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Geographical and genetic modes of speciation

Table 18.1 Modes of speciation
I. Classified by geographic origin of reproductive barriers

A. Allopatric speciation
1. Vicariance
2. Peripatric speciation
B. Parapatric speciation
C. Sympatric speciation
II. Classified by genetic and causal bases”
A. Genetic divergence (allele substitutions)
1. Genetic drift
2. Peak shift (peripatric speciation)
3. Natural selection
a. Ecological selection
i. Reproductive isolation
ii. Reproductive barriers
iii. Pleiotropic genes
: b. Sexual selection
B. Cytoplasmic incompatibility
C. Cytological divergence
1. Polyploidy
2. Chromosome rearrangement

D. Recombinational speciation

“Most of the genetic and causal bases might act in an allopatric, parap-
atric, or sympatric geographic context, and some of the causal bases listed
under “Genetic divergence” apply also to cytoplasmic incompatibility,
cytological divergence, and /or recombinational speciation.



Components of natural selection that may affect the fitness of a sexually reprod

organism over the life cycle

ZYGOTES 1. Viability selection

5. Compatibility (survival of

slection individual organism)
GAMETES ADULTS
Females Males
4. Gametic
selection 2. Sexual selection
(mating success)
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Natural Selection

* More organisms are born than those that
reproduce

* There is variation (phenotypic variation)

* Organisms are differently fit to their
environment depending on their phenotype

* Some of this variation is heritable




Theory of Sexual Selection
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a struggle for existence, but on a
struggle between males for
possession of the femalegshe
result is not the death of the
unsuccessful competitor, but few or
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Theory of Sexual Selection

DESCENT OF MAN,

Differences in reproductive success
caused by competition over mates
(Not reproductive success in genera

SELECTION IN RELATION TO SEX.

By CHARLES DARWIN, M.A, F.RS, &c

1. Male-male competition for acces:

IN TWO VOLUMES—Von 1 to females (= imasexual selection
2. Female choice for certain male

characters (= i@rsexual selection
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THE

DESCENT OF MAN,

1. There is variation in mating
success leading teariation in
reproductive success

2. Females choose males based
on eccentric ornamentation

3. Males ornamentation are -
costly on other aspect of their
life-history ‘

LONDON:
JOHN MURREAY, ALBEEMARLE STREET.

1871,

L ¥he might af Tronsatios is yeeevved ]



Differences of the sizes of egg and sperm cgdaisogamy
(DEF: reproduction by fusion of dissimilar gametes)
the basis of sex and two sexes




Sexual selection

A Intrasexual Selection (usually males fighting with other
males for access/copulations to females)

A Inter sexual Selection (mate choice usually female choice)




Glant Irish Elk antlers




Narwalsc tusk (one left incisor)




Narwal tuskg only males have them

Adult Male

Adult Female

Calf




Table 15.1 Mechanisms of competition for mates and characters likely
to be favored

Mechanism

Characters favored

Same-sex contests

Mate preference
by opposite sex

Scrambles

Endurance rivalry

Sperm competition

Coercion
Infanticide

Antagonistic
coevolution

Traits improving success in confrontation (e.g., large size, strength,
weapons, threat signals); avoidance of contests with superior rivals

Attractive and stimulatory features; offering of food, territory,
or other resources that improve mate’s reproductive success

Early search and rapid location of mates; well-developed sensory
and locomotory organs

Ability to remain reproductively active during much of season

Ability to displace rival sperm; production of abundant sperm;
mate guarding or other ways of preventing rivals from copulating
with mate

Adaptations for forced copulation and other coercive behavior
Similar traits as for same-sex contests

Ability to counteract the other sex’s resistance to mating (by, e.g.,
hyperstimulation); egg’s resistance to sperm entry

Source: After Andersson 1994; Andersson and Iwasa 1996.



Competition among male for access to females




(A) Bovidae: Bony, unbranched horns

.

EVOLUTION, Figure 20.20 © 2005 Sinauer Associates, Inc.



Some armaments of male mammals used in contests over mates
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Order:Ruminents Artiodactyla(Paarhufej

Ruminantia

Tragulinarpp 4 lidae

Pecora

—Antilocapridae d
|Giraffidae ﬁ

—Cervidae #




Family Bovidae (~140 species)
Example: Klipspringédreotragus oreotragus

Bovidae

Aegodontia

Bovini (bison, buffalo, cattle, etc.) ”

Boselaphini (nilgai and four-horned antelope)

Tragelaphini (kudus, nyalas etc.)

{Aepymrotinae (impala)
Nesotraginae (suni and bates's antelope)
Cephalophinae (duikers etc.) w

Oreotraginae (klipspringer)

Antilopinae (gazelles, springbok, dik-dik, royal antelope, saiga, etc.) 4&
'd 'v

. -

Reduncinae (kobs, reedbucks, waterbucks etc.)

Caprinae (chamois, sheep, ibexes, goats, muskox, etc.) ﬁ

Alcelaphinae (hartebeest, topi, wildebeest etc.)

Hippotraginae (sable antelopes, oryxes etc.)




SubfamilyOreotraginag6 species)
DNY (i KSHKQA RA{

Bovini (bison, buffalo, cattle, etc.) ”

Boselaphini (nilgai and four-horned antelope) N

Tragelaphini (kudus, nyalas etc.)

{Aepycerotinae (impala)
Nesotraginae (suni and bates's antelope)

Bovidae

(S
Antilopinae (gazelles, springbok, dik-dik, royal antelope, saiga, etc.) &

3

Aegodontia

—Reduncinae (kobs, reedbucks, waterbucks etc.)

Caprinae (chamois, sheep, ibexes, goats, muskox, etc.) ﬁ

Alcelaphinae (hartebeest, topi, wildebeest etc.)

Hippotraginae (sable antelopes, oryxes etc.)




FamilyMoschidag(7 species)
Moschuamoschiferus Siberian musk dear

Tragulina 1o jidae W

—Antilocapridae ﬁ

Ruminantia

Pecora

Moschidae

Das Steinheimer Becken
\

Paarhufer

cine-




Cervinae (Old World deer)

Cervidae

Reeves's muntjac
Muntiacini
Tufted deer H

§
{mman fallow deer ﬁ&
\
ersian fallow deer ﬁ
7Huslﬁ

L_sambar R
[

—Rod doer R
|—Thorold's deer ﬁ
(—Sika deer ﬁ

L_Elic (Wapiti) ﬁ}
Eld's deer #
{ »

Pére David's deer ﬁ’
arasingha m
Indian hog deer
\
hital w
(
—Reindeer (Caribou) *

—American red brocket r«'
{:hie-laed deer N

lule deer ﬁ

Cervini

Rangiferini

Capreolinae (New World deer)|

—Marsh deer

|—Gray brocket

|-Southem pudu H
| tarea g

Roe deer ﬁ
Capreolini
Water deer H

Alceini_pgose or Eurasian elk w

Family Cervidae (12 species)
Muntiacus

Ruminantia

Tragulina 154 jjigae m

Pecora

—Antilocapridae d
L Giraffidae ‘ﬁ

ae
Bovidae n

Nae ﬂ’




Family Cervidae
GenusHydropoteqChinese water deer)
Vampire deer

Gervinae (Old World deer)

Capreolinae (New World deer)

Cervini

Muntiacini|

Rangiferini

Reeves's muntjac

Tufted deer H

Common fallow deer ﬁ
\

Persian fallow deer d

7Rusaﬁ

L_sambar ”
[

—Red deer R

{—Thorold's deer ﬁ

—Sika deer ﬁ
{
L_Elk (Wapit) fﬁ}

Y
Eld's deer H

Pére David's deer &

arasingha m

Indian hog deer

Chital \"
I
ket

—Reindeer (Caribou) ﬁ

—American red brocket H
{Wh!e-lailed deer W

Mule deer H

—Marsh deer

(—Gray brocket

(—Southemn pudu H

LTaruca ﬁ
44

L_Alcein_poose or Eurasian elk w



Mechanisms of sexual selection

Intrasexuakelection Aggression

Mean ®
2 | number

of calves
per year

15

1 3 5 7 9 1 13 15 17
Age (years)

A Positive correlation between antler size and harem size

A no ornaments in juveniles, females or males outside the breeding
season, suggesting ecological costs



Reproductive success of male (stags) and female (hinds) deer

; . 3/
W AN
o AWM '.-3;11" /\ 0y i
[N . “},. ‘//_:'/,:_

N ",: 4 iy
(‘.v‘\.“.l""_l_-‘ i .'"
Median T
8 number
e of hind =160
Mean d  3F T days
2 | number Median ;s held .
of calves Stags index - L ‘._
per year of - N L Y 120
fighting Hind .: - .
15 success days »#
21 held 7
H 80
& N Fighting
1 n"wﬁ' success
1k v
B (] 40
]
1 3 5 7 9 1 13 15 17 5 6 7 8 9 10 11 12 13 14
Age (years)

Age (years)



Mechanisms (and predicted outcomes of) of sexual selec
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Mechanisms of sexual selection
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BatemanPrinciple

Within-sex variation in mating success may drive variation in

reproductive success.

Variation inreproductivesuccesss greaterin malesthanin females

produced

120 - Males / Females
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Number of weaned pups

40

20
10

0

| —Males

% Femal.es\ |

10 20 40 60 80 100 120 140
Most successful » Least successful

140 seals ranked in order of success



Mechanisms of sexual selection
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140 seals ranked in order of success
EVOLUTION 2e, Figure 15.13 © 2009 Sraver Associates, e

Anderssonl 994, Futuyma2013.Evolution


https://www.youtube.com/watch?v=bpb7Oks5kWI
https://www.youtube.com/watch?v=bpb7Oks5kWI
https://www.youtube.com/watch?v=bpb7Oks5kWI
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Distribution of lifetime reproductive success In elephant se
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Testes versus body weight among polygamous and monogamous primate taxa:
Males in polygamous species have statistically large testes sizes
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Adaptive hypotheses for polyandry
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Direct benefits
[ Fertility insurance
U Acquisition of nutrients
[ Paternal care

Indirect benefits
[ Genetic diversity
[0 Genetic compatibility
[ Genetic quality




Fitness
(average reproductive success)

Gordonh NA bofydyaythreshold model

Best available
habitat
/

Maximum
intrinsic
rate of
increase

3 4
Environmental Quality

Fie. 1.—Graphic model of eonditions necessary for the evolution of polyg-
ynous mating patterns. Average reproductive suceess is assumed to be eorrelated
with environmental differences and females are assumed to choose their mates
from available males. The distance I is the difference in fitness bhetween
females mated monogamously and females mated bigamously in the same
environment; the distance 2 is the polygyny threshold, which is the minimum
difference in quality of habitat held by males in the same general region
sufficient to make bigamous matings by females favored by natural selection.
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A fertilization success
depends on the
number of sperm a
male has at the site of
fertilization, relative to
other males.

A trade off between
sperm and other
reproductive activities



