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25% vascular 
plants in Britain

76% dabbling ducks 
in Britain

6% European 
mammals

1% Drosophila 
worldwide

Mallet 2005 TREE

Hybridisation is common but variable in frequency



Mule Liger

Hybrid 
“dead ends”

Darwin’s finch “Big Bird”

Hybrid 
speciation

Heliconius butterflies
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Consequences of introgression

•Homogenising effects
• ‘reverse speciation’
• genetic swamping of a lineage 

•Constructive effects
•Adaptive introgression – transfer of 

beneficial alleles



The white-eyes (family Zosteropidae)

from Birds of the World

13 genera, 142 species 
Radiation occurred in < 2 million years
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Norfolk Island Zosterops

Three specimens taken in 1912 & 
1913: intermediate in size 
coloration and wing formula

 HYBRIDIZATION IN NORFOLK ISLAND

 WHITE-EYES (ZOSTEROPS)

 FRANK B. GILL

 Academ\ of NatXral Sciences
 Philadelphia, Penns\lYania 19103

 The resident Zhite-e\es, Zosterops albogXlaris, Z.
 tenXirostris, and Z. lateralis, of Norfolk Island off
 eastern AXstralia are a famoXs e[ample of triple in-
 Yasion of an oceanic island b\ Zhite-e\es from the
 mainland (Ma\r 1963:506). Mees (1969:116) re-
 noted an apparent h\brid (AMNH 701139) betZeen
 Z. lateralis and Z. tenXirostris that Zas first mentioned
 b\ Stresemann (1931:229) and conclXded in the
 absence of additional eYidence that h\bridi]ation be-
 tZeen these tZo species occXrs onl\ as a great e[-
 ception. The pXrpose of this paper is to call attention
 to tZo additional h\brids of lateralis X tenXirostris
 and to sXggest that h\bridi]ation betZeen these tZo
 species resXlted immediatel\ after Z. 1. lateralis
 coloni]ed Norfolk Island in 1904, bXt has since dimin-
 ished or eYen ceased.

 These tZo additional h\brids, also inclXded in the
 collections of the American MXseXm of NatXral
 Histor\, Zere foXnd in a series of Zosterops tenXi-
 rostris taken b\ Ro\ Bell, the collector of the first-
 noted h\brid. The original labels contain the folloZ-
 ing information:

 AMNH 701304:

 8 col. 23-12-12 Ro\ Bell No. 390 Norfolk
 Island, Di[e\

 Iris \elloZish broZn; feet light blXe gra\; bill
 light and dark gra\.

 Contents of stomach-frXit.

 AMNH 701305:

 8 col. 23-12-12 Ro\ Bell No. 391 Norfolk
 Island, Di[e\

 Iris \elloZish broZn; feet blXe gra\; bill light
 and dark gra\.

 Testes are Yer\ large; bod\ is in spirit.

 Both specimens Zere collected on 23 December
 1912 at Di[e\, Zhich is near Stock\ard Creek. The
 note on the si]e of the testes of AMNH 701305 is
 XnXsXal in the series of specimens taken b\ Bell, sXg-
 gesting that the testes of this h\brid specimen Zere
 at least as large as those of specimens in normal breed-

 ing condition, perhaps larger. The plXmage of both
 701304 and 701305 is slightl\ Zorn.

 All three h\brid specimens are similar to Z. 1.
 lateralis in Xpperpart coloration, haYing a \elloZ-
 green head and a sharpl\ demarcated gra\ back. The
 gra\ back color, Zhile near that of lateralis, is dis-
 tinctl\ more oliYe than an\ lateralis from Norfolk
 Island and tends toZard the broZnish-oliYe back
 coloration of tenXirostris. All three specimens also
 haYe bright \elloZ throats and a distinct sXffXsion of
 \elloZ on the Xnderparts, thXs resembling tenXirostris.
 Their flank coloration is Yariable. The flanks of
 701304 are broZnish oliYe, resembling tenXirostris.
 In 701305 the\ are more broZnish, similar to the
 brightest (broZn) e[amples of tenXirostris, bXt de-
 cidedl\ dXller than an\ Z. 1. lateralis from Norfolk
 Island. The flanks of 701139 are bright rXst\, similar
 to dXll Z. 1. lateralis, bXt brighter than an\ tenXi-
 rostris. In coloration, therefore, these specimens com-
 bine characteristics of both lateralis and tenXirostris.

 Wing and tail lengths of 701304 and 701305 are
 Zithin the range of Z. tenXirostris, Zhile tarsXs and
 cXlmen lengths of these tZo specimens are distinctl\
 intermediate (table 1). 701139 is smaller than the
 other tZo h\brids and Zithin the si]e range of Z. 1.
 lateralis.

 Zosterops 1. lateralis has a pointed Zing in Zhich
 the second (oXtermost fXnctional) primar\ is longer
 than the si[th. Zosterops tenXirostris, hoZeYer, has a
 more roXnded Zing in Zhich the second primar\ is
 shorter than the eighth. The primaries of tZo of the
 h\brids, 701304 and 701305, are Zorn bXt appear
 to be betZeen the si[th and seYenth in length, i.e.,
 shorter than the si[th. As pointed oXt b\ Mees
 (1969), the second primar\ of 701139 is slightl\
 longer than the si[th.

 In sXmmar\, 701304 and 701305 are intermediate
 betZeen Z. 1. lateralis and Z. tenXirostris in si]e,
 coloration and Zing formXla. The third specimen
 (701139) does not differ appreciabl\ from Z. 1.
 lateralis in si]e bXt is distinctl\ intermediate in colora-
 tion.

 These three h\brids sXperficiall\ resemble certain
 \elloZ-throated races of Z. lateralis, in particXlar the
 large Z. 1. tephropleXra of Lord HoZe Island. Their
 measXrements, inclXding tail, tarsXs, and cXlmen
 lengths as Zell as tail/Zing and cXlmen/Zing ratios,
 are similar to Z. 1. tephropleXra (table 1). HoZeYer
 the Zings of 701304 and 701305 are larger than
 those of Z. 1. tephropleXra. The sXffXsion of \elloZ
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 ABERRATION IN THE CLUTCH SIZE
 OF THE SEMIPALMATED PLOVER

 PHILLIP D. HAVENS

 Alaska Department of Fish and Game
 Anchorage, Alaska 99502

 The Semipalmated PloYer (CharadriXs semipalmatXs)
 normall\ la\s foXr eggs, and three are not Xncommon
 (Bent, U.S. Natl. MXs., BXll. 146:214, 1929; Gabriel-
 son and Lincoln, Birds of Alaska; The Stackpole Co.,
 HarrisbXrg, Penn., 1959. p. 323). HoZeYer, on 29
 JXne 1969 in the Tikchik Lakes area north of Dilling-
 ham, Alaska, the aXthor, accompanied b\ E. J.
 Foster, discoYered the nest of a Semipalmated PloYer
 that contained fiYe eggs.

 The nest Zas located on the soXth shore of NX\akXk
 Lake (590 57' N, 158' 40' W). It consisted of a small

 depression in the sand appro[imatel\ 8 m from the
 Zater's edge and Zas sitXated seYeral meters from
 the nearest Yegetation.

 A pair of adXlt birds standing on the beach first
 attracted Xs to the area. As Ze approached in an
 attempt to photograph them, one took flight Zhile the
 other feigned injXr\ as described b\ Gabrielson and
 Lincoln (op. cit., p. 324). When Ze had remained
 motionless for seYeral minXtes the adXlts retXrned
 and I Zas able to photograph one. SeYeral minXtes
 later one of the birds had retXrned to the nest, and
 Zhen approached fled, again feigning injXr\.

 The nest Zas photographed, bXt XnfortXnatel\ no
 measXrements of the eggs Zere made. It Zas im-
 possible to retXrn at a later date to determine the
 fate of the eggs. Semipalmated PloYers Zere not
 common in this area dXring the sXmmer of 1969.

 Accepted for pXblication 6 April 1970.
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RAD-seq data of recent 
silvereye colonization sequence 
(Sendell-Price et al. 2021 Mol. Ecol)

ՊՍՊ |ՊƑƔƏƐSENDELL- PRICE Et aL.

diversity and differentiation. When each recently colonized popula-
tion was compared to its immediate source, significant reductions 
in expected heterozygosity (HE) were observed for all populations 
(Figure 6b; Wilcoxon p- values < .001) with the exception of the 
South Island of New Zealand which showed a nonsignificant increase 
in HE (Figure 6b; Wilcoxon p = .953). Likewise, nucleotide diversity 
(π) was significantly reduced in Chatham Island, Norfolk Island and 
Tahiti (Figure 6b; Wilcoxon p < .001 in all cases), although a sig-
nificant increase was detected in the North Island of New Zealand 
(Figure 6c; Wilcoxon p < .001) and no significant change detected in 
the South Island (Wilcoxon p�Ʒ�ĺѶƏѶőĺ��o|_�l;-v�u;v�o=�];m;|b1�7b�;u-
sity were negatively associated with the number of founding steps 
preceding population establishment (Spearman's rank correlation: 
HE: Rho�Ʒ�ƴƏĺƏƓƓĸ�p < .001; π: Rho�Ʒ�ƴƏĺƏƓƏĸ�p < .001). Compared to 
evolutionarily old populations all recently colonized populations had 
significantly higher π and HE�Ő
b]�u;�ѵ0ĸ��-mmŋ�)_b|m;�Ĺ�p < .001 in 
all cases).

)b|_bm� |_;�$-vl-mb-m�vbѴ�;u;�;�ror�Ѵ-|bom�ƑƕķƖƔƏ�"��v��;u;�
identified as having a rare allele (sites where the minor allele oc-
1�uu;7�-|�-�=u;t�;m1��ƽ�ƏĺƐőĺ��=�|_;v;ķ�0;|�;;m�ѶƒƖѵ�-m7�ƐѶķƏƕƓ�

were not detected in subsequent colonization steps (Table 2). For 
the naturally colonized populations (South Island, North Island, 
Chatham Island and Norfolk Island), the number of undetected rare 
alleles increased as the number of founding steps from Tasmania 
increased. The largest loss of rare alleles was detected for Tahiti, a 
ror�Ѵ-|bom�;v|-0Ѵbv_;7��b-�_�l-mŊ�l;7b-|;7�bm|uo7�1|bomĺ��Ѵ|_o�]_�
the major trend was towards a loss or reduction in the frequency of 
rare alleles, some rare alleles increased in frequency in subsequent 
colonization steps (see Figure 6d). In a few cases previously rare 
-ѴѴ;Ѵ;v�0;1-l;�|_;�l-fou�-ѴѴ;Ѵ;�Ő-ѴѴ;Ѵ;�=u;t�;m1��ƾ�ƏĺƔő�bm�|_;�m;�Ѵ��
=o�m7;7�ror�Ѵ-|bom�Ő$-0Ѵ;�Ƒőĺ��=�|_;�ƐƕѶ�u-u;�|o�l-fou�-ѴѴ;Ѵ;�|u-mvb-
tions, only nine could be attributed to selection, that is transitions 
occurred at outlier loci identified using pcadapt (Table 2).

ƒĺƔՊ |Պ�-m7b7-|;�];m;v��m7;uѴ�bm]�0o7��vb�;�
7b==;u;m|b-|bom

Using the Ensembl Biomart database (Yates et al., 2019), we identified 
403 known, novel or predicted genes of the zebra finch (T. guttata) 


 ��&!� �ƒՊ�-�bl�l�Ѵbh;Ѵb_oo7�
estimation of individual ancestries 
calculated with admixture�Ő�Ѵ;�-m7;u�;|�
al., 2009) for all populations analysed, 
using K = 5 (mean cross- validation 
error = 0.592). This is based on 5000 
�	Ŋ�=bѴ|;u;7�"��vĺ��uuo�v�bm7b1-|;�|_;�
direction of stepwise natural (solid 
lines) and human- mediated (dashed line) 
colonizations, and numbers in circles 
indicate the number of island colonization 
events separating the colonized 
population from the Tasmanian source

$���� �ƑՊ�;-m�FST, FST�7bv|ub0�|bom-Ѵ�vh;�ķ�m�l0;u�o=�o�|Ѵb;u�"��v�b7;m|b=b;7��vbm]�pcadapt, number of rare alleles (identified in 
Tasmanian population) that were lost in subsequent colonization steps and number of rare alleles that become the major allele in subsequent 
colonization steps (total number of rare alleles identified = 27,950).

�olr-ubvom
�oĺ�=o�m7bm]�v|;rv�
v;r-u-|bm]�ror�Ѵ-|bomv

�;-m�
F"$

F"$�
7bv|ub0�|bom-Ѵ�
vh;�

pŊ�
�-Ѵ�;

�oĺ�o=�o�|Ѵb;u�
"��v-Ք

�oĺ�o=�u-u;�
-ѴѴ;Ѵ;v�Ѵov|

�oĺ�o=�u-u;�-ѴѴ;Ѵ;v�|_-|�
0;1ol;�l-fou�-ѴѴ;Ѵ;0Ք

$�"��;uv�v�"�, 1 0.007 3.964 — 76 (0) ѶƒƖѵ 1 (1)

$�"��;uv�v���, 2 0.011 3.296 .2463 52 (1) 14,052 5 (1)

$�"��;uv�v��� 2 0.015 2.626 <.001 7 (0) 11,922 9 (1)

$�"��;uv�v��� 3 0.031 ƐĺѶƐƕ <.001 43 (3) 16,963 95 (5)

$�"��;uv�v�$�� 2 0.024 ƑĺƒѶƒ <.001 ƒѶ�ŐƐő ƐѶķƏƕƓ ѵѶ�ŐƐő

For comparisons where populations are separated by two or more founding steps, p- values from randomization tests comparing skewness of FST 
distributions to Tasmania versus South Island step are also reported.
a(-Ѵ�;v�bm�r-u;m|_;v;v�bm7b1-|;�|_;�m�l0;u�o=�o�|Ѵb;u�"��v�|_-|�1ouu;vrom7;7�|o�|_;�|or�Ɛѷ�o=�FST windows.
b(-Ѵ�;v�bm�r-u;m|_;v;v�bm7b1-|;�|_;�m�l0;u�o=�u-u;�|o�1ollom�-ѴѴ;Ѵ;�|u-mvb|bomv�|_-|�1ouu;vrom7;7�|o�|_;�rovb|bom�o=�o�|Ѵb;u�"��vĺ

Human intro

Condor, 1970



Methods

• Field capture of birds using mistnets
• Norfolk Is: 15 silvereye & 7 slender-billed white-eye
• North Island New Zealand: 12 silvereye
• WGS: Illumina Novaseq 6000 platform; paired end 150bp 

reads; ~ 5x sequencing depth
• Used the scaffold-level assembly of Zosterops lateralis 

melanops to align reads; order and orientation of scaffolds 
ascertained from synteny with Taeniopygia guttata (zebra 
finch)
• > 15 million SNPs for downstream analysis



Testing for introgression

D-statistics for introgression
• ABBA & BABA patterns 

expected equally under 
incomplete lineage sorting
D = (sum ABBA – sum BABA)

(ABBA + BABA)
• Positive D = excess of ABBA 

site pattern



Has introgression occurred in Norfolk Zosterops?

D = 0.046 (P< 0.001)



• fd: measures the proportion of introgression 
between P3 and P2 

• 50kb windows with 10kb sliding step
• Orange dots: 50kb window outliers indicating 

introgressed windows
• Candidate genes: bill and plumage 

How is introgression distributed across the genome?
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1. Ongoing gene flow 
between the coloniser
and endemic at a 
constant rate

2. Two phases of gene 
flow

3. Two phases: gene 
flow then no gene flow
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2) Two phases 
of gene flow
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Expected Joint SFS



1904: Secondary 
contact on Norfolk Is

0.0026

0.0027

Coloniser Endemic

0.0028 

2.30x10-6

~23 generations later, 
second gene flow 
phase

1910: coloniser more 
common than the still 
common endemic

Now: coloniser very 
common; endemic 
near threatened



Next steps with current dataset

• 5x coverage is moderately low; redo analysis with genotype 
likelihoods rather than direct calling of SNPs
• Complement with some higher coverage sequences (20-30x) 

to more confidently impute and phase sample genotypes
• Are introgressed regions favoured by selection? 
• Selection scans to ask if introgression is potentially 

adaptive



Future work
• WGS of museum specimens
• two Norfolk endemics pre and post silvereye colonization
• putative hybrids
• time series for silvereyes from 1904

• Explore the consequences of changing population sizes on the degree 
and direction of hybridisation
• Genomic Landscape of Divergence (GLaDs) model (Quilodran et al., 2020)

• Is a signature of hybridisation evident in much more ancient silvereye 
colonisations?
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