
Morgan-Richards et al.—Hybridisation in New Zealand 15

Morgan-Richards et al.—Hybridisation in New Zealand

A review of genetic analyses of hybridisation in New Zealand

Mary Morgan-Richards1, Rob D. Smissen2, Lara D. Shepherd3, Graham P. Wallis4, 
Jessica J. Hayward5, Chi-hang Chan6, Geoffrey K. Chambers6, Hazel M. Chapman7

Journal of the Royal Society of New Zealand
Volume 39, Number 1, March, 2009, pp 00

Abstract Hybridisation between related taxa has a range of possible biological con-
sequences, ranging from the production of sterile offspring, through introgression of 
alleles into populations, to the formation of new species. Examples of plant and animal 
species hybridising with related taxa abound in the New Zealand region. We review New 
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Arnold et al. 1991; DeMarais et al. 1992; Bullini 1994; Rieseberg et al. 1995; Coyne & Orr 
2004; Schwarz et al. 2005), reinforce barriers between gene pools (Howard 1993; Coyne & Orr 
������������6HUYHGLR�	�1RRU��������OLPLW�VSHFLDWLRQ�DQG�DGDSWDWLRQ��6ODWNLQ��������VZDPS�
endangered species (Rhymer & Simberloff 1996) or form a bridge for transfer of adaptations 
among lineages (Arnold 2004).  
� :LWK�WKH�DGYHQW�RI�QHZ�JHQHWLF�WRROV��1HZ�=HDODQG�ELRORJLVWV�KDYH�WDNHQ�WKH�RSSRUWXQLW\�
to investigate old hypotheses and erect new ones concerning hybridisation. Multilocus mo-
OHFXODU�PDUNHUV�SHUPLW�GHWHFWLRQ�RI�ERWK�RQJRLQJ�DQG�KLVWRULFDO�JHQH�ÀRZ�DPRQJ�OLQHDJHV�DQG�
detection of lineages that have arisen via hybridisation. New Zealand has a long history of 
hybridisation studies in plants especially but there are now many animal examples and even 
evidence of virus recombination on our shores. In addition, New Zealand has the advantage 
RI�JRRG�WLPH�NHHSLQJ�IRU�FRQVWUDLQLQJ�WKH�DJH�RI�¿UVW�FRQWDFW�IRU�PDQ\�K\EULGLVLQJ�WD[D��7KH�
arrival of exotic species has been well documented and geological studies give us some ability 
to date the fragmentation, expansion and hybridisation of our native species. New Zealand 
mathematicians who are developing novel methods to study hybridisation will continue to give 
XV�LPSDFW�LQ�WKH�LQWHUQDWLRQDO�VFLHQWL¿F�FRPPXQLW\��IRU�H[DPSOH�+XVRQ�������:LQNZRUWK�HW�
DO��������%DURQL�HW�DO��������0F%UHHQ�	�/RFNKDUW�������%RUGHZLFK�	�6HPSOH�������-RO\�HW�
al. 2007, in press a; Holland et al. 2008).
 Hybridisation has been at the centre of three debates in evolutionary biology: species con-
FHSWV��VSHFLHV�FRQVHUYDWLRQ��DQG�RULJLQ�RI�QHZ�ÀRUD�DQG�IDXQD��,Q�HDFK�RI�WKHVH�WKUHH�DUHDV��
New Zealand studies offer new information or a different perspective.

Species concepts
7KH�LGHQWL¿FDWLRQ�DQG�GH¿QLWLRQ�RI�VSHFLHV�RIWHQ�UHIHUV�WR�WKH�DELOLW\�RI�LQGLYLGXDOV�IURP�
�GLIIHUHQW�SRSXODWLRQV�WR�PDWH�DQG�SURGXFH�DW�OHDVW�VRPH�IHUWLOH�RIIVSULQJ��7KH�ELRORJLFDO�VSHFLHV�
concept (Mayr 1942) is based on the principle that different species do not exchange genes, 

Fig. 1 +\EULGLVDWLRQ� LV� D� FRPPRQ� DQG� LPSRUWDQW� HYROXWLRQDU\� SURFHVV� ZRUOGZLGH��7KH� ORQJ�WHUP�
RXWFRPH�RI�K\EULGLVDWLRQ�LV�GHSHQGHQW�RQ�WKH�UHODWLYH�¿WQHVV�RI�WKH�K\EULGV�DQG�VXEVHTXHQW�JHQHUDWLRQV��
compared to the parental taxa, as illustrated by the following New Zealand examples.
1Hemideina ricta and H. femorata �0RUJDQ�5LFKDUGV�	�7RZQVHQG��������2Galaxias depressiceps and 
G. anomalus (Allibone et al. 1996); 3Kunzea sinclairii and Leptospermum scoparium (Harris et al. 
1992); 4Asplenium ×lucrosum (Perrie et al. 2005); 5Hemideina thoracica (Morgan-Richards et al. 2000; 
Morgan-Richards & Wallis 2003); 6Hemideina maori (King et al. 1996, 2003); 7Galaxias depressiceps 
and G. sp D (Esa et al. 2000); 8Kikihia species (Marshall et al. 2008); 9Pseudopanax lessonii and P. 
crassifolius (Shepherd & Perrie unpubl. data); 10Phormium tenax and P. cookianum (Smissen & Heenan 
2007; Smissen et al. 2008); 11Carpophyllum angustifolium and C. maschalocarpum (Zuccarello et al. 
unpubl.); 12Helichrysum lanceolatum × A. bellidioides (Smissen et al. 2007); 13Nothofagus fusca, N. 
truncata, N. solandri var. cliffortioides �7KRPVHQ�������.QDSS��������14Himantopus novaezelandiae 
and H. leucocephalus (Greene 1999; MacAvoy & Chambers 1999; Wallis 1999); 15Metrosideros spp. 
(Gardner et al. 2004); 16Raoulia spp. �6PLVVHQ�HW�DO��������)RUG�XQSXEO��GDWD���17Hoheria glabrata and 
H. lyallii (Heenan et al. 2005); 18Coprosma spp. (Wichman et al. 2002); 19Grahamina capito and Fos-
terygion varium (Hannan 2005); 20Brachaspis nivalis and B. collinus��7UHZLFN��������21Anas chlorotis, 
A. superciliosa and A. platyrhynchos (Kennedy & Spencer 2000; Barton 2003); 22Cyanoramphus forbesi 
and C. novaezelandiae chathamensis (Chan et al. 2006); 23Acanthoxyla �0RUJDQ�5LFKDUGV�	�7UHZLFN�
������%XFNOH\�HW�DO���������24Pratia angulata and P. perpusilla (Murray et al. 2004); 25Anaphalioides 
hookeri (inferred parentage A. bellidioides and A. trinervis;  
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VR�LGHQWL¿FDWLRQ�RI�K\EULGV�KDV�EHHQ�RI�IXQGDPHQWDO�LPSRUWDQFH�LQ�WKH�UHVROXWLRQ�RI�VSHFLHV¶�
boundaries. Sometimes distinct populations that are involved in hybridisation are regarded 
DV�PHPEHUV�RI�GLIIHUHQW�VSHFLHV�DQG�VRPHWLPHV�WKH\�DUH�UHJDUGHG�DV�FRQVSHFL¿FV��7KRVH�ZKR�
investigate hybridisation do not usually hold to a strict version of the biological species con-
cept, accepting that successful mating between members of different species is commonplace. 
8VLQJ�WKH�WRROV�RI�PROHFXODU�JHQHWLFV��GHWHFWLQJ�JHQH�ÀRZ�KDV�EHFRPH�VWUDLJKWIRUZDUG��EXW�
delimiting species boundaries can become even more problematic as we strive to distinguish 
retained ancestral polymorphisms from those that have introgressed and understand the long-
WHUP�FRQVHTXHQFHV�RI�OLPLWHG�JHQH�ÀRZ��7KHUH�LV�D�SHUFHSWLRQ�WKDW�]RRORJLVWV�KDYH�DFFHSWHG�
OHVV�JHQH�ÀRZ�WKDQ�ERWDQLVWV�ZKHQ�GHVFULELQJ�GLVWLQFW�VSHFLHV��EXW�VHH�5LHVHEHUJ�HW�DO���������
7KHUH�DUH��KRZHYHU��PDQ\�1HZ�=HDODQG�H[DPSOHV�RI�UHFRJQLVHG�DQLPDO�VSHFLHV�WKDW�KDYH�
ORZ�OHYHOV�RI�JHQH�ÀRZ�ZLWK�SDUDSDWULF�UHODWLYHV��LQFOXGLQJ�SHULSDWXV��7UHZLFN�������7UHZLFN�
�������WUHH�ZHWD��0RUJDQ�5LFKDUGV�������7UHZLFN�	�0RUJDQ�5LFKDUGV��������EURZQ�WHDO�
�%DUWRQ��������SDUDNHHWV��.HDUYHO�HW�DO��������DQG�¿VKHV��(VD�HW�DO���������)LJ������$OWKRXJK�
WKH�1HZ�=HDODQG�ÀRUD�KDV�EHHQ�FLWHG�DV�KDYLQJ�D�KLJK�IUHTXHQF\�RI�LQWHUVSHFL¿F�K\EULGLVDWLRQ�
LQ�SODQWV��&RFND\QH�	�$OODQ�������$QGHUVRQ�	�6WHEELQV�������5DWWHQ@ҏYH逃$OO阠　5�
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(III). Each section is further subdivided, but the physical location and consequences of hy-
EULGLVDWLRQ�DQG�EDFNFURVVLQJ�DUH�WRR�FRPSOH[�WR�EH�FODVVL¿HG�ZLWK�HDVH��)LJ�����

I HUMAN-INDUCED HYBRIDISATION
+XPDQ�PRGL¿FDWLRQ�RI�WKH�HQYLURQPHQW�EHJDQ�UHODWLYHO\�UHFHQWO\�LQ�1HZ�=HDODQG��$QGHUVRQ�
�������SHUPLWWLQJ�LQIHUHQFHV�WR�EH�PDGH�RQ�WKH�VXEVHTXHQW�UHVSRQVHV�RI�QDWLYH�ÀRUD�DQG�IDXQD��
In particular, hybridisation of New Zealand species that in the recent (pre-human) past were 
geographically isolated has been well documented. Native species have come face to face 
with exotic species (Gillespie 1985; Gibbs 1987; Hitchmough et al. 1990) and range changes 
KDYH�EURXJKW�WRJHWKHU�SUHYLRXVO\�DOORSDWULF�QDWLYHV��)RU�H[DPSOH��WKH�FXWWLQJ�RI�ZDWHU�UDFHV�
E\�JROG�PLQHUV�LQ�2WDJR�FRQQHFWHG�WKH�JDOD[LLG�¿VK�IDXQD�RI�VHSDUDWH�ULYHU�V\VWHPV��(VD�HW�
DO���������([DFW�GDWHV�RI�ZDWHU�UDFH�FRQVWUXFWLRQ�DOORZ�ELRORJLVWV�WR�HVWLPDWH�JHQH�ÀRZ�RQ�D�
EDFNJURXQG�RI�D�NQRZQ�QXPEHU�RI�JHQHUDWLRQV�VLQFH�FRQWDFW�
� 3ODQW�LQWHUVSHFL¿F�K\EULGV�KDYH�HVWDEOLVKHG�LQ�DUHDV�RI�VLJQL¿FDQW�KXPDQ�LQGXFHG�KDELWDW�
GLVWXUEDQFH��)RU�H[DPSOH��WKH�QDWLYH�JURXQG�FRYHULQJ�SODQW�Pratia angulata
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DEXQGDQFH��H�J���VWLOWV��0DF$YR\�	�&KDPEHUV�������*UHHQH�������DQG�SDUDNHHWV��&KDQ�HW�DO��
�������DQG�FURVV�IRVWHULQJ�RI�EODFN�URELQV�DQG�WRPWLWV��0D�	�/DPEHUW��������+XPDQV�DUH�DOVR�
LPSOLFDWHG�LQ�WKH�ORZ�QXPEHUV�RI�ZHWD�RQ�%DQNV�3HQLQVXOD��0RUJDQ�5LFKDUGV�	�7RZQVHQG�
1995) and fur seals on Macquarie Island (Lancaster et al. 2006) where hybrids have been 
detected using genetic tools. In both these examples it is thought that relative abundance of 
species affects the selection of mates, increasing hybridisation when one species is relatively 
UDUH��+XEEV��������/LNHZLVH��IRU�DOEDWURVV�RQ�&DPSEHOO�,VODQG�LQWHUEUHHGLQJ�RI�WZR�RU�WKUHH�
VSHFLHV�LV�H[DFHUEDWHG�E\�ODFN�RI�FRQVSHFL¿F�PDWHV�IRU�WKH�UDUHU�EODFN�EURZHG�IRUP��0RRUH�
et al. 2001).
� )RUHVW�FOHDUDQFH�RQ�0DQJHUH�,VODQG�LQ�WKH�&KDWKDP�,VODQGV�JURXS�LV�WKRXJKW�WR�KDYH�SUR-
PRWHG�RSSRUWXQLWLHV�IRU�K\EULGLVDWLRQ�EHWZHHQ�)RUEHV¶�SDUDNHHWV��Cyanoramphus forbesi) 
DQG�&KDWKDP�,VODQG�UHG�FURZQHG�SDUDNHHWV��C. novaezelandiae chathamensis���7KH�IRUPHU�
species generally prefers forest habitats to open vegetation, while the latter generally resides 
LQ�RSHQ�SDWFKHV�RI�JUDVV��VFUXE�DQG�KHUEV��7D\ORU��������$�VXUYH\�RI�PLWRFKRQGULDO�FRQWURO�
UHJLRQ�'1$�VHTXHQFH�KDSORW\SHV�GHWHFWHG�JHQH�ÀRZ�EHWZHHQ�WKH�WZR�VSHFLHV�RI�SDUDNHHWV��
&KDWKDP�,VODQG�UHG�FURZQHG�SDUDNHHW�PW'1$�KDSORW\SHV�ZHUH�LGHQWL¿HG�LQ�'1$�VDPSOHV�
REWDLQHG�IURP�)RUEHV¶�SDUDNHHW�PRUSKRW\SHV��%RRQ�HW�DO��������%DOODQW\QH�HW�DO���������
)XUWKHU�H[DPLQDWLRQ�ZLWK�PLFURVDWHOOLWH�PDUNHUV�KDV�VKRZQ�WKDW�WKH�0DQJHUH�,VODQG�)RUEHV¶�
SDUDNHHW�SRSXODWLRQ�KDV�K\EULGLVHG�H[WHQVLYHO\�ZLWK�&KDWKDP�,VODQG�UHG�FURZQHG�SDUDNHHWV��
WR�DQ�H[WHQW�WKDW�WKHUH�PD\�QRW�HYHQ�EH�D�VLQJOH�WUXH�)RUEHV¶�SDUDNHHW�ZLWKRXW�D�KLVWRU\�RI�
K\EULGLVDWLRQ��7KH�0DQJHUH�,VODQG�SDUDNHHW�SRSXODWLRQ�LV�QRZ�FRPSRVHG�SUHGRPLQDQWO\�RI�
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picornaviruses, coronaviruses, alphaviruses and retroviruses (Lai 1992). Retroviruses, in 
SDUWLFXODU��DUH�UHQRZQHG�IRU�UHODWLYHO\�UDSLG�UHFRPELQDWLRQ�UDWHV��RQ�WKH�RUGHU�RI����SHU�
NLOREDVH�SHU�UHSOLFDWLRQ�F\FOH��+X�	�7HPLQ��������5HWURYLUDO�UHFRPELQDWLRQ�RFFXUV�LQ�D�KRVW�
cell during reverse transcription when the infecting virion has a heterozygous genome (Hu 
	�7HPLQ�������
� 7KH�UHWURYLUXV��),9��D�FORVH�UHODWLYH�RI�+,9��KDV�EHHQ�LGHQWL¿HG�LQ�GRPHVWLF�FDWV��Felis 
catus) in New Zealand (Swinney et al. 1989; Hayward et al. 2007). Phylogenetic tree construc-
tion of envelope (env��JHQH�VHTXHQFHV�KDV�VKRZQ�WKDW�WZR�RI�WKH�¿YH�SRVVLEOH�),9�VXEW\SHV�
DUH�IRXQG�LQ�1HZ�=HDODQG�LQIHFWHG�FDWV��+D\ZDUG�HW�DO���������7KHVH�WZR�VXEW\SHV��$�DQG�
C, co-occur in cat populations, leading to dual infection and consequently recombination/
K\EULGLVDWLRQ��$ERXW�������n  ������RI�1HZ�=HDODQG�),9�LQIHFWHG�FDWV�DUH�LQIHFWHG�ZLWK�DQ�
A/C recombinant in the env�JHQH��+D\ZDUG�	�5RGULJR��������7KHVH�UHFRPELQDQW�VWUDLQV�DUH�
circulating recombinant forms, that is, they are the viral progeny of the host cell where the 
recombination event occurred.
 Viral recombination can repair substitution errors made by the enzyme reverse transcriptase, 
or can modify particular viral properties, such as virulence (Lai 1992). In this way, viruses are 
able to adapt to new environments, such as a new host species (Poss et al. 2007). Whatever 
the result of the crossover event, recombination is instrumental in the evolutionary history of 
viruses. In addition, viral recombination increases the genetic diversity of circulating viruses 
within a population, which has implications for vaccine use and development in New Zea-
land.

II NATURAL HYBRIDISATION
$OWKRXJK�KDELWDW�PRGL¿FDWLRQ�E\�KXPDQV�RIWHQ�OHDGV�WR��RU�H[DFHUEDWHV�K\EULGLVDWLRQ��LW�LV�DQ�
important and common natural process too.

IIa Hybrid zones (parapatry)
Genetically (and sometimes morphologically) distinct populations can meet and mate in spatio-
WHPSRUDOO\�ERXQGHG�UHJLRQV�FDOOHG�K\EULG�]RQHV��+DUULVRQ��������7KH�SRVLWLRQ�DQG�ZLGWK�RI�D�
zone is usually stable over many generations, due to equilibrium between the ability of organ-
isms to disperse and the selective disadvantage suffered by the hybrid offspring (Barton & 
+HZLWW��������)XUWKHU�VWDELOLW\�LV�HQVXUHG�ZKHQ�]RQHV�OLH�LQ�GHQVLW\�WURXJKV��%DUWRQ�������RU�
on ecotones (Moore 1977). Most hybrid zones involve secondary contact of populations that 
KDYH�GLYHUJHG�LQ�LVRODWLRQ��)RU�H[DPSOH��D�VSHFLHV�ÀRFN�RI�JDOD[LLG�¿VKHV��G. vulgaris sensu 
lato) show some limited parapatric overlap in the South Island, as a result of natural second-
ary contact, and some of these contacts show occasional hybridisation (Allibone et al. 1996). 
Within the radiation of New Zealand cicadas many parapatric species form hybrid zones upon 
contact (Marshall et al. 2008). New Zealand tree weta hybrid zones have been described on 
mountain ranges (Hemideina maori, King et al. 1996, 2003) and in lowland forest (H. thoracica, 
0RUJDQ�5LFKDUGV�HW�DO��������0RUJDQ�5LFKDUGV�	�:DOOLV��������7KH�XVH�RI�PXOWLSOH�K\EULG�
zones within the same species has allowed inferences about relative disadvantage suffered 
E\�K\EULG�RIIVSULQJ�ZLWKLQ�HDFK�]RQH��7KH�GLVSHUVDO�DELOLW\�RI�H. thoracica individuals from 
different chromosome races is assumed to be identical and thus the difference in zone width is 
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 Because the majority of hybrid zones form following secondary contact and taxa are often 
LQÀXHQFHG�E\�WKH�VDPH�YLFDULDQW�HYHQWV��LW�LV�FRPPRQ�IRU�PXOWLSOH�WD[D�WR�IRUP�K\EULG�]RQHV�
DW�DSSUR[LPDWHO\�WKH�VDPH�ORFDWLRQ��9ROFDQLF�DFWLYLW\�DW�WKH�/DNH�7DXSR�FDOGHUD�KDV�UHSHDWHGO\�
destroyed forest in the central North Island and a number of independent genetic studies have 
IRXQG�WKDW�GLVWLQFW�SRSXODWLRQV�PHHW�QHDU�/DNH�7DXSR��H�J���VKRUW�WDLOHG�EDW�/OR\G�������FDE-
bage tree, Armstrong unpubl.; the parasitic plant Dactylanthus taylorii Holzapfel et al. 2002; 
fern Asplenium hookerianum Shepherd et al. 2007). In addition, two chromosome races of the 
$XFNODQG�WUHH�ZHWD��Hemideina thoracica��PHHW�DQG�LQWHUEUHHG�RQ�WKH�VKRUH�RI�/DNH�7DXSR�
(Morgan-Richards et al. 2000). Concordance of frequency clines for four other genetic loci 
�WZR�DOOR]\PH��RQH�PLFURVDWHOOLWH�ORFXV��PW'1$��FRQ¿UPV�WKDW�WKLV�LV�D�VHFRQGDU\�FRQWDFW�]RQH�
EHWZHHQ�WZR�UDFHV�RI�WUHH�ZHWD��7KH�ZLGWK�DQG�FHQWUHV�RI�WKH�IUHTXHQF\�FOLQHV�RI�DOO�¿YH�ORFL�
YDU\�YHU\�OLWWOH��7KH�QDUURZHVW�RI�WKH�IUHTXHQF\�FOLQHV�LV�IRU�WKH�FKURPRVRPH�UHDUUDQJHPHQW��
7KLV�UHDUUDQJHPHQW�LV�HLWKHU�WKH�GLUHFW�FDXVH�RI�K\EULG�GLVDGYDQWDJH��RU�LV�OLQNHG�WR�ORFL�WKDW�
cause hybrid disadvantage. Chromosome heterozygotes often suffer reduced fertility compared 
to chromosome homozygotes due to mal-segregation of chromosomes during gamete produc-
WLRQ��PHLRVLV���7KH�QDUURZHVW�RI�WKH�RWKHU�IRXU�IUHTXHQF\�FOLQHV�VHHQ�LQ�WKH�ZHWD�DW�7DXSR�LV�
IRUPHG�E\�WKH�PW'1$��LQ�FRQWUDVW�WR�WKH�FKURPRVRPHV��LW�LV�XQOLNHO\�WKDW�WKH�PLWRFKRQGULDO�
JHQRPH�LV�OLQNHG�WR�ORFL�XQGHU�VHOHFWLRQ��+RZHYHU��PW'1$�LV�RQO\�PDWHUQDOO\�LQKHULWHG�DQG�
female tree weta may have lower dispersal rates compared to males, resulting in a narrow 
PW'1$�FOLQH�UHODWLYH�WR�WKH�FOLQHV�LQ�QHXWUDO�QXFOHDU�ORFL�VHHQ�DW�7DXSR�

IIb 
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Historical gene flow (introgression)
Nothofagus is a major component of forests throughout the South Island of New Zealand, and 
several hypotheses have been proposed to explain its absence across the central portion of the 
6RXWK�,VODQG��UHYLHZHG�E\�:DOOLV�	�7UHZLFN��������$�UHFHQW�LQYHVWLJDWLRQ�XVLQJ�FS'1$�WR�WU\�
to distinguish between hypotheses found that through hybridisation, red beech (Nothofagus 
fusca) and hard beech (N. truncata) have absorbed genetic material from mountain beech (N. 
solandri var. cliffortioides). A single insertion in the trnL-trnF intergenic spacer is found within 
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introgression between M. iolanthe and members of the genus with similar songs, than lineage 
VRUWLQJ��%XFNOH\�HW�DO��������

Contemporary gene flow
Despite considerable differences in morphology, Pseudopanax lessonii��FRDVWDO�¿YH�¿QJHU��
houpara) and P. crassifolius �ODQFHZRRG��KRURHND��IRUP�DQ�DUUD\�RI�PRUSKRORJLFDO�LQWHUPH-
GLDWHV�ZKHUHYHU�WKH\�RFFXU�LQ�FORVH�SUR[LPLW\��3UHOLPLQDU\�JHQHWLF�DQDO\VHV�XVLQJ�$)/3V�
DQG�PLFURVDWHOOLWH�'1$�PDUNHUV�LQGLFDWH�WKDW�P. lessonii and P. crassifolius are genetically 
distinguishable as separate evolutionary lineages, and that the majority of their hybrids are 
ODWHU�JHQHUDWLRQ�K\EULGV��6KHSKHUG�	�3HUULH�XQSXEO����)1��¿UVW�JHQHUDWLRQ��K\EULGV�DSSHDU�WR�
be uncommon, suggesting that P. lessonii and P. crassifolius only rarely cross directly and 
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III HYBRID SPECIES
When hybridisation results in a lineage reproductively isolated from its two parental taxa a 
QHZ�VSHFLHV�LV�DOPRVW�LQVWDQWDQHRXVO\�SURGXFHG��'XH�WR�WKH�GLI¿FXOW\�LQ�UHSURGXFLQJ�ZLWKRXW�
EDFNFURVVLQJ�WR�SDUHQWDO�WD[D��WKLV�IRUP�RI�VSHFLDWLRQ�LV�UDUH�FRPSDUHG�WR�WKH�UDWH�RI�K\EULGLVD-
tion without speciation. However, it is possible for hybridisation to be followed by chromo-
VRPH�GRXEOLQJ�DQG�WKH�UHVXOWLQJ�LQGLYLGXDO�WR�UHSURGXFH�DVH[XDOO\�RU�E\�VHO¿QJ��(YLGHQFH�IRU�
GLSORLG�K\EULG�VSHFLHV�IRUPDWLRQ�LV�ZHDNHU��6SHFLDWLRQ�YLD�K\EULGLVDWLRQ�LV�PXFK�OHVV�FRPPRQ�
LQ�DQLPDOV�WKDQ�LQ�SODQWV�EHFDXVH�LVRODWLQJ�PHFKDQLVPV��VXFK�DV�VHO¿QJ��DUH�OHVV�OLNHO\�WR�
evolve in concert with hybridisation. Chromosome doubling in animals can also have a dire 
effect on sex determination, and animals may be generally more susceptible to changes in gene 
dosage. Pratia discussed earlier is an example of new lineages arising from human induced 
range changes (Murray et al. 2004). In this case, hybrid lineages are recognised as distinct 
FKURPRVRPH�UDFHV��QRW�QHZ�VSHFLHV���EXW�DUH�WKH�UHVXOW�RI�LQWHUVSHFL¿F�FURVVHV��%UHLWZLHVHU�
HW�DO���������XVHG�HYLGHQFH�IURP�DGGLWLYH�,76�VHTXHQFHV�WR�VXSSRUW�WKH�K\SRWKHVLV�WKDW�Ana-
phalioides hookeri is a hybrid species with parentage A. bellidioides × A. trinervis. Since it 
has a tetraploid chromosome count (2n=4x=56; Groves 1977), it is presumably an example of 
allopolyploidy (hybridisation followed by chromosome doubling to produce an independent 
hybrid lineage). In New Zealand buttercups, Ranunculus nivicola is an allopolyploid species 
with R. verticillatus and R. insignis�SDUHQWV��7KH�GHJUHH�RI�FS'1$�VKDULQJ�EHWZHHQ�R. insignis 
and R. enysii suggest that these two species have also been hybridising and R. insignis may 
even be of hybrid origin itself (Carter 2006).
� 3RO\SORLG\�LV�D�FRPPRQ�SKHQRPHQRQ�DPRQJVW�1HZ�=HDODQG¶V�IHUQV��$OO�VSHFLHV�RI�Asple-
nium native to New Zealand are at least tetraploid and, of the 17 species in the Austral group, 
nine are octoploid. cpDNA and nuDNA (Leafy) indicate that most of these octoploids are 
allopolyploids (Perrie & Brownsey 2005a; Shepherd et al. 2008a). cpDNA of the octoploids 
is very similar to their parental species, suggesting recent origins with little time to develop 
autapomorphies (Shepherd et al. 2008b). In some cases, octoploids share multiple chloroplast 
types with each other and their progenitors, indicating repeated polyploidisation events (A. 
gracillimum, A. cimmeriorum (Perrie & Brownsey 2005b)). Allopolyploidy in New Zealand 
ferns has also been documented using molecular approaches in Polystichum, where P. neoze-
landicum is an allo-octoploid of the tetraploids P. wawranum and P. oculatum (Perrie et al. 
2003). Chloroplast sequences indicate that the tetraploid Hypolepis ambigua may be composed 
RI�LQGHSHQGHQWO\�GHULYHG�DOORSRO\SORLG�OLQHDJHV�RI�XQNQRZQ�SDUHQWDJH��3HUULH�	�%URZQVH\�
unpubl.), whereas morphological comparisons suggest that the tetraploid Pteris macilenta is 
almost certainly an allopolyploid derivative of P. comans and P. saxatilis (Braggins 1975).
�
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Alternatively, there may have been three (rather than two) sexual species involved in the 
multiple hybridisation and many origins creating the current diversity.

FUTURE DIRECTIONS
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¿WQHVV�DQG�DGDSWDWLRQV��DQG�SURYLGHV�UDZ�GDWD�IRU�DQDO\VLV�RI�JHQHV�LQYROYHG�LQ�SRVW]\JRWLF�
LVRODWLRQ�LQ�K\EULGV��VR�FDOOHG�³VSHFLDWLRQ�JHQHV´��2UU�HW�DO���������)RU�H[DPSOH��WKH�QHZ�
generation of sequencing technology will allow the biochemical pathway and alleles respon-
VLEOH�IRU�JDPHWH��SROOHQ��VSHUP��FRPSHWLWLRQ�WR�EH�LGHQWL¿HG�DQG�WKXV�WKHLU�UROH�LQ�OLPLWLQJ�
K\EULGLVDWLRQ�ZLOO�EH�XQGHUVWRRG��7UDQVFULSWRPH�DQDO\VLV�WKURXJK�LVRODWLRQ�RI�P51$V�DOVR�
allows estimation of gene expression, touted by many to be at least as important as structural 
changes to the genes in question (King & Wilson 1975). It could be, for example, that hybrid 
EUHDNGRZQ�LV�DWWULEXWDEOH�WR�FKDQJHV�LQ�JHQH�H[SUHVVLRQ�FDXVHG�E\�QRYHO�LQWHUDFWLRQV�EHWZHHQ�
WZR�WUDQVFULSWLRQDO�QHWZRUNV��/DQGU\�HW�DO��������
 In cases such as Phormium and Pseudopanax ecological selection may be critically important 
in maintaining species differences in the face of extensive hybridism and an apparent absence 
RI�UREXVW�LQWULQVLF�EDUULHUV�WR�JHQH�ÀRZ��,Q�RWKHU�JURXSV��VXFK�DV�WKH�Raoulia alliance, genetic 
divergence between hybridising species appears to be greater, and intrinsic barriers to gene 
ÀRZ�DUH�JUHDWHU��EXW�VHOHFWLRQ�DJDLQVW�UHFRPELQDQW�JHQRW\SHV�LV�VWLOO�OLNHO\�WR�EH�LPSRUWDQW�LQ�
OLPLWLQJ�JHQH�ÀRZ��,Q�FRQWUDVW��WUHH�ZHWD�KDYH�UHODWLYHO\�KLJK�OHYHOV�RI�JHQHWLF�GLYHUVLW\�WKDW�
GDWH�WR�JHRJUDSKLF�LVRODWLRQ�GXULQJ�WKH�3OLRFHQH��\HW�SRSXODWLRQV�ZLWK�GLVWLQFW�NDU\RW\SHV�
failed to speciate, possibly due to simple mate recognition systems in this genus.
� 7KH�UROH�RI�K\EULGLVDWLRQ�LQ�LQYDVLRQ��UDQJH�H[SDQVLRQ�DQG�DGDSWDWLRQ�WR�FOLPDWH�FKDQJHV�
LV�DQRWKHU�NH\�DUHD�OLNHO\�WR�SURYLGH�VWLPXODWLQJ�UHVHDUFK��7KH�HYROXWLRQ�RI�LQYDVLYHQHVV�LV�
IDFLOLWDWHG�E\�K\EULGLVDWLRQ�DQG�WKH�UHODWLRQVKLS�EHWZHHQ�DJH�RI�1HZ�=HDODQG¶V�ELRWD�DQG�
SURSRUWLRQ�RI�K\EULG�VSHFLHV�FRXOG�VSDUN�FRPSDUDWLYH�VWXGLHV�RI�ERWK�LVODQG�DQG�FRQWLQHQWDO�
ecosystems. One might view hybrid species as evidence of recent dispersal or invasion, but 
VWXG\�RI�WKH�JHQHWLFV�RI�ZHHG\�QHVV�DQG�WKH�K\EULG�JHQRPH�ZLOO�EH�PRUH�SURGXFWLYH��)URP�RXU�
understanding of the history and processes that have shaped the distribution and abundance of 
FXUUHQW�WD[D�ZH�FDQ�PDNH�SUHGLFWLRQV�RI�KRZ�RXU�ÀRUD�DQG�IDXQD�ZLOO�UHVSRQG�WR�WKH�FXUUHQW�
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���� 7KH�LPSRUWDQW�UROH�RI�K\EULGLVDWLRQ�LQ�WKH�HYROXWLRQ�RI�1HZ�=HDODQG¶V�HQGHPLF�SODQWV�DQG�
animals has been highlighted by recent genetic studies. Recent hybrid origins of ferns, 
EXWWHUFXSV��HYHUODVWLQJ�GDLVLHV�DQG�VWLFN�LQVHFWV�LQGLFDWH�WKH�RQJRLQJ�JHQHUDWLRQ�RI�ELRGL-
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