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 Breadfruit Origins, Diversity, and 
Human-Facilitated Distribution 

 I received the seeds of the bread tree. . . . One service of this kind rendered to a nation, 
is worth more to them than all the victories of the most splendid pages of their history, 
and becomes a source of exalted pleasure to those who have been instrumental in it. 

 —Letter from Thomas Jefferson to M. Giraud (1797) 

 Background 

 Breadfruit ( Artocarpus altilis  (Parkinson) Fosberg, Moraceae) is a staple 
crop in Oceania, where it was originally domesticated. It is a versatile tree 
crop with many uses including construction, medicine, animal feed, and 
insect repellent. However, it is principally grown as a source of carbohy-
drates and is an important component of agroforestry systems. Unlike 
many herbaceous starch crops harvested for their vegetative storage tis-
sues, breadfruit is a large tree grown for its fruit (technically an infructes-
cence, as the breadfruit is a syncarp made up of many small fruitlets fused 
together) (fi gure 10.1).   Many cultivars have no seeds, just tiny aborted 
ovules (these will be called seedless cultivars), whereas others may have few 
to many seeds. Breadfruit typically is harvested when it is slightly imma-
ture and still fi rm, and seedless cultivars are prepared in much the same 
way as potatoes: baked, boiled, steamed, roasted, or fried. Ripe fruits are 
sweet and used in desserts. In seeded cultivars, seeds are chestnut-like in 
both size and taste and are boiled or roasted. 

 Although breadfruit yields vary between individual trees and cultivars, 
productivity typically is quite high. A commonly cited fi gure for seedless 
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 FIGURE 10.1   Breadfruit and wild relatives.  (A–C)  Syncarp surfaces of  (A)   Artocarpus 
camansi,  Zerega 88;  (B)   A. mariannensis,  Zerega 107; and  (C)   A. altilis  cultivar Mei uhp 
from Pohnpei, Zerega 172.  (D–F)  Cross-sections of  (D)   A. camansi,  Zerega 88;  (E)   A. marian-
nensis,  Zerega 146; and  (F)  seedless  A. altilis  cultivar Lemae from Rota, Mariana Islands, 
Zerega 142. Scale bar = 5 cm.  (Full-color version of this fi gure follows page 00).
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Breadfruit Origins, Diversity, and Human-Facilitated Distribution 215

breadfruit is 700 fruits per tree per year, with each fruit averaging 1–4 kg 
(Purseglove, 1968). In a specifi c case study of an agroforestry system in 
Pohnpei of the Federated States of Micronesia, average yields for fi ve culti-
vars ranged from 93 to 219 fruits per tree per season. In-depth yield stud-
ies for more than 100 cultivars growing in a common location are being 
conducted by Diane Ragone. Breadfruit is a seasonal crop, and because 
trees produce large quantities of highly perishable fruit, various methods of 
preservation have been developed for long-term storage. Some traditional 
preservation methods include fermentation in underground pits (Atchley 
and Cox, 1985; Aalbersberg et al., 1988) and the production of a starchy, 
sun-dried paste (Coenen and Barrau, 1961). A limited number of stud-
ies have examined breadfruit’s nutritional value. Compared with other 
starch crops it provides comparable levels of carbohydrates and is a better 
source of protein than cassava and equivalent to banana and sweet potato 
(Graham and Negron de Bravo, 1981). 

 Breadfruit Biology 

 Breadfruit plants are monoecious with separate pistillate and staminate 
infl orescences borne in the leaf axils of a single tree. The pistillate infl o-
rescence is typically globose to subglobose, whereas the staminate infl ores-
cence is cylindrical. Both infl orescences consist of hundreds of tiny fl owers, 
which are tightly packed together and sit on a fl eshy receptacle. The stami-
nate fl owers of fertile cultivars produce copious amounts of viable pollen, 
whereas few-seeded and seedless cultivars produce little or no viable pollen 
(Sunarto, 1981; Ragone, 2001). It has been demonstrated that fruit devel-
opment in seedless breadfruit is parthenocarpic and does not require pol-
len to be initiated (Hasan and Razak, 1992). As the pistillate infl orescence 
develops, the fl eshy perianths of the individual fl owers expand and provide 
the edible starchy portion of the syncarpous fruit (fi gure 10.1). Little is 
known about pollination in seeded cultivars or wild relatives of bread-
fruit, although both wind (Jarrett, 1959a) and insect pollination (Brantjes, 
1981; Momose et al., 1998; Sakai et al., 2000) have been suggested for 
various  Artocarpus  species. 

 Thousands of years of breadfruit cultivation and human selection in 
Oceania have given rise to a tremendous amount of morphological diver-
sity, including variation in the number of seeds per fruit. Cultivars in 
Melanesia typically produce viable, edible seeds and are propagated by 
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216 THE DESCENT OF MAN

seed. Other cultivars, especially in Polynesia and Micronesia commonly 
produce few to no seeds and must be propagated vegetatively. This is usu-
ally accomplished by planting of root suckers, through air layering, or by 
grafting. The loss of fertility is caused by triploidy (2n = 3x = ˜84) or is 
the result of hybridization in the case of sterile diploids (2n = 2x = 56) 
(Ragone, 2001; Zerega et al., 2004). 

 Breadfruit Distribution 

 At the end of the sixteenth century, European explorers and naturalists trav-
eling to Oceania quickly recognized the potential of breadfruit as a highly 
productive, cheap source of nutrition and introduced a limited number 
of cultivars to their tropical colonies (Ragone, 1997). The most famous 
of these attempts was led by William Bligh and culminated in the mutiny 
aboard the  H.M.S. Bounty  (Bligh, 1792). Today breadfruit is grown through-
out the tropics but is especially important in Oceania and the Caribbean. 
Breadfruit historically has had little commercial value outside the Pacifi c 
islands, where it has served primarily as a subsistence crop. However, in the 
last few decades, the Caribbean Islands have become the primary exporter 
of fresh breadfruit to Europe and North America (Marte, 1986; Andrews, 
1990), and the Fijian Ministry of Agriculture reported breadfruit as one of 
Fiji’s top four agricultural exports to New Zealand in the  Pacifi c Business 
News  in December 2001. Additionally, promising methods of preservation 
that could increase the export market for breadfruit include fried breadfruit 
chips, freeze drying, fl our, canning, and extracting starch for use in the tex-
tile industry (Roberts-Nkrumah, 1993; Ragone, 1997). 

 Breadfruit Diversity and Conservation in Oceania 

 Over millennia, Pacifi c Islanders have selected and named hundreds of 
traditional cultivars based on fruiting season, fruit shape, color and texture 
of the fl esh and skin, absence or presence of seeds, fl avor, cooking and stor-
age qualities, leaf shape, and horticultural needs (Wilder, 1928; Ragone, 
1997). These cultivars have adapted to local climates and soils, including 
the harsh saline soils of coral atolls, and many of them are endemic to 
a single island group. However, the use of breadfruit has been declining 
since World War II with the introduction and convenience of a western-
style diet, causing some cultivars to be neglected and knowledge about 
fruit storage and preparation to be lost. Climate change and cyclones also 
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contribute to the loss of cultivars. To help conserve and study breadfruit, 
many germplasm collections have been assembled throughout the trop-
ics, especially in the Pacifi c islands, over the last several decades. Because 
most cultivars are seedless, and even when seeds are present they are recal-
citrant and cannot be dried or stored, collections must be maintained as 
living trees in fi eld gene banks. This is a time-consuming and expensive 
task. For this reason, many collections are no longer being maintained 
(Ragone, 1997). A noteworthy exception is the Breadfruit Institute at 
the National Tropical Botanical Garden in Hawaii. This collection, with 
120 cultivars and 192 accessions from 18 Pacifi c island groups, Indonesia, 
the Philippines, Papua New Guinea, and the Seychelles, represents a broad 
range of diploid, triploid, and hybrid cultivars and accessions of bread-
fruit’s wild progenitors and has become an important genetic repository 
for conservation and research. Several other important collections repre-
senting primarily local cultivars are being maintained in various Pacifi c 
and Caribbean islands. 

 Breadfruit’s Closest Relatives 

 Breadfruit belongs to the genus  Artocarpus  in the Moraceae family. This 
family also includes other important members such as fi gs, mulberries, and 
jackfruit. The wild species of  Artocarpus  are restricted to Southeast Asia and 
the Indo-Pacifi c and comprise nearly 60 species divided into two subgenera, 
four sections, and eight series based on leaf and infl orescence morphology 
and anatomy (Jarrett, 1959a). Recent phylogenetic analyses of morphologi-
cal and  dna  sequence data from the nuclear ribosomal internal transcribed 
spacers (its) and the chloroplast  trnL-F  region for 38  Artocarpus  species 
representing each of the 8 series and 13 Moraceae outgroup taxa indicated 
that  A. camansi  Blanco and  A. mariannensis  Trécul   form a very highly sup-
ported monophyletic lineage with  A. altilis,  and they are breadfruit’s closest 
relatives (fi gure 10.2;   Zerega, 2003).  Artocarpus camansi  (fi gure 10.1), com-
monly called breadnut, is native to New Guinea and possibly the Moluccas 
(Jarrett, 1959b). It has been introduced for its edible seeds to other tropi-
cal locations outside Oceania and is especially common in the Caribbean 
and South America.  Artocarpus mariannensis  (fi gure 10.1) is native to the 
Mariana Islands and Palau and has been introduced to a limited number of 
Micronesian and Polynesian islands for its edible fruits and seeds (Ragone, 
1997, 2001). Both species are diploid (2n = 2x = 56) (Ragone, 2001) and 
produce viable seeds. 
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218 THE DESCENT OF MAN

 Zerega et al. (2004) explored the origins of breadfruit using amplifi ed 
fragment length polymorphism ( aflp ) (Vos et al., 1995) and found that 
both  A. camansi  and  A. mariannensis  played roles in the origins of breadfruit 
to varying degrees in different regions of the Pacifi c. These data will be sum-
marized and elaborated on here in combination with additional isozyme 
data (Ragone, 1991) in order to identify the role of wild progenitors in 
breadfruit origins, assess genetic diversity and relationships between wild 
relatives and breadfruit cultivars throughout Oceania, and trace historical 
human-mediated breadfruit movement through Oceania. 

 Origins of Breadfruit 

 In order to discuss the regions of Oceania, the geographic classifi cation 
originally proposed by French voyager Dumont d’Urville (1832) is fol-
lowed. Although the regions do not necessarily refl ect cultural or historical 
unity, they are a commonly used, practical way in which to describe the 
islands of the Pacifi c Basin. The regions are Melanesia (included in this 
study: Papua New Guinea, Solomon Islands, Vanuatu, Fiji, and Rotuma), 
western Polynesia (included in this study: Samoa), eastern Polynesia 

 FIGURE 10.2   Strict consensus tree of 20 most parsimonious trees derived from  ITS  and 
 trnL-F   DNA  sequence and morphological data. Jackknife support values are indicated 
above the branches. Breadfruit and its putative progenitors form a strongly sup-
ported clade. (Modifi ed from Zerega, 2003.) 
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(included in this study: Cook Islands, Society Islands, Hawaii, and the 
Marquesas), and Micronesia (included in this study: Mariana Islands, 
Chuuk, Yap, Palau, Kiribati, Kosrae, and Pohnpei). 

 The roles that  A. camansi  and  A. mariannensis  may have played in 
breadfruit origins throughout Oceania were explored using  aflp  data. 
Using three different primer pair combinations,  aflp  data were collected 
from a total of 254 individuals. These samples came from accessions in 
the Breadfruit Institute or from fi eld collections deposited at the New 
York Botanical Garden ( ny ). Samples comprised 24  A. mariannensis,  
30  A. camansi,  and 200 Pacifi c breadfruit cultivars from the island groups 
of Fiji (9), the Solomon Islands (7), Vanuatu (7), Rotuma (8), Papua New 
Guinea (3), Chuuk (9), Palau (6), the Mariana Islands (21), Pohnpei (47), 
Yap (2), Kiribati (2), the Society Islands (45), the Cook Islands (11), the 
Marquesas (9), Hawaii (1), and Samoa (13) (accession information is listed 
in Zerega et al., 2004). The  aflp  data were collected and scored as a binary 
matrix to indicate the presence or absence of each  aflp  fragment. Three 
 aflp  primer pair combinations yielded 149 polymorphic markers across all 
254 individuals (52 markers from  Eco  ri-aca / Mse  i-ctc , 44 markers from 
 Eco  ri-aca/  Mse  i-cat,  and 53 markers from  Eco  ri-aag/  Mse  i-ctg).  

 To better understand the relationships between breadfruit and wild rela-
tives, the  aflp  data were analyzed using several methods. First, unweighted 
pair group method with arithmetic mean ( upgma ) dendrograms were 
drawn using Nei’s (1978) unbiased genetic identity and distance based 
on  aflp  data in Popgene version 1.31 (Yeh et al., 1999). Cultivars from 
the same island group were treated as a population, and  A. camansi  and 
 A. mariannensis  samples were treated as separate populations. The cultivar 
from Hawaii was not included in this analysis because only one individual 
was available. To further investigate relationships, the  aflp  data were also 
analyzed using principal component analysis ( pca ) on a square symmetric 
matrix of covariances in the software package  jmp  ( sas  Institute, Cary, 
 nc, usa ). Finally, in examining the  aflp  data from breadfruit’s progeni-
tors, four markers were found that were diagnostic and constant, one in 
 A. camansi  and three in  A. mariannensis.  That is, one marker was pres-
ent in all  A. camansi  individuals and never in  A. mariannensis,  and three 
markers were present in all  A. mariannensis  individuals and never in  
A. camansi.  These diagnostic markers are distributed variously throughout 
breadfruit cultivars and play a role in the discussions of breadfruit origins 
and human-mediated dispersal (fi gure 10.3).   
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220 THE DESCENT OF MAN

 FIGURE 10.3   Map of Oceania indicating the distributions among breadfruit cul-
tivars of malic dehydrogenase   ( MDH ) isozyme phenotypes and  A. camansi – and 
 A. mariannensis –specifi c  AFLP  markers. Letters in the boxes refer to the four different 
 MDH  isozyme phenotypes present in an island group. The percentage of individuals 
within an island group with  A. mariannensis –specifi c  AFLP  markers is indicated by the 
black portion of the pie chart on the left for each island group. White portions of 
the pie chart indicate the percentage of individuals with no  A. mariannensis  mark-
ers present. The percentage of individuals in an island group with an  A. camansi –
specifi c marker is indicated by the gray portion of the pie chart on the right for each 
island group. The percentage of individuals with no  A. camansi –specifi c marker is 
indicated by the white portion of the pie chart. 

 In the  upgma  dendrogram, all of the island groups in Polynesia cluster 
together, as do most of the Melanesian islands (Fiji, Rotuma, Solomon 
Islands, and Vanuatu), and the cultivars from both Polynesia and Melanesia 
share a higher genetic similarity with  A. camansi  than with  A. mariannensis  
(fi gure 10.4).   Interestingly, the cultivars collected in Papua New Guinea 
are sister to Polynesian rather than to other Melanesian cultivars. This is 
not surprising because they are seedless cultivars that are believed to have 
been introduced from elsewhere. The  aflp  data suggest they were brought 
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222 THE DESCENT OF MAN

from Polynesia. Among cultivars in Micronesia, some (Mariana Islands, 
Palau, and Pohnpei) share a higher genetic similarity with  A. camansi,  
whereas others (Chuuk, Kiribati, and Yap) are more similar to  A. marian-
nensis .   The results from the  pca  analysis demonstrate a similar pattern 
(fi gure 10.5a).   Cultivars from Melanesia and Polynesia cluster with one 
another and with  A. camansi,  and Micronesian cultivars cluster between  
A. mariannensis  and the Polynesian and Melanesian breadfruit. These results 

 FIGURE 10.5   Principal component analysis ( PCA ) of 200 breadfruit cultivars and 
wild relatives (24  A. camansi  and 30  A. mariannensis ) based on 149  AFLP  markers. 
 (A)  Bivariate normal ellipses with  p  = .95 are drawn around  A. camansi, A. mariannen-
sis,  Melanesian breadfruit, western Polynesian breadfruit, eastern Polynesian bread-
fruit, and Micronesian breadfruit.  (B)  The same  PCA , showing only breadfruit cultivars 
whose ploidy level has been tested (Ragone, 2001).  (C)  The same  PCA  analysis with seed-
less cultivars and seeded cultivars indicated by small and large symbols respectively. 
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suggest that Melanesian and Polynesian breadfruit cultivars may share 
similar origins, whereas many of the Micronesian cultivars have a different 
evolutionary history. 

 Melanesian and Polynesian breadfruit cultivars are more closely related to 
 A. camansi  than  A. mariannensis  and may have been derived from the former 
species. The distribution of both  A. camansi  and  A. mariannensis  diagnos-
tic markers further illustrates this point (fi gure 10.3). All Melanesian and 
Polynesian cultivars have the  A. camansi  marker present, whereas very few 
have  A. mariannensis  markers. The rare presence of  A. mariannensis  markers 
in these regions is discussed in more detail in the section about human-
mediated dispersal of breadfruit later in this chapter. 

 Micronesian cultivars are closely related to Polynesian and Melane-
sian  A. camansi –derived breadfruit and to  A. mariannensis,  as revealed 
by  upgma  (fi gure 10.4) and  pca  (fi gure 10.5a) analyses. This suggests 
that many Micronesian cultivars may be the product of  hybridization 
between  A. camansi –derived breadfruit and  A. mariannensis  and subse -
quent introgression. This is illustrated by the prevalence of both  A. camansi  
and   A. mariannensis  diagnostic  aflp  markers throughout individual 
Micronesian breadfruit cultivars and by additional evidence from isozyme 
data (fi gure 10.3). 

 Diversity in Breadfruit and Its Closest Relatives 

 Despite the fact that many breadfruit cultivars are vegetatively propagated, 
a great deal of morphological diversity has been selected for by humans. 
This is evident in gross fruit and leaf morphology, the number of cultivar 
names that exist, and the various environments in which breadfruit can 
thrive (Wilder, 1928; Ragone, 1988, 1997). However, little is known about 
the underlying genetic diversity of breadfruit. Here we examine diversity 
in breadfruit and its wild relatives using protein and  dna  techniques. 

 Isozyme Data 

 Data from six different enzyme systems (aconitase [ aco ], alcohol dehy-
drogenase [ adh ], isocitrate dehydrogenase [ idh ], leucine aminopeptidase 
[ lap ], malic dehydrogenase [ mdh ], and phosphoglucomutase [ pgm ]) were 
collected for 204 individuals (accession information listed in Ragone, 1991) 
(table 10.1).   The samples came largely from the Breadfruit Institute collec-
tion and comprised 6  A. camansi,  3  A. mariannensis,  and 195 breadfruit 
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Table 10.1 Genetic Diversity Estimates of Breadfruit and Wild Relatives Based on Isozyme 
and aflp Data

 Isozyme  AFLP 
 Data Data

       Shannon  
Species Locality Iso/AFLP (n) % PES % UZ % PL Index Gst

 Melanesia 28/34 83.3 71 43 .1455 .2985

Breadfruit Fiji 9/9 83.3 89 30 .1322 

Breadfruit Solomons 7/7 66.7 100 22 .1040 

Breadfruit Vanuatu 6/7 66.7 83 23 .1073 

Breadfruit Rotuma 6/8 50 83 20 .0932 

Breadfruit PNG 0/3 NA NA 9 .0518 

 Micronesia 76/87 83.3 58 81 .2841 .3136

Breadfruit Chuuk 26/9 83.3 96 24 .1195 

Breadfruit Palau 6/6 83.3 67 21 .1104 

Breadfruit Marianas 2/21 0 NA 32 .1617 

Breadfruit Pohnpei 36/47 66.7 58 66 .2716 

Breadfruit Yap 3/2 66.7 100 5 .0311 

Breadfruit Kiribati 1/2 NA NA 9 .1748 

Breadfruit Kosrae 1/0 NA NA NA NA 

 Polynesia 89/79 100 24 56 .1428 .3802

 E. Polynesia 60/66 33 5 46 .1122 .4235

Breadfruit Societies 43/45 33.3 4.7 29 .1208 

Breadfruit Cooks 7/11 50 29 17 .0912 

Breadfruit Marquesas 7/9 0 14 17 .0790 

Breadfruit Hawaii 3/1 0 33 NA NA 

 W. Polynesia 13/13 83.3 69 35 .1430 NA

Breadfruit Samoa 13/13 83.3 69 35 .1430 

Breadfruit Tokelau* 16/27 66.7 62.5 27 .1406 

 Non-Pacifi c NA NA NA NA NA NA

Breadfruit Jamaica 0/4 NA NA 2 .0119 

Breadfruit Seychelles 0/4 NA NA 1 .0057 

A. camansi New Guinea,  
 Philippines, 
 Indonesia 6/30 100 100 39 .1617

A. mariannensis Micronesia 3/24 50 100 29 .1059 

Estimates were determined for regions (shaded in gray) and island groups. Accession numbers of samples 
used in isozyme analyses are listed in Ragone (1991); samples used in aflp analyses are listed in Zerega 
(2003) and Zerega et al. (2004).
*Tokelau cultivars are all recent introductions of hybrid origin and were not included in the Polynesian 
region calculations.
Iso = isozyme, n = number of samples, % PES = percentage polymorphic enzyme systems, % UZ = 
percentage unique zymotypes, % PL = percentage polymorphic aflp loci, G

st
 = between-population 

differentiation, NA = not applicable because of small sample size.

610-019-cmp-011-r02.indd   224610-019-cmp-011-r02.indd   224 9/2/2005   10:34:51 PM9/2/2005   10:34:51 PM



Breadfruit Origins, Diversity, and Human-Facilitated Distribution 225

cultivars from Fiji, the Solomon Islands, Vanuatu, Rotuma, Chuuk, Palau, 
the Mariana Islands, Pohnpei, Yap, Kiribati, Kosrae, the Society Islands, 
the Cook Islands, the Marquesas, Hawaii, and Samoa (table 10.1). Each 
individual was scored for the presence or absence of bands, and each unique 
pattern of bands identifi ed for an enzyme system represents a unique iso-
zyme phenotype. The combination of phenotypes for each individual over 
the six enzyme systems is the zymotype for that individual. 

 To summarize diversity in the regions of the Pacifi c, data from bread-
fruit cultivars were pooled together by island groups and by the regions 
Melanesia, western Polynesia, eastern Polynesia, and Micronesia. In order 
to determine levels of diversity in enzyme systems in breadfruit, the per-
centage of polymorphic enzyme systems was calculated (Menancio and 
Hymowitz, 1989; Ragone, 1991). Additionally, to assess the isozyme diver-
sity of breadfruit within and between regions, the percentage of unique 
zymotypes was determined for each island and regional population (num-
ber of zymotypes in a population divided by total number of individuals 
in the population; Ragone, 1991). 

 A total of 45 different bands were scored across all six enzyme systems 
(9 for  aco , 12 for  adh , 4 for  idh , 8 for  lap , 3 for  mdh , and 9 for  pgm ). 
Forty-four different isozyme phenotypes were scored across all six enzyme 
systems (18 for  aco , 7 for  adh , 2 for  idh , 7 for  lap , 4 for  mdh , and 6 
for  pgm ). When phenotypes from all six enzyme systems were combined 
for each individual, 90 unique zymotypes were identifi ed. Although most 
zymotypes were narrowly distributed, one was found in 35% of individu-
als and was predominant among eastern Polynesian triploid cultivars. This 
will be called the Polynesian zymotype. All cultivars sampled from the 
Society Islands (except one), Hawaii, Marquesas, the Mariana Islands, and 
Kosrae had this Polynesian zymotype. It was also found to a lesser extent in 
the Cook Islands (57%), Pohnpei (31%), Palau (17%), Fiji (11%), Samoa 
(8%), and Chuuk (3.8%). 

 Breadfruit’s closest relatives,  A. camansi  and  A. mariannensis,  exhibit high 
levels of diversity: 100% of the individuals sampled have unique zymo-
types, and 100% ( A. camansi ) and 50% ( A. mariannensis ) of the enzyme 
systems investigated are polymorphic (table 10.1). Among breadfruit cul-
tivars, levels of isozyme diversity range from extremely low to as high as 
or higher than those of the wild relatives. The percentage of polymorphic 
enzyme systems is equally high in Micronesia, Melanesia, and western 
Polynesia and lowest in eastern Polynesia. The percentage of unique zymo-
types is highest in Melanesia, followed by western Polynesia, Micronesia, 
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226 THE DESCENT OF MAN

and eastern Polynesia (table 10.1). These measures and the overwhelming 
dominance of a single zymotype in eastern Polynesia indicate that eastern 
Polynesian breadfruit cultivars are the least genetically diverse and prob-
ably originated from a much reduced gene pool. Interestingly, the percent-
age of unique zymotypes among breadfruit cultivars for each major region 
is lower than the percentage for most of the island groups in the region, 
indicating that the same zymotypes often are distributed between more 
than one island group. 

 Although the distribution of most of the isozyme phenotypes indicate 
no clear geographic patterns,  mdh  had one phenotype (A) common to 
 A. camansi  and to breadfruit in all of the Pacifi c islands in the study. Three 
additional phenotypes (B, C, and D) were restricted to  A. mariannensis  
and Micronesian breadfruit (fi gure 10.3). This pattern is similar to the 
distribution of  A. camansi  and  A. mariannensis   aflp  markers and further 
supports the hypothesis that Melanesian and Polynesian breadfruit culti-
vars are derived from  A. camansi,  whereas Micronesian cultivars appear to 
be of hybrid origin. 

 AFLP Data 

 The  aflp  technique has greater resolving power than isozymes because 
it samples across the entire genome, and in the current study  aflp  data 
were able to differentiate between individuals with identical zymotypes. 
For genetic diversity estimates of breadfruit and wild relatives based on 
 aflp  data, a total of 289 individuals were analyzed. These comprised the 
254 samples described earlier, 4 breadfruit cultivars each from Jamaica and 
the Seychelles, and 27 cultivars from Tokelau (accessions listed in Zerega, 
2003). The Tokelau cultivars are believed to be the result of hybridization 
between recently introduced  A. mariannensis  and diploid  A. altilis  culti-
vars (Ragone, 1991, 2001) and therefore were not included in the bread-
fruit origins discussion. Three  aflp  primer pair combinations yielded 175 
polymorphic markers across all 289 individuals (68 markers from  Eco  ri-
aca / Mse  i-ctc,  51 markers from  Eco  ri-aca/  Mse  i-cat,  and 56 markers from 
 Eco  ri-aag/  Mse  i-ctg ). To summarize levels of diversity, breadfruit cultivars 
were pooled together by island groups and regional populations. 

 To determine the genetic diversity of breadfruit cultivars and wild rela-
tives based on  aflp  data, the percentage of polymorphic loci (%  pl ) and the 
Shannon index (Shannon and Weaver, 1949; Lewontin, 1972) were calcu-
lated using Popgene version 1.31 (Yeh et al., 1999). The Shannon index is 
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a diversity measure that refl ects richness and distribution of genotypes in a 
population. It is calculated for each locus (� i log 2  i , where  i  = the frequency 
of the presence or absence of the band), and the mean diversity is calculated 
as the average of index values over individual loci. The standard deviations 
for the Shannon index are not shown in table 10.1, but in all cases they are 
higher than the mean index because several loci were monomorphic in all 
populations and had a Shannon index of zero. Additionally, the G

 st 
 value 

was calculated (Hartl and Clark, 1989) to measure the proportion of the 
total genetic variance present in each subpopulation (e.g., the individual 
island groups) relative to the total genetic variance in the entire population 
(e.g., Melanesia, eastern and western Polynesia, and Micronesia). A high 
G

 st 
 value implies a high degree of differentiation between populations. 

 Comparison of Diversity Between Breadfruit and Its Closest Relatives 

 Levels of genetic diversity, as indicated by the percentage of polymor-
phic  aflp  loci, for both  A. camansi  and  A. mariannensis  are as low as or 
lower than those for breadfruit cultivars from Polynesia, the least geneti-
cally diverse of the major Pacifi c regions. However, when compared with 
individual island groups, only Pohnpei has greater genetic diversity than 
 A. camansi,  whereas Fiji, the Marianas, and Samoa also have higher levels 
than  A. mariannensis . The Shannon index for  A. mariannensis  is lower than 
that for breadfruit cultivars in any of the major Pacifi c regions, although 
it is higher than levels of diversity in breadfruit in most of the individual 
island groups. The Shannon index of genotypes among  A. camansi  indi-
viduals is greater than that found for the breadfruit cultivars from any of 
the major Pacifi c regions except Micronesia. These measures attest to the 
high levels of genetic diversity that exist among Pacifi c breadfruit cultivars 
throughout the islands of Oceania compared with their progenitor spe-
cies. However, it must be pointed out that the full range of diversity for 
 A. camansi  and  A. mariannensis  was not represented because  A. mariannensis  
from Palau and  A. camansi  from Irian Jaya (western New Guinea) and 
the Moluccas were not available. Additional sampling may reveal greater 
genetic diversity in these two species. 

 Breadfruit Genetic Diversity in Oceania 

 The diversity measures for Pacifi c island breadfruit cultivars indicate that 
Micronesia harbors the greatest levels of genetic diversity, followed by 
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Melanesia and then Polynesia. Interestingly, however, Polynesian culti-
vars are the most genetically differentiated (refl ected by higher G

 st 
 values) 

(table 10.1). In other words, compared with other regions, a greater per-
centage of the genetic diversity in Polynesia is attributed to diversity within 
individual island groups. This may be explained by the fact that Polynesian 
cultivars are predominantly vegetatively propagated, which leads to a reduc-
tion in gene fl ow and lower genetic diversity than in the outcrossing culti-
vars in Melanesia and Micronesia. At the same time, vegetative propagation 
also increases differentiation between reproductively isolated individuals. 
Therefore, vegetative propagation in Polynesia appears to have contributed 
to a narrower genetic base than in other Pacifi c regions, but much of the 
existing diversity is unique to specifi c island groups. This may help explain 
the occurrence of hundreds of cultivar names in many of the island groups 
in Polynesia (Wester, 1924; Wilder, 1928; Handy et al., 1991; Ragone, 
1997). In order to further investigate how genetic diversity is partitioned 
between breadfruit cultivars, a nested analysis of molecular variance 
(Excoffi er et al., 1992) was conducted using Arlequin software version 
2.000 (Schneider et al., 2000). Breadfruit diversity was examined between 
regions, between island groups within regions, and within island groups. 
By far the largest percentage of the total variance (74.92%) was accounted 
for within island groups (table 10.2),   indicating that individual islands 
throughout Oceania represent important repositories of breadfruit genetic 
diversity. 

 Based on these results, the genetic diversity of breadfruit appears to 
depend on mode of reproduction. Melanesian and Micronesian cultivars 
exhibit the highest levels of genetic diversity based on both isozyme and 
 aflp  data. In Melanesia breadfruit comprises primarily seeded, diploid, 
outcrossing individuals (fi gure 10.5b, c), which are propagated by seed. In 

Table 10.2 Analysis of Molecular Variance Based on aflp Markers from Breadfruit 

Source of    Sum of  Variance  % of Total  p  
Variation  df Squares Components Variance Value

Between regions 3 239.938 1.21652 14.20 <.001

Between island groups  13 184.306 0.93300 10.88 <.001
within regions
Within island groups 188 1194.503 6.42206 74.92 <.001

Degrees of freedom (df ) are equal to the number of samples minus one.
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Micronesia, seeded, outcrossing diploids also occur, and many Micronesian 
cultivars are of hybrid origin (Fosberg, 1960; Ragone, 2001; Zerega et al., 
2004). Thus sexual reproduction and hybridization are responsible for 
higher levels of genetic diversity throughout these regions. Polynesian, 
particularly eastern Polynesian cultivars, exhibit the lowest levels of diversity 
based on both isozyme and  aflp  data. In these regions, diploid few-seeded 
(western Polynesia) and triploid, seedless (eastern Polynesia) cultivars 
are overwhelmingly predominant (fi gure 10.5b, c), and propagation is 
vegetative. Thus genetic diversity in these areas would result primarily 
from the occurrence and subsequent human selection of desirable somatic 
mutations. 

 Diversity Among Non-Pacifi c Breadfruit 

 Cultivars from the islands of Jamaica and the Seychelles have the lowest 
levels of genetic diversity (table 10.1). This is not surprising because only 
a limited number of cultivars were ever introduced outside the Pacifi c, 
effectively creating a genetic bottleneck (Leakey, 1977; Ragone, 1997). For 
example, Bligh introduced approximately 600 plants representing only fi ve 
different breadfruit cultivars to the islands of St. Vincent and Jamaica in 
1792. These were subsequently spread throughout the Caribbean (Powell, 
1973; Leakey, 1977). A single cultivar,  kele kele,  brought by the French 
from Tonga in 1796 was the ancestor of all seedless breadfruit trees distrib-
uted throughout the French tropical colonies (Leakey, 1977; Rouillard and 
Gueho, 1985). All the breadfruit trees in West Africa are also believed to 
have stemmed from a single introduction (Smith et al., 1992). This lack of 
genetic diversity outside the Pacifi c makes these regions especially suscep-
tible to disease and emphasizes the importance of conserving the diversity 
of Pacifi c island breadfruit. 

 Human-Mediated Dispersal of Breadfruit 

 Human Migration and Breadfruit Dispersal in Melanesia and Polynesia 

 Long-distance breadfruit movement through the Pacifi c islands had to 
be human mediated because seeds are short-lived, and many cultivars are 
seedless. Therefore, evidence about human migrations in the Pacifi c based 
on linguistics, archaeology, anthropology, and genetics provides a working 
hypothesis that can be tested against molecular evidence from breadfruit. 
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Oceania consists of many culturally and linguistically diverse islands, and 
their settlement was not necessarily a simple event. This being said, schol-
ars from several diverse disciplines generally agree that Polynesia represents 
a monophyletic entity and was settled via the north coast of New Guinea 
and then through island Melanesia within the last 4000 years by the Lapita 
people, a group known for their distinctive pottery and excellent seafar-
ing skills (Kirch and Hunt, 1988; Spriggs, 1989; Intoh, 1997; Lum and 
Cann, 1998, 2000; Kirch, 2000; Gibbons, 2001). The Lapita are believed 
to have originated from somewhere in island Southeast Asia, but the exact 
location from which these Austronesian-speaking people came and how 
extensively they integrated with the Melanesians who had already been liv-
ing in New Guinea and the Solomon Islands for more than 40,000 years 
are still debated (Diamond, 1988; Terrell, 1988; Lum and Cann, 1998; 
Richards et al., 1998; Kirch, 2000). 

 Lebot (1999) has demonstrated that several Pacifi c island crops (banana, 
 Musa  spp.; sugarcane,  Saccharum  sp.; yam,  Dioscorea alata;  and taro, 
 Colocasia esculenta ) probably were domesticated in New Guinea or western 
Melanesia and that genetic diversity decreases from the west (Melanesia) to 
the east (Polynesia) among cultivars of both taro and kava ( Piper methys-
ticum ) (Lebot, 1992). This is also true for breadfruit, as demonstrated by 
the isozyme and  aflp  data discussed earlier. If it is assumed that the region 
of origin is the region with the highest genetic variability, these fi ndings 
correlate well with an eastward colonization through New Guinea and 
island Melanesia, and into Polynesia. As people sailed east into Polynesia 
to settle uninhabited islands, they would have been able to take only a 
subset of a crop’s genetic diversity with them, causing the gene pool to 
decrease with each successive colonization event. In the case of breadfruit, 
most Melanesian and Polynesian breadfruit cultivars appear to be derived 
from  A. camansi,  a native New Guinea species. New Guinea, the Bismarck 
Archipelago, and the Solomon Islands are considered part of “near” rather 
than “remote” Oceania (Green, 1991) because they are all geographically 
close and were settled in the late Pleistocene (ca. 40,000 years ago) before 
the advent of the Austronesian-speaking Lapita people (ca. 3500–5000 
years ago; Kirch, 2000). Consequently, the short-lived seeds, cuttings, or 
young plants of  A. camansi  may have been transported from their native 
New Guinea by pre-Lapita, non-Austronesian-speaking humans as far east 
as the Solomon Islands. Human selection of desirable traits gave rise to the 
domesticated  A. altilis,  but the continued sexual reproduction of plants 
would explain the dominance of seeded, diploid cultivars in these islands. 
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However, when the Lapita people arrived and ventured on longer ocean 
voyages eastward into the more distant unsettled islands of Melanesia and 
Polynesia in remote Oceania, a shift to vegetative propagation probably 
would have been necessary to facilitate survival on such long journeys. 
In fact, the Lapita people are known for their dependence on vegetatively 
propagated crops such as bananas, taro, yam, sugarcane, kava, and bread-
fruit (Barrau, 1963; Lebot, 1992; Kirch, 2000). This shift to vegetative 
propagation would have made long-distance transportation of breadfruit 
and other crops possible and increased the chances of few-seeded or seedless 
cultivars originating (through accumulated somatic mutations and meiotic 
defects) and persisting (through human selection). For example, in regions 
where vegetative propagation and sexual reproduction both occurred, dip-
loid gametes arising from nondisjunction in meiosis, possibly caused by 
somatic mutation defects, could have joined with normal haploid gametes 
to produce triploid seedless cultivars. Indeed, it is on the periphery of near 
Oceania (eastern Solomon Islands and Vanuatu) where few-seeded diploid 
cultivars begin to appear and in western Polynesia where diploid seedless 
and few-seeded as well as triploid seedless cultivars become more common 
(Ragone, 1997). Seedless triploid cultivars were then preferentially propa-
gated and dispersed eastward (fi gure 10.6),   transforming breadfruit into a 
staple starch crop in Polynesia. 

 Human Migration and Breadfruit Dispersal in Micronesia 

 Breadfruit cultivars found in Micronesia include triploid  A. camansi –
derived “eastern Polynesian” type breadfruit in addition to hybrid cultivars 
bearing the genetic imprint of both  A. camansi  and  A. mariannensis . This 
raises the questions, “From where was the Polynesian type cultivar intro-
duced, and how and where did hybridization in Micronesia occur?” 

 Because there is no direct evidence of a Polynesian migration into 
Micronesia, the presence of Polynesian type breadfruit in Micronesia might 
be explained by trade following European contact. It has been suggested 
that the Spanish may have introduced the Polynesian type triploid bread-
fruit into the Philippines in the 1600s (Jarrett, 1959b). Despite its use as a 
food plant, there was no mention of it by de Morga (1971) in the Philippines 
in the early 17th century even though de Morga was acquainted with bread-
fruit through correspondences with Quiros (Markham, 1904). However, 
breadfruit was mentioned in Camel’s (1704) list of Philippine plants in 
the early 1700s. Therefore, it is possible that the Spanish distributed the 
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Polynesian breadfruit into both Micronesia and the Philippines to help 
provision their colonies. 

 Regarding the question of breadfruit hybrids in Micronesia, Fosberg 
(1960) proposed that hybridization and subsequent introgression 
between introduced triploid sterile Polynesian cultivars and native dip-
loid  A. mariannensis  was occurring in the Mariana Islands. He suggested 
that this accounted for the great variability in Micronesian cultivars with 
shared morphological characters of both  A. altilis  and  A. mariannensis . 
However, this hypothesis is highly unlikely because triploids very rarely 
make it through meiosis to successfully produce viable gametes. An 
alternative hypothesis is that diploid  A. camansi –derived breadfruit was 
introduced into the range of  A. mariannensis,  allowing the two species 
to hybridize. Subsequently, varying degrees of introgression and human 
selection have led to the diversity of cultivars unique to Micronesia. This 
hypothesis is supported by another source of evidence that diploid  A. altilis 
 and  A. mariannensis  can hybridize because recent introductions of the two 
species in Tokelau have led to fertile hybrids (Ragone, 1991, 2001). The 
Micronesian hybrids comprise fertile and sterile diploids and sterile trip-
loids (Ragone 2001). These triploids arose from a separate event than the 
seedless autotriploids in Polynesia and probably result from hybrid diploid 
gametes (through nondisjunction in meiosis) joining with normal hap-
loid gametes from other diploid hybrids,  A. altilis,  or  A. mariannensis . An 
alternative explanation for the presence of  A. camansi  and  A. mariannensis  
markers in Micronesian breadfruit is that these two species hybridized with 
one another. However, the ranges of the two species do not overlap, and 
there is no evidence that they have ever overlapped (Zerega et al., 2004). 

 How does our knowledge of human migrations in Micronesia relate to 
the hypothesis about the origin of hybrid Micronesian breadfruit outlined 
above? The human settlement of the culturally and linguistically hetero-
geneous islands of Micronesia is more complex than that of Polynesia. It 
probably was settled from several directions at different times, and based 
on evidence from linguistics, archaeology, and genetics, several nonexclu-
sive hypotheses have been proposed. These include migrations from New 
Guinea into Palau and Yap (Lum and Cann, 2000), independent coloniza-
tions of the Mariana Islands and Yap from Southeast Asia (Kirch, 2000; 
Lum and Cann, 2000), and a direct (or indirect through the Kiribati archi-
pelago) northerly Lapita migration from somewhere between the Bismarck 
Archipelago and the southeast Solomons–Vanuatu region into central-
eastern Micronesia (Caroline Islands [including Chuuk, Kosrae, Pohnpei], 
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Kiribati, and the Marshall Islands) (Lebot and Lévesque, 1989; Petersen, 
1995; Kirch, 2000). Subsequent secondary migrations also occurred among 
the islands of Micronesia (Kirch, 2000; Lum and Cann, 2000). 

 It is unlikely that  A. camansi  was introduced into Micronesia from New 
Guinea because there are no historical accounts of its presence in Micronesia, 
and it grows on only a few Micronesian islands today as the result of recent 
introductions (Ragone, 2001). However, a northerly Lapita migration 
(transporting diploid  A. camansi –derived breadfruit) from the southeast 
Solomons–Vanuatu region into central-eastern Micronesia, followed by 
subsequent human migrations and trading within Micronesia (Kirch, 
2000; Lum and Cann, 2000), could have brought diploid  A. camansi –
derived breadfruit into the range of wild  A. mariannensis  (Mariana Islands 
and Palau), allowing the two species to hybridize (fi gure 10.6; Zerega et al., 
2004). There has been debate about whether a northerly Lapita migration 
into Micronesia occurred directly into the high islands of the Carolines or 
indirectly via island hopping through the atolls of the Kiribati archipelago 
(Petersen, 1995). Because breadfruit cultivars without  A. mariannensis  
traits do not grow well in harsh atoll conditions (Ragone, 1988), a human 
migration successfully transporting breadfruit probably was direct across 
open water as opposed to going through the low atolls of Kiribati, where 
purely  A. camansi –derived cultivars would have fared poorly. Genetic and 
cultural evidence from kava ( Piper methysticum ), another cultivated Pacifi c 
plant, also suggests a direct migration (Lebot and Lévesque, 1989; Petersen, 
1995). Such a direct route from Melanesia into Micronesia may have been 
reciprocal because  A. mariannensis –diagnostic markers are also present in 
some breadfruit cultivars in Vanuatu and eastward into Polynesia (fi gure 
10.3). Thus, a small percentage of breadfruit cultivars with  A. mariannensis  
markers could have subsequently been dispersed into Polynesia with the 
eastward Lapita migration. 

 Conclusions 

 Two species ( A. camansi  and  A. mariannensis ) and at least two different 
events (vegetative propagation coupled with human selection in Melanesia 
and Polynesia and introgressive hybridization in Micronesia) were involved 
in the origins of breadfruit. Thousands of years of cultivation and selec-
tion of breadfruit have led to a wealth of morphological diversity and 
unique breadfruit cultivars suited to different purposes and environments. 
Genetic erosion is evident in non-Pacifi c regions, where only a limited 
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number of cultivars were introduced. Today genetic erosion is also a con-
cern in many areas of the Pacifi c. Because of urbanization and the ease of 
obtaining and preparing introduced foods, the importance of traditional 
foods such as breadfruit has diminished and endemic island cultivars have 
been lost. This is exacerbated by global climate change and rising sea levels, 
which threaten the very existence of some Pacifi c islands and the breadfruit 
cultivars unique to them. However, there is a growing interest in reduc-
ing food imports, more fully using locally grown crops, and encouraging 
young people to learn and perpetuate traditional cropping systems. As a 
result, the potential exists for breadfruit to once again become a much 
more widely grown and used tropical crop. Despite thousands of years of 
evolution in domestication, breadfruit research and commercial utility are 
still in their infancy. Additional research to improve the future potential 
and conservation of breadfruit is under way, including the development 
of a morphological descriptor list to identify cultivars and in-depth yield 
studies. Additional projects on pollination biology, development of bread-
fruit food products with a long shelf life suitable for a commercial market, 
and the collection of cultivars from underrepresented areas for deposit in 
both ex situ living gene banks and in situ conservation collections will all 
contribute to the future use and conservation of breadfruit. 
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