TPI-HS
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FIGURE 3 Two examples of contrast and levels enhanced photographs (top), LAB-enhanced using DStretch (middle), and DEM-derived HS-TPI
layer (bottom) [Color figure can be viewed at wileyonlinelibrary.com]

layer) to combine the advantages ofboth layers toenhance visual inter- 
pretation. While TPI allowed a clearer view of the engraving, the HS 
improved identification of Texture (Figure 4). Profiles from the DEM, 
HS, and TPI layers were created to compare the effectiveness of each 
layer to detect engravings.

A census of  the  rock  art  was  conducted  by  digitizing  lines
into a shapefile with the attributes: Cupules, Vulva form, Isosceles, 
Open/Close, Traced Over, Shape (U/V), Texture, Bisect Line, Bisect Line 
Crosswise, Superimposition, Superimposed Over, Natural, and Faint 
(Figure 4).

The plastic sheets with manual tracings were photographed with
a smartphone (Samsung Galaxy Note 5) using CamScanner that per- 
formed automatic camera skewing correction and converted images 
into PDF files. However, even after using AdobeQR PhotoshopQR soft-

between the stitched image of manual tracing and the TPI-HS layer to 
spatially reference it in ArcMapTM. By aligning the stitched image with 
theTPI-HSlayer,discrepanciesbetweenthemanualtracinganddigital 
tracing could be identified.

Tomake sure all engravings were captured and classified as accu- 
ratelyandconsistentlyaspossible,bothauthorsclassifiedthefeatures 
independentlyandcomparedresults.Qualitycontrolwasfacilitatedby 
visualizing the figures by attributes, which is a unique feature of a spa- 
tially linked database. The next step was to calculate the area of each 
figure by creating a minimumbounding geometry (convexhull).Orien- 
tation was defined as the cardinal direction of the vertex of the two 
longestlines,andequilateraltriangleshavenodiscernableorientation. 
The attribute table was then summarized and exported for further sta- 
tistical analysis.

ware to automaticallyand manuallyphoto-stitch the images together,
there were still many distortion problems due to misalignment of the
plastic sheets, fold marks, and the innate difficulty of tracing a 3Dsur-

faceon a 2Dplane.Over200ties(calledcontrolpoints)hadtobemade

The data table from ArcMapTM was imported into SPSSQR v. 23
for descriptive statistics and cross-tabulation of attributes (Figure 4). 
Most of the data were nominal, therefore chi-square tests were calcu- 
latedbetweeneachattribute.Chi-squaretestshavebeenusedinmany
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FIGURE 4 Data dictionary for attributes of figures [Color figure can be viewed at wileyonlinelibrary.com]

rock art research projects (see Lynch & Donahue, 1980; Taçon, 1989)
tounderstandassociationsbetween variables.Thehypotheseswereas
follows:

H0: In Alab, attributes (A–L) are independent of each other.

Ha: In Alab, attributes (A–L) are not independent of each other.

For a more robust data set, only triangular figures (n 178) were 
statistically analyzed in SPSSQR , while other polygons, lines, and graf-
fiti were excluded. In order to meet conditions of the chi-square test, 
the number of Cupules and Bisect lines associated with a motif were

summarized into absent (n 0) or present (n 1–5); Textures identi-

fied as bas-relief (n 26), semibas-relief (n 8), and intaglio (n 3)
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FIGURE 5 Two examples of visual comparison of DEM, HS, and TPI layers with profiles. The DEM layers show elevation (dark low, light high),
the HS layers give a 3D representation of the DEM (grayscale with values between 0 and 255), and the TPI layers show the relative position of a 
cell compared to its neighborhood (values 0 interpreted as flat or consistent slope, positive values as ridges, and negative values as valleys) [Color
figure can be viewed at wileyonlinelibrary.com]

were summarized into present (Y), while no texture was considered
absent(N);Areawasgroupedinto intervalsof25 cm2andall 100cm2

together. The figures were classified as Open (n 56) and Closed (122),
while their shapes were described as U-shaped (n 52) and V-shaped
(n 126). Other attributes included (n 25), Isosceles (n 30), Bisect
Crosswise (n 8), Traced Over (n 12), Superimposition (n 16),
Superimposed Over (n 18), Natural (n 7), Faint (n 73) were char-
acterized as present (Y) or absent (N). The acceptable significance level
(�) is 0.05 and Cramer s V effect size is interpreted using Cohen (1988)
standards to determine the strength of the relationship.

The 3D model of the Alab site was uploaded to the Rock Art

Database (RADB) and can be accessed from https://www.rockart

database.com/v2/author/andrea-jalandoni/. The advantage of using 
the RADB is the visibility and accessibility of the data for other rock 
art researchers (Haubt & Taçon, 2016).

3 RESULTS 

3.1 Visualizing the rock art in ArcMapTM

Through the methods discussed here, the rock art of Alab, Bontoc has 
been made clearly visible for the first time. By using the DEM and 
resulting derivatives, HS and TPI, we visually enhanced engravings. 
Figure 5 illustrates the difference between the DEM, HS, and TPI
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FIGURE 6 Digital and manual tracings overlaid on the DEM-derived HS with locations of Figures 7 and 8 [Color figure can be viewed at wileyon-
linelibrary.com]

layers visually and their respective profiles. The profiles are represen-
tative of the data value of the layers. While the DEMs shows higher
(lighter) and lower (darker) areas, the actual elevation difference, as
shown in the profiles, are minor with limited information. Second, the
HSlayersaugmentthetextureandprovide a bettervisualizationof the
engravings than the DEM. However, the HS profiles, which are repre-
sented between 0 and 255 (grayscale), are noisy and biased by the arti-
ficial illuminationangle.Therefore, theHSlayer isnotsuitable for rock
art analysis. In contrast, the TPI gives the clearest visualization of the
engraving. In topographic analysis, TPI values 0 are interpreted as flat

orconsistentslope,positivevaluesareridges,andnegativevaluesare 
valleys. The TPI profiles of the rock art in Alab, treated as microtopog- 
raphy, show a clear negative spike where there are depressions. As a
result, the TPI layer hasadequate information for rock art analysis.

A census of the rock art for the Alab site consisted of 1454 digitally
traced lines, which included regular (n 895), stray (n 221), natu- 
ral and traced natural (n 42), graffiti (n 296) (Figure 6), 275 traced
cupules, and 266 figures. Of the 266 figures digitally traced, only 136
were recorded by manual tracing (Figure 7). Approximately18 figures 
were manually recorded but not digitally. However, closer inspection
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FIGURE 7 DEM-derived HS-TPI layer validating the digital tracings (top). Manual tracings (bottom-left) missing figures visible on the digital
tracings (bottom-right) [Color figure can be viewed at wileyonlinelibrary.com]

of the TPI-HS layer makes it doubtful the manual tracing is accurate
(Figure 8). By applying our method, not only did we identify nearly
twice as many engravings (95.6% more), but also with a higher level of
confidence than the manual tracing in the field.

Theorientationof the triangular figures isevidentwithmajorityof
them pointing South (n 92), then North (n 27), East (n 24), and
only a few facing West (n 16) or have no discernable orientation
(n 19).

3.2 Descriptive analysis using SPSSOR

By exporting the data table of triangular figures to SPSSQR , we were

abletocomputethefrequenciesofattributes(enumeratedabove)and

cross-tabulate them. The frequency of cupules (Figure 4, A) and bisect 
lines (Figure 4, H) per figure are presented in Table 1. A figure is 73% 
more likely to have at least one cupule, however only 21.9% likely to 
have multiple cupules. Bisect lines are more rare with only 36.6% of fig- 
ures having at least one, and 12.4% having multiple.

3.2.1 Other associations 

All the attributes were cross-tabulated against each other and Table 2
is a summary of the chi-square test results that have a relationship 
between attributes.

A  chi-square  test  revealed  a  strong  association  between  the
Shape (Figure 4, F) and presence of Texture (Figure 4, G), � 2 (1,

N  178)  54.598,  P  < 0.001,  and  a  large  effect  size (Cramer s
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FIGURE 8 DEM-derived HS-TPI layer not corroborating manual tracings (top). Manual tracings with more figures (lower-left) than the digital
tracings (lower-right) [Color figure can be viewed at wileyonlinelibrary.com]

V 0.554, Table 3). U-shaped figures (29/52, 55.8%) were more likely
to be textured than V-shaped Figures 8/126 (6.3%). Texture can be
subdivided into intaglio, semibas-relief, and bas-relief. Of the eight V-
shaped figures thatwere textured, thereweresixsemibas-reliefs, two
intaglios, and no bas-relief. In contrast, 26 out of the 29 (89.66%) U-
shaped figures were bas-reliefs.

There is also a statistically significance association between Shape
and Faint. A chi-square test resulted in � 1 (1, N 178) 23.047,
P < 0.01 and a medium effect size (Cramer s V 0.360). Half of V-
shaped figures were faint (66/126, 52.4%), while only 7/52 (13.5%) of
U-shaped figures were faint.

While it is possible to consider all 178 triangular figures as
vulva forms, we reserve the term for triangular figures with specific
attributes. There are associations between Vulva form and the pres-

ence of Cupules and Bisect lines, Shape, Faint, Area, and Texture.

TA B L E 1 Frequency of cupules and bisect lines per figure

Frequency per figure 

Number of cupules/bisect lines Cupules Bisect lines 

0 48 113

1 91 43

2 25 12

3 12 6

4 1 3

5 1 1

Total 178 178

Further statistical analysis is needed to explore possible associations 
between Vulva form and Traced Over, and Bisect Crosswise where
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TA B L E 2 Results of chi-square tests that demonstrate association

the conditions of a chi-squared test are not met. However, we are able
to statistically describe the vulva forms in Alab as always U-shaped

[P(U-shape|Vulva form) 100%], always textured [P(Texture|Vulva
form) 100%], very likely to have at least one cupule [(P(1
Cupules|Vulva form) 96%], likely to have at least one bisect line
[P(Bisect|Vulva form) 72%], and almost never Faint [P(Faint|Vulva
form) 4%). In addition, the conditional probability of having two
or more cupules is twice as likely for vulva forms than nonvulva

forms in Alab [P(2 Cupules|non-Vulva form) 16.9% versus P(2
Cupules|Vulva forms) 36%]. There is also a disproportionately high
count of vulva forms in the biggest area group (100 cm2).

3.2.2 Potential for relative dating 
The attributes of Traced Over (Figure 4, E), Superimposed, and Super-
imposed Over (Figure 4, J) were important because they have the
potential for relative dating. Of the 16 triangular figures that superim-
pose, 15 (93.8%) of them are V-shaped and only 1 (6.3%) is U-shaped
(Table 4).

No statistical significance was noted for Superimposed Over and
Shape. While seven U-shaped figures are superimposed over, 11 V-
shaped figures are also superimposed over. Presumably, V-shaped fig-
ures are superimposed over by other V-shaped figures and stray lines.
There is an association between Superimposed Over and Open/Close,
� 1 (1, N 178) 6.232, P < 0.05 and a small effect size (Cramer s

V 0.187). Almost all of the Superimposed Over figures are Closed 
(94.4%, 17/18).

While the sample did not meet the minimum requirements of the 
chi-square test, 12 figures were noticeably traced over and they were 
divided equally between U and V shape. However, vulva forms are 
three timesas likely tobe tracedover (4/25,16%) than other triangular 
figures (8/153,5.2%).

4 CONCLUSION  

In this paper we document an innovative method of applying GIS 
tools on low-cost 3D models to enhance engravings, like DStretchQR

enhances paintings, and creating an inventory for the rock art of Bon- 
toc, Philippines. There are three main advantages of the method out- 
lined in this research whencompared to conventionalmethodsof rock 
art recording. First, SfM photogrammetry is cost effective because it 
requires only a camera and scale, and reduces the time needed in the 
field tocollect therawdataneededtoproduce a comprehensiverecord 
of a site, therefore allowing more sites to be recorded. Every soft- 
ware program used for this research has open-source equivalents. Sec- 
ond, the engravingswere enhanced substantially, which led to a more 
accurate record of the rock art for this site. Finally, the digital trac- 
ings are stored in a spatially linkeddatabase. By performing the inven- 
tory in a GIS software, we created a census of the rock art of Alab and
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Cupule Open/close Shape (U/V) Bisect Vulva form Texture 

Bisect � 2(df) 8.949(1) 9.516(1) 15.797(1)

P-value 0.003 0.002 0.000

Cramer s V 0.224 0.231 0.298

Superimposition � 2(df) 4.374(1)

P-value 0.036

Cramer sV 0.157

Texture � 2(df) 5.034(1) 54.598(1)

P-value 0.025 0.000

Cramer s V 0.168 0.554

Vulva form � 2(df) 7.789(1) 70.475(1) 110.837(1)

P-value 0.005 0.000 0.000

Cramer sV 0.209 0.629 0.789

Bisect Crosswise � 2(df) 14.562(1)

P-value 0.000

Cramer s V 0.286

Superimpose d Over � 2(df) 6.232(1)

P-value 0.013

Cramer sV 0.187

Faint � 2(df) 23.047(1) 11.378(1) 16.469(1) 24.478(1)

P-value 0.000 0.001 0.000 0.000

Cramer s V 0.360 0.253 0.304 0.371

Area � 2(df) 11.948(4) 25.787(4) 14.425(4) 9.936(4)

P-value 0.018 0.000 0.006 0.042

Cramer sV 0.259 0.381 0.285 0.236
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TA B L E 3 Results of SPSS cross-tabulation, chi-square tests, and symmetric measures (Cramer s V) for shape (U/V) and texture

aZero cells (0.0%) have expected count less than 5. The minimum expected count is 10.81.
bComputed only for a 2 2 table.

classified each figure with as many attributes as we needed. Dig- any statistical software. The repeatability and testability is significantly
ital tracings can be done with AdobeQR PhotoshopQR software or different from manual tracings where fieldwork is required to verify or
other image software, but they do not have the advantage of being
directly linkedto a databasewithspatial information. A spatially linked
databasenotonlyallowsvisualizationoffiguresdynamically,forexam-
ple, by attribute, but also enables spatial analysis.

The Alab site was a propitious rock art site to first test these meth-
ods. Even though the engravings were obfuscated, the rock was an
effectively flat surface with the possibility of ideal lighting conditions.
We have since applied the enhancement method with success at two
other rock art sites in the Philippines and two in New Zealand. In all
sites, visualization of the rock art improved. In two sites, the method
made rock art figures visible that were undetectable in the field. The
3D modeling and GIS software are effective in handling various sce-
narios, and will only improve with advances in SfM algorithms and 3D
editing capabilities in GIS.

Our workflow is repeatable and our results testable. The rawdata,
which are the photographs, can be reprocessed through Agisoft Pho-
toscanoranotherphotogrammetrysoftwareprogram.Thepointcloud
can be exported into ArcMapTM or QGISTM and the same HS and TPI
settings applied. Another researcher can digitally trace the rock art and

include or exclude different lines. The data table can be reanalyzed by

refute.Manualtracings,asidefrombeinginaccurate,forceeveryoneto 
accept the data as it was recorded in the field. In contrast, digital trac- 
ings can be linked back and reevaluated.

While this research is not meant to be an in-depth statistical anal- 
ysis, it does provide a quantitative descriptive foundation based on a
complete enumeration of the rock art of Alab. Additional attributes 
can be easily added and different statistical tests can be run. The 
results provide a definitive number of figures, identify an orienta- 
tion for the figures, reveal associations between various attributes, 
and many other quantitative descriptions. Furthermore, the statisti- 
caldescriptionandassociationsbetweenattributessummarizedinthis 
research can serve as a benchmark for comparison with other sites in 
the Philippines, as well as for Southeast Asia and the Pacific.

This research could be the first time SfM 3D modeling is combined 
with HS and TPI tools to identify obscure rock art and it is more effec- 
tive than HS alone. The advent of low-cost SfM options and growing 
familiarity with GIS makes this an accessible and innovative way of 
recording and analyzing rock art. Although we only used TPI to visu- 
ally enhance, our method could potentially be further developed to 
automatically detect engravings. In addition, the applications are not
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U_VShape Texture cross-tabulation 
Texture 

N Y Total 

Shape U Count 23 29 52

Expected count 41.2 10.8 52.0

% within U_VShape 44.2 55.8 100.0

V Count 118 8 126

Expected count 99.8 26.2 126.0

% within U_VShape 93.7 6.3 100.0

Total Count 141 37 178

Expected count 141.0 37.0 178.0

% within U_VShape 79.2 20.8 100.0
Chi-square tests 

Asymptotic 
significance Exact Sig. Exact Sig. 

Value df (two-sided) (two-sided) (one-sided) 

Pearson chi-square 54.598a 1 0.000

Continuity correctionb 51.638 1 0.000

Likelihood ratio 50.973 1 0.000

Fisher s exact test 0.000 0.000

Number of valid cases 178
Symmetric measures 

Value 
Approximate 
Significance 

Nominal by nominal Phi 0.554 0.000

Cramer s V 0.554 0.000

Number of valid cases 178

Appendix B 251



TA B L E 4 Results of SPSS cross-tabulation, chi-square tests, and symmetric measures (Cramer s V) for superimposition and shape

aone cell (25.0%) has expected count less than 5. The minimum expected count is 4.67.
bComputed only for a 2 2 table.

limited to rock art. By identifying the surface of sites and artifacts as
microtopography, the method may be applied to other disciplines, for
example, numismatics, tattoology, and ichnology. In theory, it should
work in any context with a difference in elevation.
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Clogg, P., D áz-Andreu, M., & Larkman, B. (2000). Digital image processing 
andthe recordingof rockart. Journal of Archaeological Science,27(9), 
837–843.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences(2nd ed.).
Hillsdale, NJ: Erlbaum.

Cultural Heritage Imaging. (n.d.). Reflectance transformation imaging (RTI).
Retrieved from https://culturalheritageimaging.org/Technologies/RTI/

David, B., Brayer, J., McNiven, I. J., & Watchman, A. (2001). Why digital 
enhancement of rock paintings works: Rescaling and saturating colours. 
Antiquity, 75, 781–792.

Davis, A., Belton, D., Helmholz, P.,Bourke, P., & McDonald, J. (2017). Pilbara 
rock art: Laser scanning, photogrammetry and 3D photographic recon- 
structionas heritagemanagement tools. Heritage Science,5(1), 25.

De Reu, J., Plets, G., Verhoeven, G., De Smedt, P., Bats, M., Cherretté, B.,
Laloo, P. (2013). Towards a three-dimensional cost-effective regis- 

tration of the archaeological heritage. Journal of Archaeological Science,
40(2), 1108–1121.

Defrasne, C. (2014). Digital image enhancement for recording rupestrian 
engravings:Applications to an alpine rockshelter. Journal of Archaeologi- 
cal Science, 50, 31–38.

Dellepiane, M., Corsini, M., Callieri, M., & Scopigno, R. (2006). In high qual- 
ity PTM acquisition: Reflection transformation imaging for large objects (pp. 
179–186). Paper presented at the 7th International Symposium on Vir- 
tual Reality, Archaeology and Cultural Heritage (VAST), Pisa, Italy

Dilts, T. (2015). Topography tools for ArcGIS 10.3. Retrieved from 
https://www.arcgis.com/home/item.html?id b13b3b40fa3
c43d4a23a1a09c5fe96b9

Dimitriadis, G., Coimbra, F., Prestipino, C., Mailland, I., & Vianello, A. (2007). 
Post-Palaeolithic engravings at Philippi in eastern Macedonia, Greece: 
Rock art in the land of the Hedones. Antiquity, 81, 311.

Doctor,D.H., & Young, J. A. (2013). In an evaluation of automated GIS tools 
for delineating karst sinkholes and closed depressions from 1-meter LIDAR- 
derived digital elevation data (pp.449–458).PaperpresentedatthePro- 
ceedings of the 13th Multidisciplinary Conference on Sinkholes and the 
Engineering and Environmental Impacts of Karst, Carlsbad,NM

Documentation QGIS 2.8. Topographic position  index,  19  Decem-
ber, (2017). Retrieved from https://docs.qgis.org/2.8/en/docs/
user_manual/processing_algs/saga/terrain_analysis_morphometry.html?
highlight tpi

Domingo, I., Villaverde, V., López-Montalvo, E., Lerma, J. L., & Cabrelles, M. 
(2013). Latest developments in rock art recording: Towards an integral 
documentation of Levantine rock art sites combining 2D and 3D record- 
ing techniques. Journal of Archaeological Science,40(4),1879–1889.

Earl, G., Basford, P., Bischoff, A., Bowman, A., Crowther, C., Dahl, J., Pagi,
H. (2011). In reflectance transformation imaging systems for ancient
documentary artefacts at Electronic Visualisation and the Arts (EVA
2011). London, UK: BCS.

Faylona, M. G. P. G., Lising, C. M. Q., & Dizon, E. Z. (2016). Re-examining pic- 
tograms in the caves of Cagayan Valley, Philippines. Rock Art Research,
33(2), 182–192.

Fritz, C., Willis, M. D., & Tosello, G. (2016). Reconstructing Paleolithic cave 
art: The example of Marsoulas cave (France). Journal of Archaeological 
Science: Reports, 10, 910–916.

Gaffney, V., & Stancic, Z. (1991). GIS approaches to regional analysis: A case 
study of the Island of Hvar. Ljubljana: Znanstveni institut Filozofske 
Fakultete, University ofLjubljana.

Gillespie, A. R., Kahle, A. B., & Walker, R. E. (1986). Color enhancement of 
highly correlated images. I. Decorrelation and HSI contrast stretches. 
Remote Sensing of Environment, 20(3), 209–235.

Goldhahn,J., & Sevara,C.(2011). In image-based modeling of the present past: 
Building 3D models of archaeological environments from digital photographs 
(pp. 251–266). Paper presented at the DMACH 2011: Digital Media and    
its Applications in Cultural Heritage, 13–15 March,  2011.  Amman,  Jor- 
dan: CSAARPress.

Gomez-Heras, M., Lòpez-Gonzàlez, L., Garcìa-Morales, S., Fort, R., & De 
Buergo, M. À. (2014). Integrating non-destructive techniques with pho- 
togrammetry 3D models for the development  of  geographic  informa- 
tion systems in heritage structures. In Science, Technology and Cultural 
Heritage: Proceedings of the Second International Congress on Science and 
Technology for the Conservation of Cultural Heritage (pp. 429–434). Sevilla,
Spain: 24–27 June (In coord. per M. A. Rogerio-Candelera) (Ed.)

Gunn, R., Ogleby, C., Lee, D., & Whear, R. (2010). A method to visually ratio- 
nalise superimposed pigment motifs. Rock Art Research, 27(2), 131–136.

Harman, J. (2005). In  using decorrelation  stretch  to  enhance  rock  art images,
Paperpresentedatthe American Rock Art Research Association Annual 
Meeting.

Haubt, R. A., & Taçon, P. S. (2016). A  collaborative, ontological and informa-
tion visualization model approach in a centralized rock art heritage plat- 
form. Journal of Archaeological Science: Reports, 10, 837–846.

Jalandoni, A., Domingo, I., & Taçon, P. S. C. (2018). Testing the value of low-
cost structure-from-motion (SfM) photogrammetry for metric and visual
analysis of rock art. Journal of Archaeological Science: Reports, 17, 605–
616.

Koutsoudis, A., Vidmar, B., & Arnaoutoglou, F. (2013). Performance evalua- 
tion of a multi-image 3D reconstruction software on a low-feature arte- 
fact. Journal of Archaeological Science, 40(12), 4450–4456.

Le Quellec, J.-L., Duquesnoy, F., & Defrasne, C. (2015). Digital image 
enhancement with DStretchOR : Is complexity always necessary for effi- 
ciency? Digital Applications in Archaeology and Cultural Heritage, 2(2–3),
55–67.

Ling, J. (2008). Elevated rock art. Towards a maritime understanding of rock 
art in northern Bohuslän, Sweden. Gothenburg Archaeological Thesis 49.
Gothenburg: Department of  Archaeology  and  Ancient  History,  Univer-
sity of Gothenburg.

Llobera, M. (2001). Building past landscape perception with GIS: Under- 
standing topographic prominence. Journal of Archaeological Science,
28(9), 1005–1014.

Loendorf, L. (2001). Rock art recording. In D. S. Whitley (Ed.), Handbook of 
rock art research (pp. 55–79). Walnut Creek, CA: AltaMira.

14 JALANDONI AND KOTTERMAIR

Appendix B 253



Luhmann, T., Robson, S., Kyle, S., & Harley, I. (2006). Close range photogram- 

metry: Principles, methods and applications( 1sted.,Vol.1).Dunbeath,UK:
Whittles Publishing.

Lymer, K. (2015). Image processing and visualisation of rock art laser scans 
from Loups s Hill, County Durham. Digital Applications in Archaeology and 
Cultural Heritage, 2(2–3), 155–165.

Lynch, B. M., & Donahue, R. (1980). A statistical analysis of two rock-art sites 
in Northwest Kenya. Journal of Field Archaeology, 7(1), 75–85.

Malzbender, T., Gelb, D., & Wolters, H. (2001). In polynomial texture maps (pp.
519–528). Paper presented at the Proceedings of the 28th Annual Con-
ference on Computer Graphics and Interactive Techniques. New York,
NY: ACM.

Mark, R. K., & Billo, E. (2002). Application of digital image enhancement in
rock art recording. American Indian Rock Art, 28, 121–128.

Miles, J.,Pitts,M.,Pagi,H., & Earl,G. (2014). Newapplications ofphotogram-metry and reflectance transformation imaging to an Easter Island
statue. Antiquity, 88(340), 596–605.

Mudge, M., Malzbender, T., Schroer,  C.,  &  Lum,  M.  (2006).  In  new  reflec-  
tion transformation imaging methods for rock art and multiple-viewpoint 
display (Vol. 6, pp. 195–202). VAST’06 Proceedings of the 7th Interna-
tional Conference on Virtual Reality, Archaeology and Intelligent Cul-
tural Heritage, Nicosia, Cyprus: .

NASA, J. (2004). Mars Exploration Rover Mission Press  Release  on  July 
1, 2004. Retrieved from https://marsrovers.nasa.gov/gallery/
press/opportunity/20040701a.html

Palma, G., Corsini, M., Cignoni, P.,Scopigno, R., & Mudge, M.(2010). Dynamic 
shading enhancement for reflectance transformation imaging. Journal of 
Computer Cultural Heritage, 3(2), 1–20.

Peralta, J. T. (1972). Preliminary report on the Petroglyphs of Alab, Bontoc 

(Unpublished report). Manila: Archaeology Division, National Museum

of the Philippines.
Peralta, J. T. (1973). The Petroglyphs of the Angono rockshelter, Rizal, Philip- 

pines (Unpublished master s thesis). Diliman: University of the Philip-
pines.

Peralta, J. T. (1983). Tau t Batu studies. Manila: National Museum of the 
Philippines and PANAMIN.

Peralta, J. T. (2000). The Tinge of Red: Prehistory of art in the Philippines. Pasig: 
Anvil Press.

Peralta, J. T., & Evangelista, A. E. (1972). The Petroglyphs of the Angono Rock- 

shelter, Rizal, Philippines. Manila: National Museum of the Philippines.
Plisson, H., & Zotkina, L. V. (2015). From 2D to 3D at macro-and microscopic

scale in rock art studies. Digital Applications in Archaeology and Cultural 

Heritage, 2(2), 102–119.
Prill-Brett, J. (2000). An Ethnoarchaeological Report on Adult Jar Burial Prac- 

tices in the Central Cordillera Northern Philippines. CSCWorkingPaper30.
Baguio: Cordillera Studies Center, University of the Philippines College 
Baguio.

Read, E. J., & Chippindale, C. (2000). Electronic drawing or manual drawing?

Taçon, P. S., Aubert, M., Gang, L., Decong, Y., Hong, L., May, S. K., Her- 
ries, A. I. (2012). Uranium-series age estimates for rock art in southwest
China. Journal of Archaeological Science, 39(2), 492–499.

Taçon, P. S., Boivin, N., Petraglia, M., Blinkhorn, J., Chivas, A., Roberts, R. G.,
Korisettar, R. (2013). Mid-Holocene age obtained for nested diamond 

pattern petroglyph in the Billasurgam Cave complex, Kurnool District,
southern India. Journal of Archaeological Science, 40(4), 1787–1796.

Taçon, P. S. C. (1989). From Rainbow Snakes to “x-ray” fish: The nature of 
the recent rock painting tradition of western Arnhem Land, Australia 
(Unpublished doctoral thesis). Canberra: Australian National Univer- 
sity.

Taçon, P. S. C., May, S. K., Fallon, S. J., Travers, M., Wesley, D., & Lamilami, R. 
(2010). A minimum age for early depictions of Southeast Asian Praus. 
Australian Archaeological, 71, 1–10.

Tan, N. H. (2014). Rock art research in Southeast Asia: A synthesis. Arts, 3(1),
73–104.

Tan, N. H., Sokrithy, I., Than, H., & Chan, K. (2014). The hidden paintings of 
Angkor Wat. Antiquity, 88(340), 549–565.

UNESCO. (1992–2015). Petroglyphs and Petrographs of the Philippines.
Retrieved from https://whc.unesco.org/en/tentativelists/5018/

Weishampel, J. F., Hightower, J. N., Chase, A. F., Chase, D. Z., & Patrick, R. A. 
(2011). Detection and morphologic analysis of potential below-canopy 
cave openings in the karst landscape around the Maya polity of Caracol 
usingairborneLiDAR.Journal of Cave and Karst Studies,73(3),187–196.

Weiss, A. (2001).Topographic position and landforms analysis. Posterpresen- 
tation, ESRI User Conference, San Diego, CA: .

Westoby, M. J., Brasington, J., Glasser, N. F., Hambrey, M. J., & Reynolds, J. M. 
(2012).  “Structure-from-motion”  photogrammetry:  A  low-cost,  effec- 
tive tool for geoscience applications. Geomorphology, 179, 300–314.

Whitley, D. S. (2005). Introduction to rock art research. Walnut Creek, CA: Left 
Coast Press.

Wienhold, M. L., & Robinson, D. W. (2017). GIS in rock art studies. In B. David
& I. J. McNiven (Eds.), The Oxford handbook of the archaeology and anthro- 
pology of rock art. New York: Oxford University Press.

Willis, M., & Jalandoni,A.(2011).The pictographs of the Rock Islands of Koror, 
Palau: Advanced enhancement and 3D modeling at Five Sites. Submitted to
Bureau of Arts and Culture: Palau Historic Preservation Office.

Willis,  M.  D. (2010).  Determining  rock  art   deterioration   through  
time: Automatic change detection with SfM. Retrieved from 
https://palentier.blogspot.com/2011/11/determining-rock-art-deteri
oration.html

Willis, M. D., Koenig, C. W., Castañeda, A. M., & Black, S. L. (2016). Archae- 
ological 3D mapping: The structure from motion revolution. Journal of 
Texas Archeology and History, 3, 1–36.

Woodham, R. J. (1980). Photometric method for determining surface orien- 
tation from multiple images. Optical Engineering, 19(1), 139–144.

Experiences from work with rock-paintings. BAR  International  Series,

844, 59–80.
Roe, D. (1992). Rock art of North-West Guadalcanal, Solomon Islands. In J.

McDonald & I. P. Haskovec (Eds.), State of the art regional rock art Stud- 
ies in Australia and Melanesia. (Vol. Occasional AURA Publication 6). Mel-
bourne: Australian Rock Art Research Association.

Savage, S. H. (1989). Late Archaic Landscapes. Columbia: South Carolina
Institute of Archaeology, University of Carolina.

Simpson, A., Clogg, P., Diaz-Andreu, M., & Larkman, B. (2004). Towards 
three-dimensional non-invasive recording of incised rock art. Antiquity,
78, 692–698.

SUPPORTING INFORMATION 

AdditionalSupportingInformationmaybefoundonline in thesupport- 
ing information tab for this article.

How to cite  this article: Jalandoni A,  Kottermair  M. 
Rock art as microtopography. Geoarchaeology. 2018;1–15.
https://doi.org/10.1002/gea.21677

JALANDONI AND KOTTERMAIR 15 

Appendix B 254



47Rock Art Research   2018   -   Volume 35, Number 1, pp. 47-61.   A. JALANDONI and P. S. C. TAÇON

KEYWORDS:   Engraving  –  Image enhancement  –  Petroglyph  –  Philippines  –  3D  –  GIS

A NEW RECORDING AND INTERPRETATION OF THE 
ROCK ART OF ANGONO, RIZAL, PHILIPPINES

Andrea Jalandoni and Paul S. C. Taçon

Abstract.  The rock art of Angono is the most famous and controversial rock art site in the 
Philippines. It has been 50 years since the rock art was discovered, studied and interpreted. 
This paper identifies two phases of rock art production and uses 3D modelling and Geograph-
ic Information System (GIS) enhancements to corroborate the interpretation. Furthermore, by 
digitally tracing the figures we have produced a more accurate and complete record of the 
rock art. The digital record allows for statistical descriptions and interpretations previously 
not available, as well as providing a baseline for monitoring the rock art at the site.

Introduction
In the Philippines there are over twenty known 

rock painting and petroglyph sites (e.g. Novellino 1999; 
Peralta 2000; Jenkins 2007; Faylona et al. 2016; Jalandoni 
and Kottermair in press). Occasionally new sites are 
located, including in late 2016 in Masbate (GMA News 
Online 2016). The most famous and controversial of 
all Philippine rock art sites is the Angono Petroglyph 
Site, which is the first engraving site found in the 
Philippines. Most fieldwork at Angono, including rock 
art recording and excavation, was conducted in the 
1960s and 1990s. Peralta (1973) recorded 127 discernible 
petroglyphs describing them as anthropomorphous. 
However, using 3D modelling and GIS tools to enhance 
the petroglyphs, we recorded 179 figures, including 
113 anthropomorphs. 

In this paper we report the results of fieldwork 
undertaken at Angono in February 2016 as part of the 
lead author’s PhD research. We identify two phases 
of rock art production at Angono, present results of 
low-cost photogrammetry 3D modelling and Geo-
graphic Information System (GIS) tools for enhancing 
petroglyphs, explore some misconceptions of the rock 
art and discuss the difficulty of dating the rock art at 
Angono, Rizal.

Background information
The municipality of Angono, Rizal is known as the 

‘Art Capital of the Philippines’ (The Philippine Star 2015). 
The Angono petroglyphs are located in a rockshelter 
east of the town and north of Laguna de Bai, the largest 
lake in the Philippines (Fig. 1). The topography consists 
of valleys and mountains and the Sierra Madre Range 
is in the east. The average annual rainfall of the area is 
2223 mm and the average temperature is 27.2°C (Cli-

mate-Data.Org 2016). Geologically, the rock art is en-
graved on Guadalupe Tuff, described as fine-grained, 
brownish to ‘buff-colored’ tuff (De La Rosa n.d.: 8). De 
La Rosa (n.d.: 10) asserts the rockshelter is geologically 

Figure 1.  Overview map of the Philippines with the 
location of Angono, Rizal. Source AJ.
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‘young’ and formed as recently as the late Pleistocene 
or early Holocene. Angono was discovered in 1965 
by Carlos V. Francisco. Although it was declared a 
National Cultural Treasure in 1973 under Presidential 
Decree No. 260, the deterioration of the site has been 
brought to public attention (France-Presse 2014). When 
the World Monuments Watch program was launched 
in 1996, the Angono Petroglyphs and Borobudur were 
the only two Island Southeast Asian sites included 
(World Monuments Fund 1996).

The same year as discovery, excavations were car-
ried out at the Angono rockshelter by Evangelista et 
al. (1965). The shelter was locally called Mantandang 
Yungim (Bautista 1998), but is now widely known as 
the Angono Rockshelter or Angono Petroglyph Rock-
shelter. Excavation within the rockshelter was aborted 
when it was determined there was no accumulation, 
but in fact, the floor was eroding away (Peralta 1973). 
Excavations at the edge of the cave floor yielded ce-
ramic sherds, two obsidian flakes, 2 chert flakes, and 
shallow (2 cm below surface) charcoal, while surface 
digging outside the cave unearthed a polished stone 
adze and chert (Evangelista et al. 1965). The 1965 
research team attempted to cast the petroglyphs. In 
the process, some of the rock was unintentionally 
extracted and vestiges of plaster are still visible as fill 
within the petroglyphs. Graffiti and vandalism also 
started at this time (Peralta 1973; Stanley-Price 1997), 
presumably because of the fascination of being the first 
petroglyph site in the Philippines.

In 1998, Bautista from the National Museum of 
the Philippines (NM) led an excavation to gain more 
information on the petroglyphs. The artefacts recov-
ered were a corroded bullet and 4 pieces of petrified 
wood (Bautista 1998). Likewise, the flotation results 
showed insignificant amounts of charred material and 
organic fragments (Paz 1998). Bautista (1998) admits 
the effort failed to provide any information for dating 

the petroglyphs, but recommended further excavation. 
The corroded bullet is noteworthy because it supports 
accounts of Filipino guerillas occupying the rock shel-
ter during World War II (Peralta 1973: 30).

Peralta (1973: 24, 46) clearly states no association 
was found between the artefacts and the petroglyphs. 
However, based on the presence of archaeological ma-
terial, such as earthenware ceramics, obsidian flakes 
and stone tools found in the rockshelter, absence of 
metal and porcelain, and that the petroglyphs do not 
appear to have been made with a metal tool, he admits 
the possibility of a relationship between the makers 
of the rock art and the owners of the tools (Peralta 
1973: 48–19). If they are associated, then the rock art 
might date ‘prior to the introduction of metals into the 
country, that is the Neolithic Age, in what may be at 
least a millennium before the birth of Christ’ (Peralta 
1997, as cited in Stanley-Price 1997). Barretto-Tesoro 
(2008) is critical of the date and insists further research 
needs to be conducted, especially since the excavation 
of Bautista (1998) and pollen analysis of Paz (1998) 
proved futile. Peralta (1973: 47–49, 143) proposed the 
terminus ante quem for the petroglyphs would be when 
the Spaniards arrived in the Laguna de Bai area be-
cause they stopped many cultural practices wherever 
they evangelised.

Peralta’s (1973) MA thesis incorporated the excava-
tion work of 1965. He recorded 127 discernible petro-
glyphs classified into 51 types of figures (or motifs) 
representing 78 of the total number of petroglyphs, 
and 49 indeterminate or abstract petroglyphs in the 
rockshelter. He suggested the rock engravings were 
a result of sympathetic magic; for example, the petro-
glyphs he proposed represented children were made 
to transfer sickness to the rock (Peralta 1973: 92, 132). 
He also suggested the anthropomorphs were depicted 
for ritual (Peralta 2000: 63).

Figure 2.  Angono Rockshelter and viewing platform with remnants of 1990s green fence visible. Source PT.
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Methods
The site was visited by the authors from 5–9 Febru-

ary 2016. Fieldwork consisted of taking photographs to 
create 3D models, interviewing locals, experimenting 
with various materials in relation to rock art produc-
tion and exploring nearby caves for possible rock art.

Dimensions and orientation
According to Peralta (1972), the Angono rockshelter 

measured 62.84 metres in length, with the majority of 
the rock art within a 48 m stretch of wall toward the 
middle (Figs 2 and 3). However, when our fieldwork 
was undertaken we measured from the 3D model. 
The rockshelter is 57.53 m, and all the rock art exclud-
ing an outlier to the north is within 41.84 m. The site 
boundaries were delineated by the habitable zone 
as determined by dripline and height of shelter. The 
outlier is 7.69 m from the rest of the rock art. The 3D 
model is accurate because measurements can be taken 
in straight lines, unlike in the field which are often 
offset for long distances. Using a laser distance mea-
surer, the rockshelter measured a maximum height of 
5 m and a maximum depth of 9.2 m. There is a small 
cave with two entrances on the northern side of the 
rockshelter. The panel faces WNW at 300–325°. The 
highest petroglyph, a human figure, is 3.4 m above the 
current ground level and the highest petroglyphs are 
generally 2.5–3.4 m above current ground level when 
measured with a laser distance measurer.

Survey of surrounding area
We took the old steps to the top of the ridge above 

the shelter and explored in both directions. There are 
excellent views to the west and southeast and a number 
of large boulders on top of the ridge. We examined 
the more prominent ones of various sizes but no rock 
markings were found. As well, the rock face outside 

the shelter proper (with overhang) does not have any 
petroglyphs. However, we did find a petroglyph 7.9 
metres north of the main panel of petroglyphs near the 
very northern end of the overhang. It is well outside the 
limits of the original green iron fence from the 1990s 
but was included in Peralta’s record.

We surveyed other caves in the area, using the 
locals as guides. Another site called Kinahon was 
reported in the vicinity, but has never been re-located 
(Barretto-Tesoro 2008; Peralta n.d.).We asked the locals, 
particularly the elders, if they knew of Kinahon, or 
any other sites like the Angono petroglyphs, perhaps 
any painted sites in the area. We also talked casually 
about their livelihood, what they do with the caves, 
and anything they wanted to tell us about the area.

Creating the 3D model and post-processing
Across the ~42 metres of engraved wall surface, 

markers were placed every two metres to delineate 
arbitrary panels (markers are visible in Fig. 2) for fast-
er processing on the field laptop. A prosumer DSLR, 
Nikon D7000 was used with an AF-S DX Micro NIK-
KOR 40 mm f/2.8G fixed lens and a backup mirrorless 
camera Sony Alpha ILCE-5000 with focal length 44 
mm. Tripod and flash were not used. Over 2000 pho-
tographs were taken at the engraved rock art site, with 
at least 60% overlap from at least two perspectives.
Markers were placed on or near the panel and included 
in the photographs, but never over the rock art.

The fine format JPG files created by the camera 
were grouped into arbitrary ‘chunks’ representing 2 m 
length. We processed the chunks the same day on the 
field laptop with no camera calibration. In the laborato-
ry, photographs were processed in chunks for separate 
models, but a dense point cloud was also made with all 
the photographs processed together (Fig. 4; 3D models 
are available at http://www.rockartdatabase.com/v2/author/

Figure 3.  Plan view of Angono Rockshelter. Source PT and AJ.

Figure 4.  Dense point cloud (DPC) of entire site. Source AJ.
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andrea-jalandoni/). Agisoft PhotoScan 1.3.1. was used for 
photogrammetric processing following the method de-
scribed in detail by Jalandoni et al. (2018). Twenty-one 
scale bars were used to scale the model to millimetre 
accuracy. Low-cost structure-from-motion (SfM) 3D 
modelling is increasingly accepted and utilised in 
archaeology and particularly rock art research (Chan-
dler and Fryer 2005; Chandler et al. 2007; Sevara and 
Goldhahn 2011; Willis and Jalandoni 2011; De Reu et al. 
2013; Koutsoudis et al. 2013; Plisson and Zotkina 2015; 
Fritz et al. 2016; Willis et al. 2016; Burton et al. 2017).

The digital elevation models of each chunk, creat-
ed from the point cloud in Agisoft Photoscan, were 
imported into ArcMap 10.3. Due to the contour of the 
rockshelter surface and the conversion from 3D to 2D, 
the chunks could not be completely aligned (unless ac-
cepting distortion). Enhancing the petroglyphs using 
topographic position index and Hillshade (TPI-HS), 
digital tracing, and exporting the data to SPSS v.23 
followed the procedure elaborated in Jalandoni and 
Kottermair (in press). The TPI-HS layers and tracings 
are provided in the Appendix.

Descriptive statistics and cross-tabulation between 
phase/anthropomorph and certain attributes (super-
imposed, superimposed over, traced over, ‘fingers’, 
‘headgear’, cupules, bisect lines and converted geo-
metrics) were calculated to identify possible associ-
ations (Table 1). The number of cupules and bisect 
lines associated with a figure were summarised into 
present (n>0) and absent (n=0) to meet the conditions 
of a chi-square test. Chi-square tests are an acceptable 
method in rock art research (see Lynch and Donahue 
1980; Taçon 1989; Jalandoni and Kottermair in press) to 
ascertain relationships between categorical variables. 

The hypotheses used were as follows:
H0: In Angono, phase/anthropomorph 
and attribute (superimposed, superim-
posed over, traced over, fingers, headgear, 
cupules, bisect lines and converted geo-
metrics) are independent of each other.  
Ha: In Angono, phase/anthropomorph 
and attribute are not independent of 
each other. 

Experimentation
The rockshelter was accessed through a guarded 

~120 m long tunnel that is cut through the same Guada-
lupe Tuff as the Angono petroglyphs. The tunnel was 
oriented east to west and was located ~175 m south of 
the rockshelter. Measurements were obtained using 
Google Maps. The walls of the tunnel were covered 
in graffiti that mimicked the straight lines of some of 
the engraved figures. We experimented by making 
sharp incisions using a siltstone, chert and a piece of 
glass (Fig. 5). Chert and obsidian were recovered from 
the 1965 Angono excavation, so the glass was used as 
a proxy for obsidian.

Results and interpretation
How were Angono petroglyphs made?

Peralta (1972: 48) was convinced that no metal was 
used to make the petroglyphs and therefore the ter-
minus ante quem date of the rock art is pre-Metal Age. 
However, from visual inspection it is easy to imagine 
some of the sharp incisions being made with metal.

From our experiment in the tunnel, we found it was 
effortless to make sharp and crisp-edged incisions on 
the Guadalupe Tuff (Fig. 6). With all the materials used 
in replication it was fast and easy to make a very deep, 
straight, incised line like those of the petroglyphs. We 
estimated the material to be between 1 and 3 on the 
Mohs hardness scale. While we initially thought some 
of the incisions had to be made with metal tools, we 
now believe that they are most likely made with stone. 
However, metal tools cannot be completely ruled out. 
Chert and obsidian were both recovered from the 1965 
excavation and are very capable of making the straight 
cuts like metal. Metal tools could also have been used 
to retouch the rock art in ancient or recent times.

Figure 5.  Tools used to experiment: glass and siltstone (left); and chert 
(right). Source AJ.

Phase If figure is determined to be phase 1 or 2
Anthropomorph If figure is human-like
Superimposed If the line(s) superimpose on another figure
Superimposed over If superimposed by another figure
Traced over If signs of retouching or redirecting
‘Fingers’ If appendages are attached or associated with the arms or legs of an anthropomorph
‘Headgear’ If an object is attached or associated with the head of an anthropomorph
Cupules If pecked or pounded rounded pits, holes and cup-like forms (Taçon et al. 1997)
Bisect lines If line is across the figure
Converted 
geometrics If figure is determined to be converted from an earlier geometric form

Table 1.  Definition of attributes.
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Petroglyph description: two styles of petroglyph
Peralta recognised that the petroglyphs were not 

done by one person and that the overlapping style is a 
product of cultural institution or group (1973: 103–108). 
However, we propose that the Angono petroglyphs 
demonstrate two phases of engraving with different 
cultural traditions. These phases were identified by 
empirical observation in the field and corroborated 
with 3D models and enhanced visualisation.

The first phase (phase-1) consisted of 51 geometric 
shapes, including 11 vulva forms, which make up 
28.5% of all figures. The vulva forms are disembod-
ied oval and triangular shapes that resemble (at least 
to researchers) female genitalia (Fig. 7) (Hays-Gilpin 
2012). In Angono, there are figures that fit the descrip-
tion and are diagnosed as such because they have a 
round or oval indentation and occasionally a line at 
the bottom. However, they are different from the re-
lief vulva forms at Alab, Bontoc, a site approximately 
280 km north of Angono (Jalandoni and Kottermair 
in press). We acknowledge the ongoing debate about 
the ‘Venus hypothesis’ (Bahn 1986, 2006; Nowell and 
Chang 2014), but we will use the term ‘vulva form’ for 
its descriptive simplicity. 

There is at least one ‘hocker’ human-like figure, 
with limbs shown bent at elbows and knees (see 
Schuster 1951; Lommel 2001), made in phase-1 (Fig. 7). 
There is also a deeply pecked and pounded three circle 

relief figure (Fig. 7). The relief method is similar to the 
vulva forms recorded at Alab, Bontoc (Jalandoni and 
Kottermair in press), but not the three circle design. 
A few cupules and deep ovals were made by incorpo-
rating naturally occurring holes of the rockshelter. We 
suggest all phase-1 designs were made with stone tools 
because they appear as pounded, pecked and scraped 
designs with deep and broad engraved lines and rough 
edges. In the case of Angono, vulva forms are gener-
ally triangular shapes with a bisect line or hole/small 
cupule near the bottom of the triangle. The vulva form 
designs are similar to those found in many other parts 
of the world but most were made by hunter-gatherers 
(e.g. see Morwood 2002; White et al. 2012; Hampson 
2016 for some examples; but note that Easter Island 
vulva forms were made by Austronesians, see Van 
Tilburg and Lee 1987). Consequently, we argue hunt-

Figure 6.  Experiments of incising Guadalupe Tuff: glass 
and siltstone (left to right, upper); and chert (lower). 
Source AJ.

Figure 7.  Examples of phase-1 figures (left: photograph, 
right: TPI-HS): vulva form (upper); hocker (centre); 
and three circle relief (lower). Source AJ.
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er-gatherers most likely were responsible for phase-1. 
Peralta interpreted the triangles to be sexual or 

incomplete zoomorphic figures (1973: 74); however, 
based on empirical observation, we interpret them to 
be phase-1 figures that were altered in a second phase 
(phase-2). There were 128 phase-2 figures, and 53.1% 
(n=68) of them were converted phase-1 geometrics. Of 
the 68 converted geometric, 62 (91.2%) were altered into 
anthropomorphs. 

Phase-2 predominantly converted phase-1 geomet-
rics to anthropomorphs by adding appendages, such 
as thin line arms, and legs, and either thin, thick or 
fully hollowed out head or torso. Only 6 (9.1%) of the 
anthropomorphs were not converted phase-1 geomet-
rics. The chi-square test affirmed a likely association 
between anthropomorph and converted geometric, χ2 
(1, N=179) = 37.062, p < 0.000 and a medium effect size 
(Cramer’s V = 0.455) (based on Cohen 1988).

Some features of the anthropomorphs include 

digits/toes; 18.6% (n=21) had 2 to 3 digits ex-
tending from 1 to all 4 appendages (Fig. 8). 
Also, 13.3% (n=14) were wearing some form 
of ‘headgear’, predominantly circular (n=11) 
(Fig. 8), but also ‘horns’ (n=2), and one figure 
has both ‘horns’ and a rectangular-shaped 
‘headgear’. Four of the anthropomorphs had 
a bowling pin shape (Fig. 8), three had oval 
bodies (Fig. 8), three were holding a curved 
object, and one had a ‘fishtail’ for legs.

Overall, phase-2 petroglyphs appear 
to be much more recent, based on appear-
ance, shape and more refined or reworked 
edges, as well as thin incised lines. The 
lines are mostly engraved but not as deep 
as phase-1 figures. Also, stone tool impact 
and replication of partial geometric shapes 
are present. For the most part, second-phase 
figures might look like they have been made 
with metal tools, but as explained above, the 
softness of Guadalupe Tuff makes it just as 
possible that stone tools were used. Finally, 
modern graffiti and imitation human figures 
are visible but they are differentiated from 
phase-1 and phase-2 because of discrepan-
cies in manner of depiction (style, technique, 
placement etc.). Graffiti is predominantly 
confined to the lower section of the rock-
shelter and in sporadic concentrations (see 
Appendix).

3D model and enhancement
Peralta (1973) did outstanding work 

recording the Angono petroglyphs. Un-
fortunately, he did not have the benefit of 
technology available today. While his table 
of categories is laboriously constructed, the 
majority of the classifications are inevitably 
erroneous because he could not see the rock 
art clearly. By enhancing the petroglyphs, 

more figures can be identified with a higher level of 
confidence (Jalandoni and Kottermair in press).

Peralta (1973: i–ii) specifies that there are 127 dis-
cernible figures, but conceded only 78 could be classi-
fied and the remaining 49 were indeterminable due to 
the method of engraving or erosion. Using the method 
piloted by one of the author’s (AJ), 179 figures that fit 
the description of phase-1 and phase-2 were recorded. 
While we identified 101 (129.5%) more determinable 
figures than Peralta’s 78, we do not discount the pos-
sibility that some of the petroglyphs we found were 
added (as graffiti) after his recording in the 1960s and 
1970s. However, while Peralta iterates that there are 127 
discernible figures, his drawing appears to include at 
least 149 figures. In addition, we identified more than 
40 other figures that do not fit the criteria for phase-1 
nor phase-2 and were therefore not counted as part of 
the 179 figures. They are possibly part of phase-2, but 
are more likely to be very early graffiti.

Figure 8.  Examples of phase-2 anthropomorphs (left: photograph, 
right: TPI-HS): converted vulva form, oval-shaped body (upper); 
traced over with circular ‘headgear’ and three fingers and three 
toes (centre); and two bowling pin bodies with rare superimposition 
(lower). Scales 50 cm, source AJ.

Appendix C 260



53Rock Art Research   2018   -   Volume 35, Number 1, pp. 47-61.   A. JALANDONI and P. S. C. TAÇON

Even with generous concessions for 
differences in opinion, there are still grave 
disparities between Peralta’s record and 
the one we present. For example, there are 
undeniable discrepancies in the number of 
digits recorded. Peralta registered non-exis-
tent fingers and toes and failed to document 
some existing ones. We cannot fault Peralta 
because some of our interpretation while in 
the field was also invalidated using the 3D 
model and GIS enhancement. For instance, 
initially we interpreted the outlier figure 
to be phallic, which led us to speculate the 
phallic figure was purposefully separated 
from the vulva forms. However, viewing the 
3D model of the outlier and verifying it in 
the field revealed it to be a phase-1 geometric 
converted into a phase-2 anthropomorph 
(Fig. 9). Thus we rejected our initial phallic 
interpretation in favour of an interpretation 
of a human figure. The 3D model neutralised 
the discoloration of the rock and allowed the 
figure to be viewed from different angles, 
which made the petroglyph more distinct. 
In another case, what we interpreted to be 
two triangles in the field was revealed to 
be an anthropomorph (Fig. 9). There are 46 
figures where Peralta’s record has additions 
to the petroglyph, 26 figures with missing 
elements, and 4 figures with both additional 
and missing lines. 

There are also 8 figures in Peralta’s re-
cord that are not visible in our record. As 
demonstrated in Alab, it is not unusual to 
have false positives with manual recording (Jalan-
doni and Kottermair in press). The discoloration of 
the rock, shadows and other distorting factors can 
mislead the recorder. The benefit of using the TPI-HS 
method is that it disregards those distorting factors 
and highlights differences in elevation. In principle, the 
TPI-HS method is effective because an engraving is a 
human-made depression. However, the method does 
not distinguish between natural and anthropogenic, 
it is still up to the researchers to interpret.

Who were the artists?
While it has not been published, some archaeol-

ogists in the Philippines question the authenticity 
of the Angono petroglyphs. One of the suggestions 
is that Carlos V. Francisco, the discoverer of the rock 
art, made the rock art himself. The suspicion arises 
because Francisco was a famous and influential art-
ist in his lifetime, even posthumously receiving the 
highest state honour of Pambansang Alagad ng Sining 
ng Pilipinas (National Artist of the Philippines). How-
ever, various lines of evidence suggest the Angono 
petroglyphs were made prior to the 1960s, including 
the nature of the phase-1 designs which can also be 
found at Alab, Bontoc, central Luzon (Jalandoni and 

Kottermair in press). 
The Negritos are Indigenous People (IP) who ar-

rived in the Philippines during the Pleistocene either 
via land bridges or short watercraft trips (Mulvaney 
and Kamminga 1999; Turner and Eder 2006). Padilla 
(2015), using Blumentritt’s 1890 and Algue’s 1900 data, 
made a map identifying known Negrito locations 
during the end of the Spanish Period in the Philippines. 
It should be noted that the accuracy and comprehen-
siveness of the data are limited and the Negritos were 
peripatetic. We used the information from Padilla’s 
map and superimposed it on a map highlighting the 
location of Angono to see if Negritos were known to 
be in the area. The results indicate Negritos were in 
the vicinity of Angono (Fig. 10). While rock paintings 
by Negritos in Malaysia (Orang Asli) have been well 
documented (Matthews 1960; Saidin and Taçon 2011; 
Tan 2014), there are no recorded petroglyph sites made 
by Negritos. However, as noted above, ‘vulva’ designs 
are traditionally attributed to hunter-gatherers, which 
would make the Negritos the most likely candidates 
for phase-1.

For the phase-2, the artists are either the Austrone-
sian hunter-gatherers or the guerrillas who camped in 
the rockshelter during World War II. They are dated 

Figure 9.  Examples of TPI-HS method (right) enhancing obfuscated 
rock art (left). In the field, the outlier was interpreted as phallic and 
revealed to be an anthropomorph (upper), and two triangles were 
reinterpreted to be an anthropomorph (lower). Scales 30 cm (upper) 
and 10 cm (lower), source AJ.
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sometime after phase-1 and before the discovery of 
the rock art in 1965.

Dating
The age of the petroglyphs has always been an 

enigma. Progress has been made in uranium-series 
dating methods for rock art, particularly in Southeast 
Asia (Aubert et al. 2014). Unfortunately, there are no 
speleothems to date in the Angono Petroglyph site. 
The only deposits on the rock and petroglyphs are 
other mineral salts or efflorescence. The rockshelter 
was formed in the late Pleistocene or early Holocene 
(De La Rosa n.d.) and the petroglyphs cannot be older 
than their canvas. Therefore, the terminus post quem for 
the petroglyphs at Angono would be approximately 
11 700 years ago (based on Walker et al. 2009). While 
the date might not seem constructive, it does rule out 
the petroglyphs being tens of thousands of years old.

While absolute dating technology for petroglyphs 
has not made any progress for Angono since the 
assessment of Peralta (1973), the importance of super-

imposition should not be overlooked. Van 
Tilburg and Lee (1987) identified a symbolic 
stratigraphy of the rock art in Easter Island 
and proposed that superimposition of new 
symbols indicates a shift in ideological em-
phasis. For example, ‘vulvas’ in Easter Island 
are considered a late phase and symbolise a 
replacement of the birdman cult with the fer-
tility cult around 1500 CE (Van Tilburg and 
Lee 1987). Use and reuse are common in rock 
art sites around the world. When discussing 
methods used for dating Arnhem Land rock 
art, Chippindale and Taçon (1998) noted that 
over time there were several changes in both 
the subject and the manners of depiction. In 
South Africa, Morris (1988) observed that at 
many sites petroglyphs were superimposed 
over the course of centuries and ancient 
rock art is often accompanied with more 
recent or modern imitations, together with 
inscriptions and vandalism. 

Alterations of both painted and engraved 
figures, including vulva forms, into new 
forms is evident in many rock art sites 
around the world. Phase-1 and phase-2 
traditions demonstrate both a change in 
manufacturing technique and a thematic 
shift which are significant and time-related. 
In understanding the stratigraphic sequence 
of a single panel, it is important that multiple 
observations can be made (Chippindale and 
Taçon 1998). At Angono, phase-2 re-use of 
phase-1 is ubiquitous throughout the site. 
There were originally 116 phase-1 geometrics 
and vulva forms, and 68 (58.6%) of them were 
re-used during phase-2.

It was observed on site that the petro-
glyphs did not often superimpose, only 13 

(7.3%) figures were superimposed and 7 (3.9%) super-
imposed over another figure. A comparably low per-
centage of superimposition was also recorded in Alab, 
Bontoc (Jalandoni and Kottermair in press). However, 
in Angono retouching was pervasive with 72 (40.2%) 
figures being traced over. The chi-square test exposed 
an association between phase and being traced over, 
χ2 (1, N=179) = 36.090, p < 0.000 and a medium effect 
size (Cramer’s V = 0.467) (based on Cohen 1988). We 
found 70/128 (54.7%) of phase-2 motifs were traced over 
versus 2/51 (3.9%) of phase-1.

Site conservation and tourism
The Angono site was first opened to the public in 

1989 with an iron fence painted green on a low concrete 
wall immediately in front of the shelter for protection. 
To access the site visitors climbed the ridge behind 
the shelter from the other side and descended down 
stone steps that led to the northern end. In 1996, the 
corporation that owns the land, Antipolo Properties 
Inc. (API), bored a tunnel through the ridge south of 

Figure 10.  The location of the Angono site combined with the Negrito 
locations in the Philippines. Source AJ, adapted from Padilla (2015) 
with the permission of Wayne State University Press. 
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the Angono Rockshelter to improve accessibility (Stan-
ley-Price 1997). Aside from donating the land fronting 
the rockshelter to the NM, they also continue to land-
scape the surrounding area and care for the access 
roads. In 1997, the NM installed a viewing platform. 
A replacement viewing deck opened in October 2015 
after the site was closed for 14 months for renovation. 
The Angono site is very popular with local Filipinos 
and tourists; we were told by museum staff that the 
site receives between 1000 to 1500 visitors each month.

The initial clearing of vegetation exposed the 
petroglyphs to sunlight and rain and led to increased 
visitation by birds and people, all of which was thought 
to have damaged the rock art (Peralta n.d). Even in 
the 1960s or 1970s, Peralta (n.d.) claimed some of the 
petroglyphs had already been lost. However, we found 
no empirical evidence to suggest any petroglyphs have 
been destroyed. Furthermore, more than animals or 
biological growths, water is the most serious threat 
to the petroglyphs (Paterno 1999). Paterno (1999) 
artificially weathered samples of the rock from the 
Angono rockshelter and found the petroglyphs are 
most threatened by moisture filtration that can cause 
powdering, spalling and flaking. 

In 1965, Peralta (1973) already noted graffiti at the 
site. However, attempting to cast the petroglyphs using 
lacquer, thinner and plaster applied directly to the 
rock art was also destructive. The damage from the 
attempts to clean and cast (see Evangelista et al. 1965; 
Peralta and Evangelista 1972; Peralta 1973) and 1986 
biocide treatment (see Stanley-Price 1997) could not 
be assessed because the exact chemicals and methods 
employed were not detailed (Paterno 1999).

Visitor books provide an outlet for visitors to redi-
rect graffiti (Franklin 2011, 2014), but the visitor book 
in Angono is less likely to be effective because it is 
safeguarded by the NM staff, therefore visitors are 
less likely to draw in it. Aside from the constant su-
pervision of the site by staff of the NM, graffiti are also 
moderated because of the access tunnel to the site. The 
tunnel where we conducted our materials test has graf-
fiti of names and anthropomorphs, replicating those 
in the rockshelter. Since the tunnel opening on the 
rockshelter side is not monitored, it acts as a surrogate 
visitor book and allows visitors to leave their mark. 

Conclusion
Marshack (1972) repeatedly emphasised his 

ground-breaking work on cognitive aspects of Palae-
olithic art which could not be done without the aid 
of a microscope. Likewise, the analysis and interpre-
tation of the Angono petroglyphs are greatly aided 
by the 3D modelling and GIS enhancement method, 
TPI-HS. There might always be subjectivity in the 
recording of rock art because it is an interpretation of 
what is perceptible to the researcher. However, as we 
have verified at Angono, elucidating the petroglyphs 
increases visibility, therefore allowing for a more 
accurate interpretation that can be verified by others. 

Monitoring is especially effective if regular and 
recurring measurements are made to evaluate the 
change at a site (Lambert 2007). Now that there is a 
3D model of the state of rock art at the Angono rock-
shelter as of February 2016, it will be easy to monitor 
any change. Periodically, the site can be recorded and 
the latest model can be compared with our February 
2016 model for change detection. Not only will ad-
ditional graffiti be exposed but also we will know if 
we lose any of the figures to natural processes. A 3D 
model is especially valuable if any of the figures are 
destroyed. We recommend 3D modelling be a part of 
every rock art condition assessment and with the ease 
and cost-effectiveness of SfM photogrammetry this is 
a feasible approach.

The Guadalupe Tuff is low on Mohs hardness scale, 
so the material of the tools used to make the Angono 
designs is still a mystery. Macroscopic 3D recording 
of petroglyphs has been successful for identifying tool 
marks, particularly on soft rocks (Plisson and Zotkina 
2015; Burton et al. 2017) and could be applicable for the 
Angono petroglyphs. Future research could include 
replicating the experiments conducted here with glass 
and siltstone but recording the before and after with 
microscope photography to see if any scratch marks 
are produced.

In conclusion, there were two pre-1965 phases 
identified, phase-1 and phase-2, and they differ in both 
subject and execution. Phase-1 is comprised mostly 
of geometrics and vulva forms that were pounded, 
pecked or incised with broad strokes using a stone 
tool. Phase-2 was a re-use of the figures of phase-1, by 
altering and adding appendages. The lines of phase-2 
are sharper and the edges are crisper than phase-1, 
but metal tools were not necessarily needed for their 
production.
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Appendix: Angono digital tracings

The rock art of Angono is spread over a rockshelter too dis-
persed to display informatively on a single page. Therefore, 
we divided them into panels organised from north to south 
starting from the ‘outlier’. The panels vary in size to prioritise 
accurate scaling. The panels were oriented to provide orthog-
onal views of the rock art. However, since the rock is not a flat 
surface, there are instances where the figure is skewed. This 
is more dominant with the few figures on the lower section 
of a panel where the rockshelter changes slope. However, 
it also tends to happen in larger panels because there are 
likely to be more slopes in a larger area. The scales are also 
visible in panels and account for thin rectangles with square 
anomalies in the 3D model and derivatives (DEM layer and 
TPI-HS layer). The tracings are on the TPI-HS background 
with TPI layer set to 50% transparency.
Notes:
Panel A is the outlier and the rectangular scale visible is an 
IFRAO scale, 10 cm long. 
Panel C has a large cavity on the left that is the entrance to 
a small cave.
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Appendix D
SITE RECORDING CHECKLIST

ESSENTIAL 

1. Unique site number.

2. General and specific site location and type data.

3. Orientation of site/direction site faces.

4. Rock-art inventory.

5. Key superimpositions.

6. Site dimensions (length, other basic).

7. Panel/motif dimensions.

8. Site, panel, motif photographs.

9. Associated artefacts/deposits/other.

10. Unusual/outstanding art or other features.

OPTIONAL 

11. Additional landscape details, e.g. distance to water (if applicable).

12. Plan/profile details (if applicable).

13. Tracing, digital video, other recording (if applicable).

14. Oral history (if applicable).

15. Site and image conditions; conservation threats.

16. Management recommendations.

17. Sample for dating purposes.

18. Excavation.

19. Laser scanning for 3D replication.

20. 3D digital still and video photography.

© P.S.C. Taçon 2009, 2011, 2012, 2014 
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Survey Data

1

2

3

4

5

6

7

8

9

> 9

Fig. 1. Camera locations and image overlap.

Number of images: 487 Camera stations: 466

Tie points: 2,993,448

Projections: 9,671,553

Reprojection error: 0.383 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

485 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2

F 8472.59 0.033 1.00 0.01 -0.62 -0.08 0.06 -0.15 0.16 -0.15 0.14 0.01 -0.47

Cx -12.2009 0.038 1.00 0.01 -0.03 0.23 -0.00 0.00 -0.00 0.00 0.94 0.00

Cy -11.2557 0.042 1.00 -0.31 -0.02 -0.03 0.01 -0.01 0.01 0.00 0.82

B1 -2.83813 0.011 1.00 -0.03 0.01 -0.01 0.01 -0.01 -0.01 -0.02

B2 0.246019 0.0096 1.00 -0.00 0.01 -0.01 0.01 0.08 -0.00

K1 -0.00188963 7.9e-05 1.00 -0.98 0.93 -0.88 -0.00 -0.03

K2 0.170884 0.0026 1.00 -0.99 0.96 0.00 0.01

K3 0.148122 0.033 1.00 -0.99 -0.00 -0.00

K4 0.038089 0.14 1.00 0.00 0.00

P1 0.000168332 1.5e-06 1.00 0.00

P2 0.000824572 1.4e-06 1.00

Table 2. Calibration coefficients and correlation matrix.
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Digital Elevation Model

Fig. 3. Reconstructed digital elevation model.
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Processing Parameters

General

Cameras 487

Aligned cameras 466

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 2,993,448 of 8,777,711

RMS reprojection error 0.105372 (0.383083 pix)

Max reprojection error 0.705349 (7.25878 pix)

Mean key point size 3.38299 pix

Effective overlap 2.75652

Alignment parameters

Accuracy High

Generic preselection Yes

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 1 hours 58 minutes

Alignment time 3 hours 11 minutes

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1, p2

Fit rolling shutter No

Optimization time 4 minutes 30 seconds

Dense Point Cloud

Points 68,729,837

Reconstruction parameters

Quality Medium

Depth filtering Aggressive

Depth maps generation time 44 minutes 3 seconds

Dense cloud generation time 19 minutes 17 seconds

Model

Faces 13,742,435

Vertices 6,871,963

Reconstruction parameters

Surface type Height field

Source data Dense

Interpolation Enabled

Quality Medium

Depth filtering Aggressive

Face count 13,745,967

Processing time 4 minutes 33 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Alab_Site_2
Processing Report

16 March 2018
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Survey Data

1

2

3

4

5

6

7

8

9

> 9

Fig. 1. Camera locations and image overlap.

Number of images: 510 Camera stations: 347

Tie points: 336,338

Projections: 1,425,675

Reprojection error: 0.696 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

502 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 P1 P2

F 8516.44 0.097 1.00 -0.01 -0.61 -0.04 0.01 -0.01 0.11 0.00 -0.48

Cx -19.535 0.12 1.00 -0.02 0.01 0.00 -0.01 0.00 0.95 -0.02

Cy -10.4485 0.13 1.00 -0.15 -0.00 -0.09 -0.00 -0.02 0.89

B1 -1.52465 0.021 1.00 0.01 -0.03 0.02 0.01 0.04

B2 1.11923 0.021 1.00 0.01 -0.01 -0.13 0.01

K1 -0.000778749 5.5e-05 1.00 -0.96 -0.00 -0.09

K2 0.185864 0.00048 1.00 -0.00 0.00

P1 6.04828e-05 5.1e-06 1.00 -0.02

P2 0.000585582 4.8e-06 1.00

Table 2. Calibration coefficients and correlation matrix.
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Digital Elevation Model

Fig. 3. Reconstructed digital elevation model.
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Processing Parameters

General

Cameras 510

Aligned cameras 347

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 336,338 of 549,235

RMS reprojection error 0.106152 (0.695613 pix)

Max reprojection error 0.321067 (22.0311 pix)

Mean key point size 5.77131 pix

Effective overlap 4.17998

Alignment parameters

Accuracy Medium

Generic preselection Yes

Reference preselection No

Key point limit 40,000

Tie point limit 4,000

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 33 minutes 12 seconds

Alignment time 19 minutes 57 seconds

Dense Point Cloud

Points 53,072,054

Reconstruction parameters

Quality Medium

Depth filtering Aggressive

Depth maps generation time 44 minutes 53 seconds

Dense cloud generation time 22 minutes 16 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Processing Report
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Survey Data

10 m

1
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Fig. 1. Camera locations and image overlap.

Number of images: 1,931

Flying altitude: 3.66 m

Ground resolution: 0.441 mm/pix

Coverage area: 467 m²

Camera stations: 1,822

Tie points: 9,775,816

Projections: 45,705,331

Reprojection error: 0.68 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

ILCE-5000 (44 mm) 5456 x 3064 44 mm 4.61 x 4.61 μm No

ILCE-5000 (43 mm) 5456 x 3064 43 mm 4.65 x 4.65 μm No
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Camera Model Resolution Focal Length Pixel Size Precalibrated

ILCE-5000 (40 mm) 5456 x 3064 40 mm 4.61 x 4.61 μm No

ILCE-5000 (39 mm) 5456 x 3064 39 mm 4.65 x 4.65 μm No

ILCE-5000 (37 mm) 5456 x 3064 37 mm 4.65 x 4.65 μm No

ILCE-5000 (16 mm) 5456 x 3064 16 mm 4.61 x 4.61 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

1289 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 8439.35 0.025 1.00 0.04 -0.14 -0.45 0.04 -0.15 0.15 -0.14 0.13 0.03 -0.09 0.02 -0.02

Cx -23.9893 0.04 1.00 -0.05 0.01 -0.14 -0.00 0.00 -0.00 0.00 0.76 -0.23 0.29 -0.26

Cy -38.0353 0.032 1.00 0.19 -0.00 -0.01 0.01 -0.01 0.01 -0.16 0.74 -0.18 0.16

B1 3.96751 0.021 1.00 0.00 -0.02 0.01 -0.00 -0.00 -0.01 0.07 -0.02 0.02

B2 0.29637 0.018 1.00 0.00 -0.00 -0.00 0.00 -0.06 0.01 -0.01 0.02

K1 -0.00146859 5.6e-05 1.00 -0.98 0.93 -0.88 0.02 -0.02 0.03 -0.03

K2 0.214907 0.0018 1.00 -0.99 0.96 -0.02 0.02 -0.04 0.04

K3 -0.124136 0.022 1.00 -0.99 0.03 -0.03 0.05 -0.06

K4 0.131624 0.096 1.00 -0.03 0.04 -0.06 0.07

P1 -0.000177882 1.7e-06 1.00 -0.64 0.81 -0.75

P2 0.000112554 1.1e-06 1.00 -0.74 0.69

P3 8.48398 0.2 1.00 -0.98

P4 -39.0018 1.2 1.00

Table 2. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 3. Image residuals for ILCE-5000 (44 mm).

ILCE-5000 (44 mm)

157 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 44 mm 4.61 x 4.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 10617.9 0.12 1.00 -0.05 -0.26 -0.14 -0.01 -0.17 0.17 -0.15 0.14 -0.02 -0.03 -0.00 0.01

Cx -19.7182 0.11 1.00 0.03 0.01 -0.00 0.01 -0.01 0.01 -0.01 0.90 -0.01 0.04 -0.09

Cy -72.027 0.099 1.00 0.04 0.02 -0.01 0.01 -0.01 0.01 0.09 0.67 0.25 -0.25

B1 4.02809 0.029 1.00 0.00 0.00 -0.01 0.01 -0.01 -0.01 0.02 -0.01 0.00

B2 -3.45196 0.025 1.00 0.00 0.00 -0.00 0.00 -0.02 0.00 -0.01 0.01

K1 0.0187165 0.00032 1.00 -0.98 0.93 -0.88 0.01 0.00 0.02 -0.03

K2 0.0699962 0.015 1.00 -0.99 0.96 -0.02 -0.01 -0.03 0.04

K3 5.85731 0.27 1.00 -0.99 0.02 0.02 0.05 -0.06

K4 -52.9358 1.7 1.00 -0.03 -0.03 -0.07 0.08

P1 -0.000619151 5.8e-06 1.00 0.22 0.31 -0.33

P2 -0.00212732 7.6e-06 1.00 0.79 -0.74

P3 -6.9334 0.091 1.00 -0.98

P4 14.8663 1.1 1.00

Table 3. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 4. Image residuals for ILCE-5000 (43 mm).

ILCE-5000 (43 mm)

114 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 43 mm 4.65 x 4.65 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 10449.8 0.12 1.00 0.14 -0.16 -0.13 0.02 -0.18 0.16 -0.15 0.14 -0.02 -0.02 -0.01 0.02

Cx -19.1462 0.11 1.00 0.04 -0.05 -0.04 0.03 -0.03 0.02 -0.02 0.84 0.01 0.08 -0.15

Cy -72.2396 0.094 1.00 0.07 -0.06 -0.01 0.01 -0.02 0.02 0.14 0.68 0.22 -0.22

B1 3.15216 0.029 1.00 0.01 0.00 -0.01 0.01 -0.01 0.00 0.03 -0.01 0.00

B2 -4.2505 0.025 1.00 -0.00 0.00 -0.00 0.00 -0.05 0.00 -0.01 0.02

K1 -0.00319288 0.00033 1.00 -0.97 0.93 -0.88 0.03 -0.00 0.03 -0.04

K2 0.761416 0.015 1.00 -0.99 0.96 -0.03 -0.00 -0.04 0.05

K3 -5.5394 0.26 1.00 -0.99 0.03 0.01 0.05 -0.07

K4 13.9334 1.5 1.00 -0.03 -0.02 -0.06 0.08

P1 -0.00103503 6.5e-06 1.00 0.32 0.46 -0.48

P2 -0.00208614 7.4e-06 1.00 0.75 -0.70

P3 -7.11242 0.083 1.00 -0.98

P4 14.4552 1 1.00

Table 4. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 5. Image residuals for ILCE-5000 (40 mm).

ILCE-5000 (40 mm)

202 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 40 mm 4.61 x 4.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 9624.31 0.091 1.00 -0.01 -0.16 -0.12 0.01 -0.13 0.12 -0.11 0.10 0.04 -0.03 -0.01 0.01

Cx -17.1312 0.075 1.00 0.00 0.04 -0.06 -0.00 0.00 -0.00 0.00 0.94 -0.00 -0.01 0.01

Cy -68.8417 0.063 1.00 0.09 0.03 0.00 -0.00 0.00 -0.00 0.00 0.67 0.22 -0.19

B1 3.37661 0.024 1.00 0.00 0.00 -0.01 0.01 -0.01 0.02 0.03 0.01 -0.01

B2 -2.78118 0.021 1.00 -0.00 0.00 -0.00 0.00 -0.03 0.01 0.00 -0.00

K1 0.0484281 0.00018 1.00 -0.98 0.93 -0.88 -0.00 0.01 0.02 -0.03

K2 -1.24465 0.0069 1.00 -0.99 0.96 0.00 -0.02 -0.03 0.04

K3 21.8951 0.1 1.00 -0.99 -0.00 0.02 0.04 -0.05

K4 -115.71 0.54 1.00 0.00 -0.03 -0.05 0.06

P1 -8.4398e-05 4e-06 1.00 0.02 0.02 -0.02

P2 -0.00253131 4.9e-06 1.00 0.77 -0.70

P3 -6.54382 0.04 1.00 -0.98

P4 29.7654 0.4 1.00

Table 5. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 6. Image residuals for ILCE-5000 (39 mm).

ILCE-5000 (39 mm)

89 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 39 mm 4.65 x 4.65 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 9456.7 0.15 1.00 -0.15 -0.20 -0.10 0.00 -0.10 0.10 -0.09 0.09 -0.01 -0.02 -0.01 0.02

Cx -22.7038 0.11 1.00 0.02 0.07 -0.02 -0.01 0.01 -0.01 0.01 0.92 -0.02 -0.01 0.01

Cy -74.7591 0.089 1.00 0.03 0.03 -0.00 0.00 -0.00 0.00 -0.01 0.62 0.21 -0.19

B1 2.27833 0.026 1.00 0.00 0.00 -0.01 0.01 -0.01 0.02 0.03 -0.00 -0.00

B2 -2.78102 0.023 1.00 -0.00 0.00 -0.00 0.00 -0.05 -0.00 0.00 -0.00

K1 -0.0156272 0.00023 1.00 -0.98 0.93 -0.88 -0.00 0.01 0.03 -0.04

K2 0.701806 0.0087 1.00 -0.99 0.96 0.00 -0.02 -0.05 0.06

K3 -1.70646 0.13 1.00 -0.99 -0.00 0.03 0.06 -0.07

K4 -16.3995 0.62 1.00 0.00 -0.04 -0.07 0.08

P1 -0.000118844 4.9e-06 1.00 0.02 0.03 -0.03

P2 -0.00248345 6.4e-06 1.00 0.81 -0.74

P3 -3.00638 0.059 1.00 -0.98

P4 2.7612 0.54 1.00

Table 6. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 7. Image residuals for ILCE-5000 (37 mm).

ILCE-5000 (37 mm)

19 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 37 mm 4.65 x 4.65 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 8800.88 0.21 1.00 0.13 -0.16 -0.13 -0.00 -0.10 0.09 -0.08 0.07 0.01 -0.03 -0.03 0.03

Cx -30.9161 0.16 1.00 -0.08 -0.01 -0.07 -0.01 0.01 -0.00 0.00 0.91 -0.04 -0.01 0.00

Cy -73.3545 0.14 1.00 0.03 -0.04 -0.01 0.01 -0.00 0.00 -0.03 0.65 0.25 -0.22

B1 2.73625 0.028 1.00 0.02 -0.01 -0.00 0.00 0.00 0.04 0.02 -0.01 0.01

B2 -3.96792 0.025 1.00 0.01 -0.00 0.00 0.00 -0.11 -0.01 -0.01 0.01

K1 0.0696743 0.00039 1.00 -0.97 0.93 -0.88 -0.01 0.01 0.02 -0.02

K2 -2.1841 0.013 1.00 -0.99 0.96 0.01 -0.02 -0.03 0.03

K3 30.2496 0.16 1.00 -0.99 -0.01 0.03 0.04 -0.05

K4 -129.246 0.71 1.00 0.00 -0.04 -0.06 0.06

P1 -0.0003769 8.7e-06 1.00 0.07 0.12 -0.12

P2 -0.00309508 1.2e-05 1.00 0.81 -0.75

P3 -2.62655 0.077 1.00 -0.98

P4 1.89773 0.61 1.00

Table 7. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 8. Image residuals for ILCE-5000 (16 mm).

ILCE-5000 (16 mm)

61 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 16 mm 4.61 x 4.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 3697.36 0.05 1.00 0.03 -0.19 -0.30 -0.04 -0.33 0.33 -0.30 0.28 -0.04 -0.02 -0.01 0.02

Cx -7.8336 0.07 1.00 0.02 -0.04 -0.06 0.02 -0.01 0.01 -0.01 0.90 -0.01 -0.01 0.01

Cy -37.4157 0.048 1.00 0.07 -0.03 -0.07 0.06 -0.05 0.05 0.04 0.57 0.28 -0.21

B1 2.52458 0.015 1.00 0.04 -0.00 -0.01 0.01 -0.01 0.01 0.07 0.03 -0.01

B2 -0.989059 0.013 1.00 0.01 -0.01 0.01 -0.01 -0.10 -0.01 -0.03 0.02

K1 -0.0589911 0.0001 1.00 -0.97 0.92 -0.87 0.00 -0.14 -0.08 0.04

K2 0.0672041 0.0006 1.00 -0.99 0.95 0.00 0.13 0.09 -0.06

K3 -0.0154597 0.0014 1.00 -0.99 -0.00 -0.11 -0.07 0.04

K4 -0.0119137 0.0011 1.00 -0.00 0.08 0.04 -0.01

P1 -0.000220779 5e-06 1.00 0.09 0.11 -0.10

P2 -0.00248601 7.7e-06 1.00 0.87 -0.77

P3 0.17122 0.013 1.00 -0.97

P4 -0.303532 0.018 1.00

Table 8. Calibration coefficients and correlation matrix.
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Scale Bars

Label Distance (m) Error (m)

point 1_point 2 0.308405 0.00340536

point 3_point 4 0.306375 0.00137536

point 5_point 6 0.305076 7.62733e-05

point 7_point 8 0.305982 0.000981827

point 9_point 10 0.305199 0.000198697

point 11_point 12 0.305248 0.000247742

point 13_point 14 0.304997 -2.74524e-06

point 15_point 16 0.303944 -0.00105563

point 17_point 18 0.305269 0.000268954

point 19_point 20 0.304405 -0.000595389

point 21_point 22 0.3046 -0.000399975

point 23_point 24 0.305079 7.92312e-05

point 25_point 26 0.304095 -0.000904811

point 27_point 28 0.304723 -0.000276855

point 29_point 30 0.304061 -0.000939361

point 31_point 32 0.304979 -2.0927e-05

point 33_point 34 0.304399 -0.000600793

point 35_point 36 0.305076 7.567e-05

point 37_point 38 0.303652 -0.00134779

point 39_point 40 0.30437 -0.000630068

point 41_point 42 0.306014 0.00101398

Total 0.00101542

Table 9. Control scale bars.

Label Distance (m) Error (m)

outlier 7.6873

2m from outlier_point 46 57.5372

outlier_south_art 49.1991

north_art_south_art 41.8423
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Label Distance (m) Error (m)

Total

Table 10. Check scale bars.
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Digital Elevation Model

10 m

-16 m

16 m

Fig. 9. Reconstructed digital elevation model.

Resolution: unknown

Point density: unknown
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Processing Parameters

General

Cameras 1931

Aligned cameras 1822

Markers 47

Scale bars 25

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 9,775,816 of 23,802,935

RMS reprojection error 0.176311 (0.679913 pix)

Max reprojection error 1.11797 (23.3733 pix)

Mean key point size 3.69529 pix

Effective overlap 3.7734

Alignment parameters

Accuracy High

Generic preselection Yes

Key point limit 0

Tie point limit 0

Adaptive camera model fitt ing Yes

Matching time 9 hours 42 minutes

Alignment time 6 hours 22 minutes

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p4

Fit rolling shutter No

Optimization time 12 minutes 40 seconds

Dense Point Cloud

Points 905,523,237

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 9 hours 45 minutes

Dense cloud generation time 19 hours 19 minutes

Model

Faces 1,000,000

Vertices 500,065

Reconstruction parameters

Surface type Height field

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 20,122,738

Processing time 1 hours 5 minutes

Software

Version 1.3.4 build 5067

Platform Windows 64
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Angono_Panel_A
Processing Report

16 March 2018
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Survey Data

50 cm

1

2

3

4

5

6

7

8

9

> 9

Fig. 1. Camera locations and image overlap.

Number of images: 129

Flying altitude: 2.05 m

Ground resolution: 0.202 mm/pix

Coverage area: 9.25 m²

Camera stations: 129

Tie points: 749,303

Projections: 3,032,581

Reprojection error: 0.818 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

ILCE-5000 (44 mm) 5456 x 3064 44 mm 4.61 x 4.61 μm No

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for ILCE-5000 (44 mm).

ILCE-5000 (44 mm)

93 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 44 mm 4.61 x 4.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 10614.1 0.24 1.00 0.10 0.06 -0.34 0.02 -0.09 0.11 -0.10 0.10 0.07 0.07 -0.10 0.06

Cx -2.22603 0.3 1.00 0.91 -0.04 -0.11 0.02 -0.00 0.00 -0.00 0.71 0.76 -0.90 0.55

Cy -10.9975 0.33 1.00 -0.03 -0.08 0.01 0.00 -0.00 -0.00 0.78 0.76 -0.90 0.52

B1 8.98379 0.14 1.00 0.05 -0.02 0.01 -0.01 0.00 -0.03 -0.04 0.05 -0.03

B2 -4.33178 0.12 1.00 -0.01 0.01 -0.01 0.01 -0.06 -0.07 0.07 -0.03

K1 0.00872536 0.00044 1.00 -0.98 0.93 -0.88 0.01 0.01 -0.02 0.03

K2 0.507994 0.021 1.00 -0.99 0.96 0.01 0.00 0.01 -0.02

K3 -0.671304 0.39 1.00 -0.99 -0.00 -0.00 -0.01 0.01

K4 -20.3588 2.4 1.00 -0.00 -0.00 0.01 -0.01

P1 -0.000687388 9.9e-06 1.00 0.82 -0.60 0.07

P2 -0.000753006 1.1e-05 1.00 -0.63 0.15

P3 -27.1436 0.35 1.00 -0.81

P4 128.611 2.9 1.00

Table 2. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 3. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

36 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 8494.16 0.21 1.00 0.30 0.07 -0.16 0.02 -0.10 0.11 -0.10 0.10 0.20 0.05 0.04 -0.03

Cx -3.69898 0.25 1.00 0.41 -0.03 -0.09 0.02 -0.02 0.02 -0.01 0.93 0.25 -0.02 0.01

Cy -9.64223 0.23 1.00 0.00 -0.09 0.01 -0.01 0.01 -0.01 0.43 0.71 -0.22 0.17

B1 7.14409 0.11 1.00 0.05 -0.01 0.01 -0.00 0.00 -0.06 -0.02 -0.02 0.02

B2 -0.876643 0.095 1.00 0.00 -0.00 0.00 -0.00 -0.03 -0.06 0.01 -0.01

K1 -0.00105218 0.00039 1.00 -0.98 0.93 -0.88 0.02 -0.01 0.02 -0.02

K2 0.225561 0.013 1.00 -0.99 0.96 -0.02 0.01 -0.02 0.02

K3 -0.390489 0.17 1.00 -0.99 0.01 -0.00 0.02 -0.01

K4 1.63999 0.73 1.00 -0.01 0.00 -0.01 0.01

P1 0.000193067 7.9e-06 1.00 0.40 -0.21 0.18

P2 0.00098431 1.2e-05 1.00 -0.79 0.70

P3 1.29636 0.23 1.00 -0.97

P4 1.80083 1.6 1.00

Table 3. Calibration coefficients and correlation matrix.
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Ground Control Points

50 cm

target 1

target 2

target 8

target 9

target 10target 11target 12

target 13
target 30

point 100point 101point 102

Control points Check points

-0.35 nm

-0.28 nm

-0.21 nm

-0.14 nm

-0.07 nm

0 nm

0.07 nm

0.14 nm

0.21 nm

0.28 nm

0.35 nm

x 100

Fig. 4. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (mm) Y error (mm) Z error (mm) XY error (mm) Total (mm)

3 0.609235 0.416805 1.97005e-07 0.738169 0.738169

Table 4. Control points RMSE.
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Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

point 100 0.111837 0.0830841 -6.71228e-08 0.139322 0.000 (17)

point 101 -0.795763 0.463841 3.29131e-07 0.92108 0.000 (17)

point 102 0.683926 -0.546925 -6.00002e-08 0.875718 0.000 (18)

Total 0.609235 0.416805 1.97005e-07 0.738169 0.000

Table 5. Control points.

Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

target 1 0.472 (13)

target 2 0.400 (5)

target 8 0.873 (16)

target 9 0.643 (18)

target 10 1.590 (9)

target 11 1.845 (14)

target 12 0.459 (13)

target 13 0.748 (9)

target 30 67.291 (7)

Total

Table 6. Check points.
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Scale Bars

Label Distance (m) Error (m)

target 8_target 9 0.305043 4.25115e-05

target 12_target 13 0.304664 -0.000336093

target 1_target 2 0.305567 0.000566848

target 10_target 11 0.304799 -0.000201049

Total 0.000345146

Table 7. Control scale bars.

Label Distance (m) Error (m)

point 100_point 101 0.0242408

point 100_point 102 0.0352687

Total

Table 8. Check scale bars.
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Digital Elevation Model

50 cm

-40 cm

80 cm

Fig. 5. Reconstructed digital elevation model.

Resolution: 0.404 mm/pix

Point density: 6.14e+03 points/mm²

Appendix E 302



Processing Parameters

General

Cameras 129

Aligned cameras 129

Markers 13

Scale bars 6

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 749,303 of 1,544,450

RMS reprojection error 0.193368 (0.817789 pix)

Max reprojection error 0.931985 (10.4727 pix)

Mean key point size 4.00284 pix

Effective overlap 3.5601

Alignment parameters

Accuracy High

Generic preselection No

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 1 hours 58 minutes

Alignment time 57 minutes 41 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p4

Fit rolling shutter No

Optimization time 1 minutes 12 seconds

Dense Point Cloud

Points 74,181,564

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 1 hours 30 minutes

Dense cloud generation time 22 minutes 13 seconds

Model

Faces 14,680,316

Vertices 7,347,244

Reconstruction parameters

Surface type Height field

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 14,836,300

Processing time 4 minutes 24 seconds

DEM

Size 13,529 x 11,907

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 44 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Angono_Panel_B
Processing Report

16 March 2018
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Survey Data

10 m

1

2

3

4

5

6

7

8

9

> 9

Fig. 1. Camera locations and image overlap.

Number of images: 225

Flying altitude: 2.13 m

Ground resolution: 0.21 mm/pix

Coverage area: 34.7 m²

Camera stations: 223

Tie points: 1,562,551

Projections: 5,356,667

Reprojection error: 0.71 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

ILCE-5000 (43 mm) 5456 x 3064 43 mm 4.65 x 4.65 μm No

ILCE-5000 (40 mm) 5456 x 3064 40 mm 4.61 x 4.61 μm No
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Camera Model Resolution Focal Length Pixel Size Precalibrated

ILCE-5000 (44 mm) 5456 x 3064 44 mm 4.61 x 4.61 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

57 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2

F 8470.68 0.17 1.00 0.07 -0.08 -0.38 -0.03 -0.09 0.10 -0.10 0.09 0.07 -0.05

Cx -19.6866 0.26 1.00 0.04 -0.08 -0.26 0.01 -0.00 -0.01 0.01 0.96 0.07

Cy -40.9705 0.22 1.00 0.32 -0.11 -0.02 0.02 -0.02 0.02 0.02 0.90

B1 -2.06775 0.12 1.00 -0.08 -0.03 0.02 -0.02 0.02 -0.08 0.12

B2 3.34618 0.11 1.00 0.01 -0.01 0.01 -0.01 -0.14 -0.06

K1 -5.60093e-05 0.00032 1.00 -0.97 0.93 -0.88 0.01 -0.00

K2 0.208521 0.01 1.00 -0.99 0.96 -0.00 0.01

K3 -0.0876329 0.13 1.00 -0.99 -0.00 -0.01

K4 -0.519016 0.57 1.00 0.01 0.01

P1 -0.000247495 8.9e-06 1.00 0.04

P2 -2.3925e-05 6.9e-06 1.00

Table 2. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 3. Image residuals for ILCE-5000 (43 mm).

ILCE-5000 (43 mm)

112 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 43 mm 4.65 x 4.65 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2

F 10421 0.22 1.00 0.07 0.25 -0.07 -0.05 -0.07 0.08 -0.07 0.07 0.04 0.27

Cx -134.36 0.59 1.00 0.00 -0.09 -0.05 0.02 -0.01 0.00 0.01 0.99 -0.00

Cy 74.2205 0.48 1.00 -0.06 -0.21 0.02 -0.02 0.02 -0.02 0.00 0.99

B1 6.23482 0.15 1.00 0.03 -0.01 0.01 -0.01 0.00 -0.09 -0.07

B2 10.7766 0.13 1.00 -0.01 0.01 -0.01 0.01 -0.03 -0.19

K1 0.00304593 0.00032 1.00 -0.97 0.92 -0.87 0.01 0.02

K2 0.527753 0.014 1.00 -0.99 0.95 -0.01 -0.02

K3 -2.8707 0.23 1.00 -0.99 0.00 0.02

K4 5.621 1.3 1.00 0.01 -0.02

P1 -0.00356511 1.6e-05 1.00 -0.00

P2 0.00234901 1.3e-05 1.00

Table 3. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 4. Image residuals for ILCE-5000 (40 mm).

ILCE-5000 (40 mm)

1 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 40 mm 4.61 x 4.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2

F 6484.37 2.2e+03 1.00 -0.57 0.39 0.83 0.90 -0.34 0.21 -0.13 0.09 0.47 0.08

Cx 94.1553 44 1.00 -0.41 -0.46 -0.53 0.59 -0.50 0.44 -0.39 -0.24 0.42

Cy 218.247 37 1.00 -0.02 0.18 -0.90 0.90 -0.90 0.90 0.85 -0.76

B1 -145.668 7.3e+02 1.00 0.80 0.03 -0.18 0.26 -0.31 0.12 0.41

B2 263.012 5.3e+02 1.00 -0.23 0.09 -0.02 -0.04 0.19 0.22

K1 93.4737 2.4e+02 1.00 -0.99 0.97 -0.95 -0.76 0.88

K2 -21027.8 6.6e+04 1.00 -1.00 0.98 0.74 -0.93

K3 1.74478e+06 7.1e+06 1.00 -1.00 -0.73 0.94

K4 -4.64885e+07 2.4e+08 1.00 0.73 -0.94

P1 -0.0772226 0.23 1.00 -0.61

P2 -0.00871454 0.22 1.00

Table 4. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 5. Image residuals for ILCE-5000 (44 mm).

ILCE-5000 (44 mm)

55 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 44 mm 4.61 x 4.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2

F 10587.6 0.33 1.00 -0.10 0.07 -0.03 -0.01 -0.11 0.12 -0.11 0.10 -0.09 0.16

Cx -91.7307 0.66 1.00 0.01 -0.09 -0.04 0.02 -0.02 0.03 -0.03 0.99 -0.00

Cy 92.2583 0.53 1.00 -0.06 -0.10 -0.01 0.01 -0.01 0.01 0.01 0.97

B1 6.44885 0.16 1.00 0.00 0.00 0.00 -0.00 0.00 -0.09 -0.03

B2 9.52072 0.13 1.00 0.00 -0.00 0.00 -0.00 -0.03 -0.11

K1 0.0259076 0.00053 1.00 -0.98 0.93 -0.88 0.02 -0.00

K2 -0.139681 0.023 1.00 -0.99 0.96 -0.02 0.01

K3 7.24338 0.4 1.00 -0.99 0.03 -0.01

K4 -51.921 2.4 1.00 -0.04 0.01

P1 -0.00209548 1.9e-05 1.00 -0.00

P2 0.00299767 1.4e-05 1.00

Table 5. Calibration coefficients and correlation matrix.
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Ground Control Points

10 m

target 4target 8target 9target 26

target 34

target 36target 55target 59point 2point 3
point 100point 101

point 102

Control points Check points

-0.015 μm

-0.012 μm

-0.009 μm

-0.006 μm

-0.003 μm

0 μm

0.003 μm

0.006 μm

0.009 μm

0.012 μm

0.015 μm

x 1500

Fig. 6. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (mm) Y error (mm) Z error (mm) XY error (mm) Total (mm)

3 0.595668 0.543457 1.19443e-05 0.806329 0.806329

Table 6. Control points RMSE.
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Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

point 100 0.429353 0.394957 -1.31474e-05 0.583382 0.000 (7)

point 101 -0.842348 0.373509 -6.03385e-06 0.921444 0.000 (8)

point 102 0.412996 -0.768464 1.47897e-05 0.872412 0.000 (8)

Total 0.595668 0.543457 1.19443e-05 0.806329 0.000

Table 7. Control points.

Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

target 4 0.315 (5)

target 8 0.311 (5)

target 9 0.212 (6)

target 26 0.178 (3)

target 34 3918.584 (4)

target 36 0.486 (2)

target 55 0.727 (3)

target 59 0.498 (5)

point 2 0.307 (5)

point 3 0.204 (5)

Total

Table 8. Check points.
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Scale Bars

Label Distance (m) Error (m)

target 4_point 2 0.30506 6.00014e-05

target 59_point 3 0.305652 0.000651899

target 8_target 9 0.301092 -0.00390826

Total 0.00228787

Table 9. Control scale bars.

Label Distance (m) Error (m)

point 100_point 101 0.0371193

point 100_point 102 0.0406883

Total

Table 10. Check scale bars.
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Digital Elevation Model

10 m

-1.5 m

1.6 m

Fig. 7. Reconstructed digital elevation model.

Resolution: 0.21 mm/pix

Point density: 2.26e+04 points/mm²
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Processing Parameters

General

Cameras 225

Aligned cameras 223

Markers 15

Scale bars 5

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 1,562,551 of 3,178,233

RMS reprojection error 0.174069 (0.709952 pix)

Max reprojection error 1.09904 (10.6319 pix)

Mean key point size 4.03611 pix

Effective overlap 3.14319

Alignment parameters

Accuracy High

Generic preselection No

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask Yes

Adaptive camera model fitt ing Yes

Matching time 5 hours 53 minutes

Alignment time 2 hours 26 minutes

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1, p2

Fit rolling shutter No

Optimization time 4 minutes 31 seconds

Dense Point Cloud

Points 619,122,623

Reconstruction parameters

Quality Ultra High

Depth filtering Aggressive

Depth maps generation time 6 hours 30 minutes

Dense cloud generation time 6 hours 36 minutes

DEM

Size 57,414 x 27,229

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 6 minutes 23 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Survey Data
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Fig. 1. Camera locations and image overlap.

Number of images: 51

Flying altitude: 2.95 m

Ground resolution: 0.339 mm/pix

Coverage area: 11.7 m²

Camera stations: 51

Tie points: 554,177

Projections: 2,425,797

Reprojection error: 0.448 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

51 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 8444.97 0.077 1.00 0.06 -0.15 -0.41 0.23 -0.12 0.13 -0.12 0.12 0.03 -0.21 0.02 -0.01

Cx -2.76074 0.13 1.00 0.06 0.06 -0.40 0.00 0.00 -0.00 0.00 0.78 0.04 0.20 -0.15

Cy -45.6114 0.12 1.00 0.49 -0.03 -0.02 0.02 -0.02 0.02 0.03 0.95 0.02 -0.02

B1 1.2152 0.05 1.00 -0.01 -0.02 0.01 -0.01 0.00 0.02 0.39 0.03 -0.02

B2 -3.17424 0.044 1.00 0.00 0.00 0.00 -0.00 -0.26 -0.06 -0.11 0.08

K1 -0.00046795 0.00015 1.00 -0.98 0.93 -0.89 0.01 -0.01 -0.02 0.02

K2 0.192107 0.0047 1.00 -0.99 0.96 -0.01 0.01 0.02 -0.03

K3 0.153779 0.059 1.00 -0.99 0.01 -0.01 -0.02 0.03

K4 -1.14953 0.25 1.00 -0.01 0.00 0.03 -0.03

P1 0.000289503 5e-06 1.00 0.08 -0.38 0.36

P2 5.10652e-05 4.1e-06 1.00 -0.09 0.08

P3 -3.51873 0.22 1.00 -0.97

P4 25.6696 1.5 1.00

Table 2. Calibration coefficients and correlation matrix.
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Ground Control Points

1 m

target 8

target 9

target 25

target 26

point 100point 101point 102

Control points Check points

-0.04 μm

-0.032 μm

-0.024 μm

-0.016 μm

-0.008 μm

0 μm

0.008 μm

0.016 μm

0.024 μm

0.032 μm

0.04 μm

x 30

Fig. 3. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (mm) Y error (mm) Z error (mm) XY error (mm) Total (mm)

3 1.92857 1.79177 2.27767e-05 2.63245 2.63245

Table 3. Control points RMSE.
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Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

point 100 1.40047 1.31253 2.90302e-06 1.91939 0.000 (16)

point 101 -2.72707 1.22085 1.66771e-05 2.98787 0.000 (17)

point 102 1.3266 -2.5334 -3.5634e-05 2.85972 0.000 (15)

Total 1.92857 1.79177 2.27767e-05 2.63245 0.000

Table 4. Control points.

Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

target 8 0.135 (2)

target 9 0.152 (3)

target 25 0.188 (4)

target 26 0.282 (4)

Total

Table 5. Check points.
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Scale Bars

Label Distance (m) Error (m)

target 8_target 9 0.3 -2.61606e-07

Total 2.61606e-07

Table 6. Control scale bars.

Label Distance (m) Error (m)

point 100_point 101 0.0930909

point 100_point 102 0.100208

Total

Table 7. Check scale bars.
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Digital Elevation Model

1 m

-50 cm

90 cm

Fig. 4. Reconstructed digital elevation model.

Resolution: 0.678 mm/pix

Point density: 2.17e+03 points/mm²
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Processing Parameters

General

Cameras 51

Aligned cameras 51

Markers 7

Scale bars 3

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 554,177 of 1,110,594

RMS reprojection error 0.124695 (0.447748 pix)

Max reprojection error 0.433978 (7.41168 pix)

Mean key point size 3.39518 pix

Effective overlap 3.6586

Alignment parameters

Accuracy High

Generic preselection No

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 26 minutes 12 seconds

Alignment time 11 minutes 32 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p4

Fit rolling shutter No

Optimization time 39 seconds

Dense Point Cloud

Points 34,000,990

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 36 minutes 53 seconds

Dense cloud generation time 5 minutes 0 seconds

Model

Faces 6,800,174

Vertices 3,404,285

Reconstruction parameters

Surface type Arbitrary

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 6,800,175

Processing time 47 minutes 47 seconds

DEM

Size 7,399 x 5,835

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 17 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Fig. 1. Camera locations and image overlap.

Number of images: 97

Flying altitude: 3.15 m

Ground resolution: 0.375 mm/pix

Coverage area: 27 m²

Camera stations: 97

Tie points: 771,779

Projections: 3,967,244

Reprojection error: 0.497 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

97 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 8438.53 0.05 1.00 0.01 0.06 -0.37 -0.08 -0.17 0.17 -0.16 0.15 0.01 0.06 0.03 -0.03

Cx 2.75371 0.2 1.00 0.13 0.25 0.09 0.01 -0.00 0.01 -0.01 0.95 0.02 0.25 -0.19

Cy -32.0108 0.17 1.00 0.14 0.16 0.02 -0.01 0.01 -0.01 0.07 0.93 0.18 -0.14

B1 4.30201 0.044 1.00 0.09 -0.01 0.01 0.00 -0.01 0.24 0.06 0.05 -0.04

B2 0.733885 0.041 1.00 0.00 -0.00 0.00 0.00 0.11 0.13 0.07 -0.06

K1 -0.00073612 0.00012 1.00 -0.98 0.93 -0.89 0.01 0.02 -0.00 0.01

K2 0.18395 0.004 1.00 -0.99 0.96 -0.01 -0.02 0.01 -0.01

K3 0.187289 0.05 1.00 -0.99 0.01 0.01 -0.01 0.02

K4 -1.02371 0.21 1.00 -0.01 -0.01 0.02 -0.02

P1 0.000463448 6.6e-06 1.00 0.06 -0.03 0.06

P2 0.000478358 5.8e-06 1.00 -0.15 0.15

P3 -2.09773 0.096 1.00 -0.97

P4 18.1563 0.65 1.00

Table 2. Calibration coefficients and correlation matrix.
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Ground Control Points

2 m

target 12

target 13

target 23

target 24

point 100point 101
point 102

Control points Check points

-2 nm

-1.6 nm

-1.2 nm

-0.8 nm

-0.4 nm

0 nm

0.4 nm

0.8 nm

1.2 nm

1.6 nm

2 nm

x 4000

Fig. 3. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (mm) Y error (mm) Z error (mm) XY error (mm) Total (mm)

3 0.0337161 0.0309105 1.49852e-06 0.045741 0.045741

Table 3. Control points RMSE.
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Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

point 100 -0.0239473 -0.0215993 -1.70269e-06 0.0322491 0.000 (15)

point 101 0.0476816 -0.0221137 -1.0888e-07 0.05256 0.000 (14)

point 102 -0.0237344 0.0437131 1.95593e-06 0.0497409 0.000 (14)

Total 0.0337161 0.0309105 1.49852e-06 0.045741 0.000

Table 4. Control points.

Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

target 12 0.178 (10)

target 13 0.151 (6)

target 23 0.108 (3)

target 24 0.088 (5)

Total

Table 5. Check points.
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Scale Bars

Label Distance (m) Error (m)

target 12_target 13 0.35 7.36003e-10

Total 7.36003e-10

Table 6. Control scale bars.

Label Distance (m) Error (m)

point 100_point 101 0.108501

point 100_point 102 0.118354

Total

Table 7. Check scale bars.
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Digital Elevation Model

2 m

-0.8 m

1.3 m

Fig. 4. Reconstructed digital elevation model.

Resolution: 0.75 mm/pix

Point density: 1.78e+03 points/mm²
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Processing Parameters

General

Cameras 97

Aligned cameras 97

Markers 9

Scale bars 3

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 771,779 of 1,759,296

RMS reprojection error 0.145381 (0.496708 pix)

Max reprojection error 0.579387 (9.02397 pix)

Mean key point size 3.41729 pix

Effective overlap 4.03615

Alignment parameters

Accuracy High

Generic preselection No

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 1 hours 23 minutes

Alignment time 35 minutes 21 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p4

Fit rolling shutter No

Optimization time 1 minutes 21 seconds

Dense Point Cloud

Points 69,613,174

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 1 hours 0 minutes

Dense cloud generation time 14 minutes 29 seconds

Model

Faces 13,922,633

Vertices 6,970,814

Reconstruction parameters

Surface type Arbitrary

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 13,922,634

Processing time 1 hours 40 minutes

DEM

Size 13,328 x 7,820

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 1 minutes 1 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Fig. 1. Camera locations and image overlap.

Number of images: 104

Flying altitude: 1.72 m

Ground resolution: 0.2 mm/pix

Coverage area: 8.13 m²

Camera stations: 104

Tie points: 1,040,941

Projections: 3,907,227

Reprojection error: 0.517 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

104 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 8455.71 0.059 1.00 0.18 -0.04 -0.53 -0.06 -0.17 0.17 -0.15 0.15 0.13 -0.04 0.00 0.00

Cx -3.43418 0.12 1.00 0.09 0.02 -0.29 0.02 -0.01 0.01 -0.01 0.80 0.07 -0.04 0.07

Cy -50.4076 0.099 1.00 0.33 -0.09 -0.00 0.01 -0.01 0.01 0.03 0.91 0.05 -0.04

B1 3.49141 0.043 1.00 -0.04 -0.01 0.01 -0.00 -0.00 0.00 0.24 0.01 -0.01

B2 -0.77379 0.041 1.00 -0.01 0.01 -0.01 0.01 -0.14 -0.08 -0.03 0.02

K1 0.000718952 0.00014 1.00 -0.98 0.93 -0.89 0.02 -0.00 -0.01 0.01

K2 0.158962 0.0046 1.00 -0.99 0.96 -0.01 0.01 0.01 -0.02

K3 0.511542 0.059 1.00 -0.99 0.01 -0.01 -0.02 0.02

K4 -2.34332 0.25 1.00 -0.02 0.01 0.02 -0.02

P1 0.000245903 4.9e-06 1.00 -0.16 -0.58 0.55

P2 -0.000106327 3.5e-06 1.00 0.35 -0.32

P3 -0.10833 0.28 1.00 -0.98

P4 2.98435 1.9 1.00

Table 2. Calibration coefficients and correlation matrix.
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Ground Control Points

1 m

target 22

target 23

point 100point 101
point 102

Control points Check points

-0.6 nm

-0.48 nm

-0.36 nm

-0.24 nm

-0.12 nm

0 nm

0.12 nm

0.24 nm

0.36 nm

0.48 nm

0.6 nm

x 1000

Fig. 3. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (mm) Y error (mm) Z error (mm) XY error (mm) Total (mm)

3 0.0652511 0.0642147 3.64468e-07 0.0915491 0.0915491

Table 3. Control points RMSE.

Appendix E 335



Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

point 100 0.0302692 0.0384863 2.83225e-07 0.0489634 0.032 (12)

point 101 -0.0906289 0.0519917 1.79981e-07 0.104483 0.034 (12)

point 102 0.0603597 -0.090478 -5.34698e-07 0.108764 0.039 (12)

Total 0.0652511 0.0642147 3.64468e-07 0.0915491 0.035

Table 4. Control points.

Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

target 22 0.206 (4)

target 23 0.066 (5)

Total

Table 5. Check points.
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Scale Bars

Label Distance (m) Error (m)

target 22_target 23 2 -1.80071e-07

Total 1.80071e-07

Table 6. Control scale bars.

Label Distance (m) Error (m)

point 100_point 101 0.0796816

point 100_point 102 0.0798312

Total

Table 7. Check scale bars.
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Digital Elevation Model

1 m

-0.3 m

1.1 m

Fig. 4. Reconstructed digital elevation model.

Resolution: 0.4 mm/pix

Point density: 6.24e+03 points/mm²
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Processing Parameters

General

Cameras 104

Aligned cameras 104

Markers 5

Scale bars 3

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 1,040,941 of 1,851,716

RMS reprojection error 0.134415 (0.51668 pix)

Max reprojection error 0.481542 (10.6327 pix)

Mean key point size 3.65836 pix

Effective overlap 3.31505

Alignment parameters

Accuracy High

Generic preselection Yes

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 29 minutes 57 seconds

Alignment time 35 minutes 10 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p4

Fit rolling shutter No

Optimization time 2 minutes 13 seconds

Dense Point Cloud

Points 71,086,673

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 1 hours 28 minutes

Dense cloud generation time 19 minutes 30 seconds

DEM

Size 13,542 x 8,169

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 38 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64

Appendix E 339



Angono_Panel_F
Processing Report

16 March 2018

Appendix E 340



Survey Data

1 m

1

2

3

4

5

6

7

8

9

> 9

Fig. 1. Camera locations and image overlap.

Number of images: 63

Flying altitude: 2.73 m

Ground resolution: 0.321 mm/pix

Coverage area: 14.4 m²

Camera stations: 63

Tie points: 600,689

Projections: 2,383,681

Reprojection error: 0.479 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

63 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 8448.9 0.072 1.00 0.01 -0.04 -0.51 -0.05 -0.15 0.16 -0.15 0.14 0.01 -0.06 -0.01 0.01

Cx -3.61918 0.16 1.00 0.01 0.06 -0.34 -0.01 0.00 0.00 -0.00 0.89 -0.10 0.20 -0.11

Cy -40.3073 0.13 1.00 0.28 0.03 0.01 -0.00 0.00 0.00 -0.04 0.85 0.06 -0.04

B1 2.53039 0.061 1.00 0.05 -0.01 0.01 -0.00 -0.00 0.00 0.20 0.04 -0.03

B2 -0.0415009 0.054 1.00 -0.00 0.00 -0.00 0.00 -0.30 0.06 -0.10 0.07

K1 -0.00109094 0.00017 1.00 -0.98 0.93 -0.88 -0.01 0.01 -0.01 0.02

K2 0.199061 0.0055 1.00 -0.99 0.96 0.00 -0.01 0.02 -0.02

K3 0.0528368 0.07 1.00 -0.99 0.01 0.01 -0.03 0.03

K4 -0.556786 0.3 1.00 -0.01 -0.01 0.04 -0.04

P1 0.000293004 6.7e-06 1.00 0.04 -0.20 0.23

P2 0.000264342 5.3e-06 1.00 -0.35 0.33

P3 -4.10367 0.21 1.00 -0.97

P4 25.4202 1.5 1.00

Table 2. Calibration coefficients and correlation matrix.
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Ground Control Points

1 m

target 10

target 11
target 20

target 21

point 100point 101point 102

Control points Check points

-0.01 μm
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-0.002 μm

0 μm
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Fig. 3. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (mm) Y error (mm) Z error (mm) XY error (mm) Total (mm)

3 0.733926 0.667437 7.01669e-06 0.992028 0.992028

Table 3. Control points RMSE.
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Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

point 100 0.524369 0.478891 2.62187e-06 0.710141 0.000 (14)

point 101 -1.03791 0.464973 6.56702e-06 1.1373 0.000 (14)

point 102 0.51354 -0.943865 -9.88444e-06 1.07453 0.000 (14)

Total 0.733926 0.667437 7.01669e-06 0.992028 0.000

Table 4. Control points.

Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

target 10 0.101 (7)

target 11 0.147 (10)

target 20 0.307 (7)

target 21 0.284 (4)

Total

Table 5. Check points.
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Scale Bars

Label Distance (m) Error (m)

target 10_target 11 0.305 -8.93387e-09

Total 8.93387e-09

Table 6. Control scale bars.

Label Distance (m) Error (m)

point 100_point 101 0.0856453

point 100_point 102 0.0941789

Total

Table 7. Check scale bars.
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Digital Elevation Model

1 m

-0.5 m

1.2 m

Fig. 4. Reconstructed digital elevation model.

Resolution: 0.642 mm/pix

Point density: 2.42e+03 points/mm²
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Processing Parameters

General

Cameras 63

Aligned cameras 63

Markers 7

Scale bars 3

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 600,689 of 1,316,516

RMS reprojection error 0.131348 (0.479148 pix)

Max reprojection error 0.514528 (7.6945 pix)

Mean key point size 3.48455 pix

Effective overlap 3.29801

Alignment parameters

Accuracy High

Generic preselection No

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 36 minutes 52 seconds

Alignment time 15 minutes 30 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p4

Fit rolling shutter No

Optimization time 43 seconds

Dense Point Cloud

Points 43,439,520

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 47 minutes 52 seconds

Dense cloud generation time 11 minutes 25 seconds

Model

Faces 8,687,870

Vertices 4,349,272

Reconstruction parameters

Surface type Arbitrary

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 8,687,871

Processing time 58 minutes 49 seconds

DEM

Size 8,384 x 7,613

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 23 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64

Appendix E 347



Angono_Panel_G
Processing Report

16 March 2018

Appendix E 348



Survey Data

1 m

1

2

3

4

5

6

7

8

9

> 9

Fig. 1. Camera locations and image overlap.

Number of images: 144

Flying altitude: 2.92 m

Ground resolution: 0.302 mm/pix

Coverage area: 19.4 m²

Camera stations: 100

Tie points: 661,553

Projections: 2,464,093

Reprojection error: 0.912 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

ILCE-5000 (40 mm) 5456 x 3064 40 mm 4.61 x 4.61 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for ILCE-5000 (40 mm).

ILCE-5000 (40 mm)

100 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 40 mm 4.61 x 4.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2

F 9615.78 0.29 1.00 -0.21 0.12 -0.13 -0.02 -0.06 0.08 -0.08 0.08 -0.19 0.13

Cx -161.777 1.1 1.00 0.04 0.08 0.09 0.08 -0.12 0.16 -0.18 0.99 0.04

Cy 69.3585 0.82 1.00 -0.10 0.20 -0.01 0.02 -0.03 0.04 0.04 0.99

B1 -2.62931 0.19 1.00 0.06 -0.00 -0.00 0.01 -0.01 0.04 -0.09

B2 12.1076 0.16 1.00 -0.01 0.00 0.01 -0.01 0.09 0.15

K1 0.0401408 0.00035 1.00 -0.97 0.92 -0.87 0.08 -0.01

K2 -0.824639 0.013 1.00 -0.99 0.95 -0.12 0.02

K3 13.6532 0.18 1.00 -0.99 0.15 -0.03

K4 -66.604 0.86 1.00 -0.18 0.04

P1 -0.00417414 3.1e-05 1.00 0.03

P2 0.00163324 2.3e-05 1.00

Table 2. Calibration coefficients and correlation matrix.
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Ground Control Points
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Fig. 3. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (cm) Y error (cm) Z error (cm) XY error (cm) Total (cm)

3 0.346063 0.48565 0.210049 0.596335 0.632247

Table 3. Control points RMSE.

Count X error (cm) Y error (cm) Z error (cm) XY error (cm) Total (cm)

1 0.505548 3.51535 4.48957 3.55152 5.72446

Table 4. Check points RMSE.
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Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

point 9 -0.503008 -0.443881 -0.07955 0.675555 0.468 (9)

point 10 0.221769 -0.150689 0.355012 0.444885 0.467 (5)

point 12 0.238914 0.698449 1.50332e-05 0.738181 0.000 (5)

Total 0.346063 0.48565 0.210049 0.632247 0.401

Table 5. Control points.

Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

point 3 0.000 (9)

point 4 0.000 (6)

point 5 0.000 (4)

point 6 0.000 (4)

point 7 0.357 (10)

point 8 0.000 (5)

point 11 0.000 (17)

point 13 0.505548 3.51535 4.48957 5.72446 0.000 (5)

Total 0.505548 3.51535 4.48957 5.72446 0.000

Table 6. Check points.
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Scale Bars

Label Distance (m) Error (m)

point 9_point 10 0.302186 -0.00281373

point 7_point 8 0.303569 -0.001431

point 5_point 6 0.3055 0.000500309

point 3_point 4 0.307595 0.00259519

Total 0.00205853

Table 7. Control scale bars.

Label Distance (m) Error (m)

point 10_point 12 0.226649

point 10_point 13 0.528518

Total

Table 8. Check scale bars.
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Digital Elevation Model
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0.7 m

Fig. 4. Reconstructed digital elevation model.

Resolution: 0.605 mm/pix

Point density: 2.74e+03 points/mm²
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Processing Parameters

General

Cameras 144

Aligned cameras 100

Markers 11

Scale bars 6

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 661,553 of 1,407,573

RMS reprojection error 0.215726 (0.911712 pix)

Max reprojection error 0.804306 (8.31969 pix)

Mean key point size 4.25349 pix

Effective overlap 3.41702

Alignment parameters

Accuracy High

Generic preselection No

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 2 hours 10 minutes

Alignment time 40 minutes 46 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1, p2

Fit rolling shutter No

Optimization time 1 minutes 20 seconds

Dense Point Cloud

Points 74,980,247

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 38 minutes 6 seconds

Dense cloud generation time 13 minutes 38 seconds

Model

Faces 14,996,048

Vertices 7,505,085

Reconstruction parameters

Surface type Arbitrary

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 14,996,049

Processing time 1 hours 36 minutes

DEM

Size 15,514 x 8,541

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 35 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Fig. 1. Camera locations and image overlap.

Number of images: 39

Flying altitude: 3.4 m

Ground resolution: 0.35 mm/pix

Coverage area: 11.4 m²

Camera stations: 39

Tie points: 294,071

Projections: 1,312,157

Reprojection error: 0.8 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

ILCE-5000 (40 mm) 5456 x 3064 40 mm 4.61 x 4.61 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for ILCE-5000 (40 mm).

ILCE-5000 (40 mm)

39 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 40 mm 4.61 x 4.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 9631.34 0.54 1.00 0.09 0.07 -0.22 -0.02 0.01 0.03 -0.02 0.01 0.09 0.08 -0.12 0.11

Cx -30.8324 0.91 1.00 0.97 0.05 0.04 0.12 -0.08 0.08 -0.09 0.95 0.93 -0.93 0.68

Cy -43.2223 1.3 1.00 0.09 0.08 0.12 -0.07 0.08 -0.09 0.93 0.97 -0.94 0.68

B1 -28.747 0.47 1.00 -0.07 0.01 -0.02 0.03 -0.04 0.08 0.08 -0.05 0.02

B2 8.49282 0.39 1.00 0.00 0.00 -0.00 0.00 0.09 0.09 -0.08 0.05

K1 0.0475854 0.00046 1.00 -0.97 0.92 -0.87 0.12 0.12 -0.10 0.05

K2 -1.16267 0.018 1.00 -0.99 0.95 -0.08 -0.08 0.06 -0.01

K3 21.2442 0.27 1.00 -0.99 0.09 0.09 -0.05 -0.00

K4 -114.004 1.4 1.00 -0.10 -0.10 0.06 0.01

P1 -0.00125204 2.5e-05 1.00 0.93 -0.83 0.51

P2 -0.00174612 3.5e-05 1.00 -0.85 0.54

P3 -11.1717 0.29 1.00 -0.89

P4 31.4512 1.5 1.00

Table 2. Calibration coefficients and correlation matrix.
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Ground Control Points
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target 1
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Fig. 3. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (mm) Y error (mm) Z error (mm) XY error (mm) Total (mm)

3 3.38066 1.64369 0.32802 3.75906 3.77335

Table 3. Control points RMSE.
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Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

target 1 2.37902 1.02589 -0.507448 2.64002 0.269 (4)

target 2 -4.79688 1.21854 0.0537059 4.94952 0.220 (7)

target 12 2.36997 -2.35963 -0.249808 3.35366 0.820 (5)

Total 3.38066 1.64369 0.32802 3.77335 0.500

Table 4. Control points.

Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

target 8 0.534 (7)

target 9 0.456 (4)

target 10 0.310 (8)

target 11 0.444 (4)

target 13 0.811 (6)

target 17 1.018 (4)

target 18 1.274 (4)

Total

Table 5. Check points.
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Scale Bars

Label Distance (m) Error (m)

target 1_target 2 0.305278 0.000277519

target 8_target 9 0.304772 -0.000227747

target 10_target 11 0.304771 -0.00022942

target 12_target 13 0.305172 0.000171915

Total 0.000229714

Table 6. Control scale bars.

Label Distance (m) Error (m)

target 1_target 12 0.624125

Total

Table 7. Check scale bars.
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Digital Elevation Model

50 cm

-0.2 m

1.1 m

Fig. 4. Reconstructed digital elevation model.

Resolution: 0.699 mm/pix

Point density: 2.05e+03 points/mm²
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Processing Parameters

General

Cameras 39

Aligned cameras 39

Markers 10

Scale bars 5

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 294,071 of 567,366

RMS reprojection error 0.217752 (0.799742 pix)

Max reprojection error 0.964594 (8.51539 pix)

Mean key point size 3.86344 pix

Effective overlap 3.67271

Alignment parameters

Accuracy High

Generic preselection No

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 13 minutes 14 seconds

Alignment time 12 minutes 16 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p4

Fit rolling shutter No

Optimization time 30 seconds

Dense Point Cloud

Points 27,482,723

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 10 minutes 40 seconds

Dense cloud generation time 3 minutes 12 seconds

Model

Faces 5,496,544

Vertices 2,751,482

Reconstruction parameters

Surface type Arbitrary

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 5,496,544

Processing time 32 minutes 44 seconds

DEM

Size 7,756 x 7,460

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 16 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Fig. 1. Camera locations and image overlap.

Number of images: 52

Flying altitude: 3.56 m

Ground resolution: 0.373 mm/pix

Coverage area: 15.3 m²

Camera stations: 52

Tie points: 401,477

Projections: 2,379,448

Reprojection error: 0.768 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

ILCE-5000 (39 mm) 5456 x 3064 39 mm 4.65 x 4.65 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for ILCE-5000 (39 mm).

ILCE-5000 (39 mm)

52 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 39 mm 4.65 x 4.65 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2

F 9459.34 0.3 1.00 -0.05 0.16 -0.07 -0.01 -0.02 0.06 -0.05 0.05 -0.03 0.18

Cx -154.804 0.75 1.00 0.02 -0.03 0.00 0.06 -0.08 0.08 -0.08 0.99 0.02

Cy -136.843 0.88 1.00 0.04 0.17 -0.03 0.03 -0.01 0.00 0.01 0.99

B1 10.5181 0.37 1.00 0.05 -0.01 0.02 -0.01 0.01 -0.04 0.02

B2 -2.63458 0.29 1.00 -0.03 0.03 -0.02 0.01 0.05 0.13

K1 -0.0156759 0.00024 1.00 -0.97 0.93 -0.87 0.05 -0.03

K2 0.863918 0.0086 1.00 -0.99 0.95 -0.07 0.03

K3 -5.15968 0.12 1.00 -0.99 0.08 -0.01

K4 8.11317 0.55 1.00 -0.08 0.00

P1 -0.00388922 2.3e-05 1.00 0.02

P2 -0.00402881 2.6e-05 1.00

Table 2. Calibration coefficients and correlation matrix.
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Fig. 3. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (cm) Y error (cm) Z error (cm) XY error (cm) Total (cm)

3 1.41824 0.371167 0.185896 1.46601 1.47774

Table 3. Control points RMSE.
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Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

target 10 -2.00613 0.224906 -0.0432976 2.01916 0.295 (8)

target 11 1.00403 0.267362 -0.306111 1.08318 0.301 (3)

target 13 1.0008 -0.539657 -0.0899627 1.14058 0.417 (6)

Total 1.41824 0.371167 0.185896 1.47774 0.344

Table 4. Control points.

Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

target 1 1.088 (3)

target 8 0.726 (4)

target 9 0.828 (6)

target 12 0.660 (12)

target 16 0.639 (5)

target 17 2.475 (4)

point 1 0.000 (14)

point 2 0.000 (16)

Total

Table 5. Check points.
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Scale Bars

Label Distance (m) Error (m)

target 8_target 9 0.304497 -0.000502882

target 10_target 11 0.306071 0.0010706

target 12_target 13 0.30446 -0.000539687

Total 0.000750632

Table 6. Control scale bars.

Label Distance (m) Error (m)

target 11_target 13 1.11494

Total

Table 7. Check scale bars.
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Digital Elevation Model
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1.4 m

Fig. 4. Reconstructed digital elevation model.

Resolution: 0.746 mm/pix

Point density: 1.8e+03 points/mm²
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Processing Parameters

General

Cameras 52

Aligned cameras 52

Markers 11

Scale bars 4

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 401,477 of 849,914

RMS reprojection error 0.23254 (0.768212 pix)

Max reprojection error 0.977724 (8.81257 pix)

Mean key point size 3.53664 pix

Effective overlap 4.51268

Alignment parameters

Accuracy High

Generic preselection No

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 24 minutes 22 seconds

Alignment time 29 minutes 25 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1, p2

Fit rolling shutter No

Optimization time 1 minutes 18 seconds

Dense Point Cloud

Points 31,846,388

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 17 minutes 54 seconds

Dense cloud generation time 6 minutes 0 seconds

Model

Faces 6,369,277

Vertices 3,188,076

Reconstruction parameters

Surface type Arbitrary

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 6,369,277

Processing time 35 minutes 57 seconds

DEM

Size 7,103 x 7,371

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 18 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Fig. 1. Camera locations and image overlap.

Number of images: 41

Flying altitude: 3.52 m

Ground resolution: 0.358 mm/pix

Coverage area: 14.4 m²

Camera stations: 41

Tie points: 306,973

Projections: 1,470,766

Reprojection error: 0.76 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

ILCE-5000 (40 mm) 5456 x 3064 40 mm 4.61 x 4.61 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for ILCE-5000 (40 mm).

ILCE-5000 (40 mm)

41 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 40 mm 4.61 x 4.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 9644.72 0.45 1.00 -0.14 -0.15 -0.04 -0.00 0.00 0.03 -0.04 0.04 -0.12 -0.14 0.09 -0.02

Cx -54.8201 0.67 1.00 0.89 -0.02 -0.02 0.10 -0.09 0.09 -0.10 0.94 0.83 -0.76 0.37

Cy -66.7365 1.1 1.00 0.02 0.04 0.10 -0.09 0.10 -0.11 0.80 0.97 -0.77 0.38

B1 -5.14647 0.33 1.00 -0.03 0.01 -0.02 0.02 -0.03 0.00 0.01 0.03 -0.02

B2 -9.44976 0.29 1.00 -0.02 0.02 -0.02 0.01 0.05 0.05 -0.02 -0.00

K1 0.0507233 0.00038 1.00 -0.97 0.93 -0.88 0.10 0.10 -0.05 -0.02

K2 -1.24161 0.015 1.00 -0.99 0.96 -0.09 -0.09 0.02 0.05

K3 18.4311 0.22 1.00 -0.99 0.10 0.11 -0.01 -0.08

K4 -82.6463 1.1 1.00 -0.11 -0.12 0.00 0.10

P1 -0.00150914 2e-05 1.00 0.77 -0.59 0.18

P2 -0.00257586 3.2e-05 1.00 -0.63 0.21

P3 -7.58174 0.11 1.00 -0.86

P4 31.7184 0.73 1.00

Table 2. Calibration coefficients and correlation matrix.
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Ground Control Points

50 cm

target 1target 2target 8

target 9

target 10

target 11target 12

target 13

target 15

target 16

Control points Check points

-0.3 mm

-0.24 mm

-0.18 mm

-0.12 mm

-0.06 mm

0 mm

0.06 mm

0.12 mm

0.18 mm

0.24 mm

0.3 mm

x 1000

Fig. 3. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (mm) Y error (mm) Z error (mm) XY error (mm) Total (mm)

3 0.0486662 0.0753578 0.19264 0.0897061 0.212503

Table 3. Control points RMSE.
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Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

target 10 -0.0229284 -0.0614389 -0.255255 0.263544 0.495 (6)

target 11 0.0777626 0.0763258 0.0541916 0.121694 0.706 (9)

target 13 -0.0230754 0.0862323 -0.207939 0.22629 0.511 (6)

Total 0.0486662 0.0753578 0.19264 0.212503 0.599

Table 4. Control points.

Label X error (mm) Y error (mm) Z error (mm) Total (mm) Image (pix)

target 1 0.510 (3)

target 2 0.111 (2)

target 8 0.791 (4)

target 9 0.670 (6)

target 12 0.523 (7)

target 15 1.421 (4)

target 16 1.586 (4)

Total

Table 5. Check points.
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Scale Bars

Label Distance (m) Error (m)

target 1_target 2 0.306128 0.00112845

target 8_target 9 0.305102 0.00010205

target 10_target 11 0.305138 0.000137938

target 12_target 13 0.304488 -0.000512192

Total 0.000625535

Table 6. Control scale bars.

Label Distance (m) Error (m)

target 10_target 13 0.402825

Total

Table 7. Check scale bars.
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Digital Elevation Model

50 cm

-0.3 m

1.4 m

Fig. 4. Reconstructed digital elevation model.

Resolution: 0.717 mm/pix

Point density: 1.95e+03 points/mm²
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Processing Parameters

General

Cameras 41

Aligned cameras 41

Markers 10

Scale bars 5

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 306,973 of 725,330

RMS reprojection error 0.219356 (0.760256 pix)

Max reprojection error 0.968965 (7.34596 pix)

Mean key point size 3.67938 pix

Effective overlap 3.6489

Alignment parameters

Accuracy High

Generic preselection No

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 15 minutes 59 seconds

Alignment time 15 minutes 51 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p4

Fit rolling shutter No

Optimization time 43 seconds

Dense Point Cloud

Points 27,940,219

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 10 minutes 38 seconds

Dense cloud generation time 3 minutes 58 seconds

Model

Faces 5,588,039

Vertices 2,797,539

Reconstruction parameters

Surface type Arbitrary

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 5,588,040

Processing time 31 minutes 55 seconds

DEM

Size 8,305 x 8,892

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 18 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Fig. 1. Camera locations and image overlap.

Number of images: 76

Flying altitude: 3.73 m

Ground resolution: 0.385 mm/pix

Coverage area: 29 m²

Camera stations: 76

Tie points: 407,938

Projections: 1,649,170

Reprojection error: 0.827 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

ILCE-5000 (37 mm) 5456 x 3064 37 mm 4.65 x 4.65 μm No

ILCE-5000 (40 mm) 5456 x 3064 40 mm 4.61 x 4.61 μm No

ILCE-5000 (39 mm) 5456 x 3064 39 mm 4.65 x 4.65 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for ILCE-5000 (37 mm).

ILCE-5000 (37 mm)

19 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 37 mm 4.65 x 4.65 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 8803.76 0.48 1.00 -0.10 -0.05 -0.06 0.06 -0.01 0.03 -0.03 0.02 -0.10 -0.03 0.05 -0.02

Cx -30.8129 0.57 1.00 0.89 0.04 -0.13 0.03 -0.05 0.08 -0.09 0.85 0.81 -0.59 -0.08

Cy 5.0072 0.94 1.00 -0.02 -0.09 0.05 -0.05 0.08 -0.09 0.78 0.93 -0.59 -0.11

B1 -1.0877 0.34 1.00 0.09 0.02 -0.03 0.03 -0.04 -0.03 -0.04 -0.00 0.03

B2 -5.67738 0.28 1.00 0.00 0.00 -0.01 0.01 -0.10 -0.14 0.04 0.05

K1 0.0607421 0.00049 1.00 -0.97 0.93 -0.87 0.00 0.05 -0.05 0.02

K2 -1.7902 0.016 1.00 -0.99 0.95 -0.03 -0.05 0.05 -0.02

K3 24.1961 0.2 1.00 -0.99 0.06 0.08 -0.06 0.00

K4 -100.413 0.88 1.00 -0.08 -0.10 0.05 0.02

P1 -0.000761433 1.9e-05 1.00 0.76 -0.30 -0.35

P2 -0.00131179 2.9e-05 1.00 -0.33 -0.37

P3 -5.24526 0.22 1.00 -0.71

P4 -9.4229 1.6 1.00

Table 2. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 3. Image residuals for ILCE-5000 (40 mm).

ILCE-5000 (40 mm)

21 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 40 mm 4.61 x 4.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 9548.29 0.46 1.00 0.10 0.03 -0.04 0.03 -0.08 0.08 -0.08 0.08 0.08 0.07 -0.07 -0.07

Cx -21.2894 0.61 1.00 0.91 -0.02 -0.07 0.01 -0.01 0.01 -0.01 0.84 0.85 -0.89 -0.49

Cy 35.6229 1 1.00 -0.06 -0.06 -0.00 0.01 -0.01 0.01 0.90 0.89 -0.93 -0.54

B1 -1.47216 0.38 1.00 0.03 -0.01 0.01 -0.01 0.01 -0.05 -0.05 0.06 0.02

B2 -7.68299 0.3 1.00 -0.01 0.01 -0.01 0.01 -0.03 -0.02 0.03 -0.00

K1 -0.00385592 0.00071 1.00 -0.98 0.93 -0.88 0.01 0.01 -0.01 -0.03

K2 0.676676 0.027 1.00 -0.99 0.96 -0.00 -0.00 0.00 0.02

K3 -5.4093 0.39 1.00 -0.99 -0.00 0.00 0.00 -0.01

K4 13.7824 1.9 1.00 0.01 0.01 -0.01 -0.01

P1 -4.37947e-05 1.8e-05 1.00 1.00 -0.99 -0.82

P2 -7.24596e-05 2.9e-05 1.00 -0.99 -0.82

P3 -100.655 40 1.00 0.74

P4 -124.21 73 1.00

Table 3. Calibration coefficients and correlation matrix.
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Camera Calibration

1 pix

Fig. 4. Image residuals for ILCE-5000 (39 mm).

ILCE-5000 (39 mm)

36 images

Type Resolution Focal Length Pixel Size
Frame 5456 x 3064 39 mm 4.65 x 4.65 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 9545.32 0.78 1.00 -0.01 -0.05 -0.24 -0.07 -0.05 0.08 -0.08 0.08 -0.04 -0.02 0.02 -0.01

Cx -10.2159 0.61 1.00 0.84 -0.05 -0.04 0.03 -0.02 0.02 -0.02 0.57 0.75 -0.86 0.65

Cy 29.1204 1.2 1.00 -0.00 -0.04 0.02 -0.02 0.01 -0.01 0.80 0.84 -0.96 0.69

B1 -1.18221 0.39 1.00 -0.01 -0.00 0.00 -0.00 0.00 -0.00 -0.01 0.03 -0.03

B2 -12.864 0.31 1.00 0.01 -0.01 0.01 -0.01 -0.06 -0.03 0.02 0.00

K1 -0.00111349 0.0012 1.00 -0.97 0.93 -0.88 0.03 0.02 -0.02 0.01

K2 0.73864 0.044 1.00 -0.99 0.96 -0.02 -0.01 0.01 -0.01

K3 -8.44119 0.63 1.00 -0.99 0.01 0.01 -0.01 0.02

K4 38.9538 3.1 1.00 0.00 -0.00 0.02 -0.03

P1 -0.000380758 2.2e-05 1.00 0.87 -0.74 0.33

P2 -0.00083408 4.3e-05 1.00 -0.81 0.38

P3 -26.9603 1.2 1.00 -0.83

P4 107.049 6.3 1.00

Table 4. Calibration coefficients and correlation matrix.
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Ground Control Points

2 m

point 1

point 2

point 3

point 4point 5

point 6

Control points Check points

-1.5 cm

-1.2 cm

-0.9 cm

-0.6 cm

-0.3 cm

0 cm

0.3 cm

0.6 cm

0.9 cm

1.2 cm

1.5 cm

x 8

Fig. 5. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (cm) Y error (cm) Z error (cm) XY error (cm) Total (cm)

3 0.430984 2.04073 1.164 2.08574 2.38856

Table 5. Control points RMSE.
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Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

point 1 0.618113 -2.60503 1.47939 3.05889 0.000 (10)

point 2 -0.277748 2.37797 -1.30902 2.72863 0.000 (7)

point 5 -0.313102 0.229836 -0.403228 0.559866 0.000 (5)

Total 0.430984 2.04073 1.164 2.38856 0.000

Table 6. Control points.

Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

point 3 0.000 (6)

point 4 0.000 (5)

point 6 0.000 (6)

Total

Table 7. Check points.
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Scale Bars

Label Distance (m) Error (m)

point 1_point 2 0.307922 0.00292187

point 3_point 4 0.303264 -0.00173591

point 5_point 6 0.302835 -0.00216488

Total 0.00232647

Table 8. Control scale bars.

Label Distance (m) Error (m)

point 2_point 5 0.766735

Total

Table 9. Check scale bars.
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Digital Elevation Model

2 m

-0.5 m

1.3 m

Fig. 6. Reconstructed digital elevation model.

Resolution: 0.769 mm/pix

Point density: 1.69e+03 points/mm²
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Processing Parameters

General

Cameras 76

Aligned cameras 76

Markers 6

Scale bars 4

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 407,938 of 773,543

RMS reprojection error 0.21359 (0.827423 pix)

Max reprojection error 1.08632 (7.4963 pix)

Mean key point size 4.00722 pix

Effective overlap 3.41203

Alignment parameters

Accuracy High

Generic preselection No

Reference preselection No

Key point limit 0

Tie point limit 0

Constrain features by mask No

Adaptive camera model fitt ing Yes

Matching time 40 minutes 13 seconds

Alignment time 38 minutes 24 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p4

Fit rolling shutter No

Optimization time 3 minutes 28 seconds

Dense Point Cloud

Points 54,608,491

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 18 minutes 41 seconds

Dense cloud generation time 6 minutes 54 seconds

Model

Faces 10,921,676

Vertices 5,469,382

Reconstruction parameters

Surface type Arbitrary

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 10,921,677

Processing time 1 hours 3 minutes

DEM

Size 12,480 x 6,904

Coordinate system Local Coordinates (m)

Reconstruction parameters

Source data Dense cloud

Interpolation Enabled

Processing time 30 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64
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Fig. 1. Camera locations and image overlap.

Number of images: 624

Flying altitude: 2.97 m

Ground resolution: 0.352 mm/pix

Coverage area: 98.2 m²

Camera stations: 617

Tie points: 2,784,167

Projections: 12,997,380

Reprojection error: 0.449 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

624 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3

F 8448.72 0.023 1.00 -0.07 0.04 -0.55 0.08 -0.19 0.19 -0.17 0.16 -0.04 0.04 -0.03

Cx -8.89534 0.046 1.00 0.02 0.03 -0.22 0.00 -0.00 0.00 -0.00 0.90 -0.03 0.46

Cy -42.8955 0.037 1.00 0.22 -0.01 -0.00 0.01 -0.01 0.02 -0.00 0.94 0.07

B1 1.88667 0.015 1.00 -0.03 -0.01 0.01 -0.01 0.00 0.00 0.13 0.02

B2 -0.0288683 0.013 1.00 0.00 0.00 -0.00 0.00 -0.12 -0.01 -0.09

K1 5.48114e-05 6.2e-05 1.00 -0.98 0.93 -0.88 -0.01 -0.00 0.02

K2 0.150111 0.002 1.00 -0.99 0.96 0.01 0.01 -0.02

K3 0.600864 0.025 1.00 -0.99 -0.01 -0.01 0.02

K4 -2.55971 0.11 1.00 0.01 0.01 -0.03

P1 0.000239122 1.7e-06 1.00 -0.01 0.11

P2 7.72878e-05 1.4e-06 1.00 -0.06

P3 -1.25509 0.026 1.00

Table 2. Calibration coefficients and correlation matrix.
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Scale Bars

Label Distance (m) Error (m)

point 1_point 2 0.301781 0.00178089

point 3_point 4 0.300356 0.000355838

point 5_point 6 0.29524 -0.00475957

point 7_point 8 0.300277 0.000277025

point 9_point 10 0.301459 0.00145893

Total 0.00237305

Table 3. Control scale bars.
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Digital Elevation Model

5 m

-6.3 m

3.4 m

Fig. 3. Reconstructed digital elevation model.

Resolution: unknown

Point density: unknown
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Processing Parameters

General

Cameras 624

Aligned cameras 617

Markers 10

Scale bars 5

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 2,784,167 of 9,635,076

RMS reprojection error 0.126589 (0.448728 pix)

Max reprojection error 1.07265 (9.03027 pix)

Mean key point size 3.39598 pix

Effective overlap 3.48593

Alignment parameters

Accuracy High

Generic preselection Yes

Key point limit 0

Tie point limit 0

Adaptive camera model fitt ing Yes

Matching time 4 hours 57 minutes

Alignment time 40 minutes 20 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p3

Fit rolling shutter No

Optimization time 1 minutes 20 seconds

Dense Point Cloud

Points 334,125,602

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 3 hours 48 minutes

Dense cloud generation time 8 hours 17 minutes

Model

Faces 66,618,091

Vertices 33,319,071

Texture 16,384 x 16,384, uint8

Reconstruction parameters

Surface type Height field

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 66,825,086

Processing time 23 minutes 29 seconds

Texturing parameters

Mapping mode Generic

Blending mode Mosaic

Texture size 16,384 x 16,384

Enable color correction No

Enable hole filling Yes

UV mapping time 15 minutes 36 seconds

Blending time 10 hours 11 minutes

Software

Version 1.3.4 build 5067

Platform Windows 64
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Fig. 1. Camera locations and image overlap.

Number of images: 551

Flying altitude: 2.85 m

Ground resolution: 0.338 mm/pix

Coverage area: 18.3 m²

Camera stations: 91

Tie points: 302,667

Projections: 1,281,990

Reprojection error: 0.335 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

NIKON D7000 (40 mm) 4928 x 3264 40 mm 4.88 x 4.88 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for NIKON D7000 (40 mm).

NIKON D7000 (40 mm)

551 images

Type Resolution Focal Length Pixel Size
Frame 4928 x 3264 40 mm 4.88 x 4.88 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3

F 8446.47 0.092 1.00 -0.15 -0.02 -0.60 -0.07 -0.10 0.11 -0.11 0.11 -0.10 -0.02 -0.07

Cx 19.5752 0.21 1.00 -0.08 0.15 -0.21 -0.01 0.00 0.00 -0.00 0.94 -0.07 0.18

Cy -49.3364 0.18 1.00 0.27 0.11 -0.01 0.02 -0.02 0.02 -0.06 0.98 -0.03

B1 -0.254984 0.07 1.00 0.10 -0.04 0.02 -0.01 -0.00 0.11 0.21 0.05

B2 -3.33597 0.065 1.00 -0.01 0.00 0.00 -0.00 -0.14 0.07 -0.07

K1 -0.001055 0.00017 1.00 -0.98 0.93 -0.89 -0.01 -0.01 -0.00

K2 0.164945 0.0052 1.00 -0.99 0.96 0.00 0.02 0.01

K3 0.389719 0.065 1.00 -0.99 0.00 -0.02 -0.02

K4 -1.50907 0.27 1.00 -0.01 0.02 0.03

P1 0.000893678 6.7e-06 1.00 -0.05 -0.11

P2 -5.85127e-05 5.6e-06 1.00 -0.01

P3 0.654072 0.022 1.00

Table 2. Calibration coefficients and correlation matrix.
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Scale Bars

Label Distance (m) Error (m)

point 1_point 2 0.303512 0.00351236

point 3_point 4 0.298551 -0.00144874

point 5_point 6 0.299981 -1.89434e-05

Total 0.00219362

Table 3. Control scale bars.
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Digital Elevation Model

2 m

-3.8 m

-0.8 m

Fig. 3. Reconstructed digital elevation model.

Resolution: unknown

Point density: unknown
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Processing Parameters

General

Cameras 551

Aligned cameras 91

Markers 6

Scale bars 3

Coordinate system Local Coordinates (m)

Rotation angles Yaw, Pitch, Roll

Point Cloud

Points 302,667 of 2,853,275

RMS reprojection error 0.100885 (0.335246 pix)

Max reprojection error 0.420089 (4.00271 pix)

Mean key point size 3.28181 pix

Effective overlap 2.89846

Alignment parameters

Accuracy High

Generic preselection Yes

Key point limit 0

Tie point limit 0

Adaptive camera model fitt ing Yes

Matching time 21 minutes 50 seconds

Alignment time 19 minutes 43 seconds

Optimization parameters

Parameters f, b1, b2, cx, cy, k1-k4, p1-p3

Fit rolling shutter No

Optimization time 6 seconds

Dense Point Cloud

Points 80,347,445

Reconstruction parameters

Quality High

Depth filtering Aggressive

Depth maps generation time 27 minutes 34 seconds

Dense cloud generation time 24 minutes 20 seconds

Model

Faces 16,069,478

Vertices 8,048,855

Texture 16,384 x 16,384, uint8

Reconstruction parameters

Surface type Arbitrary

Source data Dense

Interpolation Enabled

Quality High

Depth filtering Aggressive

Face count 16,069,479

Processing time 1 hours 44 minutes

Texturing parameters

Mapping mode Generic

Blending mode Mosaic

Texture size 16,384 x 16,384

Enable color correction No

Enable hole filling Yes

UV mapping time 3 minutes 8 seconds

Blending time 3 minutes 39 seconds

Software

Version 1.3.4 build 5067

Platform Windows 64

Appendix E 401



Appendix F 

Legend of Alab Site 1 Engravings 
There is a folk story for the origin of the engravings and versions by Peralta (1972), Prill-Brett (2000), 
and Lopez and Kis-Ing (pers. comm. 4 March 2016) are almost identical with the exception of a few 
details. Lopez and Kis-Ing are locals from Alab and Lopez was our guide throughout fieldwork. Prill-
Brett published the account as a working paper from her PhD research on ethnoarchaeology of the 
adult jar burial practices in the mountain region.  

The legend begins with some men resting on the rock and engraving it out of boredom. In Peralta’s 
version, the men were hunters, while Lopez and Kis-ing say that they were taking a break from og-
ogbo. Og-ogbo or Bayanihan is the cultural tradition of freely helping others in the community build 
houses, plant or harvest rice, or any other form of donating time and labor(Hogan 2012). In the Lopez 
and Kis-Ing version, the men were cutting firewood to carry home and Prill-Brett’s version 
corroborates but adds that the men were bachelors. The men on the rock decided to play a game of 
who could throw a runo (a sharpened reed) the farthest (Prill-Brett 2000, Lopez and Kis-Ing pers. 
comm. 4 March 2016) and aimed for a wild pig (Prill-Brett 2000). In Prill-Brett’s version, the speared 
pig turned out to be a pregnant woman who transformed into the sun and disappeared.  In Lopez and 
Kis-Ing’s version, it was a spirit in the form of a pregnant woman planting rice that was accidentally 
speared. All accounts have the men falling asleep, either on the rock (Prill-Brett 2000) or in a 
rockshelter (Peralta 1972). When they woke up, there was rice and cooked vegetables or mung beans 
beside them, which they ate and died. Wooden coffins were quickly made and brought to Ganga to 
be placed in the caves with all their belongings. The wealthier bachelors were buried in linayan (burial 
jars) (Prill-Brett 2000).  

Peralta (1972) astutely pointed out that the story does not offer much explanation for the engravings 
besides idle doodlings and brings the focus to the well-known mummified coffin burials in Ganga.  
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10(3), pp. 164-183. 

PERALTA, J. T. 1972. Preliminary Report on the Petroglyphs of Alab, Bontoc. Manila: National Museum 
of the Philippines. 

PRILL-BRETT, J. 2000. An Ethnoarchaeological Report on Adult Jar Burial Practices in the Central 
Cordillera Northern Philippines CSC Working Paper 30. Cordillera Studies Center. Cordillera 
Studies Center: University of the Philippines College Baguio. 
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Alab Site 1: Frequency Table 

Cupules

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 48 27.0 27.0 27.0

1 91 51.1 51.1 78.1
2 25 14.0 14.0 92.1
3 12 6.7 6.7 98.9
4 1 .6 .6 99.4
5 1 .6 .6 100.0
Total 178 100.0 100.0

BisectLine

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 113 63.5 63.5 63.5

1 43 24.2 24.2 87.6
2 12 6.7 6.7 94.4
3 6 3.4 3.4 97.8
4 3 1.7 1.7 99.4
5 1 .6 .6 100.0
Total 178 100.0 100.0

OpenClose

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 2 1.1 1.1 1.1

C 122 68.5 68.5 69.7
O 54 30.3 30.3 100.0
Total 178 100.0 100.0

U_VShape

Frequency Percent Valid Percent
Cumulative 

Percent
Valid U 52 29.2 29.2 29.2

V 126 70.8 70.8 100.0
Total 178 100.0 100.0

Vulvaform

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 153 86.0 86.0 86.0

1 25 14.0 14.0 100.0
Total 178 100.0 100.0
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Texture

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 141 79.2 79.2 79.2

I 3 1.7 1.7 80.9
S 8 4.5 4.5 85.4
Y 26 14.6 14.6 100.0
Total 178 100.0 100.0

Bi_Cross

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 170 95.5 95.5 95.5

1 8 4.5 4.5 100.0
Total 178 100.0 100.0

TracedOver

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 166 93.3 93.3 93.3

1 12 6.7 6.7 100.0
Total 178 100.0 100.0

SuperImp

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 162 91.0 91.0 91.0

1 16 9.0 9.0 100.0
Total 178 100.0 100.0

Natural

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 171 96.1 96.1 96.1

1 7 3.9 3.9 100.0
Total 178 100.0 100.0

Faint

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 105 59.0 59.0 59.0

1 73 41.0 41.0 100.0
Total 178 100.0 100.0
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Type

Frequency Percent Valid Percent
Cumulative 

Percent
Valid graffiti 1 .6 .6 .6

line 3 1.7 1.7 2.2
natural 11 6.2 6.2 8.4
regular 159 89.3 89.3 97.8
tracedN 4 2.2 2.2 100.0
Total 178 100.0 100.0

Super_Over

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 160 89.9 89.9 89.9

1 18 10.1 10.1 100.0
Total 178 100.0 100.0

Orientation

Frequency Percent Valid Percent
Cumulative 

Percent
Valid East 24 13.5 13.5 13.5

NA 19 10.7 10.7 24.2
North 27 15.2 15.2 39.3
South 92 51.7 51.7 91.0
West 16 9.0 9.0 100.0
Total 178 100.0 100.0

Area_Group

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 1 25 14.0 14.0 14.0

2 70 39.3 39.3 53.4
3 38 21.3 21.3 74.7
4 19 10.7 10.7 85.4
5 26 14.6 14.6 100.0
Total 178 100.0 100.0
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ALAB SITE 1: Crosstabs

 U_VShape*Super_Over
Crosstab

Super_Over
Total0 1

U_VShape U Count 45 7 52
Expected Count 46.7 5.3 52.0
%withinU_VShape 86.5% 13.5% 100.0%

V Count 115 11 126
Expected Count 113.3 12.7 126.0
%withinU_VShape 91.3% 8.7% 100.0%

Total Count 160 18 178
Expected Count 160.0 18.0 178.0
%withinU_VShape 89.9% 10.1% 100.0%

Chi-Square Tests

Value df
AsymptoticSignific

ance(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .907a 1 .341
ContinuityCorrectionb .461 1 .497
Likelihood Ratio .864 1 .353
Fisher'sExactTest .413 .244
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 5.26.
b. Computed only for a 2x2 table

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.071 .341
Cramer’s V .071 .341

N of Valid Cases 178

 U_VShape*Text_Group
Crosstab

Text_Group
Total0 1

U_VShape U Count 23 29 52
Expected Count 41.2 10.8 52.0
%withinU_VShape 44.2% 55.8% 100.0%

V Count 118 8 126
Expected Count 99.8 26.2 126.0
%withinU_VShape 93.7% 6.3% 100.0%

Total Count 141 37 178
Expected Count 141.0 37.0 178.0
%withinU_VShape 79.2% 20.8% 100.0%

Appendix G 406



Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 54.598a 1 .000
ContinuityCorrectionb 51.638 1 .000
Likelihood Ratio 50.973 1 .000
Fisher'sExactTest .000 .000
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 10.81.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.554 .000
Cramer’s V .554 .000

N of Valid Cases 178

 U_VShape*Cupule_Group   
Crosstab

Cupule_Group
Total0 1

U_VShape U Count 11 41 52
Expected Count 14.0 38.0 52.0
%withinU_VShape 21.2% 78.8% 100.0%

V Count 37 89 126
Expected Count 34.0 92.0 126.0
%withinU_VShape 29.4% 70.6% 100.0%

Total Count 48 130 178
Expected Count 48.0 130.0 178.0
%withinU_VShape 27.0% 73.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 1.260a 1 .262
ContinuityCorrectionb .878 1 .349
Likelihood Ratio 1.300 1 .254
Fisher'sExactTest .353 .175
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 14.02.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.084 .262
Cramer’s V .084 .262

N of Valid Cases 178
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 U_VShape*Bisect_Group   
Crosstab

Bisect_Group
Total0 1

U_VShape U Count 24 28 52
Expected Count 33.0 19.0 52.0
%withinU_VShape 46.2% 53.8% 100.0%

V Count 89 37 126
Expected Count 80.0 46.0 126.0
%withinU_VShape 70.6% 29.4% 100.0%

Total Count 113 65 178
Expected Count 113.0 65.0 178.0
%withinU_VShape 63.5% 36.5% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 9.516a 1 .002
ContinuityCorrectionb 8.489 1 .004
Likelihood Ratio 9.318 1 .002
Fisher'sExactTest .003 .002
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 18.99.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.231 .002
Cramer’s V .231 .002

N of Valid Cases 178

 U_VShape*Area_Group   
Crosstab

Area_Group
1 2 3 4 5 Total

U_VShape U Count 3 19 15 4 11 52
Expected Count 7.3 20.4 11.1 5.6 7.6 52.0
%withinU_VShape 5.8% 36.5% 28.8% 7.7% 21.2% 100.0%

V Count 22 51 23 15 15 126
Expected Count 17.7 49.6 26.9 13.4 18.4 126.0
%withinU_VShape 17.5% 40.5% 18.3% 11.9% 11.9% 100.0%

Total Count 25 70 38 19 26 178
Expected Count 25.0 70.0 38.0 19.0 26.0 178.0
%withinU_VShape 14.0% 39.3% 21.3% 10.7% 14.6% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 8.429a 4 .077
Likelihood Ratio 8.877 4 .064
N of Valid Cases 178
a.0cells(0.0%) have expected count less than 5. The minimum expected 
count is 5.55.
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Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .218 .077
Cramer’s V .218 .077

N of Valid Cases 178

 U_VShape*Orientation   
Crosstab

Orientation
East NA North South West Total

U_VShape U Count 7 6 10 5 52
Expected Count 7.0 5.6 7.9 52 4.7 52.0
%withinU_VShape 13.5% 11.5% 19.2% 52.0 9.6% 100.0%

V Count 17 13 17 100.0% 11 126
Expected Count 17.0 13.4 19.1 126 11.3 126.0
%withinU_VShape 13.5% 10.3% 13.5% 126.0 8.7% 100.0%

Total Count 24 19 27 92 100.0% 178
Expected Count 24.0 19.0 27.0 92.0 178 178.0
%withinU_VShape 13.5% 10.7% 15.2% 51.7% 178.0 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 1.318a 4 .858
Likelihood Ratio 1.291 4 .863
N of Valid Cases 178

a.1cells(10.0%) have expected count less than 5. The minimum expected 
count is 4.67.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .086 .858
Cramer’s V .086 .858

N of Valid Cases 178

 U_VShape*Vulvaform   
Crosstab

Vulvaform
Total0 1

U_VShape U Count 27 25 52
Expected Count 44.7 7.3 52.0
%withinU_VShape 51.9% 48.1% 100.0%

V Count 126 0 126
Expected Count 108.3 17.7 126.0
%withinU_VShape 100.0% 0.0% 100.0%

Total Count 153 25 178
Expected Count 153.0 25.0 178.0
%withinU_VShape 86.0% 14.0% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 70.475a 1 .000
ContinuityCorrectionb 66.549 1 .000
Likelihood Ratio 72.447 1 .000
Fisher'sExactTest .000 .000
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 7.30.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.629 .000
Cramer’s V .629 .000

N of Valid Cases 178

U_VShape*Bi_Cross
Crosstab

Bi_Cross
Total0 1

U_VShape U Count 48 4 52
Expected Count 49.7 2.3 52.0
%withinU_VShape 92.3% 7.7% 100.0%

V Count 122 4 126
Expected Count 120.3 5.7 126.0
%withinU_VShape 96.8% 3.2% 100.0%

Total Count 170 8 178
Expected Count 170.0 8.0 178.0
%withinU_VShape 95.5% 4.5% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 1.750a 1 .186
ContinuityCorrectionb .856 1 .355
Likelihood Ratio 1.597 1 .206
Fisher'sExactTest .234 .175
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 2.34.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.099 .186
Cramer’s V .099 .186

N of Valid Cases 178
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 U_VShape*TracedOver   
Crosstab

TracedOver
Total0 1

U_VShape U Count 46 6 52
Expected Count 48.5 3.5 52.0
%withinU_VShape 88.5% 11.5% 100.0%

V Count 120 6 126
Expected Count 117.5 8.5 126.0
%withinU_VShape 95.2% 4.8% 100.0%

Total Count 166 12 178
Expected Count 166.0 12.0 178.0
%withinU_VShape 93.3% 6.7% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 2.689a 1 .101
ContinuityCorrectionb 1.719 1 .190
Likelihood Ratio 2.460 1 .117
Fisher'sExactTest .112 .098
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 3.51.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.123 .101
Cramer’s V .123 .101

N of Valid Cases 178

 U_VShape*SuperImp   
Crosstab

SuperImp
Total0 1

U_VShape U Count 51 1 52
Expected Count 47.3 4.7 52.0
%withinU_VShape 98.1% 1.9% 100.0%

V Count 111 15 126
Expected Count 114.7 11.3 126.0
%withinU_VShape 88.1% 11.9% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
%withinU_VShape 91.0% 9.0% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 4.483a 1 .034
ContinuityCorrectionb 3.346 1 .067
Likelihood Ratio 5.742 1 .017
Fisher'sExactTest .042 .025
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 4.67.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .159 .034
Cramer’s V .159 .034

N of Valid Cases 178

 U_VShape*Natural   
Crosstab

Natural
Total0 1

U_VShape U Count 49 3 52
Expected Count 50.0 2.0 52.0
%withinU_VShape 94.2% 5.8% 100.0%

V Count 122 4 126
Expected Count 121.0 5.0 126.0
%withinU_VShape 96.8% 3.2% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinU_VShape 96.1% 3.9% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .656a 1 .418
ContinuityCorrectionb .149 1 .700
Likelihood Ratio .612 1 .434
Fisher'sExactTest .418 .334
N of Valid Cases 178

a.2cells(50.0%) have expected count less than 5. The minimum expected count is 2.04.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.061 .418
Cramer’s V .061 .418

N of Valid Cases 178

Appendix G 412



 U_VShape*Faint   
Crosstab

Faint
Total0 1

U_VShape U Count 45 7 52
Expected Count 30.7 21.3 52.0
%withinU_VShape 86.5% 13.5% 100.0%

V Count 60 66 126
Expected Count 74.3 51.7 126.0
%withinU_VShape 47.6% 52.4% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinU_VShape 59.0% 41.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 23.047a 1 .000
ContinuityCorrectionb 21.466 1 .000
Likelihood Ratio 25.502 1 .000
Fisher'sExactTest .000 .000
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 21.33.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .360 .000
Cramer’s V .360 .000

N of Valid Cases 178

 U_VShape*OpenClose   
Crosstab

OpenClose
TotalC O

U_VShape U Count 0 37 15 52
Expected Count .6 35.6 15.8 52.0
%withinU_VShape 0.0% 71.2% 28.8% 100.0%

V Count 2 85 39 126
Expected Count 1.4 86.4 38.2 126.0
%withinU_VShape 1.6% 67.5% 31.0% 100.0%

Total Count 2 122 54 178
Expected Count 2.0 122.0 54.0 178.0
%withinU_VShape 1.1% 68.5% 30.3% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square .952a 2 .621
Likelihood Ratio 1.509 2 .470
N of Valid Cases 178

a.2cells(33.3%) have expected count less than 5. The minimum expected 
count is .58.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .073 .621
Cramer’s V .073 .621

N of Valid Cases 178

 OpenClose*Super_Over   
Crosstab

Super_Over
Total0 1

OpenClose Count 2 0 2
Expected Count 1.8 .2 2.0
%withinOpenClose 100.0% 0.0% 100.0%

C Count 105 17 122
Expected Count 109.7 12.3 122.0
%withinOpenClose 86.1% 13.9% 100.0%

O Count 53 1 54
Expected Count 48.5 5.5 54.0
%withinOpenClose 98.1% 1.9% 100.0%

Total Count 160 18 178
Expected Count 160.0 18.0 178.0
%withinOpenClose 89.9% 10.1% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 6.239a 2 .044
Likelihood Ratio 8.126 2 .017
N of Valid Cases 178

a.2cells(33.3%) have expected count less than 5. The minimum expected 
count is .20.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .187 .044
Cramer’s V .187 .044

N of Valid Cases 178
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 OpenClose*Text_Group   
Crosstab

Text_Group
Total0 1

OpenClose Count 2 0 2
Expected Count 1.6 .4 2.0
%withinOpenClose 100.0% 0.0% 100.0%

C Count 91 31 122
Expected Count 96.6 25.4 122.0
%withinOpenClose 74.6% 25.4% 100.0%

O Count 48 6 54
Expected Count 42.8 11.2 54.0
%withinOpenClose 88.9% 11.1% 100.0%

Total Count 141 37 178
Expected Count 141.0 37.0 178.0
%withinOpenClose 79.2% 20.8% 100.0%

  
 

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 5.179a 2 .075
Likelihood Ratio 5.985 2 .050
N of Valid Cases 178

a.2cells(33.3%) have expected count less than 5. The minimum expected 
count is .42.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .171 .075
Cramer’s V .171 .075

N of Valid Cases 178

 OpenClose*Cupule_Group   
Crosstab

Cupule_Group
Total0 1

OpenClose Count 2 0 2
Expected Count .5 1.5 2.0
%withinOpenClose 100.0% 0.0% 100.0%

C Count 33 89 122
Expected Count 32.9 89.1 122.0
%withinOpenClose 27.0% 73.0% 100.0%

O Count 13 41 54
Expected Count 14.6 39.4 54.0
%withinOpenClose 24.1% 75.9% 100.0%

Total Count 48 130 178
Expected Count 48.0 130.0 178.0
%withinOpenClose 27.0% 73.0% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 5.646a 2 .059
Likelihood Ratio 5.478 2 .065
N of Valid Cases 178

a.2cells(33.3%) have expected count less than 5. The minimum expected
count is .54.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .178 .059
Cramer’s V .178 .059

N of Valid Cases 178

 OpenClose*Bisect_Group
Crosstab

Bisect_Group
Total0 1

OpenClose Count 2 0 2
Expected Count 1.3 .7 2.0
%withinOpenClose 100.0% 0.0% 100.0%

C Count 73 49 122
Expected Count 77.4 44.6 122.0
%withinOpenClose 59.8% 40.2% 100.0%

O Count 38 16 54
Expected Count 34.3 19.7 54.0
%withinOpenClose 70.4% 29.6% 100.0%

Total Count 113 65 178
Expected Count 113.0 65.0 178.0
%withinOpenClose 63.5% 36.5% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 2.955a 2 .228
Likelihood Ratio 3.648 2 .161
N of Valid Cases 178

a.2cells(33.3%) have expected count less than 5. The minimum expected
count is .73.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .129 .228
Cramer’s V .129 .228

N of Valid Cases 178

Appendix G 416



 OpenClose*Area_Group   
Crosstab

Area_Group
1 2 3 4 5 Total

OpenClose Count 1 0 0 0 1 2
Expected Count .3 .8 .4 .2 .3 2.0
%withinOpenClose 50.0% 0.0% 0.0% 0.0% 50.0% 100.0%

C Count 17 48 22 12 23 122
Expected Count 17.1 48.0 26.0 13.0 17.8 122.0
%withinOpenClose 13.9% 39.3% 18.0% 9.8% 18.9% 100.0%

O Count 7 22 16 7 2 54
Expected Count 7.6 21.2 11.5 5.8 7.9 54.0
%withinOpenClose 13.0% 40.7% 29.6% 13.0% 3.7% 100.0%

Total Count 25 70 38 19 26 178
Expected Count 25.0 70.0 38.0 19.0 26.0 178.0
%withinOpenClose 14.0% 39.3% 21.3% 10.7% 14.6% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 13.665a 8 .091
Likelihood Ratio 15.279 8 .054
N of Valid Cases 178

a.5cells(33.3%) have expected count less than 5. The minimum expected 
count is .21.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .277 .091
Cramer’s V .196 .091

N of Valid Cases 178

 OpenClose*Orientation   
Crosstab

Orientation
East NA North South West Total

OpenClose Count 0 1 0 0 1 2
Expected Count .3 .2 .3 1.0 .2 2.0
%withinOpenClose 0.0% 50.0% 0.0% 0.0% 50.0% 100.0%

C Count 18 8 21 65 10 122
Expected Count 16.4 13.0 18.5 63.1 11.0 122.0
%withinOpenClose 14.8% 6.6% 17.2% 53.3% 8.2% 100.0%

O Count 6 10 6 27 5 54
Expected Count 7.3 5.8 8.2 27.9 4.9 54.0
%withinOpenClose 11.1% 18.5% 11.1% 50.0% 9.3% 100.0%

Total Count 24 19 27 92 16 178
Expected Count 24.0 19.0 27.0 92.0 16.0 178.0
%withinOpenClose 13.5% 10.7% 15.2% 51.7% 9.0% 100.0%

  
Chi-Square Tests
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Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 14.770a 8 .064
Likelihood Ratio 12.848 8 .117
N of Valid Cases 178

a.6cells(40.0%) have expected count less than 5. The minimum expected 
count is .18.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .288 .064
Cramer’s V .204 .064

N of Valid Cases 178

 OpenClose*Vulvaform   
Crosstab

Vulvaform
Total0 1

OpenClose Count 2 0 2
Expected Count 1.7 .3 2.0
%withinOpenClose 100.0% 0.0% 100.0%

C Count 101 21 122
Expected Count 104.9 17.1 122.0
%withinOpenClose 82.8% 17.2% 100.0%

O Count 50 4 54
Expected Count 46.4 7.6 54.0
%withinOpenClose 92.6% 7.4% 100.0%

Total Count 153 25 178
Expected Count 153.0 25.0 178.0
%withinOpenClose 86.0% 14.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 3.312a 2 .191
Likelihood Ratio 3.883 2 .144
N of Valid Cases 178

a.2cells(33.3%) have expected count less than 5. The minimum expected count is 2.8.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .136 .191
Cramer’s V .136 .191

N of Valid Cases 178
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 OpenClose*Bi_Cross   
Crosstab

Bi_Cross
Total0 1

OpenClose Count 2 0 2
Expected Count 1.9 .1 2.0
%withinOpenClose 100.0% 0.0% 100.0%

C Count 117 5 122
Expected Count 116.5 5.5 122.0
%withinOpenClose 95.9% 4.1% 100.0%

O Count 51 3 54
Expected Count 51.6 2.4 54.0
%withinOpenClose 94.4% 5.6% 100.0%

Total Count 170 8 178
Expected Count 170.0 8.0 178.0
%withinOpenClose 95.5% 4.5% 100.0%

  
 

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square .280a 2 .869
Likelihood Ratio .362 2 .834
N of Valid Cases 178

a.3cells(50.0%) have expected count less than 5. The minimum expected 
count is .09.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .040 .869
Cramer’s V .040 .869

N of Valid Cases 178

 OpenClose*TracedOver   
Crosstab

TracedOver
Total0 1

OpenClose Count 2 0 2
Expected Count 1.9 .1 2.0
%withinOpenClose 100.0% 0.0% 100.0%

C Count 112 10 122
Expected Count 113.8 8.2 122.0
%withinOpenClose 91.8% 8.2% 100.0%

O Count 52 2 54
Expected Count 50.4 3.6 54.0
%withinOpenClose 96.3% 3.7% 100.0%

Total Count 166 12 178
Expected Count 166.0 12.0 178.0
%withinOpenClose 93.3% 6.7% 100.0%

  
Chi-Square Tests
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Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 1.348a 2 .510
Likelihood Ratio 1.603 2 .449
N of Valid Cases 178

a.3cells(50.0%) have expected count less than 5. The minimum expected
count is .13.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .087 .510
Cramer’s V .087 .510

N of Valid Cases 178

 OpenClose*SuperImp
Crosstab

SuperImp
Total0 1

OpenClose Count 2 0 2
Expected Count 1.8 .2 2.0
%withinOpenClose 100.0% 0.0% 100.0%

C Count 108 14 122
Expected Count 111.0 11.0 122.0
%withinOpenClose 88.5% 11.5% 100.0%

O Count 52 2 54
Expected Count 49.1 4.9 54.0
%withinOpenClose 96.3% 3.7% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
%withinOpenClose 91.0% 9.0% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 2.963a 2 .227
Likelihood Ratio 3.555 2 .169
N of Valid Cases 178

a.3cells(50.0%) have expected count less than 5. The minimum expected
count is .18.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .129 .227
Cramer’s V .129 .227

N of Valid Cases 178
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 OpenClose*Natural   
Crosstab

Natural
Total0 1

OpenClose Count 2 0 2
Expected Count 1.9 .1 2.0
%withinOpenClose 100.0% 0.0% 100.0%

C Count 117 5 122
Expected Count 117.2 4.8 122.0
%withinOpenClose 95.9% 4.1% 100.0%

O Count 52 2 54
Expected Count 51.9 2.1 54.0
%withinOpenClose 96.3% 3.7% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinOpenClose 96.1% 3.9% 100.0%

 
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square .098a 2 .952
Likelihood Ratio .177 2 .915
N of Valid Cases 178

a.4cells(66.7%) have expected count less than 5. The minimum expected 
count is .08.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .023 .952
Cramer’s V .023 .952

N of Valid Cases 178

 OpenClose*Faint   
Crosstab

Faint
Total0 1

OpenClose Count 0 2 2
Expected Count 1.2 .8 2.0
%withinOpenClose 0.0% 100.0% 100.0%

C Count 76 46 122
Expected Count 72.0 50.0 122.0
%withinOpenClose 62.3% 37.7% 100.0%

O Count 29 25 54
Expected Count 31.9 22.1 54.0
%withinOpenClose 53.7% 46.3% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinOpenClose 59.0% 41.0% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 4.051a 2 .132
Likelihood Ratio 4.738 2 .094
N of Valid Cases 178

a.2cells(33.3%) have expected count less than 5. The minimum expected 
count is .82.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .151 .132
Cramer’s V .151 .132

N of Valid Cases 178

 Text_Group*Super_Over   
Crosstab

Super_Over
Total0 1

Text_Group 0 Count 128 13 141
Expected Count 126.7 14.3 141.0
%withinText_Group 90.8% 9.2% 100.0%

1 Count 32 5 37
Expected Count 33.3 3.7 37.0
%withinText_Group 86.5% 13.5% 100.0%

Total Count 160 18 178
Expected Count 160.0 18.0 178.0
%withinText_Group 89.9% 10.1% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .594a 1 .441
ContinuityCorrectionb .216 1 .642
Likelihood Ratio .558 1 .455
Fisher'sExactTest .539 .308
N of Valid Cases 178
a.1cells(25.0%) have expected count less than 5. The minimum expected count is 3.74.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .058 .441
Cramer’s V .058 .441

N of Valid Cases 178
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 Text_Group*Cupule_Group   
Crosstab

Cupule_Group
Total0 1

Text_Group 0 Count 45 96 141
Expected Count 38.0 103.0 141.0
%withinText_Group 31.9% 68.1% 100.0%

1 Count 3 34 37
Expected Count 10.0 27.0 37.0
%withinText_Group 8.1% 91.9% 100.0%

Total Count 48 130 178
Expected Count 48.0 130.0 178.0
%withinText_Group 27.0% 73.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 8.434a 1 .004
ContinuityCorrectionb 7.269 1 .007
Likelihood Ratio 10.101 1 .001
Fisher'sExactTest .003 .002
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 9.98.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .218 .004
Cramer’s V .218 .004

N of Valid Cases 178

 Text_Group*Bisect_Group   
Crosstab

Bisect_Group
Total0 1

Text_Group 0 Count 102 39 141
Expected Count 89.5 51.5 141.0
%withinText_Group 72.3% 27.7% 100.0%

1 Count 11 26 37
Expected Count 23.5 13.5 37.0
%withinText_Group 29.7% 70.3% 100.0%

Total Count 113 65 178
Expected Count 113.0 65.0 178.0
%withinText_Group 63.5% 36.5% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 22.955a 1 .000
ContinuityCorrectionb 21.154 1 .000
Likelihood Ratio 22.324 1 .000
Fisher'sExactTest .000 .000
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 13.51.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .359 .000
Cramer’s V .359 .000

N of Valid Cases 178

 Text_Group*Area_Group   
Crosstab

Area_Group
1 2 3 4 5

Text_Group 0 Count 22 61 29 12 17
Expected Count 19.8 55.4 30.1 15.1 20.6
%withinText_Group 15.6% 43.3% 20.6% 8.5% 12.1%

1 Count 3 9 9 7 9
Expected Count 5.2 14.6 7.9 3.9 5.4
%withinText_Group 8.1% 24.3% 24.3% 18.9% 24.3%

Total Count 25 70 38 19 26
Expected Count 25.0 70.0 38.0 19.0 26.0
%withinText_Group 14.0% 39.3% 21.3% 10.7% 14.6%

Crosstab

Total
Text_Group 0 Count 141

Expected Count 141.0
%withinText_Group 100.0%

1 Count 37
Expected Count 37.0
%withinText_Group 100.0%

Total Count 178
Expected Count 178.0
%withinText_Group 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 10.033a 4 .040
Likelihood Ratio 9.745 4 .045
N of Valid Cases 178

a.1cells(10.0%) have expected count less than 5. The minimum expected count is 3.95.
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Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .237 .040
Cramer’s V .237 .040

N of Valid Cases 178

 Text_Group*Orientation   
Crosstab

Orientation
East NA North South West Totals

Text_Group 0 Count 20 18 20 70 13 141
Expected Count 19.0 15.1 21.4 72.9 12.7 141.0
%withinText_Group 14.2% 12.8% 14.2% 49.6% 9.2% 100.0%

1 Count 4 1 7 22 3 37
Expected Count 5.0 3.9 5.6 19.1 3.3 37.0
%withinText_Group 10.8% 2.7% 18.9% 59.5% 8.1% 100.0%

Total Count 24 19 27 92 16 178
Expected Count 24.0 19.0 27.0 92.0 16.0 178.0
%withinText_Group 13.5% 10.7% 15.2% 51.7% 9.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 4.048a 4 .400
Likelihood Ratio 4.935 4 .294
N of Valid Cases 178

a.3cells(30.0%) have expected count less than 5. The minimum expected 
count is 3.33.

  
 

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .151 .400
Cramer’s V .151 .400

N of Valid Cases 178

 Text_Group*Vulvaform   
Crosstab

Vulvaform
Total0 1

Text_Group 0 Count 141 0 141
Expected Count 121.2 19.8 141.0
%withinText_Group 100.0% 0.0% 100.0%

1 Count 12 25 37
Expected Count 31.8 5.2 37.0
%withinText_Group 32.4% 67.6% 100.0%

Total Count 153 25 178
Expected Count 153.0 25.0 178.0
%withinText_Group 86.0% 14.0% 100.0%

  
Chi-Square Tests
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Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 110.837a 1 .000
ContinuityCorrectionb 105.311 1 .000
Likelihood Ratio 97.831 1 .000
Fisher'sExactTest .000 .000
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 5.20.
b. Computed only for a 2x2 table

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .789 .000
Cramer’s V .789 .000

N of Valid Cases 178

 Text_Group*Bi_Cross
Crosstab

Bi_Cross
Total0 1

Text_Group 0 Count 137 4 141
Expected Count 134.7 6.3 141.0
%withinText_Group 97.2% 2.8% 100.0%

1 Count 33 4 37
Expected Count 35.3 1.7 37.0
%withinText_Group 89.2% 10.8% 100.0%

Total Count 170 8 178
Expected Count 170.0 8.0 178.0
%withinText_Group 95.5% 4.5% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 4.342a 1 .037
ContinuityCorrectionb 2.683 1 .101
Likelihood Ratio 3.539 1 .060
Fisher'sExactTest .059 .059
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 1.66.
b. Computed only for a 2x2 table

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .156 .037
Cramer’s V .156 .037

N of Valid Cases 178
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 Text_Group*TracedOver   
Crosstab

TracedOver
Total0 1

Text_Group 0 Count 136 5 141
Expected Count 131.5 9.5 141.0
%withinText_Group 96.5% 3.5% 100.0%

1 Count 30 7 37
Expected Count 34.5 2.5 37.0
%withinText_Group 81.1% 18.9% 100.0%

Total Count 166 12 178
Expected Count 166.0 12.0 178.0
%withinText_Group 93.3% 6.7% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 11.017a 1 .001
ContinuityCorrectionb 8.707 1 .003
Likelihood Ratio 8.790 1 .003
Fisher'sExactTest .004 .004
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 2.49.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .249 .001
Cramer’s V .249 .001

N of Valid Cases 178

 Text_Group*SuperImp   
Crosstab

SuperImp
Total0 1

Text_Group 0 Count 126 15 141
Expected Count 128.3 12.7 141.0
%withinText_Group 89.4% 10.6% 100.0%

1 Count 36 1 37
Expected Count 33.7 3.3 37.0
%withinText_Group 97.3% 2.7% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
%withinText_Group 91.0% 9.0% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 2.256a 1 .133
ContinuityCorrectionb 1.390 1 .238
Likelihood Ratio 2.851 1 .091
Fisher'sExactTest .199 .113
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 3.33.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.113 .133
Cramer’s V .113 .133

N of Valid Cases 178

 Text_Group*Natural
Crosstab

Natural
Total0 1

Text_Group 0 Count 137 4 141
Expected Count 135.5 5.5 141.0
%withinText_Group 97.2% 2.8% 100.0%

1 Count 34 3 37
Expected Count 35.5 1.5 37.0
%withinText_Group 91.9% 8.1% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinText_Group 96.1% 3.9% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 2.156a 1 .142
ContinuityCorrectionb .986 1 .321
Likelihood Ratio 1.814 1 .178
Fisher'sExactTest .158 .158
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 1.46.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .110 .142
Cramer’s V .110 .142

N of Valid Cases 178
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 Text_Group*Faint    
Crosstab

Faint
Total0 1

Text_Group 0 Count 70 71 141
Expected Count 83.2 57.8 141.0
%withinText_Group 49.6% 50.4% 100.0%

1 Count 35 2 37
Expected Count 21.8 15.2 37.0
%withinText_Group 94.6% 5.4% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinText_Group 59.0% 41.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 24.478a 1 .000
ContinuityCorrectionb 22.655 1 .000
Likelihood Ratio 29.955 1 .000
Fisher'sExactTest .000 .000
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 15.17.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.371 .000
Cramer’s V .371 .000

N of Valid Cases 178

 Super_Over*Cupule_Group   
Crosstab

Cupule_Group
Total0 1

Super_Over 0 Count 41 119 160
Expected Count 43.1 116.9 160.0
%withinSuper_Over 25.6% 74.4% 100.0%

1 Count 7 11 18
Expected Count 4.9 13.1 18.0
%withinSuper_Over 38.9% 61.1% 100.0%

Total Count 48 130 178
Expected Count 48.0 130.0 178.0
%withinSuper_Over 27.0% 73.0% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 1.445a 1 .229
ContinuityCorrectionb .850 1 .356
Likelihood Ratio 1.352 1 .245
Fisher'sExactTest .264 .177
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 4.85.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.090 .229
Cramer’s V .090 .229

N of Valid Cases 178

 Super_Over*Bisect_Group   
Crosstab

Bisect_Group
Total0 1

Super_Over 0 Count 102 58 160
Expected Count 101.6 58.4 160.0
%withinSuper_Over 63.8% 36.3% 100.0%

1 Count 11 7 18
Expected Count 11.4 6.6 18.0
%withinSuper_Over 61.1% 38.9% 100.0%

Total Count 113 65 178
Expected Count 113.0 65.0 178.0
%withinSuper_Over 63.5% 36.5% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .049a 1 .826
ContinuityCorrectionb .000 1 1.000
Likelihood Ratio .048 1 .826
Fisher'sExactTest .802 .507
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 6.57.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .017 .826
Cramer’s V .017 .826

N of Valid Cases 178
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 Super_Over*Area_Group   
Crosstab

Area_Group
1 2 3 4 5

Super_Over 0 Count 24 62 34 17 23
Expected Count 22.5 62.9 34.2 17.1 23.4
%withinSuper_Over 15.0% 38.8% 21.3% 10.6% 14.4%

1 Count 1 8 4 2 3
Expected Count 2.5 7.1 3.8 1.9 2.6
%withinSuper_Over 5.6% 44.4% 22.2% 11.1% 16.7%

Total Count 25 70 38 19 26
Expected Count 25.0 70.0 38.0 19.0 26.0
%withinSuper_Over 14.0% 39.3% 21.3% 10.7% 14.6%

Crosstab

Total
Super_Over 0 Count 160

Expected Count 160.0
%withinSuper_Over 100.0%

1 Count 18
Expected Count 18.0
%withinSuper_Over 100.0%

Total Count 178
Expected Count 178.0
%withinSuper_Over 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 1.230a 4 .873
Likelihood Ratio 1.498 4 .827
N of Valid Cases 178

a.4cells(40.0%) have expected count less than 5. The minimum expected 
count is 1.92.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .083 .873
Cramer’s V .083 .873

N of Valid Cases 178
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 Super_Over*Orientation   
Crosstab

Orientation
East NA North South West

Super_Over 0 Count 21 18 25 81 15
Expected Count 21.6 17.1 24.3 82.7 14.4
%withinSuper_Over 13.1% 11.3% 15.6% 50.6% 9.4%

1 Count 3 1 2 11 1
Expected Count 2.4 1.9 2.7 9.3 1.6
%withinSuper_Over 16.7% 5.6% 11.1% 61.1% 5.6%

Total Count 24 19 27 92 16
Expected Count 24.0 19.0 27.0 92.0 16.0
%withinSuper_Over 13.5% 10.7% 15.2% 51.7% 9.0%

Crosstab

Total
Super_Over 0 Count 160

Expected Count 160.0
%withinSuper_Over 100.0%

1 Count 18
Expected Count 18.0
%withinSuper_Over 100.0%

Total Count 178
Expected Count 178.0
%withinSuper_Over 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 1.466a 4 .833
Likelihood Ratio 1.591 4 .810
N of Valid Cases 178

a.4cells(40.0%) have expected count less than 5. The minimum expected 
count is 1.62.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .091 .833
Cramer’s V .091 .833

N of Valid Cases 178
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 Super_Over*Vulvaform   
Crosstab

Vulvaform
Total0 1

Super_Over 0 Count 139 21 160
Expected Count 137.5 22.5 160.0
%withinSuper_Over 86.9% 13.1% 100.0%

1 Count 14 4 18
Expected Count 15.5 2.5 18.0
%withinSuper_Over 77.8% 22.2% 100.0%

Total Count 153 25 178
Expected Count 153.0 25.0 178.0
%withinSuper_Over 86.0% 14.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 1.109a 1 .292
ContinuityCorrectionb .484 1 .487
Likelihood Ratio .986 1 .321
Fisher'sExactTest .289 .232
N of Valid Cases 178
a.1cells(25.0%) have expected count less than 5. The minimum expected count is 2.53.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .079 .292
Cramer’s V .079 .292

N of Valid Cases 178

 Super_Over*Bi_Cross   
Crosstab

Bi_Cross
Total0 1

Super_Over 0 Count 152 8 160
Expected Count 152.8 7.2 160.0
%withinSuper_Over 95.0% 5.0% 100.0%

1 Count 18 0 18
Expected Count 17.2 .8 18.0
%withinSuper_Over 100.0% 0.0% 100.0%

Total Count 170 8 178
Expected Count 170.0 8.0 178.0
%withinSuper_Over 95.5% 4.5% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .942a 1 .332
ContinuityCorrectionb .137 1 .711
Likelihood Ratio 1.748 1 .186
Fisher'sExactTest 1.000 .418
N of Valid Cases 178

  
a.1cells(25.0%) have expected count less than 5. The minimum expected count is .81.
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Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.073 .332
Cramer’s V .073 .332

N of Valid Cases 178

 Super_Over*TracedOver   
Crosstab

TracedOver
Total0 1

Super_Over 0 Count 152 8 160
Expected Count 149.2 10.8 160.0
%withinSuper_Over 95.0% 5.0% 100.0%

1 Count 14 4 18
Expected Count 16.8 1.2 18.0
%withinSuper_Over 77.8% 22.2% 100.0%

Total Count 166 12 178
Expected Count 166.0 12.0 178.0
%withinSuper_Over 93.3% 6.7% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 7.633a 1 .006
ContinuityCorrectionb 5.140 1 .023
Likelihood Ratio 5.303 1 .021
Fisher'sExactTest .022 .022
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 1.21.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .207 .006
Cramer’s V .207 .006

N of Valid Cases 178

 Super_Over*SuperImp   
Crosstab

SuperImp
Total0 1

Super_Over 0 Count 147 13 160
Expected Count 145.6 14.4 160.0
%withinSuper_Over 91.9% 8.1% 100.0%

1 Count 15 3 18
Expected Count 16.4 1.6 18.0
%withinSuper_Over 83.3% 16.7% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
%withinSuper_Over 91.0% 9.0% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 1.443a 1 .230
ContinuityCorrectionb .588 1 .443
Likelihood Ratio 1.211 1 .271
Fisher'sExactTest .209 .209
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 1.62.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .090 .230
Cramer’s V .090 .230

N of Valid Cases 178

Super_Over*Natural   

Crosstab
Natural

Total0 1
Super_Over 0 Count 153 7 160

Expected Count 153.7 6.3 160.0
%withinSuper_Over 95.6% 4.4% 100.0%

1 Count 18 0 18
Expected Count 17.3 .7 18.0
%withinSuper_Over 100.0% 0.0% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinSuper_Over 96.1% 3.9% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .820a 1 .365
ContinuityCorrectionb .071 1 .790
Likelihood Ratio 1.524 1 .217
Fisher'sExactTest 1.000 .468
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is .71.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.068 .365
Cramer’s V .068 .365

N of Valid Cases 178
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 Super_Over*Faint   
Crosstab

Faint
Total0 1

Super_Over 0 Count 92 68 160
Expected Count 94.4 65.6 160.0
%withinSuper_Over 57.5% 42.5% 100.0%

1 Count 13 5 18
Expected Count 10.6 7.4 18.0
%withinSuper_Over 72.2% 27.8% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinSuper_Over 59.0% 41.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 1.450a 1 .229
ContinuityCorrectionb .905 1 .341
Likelihood Ratio 1.512 1 .219
Fisher'sExactTest .314 .171
N of Valid Cases 178
a.0cells(0.0%) have expected count less than 5. The minimum expected count is 7.38.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.090 .229
Cramer’s V .090 .229

N of Valid Cases 178

 Cupule_Group*Bisect_Group   
Crosstab

Bisect_Group
Total0 1

Cupule_Group 0 Count 39 9 48
Expected Count 30.5 17.5 48.0
%withinCupule_Group 81.3% 18.8% 100.0%

1 Count 74 56 130
Expected Count 82.5 47.5 130.0
%withinCupule_Group 56.9% 43.1% 100.0%

Total Count 113 65 178
Expected Count 113.0 65.0 178.0
%withinCupule_Group 63.5% 36.5% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 8.949a 1 .003
ContinuityCorrectionb 7.931 1 .005
Likelihood Ratio 9.610 1 .002
Fisher'sExactTest .003 .002
N of Valid Cases 178
a.0cells(0.0%) have expected count less than 5. The minimum expected count is 17.53.
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Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .224 .003
Cramer’s V .224 .003

N of Valid Cases 178

 Cupule_Group*Area_Group   
Crosstab

Area_Group
1 2 3 4

Cupule_Group 0 Count 10 20 12 5
Expected Count 6.7 18.9 10.2 5.1
%withinCupule_Group 20.8% 41.7% 25.0% 10.4%

1 Count 15 50 26 14
Expected Count 18.3 51.1 27.8 13.9
%withinCupule_Group 11.5% 38.5% 20.0% 10.8%

Total Count 25 70 38 19
Expected Count 25.0 70.0 38.0 19.0
%withinCupule_Group 14.0% 39.3% 21.3% 10.7%

Crosstab
Area_Group

Total5
Cupule_Group 0 Count 1 48

Expected Count 7.0 48.0
%withinCupule_Group 2.1% 100.0%

1 Count 25 130
Expected Count 19.0 130.0
%withinCupule_Group 19.2% 100.0%

Total Count 26 178
Expected Count 26.0 178.0
%withinCupule_Group 14.6% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 9.719a 4 .045
Likelihood Ratio 12.337 4 .015
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected 
count is 5.12.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .234 .045
Cramer’s V .234 .045

N of Valid Cases 178
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 Cupule_Group*Orientation   
Crosstab

Orientation
East NA North South

Cupule_Group 0 Count 7 9 10 19
Expected Count 6.5 5.1 7.3 24.8
%withinCupule_Group 14.6% 18.8% 20.8% 39.6%

1 Count 17 10 17 73
Expected Count 17.5 13.9 19.7 67.2
%withinCupule_Group 13.1% 7.7% 13.1% 56.2%

Total Count 24 19 27 92
Expected Count 24.0 19.0 27.0 92.0
%withinCupule_Group 13.5% 10.7% 15.2% 51.7%

Crosstab
Orientation

TotalWest
Cupule_Group 0 Count 3 48

Expected Count 4.3 48.0
%withinCupule_Group 6.3% 100.0%

1 Count 13 130
Expected Count 11.7 130.0
%withinCupule_Group 10.0% 100.0%

Total Count 16 178
Expected Count 16.0 178.0
%withinCupule_Group 9.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 7.876a 4 .096
Likelihood Ratio 7.509 4 .111
N of Valid Cases 178

a.1cells(10.0%) have expected count less than 5. The minimum expected 
count is 4.31.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .210 .096
Cramer’s V .210 .096

N of Valid Cases 178
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 Cupule_Group*Vulvaform   
Crosstab

Vulvaform
Total0 1

Cupule_Group 0 Count 47 1 48
Expected Count 41.3 6.7 48.0
%withinCupule_Group 97.9% 2.1% 100.0%

1 Count 106 24 130
Expected Count 111.7 18.3 130.0
%withinCupule_Group 81.5% 18.5% 100.0%

Total Count 153 25 178
Expected Count 153.0 25.0 178.0
%withinCupule_Group 86.0% 14.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 7.789a 1 .005
ContinuityCorrectionb 6.492 1 .011
Likelihood Ratio 10.372 1 .001
Fisher'sExactTest .003 .002
N of Valid Cases 178
a.0cells(0.0%) have expected count less than 5. The minimum expected count is 6.74

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .209 .005
Cramer’s V .209 .005

N of Valid Cases 178

 Cupule_Group*Bi_Cross   
Crosstab

Bi_Cross
Total0 1

Cupule_Group 0 Count 47 1 48
Expected Count 45.8 2.2 48.0
%withinCupule_Group 97.9% 2.1% 100.0%

1 Count 123 7 130
Expected Count 124.2 5.8 130.0
%withinCupule_Group 94.6% 5.4% 100.0%

Total Count 170 8 178
Expected Count 170.0 8.0 178.0
%withinCupule_Group 95.5% 4.5% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .890a 1 .345
ContinuityCorrectionb .287 1 .592
Likelihood Ratio 1.032 1 .310
Fisher'sExactTest .684 .314
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 2.16.
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Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .071 .345
Cramer’s V .071 .345

N of Valid Cases 178

 Cupule_Group*TracedOver   
Crosstab

TracedOver
Total0 1

Cupule_Group 0 Count 47 1 48
Expected Count 44.8 3.2 48.0
%withinCupule_Group 97.9% 2.1% 100.0%

1 Count 119 11 130
Expected Count 121.2 8.8 130.0
%withinCupule_Group 91.5% 8.5% 100.0%

Total Count 166 12 178
Expected Count 166.0 12.0 178.0
%withinCupule_Group 93.3% 6.7% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 2.268a 1 .132
ContinuityCorrectionb 1.367 1 .242
Likelihood Ratio 2.802 1 .094
Fisher'sExactTest .185 .116
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 3.24.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .113 .132
Cramer’s V .113 .132

N of Valid Cases 178

Cupule_Group*SuperImp   
Crosstab

SuperImp
Total0 1

Cupule_Group 0 Count 42 6 48
Expected Count 43.7 4.3 48.0
%withinCupule_Group 87.5% 12.5% 100.0%

1 Count 120 10 130
Expected Count 118.3 11.7 130.0
%withinCupule_Group 92.3% 7.7% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
%withinCupule_Group 91.0% 9.0% 100.0%

  

Appendix G 440



 
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .990a 1 .320
ContinuityCorrectionb .490 1 .484
Likelihood Ratio .932 1 .334
Fisher'sExactTest .377 .236
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 4.31.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.075 .320
Cramer’s V .075 .320

N of Valid Cases 178

 Cupule_Group*Natural   
Crosstab

Natural
Total0 1

Cupule_Group 0 Count 48 0 48
Expected Count 46.1 1.9 48.0
%withinCupule_Group 100.0% 0.0% 100.0%

1 Count 123 7 130
Expected Count 124.9 5.1 130.0
%withinCupule_Group 94.6% 5.4% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinCupule_Group 96.1% 3.9% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 2.690a 1 .101
ContinuityCorrectionb 1.454 1 .228
Likelihood Ratio 4.504 1 .034
Fisher'sExactTest .192 .106
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 1.89.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .123 .101
Cramer’s V .123 .101

N of Valid Cases 178
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 Cupule_Group*Faint
Crosstab

Faint
Total0 1

Cupule_Group 0 Count 26 22 48
Expected Count 28.3 19.7 48.0
%withinCupule_Group 54.2% 45.8% 100.0%

1 Count 79 51 130
Expected Count 76.7 53.3 130.0
%withinCupule_Group 60.8% 39.2% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinCupule_Group 59.0% 41.0% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .632a 1 .427
ContinuityCorrectionb .388 1 .533
Likelihood Ratio .628 1 .428
Fisher'sExactTest .493 .266
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 19.69.
b. Computed only for a 2x2 table

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.060 .427
Cramer’s V .060 .427

N of Valid Cases 178

 Bisect_Group*Area_Group
Crosstab

Area_Group
1 2 3 4

Bisect_Group 0 Count 21 48 25 12
Expected Count 15.9 44.4 24.1 12.1
%withinBisect_Group 18.6% 42.5% 22.1% 10.6%

1 Count 4 22 13 7
Expected Count 9.1 25.6 13.9 6.9
%withinBisect_Group 6.2% 33.8% 20.0% 10.8%

Total Count 25 70 38 19
Expected Count 25.0 70.0 38.0 19.0
%withinBisect_Group 14.0% 39.3% 21.3% 10.7%
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Crosstab

Area_Group
Total5

Bisect_Group 0 Count 7 113
Expected Count 16.5 113.0
%withinBisect_Group 6.2% 100.0%

1 Count 19 65
Expected Count 9.5 65.0
%withinBisect_Group 29.2% 100.0%

Total Count 26 178
Expected Count 26.0 178.0
%withinBisect_Group 14.6% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 20.401a 4 .000
Likelihood Ratio 20.401 4 .000
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected 
count is 6.94.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .339 .000
Cramer’s V .339 .000

N of Valid Cases 178

 Bisect_Group*Orientation   
Crosstab

Orientation
East NA North South West Totals

Bisect_Group 0 Count 19 14 16 54 10 113
Expected Count 15.2 12.1 17.1 58.4 10.2 113.0
%withinBisect_Group 16.8% 12.4% 14.2% 47.8% 8.8% 100.0%

1 Count 5 5 11 38 6 65
Expected Count 8.8 6.9 9.9 33.6 5.8 65.0
%withinBisect_Group 7.7% 7.7% 16.9% 58.5% 9.2% 100.0%

Total Count 24 19 27 92 16 178
Expected Count 24.0 19.0 27.0 92.0 16.0 178.0
%withinBisect_Group 13.5% 10.7% 15.2% 51.7% 9.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 4.523a 4 .340
Likelihood Ratio 4.780 4 .311
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected 
count is 5.84.
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Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .159 .340
Cramer’s V .159 .340

N of Valid Cases 178

 Bisect_Group*Vulvaform
Crosstab

Vulvaform
Total0 1

Bisect_Group 0 Count 106 7 113
Expected Count 97.1 15.9 113.0
%withinBisect_Group 93.8% 6.2% 100.0%

1 Count 47 18 65
Expected Count 55.9 9.1 65.0
%withinBisect_Group 72.3% 27.7% 100.0%

Total Count 153 25 178
Expected Count 153.0 25.0 178.0
%withinBisect_Group 86.0% 14.0% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 15.797a 1 .000
ContinuityCorrectionb 14.066 1 .000
Likelihood Ratio 15.256 1 .000
Fisher'sExactTest .000 .000
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 9.13.
b. Computed only for a 2x2 table

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .298 .000
Cramer’s V .298 .000

N of Valid Cases 178

 Bisect_Group*Bi_Cross
Crosstab

Bi_Cross
Total0 1

Bisect_Group 0 Count 113 0 113
Expected Count 107.9 5.1 113.0
%withinBisect_Group 100.0% 0.0% 100.0%

1 Count 57 8 65
Expected Count 62.1 2.9 65.0
%withinBisect_Group 87.7% 12.3% 100.0%

Total Count 170 8 178
Expected Count 170.0 8.0 178.0
%withinBisect_Group 95.5% 4.5% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 14.562a 1 .000
ContinuityCorrectionb 11.836 1 .001
Likelihood Ratio 16.781 1 .000
Fisher'sExactTest .000 .000
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 2.92.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .286 .000
Cramer’s V .286 .000

N of Valid Cases 178

 Bisect_Group*TracedOver   
Crosstab

TracedOver
Total0 1

Bisect_Group 0 Count 110 3 113
Expected Count 105.4 7.6 113.0
%withinBisect_Group 97.3% 2.7% 100.0%

1 Count 56 9 65
Expected Count 60.6 4.4 65.0
%withinBisect_Group 86.2% 13.8% 100.0%

Total Count 166 12 178
Expected Count 166.0 12.0 178.0
%withinBisect_Group 93.3% 6.7% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 8.220a 1 .004
ContinuityCorrectionb 6.537 1 .011
Likelihood Ratio 7.924 1 .005
Fisher'sExactTest .009 .006
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 4.38.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .215 .004
Cramer’s V .215 .004

N of Valid Cases 178
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 Bisect_Group*SuperImp
Crosstab

SuperImp
Total0 1

Bisect_Group 0 Count 99 14 113
Expected Count 102.8 10.2 113.0
%withinBisect_Group 87.6% 12.4% 100.0%

1 Count 63 2 65
Expected Count 59.2 5.8 65.0
%withinBisect_Group 96.9% 3.1% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
%withinBisect_Group 91.0% 9.0% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 4.374a 1 .036
ContinuityCorrectionb 3.310 1 .069
Likelihood Ratio 5.086 1 .024
Fisher'sExactTest .054 .029
N of Valid Cases 178
a.0cells(0.0%) have expected count less than 5. The minimum expected count is 5.84.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.157 .036
Cramer’s V .157 .036

N of Valid Cases 178

 Bisect_Group*Natural
Crosstab

Natural
Total0 1

Bisect_Group 0 Count 110 3 113
Expected Count 108.6 4.4 113.0
%withinBisect_Group 97.3% 2.7% 100.0%

1 Count 61 4 65
Expected Count 62.4 2.6 65.0
%withinBisect_Group 93.8% 6.2% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinBisect_Group 96.1% 3.9% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 1.337a 1 .248
ContinuityCorrectionb .571 1 .450
Likelihood Ratio 1.278 1 .258
Fisher'sExactTest .260 .222
N of Valid Cases 178
a.2cells(50.0%) have expected count less than 5. The minimum expected count is 2.56.
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Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .087 .248
Cramer’s V .087 .248

N of Valid Cases 178

 Bisect_Group*Faint   
Crosstab

Faint
Total0 1

Bisect_Group 0 Count 56 57 113
Expected Count 66.7 46.3 113.0
%withinBisect_Group 49.6% 50.4% 100.0%

1 Count 49 16 65
Expected Count 38.3 26.7 65.0
%withinBisect_Group 75.4% 24.6% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinBisect_Group 59.0% 41.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 11.378a 1 .001
ContinuityCorrectionb 10.335 1 .001
Likelihood Ratio 11.785 1 .001
Fisher'sExactTest .001 .001
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected count is 26.66.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.253 .001
Cramer’s V .253 .001

N of Valid Cases 178
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 Area_Group*Orientation   
Crosstab

Orientation
East NA North South West

Area_Group 1 Count 4 3 4 11 3
Expected Count 3.4 2.7 3.8 12.9 2.2
%withinArea_Group 16.0% 12.0% 16.0% 44.0% 12.0%

2 Count 11 7 11 34 7
Expected Count 9.4 7.5 10.6 36.2 6.3
%withinArea_Group 15.7% 10.0% 15.7% 48.6% 10.0%

3 Count 4 5 6 21 2
Expected Count 5.1 4.1 5.8 19.6 3.4
%withinArea_Group 10.5% 13.2% 15.8% 55.3% 5.3%

4 Count 4 1 2 10 2
Expected Count 2.6 2.0 2.9 9.8 1.7
%withinArea_Group 21.1% 5.3% 10.5% 52.6% 10.5%

5 Count 1 3 4 16 2
Expected Count 3.5 2.8 3.9 13.4 2.3
%withinArea_Group 3.8% 11.5% 15.4% 61.5% 7.7%

Total Count 24 19 27 92 16
Expected Count 24.0 19.0 27.0 92.0 16.0
%withinArea_Group 13.5% 10.7% 15.2% 51.7% 9.0%

Crosstab

Total
Area_Group 1 Count 25

Expected Count 25.0
%withinArea_Group 100.0%

2 Count 70
Expected Count 70.0
%withinArea_Group 100.0%

3 Count 38
Expected Count 38.0
%withinArea_Group 100.0%

4 Count 19
Expected Count 19.0
%withinArea_Group 100.0%

5 Count 26
Expected Count 26.0
%withinArea_Group 100.0%

Total Count 178
Expected Count 178.0
%withinArea_Group 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 6.376a 16 .984
Likelihood Ratio 7.169 16 .970
N of Valid Cases 178

a.14cells(56.0%) have expected count less than 5. The minimum expected 
count is 1.71.
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Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .189 .984
Cramer’s V .095 .984

N of Valid Cases 178

 Area_Group*Vulvaform   
Crosstab

Vulvaform
Total0 1

Area_Group 1 Count 24 1 25
Expected Count 21.5 3.5 25.0
%withinArea_Group 96.0% 4.0% 100.0%

2 Count 65 5 70
Expected Count 60.2 9.8 70.0
%withinArea_Group 92.9% 7.1% 100.0%

3 Count 31 7 38
Expected Count 32.7 5.3 38.0
%withinArea_Group 81.6% 18.4% 100.0%

4 Count 15 4 19
Expected Count 16.3 2.7 19.0
%withinArea_Group 78.9% 21.1% 100.0%

5 Count 18 8 26
Expected Count 22.3 3.7 26.0
%withinArea_Group 69.2% 30.8% 100.0%

Total Count 153 25 178
Expected Count 153.0 25.0 178.0
%withinArea_Group 86.0% 14.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 12.251a 4 .016
Likelihood Ratio 12.075 4 .017
N of Valid Cases 178

a.3cells(30.0%) have expected count less than 5. The minimum expected 
count is 2.67.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .262 .016
Cramer’s V .262 .016

N of Valid Cases 178
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 Area_Group*Bi_Cross   
Crosstab

Bi_Cross
Total0 1

Area_Group 1 Count 24 1 25
Expected Count 23.9 1.1 25.0
%withinArea_Group 96.0% 4.0% 100.0%

2 Count 66 4 70
Expected Count 66.9 3.1 70.0
%withinArea_Group 94.3% 5.7% 100.0%

3 Count 37 1 38
Expected Count 36.3 1.7 38.0
%withinArea_Group 97.4% 2.6% 100.0%

4 Count 18 1 19
Expected Count 18.1 .9 19.0
%withinArea_Group 94.7% 5.3% 100.0%

5 Count 25 1 26
Expected Count 24.8 1.2 26.0
%withinArea_Group 96.2% 3.8% 100.0%

Total Count 170 8 178
Expected Count 170.0 8.0 178.0
%withinArea_Group 95.5% 4.5% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square .616a 4 .961
Likelihood Ratio .650 4 .957
N of Valid Cases 178

a.5cells(50.0%) have expected count less than 5. The minimum expected 
count is .85.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .059 .961
Cramer’s V .059 .961

N of Valid Cases 178
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 Area_Group*TracedOver   
Crosstab

TracedOver
Total0 1

Area_Group 1 Count 25 0 25
Expected Count 23.3 1.7 25.0
%withinArea_Group 100.0% 0.0% 100.0%

2 Count 66 4 70
Expected Count 65.3 4.7 70.0
%withinArea_Group 94.3% 5.7% 100.0%

3 Count 35 3 38
Expected Count 35.4 2.6 38.0
%withinArea_Group 92.1% 7.9% 100.0%

4 Count 17 2 19
Expected Count 17.7 1.3 19.0
%withinArea_Group 89.5% 10.5% 100.0%

5 Count 23 3 26
Expected Count 24.2 1.8 26.0
%withinArea_Group 88.5% 11.5% 100.0%

Total Count 166 12 178
Expected Count 166.0 12.0 178.0
%withinArea_Group 93.3% 6.7% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 3.390a 4 .495
Likelihood Ratio 4.859 4 .302
N of Valid Cases 178

a.5cells(50.0%) have expected count less than 5. The minimum expected 
count is 1.28.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .138 .495
Cramer’s V .138 .495

N of Valid Cases 178
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 Area_Group*SuperImp   
Crosstab

SuperImp
Total0 1

Area_Group 1 Count 23 2 25
Expected Count 22.8 2.2 25.0
%withinArea_Group 92.0% 8.0% 100.0%

2 Count 64 6 70
Expected Count 63.7 6.3 70.0
%withinArea_Group 91.4% 8.6% 100.0%

3 Count 34 4 38
Expected Count 34.6 3.4 38.0
%withinArea_Group 89.5% 10.5% 100.0%

4 Count 18 1 19
Expected Count 17.3 1.7 19.0
%withinArea_Group 94.7% 5.3% 100.0%

5 Count 23 3 26
Expected Count 23.7 2.3 26.0
%withinArea_Group 88.5% 11.5% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
%withinArea_Group 91.0% 9.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square .684a 4 .953
Likelihood Ratio .716 4 .949
N of Valid Cases 178

a.4cells(40.0%) have expected count less than 5. The minimum expected 
count is 1.71.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .062 .953
Cramer’s V .062 .953

N of Valid Cases 178

Appendix G 452



 Area_Group*Natural   
Crosstab

Natural
Total0 1

Area_Group 1 Count 24 1 25
Expected Count 24.0 1.0 25.0
%withinArea_Group 96.0% 4.0% 100.0%

2 Count 68 2 70
Expected Count 67.2 2.8 70.0
%withinArea_Group 97.1% 2.9% 100.0%

3 Count 38 0 38
Expected Count 36.5 1.5 38.0
%withinArea_Group 100.0% 0.0% 100.0%

4 Count 18 1 19
Expected Count 18.3 .7 19.0
%withinArea_Group 94.7% 5.3% 100.0%

5 Count 23 3 26
Expected Count 25.0 1.0 26.0
%withinArea_Group 88.5% 11.5% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinArea_Group 96.1% 3.9% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 5.840a 4 .211
Likelihood Ratio 6.030 4 .197
N of Valid Cases 178

a.5cells(50.0%) have expected count less than 5. The minimum expected 
count is .75.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .181 .211
Cramer’s V .181 .211

N of Valid Cases 178
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 Area_Group*Faint
Crosstab

Faint
Total0 1

Area_Group 1 Count 14 11 25
Expected Count 14.7 10.3 25.0
%withinArea_Group 56.0% 44.0% 100.0%

2 Count 33 37 70
Expected Count 41.3 28.7 70.0
%withinArea_Group 47.1% 52.9% 100.0%

3 Count 26 12 38
Expected Count 22.4 15.6 38.0
%withinArea_Group 68.4% 31.6% 100.0%

4 Count 13 6 19
Expected Count 11.2 7.8 19.0
%withinArea_Group 68.4% 31.6% 100.0%

5 Count 19 7 26
Expected Count 15.3 10.7 26.0
%withinArea_Group 73.1% 26.9% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinArea_Group 59.0% 41.0% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 8.382a 4 .079
Likelihood Ratio 8.482 4 .075
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected
count is 7.79.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .217 .079
Cramer’s V .217 .079

N of Valid Cases 178

Appendix G 454



 Orientation*Vulvaform   
Crosstab

Vulvaform
Total0 1

Orientation East Count 21 3 24
Expected Count 20.6 3.4 24.0
%withinOrientation 87.5% 12.5% 100.0%

NA Count 18 1 19
Expected Count 16.3 2.7 19.0
%withinOrientation 94.7% 5.3% 100.0%

North Count 21 6 27
Expected Count 23.2 3.8 27.0
%withinOrientation 77.8% 22.2% 100.0%

South Count 79 13 92
Expected Count 79.1 12.9 92.0
%withinOrientation 85.9% 14.1% 100.0%

West Count 14 2 16
Expected Count 13.8 2.2 16.0
%withinOrientation 87.5% 12.5% 100.0%

Total Count 153 25 178
Expected Count 153.0 25.0 178.0
%withinOrientation 86.0% 14.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 2.789a 4 .594
Likelihood Ratio 2.928 4 .570
N of Valid Cases 178

a.4cells(40.0%) have expected count less than 5. The minimum expected 
count is 2.25.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .125 .594
Cramer’s V .125 .594

N of Valid Cases 178
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 Orientation*Bi_Cross
Crosstab

Bi_Cross
Total0 1

Orientation East Count 23 1 24
Expected Count 22.9 1.1 24.0
%withinOrientation 95.8% 4.2% 100.0%

NA Count 18 1 19
Expected Count 18.1 .9 19.0
%withinOrientation 94.7% 5.3% 100.0%

North Count 25 2 27
Expected Count 25.8 1.2 27.0
%withinOrientation 92.6% 7.4% 100.0%

South Count 89 3 92
Expected Count 87.9 4.1 92.0
%withinOrientation 96.7% 3.3% 100.0%

West Count 15 1 16
Expected Count 15.3 .7 16.0
%withinOrientation 93.8% 6.3% 100.0%

Total Count 170 8 178
Expected Count 170.0 8.0 178.0
%withinOrientation 95.5% 4.5% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 1.007a 4 .909
Likelihood Ratio .943 4 .918
N of Valid Cases 178

a.5cells(50.0%) have expected count less than 5. The minimum expected
count is .72.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .075 .909
Cramer’s V .075 .909

N of Valid Cases 178
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 Orientation*TracedOver   
Crosstab

TracedOver
Total0 1

Orientation East Count 23 1 24
Expected Count 22.4 1.6 24.0
%withinOrientation 95.8% 4.2% 100.0%

NA Count 18 1 19
Expected Count 17.7 1.3 19.0
%withinOrientation 94.7% 5.3% 100.0%

North Count 22 5 27
Expected Count 25.2 1.8 27.0
%withinOrientation 81.5% 18.5% 100.0%

South Count 88 4 92
Expected Count 85.8 6.2 92.0
%withinOrientation 95.7% 4.3% 100.0%

West Count 15 1 16
Expected Count 14.9 1.1 16.0
%withinOrientation 93.8% 6.3% 100.0%

Total Count 166 12 178
Expected Count 166.0 12.0 178.0
%withinOrientation 93.3% 6.7% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 7.120a 4 .130
Likelihood Ratio 5.484 4 .241
N of Valid Cases 178

a.4cells(40.0%) have expected count less than 5. The minimum expected 
count is 1.08.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .200 .130
Cramer’s V .200 .130

N of Valid Cases 178
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 Orientation*SuperImp   
Crosstab

SuperImp
Total0 1

Orientation East Count 22 2 24
Expected Count 21.8 2.2 24.0
%withinOrientation 91.7% 8.3% 100.0%

NA Count 17 2 19
Expected Count 17.3 1.7 19.0
%withinOrientation 89.5% 10.5% 100.0%

North Count 23 4 27
Expected Count 24.6 2.4 27.0
%withinOrientation 85.2% 14.8% 100.0%

South Count 86 6 92
Expected Count 83.7 8.3 92.0
%withinOrientation 93.5% 6.5% 100.0%

West Count 14 2 16
Expected Count 14.6 1.4 16.0
%withinOrientation 87.5% 12.5% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
%withinOrientation 91.0% 9.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 2.113a 4 .715
Likelihood Ratio 1.987 4 .738
N of Valid Cases 178

a.4cells(40.0%) have expected count less than 5. The minimum expected 
count is 1.44.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .109 .715
Cramer’s V .109 .715

N of Valid Cases 178
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 Orientation*Natural   
Crosstab

Natural
Total0 1

Orientation East Count 23 1 24
Expected Count 23.1 .9 24.0
%withinOrientation 95.8% 4.2% 100.0%

NA Count 18 1 19
Expected Count 18.3 .7 19.0
%withinOrientation 94.7% 5.3% 100.0%

North Count 26 1 27
Expected Count 25.9 1.1 27.0
%withinOrientation 96.3% 3.7% 100.0%

South Count 90 2 92
Expected Count 88.4 3.6 92.0
%withinOrientation 97.8% 2.2% 100.0%

West Count 14 2 16
Expected Count 15.4 .6 16.0
%withinOrientation 87.5% 12.5% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinOrientation 96.1% 3.9% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 3.958a 4 .412
Likelihood Ratio 2.993 4 .559
N of Valid Cases 178

a.5cells(50.0%) have expected count less than 5. The minimum expected 
count is .63.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .149 .412
Cramer’s V .149 .412

N of Valid Cases 178
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 Orientation*Faint
Crosstab

Faint
Total0 1

Orientation East Count 13 11 24
Expected Count 14.2 9.8 24.0
%withinOrientation 54.2% 45.8% 100.0%

NA Count 11 8 19
Expected Count 11.2 7.8 19.0
%withinOrientation 57.9% 42.1% 100.0%

North Count 16 11 27
Expected Count 15.9 11.1 27.0
%withinOrientation 59.3% 40.7% 100.0%

South Count 57 35 92
Expected Count 54.3 37.7 92.0
%withinOrientation 62.0% 38.0% 100.0%

West Count 8 8 16
Expected Count 9.4 6.6 16.0
%withinOrientation 50.0% 50.0% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinOrientation 59.0% 41.0% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided)
Pearson Chi-Square 1.110a 4 .893
Likelihood Ratio 1.102 4 .894
N of Valid Cases 178

a.0cells(0.0%) have expected count less than 5. The minimum expected
count is 6.56.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .079 .893
Cramer’s V .079 .893

N of Valid Cases 178
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 Vulvaform*Bi_Cross   
Crosstab

Bi_Cross
Total0 1

Vulvaform 0 Count 149 4 153
Expected Count 146.1 6.9 153.0
%withinVulvaform 97.4% 2.6% 100.0%

1 Count 21 4 25
Expected Count 23.9 1.1 25.0
%withinVulvaform 84.0% 16.0% 100.0%

Total Count 170 8 178
Expected Count 170.0 8.0 178.0
%withinVulvaform 95.5% 4.5% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 8.970a 1 .003
ContinuityCorrectionb 6.123 1 .013
Likelihood Ratio 6.241 1 .012
Fisher'sExactTest .015 .015
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 1.12.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .224 .003
Cramer’s V .224 .003

N of Valid Cases 178

 Vulvaform*TracedOver   
Crosstab

TracedOver
Total0 1

Vulvaform 0 Count 145 8 153
Expected Count 142.7 10.3 153.0
%withinVulvaform 94.8% 5.2% 100.0%

1 Count 21 4 25
Expected Count 23.3 1.7 25.0
%withinVulvaform 84.0% 16.0% 100.0%

Total Count 166 12 178
Expected Count 166.0 12.0 178.0
%withinVulvaform 93.3% 6.7% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 3.965a 1 .046
ContinuityCorrectionb 2.437 1 .118
Likelihood Ratio 3.124 1 .077
Fisher'sExactTest .069 .069
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 1.69.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .149 .046
Cramer’s V .149 .046

N of Valid Cases 178

 Vulvaform*SuperImp   
Crosstab

SuperImp
Total0 1

Vulvaform 0 Count 137 16 153
Expected Count 139.2 13.8 153.0
%withinVulvaform 89.5% 10.5% 100.0%

1 Count 25 0 25
Expected Count 22.8 2.2 25.0
%withinVulvaform 100.0% 0.0% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
%withinVulvaform 91.0% 9.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 2.873a 1 .090
ContinuityCorrectionb 1.736 1 .188
Likelihood Ratio 5.095 1 .024
Fisher'sExactTest .133 .079
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 2.25.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.127 .090
Cramer’s V .127 .090

N of Valid Cases 178
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 Vulvaform*Natural   
Crosstab

Natural
Total0 1

Vulvaform 0 Count 147 6 153
Expected Count 147.0 6.0 153.0
%withinVulvaform 96.1% 3.9% 100.0%

1 Count 24 1 25
Expected Count 24.0 1.0 25.0
%withinVulvaform 96.0% 4.0% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinVulvaform 96.1% 3.9% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .000a 1 .985
ContinuityCorrectionb .000 1 1.000
Likelihood Ratio .000 1 .985
Fisher'sExactTest 1.000 .660
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is .98.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .001 .985
Cramer’s V .001 .985

N of Valid Cases 178

 Vulvaform*Faint   
Crosstab

Faint
Total0 1

Vulvaform 0 Count 81 72 153
Expected Count 90.3 62.7 153.0
%withinVulvaform 52.9% 47.1% 100.0%

1 Count 24 1 25
Expected Count 14.7 10.3 25.0
%withinVulvaform 96.0% 4.0% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinVulvaform 59.0% 41.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 16.469a 1 .000
ContinuityCorrectionb 14.737 1 .000
Likelihood Ratio 21.006 1 .000
Fisher'sExactTest .000 .000
N of Valid Cases 178
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a.0cells(0.0%) have expected count less than 5. The minimum expected count is 10.25.

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.304 .000
Cramer’s V .304 .000

N of Valid Cases 178

 Bi_Cross*TracedOver   
Crosstab

TracedOver
Total0 1

Bi_Cross 0 Count 158 12 170
Expected Count 158.5 11.5 170.0
%withinBi_Cross 92.9% 7.1% 100.0%

1 Count 8 0 8
Expected Count 7.5 .5 8.0
%withinBi_Cross 100.0% 0.0% 100.0%

Total Count 166 12 178
Expected Count 166.0 12.0 178.0
%withinBi_Cross 93.3% 6.7% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .606a 1 .436
ContinuityCorrectionb .003 1 .955
Likelihood Ratio 1.144 1 .285
Fisher'sExactTest 1.000 .565
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is .54.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.058 .436
Cramer’s V .058 .436

N of Valid Cases 178

 Bi_Cross*SuperImp   
Crosstab

SuperImp
Total0 1

Bi_Cross 0 Count 154 16 170
Expected Count 154.7 15.3 170.0
%withinBi_Cross 90.6% 9.4% 100.0%

1 Count 8 0 8
Expected Count 7.3 .7 8.0
%withinBi_Cross 100.0% 0.0% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
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%withinBi_Cross 91.0% 9.0% 100.0%
  

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .827a 1 .363
ContinuityCorrectionb .077 1 .782
Likelihood Ratio 1.544 1 .214
Fisher'sExactTest 1.000 .463
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is .72.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.068 .363
Cramer’s V .068 .363

N of Valid Cases 178

 Bi_Cross*Natural   
Crosstab

Natural
Total0 1

Bi_Cross 0 Count 164 6 170
Expected Count 163.3 6.7 170.0
%withinBi_Cross 96.5% 3.5% 100.0%

1 Count 7 1 8
Expected Count 7.7 .3 8.0
%withinBi_Cross 87.5% 12.5% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinBi_Cross 96.1% 3.9% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 1.627a 1 .202
ContinuityCorrectionb .119 1 .730
Likelihood Ratio 1.081 1 .299
Fisher'sExactTest .279 .279
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is .31.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .096 .202
Cramer’s V .096 .202

N of Valid Cases 178
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 Bi_Cross*Faint
Crosstab

Faint
Total0 1

Bi_Cross 0 Count 100 70 170
Expected Count 100.3 69.7 170.0
%withinBi_Cross 58.8% 41.2% 100.0%

1 Count 5 3 8
Expected Count 4.7 3.3 8.0
%withinBi_Cross 62.5% 37.5% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinBi_Cross 59.0% 41.0% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .043a 1 .836
ContinuityCorrectionb .000 1 1.000
Likelihood Ratio .043 1 .836
Fisher'sExactTest 1.000 .571
N of Valid Cases 178
a.2cells(50.0%) have expected count less than 5. The minimum expected count is 3.28.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.015 .836
Cramer’s V .015 .836

N of Valid Cases 178

 TracedOver*SuperImp
Crosstab

SuperImp
Total0 1

TracedOver 0 Count 152 14 166
Expected Count 151.1 14.9 166.0
%withinTracedOver 91.6% 8.4% 100.0%

1 Count 10 2 12
Expected Count 10.9 1.1 12.0
%withinTracedOver 83.3% 16.7% 100.0%

Total Count 162 16 178
Expected Count 162.0 16.0 178.0
%withinTracedOver 91.0% 9.0% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .927a 1 .336
ContinuityCorrectionb .194 1 .660
Likelihood Ratio .771 1 .380
Fisher'sExactTest .294 .294
N of Valid Cases 178
a.1cells(25.0%) have expected count less than 5. The minimum expected count is 1.08.
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Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .072 .336
Cramer’s V .072 .336

N of Valid Cases 178

 TracedOver*Natural   
Crosstab

Natural
Total0 1

TracedOver 0 Count 159 7 166
Expected Count 159.5 6.5 166.0
%withinTracedOver 95.8% 4.2% 100.0%

1 Count 12 0 12
Expected Count 11.5 .5 12.0
%withinTracedOver 100.0% 0.0% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinTracedOver 96.1% 3.9% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .527a 1 .468
ContinuityCorrectionb .000 1 1.000
Likelihood Ratio .998 1 .318
Fisher'sExactTest 1.000 .608
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is .47.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.054 .468
Cramer’s V .054 .468

N of Valid Cases 178

 TracedOver*Faint   
Crosstab

Faint
Total0 1

TracedOver 0 Count 94 72 166
Expected Count 97.9 68.1 166.0
%withinTracedOver 56.6% 43.4% 100.0%

1 Count 11 1 12
Expected Count 7.1 4.9 12.0
%withinTracedOver 91.7% 8.3% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinTracedOver 59.0% 41.0% 100.0%
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Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square 5.680a 1 .017
ContinuityCorrectionb 4.324 1 .038
Likelihood Ratio 6.892 1 .009
Fisher'sExactTest .017 .014
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is 4.92.
b. Computed only for a 2x2 table

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.179 .017
Cramer’s V .179 .017

N of Valid Cases 178

 SuperImp*Natural
Crosstab

Natural
Total0 1

SuperImp 0 Count 156 6 162
Expected Count 155.6 6.4 162.0
%withinSuperImp 96.3% 3.7% 100.0%

1 Count 15 1 16
Expected Count 15.4 .6 16.0
%withinSuperImp 93.8% 6.3% 100.0%

Total Count 171 7 178
Expected Count 171.0 7.0 178.0
%withinSuperImp 96.1% 3.9% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .250a 1 .617
ContinuityCorrectionb .000 1 1.000
Likelihood Ratio .217 1 .641
Fisher'sExactTest .489 .489
N of Valid Cases 178

a.1cells(25.0%) have expected count less than 5. The minimum expected count is .63.
b. Computed only for a 2x2 table

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .037 .617
Cramer’s V .037 .617

N of Valid Cases 178
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 SuperImp*Faint   
Crosstab

Faint
Total0 1

SuperImp 0 Count 95 67 162
Expected Count 95.6 66.4 162.0
%withinSuperImp 58.6% 41.4% 100.0%

1 Count 10 6 16
Expected Count 9.4 6.6 16.0
%withinSuperImp 62.5% 37.5% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinSuperImp 59.0% 41.0% 100.0%

  
Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .090a 1 .765
ContinuityCorrectionb .001 1 .974
Likelihood Ratio .090 1 .764
Fisher'sExactTest 1.000 .492
N of Valid Cases 178
a.0cells(0.0%) have expected count less than 5. The minimum expected count is 6.56.

Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi -.022 .765
Cramer’s V .022 .765

N of Valid Cases 178
  

Natural*Faint
Faint

Total0 1
Natural 0 Count 101 70 171

Expected Count 100.9 70.1 171.0
%withinNatural 59.1% 40.9% 100.0%

1 Count 4 3 7
Expected Count 4.1 2.9 7.0
%withinNatural 57.1% 42.9% 100.0%

Total Count 105 73 178
Expected Count 105.0 73.0 178.0
%withinNatural 59.0% 41.0% 100.0%

Chi-Square Tests

Value df

Asymptotic 
Significance 

(2-sided) ExactSig.(2-sided) ExactSig.(1-sided)
Pearson Chi-Square .010a 1 .919
ContinuityCorrectionb .000 1 1.000
Likelihood Ratio .010 1 .919
Fisher'sExactTest 1.000 .605
N of Valid Cases 178

a.2cells(50.0%) have expected count less than 5. The minimum expected count is 2.87.
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Symmetric Measures

Value
Approximate 
Significance

Nominal by Nominal Phi .008 .919
Cramer’s V .008 .919

N of Valid Cases 178
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Alab Site 2: Frequency Table

U_VShape

Frequency Percent Valid Percent
Cumulative 

Percent
Valid Other 23 57.5 57.5 57.5

U 6 15.0 15.0 72.5
V 11 27.5 27.5 100.0
Total 40 100.0 100.0

Cupules

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 18 45.0 45.0 45.0

1 17 42.5 42.5 87.5
2 4 10.0 10.0 97.5
3 1 2.5 2.5 100.0
Total 40 100.0 100.0

BisectLine

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 31 77.5 77.5 77.5

1 9 22.5 22.5 100.0
Total 40 100.0 100.0

OpenClose

Frequency Percent Valid Percent
Cumulative 

Percent
Valid Other 26 65.0 65.0 65.0

C 12 30.0 30.0 95.0
O 2 5.0 5.0 100.0
Total 40 100.0 100.0

Isosceles

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 32 80.0 80.0 80.0

Y 8 20.0 20.0 100.0
Total 40 100.0 100.0

Vulvaform

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 40 100.0 100.0 100.0

Texture

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 39 97.5 97.5 97.5

Y 1 2.5 2.5 100.0
Total 40 100.0 100.0
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Bi_Cross

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 39 97.5 97.5 97.5

1 1 2.5 2.5 100.0
Total 40 100.0 100.0

TracedOver

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 38 95.0 95.0 95.0

Y 2 5.0 5.0 100.0
Total 40 100.0 100.0

SuperImp

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 40 100.0 100.0 100.0

Natural

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 38 95.0 95.0 95.0

Y 2 5.0 5.0 100.0
Total 40 100.0 100.0

FaintUnsur

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 36 90.0 90.0 90.0

Y 4 10.0 10.0 100.0
Total 40 100.0 100.0

Super_Over

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 38 95.0 95.0 95.0

Y 2 5.0 5.0 100.0
Total 40 100.0 100.0

Orientation

Frequency Percent Valid Percent
Cumulative 

Percent
Valid E 8 20.0 20.0 20.0

N 2 5.0 5.0 25.0
NA 26 65.0 65.0 90.0
S 4 10.0 10.0 100.0
Total 40 100.0 100.0
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Angono Petroglyph Site: Frequency Table
 

Phase

Frequency Percent Valid Percent

Cumulative 

Percent

Valid 1 51 22.8 22.8 22.8

2 128 57.1 57.1 79.9

3 45 20.1 20.1 100.0

Total 224 100.0 100.0

Anthopomorph

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 112 49.8 49.8 49.8

Y 113 50.2 50.2 100.0
Total 225 100.0 100.0

SuperImp

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 201 89.3 89.3 89.3

Y 24 10.7 10.7 100.0
Total 225 100.0 100.0

Super_Over

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 213 94.7 94.7 94.7

Y 12 5.3 5.3 100.0
Total 225 100.0 100.0

TracedOver

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 152 67.6 67.6 67.6

Y 73 32.4 32.4 100.0
Total 225 100.0 100.0

Fingers

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 204 90.7 90.7 90.7

Y 21 9.3 9.3 100.0
Total 225 100.0 100.0
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OnHead

Frequency Percent Valid Percent
Cumulative 

Percent
Valid C 10 4.4 4.4 4.4

H 1 .4 .4 4.9
N 211 93.8 93.8 98.7
R 2 .9 .9 99.6
T 1 .4 .4 100.0
Total 225 100.0 100.0

Cupules

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 158 70.2 70.2 70.2

1 53 23.6 23.6 93.8
2 9 4.0 4.0 97.8
3 5 2.2 2.2 100.0
Total 225 100.0 100.0

Bisect

Frequency Percent Valid Percent
Cumulative 

Percent
Valid 0 210 93.3 93.3 93.3

1 10 4.4 4.4 97.8
2 4 1.8 1.8 99.6
3 1 .4 .4 100.0
Total 225 100.0 100.0

Conv_Geo

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 194 86.2 86.2 86.2

Y 31 13.8 13.8 100.0
Total 225 100.0 100.0

Triangle

Frequency Percent Valid Percent
Cumulative 

Percent
Valid N 215 95.6 95.6 95.6

Y 10 4.4 4.4 100.0
Total 225 100.0 100.0
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Angono Petroglyph Site: Crosstabs

Phase * SuperImp
Crosstab

SuperImp
TotalN Y

Phase 1 Count 49 2 51
Expected Count 45.5 5.5 51.0
% within Phase 96.1% 3.9% 100.0%

2 Count 108 20 128
Expected Count 114.3 13.7 128.0
% within Phase 84.4% 15.6% 100.0%

3 Count 43 2 45
Expected Count 40.2 4.8 45.0
% within Phase 95.6% 4.4% 100.0%

Total Count 200 24 224
Expected Count 200.0 24.0 224.0
% within Phase 89.3% 10.7% 100.0%

Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Pearson Chi-Square 7.536a 2 .023
Likelihood Ratio 8.355 2 .015
N of Valid Cases 224
a. 1 cells (16.7%) have expected count less than 5. The minimum expected
count is 4.82.

Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .183 .023
Cramer's V .183 .023

N of Valid Cases 224
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Phase * Super_Over
Crosstab

Super_Over
TotalN Y

Phase 1 Count 49 2 51
Expected Count 48.5 2.5 51.0
% within Phase 96.1% 3.9% 100.0%

2 Count 121 7 128
Expected Count 121.7 6.3 128.0
% within Phase 94.5% 5.5% 100.0%

3 Count 43 2 45
Expected Count 42.8 2.2 45.0
% within Phase 95.6% 4.4% 100.0%

Total Count 213 11 224
Expected Count 213.0 11.0 224.0
% within Phase 95.1% 4.9% 100.0%

Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Pearson Chi-Square .213a 2 .899
Likelihood Ratio .219 2 .896
N of Valid Cases 224
a. 2 cells (33.3%) have expected count less than 5. The minimum expected
count is 2.21.

Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .031 .899
Cramer's V .031 .899

N of Valid Cases 224

Phase * TracedOver
Crosstab

TracedOver
TotalN Y

Phase 1 Count 49 2 51
Expected Count 34.6 16.4 51.0
% within Phase 96.1% 3.9% 100.0%

2 Count 58 70 128
Expected Count 86.9 41.1 128.0
% within Phase 45.3% 54.7% 100.0%

3 Count 45 0 45
Expected Count 30.5 14.5 45.0
% within Phase 100.0% 0.0% 100.0%

Total Count 152 72 224
Expected Count 152.0 72.0 224.0
% within Phase 67.9% 32.1% 100.0%
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Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Pearson Chi-Square 69.766a 2 .000
Likelihood Ratio 88.124 2 .000
N of Valid Cases 224
a. 0 cells (0.0%) have expected count less than 5. The minimum expected
count is 14.46.

Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .558 .000
Cramer's V .558 .000

N of Valid Cases 224

Phase * Fingers
Crosstab

Fingers
TotalN Y

Phase 1 Count 51 0 51
Expected Count 46.2 4.8 51.0
% within Phase 100.0% 0.0% 100.0%

2 Count 107 21 128
Expected Count 116.0 12.0 128.0
% within Phase 83.6% 16.4% 100.0%

3 Count 45 0 45
Expected Count 40.8 4.2 45.0
% within Phase 100.0% 0.0% 100.0%

Total Count 203 21 224
Expected Count 203.0 21.0 224.0
% within Phase 90.6% 9.4% 100.0%

Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Pearson Chi-Square 17.379a 2 .000
Likelihood Ratio 25.121 2 .000
N of Valid Cases 224
a. 2 cells (33.3%) have expected count less than 5. The minimum expected
count is 4.22.

Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .279 .000
Cramer's V .279 .000

N of Valid Cases 224
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Phase * OnHead
Crosstab

OnHead
TotalC H N R T

Phase 1 Count 0 0 51 0 0 51
Expected Count 2.3 .2 47.8 .5 .2 51.0
% within Phase 0.0% 0.0% 100.0% 0.0% 0.0% 100.0%

2 Count 9 1 115 2 1 128
Expected Count 5.7 .6 120.0 1.1 .6 128.0
% within Phase 7.0% 0.8% 89.8% 1.6% 0.8% 100.0%

3 Count 1 0 44 0 0 45
Expected Count 2.0 .2 42.2 .4 .2 45.0
% within Phase 2.2% 0.0% 97.8% 0.0% 0.0% 100.0%

Total Count 10 1 210 2 1 224
Expected Count 10.0 1.0 210.0 2.0 1.0 224.0
% within Phase 4.5% 0.4% 93.8% 0.9% 0.4% 100.0%

Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Pearson Chi-Square 8.171a 8 .417
Likelihood Ratio 11.754 8 .163
N of Valid Cases 224
a. 11 cells (73.3%) have expected count less than 5. The minimum expected
count is .20.

Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .191 .417
Cramer's V .135 .417

N of Valid Cases 224

Phase * Conv_Geo
Crosstab

Conv_Geo
TotalN Y

Phase 1 Count 51 0 51
Expected Count 44.2 6.8 51.0
% within Phase 100.0% 0.0% 100.0%

2 Count 98 30 128
Expected Count 110.9 17.1 128.0
% within Phase 76.6% 23.4% 100.0%

3 Count 45 0 45
Expected Count 39.0 6.0 45.0
% within Phase 100.0% 0.0% 100.0%

Total Count 194 30 224
Expected Count 194.0 30.0 224.0
% within Phase 86.6% 13.4% 100.0%
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Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Pearson Chi-Square 25.979a 2 .000
Likelihood Ratio 37.022 2 .000
N of Valid Cases 224
a. 0 cells (0.0%) have expected count less than 5. The minimum expected
count is 6.03.

Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .341 .000
Cramer's V .341 .000

N of Valid Cases 224

Phase * Triangle
Crosstab

Triangle
TotalN Y

Phase 1 Count 43 8 51
Expected Count 48.7 2.3 51.0
% within Phase 84.3% 15.7% 100.0%

2 Count 126 2 128
Expected Count 122.3 5.7 128.0
% within Phase 98.4% 1.6% 100.0%

3 Count 45 0 45
Expected Count 43.0 2.0 45.0
% within Phase 100.0% 0.0% 100.0%

Total Count 214 10 224
Expected Count 214.0 10.0 224.0
% within Phase 95.5% 4.5% 100.0%

Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Pearson Chi-Square 19.689a 2 .000
Likelihood Ratio 16.812 2 .000
N of Valid Cases 224
a. 2 cells (33.3%) have expected count less than 5. The minimum expected
count is 2.01.

Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .296 .000
Cramer's V .296 .000

N of Valid Cases 224
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Phase * Bisect_Group
Crosstab

Bisect_Group
Total1

Phase 1 Count 51 51
Expected Count 51.0 51.0
% within Phase 100.0% 100.0%

2 Count 128 128
Expected Count 128.0 128.0
% within Phase 100.0% 100.0%

3 Count 45 45
Expected Count 45.0 45.0
% within Phase 100.0% 100.0%

Total Count 224 224
Expected Count 224.0 224.0
% within Phase 100.0% 100.0%

Chi-Square Tests

Value
Pearson Chi-Square .a
N of Valid Cases 224
a. No statistics are computed because
Bisect_Group is a constant.

Symmetric Measures

Value
Nominal by Nominal Phi .a
N of Valid Cases 224
a. No statistics are computed because Bisect_Group is
a constant.

Phase * Cupules_Group
Crosstab

Cupules_Group
Total1

Phase 1 Count 51 51
Expected Count 51.0 51.0
% within Phase 100.0% 100.0%

2 Count 128 128
Expected Count 128.0 128.0
% within Phase 100.0% 100.0%

3 Count 45 45
Expected Count 45.0 45.0
% within Phase 100.0% 100.0%

Total Count 224 224
Expected Count 224.0 224.0
% within Phase 100.0% 100.0%
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Chi-Square Tests

Value
Pearson Chi-Square .a
N of Valid Cases 224
a. No statistics are computed because
Cupules_Group is a constant.

Symmetric Measures

Value
Nominal by Nominal Phi .a
N of Valid Cases 224
a. No statistics are computed because Cupules_Group
is a constant.
 

Anthopomorph * SuperImp
Crosstab

SuperImp
TotalN Y

Anthopomorph N Count 106 6 112
Expected Count 100.1 11.9 112.0
% within Anthopomorph 94.6% 5.4% 100.0%

Y Count 95 18 113
Expected Count 100.9 12.1 113.0
% within Anthopomorph 84.1% 15.9% 100.0%

Total Count 201 24 225
Expected Count 201.0 24.0 225.0
% within Anthopomorph 89.3% 10.7% 100.0%

  
Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Exact Sig.
(2-sided)

Exact Sig.
(1-sided)

Pearson Chi-Square 6.598a 1 .010
Continuity Correctionb 5.535 1 .019
Likelihood Ratio 6.877 1 .009
Fisher's Exact Test .016 .009
N of Valid Cases 225
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 11.95.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .171 .010
Cramer's V .171 .010

N of Valid Cases 225
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Anthopomorph * Super_Over
Crosstab

Super_Over
TotalN Y

Anthopomorph N Count 106 6 112
Expected Count 106.0 6.0 112.0
% within Anthopomorph 94.6% 5.4% 100.0%

Y Count 107 6 113
Expected Count 107.0 6.0 113.0
% within Anthopomorph 94.7% 5.3% 100.0%

Total Count 213 12 225
Expected Count 213.0 12.0 225.0
% within Anthopomorph 94.7% 5.3% 100.0%

  
 

Chi-Square Tests

Value df Asymptotic Significance (2-sided) Exact Sig. (2-sided) Exact Sig. (1-sided)
Pearson Chi-Square .000a 1 .987
Continuity Correctionb .000 1 1.000
Likelihood Ratio .000 1 .987
Fisher's Exact Test 1.000 .610
N of Valid Cases 225
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 5.97.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi -.001 .987
Cramer's V .001 .987

N of Valid Cases 225

Anthopomorph * TracedOver
Crosstab

TracedOver
TotalN Y

Anthopomorph N Count 101 11 112
Expected Count 75.7 36.3 112.0
% within Anthopomorph 90.2% 9.8% 100.0%

Y Count 51 62 113
Expected Count 76.3 36.7 113.0
% within Anthopomorph 45.1% 54.9% 100.0%

Total Count 152 73 225
Expected Count 152.0 73.0 225.0
% within Anthopomorph 67.6% 32.4% 100.0%
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Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Exact Sig.
(2-sided)

Exact Sig.
(1-sided)

Pearson Chi-Square 52.074a 1 .000
Continuity Correctionb 50.039 1 .000
Likelihood Ratio 56.064 1 .000
Fisher's Exact Test .000 .000
N of Valid Cases 225
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 36.34.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .481 .000
Cramer's V .481 .000

N of Valid Cases 225
  

Anthopomorph * Fingers
Crosstab

Fingers
TotalN Y

Anthopomorph N Count 112 0 112
Expected Count 101.5 10.5 112.0
% within Anthopomorph 100.0% 0.0% 100.0%

Y Count 92 21 113
Expected Count 102.5 10.5 113.0
% within Anthopomorph 81.4% 18.6% 100.0%

Total Count 204 21 225
Expected Count 204.0 21.0 225.0
% within Anthopomorph 90.7% 9.3% 100.0%

  
Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Exact Sig.
(2-sided)

Exact Sig.
(1-sided)

Pearson Chi-Square 22.957a 1 .000
Continuity Correctionb 20.813 1 .000
Likelihood Ratio 31.072 1 .000
Fisher's Exact Test .000 .000
N of Valid Cases 225
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 10.45.
b. Computed only for a 2x2 table
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Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .319 .000
Cramer's V .319 .000

N of Valid Cases 225

Anthopomorph * OnHead
Crosstab

OnHead
TotalC H N R T

Anthopomorph N Count 0 0 112 0 0 112
Expected Count 5.0 .5 105.0 1.0 .5 112.0
% within
Anthopomorph 0.0% 0.0% 100.0% 0.0% 0.0% 100.0%

Y Count 10 1 99 2 1 113
Expected Count 5.0 .5 106.0 1.0 .5 113.0
% within
Anthopomorph 8.8% 0.9% 87.6% 1.8% 0.9% 100.0%

Total Count 10 1 211 2 1 225
Expected Count 10.0 1.0 211.0 2.0 1.0 225.0
% within
Anthopomorph 4.4% 0.4% 93.8% 0.9% 0.4% 100.0%

  
 

Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided)
Pearson Chi-Square 14.797a 4 .005
Likelihood Ratio 20.205 4 .000
N of Valid Cases 225
a. 7 cells (70.0%) have expected count less than 5. The minimum expected count
is .50.

  
Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .256 .005
Cramer's V .256 .005

N of Valid Cases 225
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Anthopomorph * Conv_Geo
Crosstab

Conv_Geo
TotalN Y

Anthopomorph N Count 108 4 112
Expected Count 96.6 15.4 112.0
% within Anthopomorph 96.4% 3.6% 100.0%

Y Count 86 27 113
Expected Count 97.4 15.6 113.0
% within Anthopomorph 76.1% 23.9% 100.0%

Total Count 194 31 225
Expected Count 194.0 31.0 225.0
% within Anthopomorph 86.2% 13.8% 100.0%

  
Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided) Exact Sig. (2-sided) Exact Sig. (1-sided)
Pearson Chi-Square 19.555a 1 .000
Continuity Correctionb 17.882 1 .000
Likelihood Ratio 21.629 1 .000
Fisher's Exact Test .000 .000
N of Valid Cases 225
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 15.43.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi .295 .000
Cramer's V .295 .000

N of Valid Cases 225
  

Anthopomorph * Triangle
Crosstab

Triangle
TotalN Y

Anthopomorph N Count 102 10 112
Expected Count 107.0 5.0 112.0
% within Anthopomorph 91.1% 8.9% 100.0%

Y Count 113 0 113
Expected Count 108.0 5.0 113.0
% within Anthopomorph 100.0% 0.0% 100.0%

Total Count 215 10 225
Expected Count 215.0 10.0 225.0
% within Anthopomorph 95.6% 4.4% 100.0%
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Chi-Square Tests

Value df

Asymptotic
Significance

(2-sided) Exact Sig. (2-sided) Exact Sig. (1-sided)
Pearson Chi-Square 10.559a 1 .001
Continuity Correctionb 8.561 1 .003
Likelihood Ratio 14.422 1 .000
Fisher's Exact Test .001 .001
N of Valid Cases 225
a. 1 cells (25.0%) have expected count less than 5. The minimum expected count is 4.98.
b. Computed only for a 2x2 table

  
Symmetric Measures

Value
Approximate
Significance

Nominal by Nominal Phi -.217 .001
Cramer's V .217 .001

N of Valid Cases 225

Anthopomorph * Bisect_Group
Crosstab

Bisect_Group
Total1

Anthopomorph N Count 112 112
Expected Count 112.0 112.0
% within Anthopomorph 100.0% 100.0%

Y Count 113 113
Expected Count 113.0 113.0
% within Anthopomorph 100.0% 100.0%

Total Count 225 225
Expected Count 225.0 225.0
% within Anthopomorph 100.0% 100.0%

  
 

Chi-Square Tests

Value
Pearson Chi-Square .a
N of Valid Cases 225
a. No statistics are computed because
Bisect_Group is a constant.

  
Symmetric Measures

Value
Nominal by Nominal Phi .a
N of Valid Cases 225
a. No statistics are computed because Bisect_Group is a
constant.
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Anthopomorph * Cupules_Group
Crosstab

Cupules_Group
Total1

Anthopomorph N Count 112 112
Expected Count 112.0 112.0
% within Anthopomorph 100.0% 100.0%

Y Count 113 113
Expected Count 113.0 113.0
% within Anthopomorph 100.0% 100.0%

Total Count 225 225
Expected Count 225.0 225.0
% within Anthopomorph 100.0% 100.0%

Chi-Square Tests

Value
Pearson Chi-Square .a
N of Valid Cases 225
a. No statistics are computed because
Cupules_Group is a constant.

Symmetric Measures

Value
Nominal by Nominal Phi .a
N of Valid Cases 225
a. No statistics are computed because Cupules_Group is
a constant.
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The Pictographs of the Rock Islands of Koror, Palau: Advanced
Enhancement and 3DModeling at Five Sites
by Mark Willis and Andrea Jalandoni September 8, 2011

Introduction
On February 26 28, 2011, researchers attempted to visit and document six pictograph sites located in
the Rock Islands of Palau. Five of the sites were located and recorded using various innovative
techniques, such as Structure from Motion (SfM) modeling, photogrammetry, and image decorrelation
stretching. The effort was part of a larger project related to the proposed listing of the area as a World
Heritage Site with the United Nations Educational, Scientific and Cultural Organization (UNESCO) with
the help of International Council on Monuments and Sites (ICOMOS), the Republic of Palau's Bureau of
Arts and Culture (BAC) and the Micronesian Area Research Center (MARC) at the University of Guam
(UoG). MARC funded travel and lodging from Guam to Palau. All other work on the project was pro bono
on the part of the authors.

Background
The islands of Palau are located in the westernmost boundary of Micronesia (Figure 1). The Palauan
archipelago encompasses approximately 350 islands that are oriented, generally, along a north south
axis (Liston and Rieth 2010). Palau, like other islands in Micronesia, is likely to have been colonized by
Austronesians between 2500 and 1250 BCE (Athens and Ward 2001, 2005; Clark 2005; Clark, Anderson
and Wright 2006; Fitzpatrick 2003 [in Liston and Rieth 2010]).

Figure 1. Map of Palau and location in the region, with the Rock Islands outlined.
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SECOND DRAFT (November 3, 2011): The Pictographs of the Rock Islands of Koror, Palau: Advanced Enhancement
and 3D Modeling at Five Sites by Mark Willis and Andrea Jalandoni

The pictographs are the earliest known documentation by Palauans (Kloulubak 2009). All documented
pictographs are located in the Rock Islands of Koror, Palau (see Figure 1). Legend attributes the
pictographs of the Rock Islands to the cultural hero Orachel (sometimes spelled Orachl), who is also
credited for the bai (traditional Palau community house) building and decorating tradition. The hero
carried red ochre coloring pigment, the kind used to paint canoes or decorate bodies, and painted
figures or inscriptions on the overhanging roofs of ledges on the cliffs of every island he passed ending in
Ulong island (McKnight 1964). His brush was made of coconut spathe and the paint is made from
charcoal, squid ink, aside from red ochre pigment (World Heritage nomination 2011). Orachel used
these pictographs to teach the art of documentation to the people (Kloubak 2009). According to
McKnight (1964) and Schmidt (1974) there are six known and documented locations for pictographs in
the Rock Islands (Figure 2).

Figure 2. Map with six rock painting locations; the 7th site marked “Boi” is a anthropomorphized natural white stain
(adapted fromMcKnight 1964).

In 2010, Palau’s first petroglyph site was identified on a basalt boulder in Babeldaob, the main island
north of the Rock Islands. Liston and Rieth (2010) identify four petroglyphs as one equilateral triangle
and three figures composed of inverted triangles and cupule. The figures seem anthropomorphic with
the triangles as bodies.

Methodology
The Rock Island pictograph panels are primarily located within high limestone grottos or rockshelters on
the cliff like walls of the island edges. Sites were accessed either by mooring a boat and climbing to the
rock art, photographing the panels from the boat, or in one case, walking to the pictograph panel on
foot. The recording process was essentially the same, regardless of the access method but each site had
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and 3D Modeling at Five Sites by Mark Willis and Andrea Jalandoni

different challenges for proper documentation. Those challenges are discussed with the results from
each pictograph site.

All of the methods used to document the pictographs during the project were non invasive and
photographically based. Two digital single lens reflex (DSLR) cameras were used for all the photographic
documentation. A Canon 50D was the primary camera used. All photographs from the Canon 50D were
collected in RAW format as well as the highest resolution JPEG available (15.1 megapixels: 4752x3168
pixels). The backup camera was a Nikon D300S. Similarly, the Nikon took high resolution JPEG images
(12.3 megapixel: 4288x2848 pixels) as well as saving each image in the Nikon Electronic Format (NEF). A
Kodak Q 14 color separation guide and gray scale (CAT 1527662) was used for color balance and
matching. In addition to this equipment a sturdy tripod and Gigapan Epic Pro robotic camera mount
were also used. In total, nearly 4,000 photographs were taken of the rock art while in the field.

Image Enhancement
For the Mars Exploration Rover Missions, NASA's Jet Propulsion Laboratory developed an image
enhancement process to differentiate between the subtle red hues in imagery sent back from Mars by
the robotic rovers ( Alley 1996). The algorithm used in the enhancement is called a decorrelation stretch
and as the name suggests, it "stretches" the color differences found in an image so that very minute
differences are exaggerated and sometimes nearly invisible details become more obvious. This
technique is particularly well suited to enhancing the mostly red pictographs found within the Rock
Islands of Palau. Variations of the decorrelation stretch algorithm were applied to photographs from all
the pictographs sites visited during this project. Using different combinations of the algorithm allowed
for enhancement in different color ranges and thus revealed new details in the images. At all of the
sites, new facets of the pictographs were revealed.

Photogrammetry and Structure fromMotion
Two separate but related techniques were used with the photographic data to create three dimensional
(3D) models of the pictographs. The first is the more commonly known technique of photogrammetry.
Photogrammetry is the process of extracting three dimensional data from a series of overlapping stereo
pair images. This method generally works in the same fashion as a pair of human eyes. One image is
photographed from a "right eye" perspective and another from the "left eye" with approximately 70%
overlap between the two. Computer software compares the overlapping area from the photographs
and then recreates the topography of that region. Traditional photogrammetry requires fairly rigid
control for the way photographs are taken and that the spatial relationship between the photographs be
known.

Structure from Motion (SfM) is a new technique for recording 3D shapes and differs from
photogrammetry in that less control is required to produce the model. Using a DSLR camera, hundreds
of overlapping photographs are taken of the rock art panels from numerous angles. Processing of the
images into a 3D model is more complicated than photogrammetry but control over the relationship
between each photograph is much less important. To create the 3D model, the photographs are
downloaded and a scale invariant feature transform (SIFT) algorithm is used to detect and triangulate
the locations of similar features in each image. The similarities are then used to determine the basic
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shape of the subject and the vantage point each photograph was taken from. To dramatically increase
the number of points in the 3D model, a patch based multi view stereo (PMVS) algorithm is applied to
the dataset. This decomposes the input images into a set of image clusters of a manageable size for
processing. The computation time for creating these complex models can take days on the fastest
personal computer. Once the 3D model is computed, the textures from each photograph are projected
back onto the model to create a high resolution seamless texture. The resulting model can then be
viewed fully textured in MeshLab or similar 3D viewing software.

Both photogrammetry and SfM need relatively stable scenes to create 3D models from. In other words,
strong changes in lighting conditions, movement within the scene, or unstable footing for the camera
can cause errors or other problems with the 3D model. In particular, vegetation that is swaying in the
wind or photographs taken from a bobbing boat were issues during this project. Because vegetation is
made up of extremely complex shapes and is often changing position, it is frequently digitally removed
from the imagery or "flattened" to the background rock and appears as an unusual green splotch.
Attempts were made to minimize these problems in the 3D models but it is still present in some.

The end result from each technique is an Alias Wavefront OBJ formatted file and texture map of the
pictograph panel. The "OBJ" can be virtually manipulated, measured, etc. Furthermore, the
decorrelation stretch image enhancement, described previously, can be applied to the texture maps and
then projected onto the 3D model. This can be of particular interest because the natural shape of the
limestone on which the pictographs were painted may have been used by the pictographers as design
elements. Also, while it has not been demonstrated with the pictographs of the Rock Islands, some
archaeoastronomical alignments can be recreated within the controlled 3D environment of the
computer. For instance, a virtual sunrise on a virtual solstice 2,000 years ago could be recreated to see
how shadows fall across the pictographs.

Gigapan Epic Pro
The Gigapan system is a robotic tripod mounted camera
trigging device. The mechanical aspect of the Gigapan is
simple. It allows for the automated precise photographing of a
dense grid of photographs (Figures 3 and 4). The Gigapan
system is placed in front of a rock art panel and a telephoto
lens on a DSLR are attached to it. The user zooms the lens to
get the maximum detail desired and then tells the Gigapan the
area to photograph. The Gigapan then automatically triggers
the camera to take a series of photographs starting in the
upper left hand portion of the imaging area. The machine
move the camera in transects from top to bottom and left to
right taking pictures that overlap each other by 40%. The
matrix of images are downloaded after the process is finished
and processed using proprietary software that stitches all of
the photographs together into one large panorama. The

Figure 3. The Gigapan Epic Pro robotic
panorama system.
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resulting image is hyper detailed and of much higher resolution than possible using any other
photographic method. The final graphics must be viewed using special software that is freely available.

Figure 4. Example of a Gigapan image mosaic before stitching. Each rectangle is a full resolution photograph.

Results
This section gives a short physical description of each of the pictograph sites, describes how each was
accessed, which recording techniques used there, and summarizes any challenges faced during the
fieldwork and processing of the data. No attempt is made to explain what the pictographs depict or
assign a meaning. Such speculation is better suited for other researchers.

The sites are discussed in the order they were visited: Ulong Island, Long Island, Ngermid, Orchel's
Pictograph, and Tabkulao (Figure 5 and Table 1). This report provides a limited sample of the graphic
results from each of the sites. A catalog of all the images will be provided to BAC upon acceptance of
this report. Moreover, the 3D digital models created of the sites are best explored by viewing animated
videos or by loading the models onto a computer for direct manipulation and examination.
Unfortunately, a hardcopy report is not the best medium to share that sort of data.

Due to time and weather constraints, in the field, the majority of effort was placed on the recording of
the rock art at Ulong Island. None of the work, at any of the sites, should be considered exhaustive. All
of the sites deserve further study.

Appendix H 493



SECOND DRAFT (November 3, 2011): The Pictographs of the Rock Islands of Koror, Palau: Advanced Enhancement
and 3D Modeling at Five Sites by Mark Willis and Andrea Jalandoni

Figure 5. Locations of pictograph sites visited.

Table 1. Pictograph site GPS data, including orientation, coordinates, and data collector location.

Site Orientation Latitude Longitude

Ulong Island Northwest
Long Island Northeast
Ngermid East
Orachel Pictograph West Southwest
Tabkukao Northeast
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Ulong Island Pictographs

Figure 6. Overview of Ulong Island Pictograph Site.

This was the first and most dramatic of the pictograph sites visited during the project. The site is located
in a limestone rockshelter that is approximately 30 meters above mean sea level and faces northwest
(Figures 6 and 7). The site is accessed by scrambling from boat to a rope and then a harrowing climb, up
vines and other vegetation along the nearly vertical cliff face. The irregularly shaped rockshelter
measures approximately 40 meters long, has a ceiling that varies from one to three meters tall, and is at
most four meters deep in some places. The rockshelter is vaguely divided into two separate alcoves by
the narrowing of a limestone ledge between the two. The majority of the rock art is in the southwestern
most alcove and consists primarily of red pictographs but yellow and black images are also present.
There is a limited amount of modern graffiti carved into the limestone in various places. The difficulty of
access to the site has certainly helped preserve it from casual vandalism.

Figure 7. View from inside Ulong Island rockshelter, facing out and to the northwest.
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All of the recording techniques discussed earlier in this report were applied at the Ulong Island
Pictograph Site. After limited removal of small amounts of vegetation that obscured some of the rock
art, the Gigapan system was setup near the cliff edge, at the mouth of the main shelter. It was
positioned to gain the most visible arc of the pictographs. The Gigapan system recorded 1,068
photographs and produced a 2.53 gigapixel image from that mosaic of photographs. That image is
available for detailed examination here:
http://www.gigapan.org/gigapans/12f747f6177fe198c8379373853ab987/ The Gigapan system
successfully recorded most of the pictographs but due to the limitations of working next to the cliff
edge, the final image is slightly clipped at the top and right side. This was unavoidable.

Figure 8. Low resolution 3D model of the Ulong Island pictograph site.

Close range photogrammetry and SfM imaging were also conducted throughout this shelter. This was
accomplished by taking more than 1,500 photographs of the pictographs from all angles and vantage
points. This site was particularly well suited for SfM modeling due to its complex shape and very limited
working area. However, the 3D model created from photographs was challenging to generate because
of the intricacy of the shape and the large number of photographs needed to fully document it. As
photographs are added to a SfM project, the computation time and power needed goes up
exponentially. It took approximately 1,600 hours of computer processing time to create the Ulong Island
pictograph 3D model (Figures 8 and 9).

Figure 9. Low resolution textured and untextured 3D model from Ulong Island pictograph site.
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The most insightful information about the pictographs came from the decorrelation stretch images of
the pictographs. The same photographs used for the close range photogrammetry and SfM modeling
were processed using the decorrelation stretch algorithm. Several examples of the results are provided
in Figure 10 through 24. An extensive collection of similar images will be archived with BAC.

Figure 10. Decorrelation stretched images from the Ulong Island pictograph site.

Figure 11. Decorrelation stretched images from the Ulong Island pictograph site.

Figure 12. Decorrelation stretched images from the Ulong Island pictograph site.
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Figure 13. Decorrelation stretched images from the Ulong Island pictograph site.

Figure 14. Decorrelation stretched images from the Ulong Island pictograph site.

Figure 15. Decorrelation stretched images from the Ulong Island pictograph site.
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Figure 16. Decorrelation stretched images from the Ulong Island pictograph site.

Figure 17. Decorrelation stretched images from the Ulong Island pictograph site.

Figure 18. Decorrelation stretched images from the Ulong Island pictograph site.
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Figure 19. Decorrelation stretched images from the Ulong Island pictograph site.

Figure 20. Decorrelation stretched images from the Ulong Island pictograph site.

Figure 21. Decorrelation stretched images from the Ulong Island pictograph site.
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Figure 22. Decorrelation stretched images from the Ulong Island pictograph site.

Figure 23. Decorrelation stretched images from the Ulong Island pictograph site.

Figure 24. Decorrelation stretched images from the Ulong Island pictograph site.
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Long Island Pictograph Site

Figure 25. Overview of Long Island Pictograph Site. The rock art is located near the center of the photograph.

This site is located within a public park and was reached on foot (Figure 25). The pictographs are present
in three panels with most being very faint. All are found on cliff faces that face approximately east.
Getting near the pictographs was not easy because they were situated about 10 meters above ground
level and do not have an available ledge to stand on, in front of them. The closest the researchers were
able to get to the rock art was about five meters and that was at an oblique angle to the rock art. An
attempt was made to use the Gigapan Epic Pro at the site but no stable place to set a tripod was found.
Over 250 photographs were taken of the pictographs from every accessible vantage point.

Using SfM, a 3D model was created of the pictographs but as with the Ulong Island pictographs, the
decorrelation stretching of the images provided the best insight into the original composition (Figures 26
through 28).
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Figure 26. Decorrelation stretched images from the Long Island pictograph site.

Figure 27. Decorrelation stretched images from the Long Island pictograph site.

Figure 28. Decorrelation stretched images from the Long Island pictograph site.
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Ngermid Pictograph Site

Figure 29. Overview of Ngermid Pictograph Site.

The rock art at the Ngermid site is highly eroded and extremely faint. All of the red pictograph are in a
long narrow east facing rockshelter formed from limestone (Figure 29). The shelter runs about 20
meters long and is about 8 to 10 meters above sea level. The site was documented from a boat because
no reasonable land access was possible. Only decorrelation stretching of the photographs at this site
was possible due to limitations of the access (Figures 30 and 32).
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Figure 30. Decorrelation stretched images from the Ngermid pictograph site.

Figure 31. Decorrelation stretched images from the Ngermid pictograph site.

Figure 32. Decorrelation stretched images from the Ngermid pictograph site.
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Orachel Pictograph Site

Figure 33. Orachel Pictograph Site overview.

This site has been labeled (literally) by the locals as "Orachel Pictograph" site and was only viewable by
boat (Figure 33). The site is positioned in a small alcove about six or seven meters above sea level. It is
a popular spot for tourists to visit while kayaking.

Figure 34. Low resolution 3D model of the Orachel pictograph site.

The SfM technique was able to create a 3D model of reasonable resolution of this pictograph panel
(Figure 34). An video of the model can be seen at: http://www.vimeo.com/28614711 . It includes both
photographic and decorrelation stretched images of the panel. The decorrelation stretched still images,
also draw out some interesting details from these pictographs (Figures 35 through 37).
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Figure 35. Decorrelation stretched images from the Orachel pictograph site.

Figure 36. Decorrelation stretched images from the Orachel pictograph site.

Figure 37. Decorrelation stretched images from the Orachel pictograph site.
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Tabkukao Pictograph Site

Figure 38. Overview photograph of the Tabkukao Pictograph Site.

The last of the known pictograph sites visited was Tabkukao. The rock art is located within two
limestone grottos about ten meters above sea level (Figure 38). They open to the east/northeast. Based
on the size of the vegetation, each grotto is thought to be about 10 15 meters long and may be 1.5 to 2
meters tall. Owing to worries about a storm in the area and because of the steep cliff below the
rockshelters, the pictographs were only photographed and observed from the boat.

Figure 39. Low resolution 3D model of the left hand panel from the Tabkukao Pictograph Site.

3D models of each of the grottos were created using SfM but are of limited resolution because of the
distance from which the photographs were taken (Figures 39 and 40). An animation of the 3d model of
the southernmost (left) pictograph panel is viewable here: http://www.vimeo.com/28646404
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Figure 40. Low resolution 3D model of the right hand panel from the Tabkukao Pictograph Site.

Consistent with the results from the other sites, the most consequential results came from the exercise
of applying the decorrelation stretch to the images taken at Tabkukao (Figures 41 to 49). Climbing to this
site and properly photographing the pictographs is certainly worth the effort. The results of the
decorrelation stretching shows there is a lot of imagery and that it may be different than that
documented elsewhere.

Figure 41. Decorrelation stretched images from the Tabkukao Pictograph Site.

Figure 42. Decorrelation stretched images from the Tabkukao Pictograph Site.
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Figure 43. Decorrelation stretched images from the Tabkukao Pictograph Site.

Figure 44. Decorrelation stretched images from the Tabkukao Pictograph Site.

Figure 45. Decorrelation stretched images from the Tabkukao Pictograph Site.
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Figure 46. Decorrelation stretched images from the Tabkukao Pictograph Site.

Figure 47. Decorrelation stretched images from the Tabkukao Pictograph Site.

Figure 48. The yellow in the right image may represent more recent over painting, retouching of the pictograph, or a
different pigment.
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Figure 49. Decorrelation stretched images from the Tabkukao Pictograph Site.

Conclusion and Recommendations
The use of these techniques at five pictograph sites in the Rock Islands has accomplished two major
goals. First, a dense photographic record of several of the sites now exists. This preserves, at least
digitally, these traditional cultural properties for the citizens of Palau and the rest of the world to enjoy
and contemplate. In this way it may make these pictographic treasures accessible to many without
exposing the real art to more physical traffic. It also provides researchers with a baseline for the
condition of most of the rock art that can be used to compare against future work. This could be used to
assess impacts to the pictographs and to plan preservation strategies. Furthermore, with the rapid pace
of advancement in photogrammetry and computer vision, this archive of imagery generated by this
project may have unforeseen and unexpected uses and benefits in the future.

It is recommended that additional photogrammetrical data be collected at these sites. This project was
limited by time and weather concerns. All of the pictographs warrant longer term study and
contemplation. As mentioned previously, the baseline data this project produced should be compared
to newer data to determine how the sites are being impacted by weathering, vandalism, or other effects
such as climate change. Additionally, it is likely that dozens more pictograph panels are present within
the Rock Islands. We recommend that an intensive archaeological survey be conducted to locate those
precious cultural resources before they are lost to the people of Palau and the rest of the world forever.
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