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This special issue of TIGHAR Tracks presents 
“Amelia Earhart and the Nikumaroro Bones – A 1941 
Analysis versus Modern Quantitative Techniques” 
by Richard L. Jantz, Professor Emeritus and 
Director Emeritus at the Forensic Anthropology 
Center, University of Tennessee, Knoxville. Dr. 
Jantz’s paper has been published in Vol. 1, No. 2 of 
the peer-reviewed journal Forensic Anthropology. 
It is publicly available at http://journals.upress.ufl.
edu/fa/article/view/525 and reproduced here by 
special arrangement courtesy of TIGHAR Senior 
Archaeologist Tom King.

Also in this issue are two papers that provide 
support for Dr. Jantz’s findings.

• “Bones & Bias,” by Richard E. Gillespie, 
Executive Director, TIGHAR.

• “The Archaeological Context of the 1940 Bones 
Discovery,” by Thomas. F. King, Ph.D., Senior 
Archaeologist, TIGHAR.

In 1997 and ’98, TIGHAR discovered original 
British files that document the finding of a partial 
skeleton on Gardner Island (now Nikumaroro) in 
1940. The bones were suspected at the time of 
possibly being the remains of Amelia Earhart. In 
1941, a British colonial doctor concluded that the 
bones belonged to a short, stocky European or 
mixed race male. The bones were subsequently 
lost.

In 1998, anthropologists Karen Burns and 
Richard Jantz analyzed measurements of the bones 
included in the British file. Using late 20th century 
forensic tools and techniques they concluded that 
the skeleton appeared to be consistent with a 
white female of Earhart’s height and ethnic origin.

In 2015, British graduate student Pamela Cross 
and Australian anthropologist Richard Wright 
took issue with Burns and Jantz, asserting that 
the original 1941 British findings were more likely 
correct.

Karen Burns died in 2012, but in response 
to the 2015 Cross/Wright critique, Richard 
Jantz undertook a quantitative analysis of the 
Nikumaroro bone measurements using the latest 

forensic software and new forensic information 
about Amelia Earhart’s physique obtained by 
TIGHAR with the cooperation of Photek Forensic 
Imaging, the Smithsonian Air & Space Museum, 
and Purdue University Special Collections.

Fair warning: Dr. Jantz’s paper is a highly 
technical study written for the professional 
forensic anthropology community. The lay reader 
will find much of the terminology unfamiliar and 
the statistical mathematics challenging but there 
is nothing difficult about his conclusion: 

Until definitive evidence is presented that the 
remains are not those of Amelia Earhart, the 
most convincing argument is that they are hers.

About Richard Jantz
Richard L. Jantz, Ph.D., is Professor Emeritus 

and Director Emeritus 
at the University of 
Tennessee Forensic 
Anthropology Center. 
The university’s 
Anthropological 
Research Facility, 
famously known as 
“The Body Farm,” was 
founded by Dr. William 
Bass. The donated 
body program was 
established in 1981 as 
a means of studying
factors that affect human decomposition and to 
develop a skeletal collection of modern Americans. 
Many of the skeletons used to characterize Amelia 
Earhart were from the donated collection.

In 2005, Richard Jantz and Stephen Ousley 
created Fordisc, a computer program for 
estimating sex, ancestry, and stature from skeletal 
measurements. Now in version 3.1, Fordisc, is 
used by nearly every board certified forensic 
anthropologist in the United States and many 
around the world. 

Special Issue
Three papers in academic format.

 “This analysis reveals that Earhart is more similar to the Nikumaroro 
bones than 99% of individuals in a large reference sample.”

Richard L. Jantz, Ph.D.

http://journals.upress.ufl.edu/fa/article/view/525
http://journals.upress.ufl.edu/fa/article/view/525
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Introduction

The fate of Amelia Earhart continues to captivate public and 
scientific attention. Several hypotheses, some more credible 
than others, have been advanced about what may have hap-
pened to her and her navigator, Fred Noonan, on their ill-fated 
attempt to fly around the world. One intriguing component 
of the Earhart mystery involves whether bones found on 
Nikumaroro Island in 1940 could be her remains, suggest-
ing she died as a castaway on this remote island. This paper 
will subject this idea to scientific analysis to determine 
whether the evidence supports the conclusion that the bones 
belong to Earhart or whether she can be excluded.

The bones in question were found in 1940 when a work-
ing party brought to Nikumaroro for the Phoenix Island Set-
tlement Scheme found and buried a human skull. Upon 
hearing of the discovery, the officer in charge of the settle-
ment scheme, Gerald Gallagher, ordered a more thorough 
search of the area. The search resulted in additional bones, 

including a humerus, radius, tibia, fibula, and both femora. 
The bones were apparently complete, but they had experi-
enced some taphonomic modification. Also found were part 
of a shoe, judged to have been a woman’s; a sextant box, 
designed to carry a Brandis Navy Surveying Sextant manu-
factured circa 1918; and a Benedictine bottle. There was sus-
picion at the time that the bones could be the remains of 
Amelia Earhart.1

Although the bones themselves have been lost (cf. King 
1999), Burns et al. (1998) analyzed measurements taken in 
1941 by Dr. D. W. Hoodless, principal of the Central Medi-
cal School, Fiji. They concluded that the bones were more 
likely those of a female of European ancestry and between 
5'6" and 5'8" tall, a biological profile entirely consistent with 
Amelia Earhart. These conclusions conflicted with those of 
Hoodless, who had assessed the remains as belonging to a 
middle-aged stocky male about 5'5.5" in height.2 The Burns 
et al. report prompted a rebuttal by Cross and Wright (2015), 
who put forth two general arguments: (1) that Hoodless was 
qualified to conduct a forensic anthropological examination 
of the remains and therefore was most likely correct in his 
assessment, particularly the sex assessment, so the bones 

1. For a full account of the discovery, see https:  //tighar  .org  /Publications 
/ TTracks  /13_1  /tarawa  .html.

2. For Hoodless’s notes on his analysis, see https:  //tighar  .org  /Projects 
/ Earhart  /Archives  /Documents  /Bones_Chronology4  .html.
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were unlikely to have been Earhart’s remains; and (2) that 
Earhart’s physique was extremely linear and gracile, and 
therefore inconsistent with Hoodless’s assessment of the 
remains as those of a stocky male. Both of these arguments 
turn on the accuracy of Hoodless’s assessment.

Cross and Wright (2015:53) acknowledge that Hoodless 
was “obviously not trained as a modern forensic anthropol-
ogist,” but they assert that “his background indicates he was 
perfectly competent to assess sex, age, body type, and ances-
try of a human skeleton.” Implicit in this argument is that 
Hoodless’s background as a teacher of anatomy and his train-
ing in medical practice qualified him to assess biological 
profile with little probability of error. On the central ques-
tion of sex, Cross and Wright (2015) do not evaluate the meth-
ods Hoodless used but accept them as valid and still in use 
today. There is also considerable information not considered 
by Cross and Wright (2015) that bears on the question of 
Earhart’s body size and shape, how these relate to what we 
know about the bones, and Hoodless’s interpretation of them.

This paper consists of two parts. The first part examines 
the methods Hoodless used and which were so vigorously 
defended by Cross and Wright (2015). It subjects the appli-
cation of these methods to quantitative verification, and 
wherever possible includes new analyses. It examines the 
state of forensic anthropology in 1941 to provide the context 
in which Hoodless worked. The second part examines Ame-
lia Earhart’s body size and shape to determine whether they 
fit the meager evidence at hand and whether there may be rea-
sons to believe that Hoodless was deceived by what he saw 
before him. These analyses result in a refined conclusion as 
to whether the remains examined by Hoodless were likely 
those of Amelia Earhart.

Materials and Methods

Metric data from the Nikumaroro bones are limited to seven 
measurements, four of the skull (maximum cranial length, 
maximum cranial breadth, orbital height, and orbital breadth) 
and three long bone measurements (length of the humerus, 
radius, and tibia; see Burns et al. 1998 for measurements). I 
use data from the Forensic Anthropology Data Bank (FDB), 
Trotter’s U.S. military data (see Jantz & Meadows Jantz 2017 
for full description of data), and literature sources to evalu-
ate quantitatively both Hoodless’s methods and Cross and 
Wright’s (2015) claims about the former’s effectiveness. I 
reassess cranial affinities using Fordisc 3.1 (Jantz & Ousley 
2005) with realistic assumptions about who could have been 
on Nikumaroro Island during the relevant time period. Ear-
hart’s bone lengths were estimated using photographic evi-
dence and regression analysis.

Additional information concerning Amelia Earhart’s 
body dimensions came to light in 2017 through study of 

Earhart’s clothing held in the George Palmer Putnam Col-
lection of Amelia Earhart Papers held at Purdue University. 
These articles of clothing were kindly made available for 
measurement by Purdue University archivist Sammie Mor-
riss. Historic clothing seamstress Paula Guernsey took the 
measurements. The measurements used in this report are 
inseam length and waist circumference taken from a pair of 
Earhart’s trousers.

It has been shown that measurements have considerable 
potential to individualize. Sassouni (1960) achieved 100 per-
cent matching of premortem cranial radiographs to post-
mortem candidates using eight cranial measurements. In an 
analogous situation, pair matching has proved effective in 
reassociating commingled remains (Lynch et al. 2017). The 
fit of the Nikumaroro bones to Amelia Earhart was assessed 
using Mahalanobis distance (D) and considered in relation 
to all other individuals in the database. Acquisition of Ear-
hart’s bone lengths is described further on.

Other statistical methods used are well known and require 
little description. I introduce them briefly where they are used 
and describe their applicability to the question at hand.

Hoodless’s Methods and the State of the  
Art in 1941

There are both general and specific reasons to question Hood-
less’s analysis. These do not relate to his competence as 
much as they do to the state of forensic anthropology at the 
time. Forensic anthropology was not well developed in the 
early 20th century. There are many examples of erroneous 
assessments by anthropologists of the period. E. A. Hooton, 
one of the most prominent and influential biological anthro-
pologists of the early to mid-20th century, had considerable 
difficulty sexing the skeletons from Pecos Pueblo, ending up 
with a sex ratio favoring males (Hooton 1930). Weisensee and 
Jantz (2010) and Tague (2010) have reexamined the Pecos col-
lection and concluded that Hooton sexed too many females 
as males, likely because he gave the skull more weight than 
the pelvis in his sex assessments.

G. K. Neumann is known for establishing a typological 
framework for Native American remains (Neumann 1952). 
In so doing he examined hundreds of crania from different 
parts of the United States. Yet when confronted with a cra-
nium from Jamestown, clearly of African ancestry, he mis-
identified it as Native American (Neumann 1958), presumably 
because the archaeologist who excavated it thought it to be 
Native American (see Cotter 1958:24).

Given the state of the art at the time, why should we sup-
pose that Hoodless, who as far as we know had no formal 
training in forensic anthropology and had not examined large 
numbers of skeletons (if any at all), was ahead of his time in 
the forensic analysis of skeletal remains? It is unreasonable 
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TABLE 1—Comparison of Pearson’s stature with more recent 
estimation equations from 19th century, Trotter’s WW2 (males only), 

and modern forensic statures from Fordisc 3.1 (Jantz & Ousley 2005).

Equation Source
Humerus 

(cm)
Radius 

(cm)
Tibia 
(cm)

Combined 
(cm)

Pearson males 164.4 166.1 167.1
Pearson females 160.7 163.1 162.3
19th males 168.6 170.8 172.7 170.8
19th females 168.1 171.1 168.5 170.4
Trotter’s WW2 170.7 172.1 170.1 170.4
20th Fstats males 172.4 172.4 170.9 171.4
20th Fstats females 168.2 169.0 166.3 167.9

to view Hoodless, or any analyst of that time or this, as 
capable of making such assessments without error. Modern 
forensic anthropologists with training and experience still 
make errors, and the need to have estimates of error rates is 
receiving increased attention in view of the Daubert ruling.3 
Cognitive bias (i.e., bias resulting from prior information) is 
especially problematic when making visual assessments 
(Nakhaeizadeh et al. 2014). We do not know whether cogni-
tive bias may have played a role in Hoodless’s evaluation, but 
the possibility cannot be ruled out.

We can agree that Hoodless may have done as well as 
most analysts of the time could have done, but this does not 
mean his analysis was correct. All we now have are the few 
measurements he gave in his report and his brief summary 
of the methods he used. It is important to extract as much as 
possible from the information at hand. In doing so, I will 
show that Cross and Wright (2015) present Hoodless as more 
unerring in forensic anthropology than most anthropologists 
of his time, and further that they have misinterpreted some 
of the other data available about Amelia Earhart.

Stature Estimation

Hoodless estimated stature using Pearson’s (1899) formulae. 
He cannot be faulted for this, because little else was avail-
able at the time. Cross and Wright (2015) argue that Pearson’s 
formulae are still in use today. I am not aware of any con-
temporary forensic anthropologist that uses Pearson’s formu-
lae. Recent forensic anthropology textbooks either mention 
Pearson as important in developing the regression approach 
still in use today but omit his formulae, or do not mention 
him at all. Guharaj (2003) does include Pearson’s formulae, 
but, interestingly, includes the same erroneous constant for 
the radius that Hoodless used. This suggests that neither 
Guharaj nor Hoodless consulted Pearson’s original paper. 
Their shared error must go back to a common source.

I have computed estimates from the more recent stature 
estimation criteria contained in Fordisc 3.1 and compared 
them to Pearson’s (Table 1). Pearson’s equations consistently 
underestimate height compared to modern criteria. Only one 
of Pearson’s estimates exceeds the 20 more-modern estimates 
in Table 1. Pearson’s male tibia estimate exceeds the 20th- 
century female forensic stature estimate. By any reasonable 
standard, the height of 65.5 inches (166.4 cm) presented by 
Hoodless and supported by Cross and Wright (2015) must be 
considered an underestimate. If the bones actually belong to 
a male, as Hoodless concluded, then the best estimate of 
height is about 170 cm, or about 67 inches. If the bones belong 
to a female, then about 169 cm, or 66.5 inches, is the most 
reasonable estimate. Using Pearson’s equation for females 

3. On the Daubert standard, see http:  //www  .forensicsciencesimplified 
 .org  /legal  /daubert  .html

yields a height of circa 161–163 cm (63–64 in.), seemingly a 
serious underestimate.

An examination of Pearson’s sample will clarify why his 
equations are not appropriate for modern people. Pearson 
used Manouvrier’s French sample, consisting of only 50 indi-
viduals of each sex. These were individuals whose birth 
years would likely have been early 19th century and who 
were substantially shorter than modern Americans or even 
Americans of the late 19th century. Pearson used an estimate 
of 165 cm to calculate the intercept for his male equations. 
This agrees well with Fogel’s (2004) values of 164.3 cm and 
165.2 cm for French males reaching maturity in the first and 
second quarter of the 19th century, respectively. French 
women were estimated by different methods to arrive at 
a value of 152.3 cm. By contrast, American males born in 
the 1890s were 169.1 cm and in the first decade of the 1900s 
were 170.0 cm (Floud et al. 2011), some 4–5 cm greater than 
early-19th-century French. Floud et al. (2011) do not present 
data for females before 1910, but those born in that decade 
were 160.6, some 8 cm greater than the French value used 
by Pearson.

Figure 1 shows an example, using the humerus, of the 
relationship between bone length and stature. It illustrates the 
nature of the differences between Pearson’s sample and Trot-
ter and Gleser’s (1952) 19th-century samples. The slopes are 
approximately equal, but the 19th-century regression lines 
are elevated, yielding higher estimates for a given bone 
length.

Parenthetically, it is curious that Hoodless characterized 
the bones as possibly those of a “short, stocky muscular Euro-
pean,” when his own height estimate places the individual 
only slightly below the average for both American and Euro-
pean males born at the end of the 19th century and early in 
the 20th century.

Hoodless’s Sex Assessement

Cross and Wright (2015) argue that sex is the Earhart dis-
qualifier, and indeed it could be, if firmly established. They 
are at some pains to present Hoodless as possessing suffi-
cient expertise to leave little doubt about his sex assessment. 



7

4 Amelia Earhart and Nikumaroro Bones

FIG. 1—Comparison of Pearson’s regression lines (short dashes =  
females, long dashes =  males) with Trotter and Gleser’s 19th century 
(dotted =  females, solid =  males). The lengths of the lines on the x axis 
are set at ±2 standard deviations from their respective means. The 
shorter lines associated with Pearson’s data show lower variance 
compared to 19th-century Americans. The triangles are the position of 
the Nikumaroro humerus. Note that the Nikumaroro point for Pearson 
females is close to the upper maximum, where estimation is more 
unreliable, especially with small sample sizes.

TABLE 2—Sexing accuracy of circumference of the femur (C), length of the femur (L), and ratio of 
circumference to length.

Femur Variable

Females Males Discrimination Statistics

Mean SD Mean SD F ratio
Index of 

Discrimination
Percent 
Correct

(C/L)*100 18.869 1.306 19.595 1.161 58.19 0.294 61.6
C 82.483 5.895 92.328 5.722 469.01 0.848 80.2
L 437.605 21.381 471.674 23.060 369.25 0.767 77.8

Hoodless’s self-reported criteria were (1) half subpubic 
angle; (2) “set” of the femora; and (3) ratio of the long bone 
circumferences to their lengths. Cross and Wright (2015) go 
on to say these features are still used today. I am unaware 
that “set” of the femora and ratio of circumferences to length 
are used as a sexing criterion by forensic anthropologists 
practicing today. Evaluating these variables with data will 
demonstrate why they are not used. I will also show that 
estimating sex from the half subpubic angle is by no means 
foolproof.

Ratio of femur circumference to length. Although  Hoodless 
apparently used the ratio of circumference to length of sev-
eral long bones, I will use the ratio of femur circumference 

to its length as an example of this approach. Femur circum-
ference alone is dimorphic enough to qualify as a moder-
ately good sex estimator (DiBennardo & Taylor 1979; Black 
1978), but I have been unable to locate published references 
to use of the ratio of circumference to length as a dimorphic 
trait to estimate sex. No reference was provided by Cross and 
Wright (2015).

Whether the ratios Hoodless employed are dimorphic 
enough to provide an indication of sex is subject to empiri-
cal verification. Table 2 shows discrimination statistics, 
using Euro-American femur data from the FDB for the cir-
cumference ratio, circumference alone, and femur length 
alone. Classification efficiency was assessed using an index 
of discrimination defined by Maynard-Smith et al. (1961) as 
(xm − xf)/ (sdm +  sdf), the difference between sex means divided 
by the sum of the standard deviations. The percentage of 
correct classifications can be estimated by relating the index 
to a cumulative normal distribution. This provides a close 
approximation to empirical classification rates.

The best single variable is circumference, sexing around 
about 80% correctly. Femur length yields almost 78%. The 
sex difference in the ratio of circumference to length is highly 
significant, showing that males have a more robust midshaft 
than females. But the accuracy of assessing sex this way is 
60%, only about 10% better than guessing. The ratio dilutes 
dimorphism, so it is almost 20% worse than circumference 
alone.

“Set” of the femora. Using the femur for sex estimation is 
now common (Spradley & Jantz 2011), but I have been unable 
to find any reference to “set” of the femora, clarified by 
Cross and Wright (2015) as the angulation to the pelvis. Pre-
sumably it has something to do with angle of the femur neck 
and the distal condyles to the diaphysis. The angle of the 
distal condyles to the diaphysis was included in Dibenarrdo 
and Taylor’s (1983) analysis of sex and ancestry variation of 
the femur. For Euro-Americans of the Terry collection these 
values were 79.8 and 78.1 for males and females, respectively. 
The standard deviations were 2.1 for both sexes. The sex dif-
ference is small and significant (t =  4.5, df =  128, p < 0.001), 
but the overlap of the two distributions is too large to allow 
reliable sexing. Estimating accuracy from the index of dis-
crimination yields an expectation of about 65% correct. It is 
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FIG. 2—Barchart of ordinal scores for the subpubic contour, which 
forms one half of the subpubic angle. A substantial minority (20%) of 
females (white bars) have scores that are either ambiguous (SC =  3) or 
male (SC =  4 or 5). Data from Klales et al. (2012).

slightly better than the ratio of circumference to length, but 
still only 15% better than guessing, not something that could 
be used to reliably assess sex. The sex difference of 1.7° 
would presumably be very difficult to appreciate via visual 
assessment.

The angle of the femur neck to the diaphysis is no bet-
ter. Anderson and Trinkaus (1998) could not identify consis-
tent sex differences among world populations. In a sample of 
modern Euro-Americans the sex difference was 1.9°, which 
was not significant and would be difficult to appreciate by 
visual inspection.

Half subpubic angle. The subpubic angle is defined as the 
angle formed by the two ischio-pubic ramii with an apex at 
the inferior junction of the pubic bones. This feature is unde-
niably a dimorphic feature, and in the hands of an experi-
enced forensic anthropologist it can yield high accuracy 
rates, although not 100%. While it can be measured, in my 
experience that is rarely done by forensic anthropologists. 
The half subpubic angle requires assessing the angle from a 
single innominate, presumably more difficult than assessing 
it when both are present. There are some issues that reduce 
the certainty of Hoodless’s estimate. Especially important is 
Hoodless’s description of the condition of the bones: “All 
these bones are very weather-beaten and have been exposed 
to the open air for a considerable time. Except in one or two 
small areas all traces of muscular attachments and the various 
ridges and prominences have been obliterated.” (W.P.H.C.:15) 
Damage to the bones was most likely due to scavenging by 
crabs, as originally observed by Gerald Gallagher, adminis-
trator of the Phoenix Island settlement scheme, who also 
opined that the bones were from a female based on associa-
tion with a women’s shoe sole.4 The fragile pubic bones 
would have been especially susceptible to damage. It is not 
beyond imagination that bone morphology was sufficiently 
modified to reduce ability to accurately assess the half sub-
pubic angle.

Even without taphonomic change, sex estimates can vary 
widely. A method put forth by Phenice (1969) is commonly 
accepted as reliable. The Phenice method uses three features 
of the pubic bone, including the subpubic contour. It should 
be noted that the subpubic contour does not entirely define 
the subpubic angle, but as Klales et al. (2012) note, the female 
concavity results in a greater subpubic angle, which would 
likely play a large role in visual assessment of the subpubic 
angle. Klales et al. (2012) present the results of eight tests of 
the Phenice method. They range from 59% to 99% in sexing 
accuracy. Of the eight tests presented, four sexed correctly 
at less than 90%. These tests used all three of Phenice’s traits; 
presumably the subpubic contour alone would perform worse 
than all three combined.

4. See https:  //tighar  .org  /wiki  /Bones_found_on_Nikumaroro.

Klales et al. (2012) have devised a systematic, five-stage 
ordinal scoring system for the Phenice traits, including the 
subpubic contour. Part of their sample was drawn from the 
Hamann-Todd anatomical collection, which is a reasonable 
reference sample for the Nikumaroro bones. Figure 2 shows 
the distribution of the Hamann-Todd sample on the five-stage 
scores of Klales et al. (2012). The scores range from strongly 
female (stage 1) to strongly male (stage 5). The graph shows 
that most females are stage 1 or 2, and most males are stage 
4 or 5. But there is a sizable minority of females (21% of the 
female sample) in stage 3 or higher. Stage 3 is the antimode 
between the two distributions and describes an ambiguous 
subpubic contour that could easily be called either male or 
female. Klales (2016) has documented that the subpubic 
contour has experienced secular change, the number of 
ambiguous females declining since 1940. These data suggest 
that Hoodless could easily have been presented with mor-
phology that he considered male, even though it may have 
been female.

Overall Assessment of Hoodless’s Sex Estimate

Hoodless based his conclusion on three features, one of 
which—the ratio of circumference to length, as exemplified 
by the femur—is not sufficiently dimorphic to provide use-
ful information. The second feature, “set” of the femora, is 
also minimally informative. The subpubic angle, the most 
reliable of Hoodless’s criteria, is also subject to considerable 
variation, much of which was little understood in 1941. We 
do not know what weight Hoodless attached to each feature. 
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He must have considered the two doubtful features to some 
degree, and perhaps given them weights equal to the subpu-
bic angle. Otherwise he would not have mentioned them.

Cross and Wright (2015) argue that Hoodless undoubt-
edly made an overall assessment of the remains, including 
the skull, but only reported the less detailed information 
appropriate to his audience. How this overall assessment 
might have informed his decision is pure speculation. No one 
knows what the skull or postcranial skeleton looked like, nor 
what Hoodless used to arrive at his assessment of robustic-
ity. It is also worth noting that while demonstrating aware-
ness of Pearson’s (1899) stature estimation paper, Hoodless 
was either unaware of or chose not to mention Pearson and 
Bell’s (1919) paper—which provided valid sexing criteria for 
the femur, such as the femur head diameter. The state of the 
art at the time, and the fact that Hoodless was not an experi-
enced forensic anthropologist, reduce the reliability of Hood-
less’s sex estimate considerably below that accorded it by 
Cross and Wright (2015). The most prudent position con-
cerning sex of the Nikumaroro bones is to consider them 
unknown.

Hoodless’s Ancestry Estimate

It is the case, as Cross and Wright (2015) have stated, that 
little convincing evidence concerning the ancestry of the 
Nikumaroro bones can be gained from the four cranial mea-
surements Hoodless provided. However, this is not to say we 
cannot get more evidence than offered by Hoodless, or by 
Cross and Wright (2015). Hoodless’s assessment that the skel-
eton is not full Pacific Islander but could be a “short stocky, 
muscular European or even a half-caste or a person of mixed 
European descent” (W.P.H.C.:15) may reflect assumptions 
that conflict with his own assessment of the two indices he 
computed—orbital and cranial—both of which indicated 
European. Cross and Wright’s (2015) CRANID analysis is 
flawed because they included samples from all over the world, 
most of them including individuals from populations that had 
zero or near zero probability of having been on Nikumaroro. 
Konigsberg et al. (2009) have shown the importance of an 
informative prior probability in ancestry estimation. If the 
prior probability is zero, then the posterior probability must 
also be zero.

If the problem is approached using only samples of pop-
ulations that might reasonably have been on the island, 
somewhat more definitive results are obtained. Ancestries 
other than European would include Micronesians and 
Polynesians. I use a Euro-American sample of the early 20th 
century, a Micronesian sample (Guam), and a Polynesian 
sample (Moriori), the last two from Howells’s data. Ideally 
the Micronesian sample should come from the Eastern 
Micronesians, but data are limited. Pietrusewsky’s (1990) 
samples are small and limited to males, but they argue for a 
basic continuity among Micronesians. The same is true for 
Polynesians, so Guam and Moriori can be accepted as rea-
sonable representations of these two areas.

Table 3 shows Fordisc results for Euro-Americans and 
Pacific Islanders, each with both sexes. The lowest Mahala-
nobis distance and the highest posterior probability belong 
to early-20th-century Euro-American females. Because the 
discriminating ability of four measurements is low, the skull 
cannot be excluded from any of the populations used, as 
shown by the typicality probabilities. The Typ R, the ranked 
typicality probability column, provides some additional use-
ful information. Typ R is the ranking of each skull’s dis-
tance from the sample mean. A typicality probability of 1.0 
would indicate that all the values are identical to the mean. 
Euro-American females have the highest typicality probabil-
ity. Only 6 crania of 90 are more typical than the Nikuma-
roro skull. Typicalities for all other groups are 0.65 or less.

Another avenue toward ancestry assessment could lie in 
the long bone lengths, since different populations have differ-
ent long bone proportions. This can be approached quantita-
tively using distance statistics parallel to those used for the 
cranial analysis. We do not have a database containing bone 
lengths from different populations, but it is possible to use 
published means as long as one has a covariance matrix. It has 
been shown that the long bone length covariance matrices from 
widely different populations are homogeneous (Holliday & 
Ruff 2001). Therefore I use mean long bone lengths from 
Hawaiian and Chomorro people as representative of Pacific 
Islanders (Polynesia and Micronesia) (Ishida 1993), and 19th- 
century (Terry collection) and 20th-century Whites (FDB) 
from which the covariance matrix was obtained.

Figure 3 shows the distances plotted on the first two 
canonical axes obtained from humerus, tibia, and radius 

TABLE 3—Fordisc 3.1 output for Nikumaroro skull, compared to Euro-Americans and Pacific Islanders.

Group
Classified 

into
Distance 

from

Probabilities

Posterior Typ F Typ Chi Typ R

E20F **E20F** 0.8 0.318 0.941 0.940 0.933 (7/90)
GUAMF 1.7 0.200 0.802 0.788 0.500 (15/28)
MORIF 1.7 0.199 0.795 0.786 0.654 (19/52)
GUAMM 2.3 0.146 0.691 0.673 0.581 (14/31)
E20M 3.3 0.092 0.523 0.514 0.624 (48/125)
MORIM 4.7 0.045 0.333 0.317 0.276 (43/58)



10

Jantz 7

length. The first axis is mainly size and therefore reflects sex 
differences. The second axis reflects mainly humerus and 
tibia lengths, low scores reflecting longer humeri and tibiae. 
The Nikumaroro bones were interpolated into the plot using 
the distances from each group as described by Gower (1972). 
The Nikumaroro bones are most similar to White males. 
They are most distant from Pacific Islanders, particularly 
Chomorro Micronesians.

Amelia Earhart’s Height, Weight, Body Build, 
and Limb Lengths and Proportions

I will now try to reconstruct what I can about Amelia Ear-
hart’s, height, weight, body build, and limb lengths and pro-
portions. This will serve two purposes: (1) allow testing of 
Cross and Wright’s (2015) assumption that she was extremely 
linear and gracile, and (2) allow explicit evaluation of the 
Nikumaroro bones against Amelia Earhart to determine 
whether she can be excluded or included.

Height

The source routinely employed for Amelia Earhart’s height 
has been her pilot’s license, where 5'8" is recorded. This is 

called a forensic stature, meaning that it comes from a doc-
ument rather than being explicitly measured. The air com-
merce regulations for 1928 state the following:

An application for a pilot’s license must be filed, under 
oath, with the Secretary of Commerce upon blanks fur-
nished for that purpose. An applicant for a pilot’s license, 
including a student’s pilot license, must appear for a 
physical examination before a physician designated by 
the Secretary of Commerce and pass such examination, 
unless he is exempt under these regulations.

There appears to be no explicit requirement that height 
must be measured. If it was measured, it could have been 
done either freestanding or standing against a wall. We have 
no idea of the skill or attention to detail the examiner might 
have brought to the task. Was Earhart properly positioned 
with shoes off? Was the instrument properly calibrated? Did 
the examiner round; for example, did 67.5 inches become 
68 inches? All of these can introduce variation into the mea-
surement. Or the examiner may merely have asked Earhart 
how tall she was.

Driver’s licenses are commonly used as sources of foren-
sic statures. Figure 4 shows Earhart’s Massachusetts driv-
er’s license for 1927, where 5'7" is recorded. It is unlikely that 

FIG. 3—Canonical plot of Euro-Americans, Hawaiians, and Chomorro from bone lengths. The Nikumaroro bones 
were interpolated into the plot using distances from other groups. The first axis mainly reflects size and hence sex 
differences. The second axis mainly reflects humerus and tibia lengths, low scores reflecting longer humeri and tibiae. 
The Nikumaroro bones fall on the male side on CV1 and on the Euro-American side on CV2.
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Earhart, at the end of the 19th century at 64.9 inches (164.8 cm), 
more or less equal to what it is today.

Relationship between BMI and Skeletal Robusticity

Cross and Wright (2015) argue that Amelia Earhart is 
excluded because her physique was extremely linear and 
gracile, and therefore inconsistent with the skeletal remains 
which Hoodless assessed as belonging to a stocky individ-
ual. They argue, using height and weight (68 in. and 118 lb.) 
from her pilot’s license, that Earhart’s body mass index 
(BMI) is 17.9, placing her in the extreme lean range. From 
this they leap to infer a gracile skeleton that Hoodless would 
not have mistaken for that of a stocky male.

There are two problems with this inference: (1) there is 
no necessary relationship between BMI and skeletal robus-
ticity, and (2) available evidence does not support the infer-
ence that Earhart’s skeletal structure was gracile. I shall 
examine both of these in turn.

The purpose of computing a BMI is to assess body fat, 
albeit an imperfect indicator. Since it is a ratio (weight/
height2), all components of weight, including muscle and 
bone, in addition to fat, contribute to the value. Body pro-
portions also play a role (Norgan 1994). On average, how-
ever, higher BMIs correspond to more body fat. But what 
does that say about skeletal robusticity? There are several 
lines of evidence suggesting that the relationship is not 
close.

The size of articular surfaces is one measure of bone 
robusticity. In the FDB data, using forensic height and weight 
to calculate BMI, the humerus and femur head diameters, 
femur epicondylar and tibia proximal breadths do not have 
significant correlations with BMI. Normalizing them by bone 
lengths increases the correlations slightly but they still do not 
reach statistical significance. Ding et al. (2005) measured 
proximal tibia articular surface area from MRI scans and 
compared it to BMI. The correlations were 0.25 and 0.16 for 
medial and lateral tibia articular surface areas, respectively. 
These correlations are statistically significant but so weak 
they lack predictive power. Joint surface size is likely a good 
indicator of lean body mass but has little to do with BMI. 
Femur head size has a moderately high correlation with 
weight and has been used to estimate weight in archeological 
samples (Auerbach & Ruff 2004), which would not normally 
have excessive fat. However, height is weakly correlated with 
weight, so the ratio of weight to height2 diminishes the rela-
tionship with skeletal robusticity.

Another measure of robusticity is the size of the mid-
shaft in relation to length, already discussed above concern-
ing Hoodless’s sexing method. Femur midshaft robusticity 
has a moderate correlation with BMI in our forensic database, 
0.46 for females and 0.44 for males, which is statistically 

significant but also too weak to discriminate robust from 
gracile skeletons using BMI.

The problem of course is that neither Cross and Wright 
(2015) nor anyone else has any idea how Hoodless made the 
judgment that the skeleton was that of a stocky person. But 
what is clear is that the inference from BMI provides no basis 
to exclude the bones as belonging to Amelia Earhart, Hood-
less’s assessment notwithstanding.

Amelia Earhart’s Body Build

It is now possible to address the question of what Earhart’s 
body build actually was, since it bears on what Hoodless may 
have seen before him. Cross and Wright (2015) characterize 
Earhart as tall, slender, and gracile, citing numerous photos 
of her to support this assessment. However, the few photos 
showing Earhart’s bare arms or legs (Figure 5) show a woman 
with a healthy amount of body fat. The photos in Figure 5 
are inconsistent with a weight of 118 pounds and a BMI of 
17.9, which according to contemporary standards is in the 
underweight or undernourished category. If her height is 
actually 5'7", that brings her BMI to 18.5, just to the lower 
border of healthy weight. But even that is inconsistent with 
the photos in Figure 5.

It is evident from Figure 5 that Earhart’s calves and 
ankles cannot be described as slender. In the 1933 photo she 
is standing next to a woman somewhat taller, but with rather 
more slender ankles. One of Earhart’s biographers, Susan 
Butler (1997), recounts that because of her thick ankles, her 
legs could be described as “piano legs.” Thick ankles are not 
normally due to an undesirable distribution of fat; the sub-
cutaneous fat layer is normally thin, the ankle configuration 
owing to underlying bone and muscle (Weniger et al. 2004). 
Ankle circumference is often used as a measure of frame size 
(Callaway et al. 1991). Calf and ankle circumference are 
strongly correlated with weight (Cheverud et al. 1990a), the 
former reflecting mainly muscle and fat, the latter mainly 
bone.

Empirical Estimation of Weight

Weight can be estimated within reasonably tight limits if 
appropriate information is available. Circumferences typi-
cally have the highest correlation with weight. The exten-
sive U.S. military anthropometric surveys provide the simple 
bivariate correlations of 259 variables (Cheverud et al. 1990a). 
These correlations and the means and standard deviations 
(Gordon et al. 1989) allow construction of a covariance 
matrix from which regression equations can be calculated.

Waist circumference at the level of the umbilicus was 
used to estimate weight. It is above the rim of the pelvis and 
corresponds to the level at which the trousers were worn. 
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dimensions most closely approximating my needs are crotch 
height and lateral femur epicondyle height. The procedure is 
as follows:

1. Adjust inseam length to crotch height by adding 
ankle height. This assumes that Earhart’s trouser legs 
were level with the sphyrion landmark, the tip of the 
fibula. Earhart’s inseam measurement is 28.625 inches, 
or 727 mm. The ankle height adjustment, obtained from 
Cheverud et al. (1990b), is 63 mm, making Earhart’s 
crotch height =  727 +  63 =  790 mm.
2. Estimate Earhart’s lateral femur condyle height using 
regression equation in Cheverud et al. (1990b:780). The 
equation is:
Lateral femur epicondyle height =  0.526 (crotch height) +  
55.195 ±  8.53
Substituting 790 mm yields a point estimate of 470.7 mm.
3. Adjust lateral femur condyle height to tibia length by 
subtracting ankle height (63 mm, as above) and femur 
distal condyle height, 36 mm (Simmons et al. 1990). 
The point estimate is 470.7 − 63 − 36 =  371.7.

There are admittedly several adjustments involved in 
this process, but they are all reasonable. Most of the varia-
tion in lateral condyle height involves tibia length, so minor 
variation in adjustments will not have major influence on the 
estimate. Crotch height has a much higher correlation with 
femur lateral condyle height, and hence with tibia length, 
than height. However, the estimates from height and lateral 
femur condyle height are very similar, 372.4 versus 371.7, so 
I will take 372 mm as the estimate of Earhart’s tibia length.

Do the Nikumaroro Bones Fit Amelia Earhart?

When confronted with human remains of unknown origin, 
the procedure followed in ordinary forensic practice is to 
develop a biological profile, and from among missing per-
sons, select those that fit the profile. At that point one attempts 
to make a positive identification by using features seen on 
the bones that can also be seen in premortem records of the 
possible victims. The premortem records may consist of den-
tal or frontal sinus images, or increasingly, DNA taken from 
remains and comparing to the victim or relatives of the vic-
tim. A positive identification is made when premortem fea-
tures match the victim and have a low probability of matching 
anyone else.

In the case of the Nikumaroro bones, the only docu-
mented person to whom they may belong is Amelia Earhart. 
Her navigator, Fred Noonan, can be reliably excluded on the 
basis of height. His height was 6'1/4", documented from his 
1918 Seaman’s Certificate of American Citizenship. I made 
nine stature estimates of the Nikumaroro bones, three each 
for the humerus, radius, and tibia, using male equations in 

Fordisc for 19th-century males, WW2 males, and 20th-cen-
tury males. Noonan’s height falls outside the 90% confidence 
intervals for all nine estimates, and outside the 95% for five 
of the nine estimates. It is clear that the Nikumaroro bones 
are unlikely to have belonged to Noonan.

Eleven men were killed at Nikumaroro in the 1929 wreck 
of the Norwich City on the island’s western reef, something 
over four miles from where the bones were found in 1940.5 
This number included two British and five Yemeni that were 
unaccounted for, but we have no documentation on them and 
there is no evidence that any survived to die as a castaway. 
The woman’s shoe and the American sextant box are not arti-
facts likely to have been associated with a survivor of the 
Norwich City wreck. If an Islander somehow ended up as a 
castaway, there is likewise no evidence of this.

If the skeleton were available, it would presumably be a 
relatively straightforward task to make a positive identifica-
tion, or a definitive exclusion. Unfortunately, all we have are 
the meager data in Hoodless’s report and a premortem record 
gleaned from photographs and clothing. From the informa-
tion available, we can at least provide an assessment of how 
well the bones fit what we can reconstruct of Amelia Earhart. 
Because the reconstructions are now quantitative, probabil-
ities can also be estimated.

Estimates of humerus, radius, and tibia lengths obtained 
from Amelia Earhart allow one to proceed as one normally 
would in a forensic situation. The Nikumaroro remains can 
now be compared to Amelia Earhart to address the question of 
whether she can be excluded or included. It is already apparent 
that Earhart’s vector of measurements, [321.1,243.7,372] is sim-
ilar to that of the Nikumaroro bones [325,245,372]. These vec-
tors contain both size and shape information, so a comparison 
should capture both of those elements. This was accomplished 
by computing Mahalanobis distance (D) of 2,776 individu-
als in our postcranial database from the Nikumaroro bones. 
Amelia Earhart’s data were included to yield N =  2,777.

Figure 7 displays a histogram of the distances, by sex, 
of 2,777 individuals from the Nikumaroro bones. The verti-
cal line shows Earhart’s position in the two distributions. She 
is clearly in the left tail of both distributions, but more so for 
females. Her z-score in the female distribution is − 2.38 ( p =  
0.017) and in the male distribution − 1.87 ( p =  0.061). She has 
a low probability of coming from the male distribution and 
a much lower one for the female distribution. Earhart is in 
the first bin of the histogram for females, along with only two 
other females (0.526%). There are 16 males in the first bin 
(0.725%)

One might argue that if the Nikumaroro bones are actu-
ally those of Amelia Earhart, the distance should be zero, 
but that expectation is unrealistic for at least two reasons: 

5. See https:  //tighar  .org  /Projects  /Earhart  /Archives  /Research  /Research 
Papers  /WreckNorwichCity  .html.
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FIG. 7—Histograms of 2,777 Mahalanobis distances (D) from the 
Nikumaroro bones, by sex. The line shows Earhart’s position in the 
distribution.

(1) it would require that my estimates of bone lengths were 
made without error, which is highly unlikely, and (2) it 
would require that Hoodless measured the Nikumaroro 
bones without error, which is also unlikely.

It should be mentioned that a sample of Micronesian or 
Polynesian bone measurements was unavailable to test 
against the Nikumaroro bones. I consider it highly unlikely 
that inclusion of such a sample would have changed anything. 
As Figure 3 shows, the Nikumaroro bones are more similar 
to Euro-Americans than they are Micronesians or Polyne-
sians, which suggests they would produce even fewer near-
est neighbors.

Another approach to the question is to examine Earhart’s 
rank in the distributions. For clarity, I should point out that 
if any individual in our sample had a vector of measurements 
identical to the Nikumaroro bones, the distance would be 
zero and have a rank of one, that is, most similar to the Niku-
maroro bones. But not one from our 2,776 individuals had a 
vector identical to Nikumaroro’s. The lowest Mahalanobis 
distance is 0.12599, resulting from a vector of [322,243,369]. 
That vector is noteworthy because its elements are uniformly 
shorter than Nikumaroro, 3 mm for humerus and tibia and 
2 mm for radius. Hence the most similar individual is almost 
identical in shape but differs slightly in size. The largest dis-
tance is 4.57, from a vector of [361,252,430]. It is larger 
than Nikumaroro in all dimensions, but shape still domi-
nates because the differences range from only 9 mm (radius) 
to 58 mm (tibia). These examples suggest that the particular 

combination of bone lengths has considerable power to 
individualize.

Earhart’s rank is 19, meaning that 2,758 (99.28%) indi-
viduals have a greater distance from the Nikumaroro bones 
than Earhart, but only 18 (0.65%) have a smaller distance. 
The rank is subject to sampling variation, so I conducted 
1,000 bootstraps of the 2,776 distances, omitting Earhart, 
then replacing her to determine her rank. Her rank ranged 
from 9 to 34, the 95% confidence intervals ranging from 12 
to 29. If we take the maximum rank resulting from 1,000 
bootstraps, 98.77% of the distances are greater and only 
1.19% are smaller. If these numbers are converted to likeli-
hood ratios as described by Gardner and Greiner (2006), one 
obtains 154 using her rank as 19, or 84 using the maximum 
bootstrap rank of 34. The likelihood ratios mean that the 
Nikumaroro bones are at least 84 times more likely to belong 
to Amelia Earhart than to a random individual who ended up 
on the island.

The Gardener and Greiner method requires intervaliz-
ing a continuous distribution. The above procedure dichoto-
mized the distribution, breaking it at Earhart’s rank, and at 
the maximum bootstrap rank. It might be argued that this 
weights the result in favor of similarity of Earhart to the 
Nikumaroro bones. Even if one breaks the distribution into 
deciles, the likelihood ratio is still 10. Regardless of how one 
chooses to break the distribution, the fact remains that Ear-
hart is more similar to the Nikumaroro bones than all but a 
small fraction of random individuals.

The above analysis considers only the comparison of 
Earhart to the Nikumaroro bones in relation to every other 
distance from Nikumaroro in our database. A more robust 
distribution of distances can be obtained by randomly sam-
pling individuals from the database and comparing them to 
the sample as described above. Each randomly sampled indi-
vidual serves as an unknown in the same manner as the 
Nikumaroro bones in the previous analysis. I randomly sam-
pled 500 individuals from the database, omitting each ran-
domly sampled individual in turn from the comparison 
because it would obviously have zero distance from itself. 
Sex was ignored for this exercise. From the 500 randomly 
sampled individuals, 17 had zero distance from another indi-
vidual, that is, had an identical vector of measurements. One 
had an identical vector with two individuals, giving a total 
of 19 identical vectors from the 500 random samples, or 3.8%. 
This illustrates that identical vectors are a comparatively rare 
event. Summary statistics of the means, standard deviations, 
minima and maxima obtained from the 500 random samples 
are shown in Table 5. The summary statistics of the Niku-
maroro bones are included for comparison.

The data in Table 5 reveal that the entire 500 randomly 
sampled individuals have limited similarity to any other 
bones in the sample. The mean of the 500 means (2.2268) is 
somewhat higher than that for the Nikumaroro comparison, 
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TABLE 5—Descriptive statistics of Mahalanobis distances (D) for 500 
randomly sampled individuals from 2,775 individuals in the database.

Descriptive Statistics of 500 Random Samples for

Means SDs Minima Maxima

Mean 2.2268 0.82167 0.1681 5.4836
SD 0.4545 0.0727 0.1046 0.6665
Min 1.5777 0.6590 0 4.2496
Max 4.4622 0.9684 0.8277 8.2367
Nikumaroro 1.6969 0.7338 0.1260 4.5700

and the average minimum (0.1681) is also higher than the 
Nikumaroro comparison. But the Nikumaroro statistics are 
within the range of the 500 randomly sampled individuals. 
That the Nikumaroro comparison has somewhat lower dis-
tances only means that the Nikumaroro bones are closer to 
the average than many of the randomly sampled individuals.

Discussion

Let us suppose, for the sake of argument, that the Nikuma-
roro bones are the remains of Amelia Earhart. In light of the 
above, we can now reconsider what Hoodless might have 
seen before him and how he might have assessed what he 
saw. The skeleton before him would have had bone lengths 
clearly in the male range. From what we see of Earhart’s 
lower leg morphology, it is quite possible, even likely, that 
the tibia was relatively robust. As a tall and narrow-bodied 
female, the “set” of the femora could well have appeared male 
to Hoodless. It is apparent from the many photos of Earhart, 
and from her waist circumference, that her hips were narrow 
for a female. This, in combination with her height, does not 
require a femur angle one might expect of a female. It may 
also suggest an ambiguous half subpubic angle that could 
easily have been called male by an inexperienced eye, or even 
an experienced one, particularly if taphonomic processes had 
modified the morphology.

If Hoodless’s analysis, particularly his sex estimate, can be 
set aside, it becomes possible to focus attention on the central 
question of whether the Nikumaroro bones may have been 
the remains of Amelia Earhart. There is no credible evidence 
that would support excluding them. On the contrary, there 
are good reasons for including them. The bones are consis-
tent with Earhart in all respects we know or can reasonably 
infer. Her height is entirely consistent with the bones. The 
skull measurements are at least suggestive of female. But 
most convincing is the similarity of the bone lengths to the 
reconstructed lengths of Earhart’s bones. Likelihood ratios 
of 84–154 would not qualify as a positive identification by 
the criteria of modern forensic practice, where likelihood 
ratios are often millions or more. They do qualify as what is 
often called the preponderance of the evidence, that is, it is 
more likely than not the Nikumaroro bones were (or are, if 

they still exist) those of Amelia Earhart. If the bones do not 
belong to Amelia Earhart, then they are from someone very 
similar to her. And, as we have seen, a random individual has 
a very low probability of possessing that degree of similarity.

Ideally in forensic practice a posterior probability that 
remains belong to a victim can be obtained. Likelihood ratios 
can be converted to posterior odds by multiplying by the prior 
odds. For example, if we think the prior odds of Amelia Ear-
hart having been on Nikumaroro Island are 10:1, then the 
likelihood ratios given above become 840–1,540, and the 
posterior probability is 0.999 in both cases. The prior odds 
or prior probability pertain to information available before 
skeletal evidence is considered. It is often impossible to 
assign specific numbers to the prior probability, because it 
depends on how the non-osteological evidence is evaluated, 
and different people will usually evaluate it differently. In 
jury trials, experts are often advised to testify only to the 
likelihood ratio developed from the biological evidence. The 
jury then supplies its own prior odds based on the entire con-
text (e.g., Steadman et al. 2006).

In the present instance, readers can supply their own 
interpretation of the prior evidence, summarized by King 
(2012). Given the multiple lines of non-osteological evidence, 
it seems difficult to conclude that Earhart had zero probabil-
ity of being on Nikumaroro Island. From a forensic perspec-
tive the most parsimonious scenario is that the bones are 
those of Amelia Earhart. She was known to have been in the 
area of Nikumaroro Island, she went missing, and human 
remains were discovered which are entirely consistent with 
her and inconsistent with most other people. Furthermore, it 
is impossible to test any other hypothesis, because except for 
the victims of the Norwich City wreck, about whom we have 
no data, no other specific missing persons have been reported. 
It is not enough merely to say that the remains are most likely 
those of a stocky male without specifying who this stocky 
male might have been. This presents us with an untestable 
hypothesis, not to mention uncritically setting aside the prior 
information of Earhart’s presence. The fact remains that if 
the bones are those of a stocky male, he would have had bone 
lengths very similar to Amelia Earhart’s, which is a low-prob-
ability event. Until definitive evidence is presented that the 
remains are not those of Amelia Earhart, the most convinc-
ing argument is that they are hers.
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cal examination required for a pilot’s license. Tom King and 
Ric Gillespie read at least two drafts and offered many help-
ful comments. Tom also provided helpful editorial assistance. 
An anonymous reviewer offered several useful comments 
which also improved the paper. My wife, Lee Meadows Jantz, 
and daughter Mariana Jantz also read the manuscript and 
offered useful comments. My entire nuclear family provided 
enthusiastic support and reveled in the possibility that some-
thing new and interesting may still be learned about the Ear-
hart mystery. To all those named above, and any I may have 
inadvertently omitted, I am deeply grateful for your help. I, 
of course, bear ultimate responsibility for the content of the 
paper.
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Among the many stories about Amelia Earhart’s fate that surfaced in the 1960s was one claiming 
that her bones had been found on Gardner Island (now Nikumaroro). The rumor was widely ridiculed 
and dismissed. In 1998, TIGHAR research uncovered proof that a partial skeleton had, indeed, been 
found in 1940 and an official investigation conducted. The discovered historical documents provide a 
detailed account of the official British inquiry and include the report of a British doctor who concluded 
that the skeleton was definitely male. What became of the bones is unknown.

In 1998, forensic anthropologists associated with TIGHAR, applying late 20th century analytical 
tools to the bone measurements included with the doctor’s report, concluded that he had been in error. 
The bones were more likely those of a female of Earhart’s height and ethnic origin.

In 2015, a paper by a British graduate student and an Australian anthropologist contradicted 
those findings and asserted that the doctor’s original verdict was more likely correct. This paper 
examines the non-anthropological aspects of the 2015 critique and shows it to be riddled with error 
and misrepresentation. A close reading of the original British investigation reveals it to have been 
intentionally hobbled.

Quantification of Earhart’s physique acquired through forensic techniques and improved analytical 
software have made it possible to confirm and expand on the 1998 work of the TIGHAR anthropologists. 
Those new findings are addressed in a paper published in Vol. 1, No. 2 of Forensic Anthropology, a peer-
reviewed scientific journal. The new analysis reveals that Earhart is more similar to the bones found on 
Gardner Island in 1940 than 99% of individuals in a large reference sample.

Introduction
In July 1960, Coast Guard veteran Floyd 

Kilts related a strange tale to a San Diego Union 
reporter. He said that while he was serving on 
Gardner Island during WWII, an islander told him 
that Amelia Earhart’s bones had been found on
the island by the 
first settlers in 1938. 
An “Irish magistrate” 
supposedly tried to 
take the bones to 
Fiji in an open boat 
but died of pneu- 
monia on the way. 
The “superstitious 
natives” then 
threw the bones 
overboard.1 The 
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newspaper editor wrote to the British Embassy 
in Fiji asking if there was any record of such an 
event. In April, 1961 he received a reply from the 
District Commissioner of the Phoenix Islands 
District saying he had searched through the early 
records and found no report of the discovery of a 
skeleton on Gardner Island.2 Kilts’ story was later 
investigated by Earhart researcher Fred Goerner 
and judged to be ludicrous.3 In the early 1990s, 
former British colonial officials contacted by 
TIGHAR expressed their certainty that nothing of 
the sort had ever happened.4

In 1997, TIGHAR member Peter McQuarrie 
found a file titled “G.E.I.C. M.P. No. 13/8/1 1940: 
Report and Returns, Unclassified, Discovery of 
Human Remains on Gardner Island” in the Kiribati 
National Archives in Tarawa. The central point of 
Kilts’ tale was true. Bones suspected at the time as 
possibly being the remains of Amelia Earhart were 
found on Gardner in September 1940, not by an 

Floyd Kilts. Photo 
courtesy San Diego 
Union, July 21, 1960.
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Irish magistrate but by the island’s first resident 
British administrator, Gerald Gallagher, whose 
nickname was “Irish.” The file, apparently 
retrieved from Gardner Island some time 
after Gallagher’s death in September 1941, 
contained his copies of correspondence 
relating to the discovery, but the record 
was incomplete. The file ended with the 
bones being sent to the Western Pacific High 
Commission in Fiji. Logically, there had to be 
more.

In February 1998, TIGHAR researcher Kenton 
Spading located “Western Pacific High Com- 
mission File No. 4439 (G&E) 1940, Skeleton, 
Human, finding of, on Gardner Island‚” in an 
obscure British archive. Later that year Spading 
and TIGHAR Executive Director Ric Gillespie 
traveled to England and made photocopies of the 
entire thirty-one page day-by-day record of the 
investigation and many other related files.

The purpose of the forgotten British inquiry 
was to determine whether a partial skeleton 
found on Gardner Island might be that of Amelia 
Earhart. The bones were examined and measured 
by Dr. David W. Hoodless, Principal of the Central 
Medical School in Fiji. Hoodless wrote in his report 
that “it may be definitely stated that the skeleton is 
that of a MALE” (emphasis in the original). He was 
“not prepared to give an opinion on the race or 
nationality of this skeleton‚” but then proceeded 
to do so anyway. “[I]t is probably not that of a pure 
South Sea Islander – Micronesian or Polynesian. 
It could be that of a short, stocky, muscular 
European, or even a half-caste, or person of mixed 
European descent.” Hoodless felt the man was 
“not less than 45 years of age and that probably 
he was older: say between 45 and 55 years.” He 

estimated the man’s height to be approximately 
5 feet 5½ inches. Hoodless suggested that if a 
more detailed analysis was required, “the obvious 
course to adopt would be to submit these bones 
to the Anthropological Department of the Sydney 
[Australia] University where Professor Elkin would 
be only too pleased to make a further report.” (For 
information on Prof. Elkin see https://en.wikipedia.
org/wiki/A._P._Elkin.)

Gerald Gallagher, Officer in Charge, Phoenix Islands 
Settlement Scheme in his headquarters on Gardner island

Sketch 
included in File 
4439 showing 
in red which 
bones were 
found.

https://en.wikipedia.org/wiki/A._P._Elkin
https://en.wikipedia.org/wiki/A._P._Elkin
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Hoodless’ observations, methodology, 
and conclusions were evaluated by forensic 
anthropologists Karen R. Burns, Ph.D., and Richard 
L. Jantz, Ph.D., in 1998. Using FORDISC 2.0, an 
interactive computer program created by Richard 
Jantz and Steve Ousley for the classification of 
unknown adult crania according to race and sex, 
Jantz and Burns concluded that the skull was more 
likely European than Polynesian and most similar 
to that of Norse (northern European) females. The 
level of certainty, however, was very low. Based 
on the length of the long bones measured by 
Hoodless, they judged the castaway’s stature to 
fit Earhart’s supposed height of 5´7˝ to 5´8˝. They 
concluded that the skeleton, “insofar as we can 
tell by applying contemporary forensic methods 
to measurements taken at the time, appears 
consistent with a female of Earhart’s height and 
ethnic origin.”

Burns and Jantz released their analysis in a 
paper titled “Amelia Earhart’s Bones and Shoes? 
Current Anthropological Perspectives on an 
Historical Mystery,”5 co-authored by Richard E. 
Gillespie and Thomas F. King, Ph.D., at the annual 
convention of the American Anthropological 
Association in Philadelphia on December 5, 1998. 
Seventeen years later, in 2015, Pamela J. Cross at 
the University of Bradford in England and Richard 
Wright, Emeritus Professor of Anthropology at 
the University of Sydney in Australia, published a 

paper titled “The Nikumaroro bones identification 
controversy: First-hand examination versus 
evaluation by proxy. Amelia Earhart found or still 
missing?” in The Journal of Archaeological Science. 
Cross and Wright did not, of course, examine the 
bones first hand but they took issue with Burns 
and Jantz’s findings, arguing that, “While Hoodless 
was obviously not trained as a modern forensic 
anthropologist, his background indicates he was 
perfectly competent to assess sex, age, body 
type and ancestry of a human skeleton.” They 
concluded that the evidence regarding sex and 
body type exclude Earhart.

Dr. Burns died in 2012, but Dr. Jantz responded 
to the Cross/Wright paper with a decision to 
re-evaluate his findings using tools and data 
developed since his initial analysis in 1998. His 
paper titled “Amelia Earhart and the Nikumaroro 
Bones: A 1941 Analysis vs. Modern Quantitative 
Techniques‚” was published in 2018. It addresses 
the anthropological arguments presented by Cross 
and Wright and refines his original assessment 
of the castaway’s probable identity using new 
estimates of the castaway’s physique developed 
through forensic techniques. Jantz’s analysis 
reveals that Earhart is more similar to the bones 
found on Gardner Island in 1940 than 99% of 
individuals in a large reference  sample.

This paper examines the non-anthropological 
aspects of the Cross/Wright analysis.

Like a ship out on the ocean 
Just a speck against the sky 

Amelia Earhart flying that sad day 
With her partner Captain Noonan 

On the second of July 
Her plane fell in the ocean far away.6

The date of Earhart’s disappearance is 
enshrined in legend and song, and yet the 
Introduction of the Cross/Wright paper says:

On June 29th 1937, after flying some 20,000 
miles, Earhart and Noonan began the last, most 
dangerous portion of their round-the-world flight.7

Earhart and Noonan flew from Darwin, 
Australia to Lae, New Guinea on June 29. They did 
not depart for the flight to Howland Island until 
three days later.

Cross and Wright also tell us:

“The plane left overloaded with the fuel 
necessary to make the long flight and soon after 

take-off the expected headwind speed increased 
dramatically from 15 to over 26 mph.”8

No one knows what winds the aircraft 
experienced. Seven hours after takeoff, Earhart 
was reportedly heard to say “wind 23 knots” (26.5 
mph) but she did not specify whether it was a 
headwind, tailwind, or crosswind.9

Cross and Wright assert that “British officials 
treated the discovery [of the bones] seriously and 
had the remains analysed in 1940.”10

In fact, no analysis was done until 1941. The 
bones were found in September 1940 but did not 
leave Gardner Island until January 1941.

Such mistakes have no bearing on the identity 
of the castaway but they reveal a casualness 
toward historical accuracy. The errors in the 
authors’ characterization of the British investiga- 
tion are of greater consequence.

Cross and Wright state that “the British thought 
the remains might belong to Earhart or Noonan 

Errors and Misrepresentations
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and considered their identification an important 
issue.”11

In fact, the historical record reveals no 
evidence that the handful of WPHC officials who 
were aware of the discovery considered that the 
bones might be Noonan’s. Indeed the record gives 
no indication that they knew that Earhart had a 
man with her.

Cross and Wright say:

“… the skeletal evidence was lost during World 
War II. Subsequent attempts to trace the bones 
indicate that they were moved to Australia, 
probably Sydney, but no further evidence has 
been found.”12

What subsequent attempts? Cross and Wright 
offer no source for this information. Did Cross 
and Wright attempt to trace the bones or are they 
just making stuff up? TIGHAR has made extensive, 
but fruitless, attempts to trace the bones. After 
Hoodless submitted his report he was told to 
retain the bones until further notice.13 No one 
knows when or how the skeletal evidence was lost, 
and there is nothing in the WPHC File to indicate 
that the bones were sent to Australia.

According to Cross and Wright, “Hoodless 
concluded that the remains most likely be- 
longed to a c. 5´5½˝ stocky male of European 
or mixed European ancestry, probably be- 
tween 45–55 years old.”14

The statement misrepresents Hoodless’ 
confidence in his findings.

The only firm conclusion he drew was that the 
skeleton was “definitely that of a MALE” (emphasis 
in the original). He wrote that it was not possible 
to be “dogmatic” about the person’s age due to 
the weather-beaten condition of all the bones. 
Hoodless was even more circumspect about the 
person’s ethnicity, saying,

I am not prepared to give an opinion on the 
race or nationality of this skeleton, except to 
state that it is probably not that of a pure South 
Sea Islander-Micronesian or Polynesian. It could 
be that of a short, stocky, muscular European, 
or even a half-caste, or person of mixed 
European descent.15

Cross and Wright incorrectly assert that “Upon 
receipt of the Hoodless report, Macpherson 
concluded that the remains were not those of 
Amelia Earhart and the case was closed without 
further action.”16

MacPherson was Duncan Campbell MacEwan 
MacPherson M.B., Ch.B., Acting Central Medical 
Authority for the Western Pacific, but it was 
Secretary Vaskess, not Dr. MacPherson, who 
advised the High Commissioner that the Hoodless 
report “…appears definitely to indicate that 
the skeleton cannot be that of the late Amelia 
Earhart.”17 The case was not “closed without 
further action.”18 The investigation continued and 
the objects found with the bones were shown to 
various experts in Fiji. The last entry in WPHC File 
4439 is dated August 19, 1941.

Central to Cross and Wright’s assertion that 
Hoodless was correct in his assessment of the 
bones is their contention that:

While Hoodless was obviously not trained as a 
modern forensic anthropologist, his background 
indicates he was perfectly competent to assess 
sex, age, body type, and ancestry of a human 
skeleton.”19

To support that opinion they point out that he 
was the Principal of the Central Medical School 
(CMS) in Fiji. What they fail to mention is that the 
Central Medical School was not a medical school 
in the traditional sense. It did not train physicians. 
The CMS trained Pacific Islanders in medical 
skills and credentialed them as Native Medical 
Practitioners (NMPs) to serve the basic medical 
needs of outlying island populations.

David Hoodless was a dedicated and talented 
administrator but his experience as a practicing 
physician was limited. His medical training 

Was Hoodless “Perfectly Competent” to Evaluate the Skeleton?

David W. Hoodless, LMSSA, Principal of 
the Central Medical School, Suva, Fiji.
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was acquired sporadically over a period of 
seventeen years and he never received a degree 
from a medical school. He was credentialed as a 
physician by The Society of Apothecaries. The 
Society was authorized to license doctors in 
Britain under a 17th century charter granted by 
King James. It did not operate medical schools, 
but rather, conducted examinations. An applicant 
who passed the tests was licensed to practice 
medicine as a Licentiate of Medicine & Surgery of 
The Society of Apothecaries (LMSSA).

Hoodless spent most of his professional career 
as a school administrator. He graduated from 
King’s College, London with a bachelor’s degree 
in mathematics in 1910 at the age of 18.20 The 
following year he took a job as Assistant Master at 
the Queen Victoria School in Fiji.21 He developed an 
interest in medicine while serving as Acting Head 
Master of the Lau Provincial School in Fiji and, in 
1918, returned to England for medical training at 
King’s College Medical School. Unable to complete 
the course of study for lack of funds, he returned to 
Fiji in 1921 to become Superintendent of Schools.22 
By 1928 he had accumulated two years of leave 
and returned to London to continue his medical 
training at Charing Cross Hospital because they 
agreed to let him skip summer vacations so that 
he could complete the course within the available 
time.

In 1929, just before final examinations, Hoodless 
was admitted to the hospital with a duodenal 
ulcer and acute hemorrhage. When he got out of 
the hospital he returned to Fiji where he was made 
Tutor at the Central Medical School to “coordinate 
the various parts of the medical training, to 
maintain discipline among the students, to report 
progress to the Advisory Board, and to ensure the 
School was running smoothly and efficiently.” The 
title of Tutor was later changed to Principal.23

It would take Hoodless another five years to 
accumulate enough leave to return to England 
to finish his certification as a physician. In 1934 
he was granted a one year leave of absence and 
returned to Charing Cross intending to complete 
an MB (Bachelor of Medicine) degree.

However, due to a recurrence of his duodenal 
ulcer, he ended up taking and passing the exam 
for an LMSSA instead. When he returned to Fiji in 
August 1935 he resumed his duties as Principal of 
the Central Medical School.

Although known as a fine teacher, throughout 
his time with the Central Medical School his 
duties were primarily administrative. He is 
remembered with great respect and is widely 
credited with the success of the Native Medical 
Practitioner program, but there is nothing in his 
known background to indicate he had any specific 
training or experience in assessing the sex, age, 
body type, and ancestry of a human skeleton.

An Investigation Fated to Fail

If the objective of the British investigation 
of Gallagher’s discovery was intended to be a 
thorough and unbiased inquiry into whether the 
remains found on Gardner Island were those of 
Amelia Earhart, its capabilities were deliberately 
thwarted by the man who ran the show, High 
Commissioner of the Western Pacific Sir Harry 
Luke.

Immediately upon learning of Gallagher’s 
discovery in October 1940, the High Commis- 
sioner clamped a lid of secrecy on the entire affair 
and ordered everything to be sent to Fiji. From the 
beginning, virtually every one of his subordinates 
who was privy to the details of the case urged 
consultation with sources outside of Fiji.

• Gerald Gallagher, in his initial report of the 
discovery, suggested that American authorities 
be contacted regarding Earhart’s dental 

Offices of the Western Pacific High Commission and 
Colony of Fiji, Suva, Fiji.

records. He also recognized the woman’s shoe 
and the numbers on a sextant box found near 
the bones to be important clues.24

Had the American authorities been contacted, 
the British should have learned that radio bearings 
taken on supposed distress calls from the missing 
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plane had crossed near Gardner Island.25 The 
bearings prompted an aerial search by aircraft 
from USS Colorado which noted “signs of recent 
habitation” on the uninhabited atoll.26 Had 
Earhart’s husband been shown the woman’s shoe 
he could have answered the question of whether 
or not it was hers.

• Francis Holland, the Acting Resident 
Commissioner of the Gilbert & Ellice Islands 
Colony, felt that “Your Excellency will probably 
wish to make enquiries concerning numbering 
of sextant box.”27

• Dr. D.C.M. MacPherson, Acting Central Medical 
Authority, recommended that the skeleton be 
sent to Fiji or to the Anatomical Department 
at the University of Sydney for examination. 
He cautioned that, “Bones, per se, unless 
correlated with some known physical 
deformity or injury in the deceased (such as 
a healed fracture, etc.,) are of little value as 
regards identification, although of course sex 
and age can often be established.”

Had information about Earhart’s medical 
history been sought, the British should have 
learned that her skull should have had a small, 
hard-to-spot hole in the right maxillary sinus from 
a Caldwell-Luc procedure done in 1934 to relieve 
sinus pressure.28

MacPherson felt that

…the number on the sextant case appears to 
afford the most hopeful means of identification. 
The instrument itself moreover, if a good one, 
should have engraved on it a number assigned 
either by the Bureau of Standards in the case 
of the United States, or the National Physical 
Laboratory in the case of the United Kingdom.

This number indicates as a rule the result of 
tests for which compensation requires to be 
made in using the instrument.29

MacPherson was correct. Had his 
recommendation been followed the British should 
have learned that the two numbers on the sextant 
box were a Brandis & Sons, Brooklyn, NY serial 
number, and a calibration number assigned by 
the U.S. Naval Observatory. The Brandis sextant 
for which the box was made was the same 
type habitually used by Noonan as a backup 
instrument.30

• Henry Vaskess, Secretary of the WPHC and 
second in command to Sir Harry Luke, passed 
along MacPherson’s observations and added, 

“Perhaps a carefully worded letter should 
now be sent to the U.S. Consul-General in 
Sydney asking him to obtain a description of 
the sextant carried by Mrs. Putnam and any 
number or distinguishing mark on it?”31

In 1940 it should have been possible to find out 
whether the sextant box  belonged to Noonan.

The High Commissioner remained as resolute 
as Pharaoh. The discovery would remain strictly 
secret.

Better I think await the arrival of the remains 
etc. Thinnest rumours which may in the end 
prove unfounded are liable to be spread.32

It was six months before the bones arrived 
in Fiji on March 24, 1941. Exactly who decided 
that Hoodless should be the one to examine the 
skeleton is not clear, but he was by no means the 
most qualified physician available.

Thirty-nine 
year-old Dr. D.C.M. 
MacPherson was, 
by far, the premiere 
medical professional 
in the WPHC. Born 
and raised in the tiny 
village of Acharacle 
in the Scottish 
Highlands, “Jock” 
MacPherson received 
his M.B. (Bachelor of 
Medicine) and Ch.B. 
(Bachelor of Surgery) 
from Glasgow 
University medical 
school in 1928.33 In 
1929 he became a 
Medical Officer in the Gilbert & Ellice Islands 
Colony and, in 1931 was promoted to Senior 
Medical Officer. MacPherson won a Fellowship 
in the International Health Division of the 
Rockefeller Foundation and in July 1933 traveled 
to the United States on “special study leave on 
full salary.”34 He earned a Certificate in Public 
Health at Johns Hopkins University School of 
Medicine in Baltimore in June 1934.35 Returning to 
the WPHC in February 1935, he transferred to Fiji 
Service with a Diplomate in Tropical Medicine. In 
July 1939 he was appointed Pathologist for the 
Colony of Fiji and, in October was made Assistant 
to the Central Medical Authority for the Western 
Pacific. In May 1940 he became Acting Medical 
Authority for the Western Pacific.36

Duncan Campbell McEwen 
MacPherson M.B., Ch.B., Acting 
Central Medical Authority for the 

Western Pacific.
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Again Sir Harry Luke declined. “Please ask the 
CMA to convey my thanks to Dr. Hoodless for his 
report and the trouble he has taken in this matter 
and to request him to retain the remains until 
further notice.”38

Sir Harry Luke: Nothing to See Here
As High Commissioner of the Western Pacific, 

a job he neither sought nor wanted, Sir Harry Luke 
was a fish out of water – specifically, the waters 
of the Mediterranean. His eighteen year career in 
the Colonial Service had been spent in the Middle 
East and Mediterranean, including eight years as 
Lieutenant Governor of Malta. In 1938, Luke had 
applied for the governorship of Cyprus but the 
Secretary of State for the Colonies gave him Fiji 
and the Pacific island colonies instead. At 54 and 
nearing retirement, he was sent to what he may 
have seen as a backwater corner of the empire. 
After arriving in Fiji, Sir Harry several times asked 
to be considered for Mediterranean openings, but 
to no avail.39

With the outbreak of war in 1939, some of 
his contemporaries judged Luke to be not up to 
the demands of wartime governance. The Prime 
Minister of New Zealand felt that the colonies 
needed “a person of more drive and positive 
qualities of leadership.”40 By November 1940, the 
Ministry of Information in London was telling the 
Secretary of State, Lord Lloyd, of “disquieting 
reports” from Fiji about Luke “who has had a 
pretty sticky career.” “Can’t you send an energetic 
patriotic married Governor?”41 Luke was, in fact, 
married, but his wife had not accompanied him to 
the Pacific and he was remembered in Fiji as being 
“a bit of a playboy.”42

The discovery and investigation of the bones 
took place during the most desperate period in 
modern British history. From the fall of France 
in May 1940 until December 1941, Britain stood 
alone against Germany – and Britain was losing. 
The survival of the empire hinged on persuading 
a reluctant United States to take an active role in 
providing support.

But on March 29, 1942, an Air Ministry official 
who had visited Fiji three times wrote,

In my opinion and in the opinion of Naval and 
Military and Air Commanders in Fiji, certain 
leading residents, and the American Consul, 

There is no evidence that MacPherson ever 
saw the bones. The job was given to Hoodless, 
who ended his report with a suggestion that, if a 
more detailed analysis was needed, “the obvious 
course to adopt would be to submit these bones to 
the Anthropological Dept of the Sydney University 
where Professor Elkin would be only too pleased 
to make a further report.”37

the Governor is too self-centred, self-important, 
and lacking in leadership and appreciation of 
his duty in relation to the war effort in Fiji. It 
appears that the Governor is universally dis- 
respected and that his removal has recently 
been the subject of a public petition.43

Of particular concern was Luke’s inability 
to get along with the Americans. “Government 
relations with the American consul, for whom I 
and all others to whom I have spoken have the 
highest regard, are particularly bad.”44

Not everyone was down on Luke. Sir Ian 
Thompson, his Aide-de-Camp in 1941, described 
Sir Harry as a “pleasant and conscientious 
fellow.”45 Thompson was not privy to the bones 
investigation and only learned about it many 
years later from TIGHAR. When asked for his opin- 
ion about why the High Commissioner did not 
inform the Americans, he replied, “Remembering 
the refreshingly international attitudes that Sir 
Harry always displayed, I am certain there was no 
sinister intent on his part. The American Consul 

Sir Harry Luke KCMG GCStJ
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resident in Fiji at that time was a Mr. Abbott, with 
whom Sir Harry was on good terms. I find it hard 
to believe that the Consul was unaware of the 
bones discovery.”46

Official concern about Luke’s leadership came 
to a head when the shooting war came to the 
Pacific. As the Japanese attacked Pearl Harbor, 
invaded the Gilberts, and moved south through 
Malaya, the Dutch East Indies, and into New 
Guinea, it looked like Fiji would be next – but Fiji 
was unprepared. Replacing Luke became a priority. 
On March 22, 1942, Field Marshall John Dill, Chief 
of the British Joint Staff Mission in Washington 
sent the Secretary of State for the Colonies a 
“most secret” message. Luke was a “complete 
disaster … it is essential something be done about 
him at once …situation demands immediate 

repeat immediate action.” On March 30, 1942 the 
Colonial Office was instructed to “Sack Luke and 
do it at once.”47 In June General Sir Phillip Mitchell 
took over as High Commissioner. Ian Thompson’s 
opinion notwithstanding, after Luke was replaced 
as Governor of Fiji, the American Consul, Wayne 
Wright Abbott, wrote in an October 1942 report,

The new Governor has only been in the Colony 
now about three months, but he has in this 
time shown himself, in marked contrast to his 
predecessor, to be a vigorous, purposeful man 
free from petty prejudices, bent on achieving his 
mission.48

Sir Harry Luke’s handling of the Gardner Island 
incident in 1940 and ’41 was consistent with the 
behavior that got him cashiered in 1942.

Conclusions
The Cross/Wright paper is inaccurate and biased. Its defense of Hoodless mischaracterizes the 

findings of a talented administrator and teacher tasked with a job beyond his training and experience.
Sir Harry Luke’s refusal to inform the Americans of Gallagher’s discovery or assign a qualified person 

to examine the bones deprived the investigation of critical information that could have resulted in a 
very different verdict. Even after the bones and objects found on Gardner Island were judged to be of 
no consequence, neither Sir Harry nor any of the handful of officials who knew about the incident ever 
talked or wrote about it. The archived file disappeared like the Ark of the Covenant in the final scene of 
Raiders of the Lost Ark until TIGHAR tracked it down in 1998. Its full significance is only now becoming 
apparent.

The complete British files discovered by TIGHAR are on the TIGHAR website at http://tighar.org/
Projects/Earhart/Archives/Documents/Documents_index.html.
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Introduction
In 1940, colonists on Nikumaroro Atoll in the Phoenix Islands discovered a human cranium on 

the southeast end of the island. They buried the cranium, but Gerald Gallagher, Administrator of the 
Phoenix Islands Settlement Scheme under which the island was being prepared for settlement, became 
aware of the discovery and recovered twelve additional bones1 and various artifacts, which he sent 
(along with the cranium, which he had excavated) to the headquarters of the Western Pacific High 
Commission (WPHC) in Fiji. The bones and artifacts all went missing during World War II, but not 
before the bones had been measured and commented upon by Dr. David Hoodless, then Principal of the 
Central Medical School for the Colony of Fiji. Correspondence and internal WPHC memoranda about 
the bones discovery (which we colloquially refer to as “the bones papers”) were discovered in 1997 in 
the Kiribati National Archives by historian Peter MacQuarrie, and substantially augmented by TIGHAR 
discoveries in the WPHC archives then on file at Hanslope Park in England.2

In a 1998 paper, physical anthropologists Karen Burns and Richard Jantz, with input from Richard 
Gillespie and me, concluded that the bones discovered in 1940 may quite likely have been those of 
Amelia Earhart.3 In a 2015 paper,4 Pamela Cross and Richard Wright have dismissed this conclusion.

The purpose of the paper presented here is to outline the archaeological background to Gillespie’s 
and Jantz’s discussions.
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1940 Nikumaroro Bones Discovery
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Where Were the Bones Found?
Gallagher’s 17th October 1940 telegram 

reports that the bones were found “on South East 
corner of island,” under a “ren” tree5 (Tournefortia 
argentia). His reports provide no further detail 
other than distance from the high tide line, but 
he was directed to make an “organised search” 
of the area. A 1941 U.S. Navy airphoto shows that 
vegetation had been cleared near the island’s 
southeast end – an activity that would most likely 
be a necessary part of what Gallagher described as 
an intensive search6 – adjacent to an unvegetated 
linear feature shaped like the numeral seven. This 
feature is stable, appearing in multiple aerial and 
satellite images through the years. This made the 
location imaged in 1941 fairly easy to find.

In 1996 TIGHAR researchers performed an 
initial survey of the site, which we call the “Seven 
Site” because of the adjacent natural clearing. 
Noting only bird bones, a hole in the ground, and 
surface artifacts easily attributable to the 1939-
63 colonists and the 1944-46 Coast Guardsmen, 
TIGHAR did no further work there at the time 

Some months later, in 1997, historian Peter 
McQuarrie found the documents surrounding 
the 1940 bones discovery; this, of course, drew 
our attention back to the Seven Site, leading to 
four episodes of archaeological work there. In 
2017, forensic dogs alerted on the ground under 
a fallen Ren tree (see below) and nowhere else in 
the vicinity,7 strongly suggesting that the tree we 
call “the Big Ren,” or a previous tree at the same 
location, was the site of the bones discovery.
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a bubble octant rather than an old fashioned 
mariner’s sextant, Gatty opined that the box 
would not have contained an instrument used in 
trans-oceanic aeronautical navigation.9 Although 
Gallagher reported the box to be marked with 
numbers, Nasmyth noted “no distinguishing 
marks” and said only that the dovetailed corners 
suggested French origin.

TIGHAR research into the numbers on the 
sextant box leave little doubt that it was for 
a Navy Surveying Sextant manufactured by 
Brandis & Sons of Brooklyn, New York. The 3500 
is apparently the maker’s number, while the 1542 
was likely inscribed on the instrument and noted 
on its box when it was inspected at the U.S. Naval 
Observatory. Brandis boxes have dovetailed 
corners. A large number of Brandis sextants were 
acquired by the U.S. Navy toward the end of World 
War I, and disposed of as surplus thereafter. Some 
were modified for aeronautical use. Earhart’s 
navigator, Fred Noonan, reportedly used a nautical 
sextant as a “preventer” (backup) instrument 
when navigating for Pan American on its Pacific 
routes, and a photo of the navigation room in a 
Pan Am Clipper on which Noonan served shows a 
Brandis sextant box.10

Statements by Gallagher, Dr. K.R. Steenson 
and others in the bones papers8 indicate that the 
following artifacts were found in association with 
the bones:

• A Benedictine bottle;

• Parts of a woman’s and man’s shoes;

• Small corks on chains;

• Part of a sextant’s inverting eyepiece; and

• A sextant box, wooden, with dovetailed 
corners, inscribed with the numbers 3500 and 
1542.

All of these artifacts have been lost, and none 
is documented as having received much attention 
by the WPHC, with the exception of the sextant 
box.

The sextant box was examined by Cdr. 
G.B. Nasmyth and Harold Gatty, the latter a 
world famous aerial navigator then organizing 
commercial aviation operations in the Pacific. 
Gatty thought the box was English and had 
most recently been used simply as a container. 
Gallagher had identified the box as being for an 
“old fashioned” sextant “probably painted over 
with black enamel.” Perhaps because celestial 
observations from aircraft were made using 

Artifacts Associated with the Bones

 In 1996, 2001, 2007, 2010 and 2017 we 
conducted archaeological surface survey and 
excavations at the Seven Site. In 2011 a TIGHAR 
team visited veterans of the Nikumaroro colony 
now living in the Solomon Islands and collected 
oral historical information on uses of the site. A 
comprehensive report on Seven Site archaeology 
is in preparation.

Archaeological and Oral Historical Work Pertaining to the Seven Site
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In summary, there is archaeological and oral 
historical evidence of human activity at the site 
during four time periods:

Before 1940, when a castaway may have lived 
and died there;

In 1940-41, when Gallagher and the colonists 
searched the site, likely in the context of logging 
its valuable Kanawa (Cordia subcordata) 
hardwood and preparing the site for coconut 
planting;

In 1944-46, when U.S. Coast Guardsmen 
from the nearby long range radio navigation 
(LORAN) station appear to have hunted birds 
and conducted target practice at and around the 
site; and

Sporadically from around 1941 through the 
1950s, when the area was cleared and planted 
in coconuts, and young men from the colonial 
village occasionally camped there while 
hunting birds and turtles.

These sequential activities have created a 
complicated archaeological record, made more 
difficult to interpret by the fact that there is 
virtually no soil at the Seven Site within which 
stratigraphy can develop. Almost everything from 
all four phases of human activity occurs in the 
uppermost ten centimeters of the coral rubble 
that makes up the site.

Analysis of the Seven Site is not yet complete,11 

but we can say the following with some confidence 
about the pre-1940 “castaway” period:

• Someone ignited and maintained four 
substantial campfires, presumably in 
sequence, scattered over an area of about 1100 
square meters. There are other smaller, more 
ephemeral campfire sites that we think most 
likely reflect episodic use of the site during the 
1941-63 period.

• The four major campfire sites contain varying 
quantities of fish, bird, and turtle bones.

• The fish bones appear to represent an 
unselected sample of reef species, suggesting 
to us that the camper was catching whatever 
he or she could catch – unlike what could 
be expected of island people with greater 
knowledge of the reef. The camper apparently 

removed the fish heads before cooking, unlike 
island people who value and consume fish 
heads (Jones 2011). 

• The bird bones represent species readily 
available on and around the Seven Site – 
boobies and frigate birds (Collins 2011). 
Whoever caught them apparently skinned them 
– a behavior reported by colonial veterans in 
the Solomon Islands but also employed in 
preparing fowl in the United States.12

• Turtle bones include parts of the carapace and 
plastron, probably representing  one adult sea 
turtle (Hutchison 2011), and long bones from 
several infantile turtles (Jones 2011). Island 
people on the whole do not eat baby turtles.

The Seven Site also contained two ca. 2m2 

concentrations of Tridacna sp. (“giant”) clam 
shells, one representing seventeen clams, the 
other nineteen.13 In one deposit, adjacent to a 
campfire feature, the valves are undamaged, as 
though they were opened simply by exposing them 
to heat. In the other, the “lips” of several valves are 
damaged, apparently by the forceful insertion of a 
small wedge found nearby, fashioned from the rim 
of a steel barrel. Some have been smashed open 
with rocks. This is very atypical of island people, 
who know how to harvest Tridacna clams by 
quickly cutting their adductor muscles while they 
are filter-feeding in the lagoon or on the reef, then 
cutting out the meat and leaving the valves behind. 
If they do bring a complete Tridacna ashore, they 
know that simple exposure to the heat of the sun 
or a fire will cause its valves to open.

We recovered (or recorded and left in place) 
a diverse range of artifacts at the Seven Site. The 
most prominent were many sheets of corrugated 
iron, rusted into tiny pieces, which we think 
were associated either with clearing the site in 
1940-41 (perhaps for skidding logs down to the 
lagoon) or with post-war development of the site 
for coconuts. The most common artifacts are 
cartridges and occasional spent slugs from M-1 
carbines, carried by the U.S. Coast Guardsmen. A 
few .22 caliber rounds were found, perhaps from a 
pistol that Gallagher is recorded as having owned. 
Most interesting from the standpoint of identifying 
the castaway who presumably lived and died at 
the site are:

Summary of Research Results to Date
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• A zipper pull, made by the U.S. based Talon 
company and reliably dated to not earlier 
than 1933 and not later than 1936;17 Earhart 
wore zippered slacks, and carried at least one 
zippered bag in the Electra; and

• A tiny piece of aluminum foil with lettering on it 
that, while sparse, is consistent with that of an 
American signal torch, and whose unmarked 
side exhibits traces of sulfur (67%), silicon, 
zinc and iron consistent with flammable black 
powder.

Other artifacts, such as several leads for a 
mechanical pencil, what may be the remains of 
a hair-curling iron, the probable remnants of a 
flashlight battery, and many, many tiny fragments 
of thin ferrous metal, remain in analysis.

Finally, in 2010 we recovered a single phalanx 
(finger/toe bone) from a spot under the Big Ren.  
The University of Oklahoma DNA laboratory 
was unable to extract usable DNA for analysis in 
2010, so at present even species identification is 
uncertain. It could have been the phalanx of a sea 
turtle (though we have found no other adult sea 
turtle bones at the Seven Site other than those of 
the carapace and plastron) or of a dolphin (though 
we have found no other dolphin bones at the site). 
This bone is currently awaiting further analysis.

In 2015 Dawn Johnson retrieved samples of 
the coral rubble “soil” at the base of the Big Ren. 
These were subjected to controlled inspection 
by highly trained forensic dogs employed by the 
Institute for Canine Forensics (ICF).18 Dogs alerted 
on two of the samples, indicating that they sensed 
an association with human remains. This fortified 
our impression that the area around the Big 
Ren is where the bones were found in 1940, and 
helped motivate the National Geographic Society 
to support the 2017 work in which ICF canines 
alerted repeatedly under the Big Ren. Soil samples 
from alert sites are currently under analysis.

Of course, there are multiple ways to account 
for the artifacts, bones, shells and fire features 
that make up the Seven Site, but one of the more 
efficient plausible hypotheses is that a woman 
from the United States lived and died there in the 
late 1930s, after which several other uses of the 
site complicated the evidence left by her presence 
and passing.

• Two broken, partially melted bottles 
apparently dating to before World War II, found 
in one of the campfire features, which appear 
to have shattered while standing upright in the 
fire; we suspect that they represent an attempt 
to boil water. One bottle was most likely 
made to contain St. Joseph Liniment or St. 
Joseph Penetro (cough syrup) while the other 
was a returnable U.S. beer bottle probably 
manufactured prior to World War II.14

• In the same campfire feature, both halves of 
a snap fastener consistent with those on a 
Burroughs Wellcome & Co. wooden “Tabloid” 
first aid kit; a “Tabloid” kit is documented to 
have been aboard Earhart’s Electra on the first 
World Flight.15

• Two adjoining fragments of a piece of thin 
beveled glass, almost certainly from a mirror, 
several fragments of red material chemically 
consistent with early 20th century rouge, and 
some tiny fragments of ferrous metal, all of 
which we interpret as the collective remains of 
a woman’s compact, similar in shape and size 
to an object shown in Earhart’s hands in two 
contemporary photographs (See King 2012);

• A small footed jar that contained a mercury-
based product, similar to jars containing 
mercury-based ointment used in the early 20th 
century to fade freckles (Earhart had freckles)
(See Cerniglia et al n.d.);

• A fragment of a Mennen bottle, probably once 
containing skin lotion;

• The base of a skin or hair lotion bottle whose 
base code indicates it was manufactured by 
Owens-Illinois at Plant 14 in Bridgeton, New 
Jersey (See Cerniglia 2012);

• A bone-handled, double-bladed jackknife, 
manufactured by the Imperial Cutlery 
Company of Providence, Rhode Island 
sometime between 1930 and 1945, apparently 
disassembled to remove the blades, possibly 
for use in fashioning a spear.16 A similar but 
not identical knife is recorded as having been 
aboard Earhart’s Electra after its accident in 
Hawaii during the first World Flight attempt;
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Notes

1 Mandible with 5 teeth in place (one of which was apparently lost before examination in Fiji); partial right scapula; 
first thoracic vertebra; rib fragment; left humerus; right radius; right innominate; right femur; left femur; right tibia; 
right fibula; right scaphoid.

2 See https://tighar.org/Projects/Earhart/Archives/Documents/Bones_Chronology.html and subsequent pages for a 
complete presentation of the “bones papers” in chronological context.

3  https://tighar.org/Publications/TTracks/14_2/14_2bones.pdf
4 “The Nikumaroro bones identification controversy: First-hand examination versus evaluation by proxy — Amelia 

Earhart found or still missing?” By Pamela J. Cross, Richard Wright. (ScienceDirect at https://www.sciencedirect.
com/science/article/pii/S2352409X15300109.)

5 Common names of trees used here, and by Gallagher, are those employed in the language of Kiribati.
6 The clearing may have also been connected with the logging on the site that we suspect led to discovery of the 

bones.
7 Except in and around the hole where we suspect that the cranium was buried for a time.
8 See https://tighar.org/Projects/Earhart/Archives/Documents/Bones_Chronology1.html and subsequent pages, es-

pecially notes of 4 September, 23 September, 1 October, 6 October, 17 October 1940; 1 July, 8 August 1941.
9 See https://tighar.org/Projects/Earhart/Archives/Documents/Bones_Chronology5.html, 8 August & 11 August 

1941.
10 See https://tighar.org/wiki/Sextant_box_found_on_Nikumaroro.
11 See https://tighar.org/wiki/The_Seven_Site, accessed 12/3/16, for a somewhat dated and incomplete interim re-

port.
12 This is indicated by a lack of lower leg and foot bones; when one skins a bird, one pulls the skin down to the 

lower legs rather like removing a pair of overalls, then cuts off the lower legs and discards them with the skin and 
feathers. For a demonstration from the U.S., see http://www.backyardchickens.com/t/36358/skinning-a-chicken-
warning-graphic-pics, accessed 12/3/16.

13 Scattered fragments nearby could indicate that each Tridacna feature originally contained one or more additional 
clams.

14 Based on consultations among Joseph Cerniglia, William Lockhart, and the author. The green bottle matches 
Fuerst Design Patent 90023, which was used for St. Joseph Liniment and Penetro. The beer bottle appears to be of 
the American Export style, intended for sale within the United States west of the Mississippi River, and returnable.

15 See http://ameliaearhartarchaeology.blogspot.it/2016/05/earharts-first-aid-kits-at-seven-site.html.
16 See https://tighar.org/wiki/Pocket_knife. More parts of the same knife were recovered in 2010.
17 See https://tighar.org/wiki/2-8-S-3.
18 See http://www.hhrdd.org/, accessed 12/3/16.
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May 23, 2017

Mr. Ric Gillespie
TIGHAR
2366 Hickory Hill Road
Oxford, PA, 19363

RE: FORENSIC ESTIMATION OF SCALE IN OIL CAN PHOTOGRAPH

Dear Mr. Gillespie,

I understand that there is a TIGHAR research track which needs an estimate 
of scale for Amelia Earhart’s right arm as seen in the photograph of Earhart 
carrying an oil can (Figure 1). I also understand that TIGHAR members 
identified the oil can in the photograph, and located one materially the same on 
Ebay (“exemplar”). This oil can was purchased so that direct measurements of 
an oil can materially the same to that seen in Figure 1 could be obtained. This 
report describes the process used to forensically estimate the scale coplanar 
with Earhart’s right arm in Figure 1.

Approach. The exemplar, together with the oil can in Figure 1, will be used 
to estimate the scale to enable measurements along Earhart’s right arm, as 
the oil can is coplanar with Earhart’s right arm. Correct any distortions in the 
photographs. Correct any measurement confounders.

Methodology. Choose a line segment along, or across the oil can seen in Figure 
1 “segment”) and compare this to the exemplar. Use the exemplar to obtain 
the equivalent direct absolute measurement. Correct the segment for errors, 
including oblique orientation in 3 axes and photographic imaging distortions. 
Estimate the scale coplanar with Earhart’s arm as the corrected length of 
the segment in pixels, divided by the equivalent measurement of the oil can 
exemplar in inches.

Figure 1. Photograph of Earhart carrying oil can (Photograph OilCan-HighRes.tif).
(Source: Purdue University Libraries, E-Archives, Amelia Earhart Papers,
George Palmer Putnam Collection, Purdue Identification Number b11f4i3

http://earchives.lib.purdue.edu/cdm/search/searchterm/b11f4i3)
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Orientation. The three axes of the oil can orientation are described as x, y, and z, using the convention of Figure 2. 
Rotations around the x, y, and z axes are named pitch, yaw, and roll, respectively.

Segment. The selection of the segment used to relate the exemplar and the oil can 
seen in Figure 1 is important to minimizing the quantity and size of errors when 
etimating the scale: First, the segment must be coplanar with Earhart’s right arm; 
Second, the segment must be parallel, or substantially parallel, with the image plane. 
The selected segment which meets these criteria extends diagonally across the top of 
the oil can, as shown in Figure 3.

The selected segment as seen in Figure 3 has the property of being materially 
centered beneath Earhart’s right arm, as well as materially parallel with the image 
plane. This selected segment needs the smallest number of rotational corrections, as 
compared to other candidate segments.

Measurements. The segment in Figure 1 is 102.3 pixels, and the equivalent 
segment on the exemplar is 6 13/16˝ (6.8125˝).

Corrections. Measurement of the straight edges in Figure 1 show that no 
material barrel or pincushion correction of the image is required.

In Figure 1 the oil can exhibits rotations in all 3 axes, therefore the segment 
must be evaluated for roll, pitch and yaw rotational correction. The oil can has 
a small yaw rotation, which can be observed in the rotation of the wire handle, 
and requires evaluation and possibly correction. Once corrected, however, 
neither pitch nor roll correction is required because these rotations will not 
affect the measured length of the segment.

Yaw Correction. The yaw angle was estimated using measurements of the 
projection from three dimensions to two dimensions of a known equilateral 
triangle (the two endpoints of the segment, plus the top cornere nearest the 
camera). The rotation was estimated using the arctangent of the ratio of the two sides of the equilateral triangle 
projected into two dimensions, resulting in an estimated yaw of 1.6 degrees.

The length of the segment in Figure 1 is corrected for yaw rotation using:

Scale. The image scale coplanar to Earhart’s right arm is estimated as:

Conclusion. Given the evidence and my experience in the field of photogrammetry and photointerpretation, I estimate 
that the scale coplanar with Earhart’s right arm in Figure 1 as 15.02 pixels per inch. My estimate is based upon the 
facts that I have received and I reserve the right to revise my report should new informaiton become available.

Sincerely,

Jeff B. Glickman, BSCS, BCFE, FACFE, DABFE
Past President, American Society for Photogrammetry and Remote Sensing, Puget Sound Region
Chair Emeritus, Institute of Electrical and Electronics Engineers, Seattle Section
Member Emeritus, State of Washington Forensic Investigations Council
Fellow, American College of Forensic Examiners
Senior Member, Institute of Electrical and Electronic Engineers
Board Certified Forensic Examiner
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Figure 2. Axes convention.

Figure 3. Selected segment shown in red.
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