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CHAPTER

'INTRAPOPULATIONAL
VARIATION AND THE
COMPARISON OF
POPULATION SAMPLES

The traditional method of classical taxonomy was to group individuals
found at a given locality by similarity and call each similarity class a dif-
ferent species. This procedure was legitimate during the period when

species status was determined solely by degree of morphological differ-

ence. As a consequence, Linnaeus described the brightly colored male
mallard as Anas boschas and the drab female as An. platyrhynchos, and
the barred adult goshawk as Accipiter palumbarius and the striped im-
mature goshawk as A. genrﬂ:’s However, as soon as their biological sta-
tus was recognized, each pair of morphological SpCClCS was combined

i oSBT BB MBI OA IR PEDIBS3 ea Soiie ias5 2 ngee mei -

The male and the female mallard are two different phena, as are the
adult and the immature goshawk. Indeed, the populations of most species
of animals contain several different phena as a result of sexual dimor-
phism, age variation, seasonal variation, polymorphlsm, and other
causes. One of the primary tasks of the taxonomist is to unmask such
variants and assign them to the species to which they belong. Owing to
the great variability of most species, this is by no means an easy task, as
proved by the long list of synonyms'in many groups of; animals, names
that were given to phena when they were believed to be different species.

Students of inanimate objects establish classes merely on the basis of
similarity. Asked to sort them, they would not hesitate to place objects as
different as the caterpillar, chrysalis, and imago stages of a butterﬂ{ in

L)
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56 PART Az MICROTAXONOMY

three different classes while also placin
of butterflies in the same class. Biologj
take into consideration factors other than mere similarity. The continuity
of the genotype from the fertilized €gg through all the Juvenile stages to
the adult is one of these factors. §e

xual reproduction—which results in
genetic cohesion among all the individuals belonging to the same local

g the adults of two similar species
sts, however, know that they must

Knowledge of these biological phenomena permits the taxonomist to

assign phena correctly to species. In a species with sexual dimorphism,
for instance, males and females belong to two differe

stance, if the two phena are the only ones in a collection made at a given
locality that represent a certain genus and were collected simultaneously
in the same habitat, the probability is high that they represent males and
females of the same species. Breeding tests, the raising of young, and the
study of courtship and copulation in nature furnish additional sets of bi-
ological information that permit the correct assignment of phena. Power-
ful evidence is often provided by proteins and other molecules when liv-
ing material is available. The number of possible inferences that can be
drawn from the available information is usually large. Knowledge of the
nature and amount of sexual dimorphism found in living (recent) species
often permits the correct assignment of fossil phena to species, for in-
stance, among fossil ostracods and vertebrates.

To avoid premature decisions about which forms encountered in na-
ture are genuine species rather than phena and to permit the inclusion of
taxa of different rank in a single analysis, numerical pheneticists intro-
duced the term operational taxonomic unit (OTU) (Chapter 8). It has

Ethlmﬂdmmhewenihua.dearzmﬁsﬁnmiombetween.phena amd:spe-.—::-

cies is absolutely necessary before a numerical analysis can be under-
taken and that after the elimination of phena, the term taxon is fully suf-
ficient when one is referring to taxa.of different rank. For these reasons
the term OTU is usually an unnecessary synonym of the term taxon.
The greater the amount of information available about the phena in
question, the easier their classification. This information includes the
correct locality, habitat (and other relevant ecological information), and

season of capture. The reasons why precise information is needed are
twofold:

1 Many aspects of ecology and life history are species-specific.
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2 The phenotype of animal populations of the same species often var-
ies according to locality, season, or habitat (see below).

n make the probabilistic statement that
phenon B belongs to a species different from that of phenon A. This is the

reason for the immense importance of a thorough understanding of indi-
vidual and geographic variation.

The taxonomic literature still contains numerous named phena that
have not been correctly combined into biological species. These phena
include males and females in sexually dimorphic groups of insects, work-
ers and sexual castes in social insects, stages in the life cycle of parasites,
and juvenile stages as well as morphs. It is one of the continuing activi- -
ties of the taxonomist to unmask nominal species that are not genuine
biological species. :

A distinction must be made between the analysis of phena from a sin-
gle locality (sympatric phena) and that of phena from different localities
(allopatric phena). Only sympatric phena are considered in this chapter.

When one is sorting specimens from a single locality, it must be re-
membered that.one i3 potentially dealing withTg ibilities (Table 4-
1). Two of these (classes 1 and 4) Pose no problems. However, difficul-
ties arise when individuals are morphologically different but belong to the

Such variation is far greater

than the beginner realizes,
and it sometimes deceives even the experien

ced taxonomist,

EABLE 4-1

|SCFIIMIN

E"‘""‘-——Aj ION GRID FOR SYMPATRIC SAMPLES
Orpholg

-""""'---._.g_y_

Identic;aj
Ditferent

Not reproductively isolated

1 Same phenon of a single species
2 Different phena of the same spécies

Reproductively Isolated

3 Sibling species
4 Different, species

1
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\'SYMPATRIC SAMPLES

In a study of several phena from the same locality, only two alternatives
are possible. Either the phena are individual vanants of a single species
or they belong to different species. There are three reasor}s‘\ypy it may
be difficult to make a ready choice Pet\veen ?hese two.possnbllmes: (l_) an
extreme difference in phena be}on_gm_g o a single species (e.g. , caterpillar
and butterfly); (2) an extreme similarity of good biological species (sibling
species); and (3) extreme variability and wide p_i}cn.qtyp:q_qvqr!ap of two
species. Clues as to whether only a single Species is involved in spite of
extreme phenotypic difference, or, rathe:-r, _md_tcahons that more tt}an one
species is involved in spite of extreme s;mllgljlty » are usually provided by
behavioral, ecological, or distributional data. Molecular or chromosomal
data, breeding tests, and other evidence must then be obtained to confirm
or refute the earlier supposition.

'\ pHENA L VARIANTS)
" “ PHENA (INDIVIDUA
OR DIFFERENT SPECIES?

Most species contain several phena if not dozc':ns. To ac.ld to the compiex:f
ity of the situation, several other species with a su;ular assorltmen (:-.
phena may be sympatric. Often a pht'znon of one species resemb es_tadcoes
responding phenon of another species muc.h more closely tl;lan-: so?n :
any other phenon of the same species. For mstancer tl:ne fem fe r:;l i
species of many bird and insect genera is more smular. to 1?] r,hins -y
Elosely related species than it is to fnales of her own s?ecms'.th 0 ge X
the phenotype of caterpillars permits correct asso_clatu}n ‘.:;l blil:')l?og icai
Only observation of breeding or the careful evaluation of other g

i i this. . )
mf;;n;aé:oor;le{::?nag;gmnent of phena often can be achieved by a correct

*'**ﬁférﬁ"retatfﬁﬁfb?merpholog‘cahﬁfqmm-lommﬁfgmilxmff
lation is available, forms intermediate between the more

ants are usually present. Also, certain characters in e\.rt:}a:1 _grc:u'u::un :::rl:e?:
subject to individual variation than are others.' The glem ‘;cthe nawre n
most insects, the palpus in spiders, the radula in snails, ?1“ s
of the hinge inl bivalves are cxamp{es of such stable ¢ aracn on.e iz
several sympatric phena agree in their genitalic armatures or :hat 2.t
other characters mentioned above, it adds to the probabllhty ok
conspecific. However, even here one has to apply ba a_n;:-e dliffegrences
Although in most genera of Diptera there are characteristic e
between the genitalia of related species, there are cases in is e
have identical genitalia even though they are different specit Hiz; =
other criterion (e.g., Drosophila pseudoobscura and D. persim . . e
ilarly, in many other orders of insects closely related species may
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indistinguishable genitalia. Parasitic animals
problems (Manwell et al, 1957).

The establishment of correlations is often very helpful. If two forms
that differ in character a can be shown i i
uous and functionally unrelated char
covariation), it is very probable that
years ago Mayr found that among birds
minivet (Pericrocotus brevirostris Vigo
aries that were all black while others h
feathers. A detailed study revealed tha

present some rather special

they are different species. Some
identified as the southeast Asiatic
rs), some had innermost second-
ad a narrow red margin on those-
t birds with red on the innermost

of the underparts, a different distributi
innermost tail feather, a narrow whiti
the first primary; and four other mino
were, these characters were well co
geographic and altitudinal distributio

sh margin along the outer web of
r characters. Slight though they all
rrelated with each other and with
n. The conclusion that two full spe-

—

L= A
. NONGENETIC VARIATION

Itis of course impossible in a preserved mu

- seum specimen to determine
directly whether a given.vari

iant has a genetic basis. Nevertheless, it is.. ..
- ‘::_E*metrrtfnﬁoéme—téxoﬁ&mér'?ﬁmrsﬁ ; i

i eny types of vanation
€Xist and that in better-known groups it is usually possible to make a

valid inference about the status of a given variant on the basis of field

Observations and available experimental evidence. For a discussion of

'ihe evolutionary aspects of individual variation, see Mayr (1963:138-
38),

Animals as 2 whole are developmentally more strongly canalized than
are plants and thus ar

e less subject to nongenetic modification. In addi-
tion, through their power of locomotion and sensory abilities, they have
the capacity for habitat selection. As a result, some well-known excep-
10ns notwithstanding, nongenetic changes of the phenotype are far less
°f a problem for animal taxonomists than for plant taxonomisls.-ﬁOV{-
€Ver, every zoologist must be familiar with the types of nongenetic\vari- -
ability thag may be encountered in a particular group. i AL

-
¥

y b
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TABLE 4-2 '
" MAJOR TYPES OF VARIATION WITHIN A SINGLE POPULATION

1. Nongenetic variation

a. Individual variation in time
(1) Age variation
(2) Seasonal variation in an individual
(3) Seasonal variation in consecutive generations

b. Social variation (insect castes) o —

c. Ecological variation
(1) Habitat variation (ecophenotypic)

L

(11 v
(2) Variation induced by temporary climatic conditions PR <2 |
(3) Host-determined variation 2 S e ;US
(4) Density-dependent variation . {,L L-"'%
- (5) Allometric variation (At G /
+  (6) Neurogenic or neurohumoral variation i

d. Traumatic variation \
(1) Parasite-induced variation
(2) Accidental and teratological variation °
. Genetic variation ‘ '
a. Sexual dimorphism
(1) Primary sex differences
(2) Secondary sex differences
(3) Gynandromorphs and intersexes .
. Reproductively ditferent generations (sexual and uniparental strains)
. Ordinary genetic variation
(1) Discontinuous variation (genetic polymorphism)
(2) Continuous variation

o

“Individual Variation in Time ,

Age Variation Whether they_are born more or less developed or

ki ieriomiets Sdadcie= et i Ry R
““hatch from an egg, ariimals in general pass through a series of juvenile or

larval stages in which they may be quite different from their adult forms.
- The catalogues of any group of animals list numerous synonyms tl{at re-
sulted from the failure of taxonomists to recognize the relationship be-
tween various age classes of the same species. o
" In.reptiles, birds, and mammals there are no larval st_ages, bqt imma-
ture individuals may, be rather different from adults, particularly in birds.
Several hundred bird synonyms are based on juvenile plumage. Finding
specimens that molt from the immature into the adult plumage usually
clears up this difficulty. ' :

In many fishes the immature forms are so different.tpat they tfave been
described in different genera or even different families. The immature
stages of the eel (Anguilla) were originally described as Lepfocephnfz{s
brevirostris Kaup. The unmasking may be especially difficult in neotenic
animals, that is, animals that become sexually mature in a larval stage.

adult (e.g., caterpillar and butterfly).

/ larval (Cercaria) stage of flukes (trematod,

CHAPTER.4: INTRAPOPULATIONAL VARIATION AND COMPARISON 61

The difficulties for the taxonomist are ev

_ €n greater in groups with lar-
val stages so different that they have not t

he faintest resemblance to the

aterpi The floating or free-swimming lar-
vae of sessile coelenterates, echinoderms, mollusks, and crustaceans are

often extremely different from the aduits. The taxonomic status of such
larval stages can be settled either by assembling a complete sequence of
intermediate stages or by rearing an organism through a complete life cy-
el N — g

The taxonomic identification of larval stages of parasites is particularly
difficult in groups in which the different stag

€s occur on different hosts. It
is customary in helmirg_hology to assign formal taxonomic names to the

es) in order to facilitate their
identification (Figure 4-1). Such dual nomenclature is dropped as soon as

it becomes known to what trematode Species a given cercaria belongs.
Such a relationship can usually be established only through rearing.

Age variation is not restricted to differences between larval stages and
adults but occurs also betweer ** ™ and “*old” adults. For example,
in various species of deer (Cervus, etc.) older stags often have antlers ¢
with more points than those of younger stags. The shape of the antlers
may also change. This age variation must be considered when the antlers
of different species or subspecies are compared. There is probably no
further addition of points (or only an irregular one) after a certain age has,
been reached. It would be as futile to try to determine the exact ageof a
stag by the number of points of its antlers as it would be to attempt to

determine the age of a rattlesnake (Crotalus) by the number of rings in its
rattle. '

* The taxonomist aims to work with samples that are as homogeneous

i

— 35 possible, It is much easie

tex-to achieve this-in‘animals titat have a: defi- ™
arval ones) than it is in those which show con-
nakes and fishes, which may reach maturity af-
half their potential size or less. In such forms it
h regressions rather than with absolute measure-
species, meristic characters (e. g., number of scales or fin

ife"adult stage (after the 1
tmuous growth, such as s
}er having attained only
18 advisable to work wit
Ments. In many
rays) do not

;Erl;ulem growth. These characters are th?fef”ore especially useful in her~"

logy and ichthyology. { il ~ SNayda_ 8

“: Seasonal Variation in a!i Individual In %nimals that live as adults /*
rﬁugh Several breeding seasons, the same individual someti is a

Versf different appearance in diffetent parts of‘the year. Many bif.ds hjwe

& bright nuptial dress which they exchange for a dull (*‘eclipse’) plumage

L‘Lany ducks, shore birds, warblers, and tanagers.:In many species a. -

ange of plumage is restricted to the males. % ° : '

e

'_‘J’
increase after they are formed in spite of the enormous sub- =\** J

¥

(!
\1

€ end of the breeding season.{Among North American examples are .



MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight


62 PART A: MICROTAXONOMY

Eonopore
cirrus pouch
metraterm

testis

yolk gland

FIGURE 4-1 . ) -
Difference between the adult liver fluke (Fasciola hepatica) and its larval stage (Cercaria)
| (After Chandler and HOAl) . ooococe : T

e ) ¥ .
s e

S e i Fialma _—
s SR SR 7 St

In arctic and subarctic birds and mammals such as ptarmlga!}z
(Lagopus) and weasels (Mustela), there may be a change from a crypt‘;
white winter dress to a ““normally”’ colored summer dress. In other bir S;
the colors of the soft parts change with the seasons. In the common egre
(Ardea alba Linnaeus) and the European starling (Sturnus vulgar_l-;
Linnaeus), the bil] may change from yellow to black. Plumage changes.;( :
birds are usually effected by molting, but wear alone may produce SI-nhe
ing changes. I the European starling (Sturnus vulgaris), for example, t
freshly molted bird of October is covered with white spots and all the
feathers show whitish or buffy margins. During the winter the pale edges

e
) éb il
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of the feathers wear off, and in the spring, at the beginning of the breed-
ing season, the whole bird is a beautiful glossy black without its having
molted a single feather. A similar process of wear brings out the full col-
ors of the nuptial plumage in the males of many other birds. In arid re-
gions, particularly in real deserts, the sun bleaches the pigments. A bird
before the molt looks much paler than does one in freshly molted plum-
e.

agIn all these cases it is the same individual that looks very different in
different parfSof-the year. Such seasonal variation is particularly com-
mon_among_vertebrates, with their elaborate endoctine systems. Many
seasonal variants were described as distinct species before their true na-
ture was recognized.

\Seasonal Variation in Consecutive Generations Many species of short-
lived invertebrates, particularly insects, produce several generations in
the course of a year. In such species it is not uncommon for the individ-
uals that hatch in-the cool spring to be quite_different from those pro-
duced in The summer or Tor the dry-sé€ason. individuals to be different
(e.g-, paler) from the wet-season population. Some tropical butterflies
may have very different dry-season and wet-season phena,

Such seasonal forms.cti'n—'u_sualiy be recognized not only by the occur-

rence of intermediates in the interveni ng season but also through identity
of wing venation, genitalia, etc.- '

Cyclomorphosis A special kind of seasonal variation is found in cer-
(ain freshwaterlorganisms, particularly rotifers and cladocerans. The
Populations of a species undergo regular morphological changes through
the seasons in connection with. changes in the temperature, turbulence,
and other properties of the water. Many ‘‘species’ have been named,
Particularly in the genus Daphnia, that are nothing but seasonal variants.
In rotifers, different morphs may also result from different kinds of food.
For a recent review, see Kerfoot (1980).. -

Social Variation (Insect Castes)

" i e
PO I e i o e —p———|

o

) In the socjal insects, such as some bees and wasps, but particularly

.a‘“l‘iﬂg___ﬁmts______zmdm@_it_es, castes have developed. These are definite
ET('mpS of individuals within a colony in addition to the reproductive
astes (queens and males or drones): there are workers (sometimes of

f{ly SIeT\types) and soldiers (also sometimes of different types). In the
Meno

Ptera these castes are most commonly modified females and are
Chetically identical, but in the Isoptera (termites) both sexes may be in-

Volved: The Structural types observed may result.from different larval .
0

o _ 9T may be due to hormonal or other controls. Obviously, taxondh‘lic 4
mes shonld

s should not be applied to these intracolonial variants, but inva!jd \

5 ¥y
i 3
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species have sometimes been described because it was not realized that
there were different types of soldiers or workers in the same colony.

'/Ecological Variaiion

}_ Habitat Variation (Ecophenotypic) Populations .of a single species

that occur in different habitats in the same region are often visibly differ-

. ent. The taXonomic treatment of such focal variants has fluctuated be-

i -tween two extremes: Some authors have described them as different spe-
cies, while others have considered them all to be nongenetic variants.
Actually they may be (1) microsubspecies (or ecological races) or (2)
nongenetic ecophenotypes. The latter are pmiculmn plastic

species, such as some mollusks.

Dall (1898) gave a very instructive account of all the variations he ob-
served in a study of the oyster (Crassostrea virginica Gmelin). Such hab-
itat forms are particularly common in freshwater snails and mussels, I,h.ew
upper parts of rivers, with cooler temperatures and a more rapid flow of
water, have different forms than do the lower reaches, which have
warmer and more stagnant waters. In limestone districts the shells are
heavy and of a different shape from those which grow in waters low in
lime. This dependence of certain taxonomic characters of mussels on en-
vironmental factors was, curiously enough, entirely overlooked by some
earlier workers, a fact which resulted in absurd systematics. Schnitter -
(1922:4-5), who largely cleared up the situation, described these absur- '
dities as follows: C:

The last step in the splitting of the freshwater mussels of Europe was done by
the malacozoologists Bouguignat and Locard. According to the shape and the
outline of the shell, they. split up the few well-known species into countless
new ones. Locard lists from France alone no less than 251 species of
Tiodoiia=0n (he ottier-trands-two mussélswersgiven-the.same.name, if they .
had the same outline of the shell, even though one may have come from Spain
and the other from Brittany. It seems incredible to us that it never occurred to
these authors to collect a large series at one locality, to examine the speci-
mens, to compare all the individuals and to record the intermediates between
all these forms. It is equally incomprehensible that these people did not see
the correlation between environment and shape of shell, even though they
spent their entire lives in collecting mussels.

I these *‘species” of Anodonta are now considered to be habitat forms
of two species, and the other names have sunk into the synonymy of the
two valid*species. '

Whether a given habitat form is an ecophenotype or a micro-
geographic race is not always evident. It is sometimes necessary (0

/7

- =latedand Teared-se
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transplant the organism or raise it in t i
tion. Much work of this sort remains thoel:l’zb;;z::ry L
.Varia'tion Induced !J)’ Temporary Climatic Conditions Some animal

].wth a highly plastic phenotype may produce year classes that differ vi ;
ibly from the norm owing to unusual conditions f&;bught cold, food s‘:s-
ply, etc.) in a given year. Fish of a given year clasmﬁrﬁ—sm’l'_‘t_'_la—w(%
the cortrary, may have proportions indicative of particularly ra: id
grpwth.‘ Samp!es: _ot_‘_sug_r_:_ptible species must be collected in a way tﬁat
\:;:y:(;:;é??ﬁ;? for"distortions caused by this factor (Harrison 1959;

Uiy wil .
~— Host-Determined Variation Host-determined variation in the para-
sites of plants and animals provides a potential source of taxonomic error

(&b\& u?ﬂd‘pe'l"ml s confusion with microgeographic races or sympatric species.
7

his phenomenon is most commonly expressed in size differences ‘but
may involve other morphological or physiological characters

Host-induced variation is not as common as was formeriy believed

Many so-called host races in the literature have been found in recent dc:

- cades to be valid sibling species (Mayr 1963, Chapter 3).

"'Dtnsit}f-bependent Variation The effects of crowdin sometimes
:Tf;%ﬂmgwmm especially when crowding leads to a
rtagg of food materials. However, density-dependent variation need
not be relat:ed’to food_ supply: Uvarov, Kennedy, and others have shown
that gregarious species- of locusts exist in various unstable biological
phases (Kennedy. 1961; Albrecht 1962). These phases differ in anatomy
s?gl:)‘r’ and behavioral characteristics and have often been described as
Cong:figi?ctl}fwg li?ltﬂﬁﬂ'rw_mﬁﬁ?are reared under crowded
) evelop into the transitional phase; when they are iso-

il;llases have been reported for two species of armywm‘([ﬁ{idoptera).
I.Dhygma exigua (Hiibner) and L. exempta (Walker). ™

44 : : ;
tiOAIlomth: Variation  Allometric growth may result in the dispropor-
.onate size of a structure in relation to the size of the rést of the body. If

“Mdividuals in a population show allometric growth, antmats-of different

. Size will show allometric (heterogonic) variability, This phenomenon is

g;l'ticular!y marked among insects. It involves such featufes as the heads
ants (Figure 4-2), the mandibles of stag beetles-fLucanidae), the frontal

ﬁﬁms and thoraxes of scarabs, and the anmalﬂ/ﬂwﬂg'g. Fail-
u::;to recognize the nature of such variations has resulted in mich syn-
my, ' po_—

¢t ww
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intersexes have been a source of taxonomic ¢

However, in one case (Linsley 1937),

of value in associating the sexes of a
different species. .

~* Salt (1927) has conducted the most comprehensive study of the mor-

phological effects of stylopization in Andrena. In females he found re-

duction of the pollen-collecting organs, loss of anal fimbriae, changes in

the relative length of antennal segments, reduction of facial foveae, re-

duction of the sting and accessory organs, paling of ventral abdominal

~~— pubescence, acquisition of angular cheeks, and yellow on the normally

dark clypeus. In males he reported the development of long hairs resem-

bling those of the female, flocculi, broadening of the posterior basitarsus,

B changes in- proportions of antennal segments, loss of cheek angles and

some yellow from the clypeus, indications of facial foveae, and reduction

onfusion and synonymy.
a stylopized intersex proved to be
bee that had been described as two

zgﬂzﬁf \.r2aﬁabiiity. Neuters of Pheidole instabilis, showing an increase in the )‘

¢ A in the size of genitalia.
3 oS 7 : ) .
: WSz v Some strikingly different termite soldiers from the orient were as-
relative size of the head with absolute size of the body. (After Wheeler1970;) q-(ﬂ. q ';
; _ R d\‘:

( %)}\, signed to a new genus and species, Gnathotermes gurivillii. Later it was
V&

% shown that these modified soldiers
Neurogenic or Neurohumoral Variation Neurogenic or neurohumora

: are nothing but parasitized individuals
from colonies of Macrotermes ma
variation refers to color change in individual animals in response to the

laccensis (Haviland).

environment. These changes are accomplished through the concetﬁfl‘atllm ! ‘i‘/i:stmnrtem Changes

ordispersal of color-bearing bodies known as chromatophores. This type o . o o

of variation was first thoroughly studied in the chameleon. It occurs spo- . © laxonomist must be aware of one further type of individual variation,
radically in the lower animals but is best developed among crustaceans, ll'l_I many groups of anlrnal's It 1s impossible to prevent postmortem .,
cephalopods, and cold-blooded vertebrates (cyclostomes, elasrl}obra_nchs, E ;ﬂgﬂs of preserved speclmens. Some extreme cases are known in
teleost fishes, amphibians, and reptiles). Space does not permit a discus- ; ; JES. The deep orange-yellow plumes of the twelve-wire bird of paradise
sion of this specialized type of variation. The reader is referred to th: eC_L;lc::dzs ignotus _Forsle.r) fad.e to white in col!ectionssThc plumage of
Fingerman (1963), Gersch (1964), and Waring (1963) for details. inese jay (Kitta chinensis Boddaert), Wwhich is green in life, turns

lue in collections because of the loss of the

i iy s - run e
e ey i et STl

the.oi . volatile yellow component in
; - = o S —S T S:RigmentsMany birds that.are -cléar-gray oi-slive-gray-when “freshly e
Traumatic Variation

. meatr ) c:]c and more rufous through oxidation of the black
n o with varying frequency in different groups 0 ent (““foxing™). umerous synonyms have been created in ornithol-
I;ia;[a‘::n';;: :;::gfm?ic;;:uml?f thil;ytyfm of variat_ion is usually obvious, :SE: Ihroug_h the comparison of freshly collected material with old mu-
but in some cases it is subtle and may be misleading. ﬂ:hslzecuncns. :

‘ Sl e B~ €r postmortem changes result from the chemical action of preser-
YParasite-Induced Variation Aside from such familiar effects of para- flar es or klllmg. Agents. A common Color change 6f this TatiTe takes
sitism as swelling, distortion, and mechanical injury, parasites may pro- cm; When certain yellow insects; especially wasps, are overexposed to
duce conspicuous structural modifications. In the be'e genus @t__;l_‘_r_f:gg, for 1h_l_?.!ik"- '1_'he sp'ecmrEﬁl's_ﬁiFﬁ“br_l_g_tiggq, and no method has beep found
instance, parasitism by Stylops frequently results in a reduction in tl]G nesce\'ersmg this reacuon._When one is preserving specimens with eva-
size of the head, enlargement of the abdomen, and changes in ke ent colors (corals, marine slugs, etc.), it is esséntial to take fu)l notes

"puncturation, pubescence, and wing venation. It also commonly results pre

ferably color photographs or make color sketches. These récor ds

In intersexes. Since Andrena is markedly sexually dimorphic, these OW an accurate description of The ving animal.
\ﬁ

8



MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight

MZM
Highlight


68 PARTA: MICROTAXONOMY

"' GENETIC VARIATION

In the cases of variation discussed in the preceding sections, the same
individual is actually or potentially subject to a change in appearance.
Other kinds of intrapopulation variation are due to differences in genetic
constitution. This genetically induced individual variation can somewhat
arbitrarily be divided into three classes,

“Sexual Dimorphism BN

Among genetically determined variants within a population, many of the
variants are sex-associated. They may be sex-limited (express them-

selves in one sex only) or be otherwise associated with one sex or the
other. Some of these are as follows.

' Primary Sex Differences These are differences involving the primary
organs utilized in reproduction (gonads, genitalia, etc.). When the two
sexes are otherwise quite similar,” primary sex differences are rarely a
source of taxonomic ’confusion.

“ Secondary Sex Differences There is more or less pronounced sexual
dimorphism in most groups nimals. The differences between males
and females are often very striking, as in birds of paradise, humming-
birds, and ducks. In many cases the different sexes were originally de-
scribed as different species and retained this status until painstaking
work by naturalists established their true relationship. A celebrated case

in which the male is green with an orange bill and the female is red and
blue with a black bill.- Described in 1776, the two sexes were considered

~~ ~Sivelyn 1873 that they belonged together. :

F

Striking sexual dimorphism is particularly common in the Hymenop-
tera. The males of the African ant Dorylus are so unlike other ants that

“they were not recognized as ants and were for a long time considered t0

belong to a different family. In certain families of wasps the small wing-
less female and the large winged male are so different that some taxono-
mists use a different nomenclature for the two sexes. Whole ‘‘genera’

consist entirely of males; others, of females. The best way of determining
with which female of genus B a given male in genus A belongs is to find
a pair in copula or to watch a female in the field and catch the males 25

they afe attracted to her. Once it has been established that B is the t'en_lal‘e‘ '
of 4, .\l’ is sometimes possible to associate several other ‘‘species pairs -
in the yame genus by utilizing additional information on distribution, fré-

quenc/y, color characters, and so on.

is that of the king parrot, Eclectus roratus (Muller), of the Papuan region,

__different species for nearly_100_years, until naturalists proved conclu-
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i

“Gynandromorphs and Intersexes Gynandromorphs are individuals
that show male characters in one part of the body and female characters
in another part (Ei'gure 4-3). Thus the two halves of the body may be of
opposite sexes (this is the most conspicuous example of gynandro-
morphism), the division may be transverse, or the sex characters may be
scattered in a mosaic. In the latter case symmetrical variants may be pro-
duceFi. Usually gynandromorphs are easily recognized as such and rarely
provide a source of taxonomic confusjon. Gynandromorphism is pro-

duced by an unequal somatic distribution of cmparticu]ar!y -

i 20
sex chromosomes.

~Unlike gynandromorphs, intersexes are likely to exhibit a blending of
male and female characters” Intersexes are generally thought to result-
frem—an upset in the balance between male-tendency and female-
‘endency genes. This upset may result from irregularities in fertilization
— O MOSIS or from physiological disturbances associated

Intersexes are particularly likely fo appear in populations of interspecific

or intersubspecific hybrids. They have been studied in greatest detail i
i - s atest d
Lymantria (Goldschmidt 1933) but are well known g etail in

with parasitism.

mals, ™ in many other ani-
r\'}\'\ X C)G.L € .\' tn'\,q*mt &
W\ WO N o.\@«\ ) Fo. eV
C:t“&p\h K(’/ 7 Jace { .
FIGURE 4-3 e et ™

Gynandromorph of Papili
0 dard
and Hmﬂy.]fp p anus

i left wing female, right wing male. (From Welis "

"“'_E;\é\w

Ca CSSC;(
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“> Reproductively Different Generations

In mariy insects there is an alternation of generations that is very confus-
ing to the taxonomist. In the genus Cynips (gall wasps), the agamic gen-
eration is so different from the bisexual one that it has been customary to
apply different scientific names to the two (Kinsey 1930). In the aphids
(plant lice) the parthenogenetic wingless females are usually different

from the winged females of the sexuadl generations (Figure 4-4).

"> Sexual and Uniparental Strains In some species of slugs (Arion) sev-

- eral strains are found which differ in their sexuality. The sexually repro-
ducing strains are highly polymorphic in their enzymes, while self-
fertilizing hermaphroditic strains are highly homozygous (Foltz et al.
1982). =

Ordinary Genetic Variation

Much intrapopulation genetic variation is not sex-limited and does not '
primarily involve sex characters. — .
B IAYOVE S p e

v ‘Discontinuous Variation (Polymorphism) The differences between in-
dividuals of a population are in general slight and intergra ing. In certain
species, however, the members of a population can be grouped into very
definite classes that are détermined by the presence of certain conspicu-
ous characters. Such discontinuous individual variation is called
polymorphism. Such polymorphism is frequently controlled by a single
gene that is subject fo simple Mendelian inheritance.

Polymorphism is more pronounced in some groups of animals than it is
in others, la-many species of Hemiptera and Coleoptera the same popu-
lation may confain flying and flightless (wingless or short-winged) indi-
viduals. It is evidently advantageous to have botliresidents and dispers-
ers in such populations. The spotting in lady beetles (Coccinellidae) isa
well-known example of: genetic polymorphism, as is industrial melanism
in moths. Polymorphisr has great biological importance because it
proves the existence of selective differences between apparently neutral
characters. For a more detailed discussion of this topic, see Ford (1945,
1965) and Mayr (1963). The practical importance of polymorphism to the
taxonomist lies in the fact that it has led to the description of many S0
called sgecies that are actually polymorphic variants (morphs). In orntx
thology alone, about 100 species names were given to morphs. The re¢”

H H . - . . F ‘- .
;—‘gnmon of their true nature has led to a considerable simplification © ﬁgﬁfqu - . B -
axonomy, p us californiensis (Shinji). 1 = f : : "y
i A enogenatic vivi Ji). 3= undatrix or stemmother; 2 = normal apterous N
Perhaps the most spectacular cases of polymorphism are to nin lemale, (Erom S Aviparous female; 3 = P :

alate of 14 = i il s
rom Essig and Abermatfiy 1852) same; 4 smaﬂe_.s_t spring alate wlwpamu%‘ :

L

P L

the Lepidoptera, particularly in certain species of butterflies. The com” |
- e —-_'_F’ :
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mon alfalfa butterfly, Colias eurytheme (Boisduval), for example, has
twa strikingly different female forms, one largely white and the oth:ar re-
sembling the orange-colored male. The most complicated cases e
limited bbll?m'c‘)rphis‘n'f'tﬁat have been studied gengtically are theo:xs:;-
ples of mimetic polymorphism in African swallowtail butterflies of the
genus Papilio. Quite apart from the fact that allopatric populations
throughout Africa show distinct subspecific differences that are corre-
lated with differences in the species of the butterflies that they mimic,
several disgiggt__female forms may exist within a single population. Thus
in west Africa one finds, in the same populaticn_of j._dﬂrd&n.u Brown,
one male formand five female forms, with three of ttig female forms
mirmicking-différent models that belong to the families Danaidae and
Nymphalidae {:_I_fable 4-3 and Figure 4-3). The most remarkable feature-of
this polymorphism is that although the various forms are sufficiently dis-
tinct to resemble representatives of three different families of
Lepidoptera, breeding experiments have shown that the differences are
caused by a few Mendelian genes. Other celebrated cases of mimicry are
those of the butterfly Pseudacraea eurytus Linnaeus (Carpenter 1949)
“and of the species of Heliconius (Turner 1981).

\ Continuous Variation The moszidual variation
is due to lemdMﬂmls. No two individuals
(except moONOZygotic twins) in a population of sexually reproducing ani-
mals are exactly alike genetically or morphologically. One of the out-
standing contributions of population genetics has been the establishment
of this fact. The differences are in general slight and are often not dis-
covered unless special techniques are employed.

The study of this variation is one of the foremost tasks of the taxono-
mist. It is now evident that no single individual is “‘typical’’ of the char-

R e e i
MIMETIC POLYMORPHISM IN WEST AFRICAN PAPILIO DARDANUS BROWN
Nonmimetic
Male females Mimetic females Models
Typical dardanus hippocoon Fabricius ~ Amauris niavius
Linnaeus
dionysus trophonissa Danaus chrysippus
Doubleday and Aurivillius Linnaeus
Hewitson
niobe Aurivillius Bematistes tellus
3 Aurivillius

Source: From Goldschmidt 1945.
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- FIGURE 4-5

Mimetic polymorphism in the Papilio dardanus com i
morpl plex. (A) Male of cenea—also basic
tggrot'r}onmu[nenc fg;naje: ground color yellow; (B) dionysus, nonmimetic female, ground
o ? orewings white, hind wings yellowish; (C) trophonissa, mimetic female, ground
b r for forewings white, hind wings brownish; (D) hippocoon, mimetic female, ground
or white. (Redrawn from Eltringham 1910 by Goldschmidt 1945.)

T,

ctersor a population. The continuous variation among the members of a
Population manifests itself most conspicuously in linear measurements
and proportions. Mean values, variances, and coefficients of variability
for each trait are characteristic of each population and species. A model
Sdludy of variability based on 2877 skins of the house sparrow (Passer
omesticus) has been presented by Selander and Johnston (1967).
Eacl'_l character may show a different degree of variability within a sin-
g;ﬂmre are different degrees of variability among
€lated species. Just why one species should be highly variable while an-
Other one is not is not always clear. A taxonomist who has adequate ma-
terial for one species should not hastily assume that this makes it possible
10 be certain of the variability of reldted species. :

o

'R






