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Par aphyletic group, PhyloCode and phylogenetic species
—the current debate and a preliminary commentary
TANG Yan-Cheng LU An-Ming

(Laboratory of Systematic and Evolutionary Botany, Institute of Botany, the Chinese Academy of Sciences, Beijing 100093, China)

Abstract In this essay, three currently hotly debated issues in biological systematics, i.e.,
the paraphyletic group, the PhyloCode, and the phylogenetic species concept, have been
briefly reviewed. (1) It is widely acknowledged that cladistics has made some positive
contributions to the study of systematics. In particular, the employment of outgroup analysis
for assessing character polarities, the application of synapomorphies to the inference of
relationships between taxa, and the use of cladistic methods for reconstructing phylogeny,
have all greatly facilitated the improvement of systematic approaches. A fatal flaw in
cladistics is its refusal to accept paraphyletic groups. Frankly, we are adherents and
practitioners of phyletics, and hence consider paraphyletic groups to be acceptable. For
example, an AFLP analysis has shown that Zabelia (Caprifoliaceac) can be included in
Abelia, but the members in Zabelia differ from those in Abelia not only in pollen morphology,
but also in having persistent petioles dilated and connate at base, thus enclosing axillary buds,
characters of adaptive significance obtained possibly when Zabelia members entered a new
ecological niche, so we consider that they are better treated as two independent genera,
though indeed such a treatment makes Abelia paraphyletic. (2) Some cladists pointed out that
as the tool for communication and the system for information storage and retrieval, biological
nomenclature is required to be unambiguous, unique and stable. They criticise the Linnaean
rank-based system of nomenclature for failing to satisfy such requirements for the naming of
clades and species. To address this problem, the PhyloCode is proposed in recent years, in
which three definitions for clade naming are given, i.e., the node-based, the stem-based, and
the apomorphy-based. We are of the opinion that since the Linnaean binominal system of
botanical nomenclature has existed for nearly 250 years, the rejection of this system and the
adoption of the PhyloCode would create a state of chaos in botanical nomenclature. This does
not mean that there exist no merits in the proposals made by the PhyloCode supporters. We
suggest that further studies should be conducted for its practical application. (3) It has been
well known that there are many problems with the application of the biological species
concept in plants, and thus at the present time the majority of plant systematists actually
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seldom use this concept in their practical work. The rapid development of cladistic approach
has motivated the proposal of the phylogenetic species concept. This species concept is
established based on three criteria, i.e., the autamorphy, the diagnosability and the basal
exclusivity, hence the autamorphy species concept, the diagnosability species concept, and the
genealogical concept are created respectively. Nevertheless, the morpho-geographical species
concept is still predominantly adopted in plant systematics. When using this species concept,
however, we should also take into account the data from other sources, particularly those from
pollination biology, breeding system and molecular systematics.

Key words paraphyletic group, PhyloCode, phylogenetic species concept.
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(polyphyletic group) ,
, Forey(1983) , ,
Hennig , Hennig
Hennig (1966: 73) “ A monophyletic group is a group of

species descended from a single (“ stem™) species, and which includes all species descended
from this species. Briefly, a monophyletic group comprises all descendants of a group of
individuals that at their time belonged to a (potential) reproductive community, i.e. to a single
species.” ,

Simpson(1961: 124) “ Monophyly is the derivation of a taxon through one or
more lineages (temporal succession of ancestral-descendant populations) from one
immediately ancestral taxon of the same or lower rank”

Mayr (1974: 104) “ ...the
term monophyletic, ever since Haeckel, has been applied to groups which satisfied two
conditions: 1. the component species, owing to their characteristics, are believed to be each
other’s nearest relatives, and 2. they are all inferred to have descended from the same

common ancestor. ’ , ,
) ) ( , )
2003) Ashlock(1974) , Hennig monophyly (holophyly),
(monophyly) ‘ ; (
, 1983) (cladistics) ,
Hennig , o “or
“ ” Hennig(1966: 146) “ oo ”
, (synapomorphy) ~ , "
(symplesiomorphy), 1966 45 ,
, Hennig *“ K ,
(convergence) (2003) “ ”
Hennig , ,

b b b

, (Donoghue & Cantino,
1988: 111) Hennig(1965: 105) ,
60-80 ,
(cladistic relationship),
(outgroup analysis) (character polarity)
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Cronquist(1987: 33) , ; )
(cladist)

2 2

Brummitt(1996)
, , Judd (1994) 6 (family pair),
Apocynaceae Asclepiadaceae, Araliaceae Apiaceae, Capparaceae Brassicaceae,

Caprifoliaceae Dipsacaceac Valerianaceae, Moraceae Urticaceae, Sapindaceac Aceraceae

Hippocastanaceae , ,  Sambucaceae(
Viburnum L.) Adoxaceae, Araliaceae Apiaceae, Asclepiadaceae
Apocynaceae, Capparaceae Brassicaceae, Fumariaceae Papaveraceae,
Aceraceae Hippocastanaceae Sapindaceae, Moraceae Cannabaceaec Cecropiaceae

Urticaceae :Bombaceae

Malvaceae, Clusiaceae  Hypericaceae, Ehretiaceae =~ Boraginaceae, Flacourtiaceae

Salicaceae, Myrsinaceae Primulaceae, Verbenaceae Lamiaceae

“ ”
b b

, Flacourtiaceae Phytolacaceae Liliaceac Loganiaceae Saxifragaceae

Simaroubaceae
, (phylogenetic classification——
Hennig )
(Linnaean classification)
“ " (Brummitt, 1997; van Welzen, 1997),
, , , , 1

1 a, ; b,
( Sosef, 1997)
Fig. 1. Diagrams showing two classifications according to two models. a, Phylogenetic classification; b, Linnaean
classification. Stippled circles refer to species. Arrows represent speciation events. (From Sosef, 1997)
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(1) 1 a, 1 b,
(ancestral-descent relationship)
, (modification), ,
, 2 ( )
(stem species, ), b () ,
, a
(rank), )

(internesting) , , ,

(mutually exclusive) ,

B B

(Sosef, 1997; Brummitt, 1997)
2 ) (

5 5 J udd ,
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Single oblique bar and double oblique bars representing new characters gained by C and
D clades respectively; O, @ and @ representing members of clade B, C and D respectively.

2 ( Brummitt (1997), )
Fig. 2. Very simplified diagram of descents from an ancestor. (modified from Brummitt, 1997)
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, , (sect. Abelia sect. Zabelia)
b b b ( b
1994) , sect. Zabelia sect. Abdlia
, sect. Zabelia ,
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(a) Phylogenetic classification (R&EKE 42 (b) Linnaean classification (#kZ2433%)
Ancestral taxon ( All taxa (&TZEHE)
(#5280
__Descendant taxa g?o C& A}lcestral taxon
UB#HED — (FHSEZEAE)

Ancestral taxon All taxa

e taxa coog)
QOO
(R A2 PR

3 Venn (a), 5 (b), ( Brummitt,2002)
Fig. 3. Hierarchies and corresponding Venn diagrams for two classifications. (a), Phylogenetic classification; (b),
Linnaean classification. (From Brummitt, 2002)
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Griffiths(1976) , Queiroz  Gauthier(1990, 1992,
1994) Cantino (1997) Cantino(2000) , 3 ,
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( ) 3 ( 4D
(node-based definition), “ A B o A B
, (A B)(2) (stem-based definition),
“ Z, A A ot A Z
", : A Z):03) (apomorphy-based definition)
« A M " “ M

” : (M A)(PhyloCode Version 2b, 9, 4, 1)

Node (555 ) Stem (T ) Apomorphy (fT1F & )
A
(@) ®) © !
4 (a), ; (b), ; (©), A B Z M (

de Queiroz & Gauthier, 1992; PhyloCode Version 2b)
Fig. 4. Three kinds of phylogenetic definition for clade. (a), node-based definition; (b), stem-based definition; (c),
apomorphy-based definition. A, B, Z and M refer to clades. (From de Queiroz & Gauthier, 1992; PhyloCode Version 2b)
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Fig.5. Cladograms showing the application of phylogenetic clade definitions in zoology. (From Gao & Sun, 2003).
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(a) 3(b)3 (
) ,
: /
( , ,2002)
PhyloCode , )
Cantino (1997) Lamiaceae , ,
PhyloCode , ,
(1) ( 6:(2)
, (a)cpDNA bootstrap = 50%,
;(b)cpDNA bootstrap > 70%,
;(c)cpDNA bootstrap = 90%,
, ( , 3
: , )

Labiatae (clade A)—The least inclusive clade that contains Cyclonema myricoides,
Premna microphylla, Lamium purpureum, Prostanthera rotundifolia, Vitex agnus-castus,
Tectona grandis, Callicarpa dichotoma, Glechoma hederacea, Congea tomentosa, Chloanthes
parviflora, Cornutia grandiflora, Hymenopyramis brachiata, Neorapinia collina, Physopsis
spicata, and Pseudocarpidium ilicifolium. Synapomorphy: ovules attached laterally to carpel
margins (illustrated by Junell, 1934). Membership: genera listed by Cantino et al. (1992).

Teucrioideae (clade E). —The least inclusive clade that contains Clerodendrum chinense,
Teucrium fruticans, Cyclonema myricoides, Aegiphila costaricensis, Amasonia campestris,
Glossocarya coriacea, Huxleya linifolia, Karomia fragrans, Karomia tettensis, Peronema
canescens, and Petraeovitex multiflora. Synapomorphy: pollen exine with branched to
granular columellae (illustrated by Abu-Asab and Cantino, 1992). Membership: genera
assigned to Teucrioideae by Cantino et al. (1992) plus Ajuga.

Clerodendrina (clade F). —The least inclusive clade that contains Caryopteris incana,
Clerodendrum chinense, and Teucrium fruticans. Membership: Ajuga, Caryopteris,
Clerodendrum (including Tetraclea), Faradaya, Oncinocalyx, Oxera, Spartothamnella,
Teucridium, Teucrium, and Trichostema.

PhyloCode s , 2000
, Taxon The Botanical Review ,
(Bremer, 2000; de Queiroz & Cantino, 2001; Lee, 2001, 2002; Monsch
2003) (Nixon & Carpenter, 2000; Stuessy, 2000, 2001; Forey, 2002; Keller et al.,

2003; Kojima, 2003; Moore, 2003; Nixon et al., 2003; Jdrgensen, 2004),
(Langer, 2001; Berry, 2002; Stevens, 2002; Barkley, 2004a, b)

(M
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Caryopteris divaricata
Caryopteris bicolor
Caryopteris incana
Trichostema dichotomum
Ajuga reptans

Tetraclea coulteri
Clerodendrum chinense
Teucridium parvifolium
Oncinocalyx betchei
Teucrium fruticans
Cyclonema myricoides
Gmelina philippensis
Premna microphylla
Tinnea zambesiaca
Scutellaria bolanderi

Holmskioldia sanguinea
Prasium majus
Physostegia virginiana
Marrubium vulgare

Lamium pupureum

Colebrookea oppositifolia

Pogostemon cablin

24 '—C—— Prostanthera rotundifolia
10 Petitia domingensis

44 _-9{: Vitex agnus-(fastus

Tectona grandis

Callicarpa dichotoma
34 100 Glechoma hederacea
A1 B 120 Mentha rotundifolia
100 Salvia divinorum
59 Elsholtzia stauntonii

Plectranthus barbatus

Congea tomentosa

7 outgroups

6 Lamiaceae , cpDNA , bootstrap s (
Cantino et al., 1997)
Fig. 6. Strict consensus tree of Lamiaceae from parsimony analysis of cpDNA sequence data. Numbers are bootstrap
percentages. Letters represent clades. (From Cantino et al., 1997)

(2) PhyloCode , , (clarity)
(uniqueness) (stability),

@ ° 7

(4) PhyloCode

®) 250
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B B ]

PhyloCode PhyloCode, 250
) ; .
PhyloCode ,
(biological species) (phylogenetic species)
Mayr(1982) Eldredge(1995) ,
s s , ( Claridge
, 1997); Mayden (1997) 22
3040 , (biosystematics) ,

>

Dobzhansky(1937)  Genetics and the Origin of Species ~ Mayr(1942)  Systematics and

the Origin of Species , ,
Mayr(1942: 120) ,
, Dobzhansky
, (
, 1997) ,
, , ,Davis
Heywood(1963: 96-97) 6 ,Stebbins(1993)
Vicia sativa L. Quercus douglasii Hook & Arn. ,
Ceanothus L. Mimulus L. ,
Donoghue(1985)
(theory of causation) , ,
, Quercus
douglasii Vicia sativa , , ;
(sibling species cryptic species Gilia transmontana )
(autopolyploid, = Heuchera micrantha ) , ,
(Gornall, 1997) , T )
50 , ,
Hennig (1966) ,

(transformation),

(cleavage), (speciation) Hennig ,

> >
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, (radiation)
,Hennig ! K ,
, , ( , 1983)
Mayr(1974) (purely formalistic)
Hennig . , (phylogenetic
relationship) (terminal taxa), ,
(phylogenetic species) ,

3 Donoghue(1985) (autapomorphy species
concept); Nixon Wheeler(1990) (diagnosability species
concept), Baum Shaw(1995) (genealogical species concept) Judd

(2002) “ " (reticulation relationships)

" (divergent relationships of separate lineages)

“ ” . ”
b

: . Judd (2002)

13 ” , 3 ,
“ ? b b 3
3
(1 (autapomorphy species concept):Donoghue(1985)
, “ " (metaspecies),
7
A B C D E F

7 123 , DEF;XY ;ABC * "
Donoghue, 1985, )

Fig. 7. A cladogram of a monophyletic group of species. Autamorphies 1-3 separate autapomorphy species D, E, F
respectively. X and Y are synapomorphies. A, B and C are metaspecies. (Modified from Donoghue, 1985)
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2) (diagnosability species concept):Nixon Wheeler(1990, Davis
Nixon, 1992) M ,
( ) ( ) (
) (population aggregation analysis)
, ( ) 5 ,
10 , , 1 1
138 ; 245610 ; 9
I, m o, , ,
2 2 7 ,
1 © )1 ( ) ( »E (

Davis & Nixon,1992))
Table 1 Matrix of individuals and attributes (Pop.=Population, Ind.=Individual; O=absent; 1=present (in

individual) or fixed (in population); * =present but not fixed in population. (From Davis & Nixon, 1992))

Attribute
1 2 3 4 5 6 7 8 9 10
Pop. 1
Ind. 1 1 0 1 1 0 0 0 1 0 1
Ind. 2 1 1 1 1 1 0 0 1 0 0
Ind. 3 1 1 1 1 0 0 0 1 0 1
Ind. 4 1 0 1 1 0 0 0 1 0 0
Ind. 5 1 1 1 0 0 0 0 1 0 1
1 + 1 + + 0 0 1 0 *
Pop. I
Ind. 1 1 0 1 1 1 1 0 1 1 1
Ind. 2 1 0 1 1 0 0 1 1 1 1
Ind. 3 1 0 1 1 1 0 0 1 1 1
Ind. 4 1 0 1 1 1 0 1 1 1 1
Ind. 5 1 0 1 1 1 0 0 1 1 1
1 0 1 1 + + + 1 1 1
2 ( ,1 £ ( Davis & Nixon 1992) )

Table2 Matrix of populations and attributes (Pop.=Population; Sp=Species; O=absent; 1=fixed; * =present
but not fixed. (From Davis & Nixon, 1992))

Attribute

1 2 3 4 5 6 7 8 9 10
Pop. 1 1 + 1 + + 0 0 1 0 +
Pop.3 + + 1 0 + 0 + 1 0 0
Pop.4 * 1 1 0 + 0 + 1 0 0
Pop.5 0 * ! 0 + 0 0 * 0 0
Sp. 1 t t ! * + 0 t * 0 *
Pop.2 1 0 1 1 + + + 1 1 1
Pop.6 1 0 1 1 0 1 + + 1 1
Pop.7 1 0 1 1 0 1 + + 1 t

1 0 1 1 + + N + 1 +

Sp. I
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99 3 b b 2
, Snow(1997) ,
3 ——Leptochloa ciliolata (Jedw.) S. T. Blake L.decipiens (R. Br.)
Stapf ex Maiden L. peacockii Domin Davis Goldman(1993) ,
(isozyme) , Puccinellia nuttalliana Hitchcock ,
2 P. lemmonii Scribn. P. parishii Hitchcock ,
2 ,
3) (genealogical species concept): Baum Shaw(1995) s
(genealogical species) (a) (basal taxa),
;(b) (exclusive group),
(coalescent theory) (gene-genealogy)
, ( introgression)
(asexual group)
Leptochloa P. Beauv. Puccinellia Parl. ,
(type concept), , s
N K (type method) ,
, (nomenclatural type=type)(Davis &
Heywood, 1963: 10) 3 , s
( );
(grouping) , , ) )
, (ranking) , ,
s (naming) Davis Heywood(1963: 22,
313-319) “ (geographical morphological method)” ,
“ " (morphogeographical species concept), , 20
50-60 , ,

“ ”

Judd (2002: 147-150) , (agamospecies)
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