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1.2 What, if anything, is a Wolf?

Raymond Coppinger, Lee Spector and Lynn Miller

“In short, we will have to treat species in the samanner as those naturalists
treat genera, who admit that genera are merelyfiaiéil combinations made for
convenience. This may not be a cheering prospatiye shall at least be freed
from the vain search for the undiscovered and tiéiscoverable essence of the
term species.”

Charles Darwin (1859, 1903)

To appear as: Coppinger, R., L. Spector, and L. Miller. 2009. What, if anything, is a Wolf?
In The World of Wolves: New Perspectives on Ecology, Behaviour and Management,
edited by M. Musiani, L. Boitani and P. Paquet. Calgary: The University of Calgary Press.
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I ntroduction

Species are forever a moving target. In every geiogr, there should be an
adaptive response of a population of animals tme@mstant world. To take just one
example, some work with Darwin’s finches (Grant &6t 1999) shows enhancement of
genetic variation, with new phenotypes to be mibria hew habitats after the major
climatic perturbation of an El Nifio event.

This biological perspective, which is the corelut theory that has unified
biology ever since Darwin proposed natural selecttmmetimes seems to be forgotten in
the face of practical management decisions. Iitis; the federal Endangered Species
Act (ESA) provides protection for species, subspgecnd populations. This protection,
preservation, and restoration of a species, sulespecpopulation, implies that the
essence (Aristotle, Linnaeus) of the species is@wed. It should never imply that the
phenotype or genotype is eternally fixed.

Management problems in restoration programs gdiisna@entre on the genetic
purity of the species being conserved. In North Acae red wolves (Canis rufus) to be
released from captivity into the wild are thoughtbie hybrids of gray wolves (Canis
lupus) and/or coyotes (Canis latrans) (Wayne & 3&k#91). Even though the restorers
believe their animal has the “essence” of red Wbk, geneticists say their animal is not
pure, or is a hybrid (O’Brien & Mayr 1991). The E®&es not provide protection for

hybrids—even hybrids of severely endangered sp.ddesher cases, some opponents of
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restoration plans object that the animals, whicheweintroduced, are not the original
subspecies or population and should thereforerheved.

For those of us interested in the conservationresiration of wild canids there
are several problems illustrated in these examples first is that definitions of species,
subspecies, populations, and hybrids are unclesr ®vprofessionals. Not only are
species moving targets, but the definitions of mseare ephemeral. The second, perhaps
the major problem, is that we do not have a satisfa methodology for identifying
species, subspecies, and populations. Taxononoststdagree with each other, and
morp hometric techniques do not agree with the gemeeidence. Attempting to provide a
species or subspecies, much less a population Jegahdefinitions that can be used to
define conservation plans that maximize the sucoksscovery programs, becomes
overwhelmingly difficult and often contentious.

At the simplest level one wants to preserve anmyelad species because it is
perceived to have intrinsic value. At this levelsithe essence of the species that is being
conserved and no measurement or genetics needrnfeteesecond level, there is the
effort to preserve the ecosystem. It is the ecesygshat has an intrinsic value and the
various individual organisms behave synergisticedicreate that wholéAlthough
deterministic models and theories have continuadlgn challenged and refuted, phrases

such as “climax state,” “stability of ecosystemstéarrying capacity,” and “balance of
nature” still form the core of much conservatiordagnvironmental rhetoric’{Drury

1998).
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And at a third level, the attempt is the preseoratf biodiversity, to maximize
biodiversity as is elegantly laid out by Wilson §8). Importantly in our discussion here
“species and subspecies” are the units of measateshdiodiversity. A world with two
species is more complex, more “whole” than a warikh one species.

In each of these three conservation goals, theteisinderlying assumption of
the fixity of species. There is some number of ggsecow, and our job as wildlife
managers is to discover, describe, and presemeayg of them as possible.

Protection and/or restoration of a species neddgsdaif to consider the
continuously changing characteristics of biodivgrsin theory, it is essentially
impossible to “save” or restore a species as edlpdrenotype or genotype. The role of
humans in “contemporary evolution” becomes thergsdauestion.

We often practice wildlife management or endangspeeties management as if
species are a fixed value. In the red wolf recoymEmygram, animals to be released into
the wild have been genetically fingerprinted wiik aim of testing the resulting filial
generations and removing animals that show sigiy bfidization. In preparation for
their release, the environment was cleared of atleanbers of the genus Canis in order
to prevent hybridization. In the case of the Etldopwolf, which interbreeds with
domestic dogs (Canis lupus familiaris) (Wayne & (&lit1997), the proposal is to Kill or
sterilize the larger population in order to presdive endangered species (Laurenson et
al. 1997). It appears that the belief of the wiillinanagers in both projects is to regard
only the endangered species as having intrinsidrapa@rtant value and the common

species are just vermin to be removed.
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In both of these cases it is the assumed fixedreatiua species, and a preeminent
loss of biodiversity that drives the managemenhpldiere is no consideration that dogs
or coyotes may be the more highly evolved formthat hybridization between these
“species” might be the source of the variabilitycemsary for red wolf or Ethiopian
wolves to evolve and to adapt to the changing estesy.

The next question is, who is qualified to definegé animals as an endangered
species? Are the managers of so-called endangeesiks free to choose among the
various taxonomic systems and pick one of the nsaracies definitions available? Why
should wildlife managers believe the geneticist®wlim that all red wolves are
hybrids? Have we studied their methodologies aed tefinitions? Have they thought
out the implications of what they are saying, wheey say species are hybridizing? Even
if morphometricians or geneticists could reliabBtermine hybridization, who says that
the new hybrid essence is not good enough or dotegerform adequately in the
ecosystem, or reduces biodiversity ? The consequrmeEing wrong in trusting the
taxonomist, the geneticist, the evolutionary theors devastating when false

assumptions appear in the legal language of anrigjedad Species Act.

Species | dentification

“...while we must make do with the terminologie#\$totle and Linnaeus, we need not
take them too seriously.”

Haldane 1956
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Many years ago, palaeontologist Albert Wood (198i)te a paper entitled,
“What, if anything, is a rabbit?” Rabbits are lagophs. A debate ensued among famous
palaeontologists (e.g., Albert Wood, George Gay&indpson) about whether rabbits
were related to rodents. “Related” could mean theye descended from rodents (or one
species of rodent), or that rodents and lagomogpdslescended from a common
ancestor, or perhaps that rabbits were the ancesttie rodents, or perhaps they weren't
related to the rodents at all but were relatedytedtes.

Experts shift back and forth, changing their miatlsut ancestries—based on
new evidence, and sometimes upon re-analysis gb nadwgical measurements. In the
last fifty years, molecular biology has steadilgpwgn in technique, and enabled new
insights to many evolutionary questions. In Janudr¥996, an article published in
Nature gives evidence that rabbits are descendémismates (Graur et al. 1996). It is
the kind of discovery that could "never" have beede through skull measurements or
comparison of teeth, since such phenotypic chaiastiots might be confounded by
convergent evolution.

What difference does it make—why even bother? Fastrof us, it is just
academic curiosity. What was the evolutionary pseddat led to this transmutation of
some ancient primate into a rabbit? But for othleesjng a good definition of species
and their evolutionary history is necessary foefic and management policy. Without
a proper well-defined name, wildlife law as it alegplto endangered species becomes

impossible.
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Watch a 20 kg wildCanismoving across a field in New England or Quebec and
ask the experts, “What is it?” and you could getesal answers. Some wildlife biologists
still call it a coydog (a supposed hybrid betweaowote and domestic dog; Silver &
Silver 1969); others think it is a subspecies g¢fate C. latransvar.; Lawrence &
Bossert 1967; Lawrence & Bossert 1969), while stitlers think it might be an
Algonquin wolf C. lupus lycaoh And maybe it i<C. lycaonand more closely related to
the red wolf C. rufug than it is to the gray wolQ. lupus Wilson et al. 2000; Kyle et al.
2006). Still others have argued that it might e lrid between the gray wol€( lupug
and the coyoteQ. latrans Lehman et al.1991).

An animal's nomenclature is critically importanttive twenty-first century
because, for example, if the animal is a gray \(@Iflupug or red wolf C. rufug you
cannot shoot it inthe U.S. because they are oeritlangered species list. However, if it
is a hybrid gray wolf or hybrid red wolf, then & mot protected under the ESA and some
would argue that you should shoot it so it canmotupt the endangered species. If it is
C. lupus lycaonyou can shoot it in Quebec, Canada but not imtneh-eastern U.S.
because technically it is a gray wolf. Howeveitt i§ C. lycaonit is unclear what the
rules are in North-eastern U.S. And if it is a ct®;ou had better shoot it because if
your neighbours find out you let a varmint go, Yida€ ostracized. If it is a coydog, you
cannot capture and keep it in Connecticut becduseiwild animal and a permit is
required. In Massachusetts, anything with dog is & dog and you can cage it. (Since

the domestic dog is technicalanis lupudam,, it is probably covered under the ESA.
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Can a species be endangered and its subspeci¢Bnbthy is it so hard to identify our
animal and why do so many people disagree?

Wolves and their relatives have a confusing taxandnstory. There are big
differences between rabbits and wolves. Everyomsvisnwhat a rabbit is, even if it is not
“anything but a rabbit.” We might not know who ttabbit’'s ancestors were or exactly
how they are related to their closest relatives vioeido know what one is. Wolves and
their relatives present an almost opposite prolenabbits. Every species of the genus
Canishas similar morphological and genetic featuresitisddifficult to tell the
differences among them. Indeed all eight (sevep@giss are karyotypically identical,
that is, all have identical chromosome numbersssighapes, and even banding patterns
(Todd 1970; Chiarelli 1975; Wayne et al. 1987) Tlgeinetic differences are allelic. All
members of the genus are inter-fertile. Hybridseaisly produced in the laboratory for
study. There are growing numbers of wolf/dog hybkept for pets. There are dog/jackal
hybrids used in laboratory studies and they airddafor activities such as locating
drugs or bombs.

Journal papers report that coyotes, wolves, dogsjaekals hybridize
“naturally.” The only barriers to reproduction angoall these species are mechanical
barriers—size differences, social organizations tliad to restrict reproductive access,

and of course geography.

Morphometric Solutionsto the Spedes Problem
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“Taxonomy is written by taxonomists for taxonomistst is the most subjective
branch of any biological discipline and in many way more of an art than a
science.”

Cowan 1971

We should be able to measure our 20 kg animal in Begland and identify it.
Traditionally, as with the rabbit/rodent problenffetentiation was based on
measurement. The underlying assumption is thaststat differences in phenotype
reflect differences in genotype. The larger théedédnces in phenotype, the more
distantly related are the two forms. This makesaappt sense since transmutation of
species by natural selection is a slow procesaddlition, it seems to makes sense when
you are measuring basicrania, dental formulas athtanorphology, and other
conservative organs in the body.

It is an assumption however, that phenotype reptegenotype. When that
assumption is used to determine species, espefoakyl species, as sexually isolated
populations, it is inadequate to the task. Dogbalty have the greatest morphological
deviations (breeds) in the mammal world, are nstaditly related one to another, and are
not different species one from another. All skubwgth is regulated by both allometric
ratios and accommodative effects. Very minor chanigensets and offsets and
allometric growth ratios can result in enormougedénces in the resulting head shape.
Very small allelic differences can create the byaeip halic head of the bulldog or the

dolicephalic head of the borzoi.
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Schneider (unpublished data; Coppinger & Schneliéb) compares the skulls
from five “species” ofCanisand a number of dog breeds for differences in ah8kull
shapes were measured electronically for size-inudgre differences. The actual
differences in distance between any two skulls vgeremed.

If these two charts (Fig. 1.2.1) are interpreteg laglogenetic trees, one sees
immediately the problem with using morphometrickeTost diverse shapes are
represented by breeds of dogs. Species such asespgolden jackals, and side-striped
jackals, which live continents apart, have almdshtical head shapes, but change
relationships dramatically depending on whetherisreoking at the dorsal or ventral
view. Wolves also change relationships with thewie

Differences in head shape have little relationgbiphylogeny (Fig. 1.2.1). One
cannot infer genetic relatedness nor constructyéogénetic tree using morphometrics.
We suggest that phenotype is not good a methoshdéasuring genotype at the species
level.

Yet morphometricians continue to assume that p tjpaks of animals that have
similar canonical values are more closely relatethtpopulations that are dissimilar.

M orphometricians cannot distinguish founder effaws convergent evolutionary effects.
Researchers measure fossil skulls with the assamtat the canonical values are the
product of genotype and the differences betweereanpopulations and modern forms
are evidence of genetic evolution. The morphomatriassumes that the measurements
are a reflection of genetics and can be used fereiftiate between genetically divergent

populations in order to make some judgment aboatiagion, cladistic relationships and
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Figure 1.2.1. Cladograms of five species of thauggdanis, including assorted breeds of

dogs, based on (a) dorsal and (b) ventral morp h@mnétws of adult skulls.
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origins. What happens when coyotes and side-stjgmédls have similar canonical

values? Well, that is very interesting.

Genetic Solutionsto the Spedes Problem

In the past thirty years, molecular geneticistsehemtered the species debate.
Their intent is to be able to find in the genep aces marker, to find sequences of genes
that will show the relationships between the sea@ead finally to find a genetic clock
that will give the dates of origins of those spgcléspeciation is the gradual shift of
allelic frequency over time, it is assumed that ydapions with similar allelic structures
are more closely related, while those with radjcdlifferent genetic structure are more
distantly related. The larger those genetic diffiess are, the longer the time since the
two species diverged. It is a little unclear if ane reasoning could be applied to
subspecies, which technically have not divergedstitichave a continuous—albeit
limited—gene flow within the greater population.

The geneticist argument starts with the neutralatmon theory. The neutral
mutation theory is based on the observation theatethre genetic mutations which are
neutral to selective processes; they are not delatenor are they advantageous to the
organisms that inherit them. For example, therevar&tions on the extra-nuclear
mitochondrial DNA (mtDNA), or within the nucleus ¢he Y-chromosomes, or within
the micro-satellites, that appear not to affect eimgnges in phenotype. The neutral
mutation hypothesis predicts that these randomtmoatado not affect fithess, thus they

will not be selected against, or for, and therefeittaccumulate over time. The resulting
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increase in heterozygosity becomes an indicatolook of phylogenetic time. One
prediction is that higher heterozygosity of thesetral genes indicates an older
population, i.e., a longer elapsed time since tigal single haplotype, or mother of the
species or group (“Eve”). Some authors also predat centres of greatest
heterozygosity are centres of species orijiesnard et al. 2002; Savolainen et al. 2002).

The flaw in this reasoning derives from the facitghopulations are always finite
in number. The corollary is that there is a linotthe number of haplotypes that can
possibly accumulate. There must always be fewelohgpes in a population than the
number of individuals in the population. Many indivals will die before reproducing
and many neutral mutations will be lost by charcee(genetic drift). It is therefore not
obvious that heterozygosity will increase unifornulgtil saturation.

We hypothesize that the omission of this considamah previous work may be
partly responsible for the failure of previous cddtions to predict the heterozygosity
that is actually observed in empirical studies. &ample, some studies find that the
number of neutral haplotypes in natural populatisrierders of magnitude” less than
theory predicts (Avise 2000).

We created a simple computational model to illustthe dynamics of neutral
mutation heterozygosity. Felsenstein (1971) denmaéss for the loss of haplotypes in a
mutation-free model, but we are unaware of anay itvestigation of this question in

models with both mutation rate and a finite popafasize.
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Our method was to simulate populations of genorhésngth 750BP that were
reproduced asexually with a probability of err@an@om base substitution, with possible
replacement) of 1 in 50,000 or 1 in 100,000 bageeso The genome length was chosen
to be similar to lengths of regions commonly usadnfolecular dating, for example the
672BP hyper-variable region of the mtDNA D-loopdiogs and wolves (Tsuda et al.
1997). The mutation rates were chosen to be ofahee order of magnitude as
empirically determined rates, for example the cdte in 85,190 base copies determined
by Heyer et al. (2001; they observed 0.0079 suligiits per generation per 673BP), or
the rate of 1 in 20,130 base copies determinedargdps et al. (1997; they observed 1/33
substitutions per generation per 610BP). Thess meconsiderably higher than many
inferred “phylogenetic” rates; we used the emplljcdetermined rates because we were
investigating the validity of the phylogenetic ratéerences.

For each simulation, we began with a randomly gameel founder and generated
a fixed total number of offspring in each subsedgemeration, with the single parent of
each offspring chosen randomly from the membetd®previous generation; this
produced a Poisson distribution of litter sizedwatmean of one. We continued this
process for 5,000 generations while tracking thalmer of distinct haplotypes and the
number of genomes identical to the founder. We gotedl 64 simulations, two (using
different random number generator seeds) for eantbmation of population size and
mutation rate (error probability). We used popolatsizes from 5,000 to 20,000 (in
increments of 5,000) and from 50,000 to 600,00Gn@rements of 50,000). (Note that

the present-day population of wolves, worldwidgynsbably between 300,000 and
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400,000). These were computationally intensive Etans, six of which terminated
early due to system problems and were not re-r@report on the results of the 58
simulations that terminated normally.

The first result was that the founder haplotype lwas early. The founder's
haplotype was extinct as early as generation 3@85awmer survived to generation 2,000.
The average extinction generation of the found#nss all reported simulations, was
1,078 (Fig. 1.2.2). The founder had the best pritibab shot at lasting for the most
generations since the first several generationsisted almost entirely of its clones;
haplotypes that arose later from mutations genekstame extinct much more quickly
and rarely lasted 1,000 generations.

The second result was that the number of hap lot{ipeterozy gosity) reached a
stochastic steady state in early generations. €hergtion in which the number of
haplotypes stabilized depended on the mutationaradleon the population size. We
calculated the “stabilization time” to be the figgneration in which the number of
haplotypes was within one standard deviation ofnilean number of haplotypes over the
last 1,000 generations of the simulation. Staldilmatimes ranged from 101 to 774
generations, with an average of 418 generatiorg (F2.3). In all cases stabilization
occurred long before the window over which the lfimaan was calculated (generations
4001-5000). Although stabilization occurred latdren populations were larger, this
effect decreased as the population grew, and weotxpat simulations with much larger
population sizes would stabilize in numbers of gatiens not much larger than those

observed here. The populations in our simulatiads o geographic structure; that is,
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the parent for each offspring was chosen randomibhout regard to geographic
location. We conjectured that if geographic or abstructure were added then the
“effective population size” (Avise 2000) would meMer and we would expect
stabilization to be correspondingly more rapid.

The third result of our simulations was that themeumber of haplotypes,
averaged over the final 1,000 generations, rosatig with the population size (Fig.
1.2.4). After stabilization, the number of unigwplotypes in a population was a
function of the population size, but not of the tn@mof generations.

One unrealistic aspect of our primary simulatioraswhat our population sizes
were held constant throughout each run, whereasalgtopulations are subject to niche
size fluctuations and periodic population crashestd disease or other cataclysmic
events. To determine the effect of such eventsomducted 14 additional runs (7 with
each mutation rate) in which the population size waried from generation to
generation. We started with populations of 50,00 each generation changed the
population size by a number chosen from a unifoistridution between -1,000 and
1,000, maintaining a minimum population size of #d a maximum of 100,000. The
stabilization metric could not be directly applieddata from these runs, but it was clear
from graphs of individual runs (not shown) that-Stabilization" occurred rapidly and
that the number of haplotypes tracked changeseiptpulation size. A plot of
population size versus number of haplotypes fot4ltuns was created by sampling the
data at 100-generation intervals from generatiOf@to 3,000 (Fig. 1.2.5). The linear

relationship was maintained even with populatiae $iuctuation; the coefficients of
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determination for linear regressidﬁ)(were >0.9982 (p < 0.001) forthe runs with
mutation rate 1/50,000, and >0.9918 (p < 0.001)Herruns with mutation rate
1/100,000. In analyzing the results, we concludhed they have serious negative
implications for the use of mtDNA to infer cladistelationships, places of origin, and
times of divergence. Aggarwal et al. (2003) argagdol on very small samples that
Indian wolves are of ancient origin, suggestingriion years ago (mya). Vila et al.
(1997) contend that dogs diverged from wolves 13%¥a. Wilson et al. (2000)
hypothesize thalDNA profiles of eastern Canadian wolf and the redIf provide
evidence for a common evolutionary history indegendf the gray wolf,’and over a
million years ago.

How is it that these papers can suggest such arariggms when theory would
predict that all haplotype information is lost witla thousand generations (in the case of
wolves, 2-3,000 years)? Savolainen et al. (200&pcthat since the greatest diversity of
MtDNA haplotypes of dogs now exists in East Asierefore this must be the area of
origin. Ingman et al. (2000) reason that the higheersity of mtDNA haplotypes in
African population$ provides compelling evidence of a human mtDNAiwiig Africa.”
Templeton1999) has criticized such arguments with the olzem that mtDNA
diversity within Africa is higher in food-producinggoups than in hunter-gatherers,
whom everyone believes came first. He argues (W ttorrectly) that increase in
genetic diversity in humans is more likely to beda differences in population size and

growth rates than to population bottlenecks. M @reegally, these results may help to
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explain long-debated discrepancies between thealgtipredicted and empirically
observed levels of heterozygosity (Lewontin 1974is& 1994).

In our opinion, the neutral mutation theory is sesly flawed in determining
species, phylogenetic relationships, time of dieaiag, or the place of origin. The best
one can glean from these studies is that all thrabees of the genuSanisshare
haplotypes, indicating that they are simply subgseaf one another. Many biologists,
including Darwin, tried to warn us of a commitmeatthe designation of species (see
opening quote). The caveat still exists. So fargéreticists’ contribution to all this is to
create problems, suggesting new species (Wilsah 2000) and hybrids between
existing species. Kyle et al. 2006 wrestle hop&lesgh both a genetic and a
morp hological solution to the question of speciesastern North American wolves.
What the data showed were that the eastern wolees mot a sexually isolated
population, nor were any of the populations that@ainded it grey wolves, coyotes or
red wolves. Indeed the data clearly illustrate thase are subspecies or races within the

genus.

Subspecies

The history of the trinomial nomenclature is prdigabnore complicated and
confusing than the history of the species conddptlet (2001) traces that history from
Linnaeus to the present, discussing the differestivations for taxonomists to use a

trinomial taxonomy (see also Mayr 1982).
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A subspecies is a non-random distribution of afletgeographically based. A
subspecies is a variety (breed, race) within tleadly isolated species, but not in itself
sexually isolated from other subspecies. As westdw, all species that have a large
range will have numerous subspecies.

It is assumed that the observable phenotypic wamnia morphology, defined by
the allelic distribution, is the result of localatations to topographic variation. The
Darwinian (New Synthesis) belief is that varietiegses, or subspecies are incipient
species and are on the path to becoming true amdpecies.

We think that could be correct, but it is an asstiompand has by no means a
guaranteed outcome. Sub-speciation as incipierdiatjm has been experimentally
tested and never shown towork as expected. Alkexents that selected for a change in
allelic frequency never have produced a speciehdri Goldschmidt selected for allelic
differences for twenty-five years, trying to createew species, and was never able to
produce anything except subspecies, varietiegaasrof gypsy moths. He came to the
conclusion that thdthe changes necessary for the formation of a npecies are so
large that the relatively small differences of 8ubspecies as a starting point would
hardly count” (Goldschmidt 1933, as cited in Gottlieb 1992).

Mayr (1982) suggests that sympatric speciatiommceptually difficult to
postulate because of the lack of sexual isolatitthimva population. Simply put, this
means that subspecies, which are in genetic co(dafiire zones) with other members of
its species, can never achieve complete sexuatigol There are at least three examples

of apparent sympatric speciation in the literatiifee hawthorn and apple maggot flies



74 Coppinger, Spector and Miller — What is a Walf?

are the best studied. They can be bred togethbeifab but they have different life
cycles, coinciding with the flowering and fruitimighes of the apple and hawthorn (Bush
1969). Berlocher and Feder (2002) review the dabeoughly and conclude, as with
many species argument§ne's perspective on this matter depends, in partpne's
concept of a speciesThe point is that authors treat populations tleatelrsome degree of
sexual isolation as if they were species.

This is not to say that on large continents, sgemild not be separated for
thousands of years, or that in some sense symgpg@ation could not happen, but
rather that it has not been clearly demonstratedusithe emergence of dogs surrounded
by the ancestral population might be a good exantpiledogs are technically not a new
species, and they are not reproductively isolateah the rest of the genus. But, whether
considered species or subspecies they do demansitaeme divergence from the

genus, obviously derived sympatrically.

The Adaptive Subspecies. Clines

There is a tendency for a genus (or a species)ashnisto grade
morp hologically from one end of its range to anotiMany mammalian species tend to
grade from large sizes in the north polar regiansmaller size in equatorial latitudes.
Single genus clines are typical of a number of Ndtinerican taxa, e.g., the cervids,
ovids, bovids, and of course the canids.

It is assumed that this gradation of surface towel ratios is indicative of an

adaptive response to latitudinal climate gradatidiere are often other morphological
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changes associated with changes in radiative sudieaas such as length of appendages
and ear lengths. Phenotypic variations from nosthduth support theories describing
clinal distributions within a single species. Fatedailed analysis of the clinal
“speciation” see Geist (1987). There are otheriofticlines, which involve altitude
changes or edaphic variations over the speciegrang

In theory, genes can “flow” from one end of thaelto the other. It may be
possible to show experimentally in some casesitldatiduals chosen artificially from
either end of a cline are not inter-fertile. In tiberature this is commonly referred to as
ring speciation. But often the infertility is thesult of mechanical problems related to
size, or physiological responses to seasonalityttigger timing of oestrous cycles or
spermatogenesis. Many other clinal differencesbeadevelopmental rather than genetic,
such as variation in dialect of species song ortebip performances related to species
recognition patterns (West-Eberhard 2003). Withimat and ring speciation complexes
many of the morphological and physiological diffeces may be developmental
characteristics and not necessarily indicativeavfagic differences.

Rarely are clines perfectly continuous over thé@ai@nd rarely do they perfectly
follow geomorphic features such as latitude. SestG#987) for an interesting review
and a criticism of Bergmann'’s rule.

Frequently, regional morphological variants hawdrically acquired species
binomials. This was especially true where thesoisie allometric growth characteristic.
For example, bigger sheep have disproportionagetyet horns and curling

characteristics than their clinal relatives, angiger deer have disproportionately larger
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antlers. Geist (1971) tried to deal with the clidatribution of sheep, which range from
African small-horned mouflons, across Asia to tighdrn sheep of Siberia and Alaska.
Like the genu<anis all members of the sheep clir@\is) are inter-fertile. The wild
forms are also dwarfed in numbers by domestic shebch can interbreed with them
and spread diseases among them. Geist arguesthetny “species,” “races” and
“subspecies” of the gen@vis have been named that one is hard-pressed even to
remember the names. In the past, biologists liketG®oked the other way” when it
came to the species or subspecies designation.

Similarly, each of the ecomorphs of tBaniscline has been subdivided into
numerous species, subspecies, and geograp hical(Bwvster & Fritts 1995) which are
dwarfed by the sheer numbers of domestic dogs.dften easier for ecologists to deal
with the various ecomorphic forms as if they wereces—even if they are not. It would
be difficult for us to think of the Ethiopian wailf the red wolf as having been
geographically isolated from all other (species@dnisfor some Darwinian time span,
and having become a sexually isolated populaticrasult. Indeed the evidence is just

the opposite.

Shifting Clines

The grading from large polar morphs to small eguatonorphs is not perfectly
linear. As the glaciers retreated rapidly 15,00a8rgego, the tundra ecozone moved
north. With the movement of the tundra went theltaradapted ecomorphs, the larger

members of the cline. The temperate ecomorphstandubtropical ecomorphs also
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"slid" north. Sliding north can mean populationsanfmals dispersed north with the
warming trends or that adaptation selected forlemaldividualsin situ. Geist (1987)
developed his “dispersal hypothesis” in light afiegion to new luxury environments and
re-adaptation to old niches being a major featfiteedAge mammal speciation.

TheCaniscline did not shift north uniformly, just as thagers did not
disintegrate perfectly along latitudinal lines. ther did the various size classedCainis
shift in synchrony with the retreating glacier. Ténavere discontinuities of movement in
every taxa associated with glacial retreat. Culyetite vegetation of Alabama, Georgia,
South Carolina, and North Carolina has relic popats of eastern hemlock$¥guga
canadensis Hemlock is now most populous in areas that weger the ice 10,000 years
ago. These trees in isolated populations are i sis relic populations.

Glacial retreat is punctuated by numerous extingtielinal shifts, temporary
refugia of relic populations, and selective adaptet of the survivors. Strand€hnis
populations readapt to the new climate—if they hawe, or get out-competed by the
smaller morphs of their own species moving nortthwie warming climate. All these
changes are happening millimetre by millimetre duamdreds or even thousands of
years.

Although the larger members of the genus exishértorthern or cooler latitudes,
small populations of >20 kg animals can exist asdnical remnants of past climatic eras.
These relic populations are not different spedies the <20 kg morphs that now

surround them. There is no need to think of sizeoat colour as species specific, or
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even as adaptive, without other evidence. Suchacheristics may have been adaptedto
an earlier climatic regime and/or simply the residliocal founder effects (Geist 1992).

Wolves, meaning populations Ganiswhich are >20 kg, are going extinct in
Georgia, Alabama and northward, and are being cedlay a healthy population of <20
kg Canis The few remaining red wolves are not a differgmnécies than the coyotes
replacing them, and indeed they breed with theavjng their genes in a smaller
ecomorph. Whatever environmental niche the red molfph was adapted to 5,000 years
ago continues to change locally. Restoring thatpido its niche (which may no longer
exist) might not be possible.

Clines are a good posterioriargument for adaptive responses within a species
whose niche covers a large continental area. TAeedithe species can vary regionally
with not only the climate, but also the prey basleich in itself varies climatically and
regionally. Again, this does not mean these redivaaations are criteria for speciation.
In addition, as we have seen, these clines maysbepled and fragmented frequently by

changes in climate, food supply, and countlessrotérables.

Non-adaptive M echanisms of Subspecies

Our exploration of the subspecies question leads urgeresting findings.
Traditionally it was thought that subspecies werally adapted—a locally evolved
incipient species. This may be true for many ggolgical variants but our studies suggest
that there are non-adaptive methods in place thatagtee the creation and recreation of

sub-specific variants. The result is that not b@rvable variation was “selected for.”
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Subspecies are defined above as a non-randonbdison of alleles,
geographically based. The assumption is that thimsrandom distribution is the product
of natural selection. However, there is a possybiiperhaps a probability— that allelic
differences can be distributed non-randomly actbesiche by local founder effects.

Populations are never constant, their numbersgend falling sometimes rapidly
because of disease, parasites, or other cataclyesmets. After such an event, the
population recovers regionally from small foundpapulations. Thus, one would expect
local founder effects. Theory predicts that a Idoahding population could not represent
the gene distribution of the parent population.

Founder effects in geographically dispersed popuratcan be illustrated with
simple simulations. To demonstrate this we designstinulation in which we model
animals as marbles that roll around on a tablebap represents a species niche. The
tabletop is initially empty, corresponding to ah@dhat has recently been opened for
colonization, for example by a receding glaciers@me cataclysm that locally wiped out
all the previous occupants.

Each marble is characterized by three genes, daghich has four alleles. For
the sake of visualization we map the values ofgdrees to colour components of the
marbles, with the three genes determining the atsonfired, green, and blue. So for
example if the alleles are labelled [0,1,2,3] dnithése map to the amounts of colour
[none, a little, a lot, full], then a marble withe genotype “000” would be coloured with

no red, no green, and no blue (that is, it woulthlaek), whereas a marble with genotype
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“102” would be coloured with a little red, no greemd a lot of blue (i.e. it would be dark
purple).

Neither the genes nor the colours affect fitnesd,k@th are neutral with respect
to selection (neutral mutation theory). Our marlalesnot inert, however. The simulation
proceeds in small units of time called “time stepsd at each time step, each marble
exerts a small random force in a random direcBorthat the marbles tend to wander
around the niche. Each marble also has a smalbpildlp (1/150 in the simulations
reported here) of producing offspring. The offsgrappears above the parent and usually
hits the parent as it falls to the table, with tégult that the parent and the offspring roll
away from one another.

We explored two conditions of inheritance. In tistfcondition the offspring's
genes are copied from the single parent's genesastdgene is then mutated with a
probability of 1/100. M utation is performed by clyerg a gene to a randomly chosen
allele, which has a 1/4 probability of being thengaas the original allele. This
corresponds either to asexual reproduction orrtglessex propagation of genetic
material, as occurs with mitochondrial DNA. In gecond condition we permitted
hybridization: a "mate" is chosen randomly from tiearby marbles and each gene is
taken (with possible mutation) either from the mam@r from the mate, each with a
probability of 1/2.

A marble "dies" and is removed from the systerhiiéaches the age of 250 time
steps, and it "ages" an additional 10 time stepbk Bme it collides with another marble.

This aging process helps to ensure that the populatill spread across the table, since
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tightly grouped marbles will die more quickly andlwherefore produce less offspring.
This feature can be considered a model of a sifop#d resource, open space.

We begin each simulation with a single marble aedlserve the dynamics of
the system as offspring are produced and the ptipulgrows. If all of the marbles die
out, which is rare with the parameters that we esedpt near the start of a simulation,
then we start over.

We limit the population to 1,000, but in the sintidas reported here the
populations grew only to about 800 and the limiswaver reached. Early in each
simulation one observes a small and nearly homagengop ulation with a few
individuals having different genotypes that wereguced by mutation (Fig. 1.2.6). After
a few thousand time steps the population will hrgveead across the tabletop and several
geographically distinct subspecies will be evidgng. 1.2.7).

Ecologists have developed a variety of tools withal to measure the
emergence of geographically distinct subspecigseffample see Hubbell 1997). Here
we use a simple measure of "localization" calcula® follows. We divide the tabletop
into a 10 x 10 grid, and for each genotype we cobmethumber of grid squares in which
marbles with that genotype d@t occur; this number is called the "vacancies" ef th
genotype. We then sum, across all genotypes, timbeuof marbles with each genotype
times the vacancies of that genotype. This summagiohen divided by the total
population size and then again by 99 (the numbegridfsquares minus one) to produce
an overall localization number that ranges from Q. tA localization of 0 means that all

genotypes occur everywhere across the table toje elocalization of 1 means that
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Figure 1.2.6. Early snapshot of a "virtual marlslghulation demonstrating founder

effects, with colours reduced to shades of gray.
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Figure 1.2.7. Later snapshot of a "virtual marisigiulation demonstrating founder

effects, with colours reduced to shades of gray.
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each genotype occurs only in one grid square. hrerge, the localization can be thought
of as the percentage of the territory in whichgadsl marble's genotype willot be
found.

Our primary observation from running these simolasiwas that geograp hically
distinct subspecies readily emerged, even withdaptve selection of any sort. The
environment was homogeneous and all the genetierrabivas selectively neutral, but
mutation and founder effects nonetheless produeedtgpes that varied across the
territory, thereby warranting classification as spiecies. The patterns of sub-speciation
depended on the values of several parametersxdange the mutation rate and the
travel speed of the marbles, but significant subegtion occurred in a wide range of
settings.

We plotted the localization values of ten simulasi¢five with hybridization,
averaged together, and five without hybridizatiawveraged together) each of which was
run for 10,000 time steps (Fig. 1.2.8). Localizatwas always initially 1, as the initial
founder was perfectly localized. It dropped aspbgulation grew and spread, but it
never got very low and it rebounded after abou®@dme steps. At the end of each
simulation the approximately 700 marbles wereyawEll segregated geographically,
with most marbles belonging to subspecies thatreovenly about 1/4 of the tabletop.
We also plotted the numbers of subspecies in time samulations (Fig. 1.2.9). Note that
the hybridization condition produced more subsseaikbile maintaining ap proximately

the same level of localization.
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Figure 1.2.8. Localization values for ten "virtuarble" simulations (five with

hybridization, averaged together, and five withloglbridization, averaged together).
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Figure 1.2.9. Numbers of subspecies for ten "vinarble" simulations (five with

hybridization, averaged together, and five withlylbridization, averaged together).
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Correct interpretation of the localization measiep ended additionally on the
distribution of genotype population sizes. If &ketgroups with identical genotypes were
approximately the same size, then the numbers ptet@bove would not necessarily
reflect geographically based subspecies; thisdause each group would then be so
small that it would count as well-localized event$ members were scattered across the
tabletop. However, the distributions that we obsdmwere far from uniform. In typical
runs, 50% of the marbles fell in just 15% of theugrs, and 90% of the marbles fell in
the largest 50% of the groups. Most of the groupsavemall and therefore contributed
little to the overall population localization. Seethigh localization numbers mean that
even the large groups of single genotypes werecest in geograp hic range.

The model illustrates why there can be so many seiies represented in any
population of animals with worldwide distributionis also illustrates that the gene
frequency at any given location is continuouslyngmag in response to population shifts.
If the local population does not go to zero, vateswvill be repopulated by individuals
that do not represent the entire genetic spectfuimeandividuals that are being replaced
(founder effects). In addition, it is likely witlkataclysms that both respopulation from the
periphery and founder effects will operate simudtaunsly .

Rigorous selection for some diagnostic characierssitch as size does not
preclude rapid and continuous sub-speciation irersetectively neutral characteristics.
This model would predict that if any mtDNA haplog/prould be distributed non-
randomly throughout the range, it then would ap asaa sub-sp ecific characteristic. Sub-

specific distribution of mtDNA would always app @asome cladistic representation of a
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species. The fact that these different haplotypesieutral to selection suggests that local
founder effects determine their distribution.

If within a cline we get a disease, the local papiah can run to zero. If it does
locally go to zero then repopulation will come fron@ periphery. The area will be
repopulated by “subspecies” from adjacent areas—bmayore than one subspecies—
and hybridization of sub-specific varieties willogssarily occur.

It is important to note that centers of heterozytgosr local homozy gosity
(subspecies) are typical of local fluctuating p@piohs and not indicative of either

cladistic relationships or centers of origin.

Hybridization

“...[there is] every reason to believe that new speanay arise quite suddenly,
sometimes by hybridization, sometimes perhapshey ateans. Such species do
not arise as Darwin thought, by natural selection.”

“When they have arisen, they must justify theist&xice before the tribunal of
natural selection.”

Haldane 1956

“...most speciation involves natural selection; nallselection requires genetic
variation; genetic variation is enhanced by hybrition; and hybridization and
introgression between species is a regular occureenspecially in rapidly radiating

groups.”
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Mallet 2007

Just as the term species gets misused, it is nimgcbame with hybridization. In
the classic biological literature, species hybadiian is characterized by a karyotypic
change. The offspring or the new species is a galyor an alloploid of the parent
species (Mallet 2007). It may be that the ge@asisis a polyploidy result of some fox-
like ancestor. In th€anisliterature we tend to use the term hybridizationhe
agricultural sense of the word, where it is thessiog of races or breeds. In that sense the
product is a mongrel but not a new form in the sgsesense because it never leads to
sexual isolation the way karyotypic change doeshénagricultural sense of the word
hybridization is often used in production of newééds” and characteristics such as
hybrid vigour. The point is that when biologistpigally thought of the hybrid being
maladapted it was because the change in kary ogualdy isolated the population and
in whatever landscape it became the “hopeful moridtethe Canisliterature the term
hybrid gets used in the agricultural sense but wWithconsequences of the biological
usage.

For those of us involved Banisconservation, each time two of the presently
described “species” hybridize, the fear is thatwilelose the “species” with the smallest
population. But what is being lost is the phenotyplee genes of the individual are being
passed on. The smaller population could becomecagnézable phenotypically, but that

does not mean they have genetically disappeared.
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Coyotes breeding with gray wolves (Mech 1970), enylotes breeding with red
wolves (Nowak & Paradisio 1983) are cases wheratligors are concerned that
continued hybridization will lead to the demiseloé species they are trying to protect
and/or restore. Boitani et al. (1995) argue thdirljzation between the 200-500 wolves
in Italy and the 800,000 stray dogs may be a theetttat recovering wolf population,
because of not only genetic contamination, but etsop etition for resources. Wayne
and Koepfli (1996) report that 15% of Simien wealbkals contain evidence of
hybridization with domestic dogs. Wilson et al. Q2D report that three red wolves, one
Algonquin wolf, and four southern Ontario wolvev@ahe same mtDNA haplotype as
Texas coyotes. Twenty-five percent of the animaés/ tare trying to differentiate have
coyote haplotypes. For Vila et al. (1997), neard¢@of their dog breeds have wolf
mtDNA. Indeed, it is more likely that the three wed in Eastern Europe had dog
mtDNA. (Would it be fair to say that wolves descetdrom dogs?) Lehman et al.
(1991) found wolves with coyote mtDNA, and Waynd denks (1991) identified “all”
their red wolf population as containing coyote andfey wolf mtDNA.

Each genetic study of@anisspecies seems to have to deal with the hybrid
problem. In each study there is @eriori assumption that their animal is a true species
and qualifies for the binomial given to them. Theaarchers “know” what the species is
before the research begins. They label the speaiéetted a wolf, a coyote, or a dog,
before the genetics is determined. The specimebdss identified before we send the
tissue to the laboratory. We send a wolf samptéédaboratory, which then reports that

the mtDNA is not wolf mtDNA, and therefore our wafa hybrid. Our wolf is carrying
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coyote mtDNA. Our wolf is carrying dog mtDNA. Owd wolf looks like a red wolf but
it really is a hybrid coyote in disguise.

In each case it is assumed that sharing haplotigpmsdence of hybridization of
the “species.” In each case it is assumed thataengs and his followers were right in
designating these different species in the firat@lIn each case it is assumed that the
morphology indicates species and in each caseagsamed that the genetic techniques
can discriminate between those “species.”

There are two conclusions: 1) these are not treeisp, but rather subspecies of
one another, and/or 2) the various methodologiesatadiscriminate between them. As
subspecies the expectation is that they will hageree flow between them. In the true
agricultural sense of the word hybrid there willikerbreeding between the various
races, breeds, varieties, and subspecies of tloeespAnd because they are hybridizing,
the ability of neutral mutation theory to discrimie between them is impossible. As in
our diagram on skull shapes, cladistic mitochordektionships cannot be evidence of
phylogenetic relationships, but rather of localfder effects.

The thought of hybridization brings out a prejudit¢he adherents of Linnaeus’s
binomial system. Species in a Darwinian system rhasé monop hyletic origins.
Lorenzini and Fico (1995) cited several works oftBi and his colleagues in Italy, who
“consider the interbreeding with domestic dogs om¢he major threats to the integrity
of the gene pool of the Italian wolfAt a canid conference, one reporter outlined a
project that was designed to keep red wolves pAdarfis et al. 2001). The founding red

wolves in the recovery program were genotyped usicgosatellite loci, so that wildlife
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managers will be able to sample the recovering febjon and weed out any red wolf
offspring that show coyote or dog mtDNA. The intghen, of the U.S. Fish and Wildlife
Service is to create a canid-free zone around pedrgvolves to prevent hybridization. A
similar approach has been proposed for the Ethidpighlands, to neuter local dogs and
(hopefully) reduce the flow of genes to the Ethapwolves (Laurenson et al. 1997). It
sounds like purebred dog breeding.

There is a growing literature that suggests thhrityzation might be a—and
possibly the—major source of genetic variation.nRifgom the beginning of Darwin’s
theory of transmutation of species by natural sieleccritics argued that natural
selection would decrease the variation from whigtihfer selection would proceed
(Mivart 1871). The argument that natural selectienreases phenotypic variability—
Darwin’s theory is based on phenotypic variabilitgersisted until the twentieth century
discovery of genes and then gene mutation. Theaserin genetic variability comes
from two sources—recombination and chance mutatigriridization maximizes
recombination.

Lewontin and Birch (1966) suggest that hybridizati®a major source of
variation for adaptation to new environments. (NBwironments can be changing
environments.) Haldane (1956) goes further in sstggg that hybridization can be a
source of new species. Mallet (2007) concludes tidiridization can contribute to
adaptive radiations..."Coppinger and Coppinger (2001) suggest that higatitn is a

way to create forms that are phylogenetically bizawvhat others have termed hopeful
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monsters. Almost all of our modern breeds of dagheéir most divergent forms are
creations of sub-specific hybridization.

Arnold (1997) summarizes a large literature on ratiy bridization, giving many
examples from the literature on plant, insect rtizanammal (coyote, wolf) and bird
hybridization. M ost important, he attacks the psaphical notion originated by Darwin
and promoted by Mayr (1982) and others that hybmdst always be "bad" or irrelevant
to evolution:“...natural hybridization affects the evolutionalnystory of the groups in
which it occurs primarily through the productionrmdvel genotypes [phenotypes] that in
turn lead to adaptive evolution and/or the prodoistof new lineages."

Arons and Shoemaker (1992) demonstrate the ideaw&l phenotype as a
product of hybridization. In a study of neurotratitsenpatterning of the midbrain stem
they produced data demonstrating that hybridseldos the average of their parents but
often have unique brain maps. The embryologistersh and Alberch (1981 ; Alberch
1982) demonstrate a number of threshold effectbardigital formula by changingthe
size (number of cells of the limb bud) of the origam The argument that hybridization is
a way of creating novel genotypes and corresp orliegotypic differences might be a
surprise to canid biologists, but it is quite at-fashioned idea for botanists (M allet
2007).

In any restoration program, the success or faikipeartly the ability of the
restored animals to adapt to the habitat. The @bjpul being restored is small or rare,
meaning a small gene pool and founder effects. & bbsis who have studied

hybridization are of the opinion that it increasies individual's fitness and creates novel
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behaviour patterns, which allow the exploration andel adaptation to new habitats
(Arnold 1997; Doolittle 2005). Since hybridizinggmesses are occurring naturally in the
genusCanis,it would be counter-productive to their geneticvsral to try to further
isolate them from diversifying through hybridizatiaith perip heral (and successful)
forms (Kyle et al. 2006).

Indeed, it may be the strength of any genus nep éaiate in the sense of sexual
isolation. Habitats are always changing, and pdpuna have to adapt continually.
Populations of canids are constantly faced witkalie and other calamities. Sexually
isolated species will have fewer genetic capabditio survive and adapt continually from
small populations. The ability of small populatidesgather new genes by hybridizing

must be considered a selective advantage.

Phylogenetic Web

Microbiologists who are also interested in phylgglave been frustrated in their
attempts to trace phylogenetic trees because dfitherate that their organism swaps
genes between species. There are essentially twwdgeof doing this, which Doolittle
(2005) labels lateral gene transfer (LGT) and homolis recombination.

Once one realizes that existing “species” can sgesetic material and use that
material in adaptive ways, the idea of a phylogeriete becomes obsolete. For those of
us trying to understand the evolution of the vaiéarms within the genuSanis it all of
a sudden becomes clear why constructing clado gaache hylogenetic trees is so

difficult. These organisms are sharing genetic nwtand probably have for the last
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5,000,000 years. Within the genus very little radimhas taken place. They change size
constantly, but essentially the phenotype is veryservative (Radinsky 1981). The
morphometrician tries to make sense out of siZeréifices or colour differences. The
geneticist tries to analyze their DNA, based ona$smumption that they are monophyletic
species.

And they are not monophyletic species (Fig. 1.2.B@neticists have provided

the data to prove it.

Conclusions

The genuCanispresently is divided into eight species (or sedapending who
is counting). All were named before Darwin’s theofyevolution. For nineteenth century
naturalists to declare some population of animalgecies does not make those animals a
species. The now-designated species do not cormmetine criteria of species designation
for sexually isolated populations. The membershefgenuCanisare karyotypically
identical and they interbreed, producing viablespfing in the wild. M orphometric
measurements indicate phenotypic differences, imgd differences are not indicators of
species differences. No physiological method has éitinguished among them. The
only thing genetic studies have shown clearly & there is a gene flow between existing
populations. They have never been demonstrated sejparate species.
Every paper that tries to deal with speciatio@anisclaims a problem with the species
definition. There is no problem with the specieBrilégon. A species is a sexually

isolated population. The problem with following tthefinition is historic precedent
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Figure 1.2.10. Schematic diagram of the phylogenjhe genus Canis.
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combined with competing but inadequate methodotgie

From the point of view of conservation manage méatidsshould be
recognized as subspecies. Restoration programsdséracourage viable populations of
the genugCanisin the habitats they wish to restore.

If there is still the wish to call these populagsomolves, or red wolves, or
Algonquin wolves, for popular or political reasotisen so be it. Call them anything that
will expedite management. In the American ESA, p@oges are protected.

Both hybridization and change are normal among pdg ulations. Hy bridization
is very normal, an indistinguishable in sub-speg@fopulations. Indeed hybrids are a
subspecies by definition and should not be disor@t@d against in conservation
programs. This is what the sophisticated new meilogges using mtDNA and cladistic
statistics are telling us. Gene flow is constaRure” species are wishful thinking.
Hybridization increases genetic variability andgome instances creates phenotypic
novelties. Hybridization should not be artificialprevented in reintroduction programs.
Small populations of animals need genetic diverBityadaptation to occur. They also
need genetic diversity to avoid deleterious botdds that are the inevitable result of the
restriction of gene flow.

The five noted biologists who are quoted at thetapsections in this chapter
were unencumbered during their years of investgdby the need to determine how a
species should—or must—be preserved. In fact, timelerstood that the binomials and
trinomials existed only as convenient labels, arstconcepts, approximations of reality.

The eight (or is it seven) species of the geDanisin the world are the results of
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standing before Haldane’s (1932) “tribunal of natwelection.” The wolf—in whatever
morphological or genetic phenotypes it has achievegis maintained its Aristotelian

essence in spite of our management.
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