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n �� �Œ No. subs

O’ahu 52 0.6003
(± 0.0725)

0.0022
(± 0.0013)

20

Moloka’i 4 0.5000
(± 0.2652)

0.0076
(± 0.0053)

19

East Maui, Pu’u Kukui 8 0.5357
(± 0.1232)

0.0004
(± 0.0004)

1

West Maui, Lower Waikamoi 29 0.9089
(± 0.0343)

0.0087
(± 0.0045)

53

West Maui, Upper Waikamoi 28 0.7540
(± 0.0710)

0.0064
(± 0.0034)

28

West Maui, Auwahi 9 0.0000 
(± 0.0000)

0.0000
(± 0.0000)

0

Maui (all) 74 0.9130
(± 0.0153)

0.0091
(± 0.0046)

62

Hawai’i, Mt. Kohala 17 0.9044
(± 0.0548)

0.0063
(± 0.0035)

31

Hawai’i, Kipukas 47 0.7761 
(± 0.0632)

0.0052 
(± 0.0028)

33

Hawai’i, HAVO 55 0.2364 
(± 0.0742)

0.0013
(± 0.0009)

18

Hawai’i (all) 119 0.7673
(± 0.0332)

0.0046
(± 0.0024)
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Source of 
Varia�Ÿon

d.f. Sum of Squares Variance 
components

% of Varia�Ÿon

Among Islands 3 1591.48 8.97 67.33

Among 
Popula�Ÿons 
within Islands

5 234.18 1.81 13.55

Within 
Popula�Ÿons

240 611.55 2.55 19.12

Total 248 2437.20 13.32

Fixa�Ÿon Indices �- SC: 0.4147
�- ST: 0.8088
�- CT: 0.6733
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1 2 3 4 5 6 7 8 9

1 - 4.12 0.81 0.29 0.13 0.29 0.20 0.18 0.10

2 0.11 - 0.79 0.38 0.13 0.35 0.23 0.18 0.09

3 0.38 0.39 - 0.07 0.03 0.14 0.09 0.04 0.05

4 0.63 0.57 0.88 - 0.11 0.99 0.54 0.12 0.06

5 0.79 0.80 0.95 0.82 - 1.09 0.59 0.01 0.04

6 0.63 0.59 0.79 0.34 0.31 - 3.86 0.38 0.11

7 0.72 0.69 0.85 0.48 0.46 0.11 - 0.22 0.08

8 0.73 0.73 0.92 0.81 0.99 0.57 0.69 - 0.04

9 0.84 0.85 0.92 0.89 0.93 0.82 0.86 0.92 -
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Figure 1: Islands of the Hawaiian Archipelago and color  polymor phism of T. gral lator . Map: Numbers identify   
the collection sites. (1) O’ahu, Mt. Ka’ala, (2) Moloka’i, (3) West Maui, Pu’u Kukui, (4) East Maui, Lower Waikamoi,   
(5) East Maui, Upper Waikamoi, (6) East Maui, Auwahi, (7) Hawai’i, Mt. Kohala - Pu’u O Umi, (8) Hawai’i, Kipukas 18   
and 19, (9) Hawai’i, Hawai’i Volcanoes National Park (HAVO). Pictures: Color variation in T. grallator. Specimens   
collected over the last 15 years. 

Figure 2: T. gral lator  envir onment. The spider is found   
in native wet to mesic forest on four of the Hawaiian Islands   
(O’ahu, Maui, Moloka’i, and Hawai’i). It  frequently occurs 
under Broussaisia leaves. Upper Waikamoi, Maui. 

Figure 3: NJ tree based on signi�Ðicant pair -wise �) ST among sample population s. Generated using FastME6   
wi th SPR and TBR rearrangements to �Ðind the optimal tree.  

Figure 4: Median-Joining (MJ) Networ k. A MJ network7 of the different mitochondrial haplotypes   
was generated using the software Network 4.5.1.6. To simplify the network, DNA haplotypes were   
�Ðirst converted to binary data and subject to a reduced-median8 analysis followed by construction   
of an MJ network wi th maximum parsimony post-processing9. This indicates the presence of highly   
structured populations. Haplotypes present in the same island are grouped together.   

Table 1. Molecular  Diver sity . DNA was extracted from legs of specimens of T. grallator collected between   
1997 and 2010 and two outgroups, Enoplognatha ovata  and T. melanosticum10. Mitochondrial genes   
sequenced were: CO1, 16SrRNA, tRNAleu(CUN) and ND1. This yielded a total assembled sequence of 1270 bp,   
wi th 81 unique haplotypes and 318 variable positions in 330 individuals. Indices were generated by Arlequin 3.511. 

Table 2. AMOVA. Hierarchical AMOVA was performed using Arlequin 3.5, partitioning   
the  mitochondri al haplotype variation into that within populations, among populations   
wi thin islands, and among islands. Pair-wise estimates of �) ST among populations also   
estimated. Kimura’s 2-parameter distance, weighting transversions:transitions 2:1, was   
employed as the distance measure. All AMOVA results were highly signi�Ðicant (P < 0.0001).  

Table 3. Pair wise �) ST (lower diagonal) from AMOVA among T. gral lator  sample populations  and cor responding estimates  of 
M=Nem (upper diagonal ). Pair-wise estimates of �) ST were very high and corresponding estimates of M = Nem very low, wi th only three 
comparisons exceeding one migrant per generation.  
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INTRODUCTION 
�x Hawaiian Islands - renowned for diversity evolving from few and often unremarkable progenitors1. Species   
       proliferation has often involved parallel adaptation in similar environments2.  
�x The Hawaiian happy face spider (Theridion grallator) exhibits color polymorphism: 

o  Color morphs almost identical on each island where the spider occurs (Figs 1, 2) presumably   
       because of selection for frequency dependent crypsis3.  
o Frequencies of colors (plain yellow: patterned with red or white) almost identical in every population4.   
o Patterns genetically based and inherited in a Mendelian manner5. 
o Genetic basis of inheritance has been modi�Ðied between islands5.  

�x Data suggest color polymorphism has evolved independently on each island. A small number of individuals   
      colonized from Maui to Hawai’i; subsequent selection “recreated” diversity of colors through a different genetic   

             mechanism.  
�x This hypothesis requires genetic structure with strictly limited gene �Ðlow coupled with local selection and genetic   
       modi�Ðication.  
�x Here we examine genetic structure, colonization history and genetic diversity among populations of T. grallator.  

DISCUSSION 
Genetic  diver sity among islands:  

�x Maui showed the highest diversity, in part due to the large population in the Waikamoi Preserve (Table 1).  
�x O’ahu and Moloka’i showed the lowest diversity (Table 1).  

o On O’ahu probably because the only population we have is geographically limited and the sample sizes small.  
o Similar sample sizes, but in a much larger area are found in Moloka’i.   

�x AMOVA (Table 2) indicated that the majori ty of molecular variation is among islands.  
Genetic  diver sity am ong population s: 
Low diversity in populations from: 

�x Auwahi, Maui - contains only a single haplotype  
�x HAVO - only four haplotypes wi th one occurring 48 times (89%). This is likely because the area is geologically young.   
�x High diversity in Kipuka on the Mauna Kea-Mauna Loa saddle of Hawai’i which is surpri sing as this site is also young. 

Relations hips between populations  & colonizati on histor y: 
�x O’ahu quite distinct from all other populations (Fig. 3).  
�x Populations from West Maui grouped together, separated from East Maui. Moloka’i fell between them (although the   
      MJ-network, Fig. 4, indicates that the Moloka’i haplotype was distinct from all Maui haplotypes). 
�x Populations from Hawai’i grouped together, those from Kohala Mountains and Kipuka more similar to each other   
      than to HAVO population.  
�x No haplotype was shared among islands (with the exception of one haplotype shared between Moloka’i and Maui). 
�x Pair-wise estimates of �) ST and estimates of M (Table 3), showed that migration between populations and between   
       islands was very rare. 

CONCLUSIONS AND FURTHER WORK  
�x Populations of T. grallator are highly structured with little gene �Ðlow either among islands or among population   
       wi thin islands.  
�x This supports idea that colonization of each island would have been a rare event and would have led to a strong   
       founder effect on each island, and each volcano.   
�x Nuclear markers are needed and currently being generated through the sequencing of the genome of T. grallator  
�x Using these markers, Bayesian analyses of gene �Ðlow will test F-statistic based estimates of Nem and elucidate   
      directionality of colonization and historical gene �Ðlow among populations and islands. ,  
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