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1. INTRODUCTION

Immunologists have found that the general techniques of 

determining blood groups among living people can also be used to 

determine the blood groups of the dead, even of people who lived in 

pre-hlstorlc times, provided that the specimens employed in the 

determinations have been so woll preserved that they have not lost 

the chemical components which characterize the blood groups. Specific 

differential absorption of the known serum by the unknown specimen, 

whether cancellous bone, mummified flesh, dried powdered muscle, 

saliva, or various other eells and tissues extraneous to the blood 

serum, is the serological basis of blood group determinations of the 

dead. However, the foremost workers (Schlff, 1931; Boyd, 1939; 

Candela, 1939) have found that cancellous bone obtained from those 

parts of the skeleton involved in hematopoiesis during life givesm

the most satisfactory specimen for study. They have succeeded in 

determining the blood groups of poople who lived in Egypt from pre- 

dynast ic tiiw through the 23rd dynasty; of mummies of Basketmaker 

and Pueblo III cultures In the American Southwest dated back to 

1050 A.D.; of Xnca mummies from Peru; and of that lone Pre-hlstoric 

Mexican, known as Tepexpan Man, who lived about 11,000 years ago.

Anthropologists who are studying the inhabitants of the 

islands of the Central Pacific Ocean have made many blood group 

determinations of living people, of course, but, so far as can be 

learned from the literature, no studies have been made employing 

bones of ancient aboriginal inhabitants of these islands. The 

skeletons in the collections of the Bernice P. Bishop Museum are in



need of such Investigation and have been made available through the 

interest and cooperation of museum officials and Dr, Saul Rlesenberg, 

Assistant Professor of Anthropology at the University of Hawaii.

Bones selected represent three separate series of skeletons. 

The first series represent, presumably, 90 inhabitants of the 

Marianas who lived and died before the arrival of the Spaniards.

This series was collected in Guam, Tinian, Saipan, Rota, and elsewhere 

there during archeological excavations by Hornbostel and Thompson.

They come from Chamorro burials dating from Jnst before or during the 

Spanish conquest.

The other two series represent 30 inhabitants from Kailua, 

Oahu, and 45 inhabitants from Mokapu, Oahu, all presumably from 

before the time of Captain Cook. The Kailua series was found and 

collected in the latter part of 1952 by the archeology class con

ducted at the University of Hawaii by Dr. Emory. The Mokapu series 

was collected in 1942 during World War II by Mr. Buddy Jones.

The scope of this present investigation involves determina

tion of the blood groups of the 165 individual skeletons by using 

Candela's modification of the agglutination test (1939). It Is a 

complicated variation of the routine "agglutination” test used in 

grouping blood cells of living people.

I have attempted also to devise a new and simpler technique, 

based upon the principle of the "precipitation" test, well known to 

serologists, which has not been applied successfully as yet in the 

determination of blood groups of bones. Attempts were made to 

extract the antigenic (or determinant) group substances in soluble



form from fresh bones and from ancient bones, and tben to identify 

them by adding them to concentrated commercial anti-sera of knotra 
groups.



HISTORICAL REVIEW OF PERTINENT LITERATURE
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It is known that the blood groups A and B of humans can be 

determined fro« proper study of any of the body tissues, and from 

almost all of the body fluids. The chief blood group agglutinogens 

A and B condition specific agglutination of human red blood cells by 

the isoagglutinins a and b. However, they are more stable than most 

protein antigens, being heat stable aad resistant to aging, and there

fore can be and have been demonstrated rather readily in dried tissues, 

including blood. Landsteiner and Richter (1900) demonstrated that 

dried blood stains could be grouped because of the persistance of 

the agglutinins a and b.

Lattes (1923) reported cases in which stains could be 

grouped by the differential adsorption produced by the agglutinogens 

where the agglutinins disappeared. In 1933 Boyd and Boyd success

fully demonstrated agglutinogens A and B In preserved muscle tissue, 

and in 1934 they extended this study to »unified tissue. They 

attempted to determine the blood groups by using human sera of types 

A and B and varying dilutions of anti-A and anti-B testing sera pre

pared by specific adsorption of innune rabbit sera. They successful

ly typed many American Indian and Egyptian specimens. Osing the 

same sera in further studies, they also demonstrated agglutinogens 

A and B in dried human muscle and in dried saliva, although tney were 

unable to demonstrate N and N antigens in either specimen.

Matson, also in 1934, studied the distribution of blood 
groups of cadaver and mummy tissue among Blackfoot and Blood tribes



of American Indians by the adsorption technique, but used varying 

dilutions of 0 serum (in which a and b agglutinins were present).

His interpretation of blood type was based on the absorption or non

absorption of a or b agglutinin or both from the 0 serum. However, 

at times, this procedure gave confusing results, because of the 

presence of foreign particulate matter which led to a certain amount 

of observed non-specific agglutinin adsorption. To eliminate this 

difficulty, Matson (1936) extracted the antigen by repeated freezing 

and thawing of tissues. He obtained saline extracts of antigen which 

permitted correct identification of known cadaveric and Egyptian 

mummies. Extracts of cadaver tissue known to belong to group 0 

failed to absorb either the a or b agglutinins from 0 serum, whereas 

the extracts of known A and B Egyptian mummies showed a more or less 

pronounced neutralization of the b or a agglutinins, respectively.

In 1937 Boyd and Boyd tested 300 mummy specimens, but intro

duced tbe additional check of using both human and rabbit immune sera 

for each test as a matter of strengthening confidence in the specifi

city of the reaction. These sera, both human and rabbit, were diluted 

to equal titer. The purpose of this step was to standardise the 

agglutinin titer before absorption, inasmuch as the final decision on 

the blood grouping was based on the amount of agglutinin removed 

after absorption. If the titer of a serum was reduced three tubes or 

more, this degree of reduction was considered presumptive evidence 

of tbe presence of the appropriate agglutinogen, especially if both 

human and rabbit immune sera behaved alike. Their results showing 

specific absorptive power, indicating the presence of A and B antigens.



were obtained with certain Basketmaker and Peruvian mummies, and 

especially with Egyptian Dummies of pre-dynastic times more than 
5,000 years ago.

The determination of blood groups from ancient human bones 

was first attempted in 1936 when Candela modified and extended the 

technique described by Boyd and Boyd (1934) in their work on mummi

fied flesh and dried muscle. Candela used finely pulverized marrow 

from long bones as bis prepared specimen, and adjusted the A and B 

anti-sera to optimum dilutions for specific adsorption by the bone.

By successfully typing 26 bones almost 3,500 years old, he showed 

that there was a definite range of serum dilutions for each series 

of bone specimen in which specific adsorption took place. Further 

work in 1937 on additional specimens, six of which originated in 

Minnesota and four in New York, served to show that a dry climate 

was not essential to the preservation of group-specific substances 

in human skeletal remains.

In early 1939, Candela made still further blood group 

determinations on 30 mummified pure-bred Aleutians dating from Pre- 

Russian and early Russian times. These mummies had been recovered 

from two large burial caves ou kagamil Island in the Four Mountain 

Group of tbe Aleutian Islands. In this series he demonstrated tbe 

strong adsorptive power of the vertebral cancellous bone. Candela 

also discovered an important detail here: he found that some deteri

oration takes place after pulverisation of bone, thus affecting 

specific adsorption* To reduce this effect, samples were kept in air

tight bottles. The serum used in these tests upon the Aleutian bones



differed from that of past studies ia that serum pools were used 

instead, the titers equalised, and the limiting titers determined.

This study was an important one since it indicated that tests on 

cancellous bones were much more sensitive than those upon muscle, 

the cancellous bone retaining the blood group factors better than the 

dried flesh and other soft parts, which did not give the characteris

tic reactions expected. Tests upon dried flesh of the same individuals 

had failed in the hands of both Boyd and Candela (1939).

In the latter months of 1939, Boyd and Boyd also investi

gated the blood grouping of three classes of Egyptian bones, the 

first two of which were ancient: (1) 1st dynasty bones, found in

excavations at Saggara; (2) 16th dynasty bones and muscle tissue 

from Dir-el-Bahris; and (3) modern Egyptian bones from Cairo dissec

tions. Their technique was practically the same as that employed in 

previous studies (Boyd and Boyd, 1934; 1937). However, their results, 

especially on bones, were so variable as to be Inconclusive for any 

of the bone specimens. The bones exhibited much less absorptive 

power than did tbe 57 samples of muscle tissue tested. Thus their 

results with bones were much less encouraging than those reported by 

Candela. However, the material and technique of Candela may have 

been more suitable for this type of study than that of tbe Boyds.

In 1949, Lougblin made preliminary tests for the presence 

of blood group substance In Tepexpan Kan, using the absorption tech

nique of Candela. His results indicated the presence of group sub

stance A In the Tepexpan skeleton, but he failed to get consistent 

results with anti-B sera.



Boyd and Boyd (1937-1939) attempted the precipitation test 

as a possible direct method for group determination. In 1937, they 

extracted minute amounts of material from muscle tissue with saline, 

but were unable to prepare an anti-serum against the muscle protein. 

In 1939, they attempted to make extracts of a specimen of munmlfled 

bone, of mmmDlfled muscle tissue and several bones of Group A, by 

boiling the specimens in water for several hours. None of the ex

tracts gave a positive test, including the bones known to be of Group 
A.

8



11. MATERIALS AM) METHODS
9

1. Definitions of terms as applied in Candela's technique:

a. ApjflrpijpB. Of. PsaiBtinlfll —  refers to tbe removal of the

agglutinins b or a from sera of group A and B respectively, 

by the active absorptive power of ground cancellous bone 

during a 46-hour period of contact at refrigerator tem

perature (9°C).

b. Agglutination —  refers to the serological phenomenon in which

fresh human red blood cells of groups A and B aggregate 

Into clusters or clumps due to tbe presence of the corres

ponding isohemagglutinins, b or a respectively, which are 

constituents of normal serum.

c. Limiting titer —  sera are titrated by preparing successively

doubled dilutions of them with 0.65% physiological salt

solution. To these dilutions are added fresh washed red 

blood cells of known type. The highest serum dilution 

giving a 4 reaction is the doubtful reaction. Counting 

three tubes back exclusive of this doubtful reaction is 

tbe limiting titer, and the dilution applied to the bone 

specimen.

d. Reinforced reaction —  is a reaction shown by specimen residues

which, after one 46-hour incubation period at refrigerator 

temperature, are able to absorb more agglutinins during an 

additional 46-hour incubation period at refrigerator tem

perature (9°C).



e. Precipitation —  refers to a serological phenomenon in which 

a soluble antigen in the proper proportions will produce a 

white zone or precipitate when it is exposed to its specific 

antibody.

The agglutination test as applied here, using Candela's method 

of grouping ancient bones:

a. Materials ased:

1. Bones:

(1) 1st series— presumably pre-Caucasian Mariana skele

tons representing 90 separate individuals.

(2) 2nd series— presumably pre-Caucasian Hawaiian

skeletons representing 30 separate individuals 

from Kailua, Oahu.

C3) 3rd series— prestuably pre-Caucasian Hawaiian

skeletons representing 45 separate Individuals 

from Mokapu, Oahu.

Cancellous bone in all cases was taken from the long 

bones, the femora, tibiae, or humeri. The specimens selected 

were clean, dry, and without previous treatment with preserva

tives. Lumbar vertebrae, usually excellent sources of cancellous 

bone, were not used here because of the presence in them of much 

foreign particulate material, including dirt and sand.

2. Diluent: sterile 0.65% Isotonic physiological saline.

3. Sera: commercial sera, anti-A and anti-B, as prepared

by the Michael Reese Research Foundation, Chicago, 

Illinois.



4. Red blood cells from bones of known A and B groups,

drawn the day of the tests from the same individuals

throughout the complete study,

5. Controls: known bone samples taken at autopsy from

present day hiraan beings, obtained by Dr. Saul 

Rlesenberg at the start of this study. Samples of the 

aboriginal bones were also run as controls after they 

had been typed, 

rrecedure. and techniquei
1. Determination of titers of tbe anti-A and antl-3 sera:

Anti-A and antl-B sera were titered by testing success

ively doubled dilutions, (e.g. 1:1; 1:2; 1:4; 1:6; 

1:16; 1:32; 1:64; 1:126; 1:256; 1:512) in this manner: 

0.5 ml. of 0.65/» saline was added to each of ten 

Wassermann tubes. To the first tube was added 0.5 ml. 

of the serum being tested, using a tuberculin syringe, 

and a 20-gauge needle. This serum was thoroughly 

mixed with the saline to form the 1:1 dilution.

0.5 ml. of the serum dilution from tube number one 

was then added to the second tube and thoroughly 

mixed; then 0.5 ml, of this mixture was added to the 

third tube, and so on, until the tenth tube was pre

pared. 0.5 ml. from the tenth tube was discarded.

From each of the above dilutions 0.05 ml. was then 

drawn with a 0.2 ml. pipette and placed in a small 

blood grouping tube. To each of these small tubes



was added 0.05 ml. of freshly prepared red blood 

cell suspension of type A or of type B, depending 

upon the serum being tested. After being placed in 

a rack, these dilutions were shaken occasionally 

throughout the next 30 minutes. Agglutination titers 

were determined as follows: usually the 1:256 dilu

tion was the 4 reaction. By counting back three 

tubes, exclusive of the doubtful (4) reaction, the 

limiting titer was determined as the 1:32 dilution. 

This was tbe dilution to be used for testing the bone 

specimens.

However, due to age differences, exposure to differing 

conditions of soil and climate, the bone was not 

always active in the limiting titer of the antiserum. 

Candela therefor# applied several dilutions of serum 

to as many preparations of the bone sample, in order 

to find the proper active dilution. He used the 

limiting dilution as a guide to the proper dilution. 

The same approach was used in this study of the 

three series of skeletons. Therefore, 1:32 and 1:16 

dilutions of the sera were applied to a few bones of 

one series in order ta approximate the proper active 

titer. Then the rest of the series was treated with 

the suggested active titer. If, however, these did 

not show a definite activity, they were then treated 

with the other dilution of tbe antlserum. In short,

12



In these stedies the blood group determinations on 

tbe bone sables were made on the basis of either the 

1:16 or the 1:32 dilution of the test antisera.

Red blood cell suspensions from known A and B donors 

were prepared by first washing the citrated blood 

with saline, centrifuging, and re-washing until the 

supernatant was clear. After centrifuging to con

centrate the blood cells, measured amounts of the 

sediment were pipetted to give a 1% suspension in 

saline.

Bone preparations:

A cork-borer was used to cut through the compact bone 

into the cancellous bone. Extraneous foreign material, 

such as sand and dirt, was shaken out and whole clear 

pieces of cancellous bone were dropped into a clean 

mortar. Tbe presence of dirt or sand was scrupulous

ly noted, and, if found, the sample was discarded and 

a new sample was obtained. Tbe bone was pulverized 

with a pestle until it was finely powdered. The 

Marianas specimens were easily ground up to this powdery 

form. The Hawaiian specimens, however, were very dif

ficult to pry out of the long bones, and even more 

difficult to grind. The particles remained sticky 

and in clumps, and in a few cases were almost possible 

to measure accurately. (This was the first indication 

that the Hawaiian bones probably are not as old as



the Marianas bones.) 0.25 ml. of pulverized bone, 

measured into a Wassermann tube by means of a clean, 

dry tuberculin syringe, was tbe standard sample used 

throughout the complete study. From each bone speci

men, two such samples of bone were prepared for each 

dilution of test serum being used. For example, if 

tbe 1:32 dilution of anti-A and of anti-B serum was 

being used, two samples of the powdered bone wore pre

pared.

Bone immersion In serum dilutions:

To one of the tubes of the prepared sample of bones was 

added 0.7 to 0.8 ml. of the appropriate dilution of 

the anti-A serum; to another tube was added the same 

dilution of the anti-B serum. Bone and serum were 

thoroughly mixed by stirring with a glass rod, after 

which the tubes were corked and the tube edges sealed 

with parawax to prevent evaporation and the entrance 

of air. Shaking thoroughly but gently was an impor

tant part of the technic. This was done by holding 

the sealed tubes at a 45° angle and gently shaking.

If this is disregarded, much of the bone sample is 

lost from the serin to the upper half of the tubes, 

with resulting inaccurate readings. The tubes were 

then placed in a refrigerator (9°C) for a minimum of 

48 hours, with agitation at intervals of approximately 

12 hours. Candela removed his specimen at the end of



exactly 48 hours* All of our specimens were kept 

for a minimum of 48 hours, but in a few cases were 

kept as long as five days. In any event, our results 

remained the same when the same samples were exposed 

to different lengths of Incubation periods.

Supernatant titration and blood grouping determinations:

The specimens were centrifuged upon removal from refrige

rator incubation. To each of ten Wassermann tubes 

was added 0.5 ml. of saline. From the tube of powdered 

bone exposed to antl-A serum, 0.5 ml. of the super

natant fluid was drawn out carefully by means of a 

1 ml. tuberculin syringe and a twenty-gauge needle 

with a flat tip. This fluid was added to the first 

tube of saline, and from it tbe serial dilutions were 

carried out until the fifth tube. 0.5 ml. of serum 

dilution from the fifth tube was discarded. The dilu

tions were then as follows: 1:32; 1:64; 1:128; 1:256;

and 1:512. Tbe other five Wassermann tubes were used 

for preparing dilutions of tbe supernatant fluid from 

the bone specimen exposed to the antl-B serum.

From each dilution 0.05 ml. was drawn off with an 0.2 ml. 

Kahn pipette and placed in a blood grouping tube.

0.05 ad. of a freshly prepared 1% red blood cell sus

pension in saline was added and the tubes were shaken 

occasionally for the next 30 minutes. Presence or 

absence of agglutination was then noted.



c. late cpmatigfli
The following descriptions indicate the kinds of reactions 

that could be obtained under the conditions of the tests:

1. a. No agglutination with supernatant anti-A serum:

therefore antl-A agglutinins were removed, 

b. Agglutination with supernatant anti-B serum:

therefore anti-B agglutinins were still present. 

Conclusion: bone specimen was Type A.

2. a. Agglutination with supernatant anti-A serum:

therefore anti-A agglutinins were still present, 

b. No agglutination with supernatant anti-B serum;

therefore anti-B agglutinins were removed. 

Conclusion: bone specimen was Type B.

3. a. No agglutination with both supernatant anti-A and

anti-B sera: therefore, both anti-A and anti-B

agglutinins were removed, 

b. Another preparation of the same bone exposed to both

anti-A and anti-B sera at the same dilution (rein

forced reaction) and at a lower dilution. 

Conclusion: if agglutinins were again removed, the

bone was designated as a definite Type AB. If 

agglutinins were not removed again, the bone was 

designated as a questionable Type AB.

4. a. Agglutination with both supernatant anti-A and antl-B

sera: therefore both anti-A and anti-B agglutinins

were not absorbed.

16



b. Another preparation of the same bone exposed to both 

anti-A and anti-B sera but at a higher dilution: 

if agglutination occured again with both the anti- 

A and anti-B sera, the bone was designated as 

type 0. Thus:

If agglutination occurs Then this agglutinin was And the antigen in 
in antiserum against absorbed from antiserum the bone specimens

group antigen against group antigen belongs to blood
group

A B A B

4 4 A

4 4 B

- 4 4 AB

4 4 - 0

Basis of Blood Gkoup Interpretation according to Candela 

(1939):

"a) All specimens giving a clear cut differentiated A 

or B reaction may be considered to be of the group 

indicated, even when a reinforced reaction is not 

obtained.

”b) All specimens which failed to clear the agglutinins 

from sera one-half as strong as the norm for tbe 

series are best considered to be group 0 especially 

if the amounts of residual agglutinins in the two 

tubes are equal. If there should be a consistent 

appreciable difference, however, the specimen may 

be a badly deteriorated A or B, and should be

17



investigated farther.

-c) These specimens which cleared agglutinins from 

both tubes at the 'normal* dilution of sets, and 

also gave a reinforced reaction, may safely be 

considered to be group AB. . ."

3. The precipitation test as applied la these studies followed tbe 

suggestions and tbe method offered by Boyd and Schiff (in Boyd, 

1942):

a. Preparation of extracts or soluble antigen:

Ancient bones and fresh bones of known A and B types, were 

ground up and extracted with 3.5 volumes 95% ethyl alcohol 

overnight at room temperature. These alcoholic extracts 

were then evaporated to dryness after which 1 ml. of saline 

was added with constant shaking until a elear solution had 

formed. Samples of these same bone specimens were also put 

in physiological saline for extraction overnight ia the 

refrigerator.

b. Aflilsnra:

Vary strong sera must be used for this test and Schiff aad 

Boyd (1942) have used clear group-specific immune anti-A 

serum, la my studies commercial human anti-A and anti-B 

sera were used ia concentrated form and in dilutions of 

1:2 aad 1:4.

c. DfltfmUaUML Pi. ttifUacy of ihUmum»
Siaco the main purpose hare was to dotect the blood group 

antigen in lew concentration, the determination of tho



serum strength was necessary. The known antiserum was 

tested with successive dilutions of antigen in the form of 

human serum, i.e.: dilutions of 1:10; 1:100; 1:1000;

1:10,000; 1:100,000 of the human sera were prepared for 

use as antigens. The concentrated antisera were then over

lay ed by these antigen dilutions. Precipitation occuied 

even la those tubes in which the antigen was diluted to 

1:100,000.

d. Asmal :
Dilutions of the extracts obtained from the aboriginal bone 

specimens were prepared in Wassermann test tubes. Actual 

precipitation tests were made in nmicroR tubes. Zn each 

of eight "micro" tubes was placed 0.04 ml. of concentra

ted antiserum. The first five tubes were overlayed with 

bone extract In dilutions of 1:100,000; 1:10,000; 1:1000; 

1:100; and 1:10. The last three tubes were controls, over

layed with 0.9% Nacl, substrate extract (an extract of the 

compact bone around the cancellous bone), and human blood 

serum of known type, at a dilution of 1:1000.

e. Headings:

A positive reaction was not seen, as is often the case, as 

a thin white ring formed at the junction of tbe anti serum 

and the antigen within a few minutes after the antigen 

had been added. It was seen rather as a fine white pre

cipitate formed only after a 24-hour period at room 

temperature.

19



III. RESULTS

20

1. Study of bone specimens of the Marianans and Hawaiian* by tbe 

agglutination test of Candela:

In general, preparations of the Marianas series were 

found to react best against 1:16 dilutions of the test anti

sera. A few could be Identified only by the 1:32 dilution, 

and four cases by the 1:24 dilution of the test anti-sera.

Of 90 specimens submitted for this series, 67 were 

found to belong to blood group B, one to group A, four 

possibly to group AB, and 18 questionably to group 0.

The four specimens labeled as "possibly AB" could not 

be definitely established to be such according to the criteria 

set by Candela. They showed complete absorption of both the 

anti-A and the anti-B agglutinins in the 1:16 dilution, but 

did not show absorption in the 1:8 dilution. None showed the 

reinforced reaction.

The 18 considered as "questionable group 0" were 

labeled as such since It is impossible to distinguish an 0 

specimen from a bone specimen of another group which has lost 

Its agglutinogen in the course of the deterioration of the 

bone. All of the specimens placed in the 0 group were retested 

at both the 1:16 and the 1:32 dilutions of the anti-sera, and 

In both dilutions did not absorb either the anti-A or the 

antl-B antibody.

Tbe bones placed in group B showed clear-cut absorptions



of the anti-B agglutinins.

About ten speciiMns in this series of Marianas bones 

showed inconsistent results, but they were tested twice to 

give the same results before they were assigned to their 

respective blood groups.
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TABLE I 

MARIANA SERIES

Uniting Titer Blood Group
Bone Specimen of Known Testing Assigned to
(Museum Number)* Serum Used Bone Specimen

453 lt32 B
457 1:32 B
479 1,16 B
461 1,32 0
466 1,32 B
467-1 1,32 B
487-2 1,16 B
495 1,32 B
497 1,32 B
499 1,16 B
509 1,32 B
601 1,32 B
602 1,32 B
603 1,16 B
504 1,16 AB (possibly)
606 1,32 0
609 1,24 B
611-1 1,16 B
611-2 1,24 B
612 1,24 B
614 1*16 AB (possibly)
621 1,32 B
624 1,32 0
625 1,32 B
626 1,16 B
627 1,32 o
629 1,16 B
631 1,32 0
632 1,16 b
634 1,32 0
640 1,16 B
641 1,32 0
643 1,32 B (weak)
644 1,32 B
645 1,32 0
649-1 1,32 B
649-2 1,24 B
652 1,32 B
655 1,32 B
659 1,32 B
660-B 1,32 o
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Limiting Titer Blood Group

Bone Specimen of Known Testing Assigned to
(Museum Number)* Serum Used Bone Specimen

661 1:16 B
663 1:32 B
664 1:32 B
665 1:16 B
666 1:32 0
669 1:32 0
671 1:16 B
679 1:32 0
662 1:16 AB (possibly)
665 1:16 B
666 1:32 0
691 1:32 B
692 1:16 B
694 1:32 0
695-1 1:16 B
695-2 1:16 B
696 1:16 B
701 1:16 B
702 1:32 0
703 1:32 0
705 1:16 B
706 1:16 AB (possibly)
709 1:16 B
711 1:32 B
712 1:16 B
713 1:16 B
716 1:16 B
726 1:16 B
727 1:16 B
729 1:16 B (weak)
731 1:16 B
733-1 1:16 B
735 1:32 B (weak)
736 1:32 0
742 1:32 A
743 1:16 B
745 1:32 B
755 1»32 B
756 1:32 B
767 1:32 B
896 1:32 B
896 1:16 B
899-1 1:16 8
899-2 1:32 B
900 1:32 B
902 1:32 0
912 1:32 B (weak)
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Bone Specimen 
(Museum Number)*

1059
 Utiik________

Limiting Titer 
of Known Testing 

Serum Used

1:16 
 1»16

Blood Group 
Assigned to 
Bone Specimen

B
0 frtBfcJ _

Totals 90 67 B 
1 A
4 AB (possibly)
18 0 (questionable)

"Each entry represents an individual skeleton.



The Kailua series was found to react best in the 1:32 dilu

tion of the test sera. Of 30 specimens submitted for this series,

19 were found to be of group A, two of group B, and nine of group 0. 

There were none of group AB. Judging from the properties of the 

bone specimens, they do not appear to be as old as the Marianas 

specimens. The cancellous bone was sticky and difficult to pulverize, 

which made it difficult to measure accurately. The readings of the 

blood groups were unaffected, however.
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TABLE 11 

Kailua Series (Hawaiian Group)

Limiting Titer Blood Group
Bone Specimen of Known Testing Assigned to
(Museum Number) Serum Used Bone Specimen

K-4/22/23 1:32 A
K-5 1)32 0
K-21 1:32 A
K-22 1¡32 B
K-25 1:32 A
K-26-27 1:32 B
K-26 1:32 A
K-29 1:32 A
K-30 1:32 A
K-33 1:32 0
K-34 1:32 A
K-36 1:32 A
K-37 1:32 0
K-36 1:32 0
K-39 1¡32 A
K-40 1:32 A
K-42 1 (32 A
K-47 1:32 A
K-40 1:32 A
K-49 1:32 0
K-56 1:32 A
K-57 1:32 A
K-58 1:32 0
K-59 1:32 0
K-60 1:32 0
K-61 1:32 0
K-62 1:32 A
4392 1:32 A

Acc 4415 1:32 A
X (unnumbered)_______________ Li32-----------------------A----

Total 30 19 A
2 B 
9 0 
0 AB



The Mokapu series was also found to react best in the 1:32 

dilution of the test sera. Of 45 specimens submitted for this 

series, four were too deteriorated to test, and of the 41 specimens 

remaining, 16 were of group A, three of group B and 22 of group 0. 

The high percentage of group 0 specimens suggests that this series 

of skeletons might have been exposed more to deterioration than were 

the other skeletons represented in these studies.
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TABLE III 

Mokapu Secies (Hawaiian Group)

Limiting Titer Blood Group
Bone Specimen of Known Testing Assigned to
(Museum Number)* Serum Used Bone Specimen

W-10-a 1:32 0
W-10-b 1:32 0
W-121 1:16 A
w-14-b 1:16 A
W-14-c 1:32 0
W-14-d 1:32 0
W-1S 1:32 A
W-18 1:32 0
W-16-e 1:32 0
W-10-b 1:32 0
W-10-c 1:32 A
W-19 1:32 0
W-21 1:32 0
w-21-b 1:16 B
W-22 1:32 A
W-26-a 1:32 A
W-29 1:32 0
W-29-a 1:32 A
W-34 1:32 0
W-35 1:16 A
W-37 1:32 0
W-39-e 1:32 0
W-40 1:32 B
W-40-a 1:32 0
W-41 1:32 0
W-41-e 1:32 0
w-41-b 1:16 B
W-45 1:16 A
W-48 1:16 A
tf-48-a 1:32 A
W-48-c 1:32 A
W-49 1:16 A
W-49-e 1:32 0
W-49-b 1:32 0
W-50 1:32 0
W-50-a 1:32 0
W-50-b 1:16 A
W-50-c 1:16 A
W-50-d 1:32 0
W-60-f 1:32 A

  0- .
Total 41 16 A

_4 (too deteriorated) 3 B
45 22 0

0 AB
*Each entry represents an individual skeleton.



Study of bone specimens by tbe precipitation test:

The extract obtained from fresh bone known to be of 

group A was the only specimen which gave a positive precipi

tation test with eomerclal anti-A serum. Extracts of fresh 

bone known to be of group B, and of aboriginal bones shown 

by Candela's technique to belong to groups A and B, gave no 

positive tests by tbe precipitation technique.

Since group specific substance A is soluble in alcohol 

(Schiff, 1931), negative results on the ancient bones of group 

A appeared to Indicate that the bones were too old for extrac

tion of group substance A. Alcoholic extracts of red blood 

cells of groups A and AB have been reported to be specifically 

flocculated by suitable anti-A Immune sera, whereas, specific 

flocculation with B extracts has never been reported (Boyd, 

1942). All saline extracts proved to be ineffective as anti

gens. Moreover the precipitation of the A substance from the 

extract of fresh bone with antiserum A was readable only 

after • 24-hour period at room temperature, and appeared as a 

fine whitish precipitate at the bottom of tbe tube.



IV. DISCUSSION AM) CONCLUSIONS
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There 1« no doubt that at present the agglutination tech

nique, aa proposed by Candela, is the more nsable approach for blood 

group determinations upon ancient bones. The method, however, is 

difficult, time consuming, aad, because it depends upon the degree of 

preservation of the cancellous bone under conditions of burial and 

weathering, is frequently ambiguous la its results.

The precipitation teat, if workable, would have been a far 

eaaier test, bat until techniques for extracting the group substances 

can be improved, it can not be used.

Since coosnerclal anti-sera was used in both methods, the 

possibility cannot be discounted that preparing a specific immune 

antiserum with greater specificity and higher concentration might 

allow a positive reaction with extracts of ancient bones belonging to 
group A. Time did not permit a study of tbls possibility.

The percentage of specimens assigned to group 0 cannot be 

Interpreted as a true value, alnee deterioration of the bones may 

have masked a true reading la some cases.

Four specimens found to give reactions characterizing the AB 

group were questionable, since even though alpha and beta agglutinins 

were absorbed at the absorptive titer for this series, the possibility 

of non-apeeific absorptive factor« involved here cannot be eliminated. 

These four samples did not give a reinforced reaction nt that titer, 

nor did they absorb alpha and beta agglutinins at a titer twiee as 

strong. B group readings were on the whole clear-cut tests.



Results on the Kalina secies, on the whole. Indicated that 

tbe series was probably not as ancient as it was thought to be. 

Sticklness, difficulty in pulverizing, and the presence of group B 

(believed by some authorities to be of recent caucasoid introduction), 

offer strong evidence for this conclusion. However, the small number 

of specimens tested might not be adequate for a true interpretation.

Results on the Mokapu series were not as satisfactory as it 

was hoped they would be. The high percentage of specimens assigned 

to the 0 group, which is expectedly questionable, showed that either 

a greater degree of deterioration of the bone had taken place, or 

that tho skeletons are recent enough in their origin to have a higher 

proportion of group 0 individuals among them than was anticipated.

The blood groups of 90 pre-historic inhabitants of the 

Marianas, as established by these tests, show this representation!

Number Assigned Per Cent
Blood Group to Group (Based on 90 Specimens)

0 18 (questionable) 20.0%
A 1 1.1%
B 67 74.4%

AB 4 (questionable 4.4%

According to the results obtained, these are the percentages

for the blood groups of the Hawaiian bonesi

Kailua Series Mokapu Series
Blood Number Assigned % (Based on 30 Number Assigned % (Based on 42 
Group to Group Specimens) to Group Specimens)

0 10 (questionable) 33.3% 20 (questionable) 47.6%
A 16 60.0% 16 42.8%
B 2 6.6% 4 9.0%

AB 0 0.0% 0 0.0%

Of interesting correlation is the report of the frequency 

of Polynesians from Hawaii of a typical modern population (Boyd, 1950).
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of 413 individuals tested, there were 36.5% of group 0; 60.6% of 

group A; 2.2% of group Bj and 0.5% of group AB. This frequency is 

another strong indication that the Hawaiian bones used throughout 

this study were probably of modern origin.

Dr. Saul Riesenberg of the Department of Anthropology at 

the University of Hawaii, is making an anthropometric study of the 

Marianas series of skeletons. Laura Thompson (1945) speculates, on 

the basis of historical accounts, that the ancient inhabitants of the 

Marianas Islands resembled Polynesians rather than Malayans. From 

preliminary studies on the ancient skulls of the Marianas series.

Dr. Riesenberg reports that even though the people were big, like the 

Polynesians, the skulls appear to resemble Asiatic Mongoloids more 

than they do Polynesians. Results from this study on the high per

centage of blood group B in the Marianas series is strong supporting 

evidence of tbe Asiatic origin of this ethnic group.

Results on the Hawaiian series, especially in the Kailua 

group, where group A occured in the highest percentage, suggest, of 

course, that the Polynesians belonged to a separate ethnic group from 

that of the inhabitants of the Marianas Islands.
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SUMMARY
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From disinterred skeletons of aboriginal inhabitants of the 

Marianas Islands and of Hawaiians buried at Kailua and at Mokapu on 

Oahu in the Hawaiian Islands, 165 samples of cancellous bones, pre

sumably representing 165 skeletons, were tested by the absorption- 

agglutination technique of Candela for the presence of the Landstelner 

blood group substances A, B, and AB.

The variable chemical composition of the bones, exposed as 

they have been to deterioration over unknown periods of time, and 

therefore the attendant variation in the representation of the blood 

group substances, make it impossible, of course, to attribute with 

certainty any one bone specimen to any one blood group. However, on 

tbe basis of the results obtained, these figures are presented as 

suggesting tbe percentages of the different blood groups In the popu

lation analyzed:

% of Blood Groups Represented In Number of Specimens Studied
Marianas Series Hawaiian Series

Blood Kailua Mokapu
Group (90 Specimens) (30 Specimens) (41 Specimens)

0* 20.0% 33.3% 47.6%
A 1.1% 60.0% 42.0%
B 74.4% 6.6% 9.0%

AB* 4.4% 0.0 0.0

The figures, tentative as they must be, support the conclu

sions that the original inhabitants of the Marianas Islands belonged

"figures for these groups must be questionable because of the possibility 
of error introduced by deterioration of the bones.



to a different ethnic group from that which originally colonized the 

Hawaiian Islands«

Attempts to devise a precipitation test, using extracts of 

the bones, were unsuccessful, as they have been in previous studies 

by other workers. Candela's technique remains the only usable tech

nique for the determination of the blood groups in ancient bones—  

probably because, difficult as it is, it is the only one sensitive 

enough to detect the small amount of blood group antigen remaining in 

the weathered bones.
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