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Species Concepts and Problems in Practice: 
Insight from Botanical Monographs 

LUCINDA A. MCDADE 

Department of Ecology and Evolutionary Biology, University of Arizona, 
Tucson, Arizona 85721 

ABSTRACT. 104 monographs from three journals treating 1,790 species were surveyed to develop 
an overview of 1) species and infraspecific concepts used by monographers and 2) problems in 
species delimitation due to variation, hybridization, and asexual reproduction. Most monographers 
did not discuss species or infraspecific concepts; the majority of those who did used a morphological 
or taxonomic concept. Infraspecific categories, whether subspecies or varieties, were used by most 
monographers to delimit morphologically and geographically differentiated entities within species. 
About 7% of the species monographed were sufficiently variable that species delimitation was 
difficult and 10% were subdivided infraspecifically. About 12% were involved in hybridization, but 
in only about 1% was there sufficient complexity to make species delimitation problematic. These 
data are compared to the incidence of hybridization reported for the flora of the British Isles. About 
5% of the species surveyed were hypothesized to be of hybrid origin. Asexual reproduction was a 
significant problem in monographs treating only two groups. These biological phenomena, partic- 
ularly hybridization and asexual reproduction, were distributed unevenly across the plant groups 
monographed, with most presenting few problems. Based on these results, it is argued that there 
are gaps between theoretical and practical work at the species level that should be bridged. It seems 
clear that monographers working with most groups need not be unduly concerned that the biological 
nature of the taxa they study makes them inappropriate for phylogenetic analyses or for the ap- 
plication of certain species concepts. On the other hand, difficult groups are equally important for 
understanding the patterns and processes of evolution and their special biological properties should 
be highlighted. 

The species problem is an intriguing one that 
has occupied and continues to occupy a great 
deal of the collective research effort of evolu- 
tionary biologists. Among biologists who do not 
devote themselves to this subject as a research 
project, many still confront the issue in at least 
two venues. First, educators confront the spe- 
cies problem in teaching about the biology of 
organisms. One or more lectures on species are 
usually included in courses that deal with the 
theory and practice of systematics or with the 
diversity of a particular taxonomic group. Sec- 
ond, those who conduct research at and below 
the species level put species concepts into prac- 
tice every day. How systematists do this is the 
primary topic of this paper. 

At least two distinct issues are potentially part 
of "the species problem": defining species as a 
category and delimiting species in practice. I 
seek to address here how practicing systematic 
botanists, specifically monographers (see be- 
low), are handling both aspects of the problem. 
First, are monographers engaged in the contro- 
versy over species definitions, and which def- 
inition(s) do they find valuable? This may pro- 

vide insight on the extent to which practicing 
systematists are influenced by, and perceive as 
useful, the debate about species concepts. My 
hope is that feedback "from the trenches" might 
usefully inform and perhaps direct more the- 
oretically oriented work. 

A second objective is to use the work of these 
experts (i.e., specialists on particular groups of 
plants) to estimate the incidence of problems 
in species delimitation. The biological processes 
that confound efforts to delimit species have 
been described extensively in the classical lit- 
erature of the new synthesis (e.g., Stebbins 1950; 
Mayr 1970; Grant 1981). These include recency 
of divergence and uncertain fate of lineages 
that have recently split, mismatch between ana- 
genesis (i.e., accumulation of apomorphies) and 
lineage splitting, hybridization, and reproduc- 
tion exclusively or primarily by asexual means. 
Genetic phenomena such as transposable ele- 
ments (Kidwell 1993) and concerted gene con- 
version (Hillis et al. 1991) will also complicate 
species delimitation, although how frequently 
these will be detected in systematic research is 
unclear. A number of these problems can be 
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ascribed simply to "bad" timing. When diver- 
gence is recent, incomplete, unmarked by de- 
tectable characters, or of uncertain fate, it is 
bound to be difficult to resolve species limits. 
Perhaps more significantly, groups that hybrid- 
ize extensively or that reproduce asexually may 
simply not fit some concepts of species. These 
last two biological phenomena are often iden- 
tified as especially common in plants (at least 
compared to vertebrate animals) and as creating 
problems for the application of certain concepts 
(e.g., the biological species concept) and meth- 
ods (i.e., phylogenetics) to plants (Cronquist 
1978, 1987). Estimates of the incidence of these 
sorts of problems may help to evaluate the ex- 
tent to which systematic botanists need to be 
concerned that the properties of their study or- 
ganisms render certain concepts and methods 
inappropriate. 

METHODS 

To develop an overview of species concepts 
and problems in practice, I surveyed mono- 
graphic works (Appendix 1) published in three 
journals: Systematic Botany Monographs (hence- 
forth SBM; 10 yr: 1984-1993), Systematic Botany 
(SB; six years: 1988-1993) and Opera Botanica 
(OB; 10 yr: 1984-1993). These three journals were 
chosen for a number of reasons. I sought jour- 
nals that serve the broad community of system- 
atic botanists; journals tied closely to a partic- 
ular institution, herbarium or region of the U.S. 
were avoided. I included SB as well as SBM in 
order to sample monographs handling relative- 
ly few taxa as well as the larger scale works 
characteristic of monograph series. OB was in- 
cluded as an admittedly limited sample of the 
work of European systematists in addition to 
that of (largely North) American workers. 

Only papers that were monographic or re- 
visionary in nature were included in the sur- 
vey. Floristic treatments were not included un- 
less a significant portion of a group (genus, sub- 
genus, monophyletic lineage, etc.) was treated 
in a monographic, revisionary manner. De- 
scriptions of new taxa were not included unless 
these also presented the results of revisionary 
work on related taxa. Only treatments of ferns 
and seed plants were included, largely for rea- 
sons of personal competence, but also because 
species concepts as applied to the other lineages 
traditionally included within the discipline of 

botany (e.g., fungi, lichens) are expected to vary 
considerably. 

Each monograph was scored as including (or 
not) a discussion of the species and/or infra- 
specific concept(s) applied in conducting the 
research. When authors did not discuss their 
species concepts, I did not attempt to deduce 
this information (although this could probably 
be done in most cases). I did, however, include 
discussions of species concepts that were brief, 
not identified as such, or fairly subtle (e.g., em- 
bedded in a discussion of some other issue). I 
kept a full record of each author's statement 
regarding species concepts so that I could de- 
velop a synthesis of these after completing the 
survey. The same information was recorded for 
infraspecific concepts. Note that my goal here 
was not to provide a synthesis of species con- 
cepts (for which, see Rieseberg and Brouillet 
1994; Luckow 1995), nor to force monographers 
into any one classificatory scheme of species 
concepts. Neither was my goal to debate the 
validity and utility of species concepts that have 
been proposed (for which, see Nixon and Whee- 
ler 1990; Baum and Donoghue 1995; and ref- 
erences therein). Rather I permitted monogra- 
phers to identify for themselves those ideas and 
criteria that they found most useful. 

Each species account was surveyed for evi- 
dence of problematic levels of variation and of 
hybridization (Table 1). Extensive intraspecific 
variation may make it difficult to delimit taxa 
and may reflect speciation that is incipient or 
of uncertain fate. Recognition of infraspecific 
taxa was taken as evidence that a species showed 
problematic variation even if the author did not 
state this explicitly. When an author both stated 
that a species was difficult to handle due to 
variability and recognized infraspecific taxa, the 
species was tallied in both categories. As a re- 
sult, the tallies for these two categories are not 
independent and do not sum to the total num- 
ber of variable species (Table 2). 

Species identified as hybridizing or of hybrid 
origin were tallied in one of four categories 
depending upon the nature and severity of the 
phenomenon. Hybridization was scored as triv- 
ial when it did not severely influence species 
delimitation. For example, it might be noted 
that occasional specimens appeared to be inter- 
mediate between species 1 and 2, perhaps due 
to hybridization. My use of the term trivial re- 
fers only to the issue of delimiting species: even 
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TABLE 1. Species delimitation in practice. Each species in the monographs surveyed (see Appendix 1) was 
tallied in one or more of the following categories. See text for further explanation. 

1. No problems in species delimitation cited 
2. Variation 

a. Variation cited as a problem in species delimitation 
b. Infraspecific taxa recognized (subspecies, varieties, forms, or combinations of these categories) 

3. Hybridization 
a. Species hybridizing 

1. Trivial (hybridization not sufficiently frequent or complex to result in problems in species delimi- 
tation) 

2. Problematic (hybridization frequent and/or complex enough that species delimitation was difficult) 
b. Species of hybrid origin 

1. Hypothesis proposed with no explicit evidence 
2. Hypothesis supported by one or more lines of evidence 

4. Species delimitation difficult or arbitrary because asexual lineages involved 

if hybridization is trivial from the monogra- 
pher's perspective, it may be very important 
biologically. Hybridization was tallied as prob- 
lematic when monographers indicated that spe- 
cies delimitation was difficult or arbitrary due 
to frequent or complex patterns of hybridiza- 
tion. In both cases, the number of species involved 
in hybridization was tallied (e.g., one species 
hybridizing with two other species to yield 
plants of two different hybrid combinations 
would be scored as three hybridizing species). 
Hypotheses regarding the origin of species via 
hybridization were tallied according to wheth- 
er or not evidence was presented to support the 
idea. Cases where hybridity was simply men- 
tioned as a possibility were tallied as hybrid 
origin proposed. Cases that were supported by 
one or more lines of evidence (e.g., morpho- 
logical patterns, chromosome data, crossing ex- 
periments, pollen viability) were tallied as sup- 
ported hypotheses. In the case of hybrid origin, 
entries reflect the number of species hypothe- 
sized to have originated in this way. 

Finally, each monograph and species descrip- 
tion was checked for statements regarding asex- 
ual reproduction, with the goal of estimating 
the frequency of problems at the species level 
due to lineages that reproduce asexually. 

Surveying monographs for the presence or 
absence of certain kinds of information should 
not be viewed as judging these works. System- 
atists who conduct monographic research have 
different professional backgrounds, goals and 
training, and what is published in monographs 
often represents perspectives other than the au- 
thor's (e.g., reviewer's, editor's). My goal is not 

to judge but rather to sample the work of mo- 
nographers for an overview of how the indi- 
viduals who are making the most significant 
contributions to documenting plant biodiver- 
sity are handling species problems. 

RESULTS 

During the total of 26 journal-years surveyed, 
104 monographs were published that met the 
above criteria. These treated 126 different gen- 
era in 49 families. A total of 1,790 species were 
delimited and described in these monographs. 
Most of the monographs were based on mor- 
phological data, but a number incorporated oth- 
er sources of evidence (e.g., chromosomes, ul- 
trastructural characters, molecular data, com- 
mon garden experiments). 

Species Concepts And Criteria For Delimi- 
tation. Of the 104 monographs, 28 included a 
discussion of species and/or infraspecific con- 
cepts and criteria used in the research (Table 
2). The concepts and criteria used by these au- 
thors are listed in Appendix 1 and discussed 
below. As Appendix 1 indicates, several mo- 
nographers employed more than one concept 
or criterion. 

Twenty-one authors indicated that they used 
morphological differences to distinguish spe- 
cies. Fifteen of these specified that they adopted 
a morphological or taxonomic species concept. 
Cronquist (1978), Davis and Heywood (1963), 
Du Rietz (1930) and Grant (1981) were cited 
most frequently as sources of this concept. Five 
authors quoted Cronquist's (1978) definition of 
species as ". . . the smallest groups that are con- 
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TABLE 2. Summary of monographs surveyed, number discussing species and/or infraspecific concepts or 
criteria for delimiting taxa, and number recognizing infraspecific taxa. SBM = Systematic Botany Monographs, 
SB = Systematic Botany, OB = Opera Botanica. See Appendix 1 for detailed tabulation of monographs. 

SBM SB OB Total 

No. monographs 36 47 21 104 
No. species 773 242 775 1,790 
No. discussing species and/or infraspecific concepts 

(% monographs) 10 (28%) 4 (8%) 14 (67%) 28 (27%) 

No. recognizing infraspecific taxa 
Subspecies 9 2 10 21 
Varieties 14 11 1 26 
Subspecies + varieties 2 2 4 8 
Varieties + forms 1 0 0 1 
Subspecies + forms 0 0 2 2 

Total (% monographs) 26 (72%) 15 (32%) 16 (76%) 58 (56%) 

sistently and persistently distinct, and distin- 
guishable by ordinary means." Those who did 
not explicitly mention Cronquist's definition 
described their species concept as based on ". . . 
a number of significant differences" (Graham 
1988), ". . . major morphological discontinuities 

." (Chen et al. 1992), ". . . phenetic characters 

." (Stahl 1991). A number of authors indicated 
that the morphological differences on which 
they relied were assumed to have a genetic basis 
(e.g., Jansen 1985; Stahl 1991; Luckow 1993) or 
were under selection (Lammers 1991). Several 
monographers identified characteristics ancil- 
lary to morphology that species were expected 
to possess (e.g., distinctive geographic range 
and/or habitats, ecological coherence; Appen- 
dix 1). 

Soreng (1991) and Luckow (1993) adopted the 
species concept of Nixon and Wheeler (1990), 
and sought to recognize species that shared one 
or more unique characters or a unique combi- 
nation of characters. Karis (1989) identified the 
possession of one or more unique apomorphies 
more or less as an extension of the morpholog- 
ical species concept, but went on to designate 
as species a number of entities that explicitly 
lack autapomorphies. 

Three authors adopted the evolutionary spe- 
cies concept of Wiley (1978, 1981). Two of these 
also indicated that morphological patterns were 
key (Sanders 1987; Andersson 1985). Wanntorp 
(1988) used the morphological species concept, 
but noted with approbation the concept of spe- 
cies as lineages. 

The authors of one monograph suggested that 
species should be monophyletic (Wilken and 
Hartman 1991). Three others indicated that spe- 
cies should share a common ancestry. 

Two monographers adopted the biological 
species concept, indicating that reproductive 
isolation was key (Borgen 1987; Molau 1990). 
Six others used reproductive criteria, indicating 
that species should be reproductively isolated 
from each other or that reproductive continuity 
is expected within species. These latter workers 
used phrases such as ". . . show no evidence of 
hybridization. . ." (Ertter 1993),"... artificially 
produced F,s have reduced pollen fertility ... 
(Baden 1987), ". . . chromosome data. . ." (Liden 
1986), "... indication of ... reproductive iso- 
lation of the species . .." (Soreng 1991), and ". . . 
partial or complete reproductive isolation . . ." 
(Lammers 1991). On the other hand, two work- 
ers (Klackenberg 1985; Karis 1989) specifically 
rejected the biological species concept as im- 
practicable. 

Infraspecific Taxa and Concepts. Infra- 
specific taxa were recognized for at least one of 
the species treated in 58 of the 104 monographs 
(Table 2; Appendix 1). SBM and SB monogra- 
phers recognized varieties more frequently than 
subspecies whereas OB authors preferred sub- 
species to varieties by ten to one (Table 1). Sub- 
species and varieties were used in combination 
in eight monographs. Forms were used rarely 
and never as the only infraspecific category. 
Several authors identified historical precedent 
(i.e., previously published classifications for 
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their group) as contributing to their decision 
regarding use of infraspecific categories (e.g., 
Jansen 1985; Graham 1988). 

Concepts or definitions of infraspecific taxa 
were discussed in 26 monographs. Fourteen of 
16 OB authors who used infraspecific categories 
(plus one who did not) discussed their concepts 
of these taxa whereas 12 of 42 SBM and SB au- 
thors using such categories explained their us- 
age (Appendix 1). 

Twenty of 31 monographers who recognized 
subspecies discussed their use of this taxonomic 
category. Eighteen of these described subspe- 
cies as more or less allopatric and morpholog- 
ically distinct components of a species. In con- 
trast, Karis (1989) indicated that subspecies may 
be allopatric but not morphologically distinct. 
Several authors described the quantity or qual- 
ity of characters that differentiate subspecies: 
... very similar . . ." (Wanntorp 1988); .1. at 

least one character . . ." (Johansson 1987); 
differ by two or three correlated characters. . 
(Christensen 1991). Borgen (1987) and Molau 
(1990) indicated that ecotypes could be desig- 
nated as subspecies. 

Other criteria for subspecies included infer- 
ences about reproduction: intergradation may 
occur between subspecies (e.g., Johansson 1987; 
Kallersjo 1991; Wilken and Hartman 1991; 
Klackenberg 1992); F,s have reduced pollen fer- 
tility (Baden 1987). 

Two authors discussed the biological pro- 
cesses responsible for the character patterns they 
recognized by delimiting subspecies. Liden 
(1986) described subspecies as the allopatric but 
not yet well differentiated result of the early 
stages of primary speciation. Wilken and Hart- 
man's (1991) identification of subspecies as lin- 
eages clearly points to the same ideas. Soreng 
(1991) described incipient speciation or second- 
ary contact as responsible for the patterns of 
variation he described as subspecific. 

Nine of the 35 monographers who recog- 
nized varieties discussed the nature of the en- 
tities assigned to this rank. Six of these defined 
varieties as more or less geographically and 
morphologically distinct (i.e., the same defini- 
tion as that applied by other monographers to 
subspecies, see above). Six authors indicated that 
varieties need possess only one of these char- 
acteristics [e.g., Christensen (1992) argued that 
they should be sympatric and differentiated or 
allopatric and not strongly differentiated; Liden 

(1986) and Soreng (1991) indicated that varieties 
were expected to be sympatric]. Jansen (1985) 
noted that the characters that differentiate va- 
rieties should have a genetic basis. 

Although there is considerable consensus re- 
garding criteria for delimiting infraspecific taxa, 
there is less agreement regarding which rank 
to use (Table 2). In fact, a number of authors 
noted that, in practice, there is little difference 
between subspecies and varieties (Borgen 1987; 
Graham 1988; Spooner 1990). When authors 
designated both varieties and subspecies, va- 
rieties were expected to have a more restricted 
range and to differ by fewer (or less important) 
characters than subspecies. Several authors in- 
dicated that they followed Du Rietz's (1930) 
characterization of subspecies versus varieties 
as regional versus local facies of a species. 

Forms were used by three authors and were 
defined by one of these to be "deviating indi- 
viduals" (Klackenberg 1992). 

Problems in Species Delimitation. Of the 
1,790 species treated, 1,454 (81%) were present- 
ed with no indication of notable difficulties in 
species delimitation (Table 3). The proportional 
representation of non-problematic species was 
similar among the three journals. About 10% of 
species (173) presented patterns of differentia- 
tion that led monographers to recognize infra- 
specific taxa. Seven percent (120) were identi- 
fied as sufficiently variable to present problems 
in species delimitation. The proportional rep- 
resentation of problematic species was similar 
among journals (Table 3). 

One hundred ninety-two species (ca. 11% of 
the total of 1,790 treated) were judged to be 
involved in hybridization that did not seriously 
influence species delimitations. Note that, be- 
cause it takes two species to yield one hybrid 
entity, the number of hybrid combinations 
identified by these monographers is about half 
the number of hybridizing species (about be- 
cause some species were involved as parents in 
more than one hybrid combination). SBM au- 
thors identified hybridization as occurring more 
than twice as frequently as either SB or OB au- 
thors (Table 3). About 1% (13) of all species were 
identified as hybridizing at levels that made 
species delimitation difficult or arbitrary. The 
proportional representation of such species was 
similar among journals (Table 3). 

A hybrid origin was speculated for nine spe- 
cies with essentially no discussion of evidence. 
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TABLE 3. Incidence of problems in species delimitation among monographs surveyed (see Table 1 and text 
for explanation of kinds of problems recorded). SBM = Systematic Botany Monographs, SB = Systematic 
Botany, OB = Opera Botanica. Entries are number of species' and percent2. 1 Some species were placed in 
more than one category (e.g., of putative hybrid origin and highly variable); hence entries do not sum to 
number of species surveyed. 2 Percents expressed as proportion of total number of species surveyed per 
journal or in all three journals (Total column). 3 Entries are number of species hypothesized to be involved 
in hybridization (e.g., spp. 1 x spp. 2 = 2 hybridizing species). 4 Entries are number of species hypothesized 
to be of hybrid origin. 

SBM SB OB Total 

No. Species 773 242 775 1,790 
No problems cited 611 (79%) 203 (84%) 640 (83%) 1,454 (81%) 

Variation 
Problematic 83 (8%) 16 (7%) 40 (5%) 120 (7%) 
Infraspecific taxa recognized 77 (10%) 19 (8%) 77 (10%) 173 (10%) 

Hybridization 
Species hybridizing3 

Trivial 125 (16%) 15 (6%) 52 (7%) 192 (11%) 
Problematic 5 (1%) 2 (1%) 6 (1%) 13 (1%) 

Species of Hybrid Origin4 
Proposed 1 (<1%) 0 (<1%) 8 (1%) 9 (1%) 
Supported 25 (3%) 3 (1%) 52 (7%) 80 (4%) 

Eighty hypotheses of hybrid origin were sup- 
ported by at least a brief discussion of patterns 
of morphological similarity, and in several cases 
by extensive evidence. The distribution of these 
was very uneven across monographs. Forty-six 
are species of Fumaria L., a well-known poly- 
ploid complex of hybrid derivative species (Li- 
den 1986). Liden argued that hybridization fol- 
lowed by polyploidy has been very important 
in the evolution of this group, but added that 
there were very few hybrids and no cases of 
introgression or hybrid swarms among these 
polyploid species. An additional 20 taxa of Cra- 
taegus L. were described by Christensen (1992) 
as nothospecies [i.e., entities of hybrid origin; 
only this author and Soreng (1991) used this 
category]. Most of these appear to be based on 
a few individual trees presumably stemming 
from one or a few hybridization events, al- 
though a few are wide-ranging and well estab- 
lished based on Christensen's (1992) descrip- 
tions. In addition, Christensen identified one 
compilospecies, i.e., a species that swamps neigh- 
boring species via active hybridization and in- 
trogression. No other monograph identified 
species as acting in this way. 

A number of authors mentioned hybridiza- 
tion or reticulation as yielding problems for 
classification of their group without providing 

explicit hypotheses regarding hybridizing en- 
tities (e.g., Hensold 1988; Andersson 1992; 
Christensen 1992). Strother (1991) mentioned 
reticulation as a source of problems at the genus 
level, but presented no further discussion or 
evidence. 

Although asexual reproduction was cited as 
occurring in a number of groups, no author 
identified this phenomenon as an insurmount- 
able problem for delimitation of species. Soreng 
(1991) indicated that he treated apomictic lin- 
eages of Poa L. not as species but rather as sub- 
sets of populations within sexual species. Chris- 
tensen (1992) stated that his use of the species 
category was not uniform because of variation 
in reproductive biology, including apomixis, 
within Crataegus. Beaman (1990) described 
problems caused by apomixis in subgenera of 
Hieracium L. not treated by him. 

One additional problem in delimiting species 
mentioned by several authors was inadequate 
information, largely a reflection of few or in- 
complete specimens (e.g., Nielsen et al. 1984; 
Christensen 1992; Klackenberg 1992). It is dif- 
ficult to say how a paucity of information might 
affect the results of a survey such as this. Poorly 
collected groups might be over-split into mono- 
morphic taxa represented by one or a few spec- 
imens, as suggested by Klackenberg (1992, p. 
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8). This might result in an underestimate of 
species level problems. On the other hand, many 
monographers are wary of describing species 
based on inadequate material and might instead 
group them with the most similar taxon pend- 
ing more material. This would increase the 
number of variable species. 

DISCUSSION 

Monographs represent the culmination of a 
long intellectual developmental process and the 
keen insight into a group of organisms that 
comes with years of study. Monographic work 
is painstaking and too often undervalued by the 
larger scientific community. One can hope that 
heightened appreciation of the biodiversity cri- 
sis will enhance the stature of monographers 
and their work [see Stuessy (1993) for a thor- 
ough discussion of the importance of mono- 
graphs]. My survey of more than 100 mono- 
graphs from 26 journal-years confirmed my high 
regard for this field of systematic research. The 
results of this survey offer insight into the con- 
cepts, issues, and methods that monographers 
identify as valuable for their work. Monographs 
also provide a window through which we may 
view the patterns and processes of plant diver- 
sity at the species level and below. 

It may certainly be questioned whether the 
size and nature of this sample can yield rep- 
resentative data on these topics. In terms of the 
practice of systematics, the sample omits sig- 
nificant groups of systematists. Among Old 
World systematists, the work of Scandinavians 
and their students was sampled. In the U.S., the 
work of museum-based scientists who often 
publish in in-house journals was largely not 
included. A broader sample of the worldwide 
botanical community certainly might alter the 
results of this survey. In terms of taxa, my sam- 
ple includes something less than 1% of the total 
expected number of species of ferns and seed 
plants. Temperate, herbaceous groups are over- 
represented whereas tropical, woody groups are 
under-represented. I do not believe that we yet 
know enough about the incidence of hybrid- 
ization, polyploidy, etc. among these latter plant 
groups to guess how this bias is likely to affect 
the results. It seems likely that no sample would 
be totally satisfactory to everyone. The fact that 
results are fairly homogeneous among journals 
in terms of the incidence of problems in species 

delimitation increases my confidence that real 
patterns, rather than artifacts of the systematists 
or taxa sampled, are emerging. 

It might also be asked whether monographs 
are the appropriate publication venue with 
which to address my goals. Certainly mono- 
graphs are only one of many forms of scientific 
publication resulting from systematic research. 
I chose monographs as the best source of esti- 
mates of the frequency of problematic variation, 
hybridization, and asexual reproduction in 
plants because it seems likely that other sorts 
of publications exaggerate the incidence of these 
biologically interesting phenomena. Stated most 
simply, papers reporting the absence of hy- 
bridization or the presence of tidy boundaries 
between species are rare. In contrast, in mon- 
ographic work, systematists treat all of the spe- 
cies in a given group, whether or not they are 
sufficiently "interesting" to merit stand-alone 
publications. 

Species Concepts. The majority of monog- 
raphers whose work was included in this sur- 
vey did not discuss the concepts or criteria used 
to delimit species. These authors may have cho- 
sen not to cover these topics for many reasons, 
and may also have been discouraged from do- 
ing so by others (e.g., editors, reviewers). About 
1/4 of the monographs surveyed included a dis- 
cussion of species concepts and criteria used to 
delimit taxa. Proportionately more authors in 
the monographic series discussed species con- 
cepts (57% and 24% versus 11% for OB and SBM 
versus SB, respectively) perhaps due to reduced 
pressure on these authors for brevity as com- 
pared to SB. I concur with Kellogg (1994) that 
describing species concepts and criteria used to 
delimit species is a key component of mono- 
graphic papers and would urge authors of 
monographs (and other works focused on the 
species level) to include at least a brief state- 
ment on these topics. 

Among authors who discussed species con- 
cepts, the vast majority indicated that they 
adopted a morphological or taxonomic concept 
of species and used morphological differences 
to delimit them. Perusal of the monographs that 
did not discuss species concepts indicated that 
most of these authors likewise used morpho- 
logical criteria in delimiting species. This does 
not, however, mean that monographers are not 
interested in the nature of the entities delimited 
by morphological characters as species. Among 



1995] MCDADE: SPECIES CONCEPTS AND PROBLEMS IN PRACTICE 613 

authors who discussed species concepts in any 
detail, most viewed species as reproductive 
communities that are lineages and that are in 
practice recognized by morphological charac- 
ters presumed to have a genetic basis. These 
authors thus indicated their intention to rec- 
ognize evolutionary entities. A number of au- 
thors also lamented that lack of other sources 
of data forced them to rely on morphological 
data. It is clear, therefore, that monographers 
largely rely on observable patterns of differen- 
tiation while assuming that these patterns are 
due to a variety of biological processes that un- 
derlie the morphological integrity of species. 

The ideas that species should be monophy- 
letic (de Quieroz and Donoghue 1988) or should 
be marked by autapomorphies or by unique 
combinations of characters (Nixon and Wheeler 
1990) were expressed infrequently. The mon- 
ographic work of systematics thus appears to 
have been largely unaffected by recent contri- 
butions to the species controversy. It is difficult 
to determine the reasons for this (authors rarely 
explain why they did not pursue a particular 
course). However, a number of monographers 
who discussed species concepts explained their 
focus on morphological differentiation by 
pointing to problems with the practical appli- 
cation of other concepts. This suggests that many 
monographers find the species controversy to 
have little practical bearing on their work. 

In sum, monographers largely seem to agree 
with O'Hara (1993) who argued that systema- 
tists need to 'get over' the species problem and 
get on with the real work at hand. Among those 
working on theoretical issues surrounding spe- 
cies, some may be unconcerned that their work 
is viewed by practicing systematists as insuffi- 
ciently relevant to be discussed and cited in the 
primary, frontline products of systematics (i.e., 
monographs). Those who feel their ideas have 
practical applications should take note and di- 
rect some of their effort specifically to this au- 
dience. 

Infraspecific Taxa and Concepts. About half 
of the monographs surveyed recognized infra- 
specific taxa for at least one of the species treat- 
ed. Fewer than half of the authors who used 
infraspecific categories discussed their ideas re- 
garding what these categories represent. Au- 
thors who described infraspecific taxa were 
clearly attempting to recognize biologically real 
entities marked by variation due to partial geo- 

graphic and/or reproductive isolation (al- 
though very few authors overtly mentioned 
these processes). Intergradation and degree of 
morphological differentiation distinguish these 
infraspecific taxa from those recognized as spe- 
cies. Soreng (1991) and Karis (1989) pointed to 
another reason to use infraspecific taxa: to de- 
limit apomictic lineages within otherwise sex- 
ual species and to distinguish ploidy levels 
within species with multiple ploidy levels, re- 
spectively. 

With few exceptions, infraspecific taxonomic 
concepts did not differ among authors regard- 
less of whether they recognized subspecies or 
varieties: these categories were used to describe 
similar patterns of intraspecific variation and 
range. Although uniformity is not necessarily 
wholly desirable in systematic work, commu- 
nication might be enhanced by having the ac- 
cord in infraspecific concepts mirrored by use 
of the same category. 

Problems in Species Delimitation. About 
80% of the species treated in the 107 mono- 
graphs surveyed were described with no indi- 
cation that they presented particular problems. 
It should be noted that subtle problems at the 
species level are not likely to be detected by 
monographers (e.g., sibling or cryptic species), 
although Borgen (1987) mentioned lack of mor- 
phological differentiation as a problem in dis- 
tinguishing two species that he regarded as sib- 
ling species. 

Variation was reported as sufficient to cause 
problems in delimiting about 7% of species 
treated. Very few authors discussed the biolog- 
ical phenomena responsible for high levels of 
variation. Hybridization was mentioned as a 
possible factor in a few cases (e.g., Beaman 1990). 
Infraspecific taxa were delimited within about 
10% of species treated. Species with complex 
patterns of infraspecific variation were not nec- 
essarily problematical at the species level (in 
fact, most were identified as clear-cut at what 
the author judged to be the species level). Both 
primary (i.e., incipient speciation) and second- 
ary contact (i.e., hybridization following spe- 
ciation) were mentioned as possible causes, but 
few authors described the biological phenom- 
ena that resulted in the patterns recognized by 
delimiting infraspecific taxa. 

Without more information about biological 
processes, it is difficult to draw conclusions from 
these data. It can perhaps be suggested that 
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something on the order of 15% of species are, 
at this horizontal time slice, involved in one or 
more biological processes that blur species 
boundaries or lead to infraspecific (and subse- 
quently specific?) differentiation. However, the 
heterogeneity of the processes potentially in- 
volved (e.g., incipient speciation, hybridiza- 
tion, asexual reproduction, polyploidy, ecotypic 
differentiation, etc.) renders this conclusion less 
than fully informative. Inclusion of this sort of 
information (or of a brief statement to the effect 
that no such information is available) enhances 
the value of monographic treatments and points 
to cases amenable for population-level studies. 

About 12% of all species treated were iden- 
tified as participating in hybridization. How- 
ever, only a dozen or so cases of hybridization 
were identified as complex or frequent enough 
that species delimitation was difficult. For a 
number of reasons, this survey may underes- 
timate the incidence of hybridization. It can 
easily be argued that this survey is not system- 
atically representative, perhaps because mo- 
nographers are likely to eschew notoriously dif- 
ficult taxa (however, the reverse argument- 
that systematists choose difficult and thus in- 
teresting groups-could also be made). Al- 
though I cannot argue strongly for the repre- 
sentativeness of the groups treated by mono- 
graphs surveyed, it is worth noting that a num- 
ber of difficult groups were included: e.g., 
Crataegus, Fumaria, Hieracium. As noted above, 
several authors, especially of monographs treat- 
ing tropical groups, noted that they were forced 
to work with barely adequate material. This will 
certainly have the effect of underestimating 
variation in general and hybridization in par- 
ticular. Except in well-collected groups, speci- 
mens of rare hybrids are unlikely to exist and 
thus will not be available for study by monog- 
raphers. In the absence of numerous specimens 
or personal field work, monographers are likely 
to be reluctant to make much of the occasional 
odd specimen. For example, Soreng (1991, p. 
508) judged occasional hybrids to be unworthy 
of recognition. On the other hand, there are 
still a number of wild cards, such as the inclu- 
sion of more tropical groups, whose impact on 
the results of this survey cannot be predicted. 

The very detailed information on hybridiza- 
tion in the British Isles, as admirably summa- 
rized by Stace (1975), offers an excellent op- 
portunity to examine the incidence of hybrid- 

ization in an entire flora for comparison to the 
data reported here. I surveyed this compendi- 
um, including only those hybrids judged by the 
authorities who prepared the various generic 
treatments as valid or highly likely. I eliminated 
instances of hybridization between infraspecif- 
ic taxa (although these are certainly interesting 
from other perspectives), and also all cases of 
hybridization arising in cultivation or involv- 
ing non-native species. Clapham et al. (1987) 
was consulted as authority on species and their 
status in the British Isles (i.e., native or not). As 
in the larger scale survey reported here, only 
pteridophytes and seed plants were included. 
Rubus L. could not be included because neither 
Stace (1975) nor Clapham et al. (1987) treated 
this thorny group at the specific level. 

About a quarter of the native species of this 
flora (407 of 1,530 species, 27%) were reported 
to have been involved in hybridization. These 
407 hybridizing species yielded a total of 471 
hybrid combinations. Only 14 (3%) of these were 
judged to be sufficiently abundant and complex 
to result in serious difficulties in species delim- 
itation. The remainder were not identified as 
especially problematic and these varied greatly 
in scope. There were many reports of a single 
hybrid plant of a particular combination that 
was discovered once. On the other hand, a num- 
ber of hybrid combinations were reported as 
widespread and occurring wherever the ranges 
of the parents came into contact. 

It is very clear from the data for the British 
Isles that the propensity to hybridize is not equal 
across plant taxa. About half (207 of 407) of 
hybridizing species are members of 19 genera 
and nearly a third (130 species) are members of 
eight genera (Carex L., Euphrasia L., Salix L., Pot- 
amogeton L., Rosa L., Rumex L., Viola L., and Ep- 
ilobium L.; these genera together account for only 
12% of species native to the British Isles). Thus, 
a few genera in which hybridization is rampant 
account for a significant portion of the hybrid- 
ization in the British Isles. This effect is even 
more pronounced when one examines these data 
in terms of hybrid entities. Of the total of 471 
interspecific hybrids, nearly 75% (349) were 
parented by species in 20 genera and more than 
half (246, 52%) involved species belonging to 
only seven genera (Euphrasia, Salix, Carex, Epi- 
lobium, Rosa, Potamogeton, and Rumex; these gen- 
era together account for only 11% of species 
native to the British Isles). 
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Stace's (1975) compendium thus suggests a 
level of hybridization about twice as high as 
the data reported here (i.e., 27% versus 12% of 
species involved in hybridization). It seems most 
likely that the "truth" lies somewhere in be- 
tween. The British Isles must have been as thor- 
oughly searched for every sort of botanical odd- 
ity as any place on Earth, certainly far more 
thoroughly searched than will be typical of Earth 
as a whole for many decades to come. We might 
hypothesize, therefore, that Stace's is an ex- 
haustive enumeration and can be taken as a 
maximum estimate of hybridization. Stace's 
(1975) compendium might, in fact, overestimate 
levels of natural hybridization because, al- 
though hybrids involving exotic species were 
excluded, those related to the rearrangement of 
the landscape by Homo sapiens were included. 
Also, Stace's compendium includes many com- 
pletely sterile hybrids that can be of little or no 
evolutionary significance. In sum, one might 
guess that the true incidence of hybridization 
among seed plants and ferns is between 12 and 
27%; i.e., that about a fifth of extant species are 
involved to a greater or lesser degree in hy- 
bridization with at least one other species. 

Perhaps as importantly, the present survey 
and Stace's (1975) compendium agree that the 
incidence of difficult cases of hybridization is 
quite low (1-3%). It is also clear that hybridiza- 
tion is not spread evenly across all plant groups. 
Instead, propensity to hybridize seems to be 
concentrated in a relatively small proportion of 
genera, as demonstrated very clearly from the 
Stace compendium. 

About 6% of the 1,790 species treated in the 
monographs surveyed were hypothesized to 
have originated by hybridization. One would 
expect speciation via hybridization to be less 
frequent than hybridization in general (much 
of which presumably results in sterile or unfit 
individuals). A similar pattern was suggested 
by Almqvist (1926; reported by Stace 1975) for 
the Swedish flora: hybridization was common 
but fertile species clearly derived from hybrid- 
ization were rare. More than 80% of species hy- 
pothesized to be of hybrid origin in the mono- 
graphs surveyed were from two genera (Fumaria 
and Crataegus). These data again suggest that 
some groups have a propensity to speciate by 
hybridization whereas the phenomenon is oth- 
erwise rare. It should be noted that these data 
estimate only the incidence of hybridization in 

the immediate ancestry of extant species; they 
do not estimate the incidence of speciation via 
hybridization in the deeper phylogenetic past. 
To understand the significance of hybridization 
in the evolution of plants it will be essential to 
distinguish at least three kinds of hybrids: ex- 
tant species that hybridize, species that origi- 
nated by hybridization, and multi-species lin- 
eages that originated by hybridization. This 
study offers estimates only of the first two. 

There is some evidence that origin via hy- 
bridization is not necessarily correlated with 
continuing hybridization. It was noted by Li- 
den (1986) that, although many species of Fu- 
maria have arisen by hybridization followed by 
polyploidy, these polyploid taxa do not seem 
to be hybridizing to any extent at the present 
time. Does this mean that speciation by hybrid- 
ization is often followed by periods of 'normal' 
divergent evolution? 

It has been argued that the reticulate origin 
of plant species is sufficiently common that ex- 
isting phylogenetic methods (i.e., those that can 
recover only divergent phylogenetic histories) 
cannot be used with any hope of success (Cron- 
quist 1987; see also Hull 1979). The results pre- 
sented here suggest that such concerns may be 
largely limited to groups in which hybridiza- 
tion is rampant. Systematists working on such 
groups must be ever vigilant for hybridization 
and its effects whereas those working on other 
groups have less cause for concern about hy- 
bridization. 

I have elsewhere (McDade 1995) explored the 
sorts of misleading results that will come from 
the unknowing inclusion of hybrids in phylo- 
genetic analyses and suggested that the impact 
of hybrids depends upon the relationship of 
their parents. Hybrids between very closely re- 
lated species are not likely to pose problems for 
phylogenetic analyses, whereas hybrids be- 
tween distant relatives may thoroughly con- 
found our efforts to understand phylogenetic 
relationships (McDade 1992, 1995). I attempted 
to use the results of this survey to estimate the 
incidence of hybridization between close ver- 
sus more distant relatives but only 28 of the 104 
monographs included phylogenetic analysis. 
Seven of these (Klackenberg 1985; Wanntorp 
1988; Karis 1989; Kallersj6 1991; Andersson 1992; 
Luckow 1993; Skean 1993) also presented ex- 
plicit hypotheses regarding hybridizing species 
pairs. Of 18 hybridizing pairs whose phyloge- 
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netic relationships were explicitly hypothe- 
sized, only two involved sister-species pairs. 
Eight were between species separated by four 
or fewer cladistic events and the remainder were 
between more distant relatives. This suggests 
that hybridization between non-sister taxa may 
be relatively common. Alternatively, hybrids 
between sister species might be too similar to 
one or the other parent to be recognized ac- 
curately as hybrids. Similarly, a trio of sister 
species plus hybrid might yield a morpholog- 
ically complex pattern that cannot be teased 
apart with the result that parental and hybrid 
identities would be missed entirely. In any 
event, data from many more groups will be nec- 
essary before any generalizations are warrant- 
ed. 

Taxonomic problems related to obligate asex- 
ual reproduction were dealt with explicitly only 
by two monographers whose work was includ- 
ed in the survey; it was apparently rare in most 
of the groups monographed. However, because 
proving that asexual reproduction does not oc- 
cur requires extensive collecting, field, and/or 
greenhouse work, its frequency in poorly known 
groups may be underestimated. Still, these data 
suggest that asexual reproduction, like hybrid- 
ization, is not evenly distributed among plant 
groups. It seems to be common and problematic 
in a few groups and otherwise rare. 

Monographers dealt with the problem of aga- 
mospermous lineages by assigning them to spe- 
cies based on morphological criteria and some- 
times by recognizing distinctive asexual lin- 
eages as subspecies or varieties. Other authors 
have referred to apomictic lineages as micro- 
species or intermediate species, although these 
categories have no formal standing in botanical 
nomenclature. Thus Christensen (1992) noted 
that the species of Crataegus that he recognized 
were not necessarily biologically homogeneous 
entities, some being 'normal' biparentally re- 
producing taxa, others being polytypic species 
with various cytotypes, hybrid complexes, or 
apomictic lineages. Soreng (1991:508) preferred 
to consider apomictic clones to be long-lived 
individuals and felt it most useful to group these 
"... as if they comprised subsets of populations 
. .. within sexual species, but with interbreed- 
ing events occurring infrequently.. ." Rubus in 
the British Isles (and elsewhere) is clearly an- 
other example of a group whose taxonomy is 
very difficult due in large part to asexual re- 

production. The unruly portion of the genus 
seems largely to involve apomictic segregates 
of R. fruticosa L. that are variously treated, often 
as microspecies. Similar problems in European 
Hieracium have been handled by recognizing 
"intermediate species" (Beaman 1990). 

Monographers who work with groups that 
present these difficult problems are creatively 
reshaping taxonomic categories at and below 
the species level to accommodate the biological 
realities presented by their taxa. This seems the 
only reasonable path to take. To maximize the 
impact of their work, I would urge monogra- 
phers to provide explicit statements of the cri- 
teria and procedures followed in delimiting taxa. 
This will enhance the utility of the work for 
others and perhaps pave the way for a future 
consensus regarding how to handle these prob- 
lems. 

In sum, some species present complex pat- 
terns of variation such that species limits are 
unclear, but such cases appear to be relatively 
rare. It is not possible to ascribe this variation 
in any quantitative way to biological processes 
because these were rarely identified in mono- 
graphs. In a few groups, hybridization is ram- 
pant and the entities that systematists must work 
with do not conform to the assumptions of phy- 
logenetic methods and do not fit most concepts 
of species. In most groups, such problems are 
rare and relatively easy to unravel. Asexual re- 
production is common in a few groups and forc- 
es monographers to develop their own criteria 
for delimiting taxa. In most groups, such prob- 
lems are apparently rare. These patterns are not 
unexpected: all systematists can point to noto- 
riously difficult taxa that require extraordinary 
effort to resolve, and to many others that are 
relatively well-behaved. 

If this is indeed the situation in plants, then 
most monographers need not be unduly con- 
cerned about these sorts of problems as they 
conduct their research (including phylogenetic 
analyses). On the other hand, difficult groups 
are perhaps even more important for under- 
standing the patterns and processes of evolu- 
tion. There is little to be gained by sweeping 
this rich diversity of biologically real phenom- 
ena under the carpet of traditional Linnaean 
categories. Similarly, current phylogenetic 
methods are inappropriate for taxa with com- 
plex reticulating histories, and yet the phylo- 
genetic history of such groups is at least as in- 
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teresting as those of divergently evolving 
groups. Full documentation of the diversity of 
plant life will require modification of classifi- 
cation systems and phylogenetic methods to ac- 
commodate this richness of biological process- 
es. 

ACKNOWLEDGMENTS. I am grateful to J. I Davis for 
his role in organizing the symposium at which this 
paper was initially presented and for serving as editor 
of the series of papers that resulted. Partial support 
for my travel to the 1993 meeting of the American 
Institute of Biological Sciences was provided by the 
Botanical Society of America. Jerrold I Davis, J. G. 
Lundberg, N. A. Moran, and three anonymous re- 
viewers provided useful comments on earlier ver- 
sions of the manuscript. 

LITERATURE CITED 

ANDERSSON, L. 1985. Revision of Heliconia subgen. 
Stenochlamys (Musaceae-Heliconioideae). Opera 
Botanica 82: 1-123. 

1992. Revision of Heliconia subgen. Taenios- 
trobus and subgen. Heliconia (Musaceae-Helicon- 
ioideae). Opera Botanica 111: 1-98. 

BADEN, C. 1987. Biosystematic studies in the Nepeta 
sibthorpii group (Lamiaceae) in Greece. Opera Bo- 
tanica 93: 1-54. 

BAUM, D. A. and M. J. DONOGHUE. 1995. Choosing 
among alternative "phylogenetic" species con- 
cepts. Systematic Botany 20: 560-573. 

BEAMAN, J. H. 1990. Revision of Hieracium (Astera- 
ceae) in Mexico and Central America. Systematic 
Botany Monographs 28: 1-77. 

BORGEN, L. 1987. Lobularia (Cruciferae): A biosyste- 
matic study with special reference to the Maca- 
ronesian region. Opera Botanica 91: 1-96. 

CHEN, C., P. C. HOCH, and P. H. RAVEN. 1992. Sys- 
tematics of Epilobium (Onagraceae) in China. Sys- 
tematic Botany Monographs 34: 1-208. 

CHRISTENSEN, K. I. 1992. Revision of Crataegus sect. 
Crataegus and nothosect. Crataeguineae (Rosaceae- 
Maloideae) in the Old World. Systematic Botany 
Monographs 35: 1-196. 

CLAPHAM, A. R., T. G. TUTIN, and D. M. MooRE. 1987. 
Flora of the British Isles. Cambridge: Cambridge 
Univ. Press. 

CRONQUIST, A. 1978. Once again, what is a species? 
Pp. 3-20 in Biosystematics in agriculture, ed. J. A. 
Romberger. Montclair, New Jersey: Allenheld, 
Osmun and Co. 

1987. A botanical critique of cladism. Botan- 
ical Review 53: 1-52. 

DAVIS, P. H. and V. H. HEYWOOD. 1963. Principles of 
angiosperm taxonomy. Princeton, New Jersey: Van 
Nostrand. 

DE QUIERoz, K. and M. J. DONOGHUE. 1988. Phylo- 

genetic systematics and the species problem. Cla- 
distics 4: 317-338. 

DU RIETZ, G. E. 1930. The fundamental units of bi- 
ological taxonomy. Svensk Botanisk Tidskrift 24: 
333-428. 

ERTTER, B. 1993. A re-evaluation of the Horkelia bo- 
landeri (Rosaceae) complex, with the new species 
Horkelia yadonii. Systematic Botany 18: 137-144. 

GRAHAM, S. A. 1988. Revision of Cuphea section Het- 
erodon (Lythraceae). Systematic Botany Mono- 
graphs 20: 1-168. 

GRANT, V. 1981. Plant speciation. 2nd ed. New York: 
Columbia Univ. Press. 

HENSOLD, N. 1988. Morphology and systematics of 
Paepalanthus subgenus Xeractis (Eriocaulaceae). 
Systematic Botany Monographs 23: 1-150. 

HILLIs, D. M., C. MORITZ, C. A. PORTER, and R. J. BAKER. 
1991. Evidence for biased gene conversion in 
concerted evolution of ribosomal DNA. Science 
251: 308-310. 

HULL, D. L. 1979. The limits of cladism. Systematic 
Zoology 28: 416-440. 

JANSEN, R. K. 1985. The systematics of Acmella (As- 
teraceae-Heliantheae). Systematic Botany Mono- 
graphs 8: 1-115. 

JOHANSSON, J. T. 1987. Revision of the genus Pris- 
matomeris Thw. (Rubiaceae, Morindeae). Opera 
Botanica 94: 1-62. 

KALLERSJO, M. 1991. The genus Athanasia (Compos- 
itae-Anthemideae). Opera Botanica 106: 1-75. 

KARIS, P. 0. 1989. Systematics of the genus Metalasia 
(Asteraceae-Gnaphalieae). Opera Botanica 99: 1- 
150. 

KELLOGG, E. A. 1994. What makes a good mono- 
graph? ASPT Newsletter 8: 12-15. 

KIDWELL, M. G. 1993. Lateral transfer in natural pop- 
ulations of eukaryotes. Annual Review of Ge- 
netics 27: 235-56. 

KLACKENBERG, J. 1985. The genus Exacum (Gentian- 
aceae). Opera Botanica 84: 1-144. 

. 1992. Taxonomy of Secamone s. lat. (Ascle- 
piadaceae) in the Madagascar region. Opera Bo- 
tanica 112: 1-127. 

LAMMERS, T. G. 1991. Systematics of Clermontia (Cam- 
panulaceae-Lobelioideae). Systematic Botany 
Monographs 32: 1-97. 

LIDtN, M. 1986. Synopsis of Fumarioideae (Papav- 
eraceae) with a monograph of the tribe Fumar- 
ieae. Opera Botanica 88: 1-133. 

LUCKOW, M. 1993. Monograph of Desmanthus (Le- 
guminosae-Mimosoideae). Systematic Botany 
Monographs 38: 1-166. 

1995. Species concepts: Assumptions, meth- 
ods, and applications. Systematic Botany 20: 589- 
605. 

MAYR, E. 1970. Populations, species, and evolution. 
Cambridge, Massachusetts: The Belknap Press of 
Harvard Univ. Press. 



618 SYSTEMATIC BOTANY [Volume 20 

McDADE, L. A. 1992. Hybrids and phylogenetic sys- 
tematics II. The impact of hybrids on cladistic 
analysis. Evolution 46: 1329-1346. 

1995. Hybridization and phylogenetics. Pp. 
305-331 in Experimental and molecular approaches 
to plant biosystematics, eds. P. C. Hoch and A. G. 
Stephenson. St. Louis: Missouri Botanical Gar- 
den. 

MOLAU, U. 1990. The genus Bartsia (Scrophularia- 
ceae-Rhinanthoideae). Opera Botanica 102: 1-99. 

NIELSEN, I., T. BARETTA-KUIPERS, and P. GUINET. 1984. 
The genus Archidendron (Leguminosae-Mimoso- 
ideae). Opera Botanica 76: 1-120. 

NIXON, K. C. and Q. D. WHEELER. 1990. An ampli- 
ficiation of the phylogenetic species concept. Cla- 
distics 6: 211-223. 

O'HARA, R. J. 1993. Systematic generalization, his- 
torical fate, and the species problem. Systematic 
Biology 42: 231-246. 

RIESEBERG, L. H. and L. BROUILLET. 1994. Are many 
plant species paraphyletic? Taxon 43: 21-32. 

SANDERS, R. W. 1987. Taxonomy of Agastache section 
Brittonastrum (Lamiaceae-Nepeteae). Systematic 
Botany Monographs 15: 1-92. 

SKEAN, J. D., JR. 1993. Monograph of Mecranium (Me- 
lastomataceae-Miconieae). Systematic Botany 
Monographs 39: 1-116. 

SORENG, R. J. 1991. Systematics of the "Epiles" group 
of Poa (Poaceae). Systematic Botany 16: 507-528. 

SPOONER, D. M. 1990. Systematics of Simsia (Com- 
positae-Heliantheae). Systematic Botany Mono- 
graphs 30: 1-90. 

STACE, C. A. 1975. Hybridization and the flora of the 
British Isles. London: Academic Press. 

STAHL, B. 1991. A revision of Clavija (Theophrasta- 
ceae). Opera Botanica 107: 1-77. 

STEBBINS, G. L., JR. 1950. Variation and evolution in 
plants. New York: Columbia Univ. Press. 

STROTHER, J. L. 1991. Taxonomy of Complaya, Ela- 
phandra, Iogeton, Jefea, Wamalchitamia, Wedelia, 
Zexmenia, and Zyzyxia (Compositae-Helian- 
theae-Ecliptinae). Systematic Botany Mono- 
graphs 33: 1-110. 

STUESSEY, T. F. 1993. The role of creative monog- 
raphy in the biodiversity crisis. Taxon 42: 313- 
321. 

WANNTORP, H.-E. 1988. The genus Microloma (As- 
clepiadaceae). Opera Botanica 98: 1-69. 

WILEY, E. 0. 1978. The evolutionary species concept 
reconsidered. Systematic Zoology 27: 17-26. 

1981. Phylogenetics: The theory and practice of 
phylogenetic systematics. New York: J. Wiley & Sons. 

WILKEN, D. and R. L. HARTMAN. 1991. A revision of 
the Ipomopsis spicata complex (Polemoniaceae). 
Systematic Botany 16: 143-161. 



1995] MCDADE: SPECIES CONCEPTS AND PROBLEMS IN PRACTICE 619 

APPENDIX 1. Monographs surveyed for inclusion of discussion of species' and infraspecific2 concepts and 
characteristics, and for description of problems associated with delimiting species. # Species treated = number 
of species included in each monograph. No Problem Cited = number of species treated with no indication 
of difficulties. Problems delimiting species included variation and hybridization (see Table 1 and text for full 
explanation). Variation: Problem = number of species cited as difficult due to extensive or complex patterns 
of variation; Infraspp. Tax. = number of species within which infraspecific taxa were recognized (S = sub- 
species, V = varieties, F = forms). Hybridization: Trivial = hybridization not sufficiently frequent or complex 
to result in problems in species delimitation; Problem = hybridization frequent and/or complex enough that 
species delimitation was difficult; Origin = species hypothesized to be of hybrid origin (entries in parentheses 
= hypotheses proposed with no explicit evidence). 1 Species concepts and characteristics used by authors 
(see text for references for species concepts): N = none identified explicitly; 1 morphological/taxonomic 
species concept; 2 character(s) or character combination unique to members; 3 morphological differences 
assumed to reflect genetic differences; 4 geographic ranges more or less distinct; 5 habitats more or less distinct; 
6 ecologically coherent; 7 evolutionary species concept; 8 selection; 9 common ancestry; 10 species mono- 
phyletic; 11 biological species concept or reproductive isolation between/reproductive continuity within 
species; 12 Nixon & Wheeler (1990). 2 Infraspecific concepts and characteristics used by authors: N = none 
identified explicitly; 1 subspecies = more or less distinct morphologically and geographically; 2 subspecies 
= morphologically or geographically distinct; 3 subspecies delimited by reproductive criteria; 4 subspecies = 
ecologically differentiated; 5 subspecies = ecotypes; 6 subspecies = sets of related varieties; 7 varieties = more 
or less distinct morphologically and geographically; 8 varieties = morphologically distinct, sympatric; 9 
varieties = local facies of species; 10 subspecies or varieties = apomictic or cytotypic lineages; 11 forms = 
deviating individuals. 3 Author refers back to earlier monograph for species concept used. 4 Total species 
treated = 94; 21 presented only briefly here (treated in detail elsewhere). 

Problems delimiting species 

Variation Hybridiztion 
# Spe- No _________________ 

Species Infraspecific cies problem Prob- Infraspp. Prob- 
Monograph conceptl concept2 treated cited lem tax. Trivial lem Origin 

Systematic Botany Monographs 

1984 
Elvander (Vol. 3:1-44) N N 10 5 3 1 (V) 2 0 1 
Wells (Vol. 3:xx-122) N N 7 3 1 3 (V) 3 0 0 
Schlessman (Vol. 4:1-55) N N 15 12 2 1 (V) 0 0 0 

1985 
Elisens (Vol. 5:1-97) N N 20 18 2 0 0 0 0 
Affolter (Vol. 6:1-140) N N 13 10 3 0 0 0 0 
Standley (Vol.7:1-106) 1, 4, 5, 11 7 10 7 0 3 (V) 5 0 (1) 
Jansen (Vol. 8:1-115) 1, 3 7 30 20 2 7 (V) 4 0 0 

1986 
Argus (Vol. 9:1-170) N N 18 10 2 2 (V) 7 0 0 
Chuang & Heckard (Vol. 10:1-105) N N 13 7 0 6 (S) 0 0 0 
Johnson (Vol. 11:1-87) N N 12 11 0 1 (S) 5 0 0 
Daniel (Vol. 12:1-134) N N 28 25 2 0 3 0 0 
Chase (Vol. 14:1-97) N N 9 8 1 0 0 0 0 

1987 
Sanders (Vol. 15:1-92) 7 6, 7 14 7 0 5 (S,V) 11 0 2 
Wiersema (Vol. 16:1-112) N N 14 12 2 1 (S) 3 0 0 
Whalen (Vol. 17:1-93) N N 14 11 3 0 2 0 0 

1988 
Kuijt (Vol. 18:1-60) N N 12 10 2 0 0 0 0 
Kuijt (Vol. 19:1-61) N N 11 10 1 0 0 0 0 
Graham (Vol. 20:1-168) 1 7 28 19 5 3 (V) 4 0 1 
Lavin (Vol. 21:1-167) N N 38 33 3 2 (V) 0 0 0 
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APPENDIX 1. Continued. 

Problems delimiting species 

Variation Hybridiztion 
# Spe- No 

Species Infraspecific cies problem Prob- Infraspp. Prob- 
Monograph conceptl concept2 treated cited lem tax. Trivial lem Origin 

Thompson (Vol. 22:1-142) N N 15 13 0 2 (V) 0 0 0 
Hensold (Vol. 23:1-150) N N 27 21 1 5 (V, F) 11 2 0 
Dietrich & Wagner (Vol. 24:1-91) N N 14 10 2 2 (S) 3 0 0 

1989 
Taylor (Vol. 26:1-102) N N 31 31 0 0 2 0 0 
Clark (Vol. 27:1-127) N N 32 29 1 0 6 0 0 

1990 
Beaman (Vol. 29:1-77) 1 1 19 12 5 1 (S) 5 3 0 
Spooner (Vol. 30:1-90) 1 7 18 11 3 2 (V) 3 0 1 

1991 
Peterson & Annable (Vol. 31:1-109) N N 29 24 5 0 0 0 0 
Lammers (Vol. 32:1-97) 1, 8, 9, 11 1 22 16 0 6 (S) 8 0 0 
Strother (Vol. 33:1-110) N N 36 34 1 1 (V) 0 0 0 

1992 
Chen et al. (Vol. 34:1-208) 1 1 37 30 3 4 (S) 18 0 0 
Christensen (Vol. 35:1-196) 1, 4 1, 8 46 32 1 12 (S, V) 0 0 20 
Panero (Vol. 36:1-195) N N 38 31 1 6 (V) 8 0 0 

1993 
Lavin (Vol. 37:1-87) N N 12 10 0 1 (V) 2 0 0 
Luckow (Vol. 38:1-166) 3, 12 N 24 19 3 2 (V) 2 0 0 
Skean (Vol. 39:1-116) N N 23 21 0 2 (S) 4 0 0 
Murray (Vol. 40:1-121) N N 34 29 4 1 (S) 4 0 0 

Systematic Botany 

1988 (Vol. 13) 
Landrum (Pp. 120-132) N N 3 1 1 1 (V) 2 0 0 
Heiser et al. (Pp. 138-145) N N 3 3 0 0 0 0 0 
Peterson et al. (Pp. 207-214) N N 5 5 0 0 0 0 0 
Armbruster (Pp. 303-312) N N 10 9 0 1 (V) 0 0 0 
Panero and Schilling (Pp. 371-406) N N 13 12 0 1 (V) 0 0 0 

1989 (Vol. 14) 
Graham (Pp. 43-76) N N 7 5 1 1 (V) 0 0 0 
Lammers (Pp. 133-138) N N 2 2 0 0 0 0 0 
Wheeler (Pp. 168-188) N N 7 6 0 1 (V) 0 0 0 
Robinson (Pp. 380-388) N N 3 3 0 0 0 0 0 
Simpson (Pp. 408-426) N N 2 0 2 0 0 0 0 
Hilsenbeck (Pp. 427-438) N N 3 3 0 0 0 0 0 
Smith (Pp. 448-472) N N 9 7 0 2 (V) 0 0 0 

1990 (Vol. 15) 
Burandt and Fryxell (Pp. 49-56) N N 4 4 0 0 0 0 0 
Ayers (Pp. 296-327) N N 11 8 1 2 (V) 0 0 0 
Al-Shehbaz (Pp. 387-393) N N 3 3 0 0 0 0 0 
Judziewicz (Pp. 415-420) N N 6 5 1 0 0 0 0 
Peterson and Annable (Pp. 515-525) N N 2 2 0 0 0 0 0 
Lavin (Pp. 544-559) N N 1 1 0 0 0 0 0 
Wheeler (Pp. 643-659) N N 3 3 0 0 0 0 0 
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APPENDIX 1. Continued. 

Problems delimiting species 

Variation Hybridiztion 
# Spe- No__________________ 

Species Infraspecific cies problem Prob- Infraspp. Prob- 
Monograph conceptl concept2 treated cited lem tax. Trivial lem Origin 

Poston and Nowicke (Pp. 671-678) N N 2 2 0 0 0 0 0 
Kirkman and Ballington (Pp. 679- 1, 11 1 1 0 0 1 (S) 0 0 0 

699) 
Kvist (Pp. 720-735) N N 4 3 1 0 0 0 0 
Robinson (Pp. 736-744) N N 6 6 0 0 0 0 0 

1991 (Vol. 16) 
Kelman (Pp. 3-20) N N 3 3 0 0 0 0 0 
Landrum (Pp. 21-29) N N 3 2 0 1 (V) 0 0 0 
Bricker (Pp. 77-88) N N 4 4 0 0 0 0 0 
Wilken and Hartman (Pp. 143-161) 1, 4, 9, 10, 1, 3, 4, 1 0 0 1 (S, V) 0 0 0 

11 5, 8 
Cruden (Pp. 270-282) N N 5 5 0 0 0 0 0 
Bolick (Pp. 462-477) N N 10 9 1 0 0 0 0 
Soreng (Pp. 507-528) 2, 11, 12 1, 8, 12 9 2 1 (S, V) 5 0 0 

10 
Luteyn (Pp. 587-597) N N 4 4 0 0 0 0 0 
Robinson (Pp. 639-643) N N 4 4 0 0 0 0 0 

1992 (Vol. 17) 
Levin (Pp. 74-83) N N 2 2 0 0 0 0 0 
Fryxell et al. (Pp. 91-114) N N 11 8 0 0 0 0 3 
Burandt (Pp. 164-179) N N 4 3 1 0 0 0 0 
Morefield (Pp. 293-310) N N 3 0 0 2 (V) 1 0 0 
Webster (Pp. 311-323) N N 5 5 0 0 0 0 0 
Bishop and Smith (Pp. 345-362) N N 9 7 1 1 (V) 5 2 0 
Kearns (Pp. 395-408) N N 5 5 0 0 2 0 0 
Chuang and Heckard (Pp. 417-431) N N 7 7 0 0 0 0 0 
Chuang and Heckard (Pp. 560-582) N N 9 7 0 2 (S) 0 0 0 
Ford and Ball (Pp. 620-639) N N 3 2 1 0 0 0 0 

1993 (Vol. 18) 
Judziewicz and Clark (Pp. 80-99) N N 11 9 2 0 0 0 0 
Ertter (Pp. 137-144) 1, 4,11 N 5 5 0 0 0 0 0 
Morgan (Pp. 290-308) N N 6 5 1 0 0 0 0 
Acevedo-Rodriguez (Pp. 379-388) N N 2 2 0 0 0 0 0 
Morrone et al. (Pp. 434-453) N N 4 3 0 1 (V) 0 0 0 

Opera Botanica 

1984 
Nielsen et al. (Vol. 76:1-120) N N 734 65 2 6 (S, V) 0 0 0 

1985 
Hansen (Vol. 78:1-36) N N 13 8 2 1 (S) 4 4 0 
Granby (Vol. 80:1-34) N 1 20 17 2 1 (S) 0 0 0 
Andersson (Vol. 82:1-123) 1, 6, 7, 9 1 42 28 6 6 (S) 2 0 2 
Klackenberg (Vol. 84: 1-144) 1, 7 1 65 61 4 0 0 2 0 

1986 
Nordenstam (Vol. 87:1-41) N N 13 10 0 1 (V) 10 0 0 
Liden (Vol. 88:1-133) 1 1, 8 77 50 3 20 (S, V) 6 0 46 
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APPENDIX 1. Continued. 

Problems delimiting species 

Variation Hybridiztion 
# Spe- No _________________ 

Species Infraspecific cies problem Prob- Infraspp. Prob- 
Monograph concept1 concept2 treated cited lem tax. Trivial lem Origin 

1987 
Borgen (Vol. 91:1-96) 1, 11 1, 5, 9 4 2 1 1 (S) 0 0 1 
Baden (Vol. 93:1-54) 1, 11 3, 9 6 3 0 3 (S, V) 3 0 0 
Johansson (Vol. 94:1-62) 1, 4 1 15 10 3 2 (S) 0 0 0 
Wanntorp (Vol. 98:1-69) 1 1 19 14 0 4 (S) 7 0 1 

1989 
Karis (Vol. 99:1-150) 1, 2 2,10 52 45 4 3 (S, F) 2 0 0 

1990 
Molau (Vol. 102:1-99) 11 1, 5 49 40 3 5 (S) 4 0 1 

1991 
Barfod (Vol. 105:1-73) N N 7 5 0 2 (S) 0 0 0 
Kallersjo (Vol. 106:1-75) 1 1 39 33 2 4 (S) 5 0 0 
StMahl (Vol. 107:1-77) 1, 3, 4, 6 1 50 45 1 4 (S) 0 0 0 
Sparre and Andersson (Vol. 108:1- N 1, 7, 8 89 74 2 9 (S, V) 1 0 1 (4) 

139) 

1992 
Andersson (Vol. 111:1-98) N3 N 28 25 2 0 8 0 (3) 
Klackenberg (Vol. 112:1-127) 1 1, 9, 11 62 56 1 5 (S, F) 0 0 0 
Hansen (Vol. 116:1-58) N N 33 32 1 0 0 0 0 

1993 
Pedersen (Vol. 117:1-64) N N 19 17 1 0 0 0 (1) 
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