
© 2016 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 480–488

, 2016, 00, 000–000.

KEYWORDS: anagenetic – cladogenetic – evolutionary lineage – hybrid – introgression – palaeontology –
phylogenetics – speciation – species – splitting.

INTRODUCTION

In a previous review appearing in the Biological
Journal of the Linnean Society (Vaux, Trewick &
Morgan-Richards, 2016), we considered the usage
and meaning of the terms ‘anagenesis’ and ‘cladogen-
esis’. We observed that the meaning of these terms
has changed over time, and that modern usage is
highly varied across disciplines and also often
ambiguous. We concluded that the terms anagenesis
and cladogenesis were not needed to describe evolu-
tion or species classification, and that they poten-
tially hamper communication between disciplines.
For example, some studies define ‘anagenesis’ as evo-
lutionary change within a species (Johnson et al.,
2012; Hunt, 2013; Lister, 2013), whereas others con-
sider the term to be synonymous with gradualism
(Ricklefs, 2004; Theriot et al., 2006; Mattila &
Bokma, 2008; Pearson & Ezard, 2014). Variation in
usage between disciplines is obvious. For example,

many palaeontologists only recognize ‘anagenesis’
when morphospecies do not coexist temporally
(Gould, 2001; MacFadden et al., 2012); whereas it is
common for biogeographers to consider contemporary
but geographically isolated lineages as examples of
anagenetic speciation (Rosindell & Phillimore, 2011;
Pati~no et al., 2014; Valente, Etienne & Phillimore,
2014).

The mode of evolution may be anagenetic if the [first appear-

ance] of the descendant coincides with the [last appearance]

of the ancestor within the bounds of the dating precision.

(Strotz & Allen, 2013)

A common mode of speciation in ocean islands is by anagene-

sis, wherein an immigrant arrives and, through time, trans-

forms by mutation, recombination, and drift into a

morphologically and genetically distinct species. (L�opez-

Sep�ulveda et al., 2015)

In a response, Allmon (2016) agrees with much of
our review but promotes the treatment of species as
being biologically real (Allmon, 2016). This contrasts*Corresponding author. E-mail: f.vaux@massey.ac.nz

1© 2016 The Linnean Society of London, Biological Journal of the Linnean Society, 2016, ��, ��–��

Biological Journal of the Linnean Society, 2016, ��, ��–��. With 1 figure.

.297, 120,
82.0–488
.Downloaded from https://academic.oup.com/biolinnean/article-abstract/120/2/2.0/29549.28by Massey University user on 2.1July42019



D
ow

nloaded from
 https://academ

ic.oup.com
/biolinnean/article-abstract/120/2/480/2954912 by M

assey U
niversity user on 29 July 2019



© 2016 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 480–488

482  F. VAUX 

D
ow

nloaded from
 https://academ

ic.oup.com
/biolinnean/article-abstract/120/2/480/2954912 by M

assey U
niversity user on 29 July 2019



SPECIATION THROUGH THE LOOKING-GLASS  483

© 2016 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 480–488

���
���

���
���

���
�

����
����

����

�
��
����

����
���


�


	�

�

��
��

���������

������
��


���
���

�

������
����

����
����

��•
�•

���

��

�
�
���

���
•�

���
��

��

���

�

���
���

���

������������


	�

��

���
���

���
���

���

•�
���

•�
���

���
���




��
�	�

���
���

��•
���

��


�
� ������������
�����


����
����

����
­��

��	�
����

���€
����

�

­��
�
	�

����
����

����

���
��


��
���•

����
���

€

�‚‚
�•


��
ƒ­

„
��­

���

	�

���
���

�

D
ow

nloaded from
 https://academ

ic.oup.com
/biolinnean/article-abstract/120/2/480/2954912 by M

assey U
niversity user on 29 July 2019



© 2016 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 480–488

484 















  485

© 2016 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 480–488

Anderson E, Stebbins GL Jr. 1954. Hybridization as an
evolutionary stimulus. Evolution 8: 378–388.

Aze T, Ezard THG, Purvis A, Coxall HK, Stewart DRM,
Wade BS, Pearson PN. 2013. Identifying anagenesis and
cladogenesis in the fossil record. Proceedings of the
National Academy of Sciences of the United States of Amer-
ica 110: E2946.

Bapst DW. 2013. When can clades be potentially resolved
with morphology? PLoS ONE 8: e62312.

Bejarano ER, Khashoggi A, Witty M, Lichtenstein C.
1996. Integration of multiple repeats of geminiviral DNA
into the nuclear genome of tobacco during evolution. Pro-
ceedings of the National Academy of Sciences of the United
States of America 93: 756–764.

Benton MJ, Pearson PN. 2001. Speciation in the fossil
record. Trends in Ecology and Evolution 16: 405–411.

Berger L, Ogielska M. 1994. Spontaneous haploid –triploid
mosaicism in the progeny of a Rana kl. esculenta female and
Rana lessonae males. Amphibia-Reptilia 15: 143–152.

Blanchard JL, Lynch M. 2000. Organellar genes: why do
they end up in the nucleus? Trends in Genetics 16:
315–320.

Bock R. 2010. The give-and-take of DNA: horizontal gene
transfer in plants. Trends in Plant Science 15: 11–22.

Bull JK, Sunnucks P. 2014. Strong genetic structuring
without assortative mating or reduced hybrid survival in
an onychophoran in the Tallaganda State Forest region,
Australia. Biological Journal of the Linnean Society 111:
589–602.

Burger WC. 1975. The species concept in Quercus. Taxon
24: 45–50.

Cahill JA, Green RE, Fulton TL, Stiller M, Jay F,
Ovsyanikov N, Salamzade R, St. John J, Stirling I,
Slatkin M, Shapiro B. 2013. Genomic evidence for island
population conversion resolves con�icting theories of polar
bear evolution. PLOS Genetics 9: e1003345.

Carrat F, Flahault A. 2007.



© 2016 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 480–488

486  F. VAUX ET AL.

rampant horizontal gene transfer. Molecular Biology and
Evolution 26: 99–110.

Gould SJ. 2001. The interrelationship of speciation and
punctuated equilibrium. In: Cheetham AH, Jackon JBC,
Lidgard S, McKinney FK, eds. Evolutionary patterns:
growth, form, and tempo in the fossil record . Chicago, IL:
University of Chicago Press, 207 –208.

Groth C, Hansen J, Pi �skur J. 1999. A natural chimeric
yeast containing genetic material from three species. Inter-
national Journal of Systematic Bacteriology 49: 1933–1938.

Hall C, Brachat S, Dietrich FS. 2005. Contribution of hori-
zontal gene transfer to the evolution of Saccharomyces cere-
visiae. Eukaryotic Cell 4: 1102–1115.

Harrison RG. 2012. The language of speciation. Evolution
66: 3643–3657.

Herniou EA, Huguet E, Th �ez�e J, B �ezier A, Periquet G,
Drezen J-M. 2013. When parasitic wasps hijacked viruses:
genomic and functional evolution of polydnaviruses. Philo-
sophical Transactions of the Royal Society Series B, Biologi-
cal Sciences 368: 20130051.

Hey J. 2006. On the failure of modern species concepts.
Trends in Ecology and Evolution 21: 447–450.

Hills SFK, Crampton JS, Trewick SA, Morgan-Richards
M. 2012. DNA and morphology unite two species and 10
million year old fossils. PLoS ONE 12: e52083.

Hunt G. 2012. Measuring rates of phenotypic evolution and
inseparability of tempo and mode. Paleobiology 38: 351–373.

Hunt G. 2013. Testing the link between phenotypic evolution
and speciation: an integrated palaeontological and phyloge-
netic analysis. Methods in Ecology and Evolution 4: 714–723.

Husnik F, Nikoh N, Koga R, Ross L, Duncan RP, Fujie
M, Tanaka M, Satoh N, Bachtrog D, Wilson ACC, von
Dohlen CD, Fukatsu T, McCutcheon JP. 2013. Horizon-
tal gene transfer from diverse bacteria to an insect genome
enables a tripartite nested mealybug symbiosis. Cell 153:
1567–1578.

Johnson NA, Smith JJ, Pobiner B, Schrein C. 2012. Why
are chimps still chimps? The American Biology Teacher 74:
74–80.

Kim G, LeBlanc ML, Wafula EK, dePamphilis CW, West-
wood JH. 2014. Genomic-scale exchange of mRNA between
a parasitic plant and its hosts. Science345: 808–811.

Kimura Y, Flynn LJ, Jacobs LL. 2016. A palaeontological
case study for species delimitation in diverging fossil lin-
eages. Historical Biology 28: 189–198.

Kondo N, Nikoh N, Ijichi N, Shimada M, Fukatsu T.
2002. Genome fragment of Wolbachia endosymbiont trans-
ferred to X chromosome of host insect. Proceedings of the
National Academy of Sciences of the United States of Amer-
ica 99: 14281–14285.

Konstantinidis KT, Ramette A, Tiedje JM. 2006. The bac-
terial species de�nition in the genomic era. Philosophical
Transactions of the Royal Society Series B, Biological
Sciences361: 1929–1940.

Kraus RHS, Kerstens HHD, van Hooft P, Mergens H,
Elmberg J, Tsvey A, Sartakov D, Soloviev SA, Crooij-
mans RPMA, Groenen MAM, Ydenberg RC, Prins
HHT. 2012. Widespread horizontal genomic exchange does

not erode species barriers among sympatric ducks. BMC
Evolutionary Biology 12: 45.

Krebes J, Didelot X, Kennemann L, Suerbaum S. 2014.
Bidirectional genomic exchange between Helicobacter pylori
strains from a family in Coventry, United Kingdom. Inter-
national Journal of Medical Microbiology 304: 1135–1146.

Lister AM. 2013. Speciation and evolutionary trends in quater-
nary vertebrates. In: Elias S, Mock C, eds. Encyclopedia of
quaternary science, 2nd edn . Amsterdam: Elsevier, 723 –732.

Liu S, Lorenzen ED, Fumagalli M, Li B, Harris K, Xiong
Z, Zhou L, Sand Koreneliussen T, Somel M, Babbitt C,
Wray G, Li J, He W, Wang Z, Fu W, Xiang X, Morgan
CC, Doherty A, O’Connell MJ, Zhang G, Nielsen R,
Willerslev E, Wang J. 2014. Population genomics reveal
recent speciation and rapid evolutionary adaptation in
polar bears. Cell 157: 785–794.

L �opez-Sep �ulveda P, Takayama K, Greimler J, Crawford
DJ, Pe �nailillo P, Baeza M, Ruiz E, Kohl G, Tremets-
berger K, Gatica A, Letelier L, Novoa P, Novak J,
Stuessy TF. 2015. Progressive migration and anagenesis
in Drimys conferifolia of the Juan Fern �andez Archipelago,
Chile. Journal of Plant Research 128: 73–90.

L �ower R, L �ower J, Kurth R. 1996. The viruses in all of us:
characteristics and biological signi�cance of human endoge-
nous retrovirus sequences. Proceedings of the National Acad-
emy of Sciences of the United States of America 93: 5177–5184.

MacFadden BJ, Oviedo LH, Seymour GM, Ellis S. 2012.
Fossil horses, orthogenesis, and communicating evolution in
museums. Evolution: Education and Outreach 5: 29–37.

Mahner M. 1993. What is a species? A contribution to the



SPECIATION THROUGH THE LOOKING-GLASS  487

© 2016 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 480–488

interspeci�c contact zones. Ecology and Evolution 6:
2390–2404.

Moran NA, Jarvik T. 2010. Lateral transfer of genes from
fungi underlies carotenoid production in aphids. Science
328: 624–627.

Metzger MJ, Villalba A, Carballal MJ, Iglesias D,
Sherry J, Reinisch C, Muttray AF, Baldwin SA, Goff
SP. 2016. Widespread transmission of independent cancer
lineages within multiple bivalve species. Nature 534: 705.

Morgan-Richards M, Trewick SA, Chapman HM,
Krahulcova A. 2004. Interspeci�c hybridization among
Hieracium species in New Zealand: evidence from �ow
cytometry. Heredity 93: 34–42.

Morgan-Richards M, Hills SKF, Biggs PJ, Trewick SA.
2016. Sticky genomes: using NGS to test hybrid speciation
hypothesis. PLoS ONE 11: e0154911.

Network MCS. 2012. What do we need to know about speci-
ation? Trends in Ecology and Evolution 27: 27–39.

Nikolaidis N, Doran N, Cosgrove DJ. 2014. Plant expan-
sins in bacteria and fungi: evolution by horizontal gene
transfer and independent domain fusion. Molecular Biology
and Evolution 31: 376–386.

Ochman H, Lawrence JG, Groisman EA. 2000. Lateral
gene transfer and the nature of bacterial innovation. Nat-
ure 405: 299–304.

Pachut JF, Anstey RL. 2012. Rates of anagenetic evolution
and selection intensity in Middle and Upper Ordovician
species of the bryozoan genus Peronopora. Paleobiology 38:
403–423.

Pati �no J, Carine M, Fern �andez-Palacios JM, Otto R,
Schaefer H, Vanderpoorten A. 2014. The anagenetic
world of spore-producing land plants. New Phytologist 201:
305–311.

Pearson PN, Ezard THG. 2014. Evolution and speciation
in the Eocene planktonic foraminifer Turborotalia . Paleobi-
ology 40: 130–143.

Petit RJ, Bod �en �es C, Ducousso A, Roussel G, Kremer A.
2003. Hybridization as a mechanism of invasion in oaks.
New Phytolologist 161: 151–164.

Podani J. 2013. Tree thinking, time and topology: comments
on the interpretation of tree diagrams in evolutionary/phy-
logenetic systematics. Cladistics 29: 315–327.

Pr �ufer K, Racimo F, Patterson N, Jay F, Sankararaman
S, Sawyer S, Heinze A, Renaud G, Sudmant PH, de
Filippo C, Li H, Mallick S, Dannemann M, Fu Q,
Kircher M, Kuhlwilm M, Lachmann M, Meyer M,
Ongyerth M, Siebauer M, Theunert C, Moorjani P,
Pickrell J, Mullikin JC, Vohr SH, Green RE, Hell-
mann I, Johnson PLF, Blanche H, Cann H, Kitzman
JO, Shendure J, Eichler EE, Lein ES, Bakken TE,
Golovanova LV, Doronichev VB, Shunkov MV, Dere-
vianko AP, Viola B, Slatkin M, Reich D, Kelso J,
P �a �abo S. 2014. The complete genome sequence of a Nean-
derthal from the Atlai Mountains. Nature 505: 43–49.

de Queiroz K. 1998. The general lineage concept of species,
species criteria, and the process of speciation. In: Howard
DJ, Verlocher SH, eds. Endless forms: species and specia-
tion . Oxford: Oxford University Press, 57 –75.

de Queiroz K. 2007. Species concepts and species delimita-
tion. Systematic Biology 56: 879–886.

de Queiroz K. 2011. Branches in the lines of descent:
Charles Darwin and the evolution of the species concept.
Biological Journal of the Linnean Society 103: 19–35.

Ragghianti M, Bucci S, Marracii S, Casola C, Mancino
G, Hotz H, Geux G-D, Pl �otner J, Uzzell T. 2007. Game-
togenesis of intergroup hybrids of hemiclonal frogs. Geneti-
cal Research 89: 39–45.

Rhymer JM, Williams MJ, Braun MJ. 1994. Mitochon-
drial analysis of gene �ow between New Zealand mallards
(Anas platyrhynchos ) and grey ducks ( A. superciliosa ). The
Auk 111: 970–978.

Ricklefs RE. 2004. Cladogenesis and morphological diversi�-
cation in passerine birds. Nature 430: 338–341.

Rieseberg LH. 1997. Hybrid origins of plant species. Annual
Review of Ecology and Systematics 28: 359–389.

Rieseberg LH, Willis JH. 2007. Plant speciation. Science
317: 910–914.

Rieseberg LH, Wood TE, Baack EJ. 2006. The nature of
plant species. Nature 440: 524–527.

Roper M, Simonin A, Hickey PC, Leeder A, Glass NL.
2013. Nuclear dynamics in a fungal chimera. Proceedings of
the National Academy of Sciences of the United States of
America 110: 12875–12880.

Rosindell J, Phillimore AB. 2011. A uni�ed model of
island biogeography sheds light on the zone of radiation.
Ecology Letters 14: 552–560.

Rothfels CJ, Johnson AK, Hovenkamp PH, Swofford
DL, Roskam HC, Fraser-Jenkins CR, Windham MD,
Pryer KM. 2015. Natural hybridization between genera



© 2016 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 480–488

488  F. VAUX ET AL.

Manrique R, Henriques JJGP, Ignatenko N, Koenig
D, Lanza-Perea M, Lobetti R, Lopez Quintana AM,
Losfelt T, Marino G, Martincorena I, Mart ��nez Cas-
ta �neda S, Mart ��nez-L �opez MF, Meyer M, Nakanwagi
B, De Nardi AB, Neunzig W, Nixon SJ, Onsare MM,
Ortega-Pacheco PM, Pye RJ, Reece JF, Rojas Gutier-
rez J, Sadia H, Schmeling SK, Shamanova O, Ssuna
RK, Steenland-Smit AE, Svitich A, Thoya Ngoka I,
Vit� �alaru BA, de Vos AP, de Vos JP, Walkinton O,
Wedge DC, Wehrle-Martinez AS, van der Wel MG,
Widdowson SAE, Murchison EP. 2016. Mitochondrial
genetic diversity, selection and recombination in a canine
transmissible cancer. Elife 5: e14552.

Strotz LC, Allen PA. 2013. Assessing the role of cladogene-
sis in macroevolution by integrating fossil and molecular
evidence. Proceedings of the National Academy of Sciences
of the United States of America 110: 2904–2909.

The Heliconius Genome Consortium. 2012. Butter�y gen-
ome reveals promiscuous exchange of mimicry adaptations
among species. Nature 487: 94–98.

Theriot EC, Fritz SC, Whitlock C, Conley DJ. 2006. Late
Quaternary rapid morphological evolution of an endemic dia-
tom in Yellowstone Lake, Wyoming. Paleobiology 32: 38–54.

Trewick SA, Morgan-Richards M, Chapman HM. 2004.
Chloroplast DNA diversity of Hieracium pilosella (Aster-
aceae) introduced to New Zealand: reticulation, hybridiza-
tion, and invasion. American Journal of Botany 91: 73–85.

Valente LM, Etienne RS, Phillimore AB. 2014. The
effects of island ontogeny on species diversity and phy-
logeny. Philosophical Transactions of the Royal Society B:
Biological Sciences 281: 20133227.

Vaughn JC, Mason MT, Sper-Whitis G, Kuhlman P, Pal-
mer JD. 1995. Fungal origin by horizontal transfer of a
plant mitochondrial group I intron in the chimeric Cox1 gene
of Peperomia. Journal of Molecular Evolution 41: 563–572.

Vaux F, Trewick SA, Morgan-Richards M. 2016.
Lineages, splits and divergence challenge whether the
terms anagenesis and cladogenesis are necessary. Biologi-
cal Journal of the Linnean Society 117: 165–176.

Wishart WD, Hrudka F, Schmutz SM, Flood PF. 1988.
Observations on spermatogenesis, sperm phenotype, and fer-
tility in white-tailed x mule deer hybrids and a yak x cow
hybrid. Canadian Journal of Zoology 66: 1664–1671.

Woloszynska M, Bocer T, Mackiewicz P, Janska H.
2004. A fragment of chloroplast DNA was transferred hori-
zontally, probably from non-eudicots, to mitochondrial gen-
ome of Phaseolus. Plant Molecular Biology 56: 811–


