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Abstract
The present paper describes two Clubiona obesa-group species: Clubiona bicuspidata sp. n. and the male

Clubiona kropfi Zhang, Zhu & Song, 2003, which is described for the first time.
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Introduction

Clubiona Latreille, 1804, is the largest genus of the spider family Clubionidae.
The genus encompasses approximately 465 species at present, is widely distributed
around the world (except in South America) and has been revised both regionally
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and on a worldwide scale (Dondale and Redner 1976; Mikhailov 1990, 1991, 1995,
2002; Deeleman-Reinhold 2001; Platnick 2014). Because Clubiona is a large genus,
several authors have suggested subdivisions of the genus into species groups (Simon
1932; Gertsch 1941; Lohmander 1944; Locket and Millidge 1953; Edwards 1958;
Mikhailov 1995) and even subgenera (Lohmander 1944; Mikhailov 1990, 1991,
2002; Wunderlich 2011).

One of the largest species groups, Clubiona obesa, was first recognized by Ed-
wards (1958) for the Nearctic species. This group is restricted to Asia and the Nearctic
(Mikhailov 1995). Currently the group encompasses almost 50 species (Mikhailov
1995; Li and Wang 2014). Of these, 13 species occur in China (Li and Wang 2014):
C. corrugata Bosenberg & Strand, 1906, C. kurilensis Bosenberg & Strand, 1906,
C. lena Bosenberg & Strand, 1906, C. manshanensis Zhu & An, 1988, C. bakurovi
Mikhailov, 1990, C. kimyongkii Paik, 1990, C. aciformis Zhang & Hu, 1991, C. irinae
Mikhailov, 1991, C. fusoidea Zhang, 1992, C. fuzhouensis Gong, 1985, C. baishishan
Zhang, Zhu & Song, 2003, C. kropfi Zhang, Zhu & Song, 2003 and C. lirata Yang,
Song and Zhu, 2003. This group is well studied in China, and only one species, C.
kropfi, is known by female sex. However, recently collected material has permitted us
to recognize the previously unknown male of C. kropfi Zhang et al., 2003 and to iden-
tify one species new to science. The goal of our paper is to provide a re-description of
the C. kropfi female and a first description of its male, and, additionally, describe a new
species, Clubiona bicuspidata sp. n.

Material and methods

All specimens were examined under a Tech XTL-II stereomicroscope. The draw-
ings, photos and measurements were finished with a Leica M205A stereomicro-
scope equipped with a drawing tube and a DFC450 CCD camera. Carapace
length was measured from the anterior margin to the posterior margin of the
carapace medially. Eye sizes were measured as the maximum diameter of the lens
in dorsal or frontal view. The measurements of legs are shown as total length (fe-
mur, patella, tibia, metatarsus, tarsus). The epigynum was cleared in a solution of
potassium hydroxide (KOH) and transferred to 75% ethanol for drawing, taking
photos and measuring. All measurements are in millimeters. All specimens stud-
ied are kept in 75% ethanol and deposited in the Museum of Hebei University
(MHBU), Baoding, China.

The following abbreviations are used: ALE, anterior lateral eyes; AME, anterior
median eyes; C, conductor; CO, copulatory openings; E, embolus; EP embolar part
of bulbus; FD, fertilization ducts; MOA, median ocular area; PLE, posterior lateral
eyes; PME, posterior median eyes; RTA, retrolateral tibial apophysis; S, spermathecae.
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Taxonomy

Clubiona kropfi Zhang, Zhu & Song, 2003
Figs 1-12

Clubiona kropfi Zhang et al., 2003: 634, f. 2A-C ().

Type material. Holotype ¢, China, Hebei Province, Laiyuan County, Baishi Mountain
(39°12'N, 114°42'E), 16 July 1999, Feng Zhang leg., deposited in MHBU, examined.

Other material examined. China: Hebei Province: Yu County, Xiaowutai Moun-
tain (39°57'N, 114°48'E), 1 & and 3 @, Shuigou Valley, 24 August 2012, Feng Zhang
leg.; 1 &, Zhengjiagou Valley, 28 August 2012, Feng Zhang leg.; 1 ¢, Shuigou Valley,
5 July 2013, Panlong Wu leg.

Note. This species was described on the basis of the holotype female with the male
unknown.

Diagnosis. This species is similar to C. bakurovi (Mikhailov, 1990: f. 61-65), but
can be distinguished by the hilt-like ventral branch of RTA, the tip of the embolus
short and anti-clockwise, the EP wedge-shaped lacking a large tooth; the absence of
epigynal grooves; the copulatory openings situated on the posterior edge of epigyne,
and the septum thin.

Description. Male. Total length 4.26-4.58. d from Xiaowutai Mt: body 4.26
long; carapace 1.87 long, 1.31 wide; abdomen 2.24 long, 1.26 wide. Carapace yellow-
ish. Head region slightly elevated above thorax. In dorsal view, anterior eye row slight-
ly recurved, posterior eye row almost stright. Eye sizes and interdistances: AME 0.08,
ALE 0.10, PME 0.08, PLE 0.10; AME-AME 0.04, AME-ALE 0.04, PME-PME
0.18, PME-PLE 0.12. MOA 0.27 long, front width 0.24, back width 0.35. Clypeus
height 0.02. Chelicerae yellowish, promargin with six teeth, retromargin with three
teeth. Endites yellow, longer than wide. Labium yellow brown, longer than wide. Ab-
domen oval, brown yellow, with conspicuous anterior tufts of hairs, dorsum with yel-
low thin hairs, cardiac pattern yellow brown; venter brown yellow. Spinnerets and legs
yellow brown. Measurements of legs: leg I 4.60 (1.32, 0.65, 1.25, 0.86, 0.52), II 4.80
(1.40, 0.68, 1.33, 0.87, 0.52), III 4.23 (1.26, 0.56, 0.92, 1.02, 0.47), IV 6.17 (1.71,
0.67, 1.44, 1.77, 0.58). Male palp as in Figs 5-7, 10-12: RTA strongly expanded,
forked, with hilt-like ventral branch; embolus arching behind tegulum and directing
prolaterally; EP apophysis strong, wedge-shaped, with a triangular membrane proxi-
mally; conductor small, club-like, membranous.

Female. Total length 4.73-4.98. § from Xiaowutai Mt: body 4.98 long; carapace
1.82 long, 1.35 wide; abdomen 2.98 long, 1.79 wide. Eyes sizes and interdistances:
AME 0.09, ALE 0.10, PME 0.08, PLE 0.10; AME-AME 0.05, AME-ALE 0.05,
PME-PME 0.19, PME-PLE 0.13, ALE-PLE 0.07. MOA 0.28 long, front width



4 Pan-Long Wu & Feng Zhang | ZooKeys 420: 1-9 (2014)
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Figures 1-7. Clubiona kropfi, | female habitus, dorsal view 2 male habitus, dorsal view 3 epigyne,
ventral view 4 vulva 5 left male palp, ventral view 6 same, retrolateral view 7 same, dorsal view, showing
tibial apophysis. Scale bars: 1 mm (1-2); 0.1 mm (3—4); 0.2 mm (5-7).
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Figures 8-12. Clubiona kropft, 8 epigyne, ventral view 9 vulva 10 left male palp, ventral view Il tibial
apophysis, dorsal view 12 left male palp, retrolateral view. Scale bars: 0.125 mm (8-9); 0.25 mm (10-12).
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0.25, back width 0.41. Clypeus height 0.03. Labium 0.55 long, 0.24 wide. Endite
0.31 long, 0.24 wide. Measurements of legs: leg I 3.71 (1.10, 0.61, 0.90, 0.67, 0.43),
113.90 (1.19, 0.63, 0.97, 0.68, 0.43), I1I 3.58 (1.09, 0.53, 0.72, 0.85, 0.39), IV 5.56
(1.60, 0.63, 1.24, 1.56, 0.53). Coloration darker than in male. Other characters as
in male. Epigyne expanding posteriorly above epigastric groove, with a strongly scle-
rotized hind part. Copulatory openings separated from each other by a tongue-like
process in the middle of the posterior part. Copulatory ducts directed laterad, then
distad, almost parallel. Spermathecae spherical (Figs 3-4, 8-9).
Distribution. China (Hebei).

Clubiona bicuspidata sp. n.
http://zoobank.org/553FF41F-8AC9-4AE0-9B22-AB22D2A3E1DE

Figs 13-19

Type material. Holotype &', China: Xizang Autonomous Region (29°12'N, 94°12'E),
Mainling County, Mingsheng Zhu leg., 18 August 2002 (collected in subadult stage,
matured 29 August 2002). Paratype: 1 d, China: Shaanxi Province, Zhouzhi County,
Taibai Mt (33°57'N, 107°45'E), 25 May 2009, Zhisheng Zhang leg.

Diagnosis. The new species resembles C. baishishan (Zhang et al., 2003: f. 1A-F),
but differs by the shorter embolus, two pointed distal EP apophyses, and the tip of
RTA without a concavity in dorsal view.

Etymology. The species name is an adjective, derived from the shape of EP apo-
physes.

Description. Male. Total length 4.65-4.74. Holotype: body 4.65 long; car-
apace 2.21 long, 1.69 wide; abdomen 2.43 long, 1.26 wide. Carapace (Fig. 13)
yellow. Cephalic region yellowish, slightly elevated above thorax. Median furrow
longitudinal. Anterior eye row slightly recurved (in dorsal view), posterior eye row
almost straight. AME black, and other eyes white. Eyes sizes and interdistances:
AME 0.12, ALE 0.13, PME 0.14, PLE 0.11; AME-AME 0.07, AME-ALE 0.04,
PME-PME 0.22, PME-PLE 0.12, ALE-PLE 0.07. MOA 0.31 long, front width
0.28, back width 0.45. Clypeal height 0.03. Chelicerae yellow, promargin with five
teeth, retromargin with three teeth. Endites yellowish, serrula dark. Labium yellow
brown, 0.51 long, 0.28 wide. Abdomen tan, with white speckles; cardiac mark yel-
low brown. Spinnerets and legs yellow. Measurements of legs: leg 1 5.83 (2.03, 0.86,
1.18, 1.10, 0.66), 1I 6.48 (2.05, 0.78, 1.85, 1.15, 0.65), III 5.12 (1.54, 0.57, 1.29,
1.28,0.44), IV 7.35 (2.15, 0.60, 1.65, 2.28, 0.67). Male palp as in Figs 14-19: RTA
strongly expanded, forked, ventral branch with two processes, one incus-shaped and
the other thumb-shaped. Embolus arching behind tegulum and directing prolater-
ally. Tegulum with two pointed EP apophyses, one small and one large. Conductor
small, rod-like, membranous.

Female. Unknown.

Distribution. China (Xizang, Shaanxi).
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s 15 = 16
Figures 13-16. Clubiona bicuspidata sp. n. 13 male habitus, dorsal view 14 left male palp, ventral view
I5 same, retrolateral view 16 same, dorsal view. Scale bars: 1 mm (13); 0.2 mm (14-16).
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Figures 17-19. Clubiona bicuspidata sp. n. 17 left male palp, ventral view 18 tibial apophysis, dorsal
view 19 left male palp, retrolateral view. Scale bars: 0.25 mm (17-19).
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Abstract

In this paper, we validate the doubtful species status of E. guianae, with redescriptions of (supposedly lost)
type and holotype males, and a first description of the female. Both sexes are measured and illustrated by
pictures of habitus and copulatory organs. Seventeen new salticid species for French Guiana are also re-
ported and a detailed catalogue of all salticid species from the Trinité National Nature Reserve is provided.

Keywords
Jumping spider, tropical forest, South America, doubtful species

Introduction

The history of arachnology in French Guiana started in 1871 with the publication of
the first catalogue by Wiadystaw Taczanowski (1871, 1872), but it remained relatively
poor compared with that of adjacent countries (Brazil, Guiana, Peru, etc.). It reached its
apogee in the middle of the 20" century with the work of Di Caporiacco (1954), which

Copyright Cyril Courtial et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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clearly pleads for an urgent update on this group. The Salticidae is one of the most
important spider families, with 597 genera and nearly 5700 described species world-
wide (Platnick 2014) which are particularly abundant and diversified in the neotropical
region (Dias et al. 2006), yet this family is poorly known in French Guiana with only
85 reported species (Vedel et al. 2013) compared to the 539 species known in Brasil
(Metzner 2014). During a recent survey conducted in the Trinité National Nature
Reserve (French Guiana) we collected numerous species of salticidae and among them
several specimens of the genus Eustiromastix Simon, 1902. The spider genus Eustiromas-
tix has 11 species distributed throughout South America and the southern West Indies
according to Platnick (2014). Among this genus, Eustiromastix guianae (Caporiacco,
1954) was considered nomen dubium by Galiano (1979) because 1) the type was lost
and not viewed 2) morphological details referring to the palp and the ambulatory for-
mula do not fit the description of the genus.

Based on the rediscovery of the type specimen in the collection of the MNHN of
Paris and on the collection of several males and females, we propose to validate the
doubtful species E. guianae here, and provide the first description of the female. In ad-
dition we provide a detailed catalogue of all salticid species from the Trinité National
Nature Reserve, with new species for French Guiana after Vedel et al. (2013).

Material and methods

Description

The following abbreviations are used:

AER anterior eye row; ALE anterior lateral eyes; AME anterior median eyes; PER
posterior eye row; PLE posterior lateral eyes; PME posterior median eyes; NNR Na-
tional Nature Reserve.

All the fresh specimens examined in this study were collected on leaves of several
tropical trees during a survey at the Trinité NNR in December 2010. Measurements
(in millimetres as in Galiano 1963) were taken on four males (the holotype and three
other males) and on seven females. The leg spination was not assessed on the holotype,
but on a fresh specimen. The specimens were studied using a Euromex CMEX 5000
stereomicroscope. The epigyne was macerated in 10% KOH. The specimens were pre-
served in 70% ethanol.

Catalogue of the National Reserve

Regional literature on salticids was consulted and the presence of valid species after
Platnick (2014) was established. New data from the survey were included as well as
updates. For all species, the date of first publication, locality, information about sex
and dates of collection are given in Suppl. material 1 (Table 1).
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Results

Description
Eustiromastix guianae (Caporiacco, 1954)

Eustiromastix guianae (Caporiacco, 1954): 176-177, figure 65, 65a; Galiano, 1979: 185.

Material. Holotype: male (MNHN): French Guiana, Charvein. 7 females, 3 males
and 1 subadult male Trinité NNR, 04°36'02"N, 53°24'43"W, 09.X11.2010, Julien
Pétillon and Cyril Courtial. Specimens have been deposited in the Museum National
d’Histoire Naturelle, Paris (male collection number: AR 15000; female collection
number: AR 15001).

Diagnosis. Among salticids, the differenciation between genera of the Plexippeae
group is especially complex (Galiano 1979) and only based on genitalia. Eustiromastix
and Freya are close relatives. Freya is distinguished by its short thick pedipalp and tibial
apophyses often rectangular and wide, and the solid and robust embolus, while Eusziro-
mastix presents a longer pedipalp with a very long thin embolus (Galiano 1979) and an
apically curved cymbium. Females are characterised by the wide, flattened and folded
copulatory ducts, which are as wide as the spermathecae (Santos and Romero 2004).
Eustiromastix guianae differs from all species of the genus by the shape of the embolus,
the presence of a long median apophysis and the small pointed tibial apophysis. The fe-
male is distinguished by the strong vertical ducts and the large openings on the epigyne.

Figure |. Drawing of the Holotype of Eustiromastix guianae male palp (A prolateral view B ditto ventral
view) MA: median apophysis, E: embolus. Scale 1 mm.



14 Cyril Courtial et al. | ZooKeys 420: 11-18 (2014)

Figure 2. Pictures of the male palp of Eustiromastix guianae. A—=C male palp in lateral, retrolateral and
ventral views, respectively D detail of the tibial apophysis, ventral view. MA median apophysis, E embolus.
Scales: A-C 1 mm, D 0.5 mm.

Redescription of the male (holotype from Charvein). Figs 1A, B; 2A-D; 5A.
Total length 6.54. Prosoma: carapace 2.95 long, 2.35 wide and 1.83 high. Carapace:
darkish brown. Cephalic region: black, and darker than thoracic region. Diameter
of PME: 0.34; PLE: 0.14; AME: 0.58; ALE: 0.46. Distance PLE-PLE: 1.94; PME-
PME: 2.01; PME-PLE: 0.27. Chelicerae: 1.10 long and 0.77 wide, dark brown. One
promarginal and two retromarginal teeth. Legs: light brown, with dark annulations.
Leg formula 3412. Length of femur: 1 2.09, II 1.84, III 2.55, IV 2.27; patella: I 1.29,
IT1 1.04, 11T 1.17, IV 0.87; tibia: T 1.80, 1T 1.32, IIT 1.42, IV 1.40; metatarsi: I 1.26, 1T
1.10, IIT 1.70, IV 1.83; tarse: 1 0.66, 11 0.62, 111 0.61, IV 0.70.

Spination: femur I-1IT d1-1-1, r2-2 p2-2, IV d1-1-1, r1; patella I-1I p1, III-IV p1,
rl; tibia I-1I v2-2-2, III-IV v1-2, p3, r3, d1; metatarsi I-1I v2-2, III-IV v2-2, p1, r1,
d2-2-2. Abdomen 3.71 long.

Dorsum: greyish with diffuse pale spots, and a median, longitudinal light brown
stripe between a pair of longitudinal narrow stripes of white scales anteriorly and a



Validation of Eustiromastix guianae (Caporiacco, 1954) (Araneae, Salticidae)... 15

A ' B

Figure 4. Pictures of the epigyne and spermathecae of Eustiromastix guianae. A dorsal view B vulva,
ventral view after maceration € ditto latero dorsal view. Scale: 0.5 mm.

white chevron posteriorly in fresh specimens (see Fig. 5A). Abdominal pattern with a
median dark brown band.

Male palp as in Fig. 1A, B. Cymbium flattened apically (Fig. 2A), small retrolateral
tibial apophysis, pointed internally in dorsal view (Fig. 2D). Long embolus with an elon-
gated median apophysis at about one third of the total length of the embolus (Fig. 2B, C).

Locality: Charvein.

Female. Figs 3A, B; 4A-C; 5B. Total length: 7.51. Prosoma: carapace 2.75 long,
2.19 wide, and 1.59 high. Carapace: dark brown. Cephalic region: darker than the
thoracic region. Diameter of PME: 0.29; PLE: 0.10; AME: 0.62; ALE: 0.32. Distance
PLE-PLE: 1.75; PME-PME: 1.83; PME-PLE: 0.30. Chelicerae: 0.83 long 0.49 wide.
Legs formula 4312. Length of femur: I 1.66, 11 1.52, 111 1.85, IV 1.89; patella: I 0.80,
11 0.69, 111 0.85, IV 0.71; Tibia: I 1.29, 11 1.08, III 1.13, IV 1.30; metatarsi: 1 0.74,
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A B

Figure 5. Habitus of Eustiromastix guianae, male, fresh specimen (A) and female (B). Scale: 1 mm.

I1 0.64, 11T 1.16, IV 1.46; tarsi: 1 0.62, 11 0.58, III 0.67, IV 0.67. Spination: femur
[T d1-1-1, p2, I d1-1-1, p1, r1, IV d1-1-1, rl; patella: I-II p1, III-IV r1; tibia: I-1I
v2-2-2, p1, -1V v1-2, r1-1-1, d1, p1-1-1; metatarsi: I-I v2-2, III d2-1-2, r1, v2-2,
IV d2-2, v2-2, r1. Abdomen: 3.66 long. Dorsum: greyish to blackish (Fig. 5B) with
a diffuse pale chevron in median part and a small white spot lateraly. Epigyne and
spermathecae: as in Fig. 3A, B. Epigyne with two deep circular genital openings (Figs
3A, 4A). Insemination ducts: long and parallel (Figs 3B, 4B, C). Spermathecae: almost
round and small at the base of the vulva (Fig. 4B, C).

Variation. Male: Total length: 6.50-7.17, carapace length: 2.40-3.38, carapace
width: 2.26-2.66 (n=4). Female: total length: 6.32-7.51, carapace length: 2.75-3.11,
carapace width: 2.19-2.31 (n=7).

Habitat. all specimens were collected together, including males in couple with
females in tropical rain forest from beating and sweeping low vegetation.

Distribution. known only from two localities in French Guiana (Charvein and
Trinité NNR) Figure 1 of Suppl. material 1.

Addition to the checklist of Salticid species known from French Guiana

Twenty-eight jumping spiders have been identified at the Trinité National Nature Re-
serve, among them 17 are new for French Guiana (see the catalogue of saticids of the
reserve: Table 1 of Suppl. material 1). A total of 102 salticid species is now recorded from
French Guiana.
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Abstract

Three species belonging to the genus Zhalerosphyrus Eaton, 1881 are reported from Java and Sumatra. The
nymphs of 7h. determinatus (Walker, 1853) from Java, 7h. sinuosus (Navds, 1933) from Java and Sumatra
and 7h. lamuriensis Sartori, 2014 from Sumatra are redescribed. The egg morphology of the three spe-
cies is also presented for the first time. A key to the nymphs is proposed. General considerations on the
composition of the genus 7halerosphyrus in the Oriental Realm are given. The distribution of the genus is
greatly expended, and currently ranges over the Himalaya and Sumbawa in the Sunda Islands.

Keywords
Thalerosphyrus determinatus, Thalerosphyrus sinuosus, Thalerosphyrus lamuriensis, Ecdyonurus sumatranus,
distribution, Bali, Sumbawa, nymph, eggs, SEM

Introduction

The genus 7halerosphyrus was created by Eaton (1881) to accommodate the species Bae-
tis ? determinara Walker, 1853 described on the basis of a single male imago from Java.
Later on (Eaton 1885), the same author added also Baetis ? torrida Walker, 1853 known

Copyright Michel Sartori. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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by a single female imago from the Philippines. 7h. determinatus was recorded later by Ul-
mer (1913) also from Java, and redescribed in detail, with abdominal patterns, coloration
and drawing of the genitalia. Another species was described from Java by Navéds under
the name Ecdyonurus ? sinuosus Navds, 1933 on the basis of a single female imago, and
then transferred to the genus 7halerosphyrus by Ulmer (1939) who described the male
imago and reported the species also from Sumatra. In the same work (Ulmer 1939), the
author described 7. determinatus and Th. sinuosus in the nymphal stage. Dang (1967)
created the genus Ecdyonuroides for a peculiar nymph he collected in Vietnam (E. vi-
etnamensis) which possesses extremely well developed posterolateral expansions on the
abdomen. He recognized the similarity with a nymph described by Ulmer (1939) under
the name Ecdyonurus sumatranus and designated Ulmer's species at the type species of
his new genus. Later on, Braasch and Solddn (1984) put Ecdyonuroides in synonymy
with Zhalerosphyrus on the basis of a rearing of E. vietnamensis nymph which gave a male
imago with 7halerophyrus characters and proposed the new combination 7. vietnamen-
sis. In the following years, two other 7halerosphyrus species were described: 7. bishopi
(Braasch & Solddn, 1986b) from West Malaysia, and 74. flowersi (Venkataraman &
Sivaramakrishnan, 1987) from southern India, both at the adult and nymphal stages.

Braasch and Solddn (1986a) described a new genus (Asionurus) from Vietnam and
showed that the nymph described by Ulmer (1939) under the name 75. sinuosus was
incorrectly associated with adults of this species and that the nymph actually belonged
to this new genus and therefore proposed to call this taxon Asionurus ulmeri. Wang
and McCafferty (2004) suggested that the nymph described by Ulmer (1939) as 75.
determinatus was wrongly associated and should be the nymph of 74. sinuosus accord-
ing to abdominal patterns.

The concept of the genus Zhalerosphyrus is far from being clear, because the type
material of the type species, 7h. determinatus is in bad state, missing all legs but one as
well as the abdomen (hence the genitalia) (Kimmins 1960). The uncertainties about
the actual status of the genus Zhalerosphyrus let Kluge (2004) to consider it as incertae
sedis, referring only to the nymphs of 7h. sumatranus, Th. vietnamensis and Th. flowersi
as belonging to his non ranking taxon Ecdyonuroides/g(1) characterized by their de-
veloped posterolateral expansions of the abdomen.

When revising Ulmer's collection in the Zoologisches Museum in Hamburg, Sar-
tori (2014d) restudied the type material of Ecdyonurus sumatranus Ulmer, 1939 and
showed that the holotype belonged to the genus Rhithrogena Eaton, 1881, and thus
put Ecdyonuroides Dang, 1967 in synonymy with Rhithrogena and proposed a new
name for the nymph as 7h. lamuriensis.

Within the ongoing revision of Ulmer's collection (Sartori 2014a; b; ¢; d), we have
reinvestigated all material of 7halerosphyrus deposited in the Museum of Zoology in
Hamburg. Despite the above mentioned uncertainties, we follow the Zhalerosphyrus
concept proposed by Ulmer (1913; 1924; 1939) because his redescription of 75. de-
terminatus is in accordance with Eaton's (1885) diagnosis, especially body and wing
lengths and hind leg ratios. The nymphs of the species found in Java and Sumatra are
described based on this historical material as well as on specimens recently collected.
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Material and methods

Original material studied here is deposited in the following institutions:

ZMH Zoologisches Museum und Biozentrum Grindel, Hamburg, Germany

MZL Musée cantonal de zoologie, Lausanne, Switzerland

LIPI Lembaga Ilmu Pengetahuan Indonesia (Indonesian Institute of Sciences), Mu-
seum of Zoology, Bogor, Indonesia.

In the absence of adequate life stages to link nymph and adults as previously pro-
posed by Sartori (2014a; ¢; d), eggs were extracted from either female imago or sub-
imago for 7h. determinatus and Th. sinuosus because no mature female nymphs were
available, and from a mature female nymph for 7h. lamuriensis as no alate stage of this
species are known for sure.

Ontogenetic stage association relies thus on the following assumptions; three nym-
phal forms present together with three different egg morphologies, one species found
only on Java, one on Java and Sumatra and the latter only on Sumatra.

Drawings were made with the help of a camera lucida taken from stereomicro-
scope Leica DM 750 and pictures from microscope Zeiss Axioscop 2 or Visionary
Digital Passport II. Final digital drawings were performed on Adobe Illustrator CS6.
For scanning electronic microscope (SEM) pictures, the eggs were dehydrated, carbon
coated, and observed under a LEO 1525 at 5.00 kV; maxillae were dehydrated, criti-
cal point dried, and then platinum coated, and observed under a FEI Quanta 250 at
5.00 kV. Final plates were assembled in Adobe Photoshop CS6.

Results

Thalerosphyrus Eaton, 1881

Nymphal diagnosis. Medium to large Heptageniidae (up to 20 mm) with contrasting
color patterns.

Head broad and thickened anteriorly (Figs 2, 5, 8); labrum (Figs 16-17) small,
wider than long, without conspicuous median incision; mandibles (Figs 18-19) with
outer margin covered with numerous thin setae, outer and inner incisors subequal in
length, outer one saw-like on both sides, inner one trifid, left mandible with tuft of setae
above mola; maxillae with 3-segmented palp, ventral surface of galea-lacinia covered
with numerous long setae (Fig. 25), which appear entire in optical microscope, but are
slightly feathered in SEM, crown of the galea-lacinia with 20-25 comb-shape setae,
median ones bearing 12-17 teeth (Fig. 26), distal dentisetae bifid and fimbriate, as the
proximal one (Figs 23—24); hypopharynx with robust lingua and well developed super-
linguae bend backwards (Figs 27-28); labium with rhomboid glossae (Figs 20-22), par-
aglossae regularly curved, apex not bend backwards and moderately expended laterally.
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Figures 1-3. Thalerosphyrus determinatus (Walker, 1853). | Habitus in dorsal view 2 Habitus in ventral
view 3 Detail of abdominal segments VI-IX in ventral view.

Thorax with pronotum slightly to greatly enlarged laterally; supracoxal spurs acute
and well developed especially on mid- and hindlegs; femora rather similar between the
three pairs of legs, row of stout and pointed bristles on inner and outer margins, no
thin setae present; outer margin of fore tibia with few thin setae on proximal fourth,
mid tibia with a row of thin setae on outer margin almost to tarsi, hind tibia (Figs 30,
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32, 34) with two rows of thin setae, one on the outer margin, one in submarginal posi-
tion, spine-like bristles absent or present.

Abdomen with posterolateral projection generally greatly enlarged from segment
II to VII or VIII (Figs 3, 6, 9); posterior margin of tergites (Figs 35-37) with large and
pointed teeth, microdenticles present and generally numerous; all gills asymmetrical
(Figs 38-49), gills I-VI with plate-like and extremely developed fibrillose parts, gill
VII only plate-like; terminal filament well developed, cerci whitish with more or less
enlarged brown bands; segments with whotls of stout and pointed setae.

Discussion. The scattered setae on the ventral surface of the maxilla indicate clear-
ly that 7halerosphyrus belong to the subfamily Ecdyonurinae. The presence of acute su-
pracoxal spurs, the anterior margin of the head thickened and generally well developed
posterolateral projections of the abdomen are discriminating characters according to
Webb and McCafferty (2008). To these we can add the shape of the gills II-V (VI)
strongly asymmetrical and wider than long, with fibrillose part well developed. In the
Oriental Realm, 7halerosphyrus could be confused with Compsoneuriella Ulmer, 1939
because of the acute supracoxal spurs, but is easily told by the much more developed
posterolateral projections of the abdomen, the higher number of comb-like setae on
the crown of the galea-lacinia, the shape of the gills which are never so wide in Comp-
soneuriella, and by the shape of the distal dentisetae, which are simple and not fimbri-
ate in Compsoneuriella (Sartori 2014c).

Species included. 7halerosphyrus determinatus (Walker, 1853): Java

Thalerosphyrus sinuosus (Navas, 1933): Java, Sumatra

Thalerosphyrus vietnamensis (Dang, 1967): Vietnam

Thalerosphyrus bishopi Braasch & Solddn, 1986: West-Malaysia

Thalerosphyrus flowersi Venkataraman & Sivamarakrishnan, 1987: South India

Thalerosphyrus lamuriensis Sartori, 2014: Sumatra

The species described by Ulmer (1926) as 7halerosphyrus melli from China has
been recently assigned to another genus as Epeorus melli (Ulmer) by Zhou et al. (2007);
the species 7h. torridus (Walker, 1853) described based on a single female imago from
the Philippines most probably belong to the genus Afronurus (Braasch 2011); the spe-
cies 7h. separatus Nguyen & Bae, 2004 and 75. ethiopicus Soldén, 1977 described from
Vietnam and Sudan respectively, have been suggested to be also members of the genus
Afronurus by Webb et al. (2000).

Distribution. The genus Zhalerosphyrus is endemic to the Oriental Realm. It is
known from India, through Southeast Asia (Thailand, Vietnam, West Malaysia), up
to Sumbawa in the Sunda Islands (see below), suggesting, as for Rhithrogena (Sartori
2014d), that the Wallace line is not a barrier to the dispersal of some Ephemeroptera.
The genus is however not currently reported from Sulawesi (Edmunds and Polhemus
1990). According to Braasch (2011), Zhalerosphyrus is also not recorded from the Phil-
ippines, and its presence on the island of Borneo is only based on few data and no
named species are known (Braasch 2011); in the MZL collections is a single nymph
(Sabah, Mesilau River, 8 km north of Kundessan, 2100 m, 1.VII[.1985, ].T. & D.A.
Polhemus leg) which is clearly related to 7h. lamuriensis, but complementary material
is needed before any definitive answer can be found. In the MZL collections is also
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Figures 4-6. Thalerosphyrus sinuosus (Navds, 1933). 4 Habitus in dorsal view 5 Habitus in ventral view
6 Detail of abdominal segments VI-IX in ventral view.

deposited a single nymph from Nepal (Nawakot & Sindhu Districts, Patibhanjyang
Village, elev. ca 6000’, 10.IX.1968, C. Wiens leg) which expands the distribution of
the genus to the Himalaya.
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Thalerosphyrus determinatus (Walker, 1853)

Thalerosphyrus determinatus Ulmer, 1939, (nymph, pro parte)

Material examined. 2 nymphs, Java, Diengplateau, stream Seraju (D13), ca 1950
m as.l., 5.V1.1929, Prof. Thienemann leg. [ZMH] ; 1 nymph entirely mounted on
microscopic slide, Java, Gedeh Panggerango, Tjisarua, 1050 m, 10.VIII.1930, Dr.
Lieftinck leg [ZMH]; 1nymph, Java, Java Barat Province, rocky stream at Cibodas (CL
2186), 1300 m, 3.X1.1985, J.T. & D.A. Polhemus leg [MZL]; 1 nymph, Bali, Baturi-
ti, Desa Antapan, 815 m, 8°19.34'S, 115°11.61'E, 9.X.2009 (BLI005), M. Balke &
D. Amran leg [MZL]; 1 nymph, Sumbawa, Nusa Tenggara Barat Province, Madsewu
River, 2 km above Badindi, 61 km N'W of Bima (CL 2174), 750 m, 20.X.1985, J.T.
& D.A. Polhemus leg [MZL].

Eggs extracted from a female imago (caught together with a male imago) and
identified by Ulmer as 7h. determinatus: West Java, Tjibodas, Tjiwalen Bridge, 1400
m, 4.IX.1932, Dr Lieftinck leg [ZMH].

Description of the nymph. Body size: up to atleast 14.5 mm (not full grown nymph).

Coloration pattern: see Figs 1-2.

Head. Labrum moderately expended laterally, less than 4 times larger than long,
with rounded apexes (as in Fig. 16); dorsal surface and anterior margin covered with
long and thin setae; ventral surface with a median arch of less than 10 strong and
pointed setae. Crown of the galea-lacinia of the maxillaec composed of ca. 25 comb-
shape setae, the median ones bearing 12—15 teeth. Right mandible with 5-6 bifid and
fimbriate setae below the inner incisor and ca. 10 long simple and thin setae below the
mola; left mandible with 8-9 simple and fimbriate setae below the inner incisor and
ca. 9-10 long simple and thin setae below the mola. Hypopharynx with robust lingua
bearing a tuft of small setae, superlinguae densely covered with long and thin setae re-
placed before the apex by very small setae up to the lower part of the superlinguae (Fig.
27). Labium with glossae rhomboid, slightly concave on their outer margin near apex
(Fig. 20), dorsal surface with three stout setae and numerous thin and simple setae.

Thorax. Pronotum weakly expended laterally (Fig. 1). Femora with submarginal
rows of pointed bristles on the inner and outer margins, increasing in numbers from
the fore to the hind leg. Bristles on the upper face of hind femora arrow-shaped, clearly
pointed (Fig. 29). Hind tibia (Fig. 30) without any bristles in outer marginal or sub-
marginal position. Tarsal claw with 2-3 teeth.

Abdomen. Posterolateral expansions not developed on segments I-II, increasing in
size from segment I1I to VII where it may reach the middle of segment VIII, shorter on
segment VIII (Fig. 3) and comparable proportionally to those of segments V-VI. Gill I
(Fig. 38) with elongated and rounded plate, ca 2.5x longer than wide; gill IV strongly
asymmetrical (Fig. 39), wider than long, gill VI and VII oval and asymmetrical with
obtuse apex (Figs 40-41). Posterior margin of tergites with irregular pointed teeth,
and numerous microdenticles (Fig. 35). Cerci rather unicolor medium brown, some
segments darker in the proximal half.
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Figures 7-9. Thalerosphyrus lamuriensis Sartori, 2014. 7 Habitus in dorsal view 8 Habitus in ventral
view 9 Detail of abdominal segments VI-IX in ventral view.

Description of the eggs. Size: ca 120 pm x 75 pm; chorion regularly covered by
small KCT'S, (1.0-1.5 pm), a little bit larger at poles (Fig. 10), and by microgranules
(< 0.3 um); margin of micropyle irregular and formed by microgranules (Fig. 11).
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Discussion. The abdominal pattern of the nymph is the one which is the closest
to the one of the male imago redescribed by Ulmer (1924). According to Wang and
McCafferty (2004) and our own observations (see below), the illustration of the ab-
dominal patterns of the nymph (Ulmer 1939, fig. 402) as 7h. determinatus does not
belong to this species, nor do any of Ulmer's, other drawings.

The species may be easily recognized from its relatives mainly by the weak poste-
rolateral expansions of the abdomen, and the absence of bristles on the outer margin
of the hind tibiae.

1h. determinatus as defined here is the less common species found in the investigated
area. However it is reported from Bali and Sumbawa for the first time. The species is absent
from Sumatra and seems to live in middle to high altitudes, based on the few available data.

Thalerosphyrus sinuosus (Navis, 1933)

Thalerosphyrus determinatus Ulmer, 1939, (nymph, pro parte)

Material examined. 4 nymphs, two partially mounted on two microscopic slides,
Sumatra, Singkarak, stream at Subanpass (F20), 1000 m, 4.111.1929, Prof. Thiene-
mann leg [ZMH]; 1 nymph, Sumatra, Tjurup, Kali Dzernih, forested stream (M9),
7.V.1929, Prof. Thienemann leg [ZMH]; 1 nymph, Sumatra, Ranau, stream in pri-
mary forest (R25¢), 29.1.1929, Prof. Thienemann leg [ZMH]; 2 nymphs, one par-
tially mounted on a microscopic slide, Java, Gurung Ungaran, XII. 1909, Jacobson
leg [ZMH]; 1 nymph, Java, Kali Tjiwalen near Tjibodas, 1350 m, in mosses and dead
leaves (FY71), 10.VIL.1929, Prof. Feuerborn leg [ZMH]; 1 nymph, West Java, stream
in Tjibodas, under the “mountain garden” (FY14c), 15.VI1.1929, Prof. Feuerborn leg
[ZMH]. [All specimens sub. nom Thalerosphyrus determinatus det. Ulmer].

10 nymphs, Java Tengah, Wonosobo-Kertek village road, creek, 800 m, 7°21.68'S,
109°55.67'E, 10.X.2011 (JVA011), M. Balke leg. [LIPI, MZL]; 2 nymphs, Sumatra
Barat, Sijunjung / Muara area, forest, 488 m, 00°40.10'S, 101°07.26'E, 10.X1.2011
(UN7), M. Balke leg [MZL]; 7 nymphs, one entirely mounted on a microscopic
slide, Sumatra Barat, Universitas Andalas campus, forest stream, 360 m, 00°54.67'S,
100°28.38'E, 8.X1.2011 (UN1), M. Balke leg [MZL]; 2 nymphs, Sumatra Barat,
Lubukbargalung, Lubuk Paraku River, 50 km south Solok, 420 m, 100°32.50'E,
0°56.75'S, 25.V.2010 (SU5), ].-M. Elouard leg [MZL)].

Eggs extracted from a female imago: Java, Buitenzorg, 13.11.1932, Dr Lieftinck
leg [ZMH], and from a female subimago: Western Sumatra, Danau di Atas, stream
near the road, 1000-1100 m (FF20e), 16.111.1929, Prof. Feuerborn leg [ZMH] and
identified by Ulmer as 75. sinuosus.

Sequence data. One specimen from Sumatra (SU5) and one from Java (JVAO11)
have been used for the study by Vuataz et al. (2013) under the name “7halerosphyrus”
in figures and “7halerosphyrus sp.” in table S1, with voucher numbers “340SuTh” and
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g\ 2 A4S A
Figures 10-15. Egg structure of 7h. determinatus (10=11), 7. sinuosus (12=13), Th. lamuriensis (14-15).
10, 12, 14 Egg in toto 11, 13, 15 Details of the micropyle and chorionic structures.

“346JaTh” respectively, with one or two mitochondrial (CO1, 16S) and two to four
nuclear genes (285, H3, wg, EF-1a) sequenced. Access numbers in GenBank are:
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Voucher # CO1 16S 288 H3 wg EF-1o
340 SuTh | HE651394 | HEG651430 | HE651453 | HE651512 | HE651485 | HE651535
346JaTh HF536601 HF536587 | HF536594

Description of the nymph. Body size: up to atleast 10.5 mm (not full grown nymph).

Coloration pattern: see Figs 4-5.

Head. Labrum slightly expended laterally, ca 3.5 times larger than long, with
rounded apexes (Fig. 16); dorsal surface and anterior margin covered with long and
thin setae; ventral surface with a median arch of ca 10 strong and pointed setae. Crown
of the galea-lacinia of the maxillaec composed of ca 25 comb-shape setae, the median
ones bearing 12-15 teeth (Fig. 26). Right mandible with 7—8 fimbriate setae below
the inner incisor and ca. 5-6 long simple and thin setae below the mola; left mandible
with 10-11 simple and fimbriate setae below the inner incisor and ca. 8-9 long sim-
ple and thin setae below the mola. Hypopharynx with robust lingua bearing a tuft of
small setae, superlinguae densely covered with long and thin setae replaced before the
apex by very small setae up to the lower part of the superlinguae. Labium with glossae
rhomboid, slightly concave on their inner margin near apex (Fig. 21), dorsal surface
with three stout setaec and numerous thin and simple setae.

Thorax. Pronotum slightly expended laterally and posteriorly (Fig. 4). Femora with
submarginal rows of pointed bristles on the inner and outer margins, increasing in
numbers from the fore to the hind leg. Bristles on the upper face of hind femora arrow-
shaped, clearly pointed (Fig. 31). Hind tibia with a row of 6—7 arrow-shaped bristles
in submarginal position (Fig. 32). Tarsal claw with 2-3 teeth.

Abdomen. Posterolateral expansions not developed on segment I, weakly devel-
oped on segment II, strongly developed on segment III and increasing in size up to
VII where they may be as long as segment VIII, shorter on segment VIII and smaller
proportionally to those of segments III (Fig. 6). Gill I with elongated and rounded
plate, less than two times longer than wide (Fig. 42); gill III-VI strongly asymmetrical,
wider than long (Figs 43—44), gill VII oval and asymmetrical with inner concave mar-
gin near apex (Fig. 45). Posterior margin of tergites with irregular pointed teeth, and
numerous microdenticles (Fig. 36). Cerci whitish in proximal part, with dark brown
segment every two or three, distal part more uniformly medium brown.

Description of the eggs. Size: ca 130-140 pm x 85-90 pm; chorion regularly
covered by small KCT'S, (1.5-2.0 pm), a little bit larger at poles (Fig. 12), and by
mesogranules (1.0 um); margin of micropyle smooth and entire (Fig. 13).

Discussion. The nymph mentioned here includes what Ulmer (1939) described
as the nymph of 7h. determinatus; the material is composed of three slides made by
Ulmer himself and most of the drawings (Ulmer 1939, figs 403—418) were based on
them. It appears that Ulmer confused the two species, and this is also because he made
no slide preparation of the true 74. determinatus. Th. sinuosus as defined here is closely
related to 7h. determinatus, but can be easily separated by the shape of the posterolat-
eral expansions of the abdomen, the shape of the gills, the shape of the glossae, and by
the presence of arrow-shaped bristles on the hind tibiae.
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Figures 16-22. Mouthparts structure of 7h. determinatus (20), 1h. sinuosus (16, 21) and 7h. lamuriensis
(17,18, 19, 22). 16—-17 Hemi-labrum 18 Left mandible 19 Right mandible 20-22 Labial glossa.

The eggs of 7h. sinuosus differ from those of 7h. determinatus by the margin of the
micropyle and by the presence of mesogranules on the chorion.

Th. sinuosus is present on Java and Sumatra. We cannot confirm the occurrence of
the species outside these two islands, although based on egg morphology, and some
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Figures 23-26. SEM (23, 25, 26) and optic (24) pictures of maxillar structure. 23—24 Dentisetae of
Th. lamuriensis dp: proximal dentisetae, dd distal dentisetae 25 Scattered setae on the ventral face of the
galea-lacinia of 7h. sinuosus 26 Comb-shape setac on the crown of the galea-lacinia of 7h. sinuosus.

partial details of the nymph (Boonsoong and Braasch 2013), the species could be pre-
sent in Thailand, but supplementary description of the nymph is needed.

Thalerosphyrus lamuriensis Sartori, 2014

Ecdyonurus sumatranus Ulmer, 1939, (nymph, not female adult)
Thalerosphyrus determinatus Ulmer, 1939, (nymph, pro parte)
Thalerosphyrus sumatranus Braasch & Soldan, 1984 (nymph)

Material examined. Besides the type material mentioned in Sartori (2014d), the fol-
lowing specimens have been examined.
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1 nymph, Sumatra, Singkarak, stream at Subanpass (F19), 1000 m, 4.111.1929,
Prof. Thienemann leg [ZMH]; 3 nymph, one partially mouted on microscopic slide,
Sumatra, Toba area, stream south of Balige (FT13), 8.IV.1929, Prof. Feuerborn
leg [ZMH]; 2 nymphs, Sumatra, Toba area, Balige, stream at ca 1100 m (T13),
5.IV.1929, Prof. Feuerborn leg [ZMH] [All specimens sub. nom Thalerosphyrus de-
terminatus det. Ulmer].

1 nymph, Sumatra Utara Province, swift stream 20 km East of Parlilitan (CL 2192),
1070 m, 10.XI.1985, J.T. & D.A. Polhemus leg [MZL]; 2 nymphs, Sumatra Barat,
Tarusan, upstream Tarusan, 10 m, 100°29.84'E 1°13.61'S, 24.V.2010 (SU3), J.-M.
Elouard leg [MZL]; 2 nymphs, Sumatra Barat, Kotobarapak, upstream Kototbara-
pack, 100 m, 100°32.08'E, 1°13.78'S, 24.V.2010 (SU4), J.-M. Elouard leg [MZL]; 4
nymphs, Sumatra Barat, Lubukbargalung, Lubuk Paraku River, 50 km south Solok,
420 m, 100°32.50'E, 0°56.75'S, 25.V.2010 (SU5), J.-M. Elouard leg [MZL].

Eggs extracted from the mature female nymph mentioned above from Polhemus
collected specimens.

Sequence data. Three specimens (SU3, SU4, SU5) have been used for the study
by Vuataz et al. (2013) under the name “7halerosphyrus” in figures and “Thalerosphyrus
sp.” in table S1, with voucher numbers “319SuTh”, “317SuTh” and “339SuTh” re-
spectively, with one or two mitochondrial (CO1, 16S) and two to four nuclear genes
(28S, H3, wg, EF-1a) sequenced. Access numbers in GenBank are:

Voucher # CO1 16S 28S H3 wg EF-1a
319 SuTh HEG651389
317SuTh HEG651388 | HE651425 | HE651450 | HE651508 | HE651480 | HE651532
339SuTh | HE651393 | HE651429 HEG651511 | HE651484 | HE651534

Description of the nymph. Body size: up to 21 mm (full grown female nymph).

Coloration pattern: see Figs 7-8.

Head. Labrum greatly expended laterally, ca 4times larger than long, with nar-
row and somewhat acute apexes (Fig. 17); dorsal surface and anterior margin covered
with long and thin setae; ventral surface with a long median arch of ca. 20 strong and
pointed setae ending close to the anterior margin. Crown of the galea-lacinia of the
maxillae composed of ca. 20 comb-shape setae, the median ones bearing 12—14 teeth.
Right mandible (Fig. 19) with 11-12 fimbriate setae below the inner incisor and 5 long
simple and thin setae below the mola; left mandible (Fig. 18) with 8-9 fimbriate setae
below the inner incisor and ca. 8-9 long simple and thin setae below the mola. Hy-
popharynx with robust lingua bearing a tuft of small setae, superlinguae densely cov-
ered with long and thin setae up to the lower part of the superlinguae (Fig. 28). Labium
with glossae rhomboid, clearly concave on their inner and outer margins near apex (Fig.
22), dorsal surface with numerous stout setae and numerous thin and simple setae.

Thorax. Pronotum greatly expended laterally and posteriorly (Fig. 7). Femora with
submarginal rows of pointed bristles on the inner and outer margins, only slightly
increasing in numbers from the fore to the hind leg. Bristles on the upper face of
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Figures 27-34. Mouthpart (27-28) and thoracic (29-34) structures of 7. determinatus (27, 29, 30),
Th. sinuosus (31, 32) and 7h. lamuriensis (28, 33, 34). 27-28 Apex of superlingua of hypopharynx 29,
31, 33 Bristles on the dorsal face of hind femur 30, 32, 34 Outer margin of hind tibia.

hind femora with subparallel or slightly convergent margins, apex rounded or truncate
(Fig. 33). Outer margin of hind tibia with a row of 1215 pointed bristles in marginal
or submarginal position (Fig. 34). Tarsal claw with 3—4 teeth.

Abdomen. Posterolateral expansions not developed on segments I-II, moderately
developed on segment IIT and strongly increasing in size up to VIII where they may
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Figures 35-37. Posterior margin of abdominal tergite IV. 35 7h. determinatus 36 Th. sinuosus 37 Th.

lamuriensis.
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Figures 38-49. Gills of 7h. determinatus (38-41), Th. sinuosus (42—-45) and 7h. lamuriensis (46—49).
38, 42, 46 Gill 1 39, 43, 47 Gill 1V 40, 44, 48 Gill VI 41, 45, 49 Gill VIL.

be longer than segment IX (Fig. 9). Gill I with asymmetrical elongated and rounded
plate, less than two times longer than wide (Fig. 46); gill III-VI strongly asymmetrical,
wider than long (Figs 47-48), gill VII oval and asymmetrical with slightly pointed
apex (Fig. 49). Posterior margin of tergites with long and pointed teeth regularly alter-
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nating with two small ones, and few microdenticles (Fig. 37). Cerci whitish with 3—4
dark brown bands increasing in size towards the apex.

Description of the eggs. Size: ca 140-150 pm x 85-90 pm; chorion regularly
covered by pedunculate KCT'S, (1.0-1.5 um), a little bit larger at poles (Fig. 14),
no micro- or mesogranules present; margin of micropyle edged, as formed by fused
peduncles (Fig. 15).

Discussion. A major surprise was to find nymphs of 75. lamuriensis among the
material identified by Ulmer (1939) as 7h. determinatus, because he described this
nymph based on a single specimen under the name Ecdyonurus sumatranus (Ulmer,
1939, see Sartori 2014d for a complete development of this case). 7h. lamuriensis
clearly differs from the two previous species by several characters, such as the pos-
terolateral expansions of the abdomen reaching their largest size on segment VIII
(compared to segment VII in 7h. determinatus and Th. sinuosus), by the setation
of the hypopharynx with long setae up to the concave margin of the superlinguae,
the shape of the pronotum, the shape of the bristles on the upper face of hind
femora, and the ornamentation of the hind tibiae. Together with 7h. vietnamensis
Dang, 1967, 7h. bishopi Braasch & Solddn, 1986 and 7h. flowersi Venkataraman
& Sivamarakrishnan, 1987, 7h. lamuriensis constitutes a group called by Kluge
(2004) Ecdyonuroides/g(1) and characterized by “posterolateral projections [...]
on segments VI-VIII very long and pointed, exceeding segment length”. The three
above mentioned species are incompletely described, but 7h. lamuriensis differs
from them apparently by the shape of the bristles on the upper face of femora,
by the shape of the first gill and by the coloration of the abdomen (Braasch and
Solddn 1984).

Th. lamuriensis possesses anyway far more characters in common with 7. de-
terminatus and Th. sinuosus than the observed (although quite obvious) differenc-
es, and there is no reason on this basis to propose other generic rearrangement for
Ecdyonuroides/g(1).

Eggs of 7h. lamuriensis are very peculiar with pedunculate KCT'S, which distin-
guish them from the two other species.

1h. lamuriensis is the most abundant 7halerosphyrus species in Sumatra, and
seems widespread throughout the island. In several places, it has been found to-
gether with 7h. sinuosus.

Key to the Thalerosphyrus nymphs occurring on Java and Sumatra

1 Posterolateral expansions on the abdomen greatly enlarged (Fig. 8), reaching
their maximum on segment VIII; protonum greatly enlarged laterally (Fig.
7); bristles on the dorsal face of hind femora truncate or rounded at apex (Fig.
33); hypopharynx with outer margin of superlinguae evenly covered with
long setae (Fig. 28) ...c.cueuiiviiiiciiiiiicccceeeeccee Th. lamuriensis
- Posterolateral expansions of the abdomen more or less developed, those of
segment VIII always shorter than those of segment VII (Figs 3, 6); prono-
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tum moderately enlarged laterally; bristles on the dorsal face of hind femora
arrow-shaped (Figs 29, 31); hypopharynx with outer margin of superlinguae
covered with long setae ending at apex by minute setae (Fig. 27)................ 2
2 Hind tibia with only two rows of thin setae (Fig. 30); posterolateral expan-
sions of the abdomen weakly developed (Fig. 3); gill I more than 2.5 times
longer than wide (Fig. 38) ..., Th. determinatus
- Hind tibia with two rows of thin setae and a submarginal row of arrow-shape
bristles (Fig. 32); posterolateral expansions of the abdomen strongly developed
(Fig. 6); gill I less than 2 times longer than wide (Fig.42) ........... Th. sinuosus

Notes on the male imaginal stages

The ZMH collections housed few male imagos of 7halerosphyrus, namely a single male of
Th. determinatus and two of 7h. sinuosus. These have been described in details by Ulmer
(19135 1924; 1939). Both species differ by the shape of the genitalia, by the coloration of
the abdomen and by the tarsal composition of the hind legs. The report and description
by Ulmer (1924) in Sumatra (Gunung Dempu, 1400 m, VIII.1916, Jacobson leg) of a
male imago of the Philippine species “ 7halerosphyrus” torridus (Walker, 1853) has already
been considered as highly dubious by Braasch (2011). This specimen anyway displays
general characteristics of the genus Zhalerosphyrus, but differs from 7. determinatus and
1h. sinuosus by the shape of the genitalia, and the tarsal composition of the hind leg. It is
possible and even probable that this specimen represents the male stage of the species 75.
lamuriensis, but only in situ rearing may bring the definitive proof.
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Abstract

‘This contribution describes a new species of Litopeltis from Brazil, L. teresopolitensis sp. n., which shows
similarities with L. paineirensis Lopes & Oliveira, 2010 and L. ribeiropretano Lopes & Oliveira, 2010. It
differs in characters of morphology genitalia and configuration, with the median sclerite bearing micro-
spines on the sclerotic apex. A map showing the geographic distribution of the Brazilian species and a key
to males of the other species of the genus are also presented.

Keywords
Blaberidae, key, Litopeltis, Morphology, new species, taxonomy
Introduction

The genus Litopeltis was described by Hebard (1920), based on material from Co-
lombia. Hebard’s decision to include the new genus in the subfamily Perisphaerinae
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was supported by Rehn (1928), remarking that the male of Litopeltis superficially
looks much like the Epilamproid genus Leurolestes, while the brachypterous females
in general resemble species of Audreia of the same subfamily. However the position
of Liropeltis is in the Epilamprinae, differing from Colapteroblatta in its size and
poorly defined ocelli, as well as from Mioblatta in its size, absence of tomentosity,
unspotted pronotum and spiked femurs (Roth 1971). The type species is L. bispinosa
(Saussure, 1893), previously included in the genus Calolampra. Currently Liropeltis
includes 11 species. Lopes and Oliveira (2010) have determined that in Brazil, mem-
bers of the genus are present in Rio de Janeiro, Sdo Paulo and Mato Grosso. Bec-
caloni (2013) recognized 11 species for in the genus, and confirmed its presence in
Central America (Costa Rica and Panama) and South America (Ecuador); and Vélez
(2008) confirmed the presence of the genus in Colombia (Fig. 1). Thus, the distribu-
tion of Liropeltis comprises three Neotropical subregions: the Caribbean subregion
and the western province of Ecuador (Ecuador) and Chocé (Colombia) and Andean
north (Panama), together with the eastern province of Central America and west to
the Isthmus of Panama (Panama and Costa Rica); the Amazon subregion, with the
province of Pantanal (Mato Grosso); and the subregion of the provinces of Floresta
do Parani (Siao Paulo) and the Atlantic Forest (Rio de Janeiro) (Morrone 2009).
Morrone stated that in the Pre-Quaternary period, the Neotropical biota expanded
northward to Central America and southward to the Andean region, which could
explain the dispersal of the genus to Central America and to the Amazon and Parand
subregions.

The present contribution provides information about the genus Lizopeltis, includ-
ing a key, and a description of a new species. The habitus, head, pronotum and external
and internal genitalia with of the holotypes of the Brazilian species and new species
were compared, the original descriptions were studied.

Material and methods

The genital plates were removed after dissection of the posterior part of the abdo-
men, using traditional dissection techniques, as described by Lopes and Oliveira
(2000). After analysis, the genital plates and genital pieces were stored in microtubes
containing glycerin and attached to the respective exemplar, a technique developed
by Gurney et al. (1964). The terminology for the genitalia and the taxonomic clas-
sification follow Roth (2003). The specimens were compared with other specimens
of Litopeltis deposited in the Blattodea Collection of the Museu Nacional of Rio de
Janeiro (MNR]), and with descriptions in the literature. Digital images of the habi-
tus, pronotum, head and genitalia were taken with a camera mounted on a stereo-
scope. The holotype is deposited in the collection of the Department of Entomology
at the Museu Nacional of Rio de Janeiro (MNR]). The text was translated by Prof.
Solange Garrido and edited by Dr. Janet W. Reid. The map was taken from MAPA
DA AMERICA (http://www.mapadaamerica.com/) (Fig. 1).
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Litopeltis biolleyi (Saussure, 1895)
Litopeltis bispinosa (Saussure, 1893)

W Litopeltis brevitarsis (Saussure, 1893)

B Litopeltis calverti Rehn, 1928
Litopeltis completera Roth & Gutiérrez, 1998

Bl Liropeltis deianira Rehn, 1928

-Litopeltis musarum Rehn, 1928

Bl Litopeltis oreas Rehn, 1928
Litopeltis paineirense Lopes & Oliveira 2010
Litopeltis ribeiropretano Lopes & Oliveira, 2010
Litopeltis teresopolitensis sp. nov.

Ml Litopeltis votos Rehn, 1928

Figure |. Map of geographical distribution of Litopeltis Hebard, 1920.
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Results

Litopeltis teresopolitensis sp. n.
http://zoobank.org/6BOF173A-D1F4-439E-BBF1-90387F3DDBBC
Figs 2-9

Typematerial. Holotype ¢, BRAZIL: Rio de Janeiro, Teresépolis, Parque do Ingd Dis-
trict, I11/2013, Schilithz, A. G. col.

Etymology. The name is given for Teresépolis, the collection locality of the holotype.

Description. Dimensions (mm): Male holotype, total length: 20.7; length of pro-
notum: 4.0; width of pronotum: 4.5; length of tegmen: 17.5; width of tegmen: 4.4.

Male holotype. Coloration. General coloring chestnut (Fig. 2). Head with dark
eyes, vertex dark with a white vertical line and interocular space in center of the fore-
head and center of clypeus black (Fig. 3); antennae opaque, first 26 antennomeres
glossy, remainder tomentose. Central disk of pronotum with black spots (Fig. 4). Legs
with bases of coxae black, spines on tibiaes, dorsal part of tarsus and claws brown,
remaining segments of legs, pulvilli and arolium white. Tegmen hyaline, wings with
brown veins. Abdomen with dark-brown segments and whitish-yellow lateral margins.

Head. Vertex hidden; interocular space ample, subequal to distance between bas-
es of antennal insertions. Antennae tomentose distally, reaching slightly over half of
length of abdomen. Ocelli developed. Maxillar palpi tomentose.

Thorax. Pronotum transverse, trapezoid, convex with rounded apex and slight-
ly sinuous base. Legs short and robust. Femur I, anteroventral margin bearing three
spines in basal half, a row of 21 spines and one longer apical spine in apical half, with
a large robust spine on apex; posteroventral margin with row of seven slender spines,
ending with two robust spines in apical third. Femur I, anteroventral margin bearing
two robust spines, one median, the other apical; posteroventral margin with three to
four robust spines. Femur III, antero- and posteroventral margin with two to three ro-
bust spines. Large pulvilli present on all tarsomeres; arolia present; claws symmetrical
with slight specialization, having eight small rectangular structures.

Wings. Tegmina long, overreaching apex of cerci; marginal field concave and well
delineated; scapular field long and narrow with apically oblique arrangement of veins;
discoidal field ample and convex, apically widened with a longitudinal arrangement of
veins; anal field ample, elongated, with three axillary veins. Hind wings with costal sector
having the apices of the veins dilated; apical triangle present; anal field folded fanwise.

Abdomen. Absence of tergal modifications. Supra-anal plate short and wide, with
smooth median apical indentation; cerci short (Fig. 5). Subgenital plate widened and prom-
inent medially, with acute styli in median apical region of plate (Fig. 6). Left phallomere
with median sclerotic structure in shape of an inverted “V” (Fig. 7); median sclerite devel-
oped, with microspines on sclerotized apex (Fig. 8); right phallomere hook-shaped (Fig. 9).

Diagnosis. This species appears to be to L. paineirensis Lopes & Oliveira, 2010
(Figs 10-17), which it resembles in the median sclerite (Fig. 16) and the subgenital
plate (Fig. 14); and to L. ribeiropretano Lopes & Oliveira, 2010 (Figs 18-25), which
has a similar right phallomere (Fig. 25).
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Figures 2-9. Litopeltis teresopolitensis sp. n., male 2 habitus (dorsal view) 3 head (ventral view) 4 pro-
notum (dorsal view) 5 supra-anal plate (dorsal view) 6 subgenital plate (ventral view) 7 left phallomere
(dorsal view) 8 median sclerite (dorsal view) 9 right phallomere (dorsal view).
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3.5mm

Figures 10-17. Litopeltis paineirensis Lopes & Oliveira, 2010, male. 10 habitus (dorsal view) 11 head
(ventral view) 12 Pronotum (dorsal view) 13 supra-anal plate (dorsal view) 14 subgenital plate (ventral
view) 15 left phallomere (dorsal view) 16 median sclerite (dorsal view) 17 right phallomere (dorsal view)
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0,3 mm

0,3 mm

Figures 18-25. Litopeltis ribeiropretano Lopes & Oliveira, 2010, male. 18 habitus (dorsal view) 19 head
(ventral view) 20 pronotum (dorsal view) 21 supra-anal plate (dorsal view) 22 subgenital plate (ventral
view) 23 left phallomere (dorsal view) 24 median sclerite (dorsal view) 25 right phallomere (dorsal view)
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Key to adult males of the genus Litopeltis

The species L. brevitarsis (Saussure, 1893), L. compleptera Roth & Gutierrez, 1998 and
L. musarum Rehn, 1928 were not included in the key because they were described
from females.

1 Neotropical species endemic to Brazil........c..cccoceiiiiiininiinininiinincnns 2
- Neotropical species, however occurring outside of Brazil ..........ccccceeeeeeeee. 4
2 Central disk with nonuniforme spots on pronotum; apex of median sclerite

without spike like protuberances (Figs 4, 8, 12 and 16) ........cceeueueivrennnnee 3
- Central disk with uniforme spots on pronotum; apex of median sclerite with
spike-like protuberances (Figs 20 and 24) .........cccceueeeee. L. ribeiropretano
Right phallomere abruptly tapering pre-apically (Fig. 9)...L. teresopolitensis sp. n.
Right phallomere only slightly tapering pre-apically (Fig. 17) .... L. paineirensis
Total length larger than 15,6 mm.......ccccoovviiiiiiiiiiniiciieecces 5
Total length less than or equal to 15,6 MM......ccccecvviviiiiiiininiiicciiee 6
Dorsal sclerite from median sclerite rounded in the apex and developed, al-

[ =N SN

N

most reaching the prepuce eXtension.........ccccuvvvveeeiiinneeeiirinneecceeees
......................... L. bispinosa (Saussure, 1893) (Figs 39a—41 in Roth 1971)
- Dorsal sclerite from median sclerite, reduced and thin in the apex, not reach-
ing all prepuce extension.........cccccciviiiiiiiiiiiiii
.............................. L. biolleyi (Saussure, 1895) (Figs 42—44 in Roth 1971)
6 Dorsal sclerite from median sclerite foliaceous, not reaching the middle of
PLEPUCE v L. oreas Rehn, 1928 (Figs 45-47 in Roth 1971)
Dorsal sclerite from median sclerite not foliaceous.........cccvvveurvvvurirvireinnnnne. 7
Length of pronotum less than or equal to 4,8 mm....... L. votos Rehn, 1928
Length of pronotum longer than 4,8 mm .......c.ccoeeiiiininiciiee, 8
Width of tegmen less than or equal to 6,2 mm....... L. deianira Rehn, 1928
- Width of tegmen longer than 6,2 mm..................... L. calverti Rehn, 1938

[N |

o
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Abstract

‘This paper describes a new Ortheziolamameti species from the Oriental region (India), namely Ortheziola-
mameti tranfagliai Konczné Benedicty, sp. n. The examined material was extracted from forest litter from
India, using Berlese funnels. With this new species the genus Ortheziolamameti now includes six species.

An identification key and distribution map are provided.

Keywords
Ensign scale, taxonomy, distribution, identification key, Oriental region

Introduction

The family Ortheziidae (Hemiptera: Coccoidea), or ensign scale insects, have been
considered to be one of the oldest families among the scale insects (Koteja 1996,
Kozdr and Miller 2000, Vea and Grimaldi 2012). According to Kozdr (2004), the
Ortheziidae family consists of four subfamilies: Ortheziinae Kozdr, Newsteadiinae
Kozér, Ortheziolinae Kozdr and Nipponortheziinae Kozdr. The subfamily Orthezioli-
nae is characterized by having: (i) the dorsum of the adult female entirely covered by

Copyright Eva Szita et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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wax plates, and a narrow band in midline of the dorsum, (ii) 3-segmented antennae
(the size, shape, number, and type of setae highly variable), (iii) eye stalks protruding,
thumb-like, fused with sclerotized area at base of antennae, sometimes called pseudo-
basal antennal segment, (iv) tarsi without digitules and (v) abdominal spiracles ventral
on anterior segments, with at least one present on each side of abdominal segments I,
11, or III; if present, posterior abdominal spiracles located on dorsum near anal ring
surrounded by a cluster of multilocular disc pores. Ortheziolinae species are mainly
found in the soil and distributed in the Palaearctic, Oriental and Ethiopian regions,
and their host plant relationships are not well-known. In the subfamily there are four
tribes, namely Ortheziolamametini Kozdr, Ortheziolini Kozdr, Matileortheziolini
Kozir and Ortheziolacoccini Kozir.

Ortheziolamametini is characterized by having: (i) dorsum covered by wax plates,
those in the middorsum being triangular, (ii) midthorax of venter without wax plates,
and (iii) two spine bands inside the ovisac band. Species of Ortheziolamametini are
distributed in the Ethiopian, Oriental and Palaearctic Regions. Although the genus is
a typical member of the subfamily Ortherziolinae, it somewhat resembles Arctorthezia
of subfamily Ortheziinae, known mainly in the northern part of the Holarctic region,
in having the triangular wax plates on the middorsum. The genus includes 5 spe-
cies, namely O. guineensis (Morrison, 1954), O. loebli (Richard, 1990), O. kosztarabi
(Kozdr & Miller, 2000), O. maeharai Tanaka & Amano, 2007, and O. taipensiana
Shia & Kozdr, 2004; two of them are distributed in West Africa (O. guineensis and O.
kosztarabi), two are in the Oriental Region (O. taipensiana and O. loebli), and one (O.
maeharai) is in the Far-East (Palaearctic).

In the present paper one new Ortheziolamameti species is described from the Ori-
ental region (India). An identification key, distribution map and new additional local-
ity records for the currently known Ortheziolamameti species are provided.

Material and methods

The specimens described and recorded in this study were all collected using soil and
litter sampling devices, and extracted by Berlese funnel. The samples are preserved in
the Muséum d Histoire Naturelle de Genéve (MHNG) collection.

Specimens were prepared for light microscopy using the slide-mounting method dis-
cussed by Kosztarab and Kozdr (1988). The morphological terminology used follows Kozdr
(2004), while the key was adopted from Kozdr (2004) and Tanaka and Amano (2007).

The digital images of unmounted females were made with a Canon Eos400D cam-
era and an MBC-10 stereomicroscope, and focus-stacking was processed by Combin-
eZP software (Hadley 2010). All type material of the new species are deposited in the
Muséum d’Histoire Naturelle de Genéve (MHNG).

All measurements and counts were taken from all the material available and the
values are given as a range for each character.
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Results and discussion

Genus Ortheziolamameti Kozar, 2004: 483.

Type species. Ortheziolamameti guineensis Kozar, 2004, 484.

Diagnosis of genus. Dorsum of intact adult female covered with irregular and
triangular shell-like wax plates; ventral thoracic wax plates around the appendages and
on margin, thorax medially lacking wax plates; wax cover corresponding to wax plates
on slide-mounted specimens on both sides (Kozir 2004) (Fig. 1).

Slide-mounted adult female with 3-segmented antenna; third antennal segment
with slender apical seta, flagellate sensory seta and small subapical seta; second seg-
ment with 1 sensory pore. Eye stalk protruding, thumb-like, fused with base of
antenna. Legs well developed; leg setae robust, spine-like; trochanter and femur
fused, tibia and tarsus fused; tibia with 1 sensory pore and at least 1 fleshy sensory
seta; tarsus without tarsal digitules; claw digitules hair-like, claw without a denticle.
Labium 1 segmented, with many setae; with 3 long setae near apex of labium, setae
very close together, all situated in a single setal socket. Anal ring situated in a fold of
derm on dorsal surface, ring bearing 6 setae. Sclerotized plate present on dorsum an-
terior to anal ring, wider than long. Thumb-like pores forming a cluster on each side
of anal ring. Abdominal spiracles in centre of multilocular disc pore cluster present
laterad to anal ring (Kozir 2004).

Distribution. The six Ortheziolamameti species are distributed in the Ethiopian,
Oriental and Palaearctic regions (Fig. 3). For detailed distribution data of previously
known five species, see ScaleNet (Ben-Dov et al. 2013). New locality records for
several Ortheziolamameti species were discovered during the study of the MHNG
collection, which are listed below.

Key to species of Ortheziolamameti

1 Setae on antennae hair-like ............ccccooiiiiiiiiine 2
- Setae on antennae spine-like ........cocoveiririiiiiininiiiiccn 5
2 Multilocular disc pores absent around vulva ......c.coeceviniiiininiinnins 3
- Multilocular disc pores present around vulva........cccceeevciiiienincinincnnnens 4
3 Plates 13, 17 and 18 resembling very small groups of spines, without cluster of

spines between hind legs, second spine band in ovisac area in a sparse row .....
....................................................................................... O. tranfagliai sp. n.
- Plates 13, 17 and 18 in complete groups of spines, large cluster of spines be-
tween hind legs with a second spine band in ovisac area forming a complete
FOW ettt ettt a e ene O. loebli
4 Wax plate 9 narrow anteriorly, so that wax plate 9 is shaped like an elongated
isosceles triangle; wax plate 10 similar in shape to wax plate 9, not so wide
anteriorly c.ooiiiiinc e O. taipensiana Shiau & Kozar
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- Wax plate 9 wide anteriorly, so that wax plate 9 almost forms an equilatertal
triangle; wax plate 10 not similar to wax plate 9, but norrow posteriorly and
widening anteriorly.........ccccccivinriciinnnne. O. maeharai Tanaka & Amano

5 Muldilocular disc pores present in a band anterior of each spine band within
OVIESAC .1.uteieieteiiet ettt O. kosztarabi

- Multilocular disc pores present in a row only in anterior spine band within
OVISAC ..ttt O. guineensis

Ortheziolamameti tranfagliai Konczné Benedicty, sp. n.
http://zoobank.org/309E49AD-10F9-4EF6-B764-04985114D053

Figure 1

Material examined. Holotype. Adult female. Slide with two specimens, holotype
clearly marked, signed red. India, Kerala, Cardamon Hills, 26.12.1972, Leg. Bes/Lbl
[MHNG code: Bes/Lobl (50), PPI code: 9807].

Paratypes. 3 adult females, 1 specimen on same slide as holotype, 2 specimens on a
separate slide, same data as holotype.

Description. Unmounted female. Not seen.

Mounted female (Figure 2).

Adult female. 1.554-1.709 mm long; 1.114-1.295 mm wide. Length of antennal
segments: 1 72-101 pm, 2™ 60-76 pum; 3™ 290-372 pm; 3™ segment nearly paral-
lel sided; apical seta of antenna 146-180 pm long; subapical setae 55-61 pm long;
flagellate sensory setae near apical seta 24—-30 pm long; microsetae absent from apex of
antenna; without unusual hair-like setae near subapical setae; with several small setae
near posterior edge of antennae; all segments of antennae covered with many hair-like,
curved, pointed setae, longest seta 25 um long; first antennal segment with 2 capitate
sensory setae on each side; third segment with 27-37 setae.

Venter. Labium 151-168 pm long. Stylet loop slightly longer than labium. Leg
segment lengths: front coxa 101-144 pm, middle 120-156 pum, hind 144-178 pm;
front trochanterfemur 312-382 pm, middle 331-398 pm, hind 357-434 pm; front
tibia-tarsus 323-382 pm long, middle 357-408 pm, hind 434-525 pm; front claw
45-60 um, middle 48—55 pm, hind 53-60 pum; claw digitules 17-21 um long, legs
with longitudinal rows of robust setae, longest seta on trochanter-femur 16 um; with
1 or 2 flagellate sensory seta on tibia-tarsus each 22 um long; trochanter with 3 or
4 sensory pores on each surface. Wax plates present on marginal areas of head and
thorax, with wide marginal wax band laterad of each thoracic spiracle (plates 15 and
16); plates 13, 17 and 18 resembling very small groups of spines; without a cluster
of spines between hind legs; with 2 bands of spines within ovisac band, second one
with an incomplete row of spines. Thoracic spiracles usually associated with 3 or
4 multilocular disc pores, each pore with 8 loculi, 6 pm in diameter; diameter of
anterior thoracic spiracles 20-26 pm. Flagellate setae few, with several setae near
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Figure 1. Ortheziolamameti taipensiana Shiau & Kozdr, 2004, unmounted adult female A dorsal view B

ventral view. Scale = 0.1 mm. Photo: E. Szita.

anterior edge of ovisac band, with several setae associated with anterior and posterior
multilocular disc pore rows.

Quadrilocular pores 3 um in diameter, scattered in the ovisac band. Multilocular disc
pores with 8—12 loculi around perimeter, one loculus in central hub; 7-8 pm in diameter;
present near anterior edges of spine bands, scattered along lateral edge of each ovisac band.
Abdominal spiracles present anterior of ovisac band; without sclerotized vestibule.

Dorsum. Wax plates covering the whole surface; mediolateral thoracic plates large
(plates 3, 5 and 6), covering most of mediolateral thoracic areas; medial area without
wax plates, this area with 3 triangular wax plates (plates 8, 9 and 10). Spines at margin
of wax plate 4, each 12-14 pm long, in middle of wax plates 18-21 pm long; spines
apically capitate. Setae present in marginal clusters near posterior edges of marginal wax
plates (plates 2 and 4), with 3 or 4 setae laterad of each thoracic spiracle, 27-30 pm long;
also present in very small numbers on other wax plates. Quadrilocular pores 3 pm in
diameter, scattered, mainly along margins of wax plates. Multilocular disc pores present
in a cluster near anal ring, near the sclerotized plate, and on the margin at the level of
ventral thoracic spiracles. Sclerotized plate 80—-120 pm long, 265-330 um wide. Anal
ring with two complete rows of round pores (45 um in diameter); three pairs of anal
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ring setae each 45-21 pm long; anal ring 4353 pm wide, 43—53 pm long. Thumb-like
pores forming a cluster on each side of anal ring, each 5-8 um long. Modified pores
(quadrilocular pores) 3—4 um long, scattered on surface. The abdominal spiracle is lo-
cated in centre of the multilocular disc pore clusters laterad to anal ring.

Ecology. Host plants. Unknown. Collected from forest litter.

Distribution. India.

Etymology. This species is named after the Italian coccidologist Dr. Antonio Tranfaglia.

Comments. Ortheziolamameti tranfagliai sp. n. can be recognized by the following
combination of characters: (i) having hair-like setae on antennal segments, (ii) having
two spine bands in the ovisac area and (iii) lacking multilocular disc pores around
vulva. O. tranfagliai is similar to O. loebli in having hair-like setac on antennae and
lacking multilocular disc pores around vulva, but differs from O. loebli in the following
characters (those of O. loebli in brackets), (i) plates 13, 17 and 18 resembling very small
groups of spines (plates 13, 17 and 18 complete); (ii) without cluster of spines between
hind legs (with large cluster of spines between hind legs) and (iii) second spine band in
ovisac area in a sparse row (in a complete row).

Distribution of Ortheziolamameti species in the world

Ortheziolamameti guineensis (Morrison, 1954)
Distribution. Guinea. Distribution note of Ghana (Ben Dov et al. 2013, Kozar 2004)
might be a mistranslation of French Guinea mentioned by Morrison (1954). The

B guineensis
@ kosztarabi
A oebli

QO maeharai
<> taipensiana
ﬁ tranfagliai

Figure 3. Distribution map of Ortheziolamameti species in the world.
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Nimba Mountains where the type species originates from, currently a national park
in Guinea. New records: Ivory Coast, Man, Cascades, 7.10.1980, leg. V. Mahnert, L.
Perret [MHNG code: 80/12 Cote d’Ivorie, PPI code: 9624].

Ortheziolamameti kosztarabi (Kozar & Miller, 2000)
Distribution. Angola (Kozdr and Miller 2000).

Ortheziolamameti maeharai Tanaka & Amano, 2007
Distribution. Japan (Tanaka and Amano 2007).

Ortheziolamameti loebli (Richard, 1990)

Distribution. Nepal (Richard 1990; Ben-Dov et al. 2013). New records: India, Khajjiar,
East of Dalhousia, 21.10.1988, leg. S. Vit [MHNG code: 30.INDE, PPI code: 9646];
India, Uttar Pradesh, Garhwal, 27.10.1979, leg. I. Lobl [MHNG code: Lobl (26), PPI
code: 9803]; India, Uttar Pradesh, Kumaon, Rangarh, 9.10.1979, leg. I. Lobl [MHNG
code: Lobl (6, 7), PPI code: 9789, 9816]; India, Uttar Pradesh, Kumaon, Chambattiva
prés Ranikhet, 12-13.10.1978, leg. I. Lobl [MHNG code: L6bl (10), PPI code: 9811];
India, Madras, Anai matai Hills, 18.11.1972, leg. Besuchet, Lobl [MHNG code: Bes/
Lobl (35), PPI code: 9815]; India, Madras, Nilgiri, 22.11.1972, leg. I. Lobl [MHNG
code: Lobl (22), PPI code: 9809]; Nepal, Bagmati, Bahrabise, North-East of Dobate
Ridge, 2700 m a.s.l., 2.05.1981, leg. Lobl, A. Smetana [MHNG code: Lébl, A. Smet-
ana (54), PPI code: 8930]; Nepal, Bagmati, Malemchi, 2900 m a.s.l., 14.04.1981, leg.
Lobl, Smetana [MHNG code: 12. INDE, PPI code: 9649]; Pakistan, Punjab, Murree,
1950 m a.s.l.,, 23.04.1984, leg. S. Vit [MHNG code: Pak-84/22, PPI code: 8948].

Ortheziolamameti taipensiana Shiau & Kozar, 2004

Distribution. Taiwan, Thailand (Kozdr 2004). New records: India, Tigerhill,
25002600 m a.s.l., 18.10.1978, leg. Besuchet, Lobl [MHNG code: Besuchet/Lobl
(19), PPI code: 9631]; India, Meghalaya, Khasi Hills, 1850 m a.s.l., 28.10.1978,
leg. Besuchet, Lobl [MHNG code: Besuchet/Lsbl (27), PPI code: 9638]; Nepal,
Bagmati, Malemchi, 2900 m a.s.l., 14.04.1981, leg. Lobl, Smetana [MHNG code:
Lobl/ Smetana (23), PPI code: 9648].
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Abstract

Newly collected male and female specimens of the leathopper Kolla albescens Jacobi, 1943 from the type-
locality (Northeast China), are identified as Pagaronia albescens (Jacobi), comb. n. (Evacanthinae: Paga-
roniini). A redescription of the species is provided together with habitus photographs of the male and
female and illustrations of the male and female genitalia. P continentalis Anuftiev, 1970 is placed as a

junior synonym of R albescens syn. n.

Keywords
Auchenorrhyncha, China, new combination, Pagaroniini, taxonomy

Introduction

The leathopper Kolla albescens was described by Jacobi (1943) based on a female speci-
men from Northeast China. In Young’s (1986) Cicadellinae revision he did not ex-
amine the type specimen of K. albescens so placed it in Kolla following Metcalf (1965).
Although Wilson et al. (2009a, b) provided body images of the type specimen, the lack
of a male specimen has prevented the species being formally redescribed or revised.

Copyright Ze-hong Meng et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Fortunately, we have been able to collect several specimens from the type locality in
Northeast China of K. albescens. Based on colour, external features and the male genita-
lia, this species should be included in the leathopper genus Pagaronia Ball (Evacanthi-
nae: Pagaroniini). Subsequent comparison with figures of Pagaronia in Kwon (1981)
indicated that it was a senior synonym of Pagaronia continentalis Anufriev (1970), the
only species of Pagaronia from China (Kwon and Huh 2001). Habitus photographs
of the male and female and illustrations of the male and female genitalia of P. albescens
are provided.

Material and methods

The male and female genital structures were prepared according to the techniques
described by Oman (1949) and Mejdalani (1998), respectively. The dissected parts
are stored in small vials with glycerin and attached below the specimens. The mor-
phological terminology adopted herein follows mainly Young (1986), except for the
facial areas of the head (Hamilton 1981; Mejdalani 1998), the leg chaetotaxy (Rakitov
1998) and that of the female genitalia (Nielson 1965; Davis 1975; Mejdalani 1998).
All specimens studied are housed in the Institute of Entomology, Guizhou University,

Guiyang, China (GUGC).

Taxonomy

Pagaronia albescens (Jacobi, 1943), comb. n.
Figs 1-21

Kolla albescens Jacobi, 1943: 28; Wilson et al. (2009a, b)
Pagaronia continentalis Anufriev, 1970, 18: 555; Kwon 1983: 18 (in key). syn. n.

Type-locality. “Gaolinzsy” (NE China).

Description. Length of males 8.5-9.0 mm, females 8.7-9.8 mm.

Coloration. Male: Head, thorax and pygofer yellowish-white; apical 1/3 of crown
with three transverse black spots, one at median portion and one at each lateral mar-
gin; forewing with brown costal margin; abdomen orange-yellow in ventral view, py-
gofer yellow-white. Female: Head, thorax and abdominal sternites yellowish-brown;
forewing pale lacteous; other coloration similar to male.

Head anterior margin almost angulate; median length of crown 5/7 of interocular
width; coronal suture distinct at posterior half of crown; crown concave between ocel-
lus and coronal suture, with fovea between ocellus and eye; ocelli located in front of
imaginary line between anterior eye angles, each closer to eye than to median line of
crown; lateral frontal sutures extending onto crown, attaining ocelli; frons flattened
medially, muscle impressions distinct in female and obscure in male; epistomal suture
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Figures 1-6. Pagaronia albescens (Jacobi, 1943), comb. n. 1-3 body of male (9.0 mm): I dorsal view
2 lateral view 3 ventral view 46 body of female (9.8 mm) 4 dorsal view 5 lateral view 6 ventral view.

complete. Pronotum broader than head; anterior margin broadly rounded; posterior
margin concave medially; disk transversely rugulose medially; dorsopleural carinae dis-
tinct; scutellum flattened behind transverse depression; transverse depression straight,
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located in middle of disk, attaining lateral margins of scutellum; forewing (Fig. 12)
with base of second apical cell more proximal than base of third; medial inner subapi-
cal cell open. Fore legs with femur (Fig. 13), in anterior view, with intercalary row
comprising about 10 widely spaced stout setae on distal half, first anteromedial seta
(AM1) located near base of ventroapical femoral lobe, anteroventral row with about
four stout setae. Hindleg with apical femoral setal formula 2:1:1. Male abdominal
apodemes small, reaching near mid length of third segment.

Male genitalia with pygofer (Fig. 7), in lateral view, broad and strongly produced
posteriorly, dorsal margin with anterior half convex and posterior half slightly con-
cave; posterior margin broadly rounded; ventral margin with fold, fold concave near
apex; disk apicoventral portion with sparse short macrosetae; microsetae also present.
Subgenital plate (Fig. 8) small, distinctly shorter than pygofer; posterior area abruptly
narrowed, apex nearly acute and slightly curved outwards; apical half with sparse mi-
crosetae and irregularly triseriate macrosetae medially. Aedeagus (Figs 9, 10) with long
basal apodeme, as long as half of shaft; aedeagal shaft slender, curved posterodorsally,
with apical aedeagal processes branched, longer branch extending beyond mid-length
of shaft with short sub-branch medially. Connective shield-shaped (Fig. 11), with ba-
sal half broader. Style (Fig. 11) strong and extending posteriorly beyond connective
apex, preapical portion with several microsetae; apical portion curved, S-shaped, and
apex with two denticles.

Female genitalia. Sternite VII (Fig. 14), in ventral view, slightly longer than
broad; posterior margin convex and with shallow concavity medially; surface with
few small setae mostly on anterior half. Pygofer (Fig. 15), in lateral view, moderately
produced posteriorly; posterior margin with subacute apex, dorsoposterior margin
obliquely truncate; surface with macrosetae mostly on ventral margin, arranged al-
most in a row. Valvifers I (Fig. 16), in lateral view, longer than tall; posteroventral
margin angulate. Valvifers II (Fig. 17), in lateral view, nearly fusiform, with small
group of clustered setae near articulation point, articulation point located on 2/3 of
dorsal margin. Valvulae relatively narrow in lateral view. Valvulae I (Fig. 16) with
base subtriangular in ventral view; with convex lateral outer margin; in lateral view
(Figs 16, 18, 19) with dorsal and ventral margins nearly parallel over basal two thirds
behind basal curvature, thereafter slightly convex and narrowed to acute apex; dorsal
sculptured area restricted to posterior 2/3 of shaft, formed mostly by subrectangular
sculpture arranged in oblique lines, except basally were it is arranged horizontally;
ventral sculptured area formed by dense imbricate sculpture restricted to apical por-
tion of shaft; length of ventral interlocking device corresponding to approximately
2/3 of blade length beyond basal curvature. Valvulae II (Figs 20, 21), in lateral view,
with anterior fused basal section nearly 2/3 length of blade; only slightly expanded
beyond basal curvature and dorsal hyaline region; dorsal and ventral margins approxi-
mately parallel; apex narrowly rounded; preapical prominence absent; shaft bearing
approximately 25 teeth (Fig. 21: to) over posterior 1/3 of blade; each tooth subtri-
angular; apicoventral margin without distinct teeth; teeth and dorsal margin of shaft
without secondary denticles; ducts sparse, extending toward teeth and toward apical
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Figures 7-13. Pagaronia albescens (Jacobi, 1943), comb. n., male genitalia 7 pygofer, lateral view 8 sub-
genital plate, ventral view 9 aedeagus, lateral view 10 aedeagus, caudoventral view |l connective and
style, dorsal view 12 forewing 13 fore femur, anterior view. AM, = first anteromedial seta.

blade portion. Gonoplacs, in lateral view, expanded at apical half; apex obtuse; sur-
face with macrosetae mostly distributed on apical portion and extending anteriorly
along ventral margin of apical half.

Known distribution. Russia, Korea, China.

Material examined. 3 males and 5 females, China, Liaoning Province, Henren
County, Benxi Laotuding Preserve, 19 to 21 July 2011, coll. Fan Zhi-hua and Yu Xi-
ao-fei; 1 female, China, Jilin Province, Mt. Changbai, 24 July 2011, coll. Yu Xiao-fei.

Remarks. This species was described from a single female specimen (holotype)
from “Gaolinzsy” (NE China). The type specimen, deposited in Deutsches Entomolo-
gisches Institut im ZALF, Miincheburg, Germany, has not been examined but our
material has been compared with an image of the type (see introduction). The identity
and reference for the Pagaronia species recorded from China in Hayashi et al. (2010)
and Kamitani et al. (2012) was established as P. continentalis recorded by Kwon and
Huh (2001) (M. Hayashi, pers. com.).
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Figures 14-21. Pagaronia albescens (Jacobi, 1943), comb. n., female genitalia: 14 sternite VII, ventral
view |5 pygofer, lateral view 16 valvifer I and valvula I, lateral view 17 valvifer 11, lateral view 18 dorsal
sculptured area of valvula I, lateral view 19 apical portion of valvula I, lateral view 20 valvulae II, lateral
view 21 apex and apical portion of valvulae II, lateral view. go = gonangulum, to = tooth, vid = ventral
interlocking device. Scale bars in millimeters.
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Abstract

Hybrids of Lucilia sericata and Lucilia cuprina have been shown to exist in previous studies using molecu-
lar methods, but no study has shown explicitly that these hybrids can be identified morphologically. Pub-
lished morphological characters used to identify L. sericata and L. cuprina were reviewed, and then scored
and tested using specimens of both species and known hybrids. Ordination by multi-dimensional scaling
indicated that the species were separable, and that hybrids resembled L. cuprina, whatever their origin.
Discriminant function analysis of the characters successfully separated the specimens into three unam-
biguous groups — L. sericata, L. cuprina and hybrids. The hybrids were morphologically similar irrespective
of whether they were from an ancient introgressed lineage or more modern. This is the first evidence that
hybrids of these two species can be identified from their morphology. The usefulness of the morphological
characters is also discussed and photographs of several characters are included to facilitate their assessment.
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Introduction

The use of maggot debridement therapy (MDT) in South Africa has gained interest in
the past decade (Williams et al. 2008, Du Plessis and Pretorius 2011). The identifica-
tion of the maggots used for this therapy remains an issue, as most medical doctors
are not adequately trained in entomology to correctly identify the flies (Williams et al.
2008, Tantawi et al. 2010). Lucilia sericata is the most commonly used species (Sher-
man et al. 2000) but it is often misidentified as L. cuprina. These two species are also
used in forensic entomology (Louw and van der Linde 1993, Smith and Wall 1997,
Anderson 2000, Oliva 2001, Clark et al. 2006, Day and Wallman 2006) and L. cu-
prina is the species most often responsible for sheep strike — myiasis of sheep by the
maggots of this fly (Hepburn 1943, Ullyett 1945, Vogt and Woodburn 1979, Heath
and Bishop 2006), but L. sericata is responsible for sheep strike in northern Europe
where L. cuprina is absent (Rose and Wall 2011). Correct identification of these flies
is thus vitally important for these three fields.

Several identification keys have been produced either specifically for L. sericata and
L. cuprina, or for larger suites of Luciliinae or Calliphoridae that included these two
species (Waterhouse and Paramonov 1950, Rognes 1980, 1994, Dear 1986, Holloway
1991, Wallman 2001, Whitworth 2006, 2010), but several of the diagnostic charac-
ters are sometimes omitted while others are included that are less reliable or difficult
to observe. Although both species occur worldwide, some of the differences between
the character suites in these studies may arise from considering samples from relatively
limited geographical regions. The first aim of this study was to consider the value of the
published characters based on a sample of specimens from across the world.

A complicating factor is the known and widespread existence of natural hybrids of
these species (Stevens et al. 2002, Wallman et al. 2005, Tourle et al. 2009, DeBry et
al. 2010, Williams and Villet 2013), which has been established by molecular meth-
ods. Tourle et al. (2009) developed a semi-quantitative morphological index for dis-
criminating L. sericata and L. cuprina, and it provides some evidence that their hybrids
might also be morphologically distinguishable. Specifically, genetically identified hy-
brid specimens tended to show more extreme index values than either parent species.
The index incorporated six characters: femur colour; the numbers of paravertical setu-
lae, scutellar hairs and humeral hairs; the pattern of the postoccular microtrichial pile;
the length of the sternal hairs of males; and the position of the inner vertical seta of
females. The second aim of this study was to determine if hybrid specimens can in fact
be determined from their morphology.

Materials and methods

Twenty-four specimens of L. sericata, L. cuprina and their hybrids (Table 1) were chosen
from specimens that had been sequenced for 28S, COI and Per genes (Williams and
Villet 2013). These specimens were chosen to include geographically diverse locations
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morphological analyses. (*hybrids).

Table I. Specimens previously identified by molecular markers (Williams and Villet 2013) used in the

Species Specimen Country of origin
Lucilia cuprina C_EGT_01 Egypt - Alexandria
Lucilia cuprina C_SA BEFN_01 South Africa — Bloemfontein
Lucilia cuprina C_SA_BFN_02 South Africa — Bloemfontein
Lucilia cuprina C_SA_BRT 01 South Africa — Britstown
Lucilia cuprina C_SA_BRT_02 South Africa — Britstown
Lucilia cuprina C_SA_DBN 12 South Africa — Durban
*Lucilia cuprina C_SA_DBN 01 South Africa — Durban
*Lucilia cuprina C_SA_DBN_06 South Africa — Durban
*Lucilia cuprina C_SA_NEL_01 South Africa — Nelspruit
*Lucilia cuprina C_SA_NEL 02 South Africa — Nelspruit
*Lucilia cuprina C_THA_03 Thailand — Chiang Mai
*Lucilia cuprina C ZIM_02 Zimbabwe — Matobos
Lucilia sericata S_FRC_02 France — Montferrier-Sur-Lez
Lucilia sericata S_GER_01 Germany — Kempen
Lucilia sericata S_JPN_04 Japan — Iwate
Lucilia sericata S_NAM_01 Namibia — Possession Island
Lucilia sericata S_NAM_02 Namibia — Possession Island
Lucilia sericata S_SA _CT_01 South Africa — Cape Town
Lucilia sericata S_SA_CT_05 South Africa — Cape Town
Lucilia sericata S_SA_GHT 01 South Africa — Grahamstown
Lucilia sericata S_SA_GHT_02 South Africa — Grahamstown
Lucilia sericata S_SA_PTA_02 South Africa — Pretoria
Lucilia sericata S_SA WTB_02 South Africa — Witbank
Lucilia sericata S_USA_01 United States of America — Michigan

including Egypt, France, Germany, Japan, Namibia, South Africa, Thailand, the United
States of America and Zimbabwe.

A total of 18 distinguishing morphological characteristics of adults of L. sericata
and L. cuprina (Table 2) were obtained by reviewing several published sources (Water-
house and Paramonov 1950, Rognes 1980, 1994, Dear 1986, Holloway 1991, Wall-
man 2001, Tourle et al. 2009, Whitworth 2006, 2010). Three characters referred to
the male genitalia and three characters were specific to females. The males’ characters
could not be viewed without dissecting the specimens and because the majority of the
genetically-identified specimens were female (Williams and Villet 2013), it was de-
cided to include only females in the analysis. This reduced the number of characters to
15. Photographs of the specimens were taken using a Nikon D800 camera with a 105
mm lens and 124 mm extension to show several of the characters.

Each specimen was scored against the 15 characters (Table 2). Each character was
then evaluated for its effectiveness in discriminating between the species and its prac-
tical value for identification, first univariately and qualitatively, and then multivari-
ately and quantitatively using non-metric multi-dimensional scaling (MDS) in PAST3
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(Hammer et al. 2001) using a Manhattan distance metric because of the mixed data
forms in the character state matrix.

To explore the diagnosibility of the hybrids, a discriminant function analysis (DFA)
was performed using PAST3 (Hammer et al. 2001) on the scored character matrix to
determine which characters were most influential in identifying the species. Four of
the 15 characters (shape of postocular microtrichial pile, hairiness of metasternal area,
contour of the last abdominal tergite, bristles on the scutellum; Table 2) were either not
easily visible or the hairs were broken or missing in at least half of the specimens and
were therefore excluded from the DFA. Another four of the characters showed no vari-
ation within species and therefore had to be excluded from the DFA, which therefore
included only seven characters (Table 2). The hybrid specimens were treated as a sepa-
rate group in this analysis, but the introgressed and modern hybrids were not separated.

Results

Univariate assessment of characters

The number of paravertical setulae or occipital bristles (Table 2; Figure 1). This char-
acter was relatively consistent and reliable, but it is not easily viewed and scored if
the specimens have been kept in ethanol. The hybrid specimens all keyed out as L.
cuprina. This character was left out of the DFA analysis due to lack of variation within
L. cuprina.

The shape of the postocular microtrichial pile on the vertex (Table 2) (Hol-
loway 1991) is a difficult character to see when the specimens have been stored in
ethanol because the microtrichia are not visible unless the specimen is dry, and even
then the microtrichia sometimes appear to be absent. Due to the difficulty in viewing
and scoring this character, it was eventually left out of all further analyses.

The relative positions of the three vertical setae (Table 2; Figure 1) that form a
triangle on either side of the ocellar triangle in females (Holloway 1991) is a reliable
character that consistently separated the two species. This character was excluded from
the DFA because it did not show variation within taxa but was included in the MDS
analysis. The hybrid specimens consistently keyed out as L. cuprina.

The angle formed by the three vertical setae (Table 2; Figure 1). This character is
consistent and easily seen even if the setae have fallen out as they have sockets, which
are easily visible. Due to lack of variation within species and the hybrids being iden-
tified as L. cuprina, this character was also excluded from the discriminant function
analysis but it was included in the MDS analysis.

The extent of the metallic sheen on the parafrontal sclerites of females (Table 2
and Suppl. material 1; Figure 1). This character is easier to observe in dried specimens
than ethanol-preserved specimens and there is some variation. The division between
the two species is not absolute — there is some overlap within this character but it was
not specific to the hybrids. It was included in both the DFA and MDS analyses.
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Figure |. Paravertical setulae, distance between the outer and inner vertical setae, the size of the angle
at the inner vertical triangle and extent of metallic sheen on parafrontal sclerites. L. sericata (A) and

L. cuprina (B).

The relative width of the frontal stripe (frontal vitta) (Table 2 and Suppl. mate-
rial 1; Figure 2). Waterhouse and Paramonov (1950) suggested that this character was
more reliable in males than females. We found that the width varied from being equal
to the parafrontal to being more than twice the width in both species. The hybrids were
not distinguishable from L. cuprina. This character was included in the MDS and the
DFA analyses.

The colour of the frontoclypeal membrane (Table 2 and Suppl. material 1; Fig-
ure 3). It was not always easily visible if the proboscis was not extended but it could
usually be viewed by either manipulating the proboscis or viewing the specimen from
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Figure 2. Frontal stripe — L. sericata (A) and L. cuprina (B).

a lateral angle (Waterhouse and Paramonov 1950). The hybrid specimens were not
distinct from L. sericata or L. cuprina.

The length of the second pair of presutural acrostichals (Table 2) is a character
that is easier to see in well-preserved specimens (Waterhouse and Paramonov 1950).
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Figure 3. Colour of the frontoclypeal membrane. L. sericaza (A) and L. cuprina (B).

This character is not scorable if the bristles are broken or have fallen out. It was left out
of the analyses because it does not show any intraspecies variation.

The number of setae on the scutellum (Table 2 and Suppl. material 1; Figure 4)
in the ‘quadrat’ demarcated by the discal setae and the anterior margin of the scutellum
represents the axis in the discriminant analysis that separated L. sericata and L. cuprina
(Holloway 1991). This character can be used even when the setae have fallen out be-
cause they have sockets that are visible and can be counted. There was overlap in the
number of setae between the two species, but generally L. cuprina had obviously fewer
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Figure 4. Number of setac on ‘quadrat’ between the anterior margin and discal setac on the scutellum.
L. sericata (A) and L. cuprina (B).

setae. The number of setae in the hybrids was not obviously different from either of
the pure species. This overlap may be as a result of the challenge of counting the setae
as they are not in straight rows.

The length of the bristles on the scutellum (Table 2 and Suppl. material 1) de-
scribes the length of the hairs between the two anterior bristles on the lateral margin of
the scutellum in relation to the length of the hairs on the dorsal surface of the scutel-
lum (Waterhouse and Paramonov 1950). This character was not easy to use as the hairs
were broken or had fallen out in half of the specimens and therefore it was left out of
the analyses.

The hairiness of the posterior slope of the humeral callus (Table 2 and Suppl.
material 1; Figure 5) behind the basal setae is a reliable character in separating L.
sericata and L. cuprina even though there is variation within species in the number of
hairs. The hybrids tended to have more hairs than the pure L. cuprina specimens, but
there was still overlap in the numbers of hairs between the hybrids and pure L. cuprina.
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Figure 5. Posterior slope of the humeral callus behind the basal setae and the posterior edge of notopleu-
ron behind the posterior notopleural seta. L. sericata (A) and L. cuprina (B).

The number of hairs on the edge of the notopleuron (Table 2 and Suppl. mate-
rial 1; Figure 5). Both the hairs on the notopleuron and the humeral callus are rela-
tively easy to observe although ethanol-preserved specimens need to be dried so that
the small hairs are visible. It is another reliable character in separating L. sericata from
L. cuprina despite variation in the number of hairs within species. The hybrids showed
no discernable difference in numbers of hairs from L. cuprina.



80 Kirstin A. Williams & Martin H. Villet / ZooKeys 420: 69-85 (2014)

0.16
0.12
0.08
0.044 0° ,
0.004 ©
-0.04 4
-0.08
-0.12 4
-0.16
-0.20

Coordinate 2

L) T L] L] L] L] L] L]
-0.24 -0.16 -0.08 0.00 0.08 0.16 0.24 0.32
Coordinate 1
Figure 6. Non-metric Multi-Dimensional Scaling plot using a Manhattan distance metric using 11

characters. Light blue solid circles = L. sericata, Green open circles = L. cuprina, dark blue squares = intro-
gressed hybrids, purple triangles = modern hybrids.

Axis 2

34

i
Axis 1
Figure 7. Ordination plot of the first two roots of the discriminant function analysis using seven charac-

ters. Ellipses represent 95% confidence regions. Light blue solid circles = L. sericata, Green open circles =
L. cuprina, dark blue squares = introgressed hybrids, purple triangles = modern hybrids.

The hairs on the metasternal area (Table 2), which is the sclerite mid-ventrally
between the middle and hind coxae, are exceedingly difficult to view if the legs are
not set appropriately to facilitate this. . All of the specimens that we examined were
preserved in ethanol and it was not easy to view the metasternal area and this character
was therefore not analysed.

The colour of the fore femora (Table 2 and Suppl. material 1) has long been used
as a character to identify L. sericata and L. cuprina (Ullyett 1945). It is a controversial
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Table 3. Eigen vectors and values for the first two roots of the discriminant function analysis.

Character Root 1 | Root 2
Number of setulae on ‘quadrat’ demarcated by discal setae and anterior margin 1.5822 | 0.0324
of scutellum

Number of hairs on edge of notopleuron behind posterior notopleural seta 0.5576 | 0.3300
Number of hairs on posterior slope of humeral callus behind basal setae 0.4216 | 0.9066
Colour of fore femora 0.2591 |-0.2023
Relative width of frontal stripe (frontal vitta) 0.1551 | 0.0104
Extent of metallic sheen on parafrontal sclerites of females 0.0519 [-0.0697
Colour of frontoclypeal membrane -0.1551 |-0.0104
Eigenvalue 18.5560 | 0.7406

character as it varies according to when the flies were killed, if the adults were fully
matured and if the specimens were fouled or not during collection and thus is subject
to personal interpretation. The hybrids keyed out as L. cuprina. Due to the variation in
this character it was included in the DFA.

The contour of the last abdominal tergite (Table 2) is applicable only to dried
specimens (Waterhouse and Paramonov 1950) as it relies on the hardness of the ter-
gite. It was therefore not a character that could be used in our analyses as all our
specimens were ethanol-preserved. It was excluded from the analyses and is probably
unreliable even in dried specimens because it relies on the preservation of the specimen
and how it is pinned, which affects the contour of the last abdominal tergite.

Multivariate assessments of characters

Superficially, the hybrid specimens were identified as L. cuprina when keyed out using
any of the published keys. There were no obvious differences in the morphology of the
hybrids. When the characters were analysed using MDS, the hybrid specimens were
not separated from the L. cuprina specimens (Figure 6).

However, the ordination plot of the DFA (Figure 7) clearly shows three groups — L. seri-
cata, L. cuprina and hybrids. The most influential characters were the number of setae on the
scutellum (Root 1) and the number of hairs on the humeral callus (Root 2) (Table 3). It is
not obvious in the morphology that there is a difference between the pure and hybrid strains,
but statistically one can separate the hybrids from the pure L. cuprina specimens.

Discussion

Assessment of characters

Due to the greater number of female flies in the molecular study from which we chose
our specimens, we did not include any males. Therefore the male genitalia characters
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are not discussed in detail. It is not possible to properly view the male genitalia without
dissecting them and this is not ideal for non-entomologists such as medical doctors
who are using these flies for MDT as one needs experience to dissect out the genitalia.
It is possible to correctly identify these flies without using the male genitalia by using
the other characters described in Table 2.

Geographical variation

Holloway (1991) suggested that the characters that she described were specifically for
L. sericata and L. cuprina from New Zealand and that they might not apply to speci-
mens from other parts of the world. This does not seem to be the case, as the flies
examined in this study are from several different countries around the world (Table 1)
and the characters described (excluding the male genitalia) were useful in identifying
these two species and their hybrids.

Identifying hybrids

The DFA unambiguously separated the L. cuprina specimens from the hybrids and it was
statistically significant. This was not noted in previous studies where hybrids were identi-
fied only through molecular techniques (Stevens et al. 2002, Wallman et al. 2005, Tourle
et al. 2009, DeBry et al. 2010, Williams and Villet 2013). Examination of the number
of hairs on the scutellum, humeral callus and notopleuron show a consistent difference
that separates these groups. The first two characters were included in the morphological
index designed by Tourle et al (2009), which explains the trend found in their results.
The introgressed and modern hybrids were not separated in the DFA ordination

plot (Fig. 6).

Conclusion

Introgressed and modern hybrids of L. sericata and L. cuprina can be statistically rec-
ognized using the characters described in this paper.

Four of the characters were consistently successful at separating L. sericata and
L. cuprina (number of paravertical setulae or occipital bristles, distance between the
outer and inner vertical setae of females, size of the angle at the inner vertical in tri-
angle joining pre-, outer and inner vertical setae of females, second pair of presutural
acrostichals) with little variation within the characters. The number of setae on the
scutellum and the number of hairs on the humeral callus and notopleuron are also
useful characters although they did show variation within species. It is advisable to use
a combination of several characters to identify these two species as no single character
was sufficient to separate L. sericata and L. cuprina.
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Abstract

Cracids are among the most vulnerable groups of Neotropical birds. Almost half of the species of this fam-
ily are included in a conservation risk category. Twelve taxa occur in Mexico, six of which are considered
at risk at national level and two are globally endangered. Therefore, it is imperative that high quality,
comprehensive, and high-resolution spatial data on the occurrence of these taxa are made available as a
valuable tool in the process of defining appropriate management strategies for conservation at a local and
global level. We constructed the CracidMex1 database by collating global records of all cracid taxa that
occur in Mexico from available electronic databases, museum specimens, publications, “grey literature”,
and unpublished records. We generated a database with 23,896 clean, validated, and standardized geo-
graphic records. Database quality control was an iterative process that commenced with the consolidation
and elimination of duplicate records, followed by the geo-referencing of records when necessary, and
their taxonomic and geographic validation using GIS tools and expert knowledge. We followed the geo-
referencing protocol proposed by the Mexican National Commission for the Use and Conservation of
Biodiversity. We could not estimate the geographic coordinates of 981 records due to inconsistencies or
lack of sufficient information in the description of the locality.

Given that current records for most of the taxa have some degree of distributional bias, with redun-
dancies at different spatial scales, the CracidMex1 database has allowed us to detect areas where more sam-
pling effort is required to have a better representation of the global spatial occurrence of these cracids. We
also found that particular attention needs to be given to taxa identification in those areas where congeners
or conspecifics co-occur in order to avoid taxonomic uncertainty. The construction of the CracidMex1
database represents the first comprehensive research effort to compile current, available global geographic
records for a group of cracids. The database can now be improved by continuous revision and addition of
new records. The CracidMex1 database will provide high quality input data that could be used to generate
species distribution models, to assess temporal changes in species distributions, to identify priority areas
for research and conservation, and in the definition of management strategies for this bird group. This
compilation exercise could be replicated for other cracid groups or regions to attain a better knowledge of
the global occurrences of the species in this vulnerable bird family.

Keywords
Ortalis, Penelope, Penelopina, Oreophasis, Crax, Cracidae, Aves, chachalacas, guans, curassows, Mexico,
Neotropic, geographic record, Darwin Core

Introduction

Cracids are a primitive family of Neotropical Galliformes. They are mainly frugivo-
rous birds that inhabit primary forests, and may play an important role in regenerat-
ing and structuring forests through the dispersion and predation of seeds (Peres and
Roosmalen 1996; Sedaghatkish 1996; Mufioz and Kattan 2007). Based on this and on
their sensitivity to disturbance, the presence of viable populations of cracids in an area
is considered indicative of forest quality.

Cracids are one of the most vulnerable groups of Neotropical birds because al-
most half of the 54 recognized species (AOU 2014) are at risk, and some of them are
almost extinct (Brooks and Strahl 2000). This vulnerability is a consequence of their
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strong dependence on primary forests, and their susceptibility to habitat destruction
and degradation, in addition to the intensity of hunting faced by cracids (Silva and
Strahl 1991, 1997; Brooks and Strahl 2000; del Hoyo and Motis 2004). These factors
together with life history traits of delayed age of first reproduction, low chick survival,
and low reproduction rates, act in synergy to exacerbate the vulnerability of cracids to
human pressures. In Mexico there are 12 cracid taxa of which six are included in the
national list of threatened species (SEMARNAT 2010) and two (Oreophasis derbianus
and Crax rubra griscomi) are globally endangered (Brooks and Strahl 2000; Martinez-
Morales et al. 2009; IUCN 2013).

The lack of up to date, high quality data on the presence and abundance of cracids
in many regions of their distribution prevents the definition and implementation of
appropriate management strategies for their conservation (Brooks and Strahl 2000;
Gonzdlez-Garcia et al. 2001). Although their distribution has already been depicted
in maps (Delacour and Amadon 2004; Ridgley et al. 2012), and even analysed in the
context of global climate change (Peterson et al. 2001), we still do not know the pre-
sent species distribution with a high level of certainty as a result of continual changes in
forest cover. Not to mention that for several species or regions there are still significant
gaps in knowledge of species distribution. In this regard, the former Cracid Special-
ist Group recommended an urgent revision of cracid distribution (Brooks and Strahl
2000; Brooks 20006).

To tackle this imperative need for information, we constructed the CracidMex1
database that embodies an exhaustive, high quality, and updated compilation of the
global geographic records of the eight cracid species with distribution in Mexico. The
collation of records from numerous sources required a thorough process of quality
control in terms of consolidation and elimination of record redundancies, completion
of missing data, verification of record localities and their spatial precision, and valida-
tion of taxa identity. This involved an iterative process of automatized tasks and the use
of expert knowledge in terms of species and regions.

The CracidMex1 database will provide high quality, input data that could be used
to identify areas where more research is needed, generate species distribution models,
assess temporal changes in species distribution, identify priority areas for cracid con-
servation, and even in the definition of management strategies for this avian group.
This compilation exercise could be replicated for other groups of cracids or regions
to achieve a more complete knowledge of the global occurrences of the species of this
vulnerable bird family.

This open access database will be continuously reviewed and supplemented with
additional records, and all contributions to the database are very welcome.

Data published through

heep://ipt.pensoft.net/ipt/resource.do?r=cracidmex1
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Taxonomic ranks

Kingdom: Animalia

Phylum: Chordata

Class: Aves

Order: Galliformes

Family: Cracidae

Genera: Ortalis, Penclope, Penelopina, Oreophasis, Crax

Species: Ortalis vetula (Wagler, 1830), Orzalis wagleri Gray, 1867, Ortalis poliocephala
(Wagler, 1830), Ortalis leucogastra (Gould, 1843), Penclope purpurascens Wagler,
1830, Penelopina nigra (Fraser, 1852), Oreophasis derbianus Gray, 1844, Crax rubra
Linnaeus, 1758 (Table 1).

Common names: Chachalacas, Guans, and Curassows

Table I. Conservation and endemic features of the cracid taxa included in the CracidMex1 database.

Species/Subspecies | Common name |CITES' |[IUCN? NOM-059° |Endemicity
Ortalis vetula Plain Chachalaca |III Least Concern Not endemic
O. v. vetula * E Mexico to Costa Rica
O. v. mecalli * SE USA, E Mexico
O. v. pallidiventris * Yucatan Peninsula (Mexico)
O. v. deschauenseei + Utila Island (Honduras)
O. v. intermedia * S Mexico, Guatemala, Belize
Ortalis wagleri Rufous-bellied Least Concern North western Mexico
Chachalaca
Ortalis poliocephala gﬁiﬁ:ﬁ?::an Least Concern Central western Mexico
Oralis lencogastra glhite—bellied Least Concern Special. Nothern Central America
achalaca protection (Pacific slope)
Penelope purpurascens | Crested Guan 1r Least Concern | Threatened | Not endemic
P p. purpurascens * Threatened |* Not endemic
P, p. aequatorialis * Not endemic
P p brunnescens * N Colombia, N Venezuela
Penelopina nigra Highland Guan  |TII° Vulnerable Endangered  |Northern Central America
Oreophasis derbianus ~ |Horned Guan |1 Endangered Endangered  |S Mexico, Guatemala
Crax rubra Great Curassow  |I1I7 Vulnerable Threatened | Not endemic
C. 7. rubra + Threatened |+ Not endemic
C. 1. griscomi * Endangered |+ Cozumel Island (Mexico)

'Convention on International Trade in Endangered Species of Wild Fauna and Flora <http://www.cites.

org/eng/app/appendices.php>.
*The IUCN Red List of Threatened Species <http://www.iucnredlist.org>.
*Mexican environmental legislation (SEMARNAT 2010).
4Guatemala and Honduras.

>Honduras.
*Guatemala.

’Guatemala, Honduras, Costa Rica, and Colombia.
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Taxonomic coverage

The CracidMex1 database comprises 23,896 global records of 12 taxa of cracid species
and subspecies with distribution in Mexico. This includes eight cracid species distributed
in Mexico, out of the 54 recognized species in the Neotropical region (AOU 2014). The
database also includes records of O. v. deschauenseei from the Utila Island, Honduras, and
of two other subspecies of P purpurascens (aequatorialis and brunnescens) which are not
distributed in Mexico (Table 2). The genus Orzalis accounted for most of the records, fol-
lowed by Penelope, Crax, Penelopina, and Oreophasis. This bias in records at a genus level
is also mirrored at species level (Figure 1). However, at subspecies level this bias is not
evident because only 19.9% of the records assignable to subspecies level are given to this
taxonomic level (4.6% in O. vetula, 43.5% in P purpurascens, and 100% in C. rubra).

Spatial coverage

General spatial coverage

Valid distributional records (22,731), based on the native distribution of taxa, cover
distributions from southern Texas, USA, in the north, to Loja, Ecuador, in the south,
including Mexico, Belize, Guatemala, Honduras, El Salvador, Nicaragua, Costa Rica,

Table 2. Number of records in the CracidMex1 database by genus, species, and subspecies.

Genus/Species/Subspecies Records Proportion (%)
Ortalis 17,663 73.9
O. vetula 14,366 60.1
O. v. vetula 193 0.8
O. v. mecalli 291 1.2
O. v. pallidiventris 119 0.5
O. v. deschauenseei 4 0.0
O. v. intermedia 58 0.2
Ortalis wagleri 1,151 4.8
Ortalis poliocephala 1,754 7.3
Ortalis leucogastra 392 1.6
Penelope 3,100 13.0
P purpurascens 3,100 13.0
P p. purpurascens 1,152 4.8
P p. aequarorialis 164 0.7
P p brunnescens 29 0.1
Penelopina nigra 907 3.8
Oreophasis derbianus 401 1.7
Crax 1,825 7.6
C. rubra 1,825 7.6
C. r. rubra 1,797 7.5
C. r. griscomi 28 0.1
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Figure . Distribution of the 23,896 records by species in the CracidMex1 database.

Panama, Colombia, Venezuela, and Peru (Table 3, Figures 2 and 3). These records are
labelled as presente (present) in the “occurrenceStatus” field of the database. Other re-
cords corresponded to zoo specimens (49), records with spatial inconsistencies or am-
biguities (143), and records for which coordinates could not be calculated due to insuf-
ficient information in the description of the locality (981). These records are labelled
as ausente (absent) or dudoso (doubtful) in the “occurrenceStatus” field. In this case a
label of “absent” (186 records) means that the record is out of the distributional range
of the species (e.g., zoo records), and “doubtful” (979) means that the species could
be present in the area, but the ambiguity in the description of the locality prevents an
unequivocal assertion of the spatial validity of the record (e.g., Locality: Mexico).

Coordinates
-4.3327 to 31.1707 Latitude; -109.4433 to -61.1382 Longitude. This range includes
the location of only the 22,731 valid distributional records (Figure 2).
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Table 3. Number of valid distributional records of cracid species by country in the CracidMex1 database.

Country | O.vetula | O.wagleri| O.poliocephala | O.leucogastra | Ppurpurascens| Pnigra| O.derbianus | C.rubra | Total
USA 9,904 0 0 0 0 0 0 0 9,904
Mexico 2,938 1,113 1,675 124 642 533 145 430 | 7,600
Belize 533 0 0 0 175 0 0 112 820
Guatemala | 408 0 0 87 176 145 210 115 1,141
Honduras 134 0 0 0 33 42 0 16 225
El Salvador 1 0 0 78 10 29 0 10 128
Nicaragua 17 0 0 33 21 73 0 17 161
Costa Rica 57 0 0 0 1,410 0 0 769 | 2,236
Panama 0 0 0 0 141 0 0 59 200
Colombia 0 0 0 0 128 0 0 43 171
Venezuela 0 0 0 0 41 0 0 0 41
Ecuador 0 0 0 0 90 0 0 13 103
Peru 0 0 0 0 1 0 0 0 1
Total 13,992 1,113 1,675 322 2,868 822 355 1,584 |22,731
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Figure 2. Geographic distribution of the 22,731 valid distributional records of cracids in the Cracid-
Mex1 database. Grey shadeing represents the area where the species occurrence is expected based on

Ridgley et al. (2012).
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Figure 3. Distribution of cracid genera by country for the 22,731 valid distributional records in the
CracidMex1 database.

Temporal coverage

The date of occurrence records (year-month-day) encompasses from 1700-01-01 to
2013-10-25. However, of the 22,731 valid distributional records, 854 lack informa-
tion on recording date. Although temporal coverage spans more than 300 years, most
of the records were generated in the last decades (Figure 4). A boom in reporting or
generating species records started at the end of the last century, most probably due to
the emergence of the Internet and technological advancement in field survey equip-
ment. Additionally, this observed pattern might be due to an increased interest in
studying this bird group. Information gathered through years of research and observa-
tion of the species’ natural history led to the publication in 1973 of the first edition of
the inspiring book “Curassows and related birds” by Delacour and Amadon. Added
to which the First International Symposium on the Family Cracidae was organized in
1981, which may also have triggered an exponential increase in the interest for study-
ing this avian group, and thus, an increase in reporting species occurrences.

Project description

Title: Present and future distribution models of cracids occurring in Mexico.
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Figure 4. Number of cracid records gathered per year (red line) and the cumulative number of cracid
records gathered from 1700 to 2013 (blue line).

Personnel: Miguel Angel Martinez-Morales (Project Coordinator, Resource
Contact, Resource Creator), Gonzalo Enrique Pinilla-Buitrago (Database Manager,
Metadata Provider), Fernando Gonzilez-Garcia, Paula L. Enriquez, José Luis Rangel-
Salazar, Carlos Alberto Guichard Romero, Adolfo G. Navarro-Sigiienza, Tiberio César
Monterrubio-Rico, Griselda Escalona-Segura (Data Contributors).

Funding: National Commission for Knowledge and Use of Biodiversity (CONA-
BIO), Mexico, under the agreement FB1585/JM024/12.

Study area descriptions/descriptor: Valid distribution records are located in the
northern portion of the Neotropical region, including the transitional zone with the
Nearctic region (Figure 5). Native vegetation in this area ranges from tropical dry to
humid forests, and from lowlands to montane forests. However, a large proportion of
the native vegetation has been converted to pasture and agricultural areas. The expan-
sion of human settlements, infrastructure, and mining have also contributed to forest
degradation and deforestation in the region. Tropical forests have the largest net loss
of forested area compared to other forest types in the world (FAO and JRC 2012), and
the Neotropical region is not the exception. The study area includes the Mesoamerica
biodiversity hotspot, the Chocé/Darién/Western Ecuador hotspot, and marginally the
Tropical Andes hotspot (Myers et al. 2000), but these hotspots harbour only 20 to
25% of the original extent of primary vegetation.
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Figure 5. Geographic distribution of the 22,731 valid distributional records of cracids in the Cracid-
Mex1 database. Present pattern of forest cover is depicted in green shading. Forest cover was obtained
from INEGI (2012) for Mexico, the World Bank and CCAD (2000) for Central America, and the Euro-
pean Commission Joint Research Centre (http://www-gem.jrc.it/glc2000) for South America.

Given the current pattern of forest cover in the region, and the temporal coverage
of records in the CracidMex1 database, many records, particularly older records, are
now located outside of currently forested areas (Figure 5). This suggests a substantial
reduction in the distribution of cracid species, particularly for those species restricted
to primary forests (P. purpurascens, P. nigra, O. derbianus, and C. rubra). Habitat loss
and hunting pressure are the main drivers of cracid population declines and distribu-
tion contractions, the synergy of which has caused the endangerment of these species
(Silva and Strahl 1991, 1997; Brooks and Strahl 2000; del Hoyo and Motis 2004).

Design description: The construction of the CracidMex1 database aimed to gath-
er most of the globally available records of cracids which are distributed in Mexico, in
order to generate global species distribution models. We initiated the construction of
the database by collating records from six electronic databases available through the
Internet: GBIF <http://data.gbif.org>, ORNIS <http://www.ornisnet.org>, REMIB
<http://www.conabio.gob.mx/remib/doctos/remib_esp.html>, UNIBIO  <http://
unibio.unam.mx>, SpeciesLink <http://splink.cria.org.br>, and IBC <http://ibc.
lynxeds.com>. Additionally, we obtained records from the National System of Infor-
mation on Biodiversity (SNIB) database at CONABIO and from museum specimen
records contained in the Bird Atlas of Mexico database at the Facultad de Ciencias of
the National Autonomous University of Mexico. We also obtained records from pub-
lished papers through searches in BioOne <http://www.bioone.org>, EBSCO <http://
search.ebscohost.com>, JSTOR <http://www.jstor.org>, ScienceDirect <http://www.
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sciencedirect.com>, Springer Link <http://www.springerlink.com>, Web of Science
<http://apps.webofknowledge.com>, Wiley Online Library <http://onlinelibrary.
wiley.com>, Zoological Record <http://thomsonreuters.com/zoological-record/>,
Redalyc <http://www.redalyc.org>, SciELO <http://www.scielo.org>, and Google
Scholar <scholar.google.com>. We also reviewed the bulletins of the Cracid Group
of the Galliformes Specialists Group <http://www.cracids.org>. Added to which, we
gathered records from “grey literature” through searches in technical reports and the-
ses. These searches included the electronic portal of CONABIO and the repositories
OpenDOAR <http://opendoar.org> and the Registry of Open Access Repositories
<http://roar.eprints.org>. Finally, we gathered records from our own and unpublished
databases of colleagues through personal contacts. After the GBIF, these personal un-
published databases were the second most important source of records, followed by
records gathered from the SNIB and published papers (Table 4).

Database quality control, based on the standards described in CONABIO
(2012), was an iterative process that commenced with the detection, consolida-
tion and elimination of duplicate records (the same record reported in more than
one source). For detection of duplicate records within and among sources we first
gave priority to the fields “institutionCode”, “catalogNumber”, “country”, “state”,
“locality”, “decimalLatitude”, and “decimalLongitude”. The consolidation process
consisted of the creation of a single record with more complete data from duplicate
records. In the case of inconsistencies in duplicate records, we referred to the origi-
nal source of the record. We avoided and corrected errors (omission, typographic,

Table 4. Relative contribution of records of cracid species by the different sources used in the construc-
tion of the CracidMex1 database. Numbers represent non-duplicate records. GBIF was the main source
of records, but its relative contribution is magnified in this table because in the consolidation process we

considered this source as the reference database.

Source | O.vetula| O.wagleri| O.poliocephala | O.leucogastra | Ppurpurascens | Pnigra | O.derbianus | C.rubra| Total
GBIF 13,479 982 896 279 2,751 734 233 1,524 |20,878
ORNIS 180 19 11 64 2 1 0 2 279
REMIB 86 0 0 0 0 0 0 12 98
UNIBIO 0 0 0 0 0 0 0 0 0
SpeciesLink 1 0 0 0 5 0 0 1 7
IBC 0 0 0 0 1 0 0 1 2
SNIB 209 1 435 8 17 26 9 12 717
Bird Adas | 150 | 95 31 1 57 34 2 s1 | 391
Mex
Published |5 5 47 77 37 131 56 40 90 | 713
papers
“Grey
. » 37 3 6 3 20 4 2 16 91
literature
U"pg’ll;hed 19 4 298 0 116 52 115 116 | 720
Total 14,366 1,151 1,754 392 3,100 907 401 1,825 |23,896
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contextual, redundancy, convention, and congruence) through automatized tasks
and case by case revision of the database. We then calculated geographic coordinates
and their uncertainties for those records lacking these data, based on the standards
described in CONABIO (2008). All coordinates refer to the datum WGS84. We
used a variety of resources for geo-referencing, namely Google Earth 7 <http://www.
google.com/earth/index.html>, Google Maps and the tools of Map Labs <http://
maps.google.com>, glosk <http://www.glosk.com/>, CONABIO <http://www.con-
abio.gob.mx/informacion/metadata/gis/loc2000gw.xml?_httpcache=yes& _xsl=/db/
metadata/xsl/fgdc_html.xsl&_indent=no>, GEOSiB <http://www.humboldt.org.
co/geoinformacion/geosib>, and Georeferencing Calculator <http://manisnet.org/
gci2.html>. We also consulted regional experts for advice during the geo-referencing
process. Once we were sufficiently certain of the correct location of the record, we
checked that each location was consistent with taxa identification by displaying the
records in a GIS. This taxonomic and geographic validation through the use of GIS
tools and expert knowledge allowed us to detect inconsistencies. Where possible,
we corrected inconsistencies through an iterative process, otherwise we labelled the
record as “doubtful” (979 records) or “absent” (186) in the “occurrenceStatus” field
as described above (Figure 6).

The CracidMex1 database has 41 fields based on the standard Darwin Core ver-
sion 1.4 (Table 5).

Table 5. Definition of fields included in the CracidMex1 database based on the standard Darwin Core
version 1.4.

Field Definition

institutionCode The name (or acronym) in use by the institution having custody of the object(s)
or information referred to in the record. In the case of personal records, we used
the value “NA” No aplica (Not applicable).

collectionCode The name, acronym, code, or initials identifying the collection or data
set from which the record was derived. If the record was not held in a
collection, we used the value “NA” No aplica (Not applicable). If the
collection name was not known, we used the value “ND” No determinado
(Not determined).

datasetName ‘The name identifying the data set from which the record was derived. If the
data set name was not known, we used the value “ND” No determinado (Not
determined).

basisOfRecord The specific nature of the data record.

* Ejemplar preservado (Preserved specimen). Denoting a preserved specimen in
a collection.
Observacién (Human observation). Denoting an observation made by one or
more people.
Observacion con aparato (Machine observation). Denoting an observation
made by a machine.
Ocurrencia (Occurrence). Denoting a case where no information is available
on how the record was obtained.
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occurrencel D

A uniform resource name as a unique identifier for the record. In the absence
of a persistent global unique identifier, this was constructed in the form:
“[institutionCode]: [collectionCode]: [catalogNumber]”. If the record lacked
a value in one of these fields (NA or ND) a sequential number was assigned
at the end.

catalogNumber

An identifier for the record within the data set or collection. If the record did not
have a catalogue number, we used the value “NA” No aplica (Not applicable). If
we did not know the catalogue number, we used the value “ND” No determinado
(Not determined).

recordNumber

An identifier given to the occurrence at the time it was recorded. This often

serves as a link between field notes and an occurrence record, such as a specimen
collector’s number. If the record did not have a record number, we used the value
“NA” No aplica (Not applicable). If we did not know the record number, we used
the value “ND” No determinado (Not determined).

recordedBy

Alist (concatenated and separated) of names of people, groups, or organizations
responsible for recording the original occurrence. The primary collector or
observer, especially one who applies a personal identifier (recordNumber), is listed
first. If we did not know the name of the collector, we used the value “ND” No
determinado (Not determined).

individualCount

‘The number of individuals recorded at the time of the occurrence. We left the
value empty if individual Count was unknown.

occurrenceStatus

A statement about the presence or absence of a taxon at a location.

*  Presente (Present). There is at least one well documented record of the taxon’s
presence in the area.

* Ausente (Absent). There is evidence to document the absence of a taxon in
the area.

* Dudoso (Doubtful). The taxon is presumed present in the area, but there is
doubt over the evidence, including taxonomic or geographic imprecision in
the records.

associatedRefer ences

Alist (concatenated and separated) of identifiers (publication, bibliographic
reference, global unique identifier) of literature associated with the occurrence. If
no reference was associated, we used the value “NA” No aplica (Not applicable).

year

The four-digit year in which the event occurred, according to the Common Era

Calendar. If we did not know the year, we used “9999”.

month

"The ordinal month in which the event occurred. If we did not know the month,
we used “99”.

day

The integer day of the month on which the event occurred. If we did not know
the day, we used “99”.

country

The name of the country or major administrative unit in which the location
occurs. If we did not know the name, we used the value “ND” No determinado
(Not determined).

stateProvince

The name of the next smaller administrative region below country (state,
province, canton, department, region, etc.) in which the location occurs. If
we did not know the name, we used the value “ND” No determinado (Not
determined).

county

The full, unabbreviated name of the next smaller administrative region below
stateProvince (county, shire, department, municipality) in which the location
occurs. If this administrative region does not apply, we used the value “NA” No
aplica (Not applicable). If we did not know the name, we used the value “ND”
No determinado (Not determined).
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locality

The specific description of the place. This term may contain information
modified from the original to correct perceived errors or standardize the
description. If we did not know the description, we used the value “ND” No
determinado (Not determined).

decimalLatitude

The geographic latitude (in decimal degrees, using the spatial reference system
given in geodeticDatum) of the geographic centre of a location. Positive values
are north and negative values are south of the Equator. We left the value empty if
decimalLatitude was unknown.

decimalLongitude

The geographic longitude (in decimal degrees, using the spatial reference system
given in geodeticDatum) of the geographic centre of a location. Positive values
are east and negative values are west of the Greenwich Meridian. We left the value
empty if decimalLongitud was unknown.

geodeticDatum

The ellipsoid, geodetic datum, or spatial reference system upon which the
geographic coordinates given in decimalLatitude and decimalLongitude are
based. We used the value “ND” No determinado (Not determined) when no data
was available in decimalLatitude and decimalLongitude.

coordinateUncertaintylnMeters

The horizontal distance (in meters) from the given decimalLatitude and
decimalLongitude describing the smallest circle containing the entire location.
We left the value empty if the uncertainty was unknown, could not be estimated,
or was not applicable (because there are no coordinates).

georeferenced By A list (concatenated and separated) of names of people, groups, or organizations
who determined the geo-reference for the location.

georeferenceProtocol A description or reference for the methods used to determine the spatial
footprint, coordinates, and uncertainties.

georeferenceSources Alist (concatenated and separated) of maps, gazetteers, or other resources used to
geo-reference the location.

identifiedBy A list (concatenated and separated) of names of people, groups, or organizations
who assigned the taxon to the subject. If we did not know the name, we used the
value “ND” No determinado (Not determined).

dateldentified The date on which the subject was identified as representing the taxon. Format
yyyy-mm-dd. If we did not know the date, we used “9999”.

typeStatus A list (concatenated and separated) of nomenclatural types applied to the subject.
If the nomenclatural type did not apply, we used the value “NA” No aplica (Not
applicable).

scientificName The full scientific name of the lowest taxonomic rank determined.

originalNameUsage The taxon name, as it originally appeared when first determined.

kingdom The full scientific name of the kingdom in which the taxon is classified.

phylum The full scientific name of the phylum in which the taxon is classified.

class The full scientific name of the class in which the taxon is classified.

order The full scientific name of the order in which the taxon is classified.

family The full scientific name of the family in which the taxon is classified.

genus The full scientific name of the genus in which the taxon is classified.

specificEpithet The name of the species epithet of the scientificName.

infraspecificEpithet The name of the lowest or terminal infraspecific epithet of the scientificName.
If the infraspecific epithet did not apply, we used the value “NA” No aplica (Not
applicable).

taxonRank The taxonomic rank of the most specific name in the scientificName.

scientificNameAuthorship

The authorship information for the scientificName formatted according to the
conventions.

taxonomicStatus

The status of the use of the scientificName as a label for a taxon.
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Figure 6. Flowchart depicting the iterative process for the construction of the CracidMex!1 database up
to publication.



102 Gonzalo Pinilla-Buitrago et al. | ZooKeys 420: 87115 (2014)

Dataset description

Object name: Darwin Core Archive CracidMex1: a comprehensive database of global
occurrences of cracids (Aves, Galliformes) with distribution in Mexico

Character encoding: UTF-8

Format and storage mode: xlsx; ASCII csv, tab-delimited; decimal separator: ‘.’
Distribution: http://ipt.pensoft.net/ipt/resource.do?r=cracidmex1

Publication date of data: 2014-03-10

Language: Spanish.

Metadata language: English.

Date of metadata creation: 2014-01-08

Hierarchy level: Dataset

Acknowledgements

We are thankful to the many colleges that contribute with records at specific localities, par-
ticularly Adridan Maldonado, Alan Monroy Ojeda, Alejandro Salinas Melgoza, Alma Patricia
Degante Gonzilez, Barbara MacKinnon de Montes, David Molina Tovar, Epifanio Blancas
Calvas, Erik Gonzdlez, Fernando Ayerbe Quifiones, Gonzalo Merediz Alonso, Gustavo A.
Bravo, Hernaldo Padilla, James Rodriguez, Javier Rivas, José Ratl Vizquez Pérez, Juan Freile
Ortiz, Juan Quinones, Karla Patricia Parra Noguez, Mario C. Lavariega, Paola Nicté Coti
Lux, Robert Ridgely, Romédn Diaz Valenzuela, and Santiago Guallar. Alejandro Gordillo
(MZEC) coordinated the geolocation of specimen data for the Atlas of the Birds of Mexico.
The manuscript was improved thanks to the appropriate comments of Katherine Renton
and two anonymous reviewers. CONABIO provided financial support (project JM024).

References

References cited within metadata

AOU (American Ornithologists” Union) (2014) AOU ChecKklists. http://checklist.aou.org

Brooks D M (Ed) (2006) Conserving cracids: the most threatened family of birds in the
Americas. Miscellaneous Publications of the Houston Museum of Natural Science,
number 6. Houston, Texas.

Brooks DM, Strahl S D (comp) (2000) Curassows, guans and chachalacas. Status survey and
conservation action plan for cracids 2000-2004. IUCN/SSC Cracid Specialist Group.
Gland, Switzerland, and Cambridge, UK, 182 pp.

CONABIO (2008) Georreferenciacién de localidades de colecciones biolégicas. Manual de proced-
imiento. Comisién Nacional para el Conocimiento y Uso de la Biodiversidad. Mexico, 177 pp.

CONABIO (2012) Bases de datos para modelar la distribucién geogréfica de las especies. Control
de calidad. Manual de procedimiento. Comisién Nacional para el Conocimiento y Uso de la

Biodiversidad. Mexico, 59 pp.



CracidMex1: a comprehensive database of global occurrences of cracids... 103

del Hoyo J, Motis A (2004) Update chapter. In: Delacour J, Amadon D. Curassows and related
birds. Lynx Editions and The National Museum of Natural History. Barcelona and New
York, 322-476.

Delacour J, Amadon D (2004) Curassows and related birds. Second edition. Lynx Edicions and
The National Museum of Natural History. Barcelona and New York, 319 pp.

FAO, JRC (2012) Global forest land-use change 1990-2005, by Lindquist EJ, D’Annunzio R,
Gerrand A, MacDicken K, Achard F, Beuchle R, Brink A, Eva HD, Mayaux P, San-Miguel-
Ayanz ], Stibig H-J. FAO Forestry Paper No. 169. Food and Agriculture Organization of
the United Nations and European Commission Joint Research Centre. Rome, 40 pp.

Gonzdlez-Garcia F, Brooks DM, Strahl S D (2001) Historia natural y estado de conservacién
de los cricidos en México y Centroamerica. In: Brooks DM, Gonzdlez-Garcia F (Eds)
Cracid ecology an conservation in the New Millenium, Miscellaneous Publications of the
Houston Museum of Natural Science, number 2. Houston, Texas, 1-50.

INEGI (2012) Guia para la interpretacién de cartografia. Uso del suelo y vegetacion. Escala
1:250,000. Serie IV. Instituto Nacional de Estadistica y Geografia. Mexico.

IUCN (2013) IUCN Red List of Threatened Species. Versién 2013.2. hetp://www.iucnredlist.org

Martinez-Morales MA, Caballero-Cruz P, Cuarén A D (2009) Predicted population trends for
Cozumel Curassows (Crax rubra griscomi): empirical evidence and predictive models in the
face of climate change. Journal of Field Ornithology 80:317-327. doi: 10.1111/j.1557-
9263.2009.00237 .x

Munoz MC, Kattan G H (2007) Diets of cracids: How much do we know? Ornitologia
Neotropical 18: 21-36.

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca G AB, Kent ] (2000) Biodiversity
hotspots for conservation priorities. Nature 403: 853—858. doi: 10.1038/35002501

Peres CA, van Roosmalen M GM M (1996) Avian dispersal of “mimetic seeds” of Ormosia
lignivalvis by terrestrial granivores: deception of mutualism? Oikos 75: 249-258. doi:
10.2307/3546248

Peterson AT, Sdnchez-Cordero V, Soberén J, Bartley J, Buddemeier RW, Navarro-Singtienza AG
(2001) Effects of global climate change on geographic distributions of Mexican Cracidae.
Ecological Modelling 144: 21-30. doi: 10.1016/S0304-3800(01)00345-3

Ridgley RS, Allnutt TFE, Brooks T, McNicol DK, Mehlman DW, Young BE, BirdLife Interna-
tional (2012) Digital Distribution Maps of the Birds of the Western Hemisphere, version
5.0 In: BirdLife International, NatureServe (2012) Bird species distribution maps of the
world. http://www.birdlife.org/datazone/info/spcdownload

Sedaghatkish G (1996) The importance of seed dispersers in the conservation of useful wild
plant species: a case study of the avian family Cracidae. Thesis, College Park, University of
Maryland. Maryland, 122 pp.

SEMARNAT (Secretaria de Medio Ambiente y Recursos Naturales) (2010) Norma Oficial
Mexicana NOM-059-SEMARNAT-2010, Proteccién Ambiental — Especies nativas de
México de flora y fauna silvestres — Categorias de riesgo y especificaciones para su in-
clusién, exclusién o cambio — lista de especies en riesgo. Diario Oficial de la Federacion.
30 December 2010, Second Section. Mexico City.



104 Gonzalo Pinilla-Buitrago et al. | ZooKeys 420: 87115 (2014)

Silva JL, Strahl S D (1991) Human impact on populations of chachalacas, guans, and curassows
(Galliformes: Cracidae) in Venezuela. In: Robinson JG, Redford K H (Eds) Neotropical
wildlife use and conservation. University of Chicago Press, Chicago, 37-52.

Silva JL, Strahl S D (1997) Presién de caza sobre poblaciones de cricidos en los parques nacionales
al norte de Venezuela. In: Strahl SD, Beaujon S, Brooks DM, Begazo AJ, Sedaghatkish G,
Olmos F (Eds) The Cracidade: their biology and conservation. Hancock House Publishers
Ltd. Surrey, BC and Blaine, WA, 437-438.

World Bank, CCAD (2000) Ecosystems of Central America (GIS map files at 1:250,000).
World Bank, Comisién Centroamerica de Ambiente y Desarrollo, World Institute for
Conservation and Environment, and the Centro Agronémico Tropical de Investigacién y
Ensenanza. Washington, DC. http://www.worldbank.org/ca-env

References used to develop the database

AICA Marismas Nacionales-Bahia Santa Marfa: Lista de especies http://www.conabio.gob.mx/
otros/nabci/doctos/pdf/lista-spmar.pdf

Almazin-Nudez R (2009) Informacién adicional sobre la avifauna de la Sierra Norte de Guerrero,
México. Acta Zoolédgica Mexicana (n.s.) 25(3): 537-550.

Almazdn-Nufiez R, Navarro SA (2006) Avifauna de la subcuenca del rio San Juan, Guerrero,
México. Revista Mexicana de Biodiversidad 77: 103-114.

Almazdn-Nunez R, Nova-Mufioz O, Almazdn-Juaréz A (2007) Avifauna de Petatldn en la Sierra
Madre del Sur, Guerrero, México. Universidad y Ciencia 23(2): 141-149.

Altamirano Gonzélez Ortega MA (2004) Obtencidn de la riqueza de aves y seleccidn de espe-
cies susceptibles de monitoreo en la zona noroeste en el estado de Chiapas. Instituto de
Historia Natural del Estado de Chiapas, Informe final SNIB-CONABIO proyecto No.
Y018. Mexico http://www.conabio.gob.mx/institucion/proyectos/resultados/InfY018.pdf

Altamirano Gonzdlez Ortega MA, Guzmdn Herndndez J, Martin Gémez MF (2004) Obten-
cién de la riqueza de aves y seleccidon de especies susceptibles de monitoreo en la zona
noroeste en el estado de Chiapas. Instituto de Historia del Estado de Chiapas, Direccién de
Investigacién. Bases de datos SNIB2010-CONABIO proyecto No. YO18. Mexico. http://
www.conabio.gob.mx/institucion/proyectos/resultados/BD_Y018.zip

Arévalo JE, Newhard K (2011) Traffic noise affects forest bird species in a protected tropical
forest. Revista de Biologfa Tropical 59(2): 969-980.

Arizmendi MC, Espinosa de los Monteros A (1996) Avifauna de los bosques de cactdceas
columnares del Valle de Tehuacdn, Puebla. Acta Zoolégica Mexicana (n.s.) 67: 25-46.

Arriaga Weiss SL (2000) Composicién y estructura de la ornitofauna de la Reserva de la Bi-
osfera Pantanos de Centla. Universidad Judrez Auténoma de Tabasco. Bases de datos
SNIB2010-CONABIO proyecto No. L121. Mexico. http://www.conabio.gob.mx/in-
stitucion/proyectos/resultados/BD_L121.zip

Arriaga-Weiss SL, Calmé S, Kampichler C (2007) Bird communities in rainforest fragments:
guild responses to habitat variables in Tabasco, Mexico. Biodiversity and Conservation

17(1):173-190. doi: 10.1007/s10531-007-9238-7



CracidMex1: a comprehensive database of global occurrences of cracids... 105

Ayerbe-Quifones F, Lopez-Ordéfiez JP, Gonzélez-Rojas MF, Estela FA, Ramirez-Burbano
MB, Sandoval-Sierra JV, Gémez-Bernal LG (2008) Aves del departamento del Cauca-
Colombia. Biota Colombiana 9(1): 77-132.

Baker RH, Fleming RL (1962) Birds near La Pesca, Tamaulipas, Mexico. Southwestern Natu-
ralist 7(3): 253-261. doi: 10.2307/3668847

Banks R (1990) Taxonomic status of the Rufous-bellied Chachalaca (Orzalis wagleri). Condor
92(3):749-753. doi: 10.2307/1368694

Becerra Cabanas LE (2009) Catdlogo fitoplactdnico de los Lagos del Dique, municipio de
Xalapa, Veracruz, México. BSc thesis, Universidad Veracruzana, Xalapa, Mexico. http://
cdigital.uv.mx/bitstream/123456789/29297/1/BecerraCabanas.pdf

Becker CD, Agreda A (2005) Bird community differences in mature and second growth garta
forest in Machalilla National Park, Ecuador. Ornitologia Neotropical 16: 297-319.

Blake JG, Loiselle BA (2000) Diversity of birds along an elevational gradient in the Cordillera
Central, Costa Rica. Auk 117(3): 663—686. doi: 10.1642/0004-8038(2000)117[0663:DO-
BAAE]2.0.CO;2

Bojorges-Bafos JC (2011) Riqueza de especies de aves de la microcuenca del Rio Cacaluta,
Oaxaca, México. Universidad y Ciencia 27(1): 87-95.

Bojorges-Banos JC, Lépez-Mata L (2006) Asociacién de la riqueza y diversidad de especies de
aves y estructura de la vegetacion en una selva mediana subperennifolia en el centro de
Veracruz, México. Revista Mexicana de Biodiversidad 77: 235-249.

Bolanos Martinez R, Sdnchez-Cordero V, Gurrola Hidalgo MA, Iglesias Herndndez JA,
Magana-Cota GE, Botello Lépez FJ (2010) Primer registro de la cojolita (Penelope
purpurascens) en el estado de Guanajuato, México. Acta Zooldgica Mexicana (n.s.)
26(1): 237-241.

Boucard A (1883) On a collection of birds from Yucatan. Proceeding of the Zoological Society
of London June 1883: 434-462.

Brito Aguilar R (2000) Avifauna de la Reserva de la Biosfera El Cielo, Tamaulipas, México. Uni-
versidad Auténoma de Tamaulipas. Bases de datos SNIB2010-CONABIO proyecto No.
L022. Mexico. http://www.conabio.gob.mx/institucion/proyectos/resultados/BD_1.022.zip

Brodkorb P (1943) Birds from the Gulf lowlands of southern Mexico. Miscellaneous Publica-
tions Museum of Zoology, University of Michigan 55: 1-98.

Brooks DM, Begazo AJ, Olmos F (Eds) (1997) Bulletin of the Cracid Specialist Group 5: 1-19.

Brooks DM, Begazo AJ, Olmos F (Eds) (1999) Bulletin of the Cracid Specialist Group 8: 1-29.

Brooks DM, Begazo AJ, Silveira LF (Eds) (2000) Bulletin of the Cracid Specialist Group 11: 1-26.

Brooks DM, Gonzélez-Garcfa F, Pereira SL (Eds) (2003) Bulletin of the Cracid Specialist
Group 16: 1-71.

Brooks DM, Gonzélez-Garcia F, Pereira SL (Eds) (2004) Bulletin of the Cracid Specialist
Group 18: 1-51.

Brooks DM, Gonzdlez-Garcfa F, Silveira LF (Eds) (2001) Bulletin of the Cracid Specialist
Group 12: 1-22.

Brooks DM, Gonzilez-Garcia F, Pereira SL, Silveira LF (Eds) (2002) Bulletin of the Cracid
Specialist Group 14: 1-31.



106 Gonzalo Pinilla-Buitrago et al. | ZooKeys 420: 87115 (2014)

Calmé S, Guerra M (2005) Subproyecto Cacerfa. In: Pozo de la Tijera MC, Calmé S (Eds)
Uso y monitoreo de los recursos naturales en el Corredor Bioldgico Mesoamericano (dreas
focales Xpujil-Zoh Laguna y Carrillo Puerto). El Colegio de la Frontera Sur, Unidad Che-
tumal. Informe final Subproyecto Caceria SNIB-CONABIO BJ002. Mexico. http://www.
conabio.gob.mx/institucion/proyectos/resultados/InfBJ002_caceria. pdf

Camacho Morales M (2001) Monitoreo de las aves silvestres en zona prioritaria de Zapotit-
lén-Salinas, Puebla. Unién de capturadores, transportistas y vendedores de aves canoras
y de ornamento del estado de Puebla AC. Hoja de cdlculo SNIB-CONABIO proyecto
No. R121. Mexico. http://www.conabio.gob.mx/institucion/proyectos/resultados/R121_
Hoja%20de%20calculo.xlsx

Cancino L, Brooks DM (2006) Conservando cricidos: la familia de aves m4s amenazada de
las américas. Miscellaneous Publications of The Houston Museum of Natural Science
6: 1-178.

Cancino L, Pereira SL, Brooks DM (Eds) (2007) Bulletin of the Cracid Specialist Group 23: 1-33.

Cancino L, Pereira SL, Brooks DM (Eds) (2009) Bulletin of the Cracid Specialist Group 28: 1-52.

Cerezo A, Robbins CS, Dowell B (2009) Uso de hébitats modificados por aves dependientes de
bosque tropical en la region caribefia de Guatemala. Revista de Biologia Tropical 57(1-2):
401-419.

Christensen ZD, Pence DB (1977) Helminths of the Plain Chachalaca, Ortalis vetula
maccalli, from the South Rio Grande Valley. The Journal of Parasitology 63(5): 830.
doi: 10.2307/3279886

Cébar Carranza AJ (2006) Distribucién actual y seleccion de sitios para el estudio y conser-
vacién del pavo de cacho (Oreophasis derbianus G. R. Gray, 1844) en los departamentos
de San Marcos y Huhutenango, Guatemala. BSc Thesis, Universidad de San Carlos de
Guatemala, Guatemala, Guatemala.

Comisién Nacional de Area Naturales Protegidas: Monitoreo de vertebrados terrestres en la
Reserva de la Biosfera La Sepultura, Chiapas htep://www.biodiversidad.gob.mx/corredor/
cbmm/DOC/41_326.pdf

Comisién Nacional para el Conocimiento y Uso de la Biodiversidad (2011) Fichas de especies
prioritarias. Pavén (Oreophasis derbianus). Comisién Nacional de Areas Naturales Prote-
gidas y Comisién Nacional para el Conocimiento y Uso de la Biodiversidad, México, DF.
htep://www.biodiversidad.gob.mx/especies/especies_priori/fichas/pdf/pavon.pdf

Comisién Nacional para el Conocimiento y Uso de la Biodiversidad (2011) La biodiversidad
en Puebla: estudio de Estado. México. Comisién Nacional para el Conocimiento y Uso
de la Biodiversidad, Gobierno del Estado de Puebla, Benemérita Universidad Auténoma
de Puebla, Mexico, 440 pp. http://www.biodiversidad.gob.mx/region/EEB/pdf/Biodiver-
sidadenPuebla.pdf

Contreras-Balderas A, Gonzélez-Rojas J, Garcifa-Salas J, Ruvalcaba-Ortega I (2008) Nuevo Ledn.
In: Ortiz-Pulido R, Navarro-Sigtienza AG, Gémez de Silva H, Rojas-Soto OR, Peterson AT
(Eds) Avifaunas Estatales de México. CIPAMEX, Pachuca, Mexico, 165-198.

Cérdova-Avalos A, Alcdntara-Carbajal JL, Guzmdn-Plazola R, Mendoza-Martinez GD,
Gonzélez-Romero V (2009) Desarrollo de un indice de integridad bioldgica avifaunistico



CracidMex1: a comprehensive database of global occurrences of cracids... 107

para dos asociaciones vegetales de la reserva de la biosfera pantanos de Centla, Tabasco.
Universidad y Ciencia 25(1): 1-22.

Cornejo ], Secaira E (Eds) (2007) Memorias III Simposium sobre la Biologfa Distribucién y Con-
servacién del Pavo de Cacho 6 Pavon (Oreophasis derbianus) y su Hébitat. Comité Internacional
para la Conservacién de Oreophasis derbianus y su Habitat. Veracruz, Mexico, 72 pp.

Cornejo J, Pereira SL, Brooks DM (Eds) (2011) Bulletin of the Cracid Specialist Group 31: 1-29.

Cossio A (2007) Conocimiento y comparacién del uso de la fauna silvestre en dos comunidades
ejidales del Municipio de Hueytamalco, Puebla. MSc thesis, Instituto de Ecologia, AC,
Xalapa, Mexico.

Cotera Correa M (2007) Aves del Parque Nacional Cumbres de Monterrey, Nuevo Ledn,
México. Universidad Auténoma de Nuevo Ledn. Facultad de Ciencias Forestales. Bases
de datos SNIB2010-CONABIO proyecto No. BK061. Mexico. http://www.conabio.gob.
mx/institucion/proyectos/resultados/BD_BK061.zip

Coti P (2010) Evaluaciones ecoldgicas répidas en tres regiones del norte de Huchuetenango.
FUNDAECO-FCA, Guatemala, 84 pp.

Daugherty H (1973) The Montecristo Cloud-Forest of El Salvador - a change for protection.
Biological Conservation 5(1): 227-230. doi: 10.1016/0006-3207(73)90025-6

Diaz Gutiérrez KE, Orellana Rodriguez CM (2011) Determinacién del impacto social,
econémico y ambiental que genera la interaccién entre la zona agricola y el 4rea natu-
ral de Chaguantique, municipio de Puerto el Triunfo, Departamento de Usulutdn.
BSc Thesis, Universidad de El Salvador, San Salvador, El Salvador. http://ri.ues.edu.
sv/497/1/10136857.pdf

Direccién de Areas Naturales y Vida Silvestre, Secretaria de Medio Ambiente y Vivienda, Go-
bierno del Estado de Chiapas (2004) Proyecto monitoreo bioldgico en dreas protegidas.
htep://www.biodiversidad.gob.mx/corredor/cbmm/DOC/41_307.pdf

Dredge Davis DM, Gémez Garcia O (1997) Disefio, planeacién y manejo sustentable de eco-
turismo. Instituto de Ecologia, AC. Informe final SNIB-CONABIO proyecto No. C024.

Mexico.  http://www.conabio.gob.mx/institucion/proyectos/resultados/InfC024%20
primera%?20parte.pdf

Edwards EB, Lea RB (1955) Birds of the Monserrate area, Chiapas, Mexico. Condor 57(1): 31-54.
doi: 10.2307/1364696

Edwards EP, Tashian RE (1959) Avifauna of the Catemaco basin of southern Veracruz, Mexico.
Condor 61(5): 325-337. doi: 10.2307/1365125

Eisermann K, Schulz U (2005) Birds of a high-altitude cloud forest in Alta Verapaz, Guatemala.
Revista de Biologia Tropical 53(3—4): 577-594.

Escalante Pliego P (1997) Avifauna de la Isla de Cozumel, Quintana Roo. Instituto de Bi-
ologfa, Universidad Nacional Auténoma de México. Bases de datos SNIB2010-CON-
ABIO. Proyecto No. B010. Mexico. http://www.conabio.gob.mx/institucion/proyectos/
resultados/BD_B010.zip

Escamilla A, Sanvicente M, Sosa M, Galindo-Leal C (2000) Habitat mosaic, wildlife availability, and
hunting in the tropical forest of Calakmul, Mexico. Conservation Biology 14(6): 1592-1601.
doi: 10.1046/j.1523-1739.2000.99069.x



108 Gonzalo Pinilla-Buitrago et al. | ZooKeys 420: 87115 (2014)

Escobar Ocampo MC, Morales Pérez JE, Herndndez Garcia E, Guzmdn Herndndez J, Riechers
Pérez A, Espinoza Medinilla EE (2006) Sistematizacién de las colecciones cientificas del
Instituto de Historia Natural y Ecologfa, (IHNE) Chiapas. Instituto de Historia Natu-
ral y Ecologfa. Bases de datos SNIB2010-CONABIO. IHNE_Vertebrados proyectos No.
V050, LO18 y P060. Mexico. http://www.conabio.gob.mx/institucion/proyectos/resulta-
dos/BD_V050.zip

Estrada A, Cammarano P, Coates-Estrada R (2000) Bird species richness in vegetation fences
and in strips of residual rain forest vegetation at Los Tuxtlas, Mexico. Biodiversity and
Conservation 9: 1399-1416. doi: 10.1023/A:1008935016046

Estrada A, Coates-Estrada R (1997) Anthropogenic landscape changes and avian diversity at Los
Tuxtlas, Mexico. Biodiversity and Conservation 6: 19—43. doi: 10.1023/A:1018328930981

Felten H, Steinbacher ] (1955) Contribuciones al conocimiento de la avifauna de El Salvador.
Investigaciones Cientificas 36(1): 1-42.

Flores Villela O, Gerez P (1994) Biodiversidad y conservacién en México: vertebrados, vegetacién
y uso del suelo, 2nd ed. Facultad de Ciencias, UAM, Mexico. 463 pp.

Forcey JM (2002) Notes on the birds of central Oaxaca, Part I: Podicipedidae to Laridae. Huitzil
3(1): 1-10.

Fournier Zepeda R, Janik D (2005) Técnicas de reproduccién en cautiverio del pavén (Crax
rubra) y su reintroduccién en la Peninsula de Nicoya, Costa Rica. Technical report. Fun-
dacién Restauracién de la Naturaleza - Zoo Ave, La Garita, Alajuela, Costa Rica. 27 pp.

FUNDAECO (2009) Evaluacién de la avifauna de la Finca El Cascajal, Esquipulas, Chiquimula.
FUNDAECO, Guatemala.

Garcia Ramirez AA (1982) Situacién agropecuaria del municipio de Panuco, Veracruz.
BSc Thesis, Universidad Veracruzana, Veracruz, Mexico. http://cdigital.uv.mx/bit-
stream/123456789/29210/1/Garcia%20Ramirez%20p1d2.pdf

Garza Torres HA (2002) Avifauna de la Laguna Madre de Tamaulipas. Instituto de Ecologia
Aplicada, Universidad Auténoma de Tamaulipas. Bases de datos SNIB2010-CONABIO
proyecto No. S085. Mexico. http://www.conabio.gob.mx/institucion/proyectos/resulta-
dos/BD_S085.zip

Gehlbach F, Dillon D, Harrell H (1976) Avifauna of the Rio Corona, Tamaulipas, Mexico:
northeastern limit of the tropics. The Auk 93(1): 53-65.

Gémez-Pompa A, Dirzo R (1995) Reservas de la biosfera y otras dreas naturales protegidas
de México. Instituto Nacional de Ecologia, SEMARNAP y Comisién Nacional para el
Conocimiento y Uso de la Biodiversidad, Mexico. http://www.biodiversidad.gob.mx/pub-
licaciones/librosDig/pdf/reservasBiosfera3.pdf

Gonzilez-Garcia F (1993) Avifauna de la Reserva de la Biosfera “Montes Azules”, Selva Lacan-
dona, Chiapas, Mexico. Acta Zoolégica Mexicana (n.s.) 55: 1-86.

Gonzdlez-Garcia F (1995) Reproductive biology and vocalisations of the Horned Guan Oreophasis
derbianus in Mexico. Condor 97: 415-426. doi: 10.2307/1369027

Gonzélez Madrid A (2011) Actualizando la distribucién del pavo de cacho en la regién noroeste
de Guatemala: el caso de Uspantdn, El Quiché. Asociacién CON-CIENCIA, Universidad
del Valle de Guatemala, Consejo Nacional de Areas Protegidas, Embajadores de las Nubes.

Guatemala, Guatemala.



CracidMex1: a comprehensive database of global occurrences of cracids... 109

Gonzélez Marin RM (2006) Los ungulados de la reserva ecoldgica El Edén, Quintana Roo,
México: un estudio sobre la densidad y distribucién de Odecoileus virginianus yucatanensis,
Mazama spp. y Pecari tajacu yucatanensis. MSc Thesis, Instituto de Ecologia, AC, Xalapa,
Mexico.

Gonzélez-Valdivia N, Ochoa-Gaona S, Pozo C, Gordon Ferguson B, Rangel-Ruiz L], Arriaga-
Weiss SL, Ponce-Mendoza A, Kampichler C (2011) Indicadores ecolégicos de hébitat y
biodiversidad en un paisaje neotropical: perspectiva multitaxondmica. Revista de Biologfa
Tropical 59(3): 1433-1451.

Gotz CM (2008) Coastal and inland patterns of faunal exploitation in the prehispanic
northern Maya lowlands. Quaternary International 191(1): 154-169. doi: 10.1016/j.
quaint.2008.02.003

Graham C, Martinez-Leyva JE, Cruz-Paredes L, Remnants F, Tuxtlas L (2002) Use of fruiting
trees by birds in continuous forest and riparian forest remnants in Los Tuxtlas, Veracruz,
Mexico. Biotropica 34(4): 589-597. doi: 10.1111/j.1744-7429.2002.tb00578.x

Grosselet M, Burcsu T (2005) Notas sobre las aves de Capulalpan de Méndez, Sierra Judrez,
Oaxaca, México. Huitzil 6(2): 18-24.

Haffer ] (1967) Some allopatric species pairs of birds in north-western Colombia. The Auk
84(3): 343-365. doi: 10.2307/4083085

Hampe A, Garcia-Castano JL, Schupp EW, Jordano P (2008) Spatio-temporal dynamics and
local hotspots of initial recruitment in vertebrate-dispersed trees. Journal of Ecology 96(4):
668-678. doi: 10.1111/j.1365-2745.2008.01364.x

Herndndez Morales T (2009) Avifauna de un paisaje fragmentado de la selva baja caducifolia en
Cerro Colorado, municipio de Apazapan, Veracruz. BSc Thesis, Xalapa, Mexico: Universidad
Veracruzana. http://cdigital.uv.mx/bitstream/123456789/29344/1/HernandezMorales.pdf

Hoffmeister D (1951) A western record of the Quetzal, Pharomachrus mocinno mocinno, and
Chachalaca, Penclopina nigra, in Mexico. The Auk 68(4): 507-508. doi: 10.2307/4080849

Ibdnez R, Condit R, Angehr G, Aguilar S, Garcia T, Martinez R, Sanjur A, Stallard R, Wright
SJ, Rand AS, Heckadon S (2002) An ecosystem report on the Panama Canal: monitoring
the status of the forest communities and the watershed. Environmental Monitoring and
Assessment 80: 65-95. doi: 10.1023/A:1020378926399

Ibarra AC, Arriaga S, Estrada A (2001) Avifauna asociada a dos cacaotales tradicionales en la
regién de la Chontalpa, Tabasco, México. Universidad y Ciencia 17(34): 101-112.

Irby Davis L (1965) Acoustic evidence of relationship in Ortalis (Cracidae). The Southwestern
Naturalist 10(4): 288-301. doi: 10.2307/3669305

Kantak G (1979) Observations on some fruit-eating birds in Mexico. The Auk 96(1): 183-186.

Komar O (2002) Priority conservation areas for birds in El Salvador. Animal Conservation
5(3): 173-183. doi: 10.1017/S1367943002002238

Koster JM, Hodgen JJ, Venegas MD, Copeland T] (2010) Is meat flavor a factor in hunters’
prey choice decisions? Human Nature 21(3): 219-242. doi: 10.1007/s12110-010-9093-1

LaBastille A (1973) Establishment of a Quetzal cloud-forest reserve in Guatemala. Biological
Conservation 5(1): 60—62. doi: 10.1016/0006-3207(73)90066-9

Land H (1962) A collection of birds from the Sierra de las Minas, Guatemala. The Wilson
Bulletin 74(3): 267-283.



110 Gonzalo Pinilla-Buitrago et al. | ZooKeys 420: 87115 (2014)

Ledn Paniagua L, Rojas Soto OR, Ortiz D (2001) Distribucién geogrifica de las aves y los
mamiferos de las zonas montanas de los estados de San Luis Potosi e Hidalgo circundantes
de la Sierra Gorda. Facultad de Ciencias, Universidad Nacional Auténoma de México.
Bases de datos SNIB2010-CONABIO. Proyecto No. L176. Mexico. http://www.conabio.
gob.mx/institucion/proyectos/resultados/BD_L176.zip

Lépez-Portillo J, Lara-Dominguez AL, Avila-Angeles A, Vizquez-Lule AD (2009) Caracteri-
zacién del sitio de manglar La Mancha. In: Comisién Nacional para el Conocimiento y
Uso de la Biodiversidad. Sitios de manglar con relevancia bioldgica y con necesidades de
rehabilitacién ecoldgica. CONABIO, Mexico.

MacGregor-Fors I, Schondube JE (2011) Use of tropical dry forests and agricultural areas
by Neotropical bird communities. Biotropica 43(3): 365-370. doi: 10.1111/j.1744-
7429.2010.00709.x

MacGregor-Fors I, Vizquez L, Vega-Rivera JH, Schondube JE (2009) Non-exotic invasion
of Great-tailed Grackles Quiscalus mexicanus in a tropical dry forest reserve. Ardea 97(3):
367-369. doi: 10.5253/078.097.0312

Madrigal-Guridi X, Vézquez-Lule AD (2009) Caracterizacién del sitio de manglar Laguna El
Caimdn. In: Comisién Nacional para el Conocimiento y Uso de la Biodiversidad. Sitios
de manglar con relevancia bioldgica y con necesidades de rehabilitacién ecolégica. CONA-
BIO, Mexico.

Maldonado-Gasca A (2007) Programa de sitios de anidacién y percha de aves acudticas en
el drea del CIP Litiba. Instituto Tecnoldgico de Bahia de Banderas ITBB-FONATUR.
Nuevo Vallarta, Mexico, 70 pp.

Mandujano S, Martinez-Romero LE (1997) Fruit fall caused by chachalacas (Orzlis polio-
cephala) on red mombin trees (Spondias purpurea): impact on terrestrial fruit consumers,
especially the white-tailed deer. Studies on Neotropical Fauna and Environment 32(1):
1-3. doi: 10.1076/snfe.32.1.1.13466

Marion WR, Thornton JE (1974) Ectoparasites of the plain chachalaca, Ortalis vetula mecalli,
from south Texas. The Journal of Parasitology 60(3): 498. doi: 10.2307/3278370

Martinez-Morales MA (1999) Conservation status and habitat preferences of the Cozumel
Curassow. Condor 101(1): 14-20. doi: 10.2307/1370441

Martinez-Morales MA (1999) Efectos de la fragmentacién del bosque meséfilo de montafa en
el este de México. Instituto de Biologia, Universidad Nacional Auténoma de México. Hoja
de célculo SNIBCONABIO proyecto No. R137. Mexico. http://www.conabio.gob.mx/
institucion/proyectos/resultados/R137_Hoja%20de%20calculo.xlsx

Martinez-Morales MA (2007) Avifauna del bosque meséfilo de montana del noreste de Hi-
dalgo, México. Revista Mexicana de Biodiversidad 78: 149—162.

Martinez-Morales MA, Cruz PC, Cuarén AD (2009) Predicted population trends for Cozumel
Curassows (Crax rubra griscomi): empirical evidence and predictive models in the face
of climate change. Journal of Field Ornithology 80(4): 317-327. doi: 10.1111/j.1557-
9263.2009.00237.x

Martinez-Morales MA, Ortiz-Pulido R, de la Barreda B, Zuria IL, Bravo-Cadena J, Valencia-Herver-
th J (2007) Hidalgo. In: Ortiz-Pulido R, Navarro-Sigiienza A, Gémez de Silva H, Rojas-Soto
O, Peterson TA (Eds) Avifaunas Estatales de México. CIPAMEX, Pachuca, Mexico, 49-95.



CracidMex1: a comprehensive database of global occurrences of cracids... 111

Martinez-Sdnchez ] (2007) Lista patrén de las aves de Nicaragua. Fundacién Cocibolca. Mana-
gua, Nicaragua. http://www.bio-nica.info/biblioteca/ListaPatronAvesNicaragua2007.pdf

Martinez-Sdnchez JC (1987) Deforestacion y conservacion de cracidos en Nicaragua: un in-
forme preliminar. II Simposio Internacional sobre la Familia Cracidae. Caracas, Venezuela.

Martinez Sdnchez JL (2004) Fragmentacién y remocién de semillas en el piso de la selva him-
eda tropical: el caso de la reserva natural de Los Tuxtlas, sureste de México. Universidad y
Ciencia 20: 7-14.

Mazzotti F, Fling H, Merediz G (2005) Conceptual ecological model of the Sian
Ka’an Biosphere Reserve, Quintana Roo, Mexico. Wetlands 25(4): 980-997. doi:
10.1672/0277-5212(2005)025[0980:CEMOTS]2.0.CO;2

Medina-Macias M, Gonzdlez-Bernal M, Navarro-Sigiienza AG (2010) Distribucién alticudinal
de las aves en una zona prioritaria en Sinaloa y Durango, México. Revista Mexicana de
Biodiversidad 81(2): 487-503.

Molina D (2008) Aves de humedales de la Costa Sur de Nayarit. BSc Thesis, Instituto Tec-
nolégico de Bahia de Banderas, La Cruz de Huanacaxtle, Mexico.

Molina-Garcia A, Maldonado Herndndez CR, Oliveras de Ita A, Rojas-Soto O (2008) Primer
reporte de nidos depredados por la chachalaca vetula (Ortalis vetula). Huitzil 9(2): 32-34.

Monroe BL, Jr (1968) A distributional survey of the birds of Honduras. Ornithological Mono-
graphs 7. The American Ornithologists’ Union, Anchorage, USA. 458 pp.

Moore RT, Medina DR (1957) The status of the chachalacas of western Mexico. Condor 59(4):
230-234. doi: 10.2307/1364653

Morales Pérez JE (2005) Vertebrados terrestres del Corredor Bioldgico Sierra Madre del Sur,
Chiapas, México. Instituto de Historia Natural y Ecologia. Direccién de Investigacién
Miguel Alvarez del Toro. Bases de datos SNIB2010-CONABIO proyecto No. Y021. Mex-
ico. http://www.conabio.gob.mx/institucion/proyectos/resultados/BD_Y021.zip

Munoz Alonso LA, March Mifsut IJ (2003) Actualizacién y enriquecimiento de las bases de
datos del proyecto de evaluacién y andlisis geogréfico de la diversidad faunistica de Chia-
pas. El Colegio de la Frontera Sur. Bases de datos SNIB2010-CONABIO proyectos No.
U014 y P132. Mexico. http://www.conabio.gob.mx/institucion/proyectos/resultados/
BD_U014.zip

Navarro AG, Herndndez BE, Benitez H (1993) Las Aves del Estado de Queretano, México.
Listados Faunisticos de México: IV. Instituto de Biologfa, Universidad Nacional Auténo-
ma de México, Mexico. http://www.ibiologia.unam.mx/BIBLIO68/fulltext/1f4.html

Navarro Siglienza AG (2002) Atlas de las Aves de México: Fase II. Universidad Nacional
Auténoma de México. Facultad de Ciencias. Bases de datos SNIB-CONABIO proyec-
tos No. E018 y A002. Mexico. http://www.conabio.gob.mx/institucion/cgi-bin/datos.
cgi?Letras=E&Numero=18

Navarro Sigiienza AG, Meave de Castillo JA (1998) Inventario de la biodiversidad de verteb-
rados terrestres de los Chimalapas, Oaxaca. Universidad Nacional Auténoma de México.
Facultad de Ciencias. Bases de datos SNIB2010-CONABIO. No. B002. Mexico. http://
www.conabio.gob.mx/institucion/proyectos/resultados/BD_B002.zip

Navarro-Sigiienza AG, Peterson AT, Puig-Samper MA, Zamudio G (2007) The orni-
thology of the Real Expedicién Botdnica a Nueva Espafa (1787-1803): an analysis



112 Gonzalo Pinilla-Buitrago et al. | ZooKeys 420: 87115 (2014)

of the manuscripts of José Mariano Mocifo. Condor 109(4): 808-823. doi:
10.1650/0010-5422(2007)109[808: TOOTRE]2.0.CO;2

Ornelas Rodriguez JF (1999) Vocalizaciones de aves mexicanas en andlisis biogeograficos y
reconstruccién filogenética. Instituto de Ecologia, AC. Bases de datos SNIB-CONABIO
proyecto No. H028. Mexico. http://www.conabio.gob.mx/institucion/proyectos/resulta-
dos/H028 _CARATULA%20BASE%20DE%20DATOS.pdf

Ortiz-Pulido R, Gémez de Silva H, Gonzdlez F, Alvarez A (1995) Avifauna del Centro de In-
vestigaciones Costeras La Mancha. Acta Zooldgica Mexicana (n.s.) 66: 87-118.

Ortiz-Pulido R, Laborde ], Guevara S (2000) Frugivoria por aves en un paisaje fragmentado:
consecuencias en la dispersion de semillas. Biotropica 32(3): 473-488.

Patten MA, Gémez de Silva H, Ibarra AC, Smith-Patten BD (2011) An annotated list of the
avifauna of Palenque, Chiapas. Revista Mexicana de Biodiversidad 82: 515-537.

Pearson DL, Anderson CD, Mitchell BR, Rosenberg MS, Navarrete R, Coopmans P (2009)
Testing hypotheses of bird extinctions at Rio Palenque, Ecuador, with informal species
lists. Conservation Biology 24: 500-510. doi: 10.1111/j.1523-1739.2009.01383.x

Peterson AT, Escalona G, Zyskowski K, Kluza D, Herndndez B (2003) Avifaunas of two dry
forest sites in northern Oaxaca, Mexico. Huitzil 4(1): 3-9.

Peterson AT, NavarroSigiienza AG, HerndndezBafios BE, EscalonaSegura G, RebénGallardo
F, RodriguezAyala E, FigueroaEsquivel EM, CabreraGarcia L (2003) The Chimalapas re-
gion, Oaxaca, Mexico: a highpriority region for bird conservation in Mesoamerica. Bird
Conservation International 13: 227-253. doi: 10.1017/50959270903003186

Phillips AR, Rook W (1965) A new race of the Spotted Nightingale-Thrush from Oaxaca,
Mexico. Condor 67(1): 3-5. doi: 10.2307/1365376

Pineda L, Aguirre C (2013) Primer registro de la chachalaca comian (Ortalis vetula pallidiventris)
en El Salvador. In: Cornejo J, Berstch C, Silveira LE Eitniear JC (Eds) Cracid Group Bulletin
35:9-12.

Pineda L, Herrera N, Ibarra R (2008) Contribuciones a la biologia de la pava negra (Penelopina
nigra) en El Salvador. Zeledonia 12(1): 20-24.

Pozo de la Tijera MC (1997) Formacién de las colecciones de referencia de aves y mamiferos
de la Reserva de la Biosfera de Sian Ka’an, Quintana Roo, México. El Colegio de la Fron-
tera Sur. Unidad Chetumal. Bases de datos SNIB2010-CONABIO. Proyecto No. B114.
Mexico. http://www.conabio.gob.mx/institucion/proyectos/resultados/BD_B114.zip

Quinénez Guzmdn JM (2011) Densidad poblacional e historia natural del pavo de cacho (Ore-
ophasis derbianus), en la Reserva de Biosfera Sierra de las Minas, El Progreso, Guatemala.
MSc Thesis, Universidad de San Carlos de Guatemala, Guatemala.

Ramirez-Albores JE (2006) Variacién en la composicién de comunidades de aves en la Reserva
de la Biosfera Montes Azules y dreas adyacentes, Chiapas, México. Biota Neotropica 6(2):
1-19. doi: 10.1590/S1676-06032006000200019

Ramirez-Albores JE (2007) Avifauna de cuatro comunidades del oeste de Jalisco, México. Re-
vista Mexicana de Biodiversidad 78(2): 439—457.

Ramirez-Albores JE (2007) Bird diversity and conservation of Alto Balsas (southwestern
Puebla), Mexico. Revista de Biologfa Tropical 55: 287-299.



CracidMex1: a comprehensive database of global occurrences of cracids... 113

Ramirez-Albores JE (2010) Avifauna de sitios asociados a la selva tropical en la Depresion Central
de Chiapas, México. Acta Zool4gica Mexicana (n.s.) 26(3): 539-562.

Ramirez-Albores JE, Ramirez Cedillo MG (2002) Avifauna de la regién oriente de la Sierra de
Huautla, Morelos, México. Anales del Instituto de Biologia, Serie Zoologia 73(1): 91-111.

Ramirez-Albores JE, Martinez F, Visquez JC (2007) Listado avifaunistico de un matorral espinoso
tamaulipeco del noreste de México. Huitzil 8(1): 1-10.

Ramirez-Barajas PJ, Islebe GA, Calme S (2012) Impact of hurricane Dean (2007) on game
species of the Selva Maya, Mexico. Biotropica 44(3): 402—411. doi: 10.1111/j.1744-
7429.2011.00819.x

Ramirez Barajas PJ, Torrescano-Valle N, Chan-Rivas C (2006) Diagnéstico del aprovechami-
ento de flora y fauna por los mayas del ejido Petcacab y evaluacién de la caceria y pesca,
Felipe Carrillo Puerto, Quintana Roo. Sociedad de Productores Forestales Ejidales de
Quintana Roo S.C. Informe final SNIB-CONABIO proyecto No. BJ008. Mexico. http://
www.conabio.gob.mx/institucion/proyectos/resultados/InfBJ008.pdf

Rangel-Salazar JL, Enriquez PL, Sdntiz Lépez EC (2009) Variacién de la diversidad de aves de
sotobosque en el Parque Nacional Lagos de Montebello, Chiapas, México. Acta Zooldgica
Mexicana (n.s.) 25(3): 479—495.

Renner SC (2005) The Mountain Guan (Penelopina nigra) in the Sierra Yalijux, Guatemala.
Ornitologia Neotropical 16: 419-426.

Ridgely RS, Allnutt TE Brooks T, McNicol DK, Mehlman DW, Young BE, Zook JR (2003)
Digital distribution maps of the birds of the Western Hemisphere, version 1.0. NatureServe,
Atlington, USA, 6 pp.

Rivas J, Secaira E, Cornejo J (Eds) (2005) Memorias II Simposium Internacional Oreophasis
derbianus. Reserva Los Tarrales, Patulul, Suchitepéquez, Guatemala. 77 pp.

Rivas-Romero J, Cébar-Carranza A (2008) Estudio preliminar sobre la distribucién del pavo
de cacho (Oreophasis derbianus) en la Reserva de Biosfera Sierra de las Minas, Guatemala.
Yu'am 1(2): 12-26.

Robins CR, Heed WB (1951) Bird notes from la Joya de Salas, Tamaulipas. The Wilson Bul-
letin 63(4): 263-270.

Rodriguez Garza JA (1998) Mirmecofauna de la Reserva Ecoldgica de San Felipe Bacalar. Uni-
versidad de Quintana Roo. Informe final SNIB-CONABIO proyecto No. G032. Mexico.
http://www.conabio.gob.mx/institucion/proyectos/resultados/InfG032.pdf

Rojas-Soto O, Oliveras A, Almazdn-Nufiez R, Navarro-Sigiienza AG, Sdnchez-Gonzélez LA
(2009) Avifauna de Campo Morado, Guerrero, México. Revista Mexicana de Biodiversidad
80(3): 741-749.

Rotenberg JA (2007) Ecological role of a tree (Gmelina arborea) plantation in Guatemala: an
assessment of an alternative land use for tropical avian conservation. The Auk 124(1):
316-331. doi: 10.1642/0004-8038(2007)124[316:EROATG]2.0.CO;2

Salgado Ortiz] (1999) Avifauna terrestre del estado de Campeche: riqueza, abundancia y distribucién
de especies en los principales biomas del estado. Universidad Auténoma de Campeche. Bases
de datos SNIB-CONABIO proyecto No. H324. Mexico. http://www.conabio.gob.mx/institu-
cion/proyectos/resultados/H324_Caratula_Base%20de%20datos. pdf



114 Gonzalo Pinilla-Buitrago et al. | ZooKeys 420: 87115 (2014)

Sanchéz-Gonzélez L, Garcia-Trejo E (2010) San Luis Potosi. In: Ortiz-Pulido R, Navarro-
Sigtienza A, Gémez de Silva H, Rojas-Soto OR, Peterson AT (Eds) Avifaunas Estatales de
Meéxico. CIPAMEX, Pachuca, México, 198—242.

Sclater PL, Salvin O (1870) Synopsis of the Cracidae. Proceedings of the Zoological Society of
London June 1870: 504-544.

Strewe R (2000) Birds and conservation value of Reserva Natural El Pangan, Narifio, south-west
Colombia. Boletin SAO 11(20): 56-73.

Sutton GM, Burleigh TD (1940) Birds of Tamazunchale, San Luis Potosi. The Wilson Bulletin
52(4): 221-233.

The Internet IBC Bird Collection: Crested Guan (Penclope purpurascens) htep://ibc.lynxEd-
scom/photo/crested-guan-penelope-purpurascens/picture-taken-cano-guacajara-400-me-
ters-away-abujene-lodge

The Internet IBC Bird Collection: Great Curassow (Crax rubra) htep://ibc.lynxEdscom/spe-
cies/great-curassow-crax-rubra/map

Urquiza-Haas T, Peres CA, Dolman PM (2011) Large vertebrate responses to forest cover and
hunting pressure in communal landholdings and protected areas of the Yucatan Peninsula,
Mexico. Animal Conservation 14(3): 271-282. doi: 10.1111/j.1469-1795.2010.00426.x

Valencia-Herverth ], Valencia-Herverth R, Mendoza-Quijano F (2008) Registros adicionales
de Aves para Hidalgo, México. Acta Zooldgica Mexicana (n.s.) 24(2): 115-123.

Vargas Soriano J, Salgado Ortiz ] (2005) Inventario avifaunistico de las dreas focales Zoh-Lagu-
nay La Montana en el corredor bioldgico mesoaméricano Sian Ka’an - Calakmul, México.
Universidad Auténoma de Campeche. Bases de datos SNIB-CONABIO proyectos No.
Y042 y H324-Ejemplares. Mexico. http://www.conabio.gob.mx/institucion/proyectos/
resultados/Y042_H324_ Caratula_Base%20de%20datos.pdf

Vaurie C (1965) Systematic notes on the bird family Cracidae. No. 2. Relationships and geo-
graphical variation of Ortalis vetula, Ortalis poliocephala, and Ortalis leucogastra. American
Museum Novitates 2222: 1-36.

Vaurie C (1966) Systematic notes on the bird family Cracidae. No. 5. Penelope purpurascens,
Penelope jacquagu, and Penelope obscura. American Museum Novitates 2250: 1-23.

Vaurie C (1967) Systematic notes on the bird family Cracidae. No. 9. The genus Crax. American
Museum Novitates 2305: 1-20.

Vizquez L, Moya H, Arizmendi MC (2009) Avifauna de la selva baja caducifolia en la cafiada
del rio Sabino, Oaxaca, México. Revista Mexicana de Biodiversidad 80(2): 535-549.
Vézquez-Torres SM, Carvajal-Hernandez CI, Aquino-Zapata AM (2010) Areas naturales pro-
tegidas. In: Benitez Badillo G, Welsh Rodriguez C (Eds) Atlas del patrimonio natural,
histérico y cultural de Veracruz 1 Patrimonio Natural. Comisién del Estado de Veracruz
para la Conmemoracién de la Independencia Nacional y de la Revolucién Mexicana, Go-

bierno del Estado de Veracruz, Universidad Veracruzana, Xalapa, Mexico, 249-274.

Villafafie Trujillo AJ (2009) Taller para la conservacién de serpientes dirigido a escolares de
50y 60 grado de primaria en el ejido Chavarrillo, Municipio Emiliano Zapata, Ver. BSc
Thesis, Universidad Veracruzana, Xalapa, Mexico.

Villasefior Gémez LE, Villasefior JF (2005) Actualizacién de la base de datos aves del estado
de Michoacdn. Facultad de Biologia, Universidad Michoacana de San Nicolds de Hidalgo.



CracidMex1: a comprehensive database of global occurrences of cracids... 115

Informe final SNIB-CONABIO proyecto No. AA016. Mexico. http://www.conabio.gob.
mx/institucion/proyectos/resultados/Inf%20AA016.pdf

Villasefior Gémez LE, Villasenor JF (2008) Avifauna de la Reserva de la Mariposa Monarca.
Facultad de Biologfa, Universidad Michoacana de San Nicolds de Hidalgo. Bases de datos
SNIB-CONABIO proyectos No. BK073, AA016, R215, 1.245 y P025. Mexico. http://
www.conabio.gob.mx/institucion/proyectos/resultados/BK073_AA016_%201.245_%20
P025_%20R215_Caratula_Base%20de%20datos.pdf

Villasefior Gémez LE, Villasefior Gémez JF (2004) Avifauna de la costa y vertiente de la Si-
erra de Coalcomdn en el estado de Michoacdn, México. Universidad Michoacana de San
Nicolds de Hidalgo. Facultad de Biologfa. Informe final SNIB-CONABIO proyecto No.
L245. Mexico. http://www.conabio.gob.mx/institucion/proyectos/resultados/InfL245 .pdf

Villordo Galvin JA (2009) Distribucién y estado de conservacién del jaguar (Panthera onca) en
San Luis Potosi, México. MSc Thesis, Colegio de Postgraduados, Texcoco, Mexico. http://
www.carnivoreconservation.org/files/thesis/villordo_2009_msc.pdf

Warner DW, Mengel RM (1951) Notes on birds of the Veracruz coastal plain. The Wilson
Bulletin 63(4): 288-295.

Weterings MJA, Weterings-Schonck SM, Vester HFM, Calmé S (2008) Senescence of Ma-
nilkara zapota trees and implications for large frugivorous birds in the southern Yucatan
Peninsula, Mexico. Forest Ecology and Management 256(9): 1604-1611. doi: 10.1016/j.
foreco.2008.07.007

Wolf Roque K (2009) Las aves de Apazapan, municipio de Apazapan, Veracruz, México. BSc
Thesis, Universidad Veracruzana, Xalapa, Mexico.

Yalbac Ranch and Cattle Corporation Limited (2012) Limited SEMP Public Summary docu-
ment. Yalbac Ranch and Cattle Corporation, Belize, 7 pp. http://www.docstoc.com/
docs/125029212/Yalbac-PublicSummary

Zimmerman DA, Harry GB (1951) Summer birds of Autlan, Jalisco. The Wilson Bulletin
63(4): 302-314.

Publications based on this database

Herndndez-Pérez E, Martinez-Morales MA, Tobén-Sampedro A, Pinilla-Buitrago G, Sanvi-
cente Lopez M, Castillo Vela G, Reyna-Hurtado R (Submitted) Registros notables que
amplian la distribucién conocida de dos especies de cricidos (Aves: Galliformes) en la
Peninsula de Yucatdn, Mexico. Ornitologia Neotropical.

Martinez-Morales MA, Gonzdlez Garcia F, Enriquez Rocha P, Rangel Salazar JL, Navarrete
Gutiérrez DA, Guichard Romero CA, Tobén Sampedro A, Pinilla Buitrago GE (2013)
Modelos de distribucién actual y futura de los crcidos presentes en México. El Colegio
de la Frontera Sur. Unidad Campeche. Informe final SNIB-CONABIO, proyecto No.
JM024. Mexico City.






A peer-reviewed open-access journal

ZooKeys 420: 117—135 (2014)

doi: 10.3897/zookeys.420.7089 $ZOOI<€VS

+
www.zookeys.org Launched to accelerate biodiversity research

Avibase - a database system for managing
and organizing taxonomic concepts

Denis Lepage', Gaurav Vaidya?, Robert Guralnick?

| Bird Studies Canada, RO. Box 160, 115 Front St., Port Rowan, ON Canada NOE 1MO 2 Department
of Ecology and Evolutionary Biology, and CU Museum of Natural History, University of Colorado Boulder,
Campus Box 265, Boulder, CO, United States of America 80309-0265

Corresponding author: Denis Lepage (dlepage@bsc-eoc.org)

Academic editor: V. Chavan | Received 22 January 2014 | Accepted 14 June 2014 | Published 25 June 2014

hitp://zoobank.org/ 9EE2606F-BASF-4BDE-9592-EA78AB2064E5

Citation: Lepage D, Vaidya G, Guralnick R (2014) Avibase — a database system for managing and organizing taxonomic
concepts. ZooKeys 420: 117-135. doi: 10.3897/zookeys.420.7089

Abstract

Scientific names of biological entities offer an imperfect resolution of the concepts that they are intended
to represent. Often they are labels applied to entities ranging from entire populations to individual speci-
mens representing those populations, even though such names only unambiguously identify the type
specimen to which they were originally attached. Thus the real-life referents of names are constantly
changing as biological circumscriptions are redefined and thereby alter the sets of individuals bearing
those names. This problem is compounded by other characteristics of names that make them ambigu-
ous identifiers of biological concepts, including emendations, homonymy and synonymy. Taxonomic
concepts have been proposed as a way to address issues related to scientific names, but they have yet to
receive broad recognition or implementation. Some efforts have been made towards building systems that
address these issues by cataloguing and organizing taxonomic concepts, but most are still in conceptual or
proof-of-concept stage. We present the on-line database Avibase as one possible approach to organizing
taxonomic concepts. Avibase has been successfully used to describe and organize 844,000 species-level and
705,000 subspecies-level taxonomic concepts across every major bird taxonomic checklist of the last 125
years. The use of taxonomic concepts in place of scientific names, coupled with efficient resolution ser-
vices, is a major step toward addressing some of the main deficiencies in the current practices of scientific

name dissemination and use.
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Introduction

The ability to unambiguously describe a concept through nomenclature is fundamen-
tal to science. This is particularly true for organizing information about global bio-
diversity (Patterson et al. 2010); yet, scientific names of biological organisms often
poorly resolve the concepts they are intended to describe (Kennedy et al. 2006, Franz
and Thau 2010, Franz and Cardona-Duque 2013). In a review of 12 successive classi-
fications of German mosses published over 73 years, Geoffroy and Berendsohn (2003)
found that a mere 13% of 1548 taxonomic entities remained consistent in both name
and circumscription. In a comparison of North American vascular plant taxonomies
published between 1927 and 2006, Franz et al. (2008) found that only 55% of taxa
remained unchanged. As the use of database systems for managing vast amounts of
biodiversity data becomes increasingly prevalent, there is a strong need for a system
designed to organize the millions of taxonomic entities with which the diversity of life
is catalogued, and for resolving the meanings behind their names.

A fundamental problem with taxonomic names is that they only refer unambigu-
ously to type specimens, instead of the biological circumscriptions that underlie most
name usages. Because our views of these circumscriptions are constantly being chal-
lenged and redefined, the circumscriptions attached to a valid name may change dra-
matically without any change in the name itself. This issue is of great practical impor-
tance to people building large-scale biodiversity repositories. Key biological features,
such as geographic ranges or overall genetic variability, are shared properties of taxon
circumscriptions, not names. As more aggregate trait and phylogenetic databases are
published, it is essential to ensure that producers and consumers have clear ways to
understand the circumscriptions being used. For managers of biological collections da-
tabases, the fluid definitions of names are furthermore compounded by issues such as
homotypic and heterotypic synonymy, homonymy and emendations of names based
on the rules of the codes of nomenclature. There are millions of valid species and sub-
species names and probably an even greater number of proposed names that have later
been placed in synonymy, in addition to the many orthographic variants because of a
change in genus, changes in gender agreement or other emendations (e.g. David and
Gosselin 2002).

Carefully constructed nomenclatural databases with resolution services for homo-
nyms and synonyms, such as the one proposed by the Global Names Architecture (Pat-
terson et al. 2010), can go a long way to addressing these issues. Equally important will
be efforts to semantically model the processes and results of taxonomic effort, leading
to ontologies for taxonomic names (Franz and Peet 2009, Franz and Thau 2010) and
tools such as the Euler/ASP toolkit (Chen et al. 2014, Franz et al. 2014). Such ontolo-
gies help ensure interoperability across individual implementations, a much-needed
step given the scope of the problem of aggregating taxon names. Fundamental to the
development of these projects is the notion of taxonomic concepts (Berendsohn 1995,
Kennedy et al. 2006), which have been proposed as a solution to the issue of the ever-
changing usage of names. They refer to a scientific name’s underlying circumscription
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by providing a reference to an author and publication where this circumscription is de-
fined, or from which it can be inferred. For instance, the name Parus major Linnaeus,
1758 sec. Clements 2000 refers to the circumscription of the Great Tit as inferred from
the Clements Checklist of the Birds of the World, 5% edition (Clements 2000). This
taxonomic concept can be said to be congruent with Parus major Linnaeus, 1758 sec.
Dickinson 2003 as both refer to congruent sets of individuals, but only partly overlap-
ping with Parus major Linnaeus, 1758 sec. Gill and Donsker 2013, which has a much
more restricted range and is entirely included in the former.

The limitations of taxonomic concepts

Although taxonomic concepts address some of the limitations of names, they have
limitations and issues of their own. While taxonomic concepts have the theoretical
advantage of removing the ambiguity associated with scientific names, they are most
useful when the relationships between overlapping concepts are well understood. A
significant challenge is that there are potentially many more taxonomic concepts than
there are taxonomic names, requiring descriptions of relationships between overlap-
ping concepts. Most development regarding taxonomic concepts has focused on es-
tablishing relationships between pairs of concepts, whether within a particular publi-
cation (vertical relationships) or among different taxonomic publications (horizontal
relationships). The relationships between concepts can be expressed with predicates
that describe the degree of congruency (Franz and Peet 2009). While this provides
an invaluable framework and is a necessary step to developing more detailed formal
ontologies, it can be very difficult to scale up given that the number of pairwise com-
parisons grows at an exponential rate and there are potentially hundreds of sources of
taxonomic concepts and thousands of concepts to compare.

Birds provide an excellent example of the challenges inherent in managing taxo-
nomic concepts. There are at least eight major global and widely used taxonomic au-
thorities that have published checklists of taxonomic names (and thus concepts) encom-
passing all known bird species, several regional authorities that have focused exclusively
on a particular geographic area (e.g. Christidis and Boles 2008), and countless more
specialized publications that have focused on specific taxonomic groups or individual
species. Most sources have published several major versions of the same checklist over
the course of several decades, as well as many other minor revisions. The American Or-
nithologists’ Union’s Checklist of North American Birds, for example, has published
seven full checklist editions and 54 partial revisions between 1886 and 2013.

Birds stand out from many other taxonomic groups because they are well studied,
and multiple taxonomies curated by multiple sources are available. This also creates a
large number of concepts to organize for any given name. Concept management for
such a well-studied taxonomic group is particularly challenging because a simple solu-
tion, such as documenting only taxonomic changes instead of recording every concept
in every checklist, is not feasible for several reasons. First, such a solution assumes that
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there is a strictly linear temporal sequence in publications, something that only applies
within a given authority, such as Clements or the American Ornithologists’ Union,
and does not help resolve relationships between independent authorities or even pairs
of non-consecutive publications within the same authority. Secondly, because con-
cepts from taxonomic publications may be used as proxies to refer to original concepts,
all taxonomic concepts from a publication at a particular point in time need to be re-
solvable, not only those that are representing changes from earlier publications. While
this information is rarely provided in published taxonomic data, data custodians will
generally be able to identify which authority and version they were using to describe
names at the time their data were curated.

Avibase, the World Bird Database

Avibase (Lepage 2014) is a large taxonomic database system that attempts to organize all
authoritative avian taxonomic concepts, particularly those published in the form of com-
prehensive global or regional checklists (relational concepts, sensu Franz and Peet 2009).
Avibase contains taxonomic concepts from 151 taxonomic checklists published in the
last 125 years by 17 different authorities (Table 1), as well as taxonomic concepts from
other sources. These cover both global checklists (e.g. Howard and Moore, Clements,
and the International Ornithological Committee checklists) and regional checklists (e.g.
the British Ornithologists’ Union and the American Ornithologists’ Union’s North and

Table 1. Source of taxonomic concepts included in Avibase, with the number of versions published
(including major editions as well as minor revisions). * indicates regional checklists only covering species
for a specific part of the world.

Checklist source Publ. Years N of versions
(incl. revisions)

African Bird Club * 2004-2010 6
American Ornithologists' Union * 1886-2013 61
Birdlife 2007-2012 6
British Ornithologists' Union * 2006-2009 2
Christidis and Boles (Australia) * 2008 1
Commission internationale pour les noms francais des oiseaux 1993-2009 2
Clements Checklist of Birds of the World 1974-2013 18
eBird Checklist 2010-2013 4
Howard and Moore 1980-2008 11
Handbook of the Birds of the World 1992-2011 1
International Ornithological Committee 2006-2012 22
Morony, Bock and Farrand 1975 1
Oriental Bird Club * 2001 1
James Lee Peters 1931-1987 1

Sibley and Monroe 1993-1998 3
South American Classification Committee * 2003-2013 11
Zoonomen — Zoological Nomenclature Resource 2007 1
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Figure |. Simplified schema of Avibase primary tables, The Avibase ID table is the central element of
Avibase, to which all other concepts are related, and which aims to represent all distinct taxonomic con-
cepts ever published for birds. Published taxonomic concepts (species and subspecies, as well as subspe-
cies groups in some cases), along with their scientific and common names as recognized in the publication,
are each mapped to a single Avibase ID. A table of parent-child relationships is used to describe rela-
tionships between different Avibase IDs. Because all taxonomic concepts are congruent with Avibase IDs,
relationships among taxonomic concepts themselves are not needed. Biological properties (geographic
range, life-history, etc.) are linked directly to Avibase ID, as are synonyms, a table that partly overlaps
with the names used by taxonomic concepts, but that can also extend to vernacular names in multiple
languages. Name concepts, which relate to names attached to original type specimens, are a property of
taxonomic concepts, and can themselves be linked to ITIS Taxonomic Serial Number (TSN) identifiers.

South American Classification Committees) of all birds known and currently recognized,
including both the original publication of these checklists and all subsequent revisions.
These currently represent over 844,000 taxonomic concepts for species and 705,000
concepts for subspecies (there are typically about twice as many recognized subspecies of
birds as there are species, but not all authorities include subspecies in their treatment).
At the heart of Avibase is the notion of transparent and consistent representation
of distinct taxonomic concepts. While there are vast numbers of taxonomic concepts
in the "shallow" sense of unique name/source combinations (concept labels), there
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Table 2. A breakdown of distinct taxonomic concepts in Avibase. 38,755 distinct concepts were ob-
tained from the 151 bird checklists listed in Table 1; the remaining 11,941 were described elsewhere (e.g.
hybrids) or represent unique taxon assemblages (e.g. groups of species) and were added to the database
separately. Note that although a distinct Avibase ID denotes a congruent circumscription cluster, it need
not indicate the same rank: for example, 1,634 concepts were described by some authorities as species and
by others as subspecies, while still denoting congruent sets of individuals. Other taxonomic treatments
within checklists refer primarily to subspecies and species groups, as well as to distinct phenotypic forms.

Treatment in checklists Number of concepts
Species only 10,964
Subspecies only 22,477
Other only 1,474
Species or subspecies 1,634
Species or other 468
Subspecies or other 961
Species, subspecies or other 777
Only Avibase IDs

New taxa, formally described 3
New taxa, not yet formally described 33
Doubtful or invalid taxon 93
Genera (including extinct and synonyms) 3,934
Species groups (e.g. superspecies) 252
Subspecies groups 265
Species hybrids 3,231
Subspecies intergrades 55
Subspecies (junior synonyms) 3,014
Fossil species or subspecies 1,027
Phenotypic forms 34
Subtotal (only Avibase IDs) 11,941
Total 50,696

are far fewer "deeper", taxonomically unique (non-congruent) concept clusters that
represent unique circumscriptions. Avibase assigns a unique database identifier to each
of these distinct concept clusters (called an Avibase ID), composed of a random hexa-
decimal key (e.g. 2624054ED644AABB). The table of Avibase IDs, the central com-
ponent around which the entire database is constructed (Fig. 1), attempts to capture all
distinct taxonomic concepts ever published in those major authoritative sources. If one
includes all taxonomic concepts that have been originally published as species and sub-
species, as well as superspecies, subspecies groups, hybrid forms and phenotypic forms
(sometimes originally described as valid species), there are 50,696 unique taxonomic
concepts that have so far received an Avibase ID. Of these, 38,755 are from the 151
bird checklists in Avibase; the remaining 11,941 concepts are from other publications
or represent unique taxon assemblages and were added separately (Table 2).

Some distinct taxonomic concepts share the same scientific name across all check-
lists: for example, the name Nycticorax nycticorax refers to a congruent circumscription
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cluster and maps to the same Avibase ID in all 151 checklists within Avibase. How-
ever, such concordance among authorities is far from the norm: only 11 of the 19,260
unique combinations of circumscriptions and scientific names for species (bearing both
the same exact name and the same Avibase ID) have been used by all 151 authorities.
Many circumscriptions can therefore bear several distinct names (concept synonyms),
and the same names can often be used to describe different circumscriptions (con-
cept homonyms). For instance, the names Francolinus gariepensis, F. levaillantoides,
F. levalliantoides, Scleroptila gutturalis and S. levaillantoides can all refer to a congru-
ent circumscription cluster (Avibase ID 8E833C63E70A547C), whereas the name
Puffinus lherminieri can refer to up to 12 distinct circumscriptions. When restricting
this analysis to the 70 global authorities, we found 18,278 unique combinations of
scientific species names and distinct taxonomic concepts, with 4,451 being used in all
70 cases, less than half of the 10,000 currently recognized species.

For managers of biological data collections, the benefits of having a permanent
identifier for a stable biological unit that is not subject to the changing nature of names
or circumscriptions are apparent. Databases which only track names and their syno-
nyms, such as the Integrated Taxonomic Information System (ITIS), cannot address
the ambiguities of circumscriptions. In Avibase, a unique Avibase ID always denotes a
distinct, unique circumscription cluster. Congruent taxonomic concepts by definition
share all their biological properties because they refer to taxonomically congruent sets
of individuals. Ecological and biological traits such as geographic distribution, life-his-
tory characteristics, genotypes, behavior, and ecological preferences are all properties of
the biological circumscription, linked together in Avibase by the Avibase ID, instead of
being attached to names that may change in either orthography or definition (Fig. 1).

Concept trees

Because each Avibase ID identifies a distinct taxonomic concept, and many published
taxonomic concepts are congruent to each other, it is sufficient to build entity relation-
ships among Avibase IDs rather than among all taxonomic concepts individually. This
greatly reduces the number of relationships to describe. The primary type of relation-
ship that has been implemented in Avibase is the direct one-to-many parent-child
relationship between Avibase IDs, corresponding to the “Includes” (>) predicate sensu
Franz and Peet (2009), with the main exception of hybrids. When built in hierarchi-
cal trees, which we refer to as “concept trees”, direct parent-child relationships allow
programmatic derivation of many of the other types of relationships, such as indirect
descendants, partial overlap between concepts, congruency, and exclusion. We discuss
this in more detail below.

As an example of a concept tree, we consider the Solitary Vireo complex. The
6™ edition of the AOU North American Checklist (American Ornithologists’ Union
1983) recognized a single species in this complex, Vireo solitarius. In the Forty-first
Supplement (Banks et al. 1997), two groups of subspecies within this species were
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Vireo solitarius (sensu lato) 048F1F046E31AC96

—— Vireo solitarius —T1— V.. solitarius
95DB0943652956D1 05D57A8C34A6306E

— V. s. alticola
F1462C2329200736

- Vireo cassinii —T1— V. c. cassinii
EBOCD5SDC7682DDSF 3E953293A51AEAF9

— V. c. lucasanus
234A342580C0665B

L Vireo plumbeus ——— V. p. plumbeus —|: V. p. plumbeus

1BBI9C86454E979EF AOC13F32CFF840CA F85A95C7TFAFD6807
—— V. p. pinicolus V. p. jacksoni
C203A0460949F06D 0B4CF125492A7B02

—— V. p. repetens
BF38A06EA8075D04

—— V. p. montanus
82DA5C44B51127F6

L V. p. notius
9140890E3CF3875E

Figure 2. The relationships between the taxonomic entities related to the Vireo solitarius superspecies.

Numbers under each name refer to Avibase IDs. Subspecies jacksoni Oberholser, 1974 has been now
subsumed into the nominal plumbeus subspecies. The concept for the nominal plumbeus sec. Oberhol-
ser, 1974 is therefore distinct from the concept for the nominal subspecies plumbeus when jacksoni is
subsumed. It is worth noting however that the recognition or not of jacksoni does not affect the higher
related concepts, such as the plumbeus species, any of its other subspecies, or the rest of the Vireo solitarius
complex because they are either orthogonal to those alternative arrangements or they completely include
both. In the database model (Fig. 1), these trees are maintained with the parent-child relationship table
in which each Avibase ID only needs to identify its immediate parent, while other relationships can be

calculated programmatically.

raised to full species: Vireo plumbeus (including subspecies plumbeus, pinicolus, repetens,
montanus and notius) and Vireo cassinii (including subspecies cassinii and lucasanus).
There are therefore two separate taxonomic concepts in Avibase, with separate Avibase
IDs but the same name Vireo solitarius: one represents Vireo solitarius sensu lato, which
includes plumbeus and cassinii, and the other represents Vireo solitarius sensu stricto,
which does not overlap with plumbeus and cassinii. In Avibase, all three forms of the
Solitary Vireo (Vireo plumbeus, V. cassinii and V. solitarius s.s.) are children of Vireo
solitarius s.l. (Fig. 2). Each of these three forms can in turn have their own subspecies.
This type of relatively simple model with a single tree represents a majority of relation-
ships among related taxonomic concepts.

Avibase IDs are only needed for the smallest operational unit used by concept pub-
lishers, which in the case of birds is usually the species or the subspecies, and relationship
trees will generally only need to capture relationships among taxa within a superspecies
group or among species that have been historically considered as conspecific. Avibase
IDs can also be created for other taxonomic levels, such as genera, or even for arbitrary
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taxonomic arrangements such as subspecies groups or pairs of species that might be
confused in the field but are not necessarily genetically close, as is used extensively in
the eBird taxonomy (Clements et al. 2013). A disadvantage of creating Avibase IDs for
higher taxonomic levels that comprise many children (e.g. family) is that they tend to
be challenging to manage, because of the higher number of possible combinations of
children at those levels, with each combination representing a possible circumscription
requiring an Avibase ID. Fortunately, some of the tasks that one may want to perform
with those higher taxonomic levels can also be achieved more simply without creating
Avibase IDs. For example, for evaluating whether genus or family concepts are congru-
ent between distinct authorities, one could programmatically look at whether they are
comprised of the same trees or portions of trees in each authority.

Alternate concept trees

Alternate concept trees are required in those relatively rare cases (5.7% of all Avibase
IDs) where several mutually contradictory arrangements have been proposed. For in-
stance, the superspecies Prerodroma arminjoniana is now considered three distinct spe-
cies (R arminjoniana, P heraldica and P atrata), but several arrangements of those have
been proposed which involve at least two different relationship trees (Fig. 3): one in
which atrata is included in heraldica s.I. and one in which it is not. From these two
alternative taxonomic trees, four different valid combinations of taxonomic concepts
are possible and have been published within the same checklist: 1) the superspecies 2
arminjoniana (abc) alone, 2) P arminjoniana (ab, including heraldica) and P atrata (c),
3) P heraldica (ac, including atrata) and P arminjoniana (b) and 4) R heraldica (a), P
arminjoniana (b) and P atrata (c) as distinct species. The use of those concepts by vari-
ous checklists can be visualized in a grid (http://avibase.bsc-eoc.org/species.jsp?aviba
seid=A26CID6B5C859E5E&sec=taxontable). Note that in all four combinations of
concepts, the three letters representing the finer levels (a, b and c) are always included,
and included only once. This property of the relationship trees can be used to validate
the arrangements and map the taxonomic concepts to Avibase IDs (see section “Vali-
dating parent-child relationships across checklists using fractional weights”). One should
also note that taxon concept combinations 1 and 4 are present in both taxonomic trees
A and B. In checklists that use those combinations, it is not possible to determine
which alternate tree applies, nor is it necessary because both trees lead to the same solu-
tion for mapping taxonomic concepts and Avibase IDs.

Alternate concept trees are not necessary in all cases of taxonomic revision. For
instance, if two populations previously treated as part of the same subspecies are split
into two subspecies, it suffices to extend the terminal branch of the tree for that species
with new child nodes, without affecting any of the higher levels or the rest of the tree
structure, as all previously existing nodes continue to refer to congruent concept sets.
Likewise, independent trees that do not share nodes can be merged together to form a
larger tree (e.g. if two species were found to have close affinity and lumped together).
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A Pterodroma arminjoniana (abc)
|
Pterodroma atrata (c) Pterodroma arminjoniana (ab)
Pterodroma h|eraldica (a) Pterodroma arminjoniana (b)
B Pterodroma arminjoniana (abc)
|
Pterodroma a|rminj0niana (b) Pterodroma|heraldica (ac)
Pterodroma h|emldica (a) Pterodroma|atrata (c)

Figure 3. The relationships between Prerodroma arminjoniana, P. heraldica and P. atrata, with two alter-
native arrangements (A and B) of biological concepts found in taxonomic authorities. Concepts with the

same lowercase letters in brackets in the two diagrams represent congruent circumscriptions.

It is also possible to create new nodes within the tree by grouping existing branches
together (such as by lumping Vireo cassinii and V. plumbeus together, but without V.
solitarius in Fig. 2). However, any taxonomic changes that require moving nodes to
different branches, such as reassigning a subspecies to a different species, will require
a new tree, and most likely will also require new nodes to represent these new combi-
nations. Generally speaking, a model that minimizes the number of alternate trees is
greatly preferable, whenever this can be achieved.

In Avibase, alternate trees sharing some of the same branches or nodes are con-
structed in such a way that they also share the same root taxon node. That is, each
taxon should have the same highest-level root parent concept in all alternate trees.
In some cases, this could mean building trees representing large species complexes
that are frequently lumped together in various arrangements — in birds, the species
complexes for Larus argentatus s.l., Puffinus lherminieri s.l., and Orus magicus s.l. are
some of the most elaborate examples with up to a dozen possible candidate species,
many subspecies, nine node levels and up to five possible alternate relationship trees.
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This may require creating Avibase IDs for concepts that have never been suggested
historically as representing a distinct taxon on their own, and for which a new labe-
ling system may be required (Franz et al. 2014). For instance, one can imagine two
genetically related species A and B (e.g., part of the same genus) that have never been
considered as part of a superspecies or lumped under the same species, and therefore
being top nodes of unrelated trees each containing several subspecies. If, following a
scientific study, a checklist suggests moving some of the subspecies of species B under
species A, new species-level concepts A’ (containing the original subspecies of A plus
the ones moved from B) and B’ (containing the original subspecies of B minus those
moved to A) will need to be created, each with a new combination of subspecies.
Rather than maintaining 4 distinct trees (with top nodes A, B, A’ and B’), a more
useful approach is to create a new parent concept that encompasses the entire group
(A+B), and that can serve as the top node for a tree that includes both A and B, and
another tree that includes concepts A’ and B’, as well as their respective subspecies.
Doing so allows easy identification of related concepts because they share the same
top root node, which can be invaluable when trying to define the types of relation-
ships described in Franz and Peet (2009), such as partial overlaps, additions, and
subtractions. This approach is also required for the use of fractional weights as a mean
of validating and facilitating concept mapping and relationships, which is described
in more detail below.

Mapping taxonomic concepts in Avibase

As new taxonomic checklists are published, each taxonomic concept they contain must
either be mapped to an existing Avibase ID or have a new Avibase ID assigned to it.
Avibase treats each partial revision of a checklist as if it was published in full again but
with the changes implemented. For instance, when the AOU publishes a limited list of
annual revisions, it implicitly leaves all other concepts unchanged. While it may seem
redundant to repeat all taxonomic concepts at each revision, including the ones that
did not change, this process greatly simplifies identifying concepts in use at a given
point in time. For authorities that do not have a versioning approach and where cor-
rections are gradually implemented as they are acted upon throughout the year, such
as the South American Classification Committee, Avibase periodically freezes a version
arbitrarily (in this case, about once a year). We strongly encourage publishers of taxo-
nomic concepts to apply a consistent versioning approach and to maintain and make
available archived versions.

In all cases, the process of mapping concepts is most easily done by comparing a
new checklist with another one already mapped in Avibase, preferably one that uses
similar taxonomic treatments. If the new checklist is a relatively minor revision of an
existing checklist already mapped in Avibase, most of its taxonomic concepts will have
the same scientific or common name, a congruent biological meaning and will map to

the same Avibase IDs, thereby greatly simplifying the work.
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The database manager handling the addition would initially attempt to match all
scientific names of all concepts (species and subspecies) shared by the two checklists,
and look for differences. Changes in scientific name alone, such as reassignment to a
new genus or a change in the spelling of the epithet to reflect gender agreement, do
not warrant a change in Avibase ID but do complicate the initial matching of the two
checklists. This issue can be addressed by manual inspection or by relying on common
names, other identifiers provided by the publisher, or a table of scientific name syno-
nyms. Creating a new Avibase ID is required only where the biological underpinning
of a name has changed, such as following additions to the checklist (e.g. new species)
or taxonomic splits, lumps, and partly overlapping relationships, which can often be
easily detected by looking for any additions or deletions of concepts or reassignments
of subspecies. In many cases where a new Avibase ID is required, a congruent taxo-
nomic concept will already have been defined by another authority and mapped to an
existing Avibase ID: for example, in the 2013 version of the Clements checklist (Cle-
ments et al. 2013), there were 10,324 species listed, including 176 (1.7%) that were
not in the previous edition (Clements et al. 2012). Since other checklists already con-
tained these concepts, only 41 (23.3%) represented concepts entirely new to Avibase
for which new Avibase IDs were needed.

Concept publishers, in their justification for taxonomic changes, often provide the
information necessary to identify the circumscription intended by a taxonomic con-
cept. For instance, they may explicitly say that they are splitting or lumping concepts
to create new ones. Other information, such as phenotypic descriptions (plumage,
song, behavior, etc.) and geographic range, can also be used to assess whether taxonom-
ic concepts are congruent with those of other authorities. The examination of other
concepts within the same checklist can also reveal implicit circumscriptions: for exam-
ple, Parus major s.l. sometimes contains Parus major s.s. and Parus cinereus. A checklist
that contains P. major but not P. cinereus is probably referring to P. major s.l. and not
P. major s.s. The list of subspecies assigned to a species may be useful in identifying
its circumscription. Ultimately, this process in Avibase requires some level of manual
processing on the part of a database manager with some knowledge of the taxonomic
group. While properties of concepts and concept trees can help identify and validate
candidate concepts for mapping, expert knowledge is necessary for proper curation.

Validating parent-child relationships across checklists using fractional weights

Parent-child relationships and concept trees may be used both to identify relation-
ships in new publications and to validate existing relationships. The algorithm used by
Avibase assigns and stores fractional weights for each node of a concept tree, starting
with a weight of 1.0 for the top concept in a tree. Child nodes recursively receive an
equal fraction of the weight of their parent. Vireo solitarius, cassinii and plumbeus, for
instance, would each receive a weight of 0.333 (Fig. 4). The two subspecies of solizarius
and cassinii would each receive a weight of 0.167 (half of their parent node), and the
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Vireo solitarius (sensu lato) w = 1.000

—— Vireo solitarius ——— V. s. solitarius ~ w = 0.167
w=0.333
— V. s. alticola w=0.167

—— Vireo cassinii —— V. c. cassinii w=0.167
w=0.333
— V. c. lucasanus w =0.167
L Vireo plumbeus ———— V. p. plumbeus w =0.067 V. p. plumbeus w =0.033
w=0.333
—— V. p. pinicolus  w =0.067 V. p. jacksoni w=0.033

—— V. p. repetens  w=0.067

—— V. p. montanus w = 0.067

L— V. p. notius w=0.067

Figure 4. Fractional weights (w) can be used to validate the taxonomic arrangements within a particular
authority. In this example, in any valid listing of the concepts within an authority, the sum of all taxo-
nomic concepts related to the superspecies Vireo solitarius should add up to 1.0 at both the species and

the subspecies levels.

five recognized subspecies of plumbeus would each receive (0.067) (one-fifth of their
parent node). Finally, the subsumed subspecies jacksoni and the nominal plumbeus that
excludes jacksoni would each receive a weight of 0.033. Within any authority with
global coverage, such as a global bird checklist, there should always be at least one
alternate tree for which the sum of weights yields a total of 1.0 for a suite of related
species concepts. In the Vireo example, the two valid options at the species level are list-
ing Vireo solitarius s.l. alone (total weight = 1.0), or the three forms individually (total
weight = 0.333 + 0.333 + 0.333 = 1.0). For authorities that are restricted in coverage or
incomplete in scope, such as a checklist of North American birds, the same approach
can be used but with weights recalculated to exclude portions of the trees that are not
covered by the scope of the authority. It is possible for a set of incorrect arrangements
to add up to 1.0 by chance; Avibase uses a series of rules (listed in Table 3) to detect
such cases.

It is possible to automate mapping of the taxonomic concepts from an authority
to an Avibase ID using fractional weights and the properties of indirect dependencies.
This requires examining all possible combinations of Avibase IDs that match the names
present in a given authority in order to find which valid combination will provide a
total fractional weight sum of 1.0 without breaking the descendant rules. For example,
Avibase contains two distinct taxonomic concepts that bear the name Vireo solitarius
(Fig. 4): Vireo solitarius s.l. (w=1.0), and Vireo solitarius s.s. (w=0.333). Taking a hypo-
thetical example, if a comprehensive checklist from a new authority is incorporated into
Avibase that only contains Vireo solitarius, and not the other two possible species names
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Table 3. To be valid, an assemblage of related taxonomic concepts within an authority should follow at

least the following set of rules, which emerge as logical constructs from the database design. While these

rules are not strictly enforced in Avibase, any deviations would suggest either a problem with the mapping

of taxonomic concepts to Avibase IDs, or a problem in the concept trees of Avibase IDs.

The sum of fractional weights for species-level taxonomic concepts mapping to Avibase IDs within
the same tree should be equal to 1.0 in at least one particular complete taxonomic arrangement and
should never exceed 1.0, even in alternative trees. This rule should also hold above the species level,
but as higher taxa can generally be completely specified by listing the species within them, such an
approach is probably unnecessary.

In cases where there are alternative trees, only a single mapping of taxonomic concepts to Avibase IDs
should provide a sum of 1.0 on one or more of the alternate trees. In the example of Prerodroma (Fig. 3),
concepts a, b and ¢ are present and validly arranged in both trees, and both will offer the same solution
in term of mapping taxonomic concepts to Avibase IDs when all three species are present.

The sum of weights for subspecies concepts in a given checklist should equal the weight of the species
in which they are included. In other words, if a checklist includes a concept for Vireo plumbeus that
maps to an Avibase ID with a weight of 0.33 in a given tree, the sum of the Avibase ID weights for
the subspecies of V. plumbeus in the same checklist should also equal 0.33 in the same tree.

Only one taxonomic concept per checklist should map to a particular Avibase ID across all
taxonomic levels. One exception is that of monotypic species and their nominal subspecies, which
both refer to the same Avibase ID because they have exactly identical circumscriptions. The latter
are typically not included in taxonomic checklists for that very reason. While the same exception
also applies to other monotypic taxonomic levels (e.g. genera with a single species), these higher
groups are generally not mapped in Avibase.

Taxonomic concepts at a given taxonomic level within a checklist (e.g. species) should not map to
Avibase IDs that are found along the same branch of the tree in any given arrangement. If concept A
is a child of concept B, and concept B is in turn a child of concept C, only one of A, B or C should
be present at the same time at the same taxonomic level.

The parent-child relationships within a checklist (e.g. species and subspecies relationships) must
exhibit the same parent-descendant relationships as the Avibase IDs they are mapped to. For
instance, if an authority publishes the species concept Vireo solitarius that includes V. s. alticola as
one of its subspecies, the Avibase ID for V. s. alticola also needs to be a descendant of the Avibase
ID for V. solitarius.

Alternate trees should share all the same terminal nodes, as well as the same top parent node, but
they can have a different suite of intermediate nodes. Intermediate nodes that are shared among
alternate trees should also have the same terminal children nodes in all those trees (i.e. the nodes
must represent the same population of individuals in all trees).

(V. cassinii and V. plumbeus), then this authority’s concept of V. solitarius is determined
as identical to the Vireo solitarius s.l. (w=1.0) concept. If a later revision of that checklist
includes all three taxa (V. solitarius, V. cassinii and V. plumbeus), Avibase could recog-
nize that this authority’s concept matches the Vireo solitarius s.s. concept (w=0.333).
If a further revision were to elevate a subspecies of V. solitarius (say, V. s. alticola) to
a species, there would now be three separate taxonomic concepts with weights of 1.0,
0.333 and 0.167 for V. solitarius (the last matching the concept for the former nominal
subspecies, which would now be treated as a full species). This process can be extended
to more complicated arrangements, and as long as the relationships are properly con-
structed, there should always only be a single valid combination possible.
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A recent attempt to use such an automated approach to mapping taxonomic
concepts showed promising results. For this, we used species concepts from Peters’
Check-List of Birds of the World, a landmark series of books published between 1931
and 1987 and recently converted into a database (Peters et al. 1931-1987, Lepage
and Warnier 2014). As with the manual mapping process, the first step was to assign
scientific names to name concepts using Avibase’s extensive synonymy database. The
process then looked for unique combinations of Avibase IDs that, when mapped to
these particular name concepts, provided a sum of fractional weights of 1.0, and for
which only one solution existed. Out of the nearly 8,900 species concepts included in
Peters, the vast majority of them (97%) were successfully mapped to a unique Avibase
ID on a first attempt. Upon examination, the ~300 species that could not be mapped
represented either new concepts for Avibase or revealed problems with incorrectly con-
structed taxon trees breaking one or more of the rules listed in Table 3. With manual
adjustments of the concept trees, all concepts were eventually successfully mapped to
Avibase 1Ds.

Dealing with uncertainty

Whether or not automation is used, there will be instances where circumscriptions can-
not be established with full confidence, particularly when checklist authorities provide
incomplete information. An example is the African parrot subspecies suahelicus, found
from Tanzania to Angola and northeastern South Africa, which has been alternatively
included as part of Poicephalus robustus or P, fuscicollis by various authors, thus creating
two possible distinct species concepts for each name, each with very different defini-
tions. In one case, the nominate P 7 robustus endemic to South Africa is combined
with P 7. suabelicus, and the monotypic species P fuscicollis is restricted to western
Africa from Gambia to Angola. In the alternative treatment, the monotypic species P
robustus is restricted to South Africa, and the subspecies suahelicus is combined with 2
fuscicollis, covering most of sub-Saharan Africa. In a checklist or publication that con-
tains only the two species names P robustus and P, fuscicollis, without a list of subspecies
or phenotypic characteristics (such as range or plumage) which might disambiguate
the possible circumscriptions, there will be uncertainty in mapping those concepts
to the correct Avibase IDs. In such cases, Avibase relies on circumstantial evidence to
help with the mapping process. If, for instance, one of the two arrangements had not
been recognized as valid for quite some time, it may be safe to assume that the authors
intended to refer to the contemporary concepts. A more refined approach would be
to categorize the criteria used to establish each mapping and the degree of uncertainty
attached to it, something that Avibase has not yet dealt with.

Another approach to dealing with those uncertain cases could be to create new
Avibase IDs for each of those poorly defined nominal concepts, with their own par-
tially constructed relationship tree (e.g. without subspecies nodes). Because the taxo-
nomic tree of relationships in those cases is incomplete, there will be uncertainty in
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establishing the relationship of those poorly defined taxonomic concepts to other con-
cepts in alternate arrangements. The framework proposed by Franz and Peet (2009)
allows describing these types of relationships that involve poorly defined concepts by
combining expressions with the symbol OR. For instance, if two taxonomic concepts
share the same name, they can be assumed to at least partly overlap and may possi-
bly also be entirely congruent, something that can be captured in the table of Other
Relationships in the Avibase database model (Fig. 1). While this is a problem that
Avibase has not yet attempted to address, this issue will be mainly limited to nominal
concepts, published without sufficient information to allow proper mapping, which
does not usually apply to authoritative checklists mapped into Avibase.

Mapping biodiversity data to taxonomic databases

The system of automated mapping may also be used to disambiguate taxonomic con-
cepts in biodiversity databases. Unlike names in checklists, those attached to biodiversi-
ty data often do not contain information that reveals their circumscription, unless they
were published as taxonomic concepts. Avibase has yet-untapped potential as a taxo-
nomic concept resolution service. Users would pass a list of names to the service and
Avibase would find those names across concept trees, helping to resolve any ambiguity.
If these names serve as labels to other information, such as specimen records, Avibase
could thus disambiguate the intended circumscription of such records. This is especially
valuable for older records, which may use names and concepts long out of date.

For biodiversity databases that rely primarily on scientific names and not taxo-
nomic concepts to index records, other properties of the records could be used to
determine the intended circumscription. For instance, one could evaluate a historical
record originally described as Vireo solitarius in Vancouver, B.C. as almost certainly
referring to the current species concept Vireo cassinii, because the probability of ob-
serving V. solitarius s.s. at that location and date is minimal. A request to such a service
could include some or all of the following properties for each record that needs to
be assessed, represented in standard formats described in the Darwin Core standard
(Wieczorek et al. 2012): scientific name, scientific name author, taxonomic concept
source (authority name and publication year), vernacular names (in English or other
languages), record collection site (country, state or province, county, geographic coor-
dinates, etc.), record collection date and so on.

Such services have not yet been implemented in Avibase, providing a compelling
rationale for further development, which is ongoing. Each property could be assigned
a relative weight so that scores are assigned to prospective matches. Each taxonomic
concept could be classified as regular, rare, or absent from a geographic area, and dif-
ferent scores assigned to each of these categories. This information is already available
in Avibase for several thousand geographic regions (e.g. continents, countries, state/
provinces, islands), and a more elaborate version could make use of increasingly avail-
able distribution data available from sources such as eBird (http://ebird.org) and Map
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of Life (http://mappinglife.org; Jetz et al. 2012) to assign probability scores that a
particular bird taxon would be observed at a specific location and date. Different types
of uses could be more tolerant to uncertainty than others, something that would be
left to the discretion of the user. Fuzzy taxonomic name matching algorithms such as
TaxaMatch (Rees 2009, 2011), which are particularly suited to identifying common
errors in writing and transcribing taxonomic names, could also be implemented to
account for variants and errors in spelling. While these methods may become increas-
ingly refined over time, their probabilistic nature means that they will probably never
fully replace the need for expert opinion. Experts and users should be able to decide
how much weight is given to various considerations in the scores, and what degree of
certainty is required for their specific need.

Conclusion

Avibase provides a clear demonstration that taxonomic concepts can be successfully
organized on a large scale, and perhaps more importantly, that it can be done by rely-
ing on the taxonomic “currency” already used by most practitioners, i.e. the names
published in the form of authoritative checklists. We hope and expect that other re-
searchers will continue to further develop the ontological framework and the database
models that are needed to organize concepts, populate databases and build relation-
ships, as well as develop services that will allow interacting with these systems. As
global biodiversity databases aggregated from various sources continue to grow in size
and in scope, and as taxonomic advances continue, the deficiencies of relying solely on
scientific names should become increasingly apparent. The use of taxonomic concepts
in place of scientific names, together with the development of taxonomic concept da-
tabases and easily available resolution services, would be a major step forward in ad-
dressing some of these issues, and in facilitating the paradigm shift needed to transition
from taxonomic names to taxonomic concepts.

Acknowledgments

The primary author (Lepage) sincerely thanks the hundreds of people who have help
develop and improve Avibase through their comments and input since this project
was started in 1992, most of whom are listed on the Avibase web site. Lepage would
also like to thank Bird Studies Canada for providing server space to host the Avibase
database and web site. All the authors would like to thank the people who have con-
tributed to the development of this paper through thoughtful comments and feed-
back, including Carla Cicero, Tara Crewe, Catherine Jardine, Hilmar Lapp and Stuart
Mackenzie. We also appreciate the useful comments from two anonymous reviewers.
Publication of this article was funded by the University of Colorado Boulder Libraries
Open Access Fund.



134 Denis Lepage et al. |/ ZooKeys 420: 117-135 (2014)

References

American Ornithologists’ Union (1983) Checklist of North American Birds, 6th edition. The
Union, Washington DC, 877 pp.

Banks RC, Fitzpatrick JW, Howell TR, Johnson NK, Monroe BL, Ouellet H, Remsen JV,
Storer RW (1997) Forty-First Supplement to the American Ornithologists' Union Check-
List of North American Birds. The Auk 114(3): 542-552. doi: 10.2307/4089270

Berendsohn WG (1995) The concept of "potential taxa" in databases. Taxon 44: 207-212. doi:
10.2307/1222443

Chen M, Yu S, Franz N, Bowers S, Ludischer B (2014) Euler/X: a toolkit for logic-based tax-
onomy integration. Proceeding of WFLP 2013 — 22™ International Workshop on Func-
tional and (Constraint) Logic Programming. Lecture Notes in Computer Science. http://
arxiv.org/abs/1402.1992 [in press]

Christidis L, Boles WE (2008) Systematics and Taxonomy of Australian Birds. CSIRO Pub-
lishing, Collingwood, 288 pp.

Clements JF (2000) Birds of the World: A Checklist, 5" edition. Ibis Pub. Co., Vista, CA, 867 pp.

Clements JF, Schulenberg TS, Iliff MJ, Sullivan BL, Wood CL, Roberson D (2012) The eBird/
Clements Checklist of Birds of the World: Version 6.7. Downloaded from htep: //www.
birds.cornell.edu/clementschecklist/download/

Clements JF, Schulenberg TS, Iliff MJ, Sullivan BL, Wood CL, Roberson D (2013) The eBird/
Clements Checklist of Birds of the World: Version 6.8. Downloaded from http://www.
birds.cornell.edu/clementschecklist/download/

David N, Gosselin M (2002) Gender agreement of Avian species names. Bulletin of the British
Ornithologists' Club 122(1): 14-49. http://biodiversitylibrary.org/page/40416381

Dickinson EC (2003) The Howard and Moore Complete Checklist of the Birds of the World,
Revised and enlarged 3™ Edition. Christopher Helm, London, 1040 pp.

Franz NM, Cardona-Duque ] (2013) Description of two new species and phylogenetic reas-
sessment of Perelleschus Wibmer & O’Brien, 1986 (Coleoptera: Curculionidae), with a
complete taxonomic concept history of Perelleschus sec. Franz & Cardona-Duque, 2013.
Systematics and Biodiversity 11(2): 209-236. doi: 10.1080/14772000.2013.806371

Franz NM, Chen M, Yu S, Bowers S, Ludischer B (2014) Names Are Not Good Enough: Rea-
soning over Taxonomic Change in the Andropogon Complex. Submitted to Semantic Web
Journal. http://www.semantic-web-journal.net/content/names-are-not-good-enough-rea-
soning-over-taxonomic-change-andropogon-complex

Franz NM, Peet RK, Weakley AS (2008) On the use of taxonomic concepts in support of biodi-
versity research and taxonomy. In: Wheeler QD (Ed.) The New Taxonomy. CRC Press, Boca
Raton (FL), 63-86. doi: 10.1201/9781420008562.ch5

Franz NM, Peet RK (2009) Perspectives: Towards a language for mapping relationships
among taxonomic concepts. Systematics and Biodiversity 7(1): 5-20. doi: 10.1017/
s147720000800282x

Franz NM, Thau D (2010) Biological taxonomy and ontology development: Scope and limita-
tions. Biodiversity Informatics 7(1): 45-66. https://journals.ku.edu/index.php/jbi/article/
view/3927



Avibase — a database system for managing and organizing taxonomic concepts 135

Gill F, Donsker D (2013) IOC World Bird List (v 3.5). doi: 10.14344/IOC.ML.3.5

Geoffroy M, Berendsohn WG (2003) The concept problem in taxonomy: Importance, com-
ponents, approaches. Schriftenreihe fiir Vegetationskunde. Bundesamt fiir Naturschutz
39: 5-14.

Kennedy J, Hyam R, Kukla R, Paterson T (2006) Standard data model representation for taxo-
nomic information. OMICS: A Journal of Integrative Biology 10: 220-230. doi: 10.1089/
omi.2006.10.220

Jetz W, McPherson JM, Guralnick RP (2012) Integrating Biodiversity Distribution Knowl-
edge: Toward A Global Map Of Life. Trends in Ecology and Evolution 27(3): 151-159.
doi: 10.1016/j.tree.2011.09.007

Lepage D (2014) Avibase, the World Bird Database. Published online at http: //avibase.bsc-eoc.org/

Lepage D, Warnier ] (2014) The Peters' Check-list of the Birds of the World (1931-1987)
Database. http: //avibase.bsc-eoc.org/peterschecklist.jsp [Accessed on 13/05/2014]

Patterson DJ, Cooper J, Kirk PM, Pyle RL, Remsen DP (2010) Names are key to the big new
biology. Trends in Ecology & Evolution 25: 686-691. doi: 10.1016/j.tree.2010.09.004

Peters JL, Cottrell GW, Greenway JC, Mayr E, Paynter RA, Traylor MA (1931) Check-list of
birds of the world. Harvard University Press, Cambridge, 16 volumes. doi: 10.5962/bhl.
title.14581

Peterson AT, Navarro-Sigiienza AG (1999) Species concepts and setting conservation priori-
ties: A Mexican case study. In: Adams NJ, Slotow RH (Eds) Proc. 22 Int. Ornithol. Con-
gr., Durban. BirdLife South Africa, Johannesburg, 1483-1489. http: //www.int-ornith-
union.org/files/proceedings/durban/Symposium/S§26/526.2.htm

Navarro-Sigiienza AG, Peterson AT (2004) An alternative species taxonomy of the birds of
Mexico. Biota Neotropica 4(2): 1-32. http: //www.biotaneotropica.org.br/v4n2/en/
fullpaper’bn03504022004+en

Rees T (2009) Fuzzy matching of taxon names for biodiversity informatics applications. Poster
presented at: e-Biosphere 2009 Conference, London, UK, June 2009. http: //www.cmar.
csiro.au/datacentre/ext_docs/e-biosphere-09-poster-B10.pdf

Rees T (2011) TaxaMatch, documented at http: //www.cmar.csiro.au/datacentre/taxamatch.htm

Wieczorek J, Bloom D, Guralnick R, Blum S, Déring M, Giovanni R, Robertson T, Vieglais
D (2012) Darwin Core: An Evolving Community-Developed Biodiversity Data Standard.
PLoS ONE 7: €29715. doi: 10.1371/journal.pone.0029715






