GVZ 2026 Lecture 3

Finish/review week 1
Speciation
Phylogenetic trees
Character Evolution




Species description

Name the species

Designate a Holotype

— Paratypes, syntypes, lectotype,
neotype

Diagnose the species

Describe the Holotype and
variation among paratypes
Other data

— illustrations, range map, ecology,
phylogeny =




New Species of Pristimantis (Anura: Terrarana: Strabomantinae) from
Lower Central America

MasoN J. Ryan,'? Karen R. Lirs,? aND J. ToMasz GIERMAKOWSKI
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Department of Biology and Museum of Southwestern Biology, University of New Mexico,
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Apstract.—We describe a new species of Pristimantis in the subgenus Hypodictyon ridens Species Series
from the type locality in Parque Nacional General de Division Omar Torrijos Herrera on the Cordillera
Central in central Panama. This species is similar to Pristimantis caryophyllaceus but can be differentiated
from that form by snout-vent length (female Pristimantis educatoris ~ 27% larger than P. caryophyllaceus),
round, globular, and projecting subarticular tubercles on all digits (not projecting in P. caryophyllaceus);
finger disk covers even, round, disk pads ovoid, toe disk covers expanded and palmate, and toe pads even
and broadened (finger and toe disk covers and pads rounded in P. caryophyllaceus); outer metatarsal tubercle
large, elongate, and projecting (obscure and small in P. caryophyllaceus). We also report and describe female

parental care of eggs.

Pristimantis is a large genus of frogs with
three subgenera and 427 species (Heinicke et al.,
2007; Hedges et al., 2008). The genus reaches its
greatest diversity in northwestern South Amer-
ica, where its distribution ranges from sea level
to elevations close to 4,000 m in the Andes
(Hedges et al., 2008). Twelve species of Pristi-
mantis occur in lower Central America, includ-
ing five endemic forms (Pristimantis altae,

Pristimantis cerasinus, Pristimantis museosus, Pris-
drrnamnaban [ ey R |
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able Central American Pristimantis is the slen-
der-bodied P. caryophyllaceus (Barbour, 1928),
which is part of the autochthonous Talamancan
herpetofauna (Savage, 1982). Barbour (1928)
collected and described P. caryophyllaceus from
La Loma, on the trail from Chiriquicito to
Boquete, on the eastern flanks of the Cordillera
de Talamanca in Chiriqui Province, Panama. As
currently described, P. caryophyllaceus ranges
from the Cordillera de Tilaran of Costa Rica to

the (Thordan recion af Calombia and acenirae in



(Appendix 1). The drawings in this article of the
hands and feet were done with a camera lucida
by ]. Sipiorski. We followed Savage (1987, 2002)
and Lynch and Duellman (1997) in the descrip-
tion of external morphology and the diagnosis
format of Mendelson et al. (2008). We deter-
mined sex by presence of vocal slits in males,
presence of eggs in females, and differences in
tympanum morphology (partially distinct and
visible in females, not visible to barely visible in
males). The tympanum characteristic was dis-
covered on the examination of museum mate-
rial; thus, we did not differentiate between sexes
in the field unless a female was gravid or
attending a clutch of eggs. We used digital
calipers (= 0.1 mm) to measure external
morphology of preserved specimens and scaled
them by snout-vent length. Standard measure-
ments were abbreviated as follows: snout-vent
length, SVL; tibia length, TL; leg length, LL;
head length, HL; head width, HW; eye to
nostril, EN; eye to snout, ES; and eye length,
EL (Lynch and Duellman, 1997; Savage, 2002;
Savage et al., 2004). We provide measurements
of SVL from 123 live individuals that were
released after capture. These measurements
were made with dial vernier calipers in milli-
meters during 2000-2003 at El Copé. We
obtained mass of live animals using 5-g spring

We analyzed the degree of morphological
difference between populations in southern
Costa Rican and westem Panama (P. caryophyl-
laceus) and those in central and eastern Panama
(sp. nov.) using multivariate analysis of vari-
ance (MANOVA) and Discriminant Function
Analysis (DFA). We performed all analyses
with SPSS version 16.0 (SPSS Inc., Chicago)
with an o = 0.05.

REsuLTs

Pristimantis educatoris sp. nov.
Figures 14

Holotype—USNM 572336—adult female; col-
lected from forest just below the Continental
Divide on Atlantic slope; Parque Nacional G. D.
Omar Torrijos H., Coclé, Panama (8°39.95'N;
80°35.55'W; 709-m elevation; Fig.5), approxi-
mately 8 km north of El Copé, Coclé Province,
Panama, 3 July 2002, by K. R. Lips and M. ].
Ryan.

Paratypes.—All paratypes scored in our anal-
ysis are from Parque Nacional G. D. Omar
Torrijos H. Coclé, Panama (8°39.95'N;
80°35.55'W; 709-m elevation): two adult males
USNM 572328 and UMMZ 152952; three adult
females USNM 572336, UMMZ 167571, and
UMMZ 167629. Additional paratypes from
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Natieral History—Myers (1969) deseribed two
female P Taveaes brooding chitches of 19
and X5 eggs Cemo Sapo in Darién

Provines, Panama, that we reass to P
edweators. We observed two females i
egps at Bl Copé, one in May 2000 and another in
June X0 On 18 May , we enopuntensd an
adult female P edicetors (SVL 370 mm)
slesping on of an e clutch with approx-
imﬁflﬁ—ﬁmﬁ Theu.;du]t amd ¢l W
prositioned al the mddvein om the distal third
of the surface of a palm leaf approoiom atel
3 em wide and 98 em above the . W}e’
estimated the eges to be at developmental
stages 1-5 (Townsend and Sewart 1985) but
were unable to ascertain an exact stage o egg
number without disturbing the ﬂ'lﬂrj:'lg frog.
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TN =13

BN =9

TN =g

RN = Ti)

Snout-vent
Tibia length
Leg length
Hiead

Head width
Eye-mnout
Eye-nostril
Eye length

107 = 1.7 (72-13.0)

67 = 09 (49-T8)

177 = 27(120-21.2) 215 = 28 (167-263)
125 + 15 (10:3-15.1)
183 = 32(126-22.4) 219 = 32 (165-264)
75 + 12 (54-10.0)

a2 = 15 (69-107)

W) = 0.5 (19.3-20.4)
124 = 0.4 (121-128)
14 = 1.8 (185-227)

84 = 04 (R0-89)
73 = 04 {70-7T)
47 = 02 {41-44)
33 = 01 ({32-34)
32 + 03 (29-34)

+
o

S = 49 211-377)
163 + 24 (120-188)
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A Neotype for Didelphis marsupialis Linnaeus, 1758

ANDERSON FEIJO! AND ROBERT §. VOSS?

Didelphis marsupialis is the type species of the genus. Unfortunately, Linnaeus’s (1758) origi-
nal description listed six vernacular names as synonyms and cited 11 sources, among which were
accounts of both white-eared opossums (e.g., the carigueya of Marcgraf, 1648) and black-eared
animals (e.g., the thlaquatzien of Herndndez, 1651) as well as the Virginia opossum of Tyson
(1704). Therefore, Linnaeuss concept of D. marsupialis was composite, based on specimens of
several phenotypically distinct forms from two continents, a problem widely recognized and
discussed (inter alia) by Alston (1880), Allen (1897, 1900, 1901, 1902), Rehn (1900, 1901), and
Gardner (1973). Because Linnaeus did not specify a unique name-bearing type, all the specimens
described by the authors he cited had equal status as syntypes for over 150 years, an interval in
which the name marsupialis was more or less arbitrarily applied by authors (Gardner, 1973).



AMERICAN MUSEUM NOVITATES

Number 3923, 11 pp. March 26, 2019

A Neotype for Didelphis marsupialis Linnaeus, 1758

ANDERSON FEIJO! AND ROBERT §. VOSS?

S B e A O S

To resolve the amblguous apphcatlon of D:delph:s marsupialis, Thornas (1911) de31gnated
the animal illustrated by Seba (1734: plate 39)° as lectotype. Seba’s specimen, an obviously par-
ous adult female (fig. 1), was one of those originally cited by Linnaeus (1758), and Thomas’s
(1911: 143) statement that it “should be taken as the basis of the name” is formally equivalent
to type selection (ICZN, 1999: Article 74.5). Seba thought that his specimen came from



AMERICAN MUSEUM NOVITATES

Number 3923, 11 pp. March 26, 2019

A Neotype for Didelphis marsupialis Linnaeus, 1758

ANDERSON FEIJO! AND ROBERT §. VOSS?

of conserving prevailing usage. Therefore, we designate a more suitable neotype below.

Didelphis marsupialis Linnaeus, 1758

NEOTYPE: An adult female specimen in the Royal Ontario Museum (ROM 113908, original
number F40983; fig. 3), consisting of a skin, skull, postcranial skeleton, pouch young preserved
in alcohol, and frozen tissues. A large (657 bp) fragment of the mitochondrial gene encoding
cytochrome oxidase 1 (COI) was amplified and sequenced from this specimen by ROM
researchers and has been deposited in GenBank with accession number MG828824.
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* Sources of Information
* Nichols Death of Expertise

* History of (Vertebrate) Systematics

* Species
* Concepts
* de Queiroz 1998
* species definitions we covered
* species concept vs species criteria
* pp57-66
* “General Lineage Concept” = Evolutionary Species Concept

* Discovery and description



GVZ 2026 Lecture 3

* Speciation
* Phylogenetic trees

e Character Evolution



Speciation

species A species B species C

VOL. 163, NO. 6 THE AMERICAN NATURALIST JUNE 2004
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Notes and Comments
What Is Speciation and How Should We Study It?

John J. Wiens”



Allopatry, Parapatry
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Sympatry, Syntopy

High Tide
Low Tide




Sympatry, Syntopy

High Tide
Low Tide




Sympatry, Syntopy

High Tide
Low Tide
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Speciation

* Lineage splitting
—dispersal
—vicariance




Dispersal




Dispersal




Dispersal







Vicariance




Plethodon neomexicanus
Sandoval County, New Mexico © Chris Newsom
August 7, 2009



Speciation

* Lineage splitting
—dispersa
—Vvicariance

* Lineage divergence

—natural selection
—drift




Lineage divergence: Selection




Lineage divergence: Selection




Lineage divergence: Drift




Lineage divergence: Drift




Speciation in action:
a ring species
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Speciation in action:
a ring species

platensis

croceater

eschscholtzii



Speciation in action:
a ring species

platensis
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Speciation in action:
a ring species
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* Phylogenetic tree structure

Crocodylians
Amphibians

Birds
Turtles
Lizards
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Chimp
Human
Gorilla
Lemur
Mouse

Now

8 mya Phylogram
Vs
Cladogram

90 mya



Chimp Human Gorilla Lemur Mouse

Hard
polytomy

Vs

Soft
polytomy
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e Character evolution
— Homology




Pectoral fins Pectoral fins

Fusiform body Fusiform body
Heart Heart

Mitochondria Mitochondria



Homology: Similarity inherited
from a shared ancestor

Extant species with fur '

Ancestor —
with fur




Homoplasy (= analogy): Similarity not
inherited from a shared ancestor

I'-Ia mmals —|
cartilaginous fishes \ whill:s £ L %
{including sharks) bony fishas impmhlans (including dolphins) non=whales raptilas

Whales return to
the water and
evolve the agquatic

Aguatic vertebrates body layout.

evolve the aquatic body
layout - fins, flippers and
a streamlined shape.

~

Tetrapod groups evolve
to live on land, and lose
the aquatic body layout.



Homology: Misuses

e Similarity

— "Gene X and gene Y are 70% homologous"

When it comes to homology, bad habits die hard

Anna Marabotti and Angelo Facchiano

Laboratory of Bicinformatics and Computational Biology, Institute of Food Science, Italian National Research Council, Via Roma 64,
83100 Avellino, Italy

* Focus on ontogeny as a test of

—————————

homology

* Focus on genetic basis as a test of
homology

* Restriction to morphological traits

* Any use that does not consider
relationships




omology: Misuses

HOMOLOGY
VERSUS

HOMOPLASY

Homology refers to a Homoplasy refers to a shared
similarity between two or character between two or
more species that emerged more species that did not arise OK
from a common ancestor from a common ancestor

Arises from a common Does not arise from a OK
ancestor common ancestor

Results from divergent Results from convergent
evolution evolution

-~J

EEEEEEEENENEEEEEEEENEDRN EEEEEEEEEEEEEEEEENEDN
Basic structure is similar Basic structures are different N (0]
EEEEEEEEEEEEEEEEEEER EEEEEEEEEEEEEEEEEENNEEN
Homologous characters Homoplasious characters N (0]
perform different functions perform similar functions

Homologous characters Homoplasious characters N (o)
share a high degree of do not share a genetic

genetic similarity similarity

Occurs as a result of the Ocecurs as a result of an
evolutionary relationship adaptation to the N o
environmental conditions
EEEEEEEEEEEEEEEEEER EEEEEEEEEEEEEEEEEER
Can be used to describe the Cannot be used to describe
evolutionary relationship of the evolutionary relationship
different species between species O K
EEEEEEEEEEEEEEEEEEDR EEEEEEEEEEEEEEEEEEEDN

Vertebrate limbs are an Wings of birds, bats, and OK
example insects are an example

Visit www.pediaa.com




Homology Not Homology

Ancestor Ancestor
with fur with fur



Pectoral fins

Fusiform body
Heart

Mitochondria

Pectoral fins
Fusiform body
Heart

Mitochondria



Apomorphy, Plesiomorphy
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Ples:

Apomorphy, Plesiomorphy

Turtles
Crocodylians
Birds

Lizards
Mammals
Amphibians

No shell -> Apo: Shell



Apomorphy, Plesiomorphy

Turtles
Crocodylians
Birds

Lizards
Mammals

Ples: No shell -> Apo: Shell

Ples: Solid lower jaw ->
Apo: Mandibular fenestra

—sen?

Amphibians



Synapomorphy: A shared derived trait that changes on
the branch leading to a group of interest
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Mammals

Lizards

Ples: Solid lower jaw ->
Apo: Mandibular fenestra
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Symplesiomorphy: A shared ancestral trait

Turtles M
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Mammals

Solid lower jaw ->
Synapo: Mandibular fenestra

esen¥




Homoplasy: Similarity not due to shared ancestry
Convergence: Independent evolution of similar traits

Amphibians—‘
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Turtles
Mammals

Abandon eggs/young -> Abandon eggs/young ->
Parental care Parental care



Reversal (convergence, homoplasy):
Re-evolution of a previously evolved trait

Ma mmals —|

{Ilncludlng sharks)  bony fishes amphiblans  (including dolphins) non=whales reptilas

Whales return to
the water and
evolve the aquatic

Aquatic vertebrates body layout.

evolve the aquatic body
layout - fins, flippers and
a streamlined shape.

™~

Tetrapod groups evolve
to live on land, and lose
the aquatic body layout.



Evolutionary gain and loss of limbs

Salamanders
Frogs
Caecilians

Limbs lost

Crocodylians

Snakes
lguanas
Geckos
Turtles
Birds

Limbs
lost

Mammals

Tetrapoda Limbs evolve



Evolutionary gain and loss of limbs

Salamanders
Frogs
Caecilians

Limbs lost

Crocodylians

Snakes
lguanas
Turtles
Birds

Limbs
lost

Mammals

Presence of limbs as...

Apomorphy, synapomorphy,
Plesiomorphy, symplesiomorphy
Homology, homoplasy, convergence,
reversal

Tetrapoda Limbs evolve



Evolutionary gain and loss of limbs

Salamanders
Frogs
Caecilians

Limbs lost

Snakes
lguanas
Crocodylians

Turtles
Birds

Limbs
lost

Mammals

Presence of limbs as...

Apomorphy, synapomorphy,
Plesiomorphy, symplesiomorphy
Homology, homoplasy, convergence,
reversal

Absence of limbs as...

Apomorphy, synapomorphy,
Plesiomorphy, symplesiomorphy
Homology, homoplasy, convergence,

Tetrapoda
reversal

Limbs evolve






Dorsal, superior
Lateral

Caudal, posterior
Proximal

Distal

Ventral, inferior

Anterior, rostral, cranial
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Notes and Comments
What Is Speciation and How Should We Study It?

Evo Edu Outreach (2008) 1:408-504
DOT 10.1007/s12052-008-0080-5

VIEWS FROM UNDERSTANDING EVOLUTION

Bringing Homologies Into Focus

Anastasia Thanukos

Reading a Phylogenetic Tree: The Meaning of Monophyletic

Groups
By: David Baum, Ph.D. (Dept. of Botany, University of Wisconsin, 430 Lincoln Ave., Madison,

Wi © 2008 Nature Education
Citation: Baum, D. (2008) Reading a phylogenetic tree: The meaning of
monophyletic groups. Nature Education 1(1):190

Understanding Evolutionary History: An Introduction to Tree Thinking

Laura R. Novick Kefyn M. Catley Emily G. Schreiber

Vanderbilt University Western Carolina University Vanderbilt University
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