CHAPTER

SPECIATION AND
TAXONOMIC DECISIONS

What taxonomists encounter in nature are concrete things: individuals
and populations. The taxonomist knows that they belong to species, and
the first task is to assemble populations in a way that leads to the best
delimitation of species taxa. If species had been created according to a
plan, this task might be easy. However, it is not, for species are the prod-

uct of the opportunistic process of evolution. Two aspects of evolution in -

particular aré respbnsible for the difficulties the taxonomist en'cm'llr.lters in:
trying to delimit species: variability within fopulations and the existence
of incipient species, that is, populations that have evolved only part of

Cbapter 4. The emphasis in this chapter is on the consequences of the
fact that species are the product of evolution. In order to be al;:ie to in-
terpret correctly the difficulties created by opportunistic evolution, it is

_Decessary to analyze the process by which new species taxa originate.

ORIGIN OF NEW SPECIES TAXA

Although it is now universally believed mat_wm "dHOWF
T TR mmon process by whic new species of animals

other modes have been proposed. It is still controversial how

requent these modes are and indeed whether some of them occur at all.

he way. toward species status. Infrapopulational-variation:is.discussed-in-
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Many of the controversies concerning speciation are due to the fact
that the opponents_did not see clearly thatwgi has two aspects, -

etic and populational. Contrary to the beliefs of some authors, these
two aspects are not mutually exclusive alternatives; both are always in-
volved simultafeously.

As far as the genetics of speciation is concerned, the evolutionist is
compelled to confess that more than 80 years after the rediscovery of
Mendel’s laws, there is still almost complete uncertainty regarding its
mechanisms (Barigozzi 1982). Chromosome structure is sometimes in-
volved in speciation, but in other cases it is not. The best understood of
all categories of genes, the enzyme genes, seem to be minimally involved
in episodes of speciation. What other kinds of DNA are causally con-
nected with the acquisition of isolating mechanisms is completely un-
known, are sometimes suspected, but there is no solid
idy that the genetic sityation is rea-
= sonably well understood. In this case the doubling of the chromosomes—

or in the case of gnipletdy the addition of a third set of chromosomes—

iation, that is, the production of a
reproductively isolated individual.

s deplorable as this ignorance of the
genetic mechanisms of speciation is in regard to evolutionary studies, it
seems to raise no major difficulties for the taxonomist.

- Speciation, however, is not only a genetic but also a populational phe-

nomenon, allowing for two very different processes.

1 New species may originate by the instantaneous production of a repro-
ductively isolated individual within a population, as in polyploidy. This
Process may raise two problems. First, the new species individual, ow-

Ing to polyploidy or another form of chromosomal restructuring, may

“have acquired total cross-sterility with the parent speties but no mor-

Phological difference. Its recognition as a biological species will thus

“~"‘=;._._~=-W'-'::t’%ﬁiﬁcult:cxcept’-wmumﬂﬁﬁﬁﬁg“ﬁﬁwm" ] o

le. Sexually reproducing polyploid s
oligochaetes,

fishes, and
tively rare

new karyo
dividuag

Species ¢

pecies occur in turbellarians;
leeches, pulmonate mollusks, some groups of insects,
anurans, but except in oligochaetes, polyploidy is a rela-
phenomenon in animals. A second difficulty exists when the
type does not produce complete sterility in crosses with in-
of the parent karyotype. White (1978) postulated that new
an originate under these conditions within the parental spe-
Cies Population by means of a process he called Stasipatric speciation,

Ut this possibility has been questioned by Key (1981), Mayr (1982b),
ag;‘ others. There is no sound evidence for such a process. (Figure 5-
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(b} Stasipatric speciation
FIGURE 5-1 5z
Models of gradual nonallopatric speciation. () Sympatric
speciation. A new species originates within the range of the
parental species through development of different mate
prelerences and/or ecological segregation. (b) Stasipatric
speciation. New species populations originate within the range of
the parental species through chromosomal mutation and
subsequent displacement of the parental species. (c) Parapatric
speciation. An intrinsic species barrier within the originally
contiguous species ab evolves along the ecological escarpment
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2 Speciation may result from EESTAGUAPECNEHETECONSIrY
fions#By and large the various possibilities under this

assigned to six postulated classes: )
a 'This can be defined as the origin of a new, re-
productively isolated species population within the dispersal area of
the offspring of the parental deme (Bush 1975) (Figure 5-1a). How
frequent sympatric speciation is—indeed, whether it occurs at all
1a and Ma; er_1980; Paterson 1982; Barigozzi 1982)—is still
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{a) Sympatric speciation

() Parapatric speciation

pula-
can be

ctionor

heading

. Since a switch to a new host is

ost easily accomplished in a small founder population, the origin of

most host-specific species may well be due to peripatric speciation
. (seeb not requiring sympatric speciation.

trig ’ > In this mode of speciation, it has been pos-

(Endler 1977) that isolating mechanisms build up in a cline,

logical escarpment, until the two adjacent populations
Te uctiv % '-:'so"lftgdj“ 1 (Figure 5-1c). All the observed
of more or less drastic belts of intergradation between two
Cies or semispecies known to us are far better explained as
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Nevo (1982), in an analysis of such *“'tension zones,’” found no evi-
dence whatsoever for a reenforcement of isolating mechanisms; nei-
ther have Butlin (1986), Hewitt (1989), and several other recent au-
thors. For these and other reasons, the occurrence of parapatric
speciation is unlikely (Mayr and O'Hara 1986).
Wﬁﬁm This term designates cases in
which reproductive isolation is gradually (at a minimum over several
generations) acquired in spatially isolated populations. Within
allopatric speciation two subtypes can be distinguished:

itional_allopatric speciation ( ric_speciation): Ac-
cording to this theory, a reasonably large distributional area is
divided by a newly arising barrier (geological, geographic, vege-
tational), which secondarily splits the previously continuous ,—
range into two isolated groups of populations (Figure 5-2).

(Qgeeripatric speciation by primaryisolation: Here a new popula- LJOQ"";Q
tion is founded outside the continuous species range by a single =

-

" colonist (a fertilized female) or a small founder group and re-
mains isolated long enough to acquire the genetic basis for repro-
ductive isolation (Figure 5-3).

ton.in_time: Those who believe that speciation in time can
occur postulate that a species (phyletic lineage) may change geneti-
cally in the course of time to such a degree that the descendants will
be reproductively isolated from their own ancestral population if the
two could meet. If no appreciable morphological change has oc-
curred during the same period, there will be sibling species in time.
The practicing paleotaxonomist has no chéice but to ignore such a
Possibility. However, if morphological change has océurred over
time, the taxonomist must decide how much change indicates the at-
tainment of species level. As with geographically isolated popula-
lons, it is not possible to provide reliable proof of the species status
of allochronic populations
e e rrmme Rt ot S fre= S
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All A six of these possible modes of speciation can create situations that
make the delimitation of species taxa difficult. This is true even for in-
Slantaneous speciation, because individuals with a new karyotype may
E“- reproductively isolated but phenotypically identical, In each of the
incfr' five pru_cesseslof speciation taxonomists assume the existence of
Plent species, that is, of populations in the process of genetic recon-
and a gradual acquisition of isolating mechanjsms. The decision
to designate such incipient species as full species or subspecies
essity sometimes arbitrary The application of the biological spe-
e ncept helps one make a decision in most difficult cases.1For a

re detailed treatment of speciation, see Mayr (1970).
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roblems. Decisions must be made about which individuals encountered
a given locality belong to a single interbreeding population (hence are
specific) or belong to sympatric species and about which populations,
fferent in space and time, which belong to the same species (se¢ above).

inalysis of Sympatric Samples

i the gho[e, three very different kinds of situations are resi:onsible for
iculties with sympatric samples:

ie working taxonomist generally encounters two categories of practical
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1, FIGURE53
Peripatric speciation
(speciation by budding).
A Ot Parental species P with four
peripheral isolates (a, b, ¢, d)
— attime 1 (T,). Isolates b and

¢ become extinct at time 2
(T,), isolate a at time 4 (T,).
T Isolate d becomes a ditferent
. species and has overlapped
A the range of the parental

species P at time 5 (Tg).

~“=1 Extreme difference among phena belonging (6 - smele species, The
analysis of this situation and methods of resolving it taxonomically are
discussed in Chapter 4.
2 Extreme similarity of good biological species (s:blmg species).
3 Wide variability and phenotyplc overlap of two specles (discussed in
this chapter).

=
d,l Sibling Species Biological species are
(Chapter 2). Whe) S

‘Wﬁio}ated, they diverg ic ay’
echanisms. As a by-product of theqgene

.
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Q2 PART A MICROTAXONOMY

process, most species also acquire morphological differences that are
suitable for diagnostic purposes, but a-few-species-fail-to-acquire such
differences. Such very similar species are calledseryptic or sibling spe-
.‘Eies. ‘All the available evidence indicates that they differ from ordinary
species only by the minuteness of the morphological difference, not by
other biological criteria. They are merely species which are near the in-
visible end of the spectrum of morphological species differences. Sibling
species grade imperceptibly into species that are morphologically more
and more distinct from one another. However, once discovered and thor-
oughly studied, they are usually found to have at least a few previously

overlooked morphological differences.
Sibling species are not recent species or incipient species. For several

pairs of sibling species the date of speciation has been determined, rang- -

ing from several million to 18 million years ago (Bullini et al. 1978). If
within a single genus both sibling species and morphologically distinct
species occur, the latter tend to be older.

Mayr (1963:33-58) has shown how widespread sibling species are in
the animal kingdom. Most of them were discovered not during routine
taxonomic analysis but during the study of species that are medically
(c.g., Anopheles), genetically (e.g., Drosophila, Paramecium), cytologi-
cally, or agriculturally of special importance. It is therefore impossible to
indicate what percentage of specics are sibling species. In the case of
North American crickets, about %0 percent of the species were discov-
ered through differences in their sounds (Walker 1964), and in certain
genera of protozoans (e.g., Paramecium), the percentage of cryptic spe-
cies seems to be even higher.

Sibling species can be discovered because they differ in various other
attributes even when they are extremely similar in the morphological
characteristics normally employed in taxonomic analysis. Mayr (1963:50)
listed a number of characteristics that facilitate the recognition of sibling
F’ species. Precise measurements sometimes reveal bimodal characteris-

tics, and the ™o modes can be correlated with additional characters.
There are often differences in the number or structure of the chromo-
somes, a fact which has led to the recognition of sibling species in
Drosophila, Sciara, Chironomus, Prosimulium, and other dipterans as
well as in orthopterans, beetles, and other insects. Various aspects of be-
h.avnor—-such as differences in visual and vocal displays, nest construc-
tion, breeding season, migratory behatior, prey selection, and host pref-
erence—have perhaps led to the discovery of more sibling species than
have aIl)’.-ar‘lht':r type of characteristic. Sibling species may differ in their
pa.thoge'qmy (e.g., Anopheles) or in their susceptibility to parasites and
suitability to serve as hosts. Various biochemical methods, particularly

e
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Modes of Speciation

The key to speciation is the evolution of genetic differences between the
incipient species, For a lineage to split once and for all, the two incipient
species must have genetic differences that are expressad in some way that
causes matings between them to either not happen or to be unsuccessful.
These need not be huge genetic differences. A small change in the timing,
location, or rituals of mating could be enough. But still, some difference is
necessary. This change might evolve by natural selection or genetic drift.

Reduced gene flow probably plays a critical role in speciation. Modes of
speciation are often dassified according to how much the geographic
separation of incipient species can contribute to reduced gene flow. The
following table compares some of these speciation modes.

Mode of Mew species
speciation formed from...
Allogpatric geographically 2 3y 90w
[allo = other, isolated ﬁ 'ﬁ .ﬁ :ﬂ ? 'h
patric = place) populations -H ! -ﬁ :ﬁ! _!
L X I B N
EPeripatric a small population ﬁﬂ'ﬁﬁ“ }'ﬁ
f_pml-i = near, patric isﬂlatﬁ 31; the i “ _ﬂ i i :ﬁ
== Eudﬁilat;narger :ﬁ ! 3 ﬁ H H ﬁ
B e ey W
arapatric a continuousl : :
ﬂppaa'ap= tbesl'd'rer disl:rii:-tuted - ; %H :ﬁ;i}
patric = placs} populaticn ﬁ -ﬂ*ﬁ ;'H'! _-ﬂ
2 P W By
Sympatric within the range of [z & b :*i [
(sym = zame, the ancestral g
pa:l:ric = placea} population ﬁﬁ '_'* 'ﬁ
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