GV/Z 2026 Lecture 2

 History of Vertebrate Systematics
* Species

* Species discovery

* Species description

 Summary and reading week 1
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History of (Vertebrate) Systematics

Three periods
* BC to 1859
* 1859-1960s
* 1960s-now




BC to 1859
* Aristotle (384-322 BC)
* Natural Theology
* Classification system
* Traits delimit groups
* Scale of Nature
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e Carl Linnaeus (1707-1778)
e Systema Naturae (1735+)
* Standardized Taxonomy
* Genus + species
* Kingdom, Phylum...
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BC to 1859: Prevailing views

* No phylogeny (no evolution)

* Natural theology

* Linnaeus' system

* Taxonomy based on traits, Natural theology




BC to 1859: Exceptions

* Georges-Louis Leclerc, Comte de Buffon (1707-1788)
* Erasmus Darwin (1731-1802)

* JB Lamarck (1744-1829)
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THE ORIGIN OF SPECIES
1859-1960s

* Evolution (1859) | |
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HAZCKEL'S EVOLUTION OF MAN. PLATE XV.

PEDIGREE OF MAN.
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1960s-2000: Classification methods
* Evolutionary Taxonomy
* Ernst Mayr
* Phenetics
* R Sokal, P Sneath
* Cladistics
* W Hennig, JS Farris, EO Wiley ey
* Molecular biologists
e A Edwards, L Cavalli-Sforza

SCIENCE
as a

DAVID L. HULL




1960s-2000: Nomenclature

 de Queiroz and Gauthier 1990

* Phylogeny is (should be) the
pasis for taxonomy

* Linnaen system is not suitable
for describing phylogeny

e Define taxon names based on
relationship

* Rules for constructing names




* What is the definition of Tetrapoda?

* A set of animals with four limbs, a backbone, a distinct neck; that
breat)he air (i.e., a set of animals that share some particular set of
traits

* A set of close evolutionary relatives we’ve decided to call
Tetrapoda



* What is the definition of Tetrapoda?

* A set of close evolutionary relatives we’ve decided to call Tetrapoda

* What is the diagnosis of Tetrapoda?

* animals with four limbs, a backbone, a distinct neck; that breathes air



Vertebrate systematics today
* New sources of genomic data

* Development of quantitative
phylogenetic methods

* Phylogenetic taxonomy accepted,
phylogenetic nomenclature
somewhat accepted

* New species continually described
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GV/Z 2026 Lecture 2

* Species

* Species discovery

* Species description
 Summary and reading week 1




Species definitions



Species definitions

* Phenetic species concept: A species is a set of organisms that are similar to each
other and distinct from other sets (Sokal and Crovello 1970).
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Species definitions

Phenetic species concept: A species is a set of organisms that are similar to each
other and distinct from other sets (Sokal and Crovello 1970).

Ecological species concept: A species is a set of organisms exploiting (or adapted to)
a single niche (Van Valen 1976).

Biological species concept: Species are groups of actually or potentially
interbreeding natural populations, which are reproductively isolated from other
such groups (Mayr 1942).

Phylogenetic species concept: A species is the smallest diagnosable cluster of
individual organisms within which there is a parental pattern of ancestry and
descent (Cracraft 1983).

Evolutionary species concept: A species is a single lineage of ancestor-descendant
populations which maintain its identity from other such lineages and which has its
own evolutionary tendencies and historical fate (Wiley 1981).
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Species
(Frost and Kluge 1994; deQueiroz 1998)

* Species concept (definition): What is a species?

 Species criterion (diagnosis): How can we tell whether two
groups of individuals are separate species?



Species
(Frost and Kluge 1994; de Queiroz 1998)

* Species concept (definition): What is a species?
e an evolutionary lineage (ancestors => descendants) of
populations (=Evolutionary Species Concept)

 Species criterion (diagnosis): How can we tell whether two
groups of individuals are separate species?



Species
(Frost and Kluge 1994; de Queiroz 1998)

* Species concept (definition): What is a species?

e an evolutionary lineage (ancestors => descendants) of
populations (=Evolutionary Species Concept)

 Species criterion (diagnosis): How can we tell whether two
groups of individuals are separate species?

e Can they interbreed? (Biological Species Concept)
* Do they occupy different niches? (Ecological Species Concept)
* Does some trait(s) differentiate them (Phenetic Species Concept)

* Does a phylogenetic analysis indicate they are distinguishable by
synapomorphies? (Phylogenetic Species Concept)



Evolutionary time

- - reproductively isolated
- - ecologically distinct - -
- - mate recognition syste

ms-N  N\N------+/ S

- -reciprocally monophyletic--- -\,  N\--+/ = Jfo-------------

- - limited or no gene flow

--diagnosable = = = == - e e el

- - phenotypically distinct

AI

-

2 species

1 or 2 species

1 species



Species concepts: History
* Pre-1942

* Essentialism
* Key reading: Aristotle
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* Essentialism
* Key reading: Aristotle

* 1940s5-1990s

* Interbreeding; "population thinking"
* Lots of philosophical work (Hull, Ghiselin, Hey)

* Key reading: Mayr 1942. Systematics and the origin of species
from the viewpoint of a zoologist.



Species concepts: History
* Pre-1942

* Essentialism
* Key reading: Aristotle

* 1940s-1990s
* Interbreeding; "population thinking"
* Lots of philosophical work (Hull, Ghiselin, Hey)
* Key reading: Mayr 1942. Systematics and the origin of species
from the viewpoint of a zoologist.
* 1990s-now
» Species = evolutionary lineages (Simpson, Wiley)
* Operational/conceptual distinction
* Key reading: Wiley 1981, Frost and Kluge 1994, de Queiroz 1998



Summary/important aspects of species

* Species are evolutionarily independent lineages of
populations (EVSC)

* Most species "concepts" (BSC, PHYSC, ECSC, PHENSC)
capture operational elements of the EVSC

e Species are "natural" entities, not human constructs
e Subspecies are operational pattern classes

* Interbreeding is (very) important, but it is just one
aspect of species and speciation



GV/Z 2026 Lecture 2

* Species discovery
* Species description
 Summary and reading week 1




Species discovery

 Phenetic

* Find an individual or population in nature that appears
different from other known populations

* Compare individuals of purported new species to
individuals of known species; search for diagnostic
differences
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Species discovery

* Phenetic

* Find an individual or population in nature that appears
different from other known populations

 Compare individuals of purported new species to

individuals of known species; search for diagnostic
differences

* Phylogenetic
* Obtain DNA sequences for multiple individuals from
throughout the range of a species
* Perform phylogentic analysis

e Recognize separate clades (groups) with some degree of
genetic divergence as separate species
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We base our taxonomy on defining a species when at least half of the
nine species delimitation methods agree, and when additional evidence
supports the species status. We define a subspecies when it constitutes an
evolutionary significant unit (ESU) below the species level; when we
find no agreement between species delimitation methods (less than half
of the methods support the species), but when we do find evidence of
genetic differentiation, and additional evidence for morphological or
ecological distinctiveness. On this basis, we propose the following tax-
onomy including suggested common names:

Genus Puffinus Brisson, 1760.

Species Puffinus lherminieri Lesson, 1839, Audubon’s Shearwater

Species Puffinus baroli Bonaparte, 1856, North Atlantic Little
Shearwater

species Puffinus boydi Mathews, 1912, Cape Verde Little Shearwater
Species Puffinus puffinus Briinnich, 1764, Manx Shearwater
Subspecies puffinus Briinnich, 1764

Subspecies canariensis Rodriguez et al, 2020

Species Puffinus yelkouan Acerbi, 1827, Mediterranean Shearwater
Subspecies yelkouan Acerbi, 1827, Yelkouan Shearwater
Subspecies mauretanicus Lowe, 1921, Balearic Shearwater

Below we discuss the consideration of each taxon on a case-by-case

basis.



Species description

* Name the species
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Species description

* Name the species
* Anolis purpuronectes
* Anolis elcopeensis
* Anolis taylori
* Anolis cochranae
* Anolis williamsmittermeierorum




Species description

* Name the species
* Designate a Holotype




Table 2.—Specimen holdings of the 20 largest mammal collections in the Western Hemisphere. All the top 20 collections are electronically databased in some format, most are available
via web-accessible data portals (e.g., VertNet, GBIF, SpeciesLink).

Collection Specimens Anmal growth® Specimens with tissue Holotypes Accredited
X017 2007 1995 1975

1. United States National Museurn of Matuml History GO0 000 590,000 585,000 475,000 1,00y ear 20,000 3198 1975, 1977, 1979
(LISNM)

2, University of New Mexico, Museum of 32 000 146,000 116,000 35,000 15 600y car 173,000 21t 1975, 1987, 2008
Southwestem Biology (MSHE)

3, Aamerican Museumn of Natural History (AMNH) 20333 277,480 77480 240,000 1, 2B 5 year 2 R4 1107 1975, 1978

4, University of California, Berkeley, Museum of 235301 215,540 187,500 144,000 1,976/ year 36,000 364 1975
Vertebrate Zoology (MVE)

3, The Field Museum of Matural History (FMNH) 226,074 192,10 156,400 1 100,000 3,307 year 72,111 520 1975, 1983

G, University of Kansas, Natural History Museumn and 171 626 162,000 156,000 132,004 Q6 3y ear 6,900 140} 1975, 1987
Biodiversity Research Center (KL

7. Collection of Recent Mammals, Museum of Texas 13E.680 100,592 0000 23000 3 B0Gyear 104,000 23 1575, 1983, 2017
Tech University (TTLN

B, University of Alaska Museum (UAM) 133657 06,000 38,000 13,000 3. 7oblyear 73497 | 1975, 1983, 2009

7. University of Michigan Muscum of Zoology 128,073 126,440 138,517 111,800 164 year 7,289 127 1975, 1987
(UMMZ)

14, Royal Ontario Mussum (ROM) 125,000 110,000 1000, 000 68,360 1,500/ year 23000 27 1975, 1995

11 Carnegie Museum of Natural History (CM) 120,361 118,500 113,994 55,000 1,56 1/yvear 14,000 45 1975, 1984

12, Universidade Fedeml do Rio de Janeim, Museu 100,000 a0, 000 90,000 1,000y ear 0 72
Macional (MMN)

13, Matural History Museum of Los Angeles County 98 80D R, 000 97,000 43,000 Bliyear 4,000 22 1978
(LACM)

14, Harvard University, Museum of Comparative RO 000 Bs,017 T2000 649,000 8y ear 3,500 127 1475
Zoology (MCZ)

15, University of Oklahoma, Sam Moble Oklahoma 67,000 40,000 32,000 11,000 2, 00y ear 7,500 | 1575, 1982, 2009
Museum of Matuml History (SNOMNH)

16, Washington State University, Charles R, Conner 65,000 39,000 32,500 3,781 2,60¢year a0 0 1977
Muscum (CRCM)

17. Biodiversity Research and Teaching Collection 64,500 59,000 56,500 27,000 55(fyear 6,554 30 14975, 1984
{formerly Texas Cooperative Wildlife Collection;
TCWC)

1E. Georgia Museum of Natural History (GMNH) 60,000 27,100 1B 083 3,002 3,200y ear 500 0 1985

14, University of Washington, Thomas Burke Memaorial 57,000 52,000 40,000 7,400 SO0y ear 9,000 2 1975
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Species description

Name the species
Desighate a Holotype
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. Lips,* AND J. Tomasz GIERMAKOWSKI

1

'Department of Biology and Museum of Southwestern Biology, University of New Mexico,
Albuguerque, New Mexico 87131-0001 USA
*Department of Biology, University of Maryland, College Park, Maryland 20740 USA

ApsTrRACT.—We describe a new species of Pristimantis in the subgenus Hypodictyon ridens Species Series
from the type locality in Parque Nacional General de Divisién 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-
E N B ey~ pee |

e dalan oA |

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 (Thrvdan recion of Colombia and neonire in



(Appendix 1). The drawings in this article of the
hands and feet were done with a camera lucida
by J. 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 ulations 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



B

B 2 Dorsal (A) and lateral (B} views of the
hnl'n'!.']:t gf Pristioumbs sduoriors SP- MO LMz E
ETXERE).

Costa Rica not soored im ouir analyvss from Cermo
Uabsi, Limdn Provimes -I_"tl;ﬂ?.._-ll:l' : BS5A 10"W:
6l(-m elevation): ome adult female TUCR 13133;
one adult male UCE 13004, all collected by G.
Chavess.

D)%‘.I‘n‘.‘tih.—ﬁ thin, lomgr-limbsed | small speacies
with SVL of adult ME—H 32004 mm frﬂ of
adult females 233377 mm (Table 1). Pre#-

manfs  sducators differs from the other 10
members of the P fdens Species Seres by
having the fdlowing combination of characters:
presence of an enlarged superciliary tubencle, a
pointed heel tubercle, a smooth dorsum, and an
elon d smout. Prstoments educators can be
distinguished from P. ylacas by mean
SVL {males % smaller, females 27% smaller in

P. caryoplyllacas, Ta]:l.le ljl ]:l:r-::l:rach:ng sulbartc-
ulmde‘ {m subarticular hs-
bercles in I nEr

ig. 3 expanded,
round and even 8

T d:l'-n.]-:.h. and o ds
{boadensd and munded £ disks amd o
pads in . can ylaces; . 3 4); a large,
alin , inmer metatarsal tubercle (small, elon-
Eate_. and obscure n P |'."|:t|'ll||'||:|||:|;||“|:h'.'|!'|.|:i_:l_: a Ja:rEe_.
conical, praecting, outer metstamsal tubercle
{dbscure, small, and mounded outer metatamsal
tubercle in P ﬂhr_'lhu_:l bp of Toe V' mot
reaching distal subarticular 'l'u]:-ﬂ'di: of Toe IV
{tip of Toe V reaches beyvond distal subarticular
tu le of Toe IV in P 1|‘J|:h'.'l!'l.|‘_'| F.IH d);
tip of Toe 1 much shorter than Toe I not
reaching distal subarticular tubercle on Two Il
{Toe I long, reaching ]:I-:_:.-'-i:l:rﬂ distal subarbicular
tubercle of Toe I in P hyllacess; Fig. d);
maost individuals have wartlike white to yel
lowish spoks on dorsum, ams, and lateral
surfaces (o warthke while spots in P cergo-
phydlaceis, Fig 1)

Deseriphion of Holobge —Head 1 than
widde, ]'EF:j length 'élﬁl‘i'.r-::-l: HW, [—]]'_HETIII‘.E- of
SVL Snout rounded in dorsal outline and

rofile, small point at tip. Eye to snout 52% of
E]L,. the tip of snout ﬂli'l:ﬁ'l{ wrd metrils:
nostrl openings ovodd, opening 5‘:-:11.1]]:.-'. Can-
thus rostralis modemtely sharp and slightly



80"W

10°N1

5N

Panamé

o et e P

Natierml Hi —Myers (1969) described two
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and 5 egps Cemo Sapo in Darién
Provinee, Pamama, that we reassd o P
gdhicators. We observed two females i
egps at El Lomein May 2000 and another in
June 2. On 18 May , we enopuntered an

adult female P. edwafors (SVL 3870 mm)

slesping on aof an e clutech with a
imately 15-2) eggs. The adult and o were
positionsd al thee mdcdvein om the dital third
of the top

surface of a palm leaf g i arbed
3-trn1.1.-ide.uru:]9ﬂ-:mpdzweﬂ1:ﬂj .W{
estimated the eggs to be at developmental
stages 1-5 (Townsend and Stewart 1985) but
werse iunable o scertam an Mti‘l?j&tr%
number without disturbing the atending frog
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TN =13 QN =9

TN =4

RN = 1)

Snout-vent
Tibia length
Leg length
Head

Head width
Eye-snout
Eye-nostril

Eve leng#h

177 = 2T(120-21%) 15 + 28 (167-267)
07 = 17721500 125 + 15 (103-151)
183 = 32 (12822 4) 19 + 37 [168-266)
92 * 15 (A9-107)

36 + 05 (25-47) 47 + 06 (30-49)
27 + 05 (1.8-35) 32 = 07 (21-4%)
28 = 03 (22-33) 33 = 0.3 (29-39)

W + 05 (19.3-H14)
124 + 0.4 (121-125)
4 * L8 (18822 7)

A4 + 0.4 (RO-A9)
73 = L4 (TO-TT)
47 + 0.2 (41-4.4)
33 = 0.1 (32-54)
32 = (L3 (29-34)

WE+ 49 211-377)
163 + 24 {120-155)
FEx AT Q12-327)
120 + 16 @.0-139)
108 + 18 F5-127)
57+ 08 @3-69)
0.7 §.d-54)
05 @1-49)

.|.
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GVZ Week 1

* Sources of Information o
* Nichols Death of Expertise 6 o
* History of (Vertebrate) Systematics ke
* 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
* Ryanetal. 2010
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