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A Revision of New World Lyroda Say, 1837
(Hymenoptera: Crabronidae)

Viktor I. Khvir ! and Wojciech J. Pulawski 2

1 Department of Zoology, Belorussian State University, BY-22003 Minsk, Belarus. Email:khvirvi@gmail.com
2 Department of Entomology, California Academy of Sciences, 55 Music Concourse Drive, Golden Gate
Park, California 94118, USA; Email: wpulawski@calacademy.org

The North and South American Lyroda are revised and redescribed; the types of
South American species are examined for the first time since their descriptions more
than 150 years ago. A key for species identification is provided, including several pre-
viously unnoticed characters. Taxonomically important characters are illustrated,
and a distribution map is provided for each species. The following new synonymies
are established: Morphota harpactoides F. Smith, 1856 and Morphota tridens
Taschenberg, 1870 = Lyroda fasciata (F. Smith, 1856); Lyroda antillana Genaro and
Portuondo, 2001 = Lyroda subita Say, 1837. Neotypes are designated for Lyroda subi-
ta Say, 1837 and Lyroda triloba Say, 1837.

Lyroda Say, 1837, a genus of the Miscophini, includes 25 currently recognized species, but we
reduce this number to 22. Originally described from the United States, the genus was subsequent-
ly found in South America, southeastern Asia (where most of the known species occur), Africa, and
Australia. In the New World, two species were described from the United States by Say in 1837,
three from Brazil by F. Smith in 1856, one from the same country by Taschenberg in 1870, and one
from the Caribbean islands by Genaro and Portuondo in 2001. The South American species, in
particular, have never been critically revised and remain unidentifiable, and are only mentioned in
species lists by Kohl, 1885, Dalla Torre, 1897, Iwata, 1933, Bohart and Menke, 1976, and Ama-
rante, 2002, in spite of the 150 or more years since their descriptions. This deplorable situation is
corrected in the present paper.

Most members of Lyroda are easily recog-
nized by its unique pronotal collar, whose
lateral corner is separated by an impression
from the median, obtuse projection (that
narrows posteriorly), resulting in a tritubercu-
late appearance (Fig. 1). These structures,
however, are only inconspicuously expressed,
barely perceptible, in some undescribed
Australian species. Most species have three
submarginal cells, but the Australian L. errans
(R. Turner) and a few undescribed Australian
species have two.

MORPHOLOGICAL TERMINOLOGY. The
terminology used here follows Bohart and FIGURE 1. Lyroda subita: pronotum in dorsal view.
Menke (1976).
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ORIGIN OF MATERIAL. The specimens examined or otherwise mentioned in the text are
deposited in the institutions listed below. The institutions are referred to in the text by their respec-
tive capitalized abbreviations that precede their full names in the list below (the name of the
person responsible for sending specimens is given in parentheses):

AMNH: American Museum of Natural History, New York, New York, USA (Christine
LeBeau).

BISH: Bishop National Museum, Honolulu, Hawaii, USA (James H. Boone).

BMNH: The Natural History Museum, formerly British Museum (Natural History), London,
United Kingdom (Gavin R. Broad).

CAS: California Academy of Sciences, San Francisco, California, USA.

CNC: Canadian National Collection of Insects, Arachnids, and Nematodes, Ottawa, Ontario,
Canada (John T. Huber).

DZUP: Departamento de Zoologia, Universidade Federal de Parand, Curitiba, Parana, Brazil
(Gabriel A.R. Melo, Brunno Rosa).

FSCA: Florida Department of Agriculture and Consumer Services, Gainesville, Florida, USA,
formerly Florida State Department of Agriculture or Florida State Collection of Arthropods (Elijah
J. Talamas).

HYMB: Colecdo de Hymenoptera do Museu da Biodiversidade, Faculdade de Ciencias
Biologicas e Ambientais, Universidade Federal da Grande Dourados, Dourados, Mato Grosso do
Sul, Brazil (Bhrenno M. Trad).

IML: Instituto de Entomologia, Fundacion Miguel Lillo, Tucuman, Argentina (Emilia
Constanza Pérez).

MLUH: Zoologische Sammlung der Martin-Luther-Universitdt, Halle an der Saale, Germany
(Karla Schneider).

MNHNC: Museo Nacional de Historia Natural de Cuba, Habana, Cuba.

UCD: Bohart Museum of Entomology, University of California, Davis, California, USA
(Steve L. Heydon, Lynn S. Kimsey).

USNM: United States National Museum, Smithsonian Institution, Washington, D.C., USA
(Sean Brady).

NEOTYPE DESIGNATIONS. The type material of both North American Lyroda described by
Thomas Say (1837) was subsequently lost, together with the majority of his collection (Fox, 1902).
No specimen of either species is present among the 71 surviving Say’s type specimens at the Muse-
um of Comparative Zoology, Cambridge, Massachusetts (Mawdsley, 1993). In order to assure
nomenclatural stability, we therefore designate a neotype for each of the species.

Say’s original descriptions do not contain many specifics to species recognition, but his refer-
ence to the wing color is significant. According to him, the wings are “purple-fuliginous, almost
opaque” in L. triloba, and “at tip dusky” in L. subita. This difference has been used in the existing
keys for the two species (Fox, 1894; H. Smith, 1908; Williams, 1914; Rohwer in Viereck, 1925).

Lyroda subita was described from an unspecified locality in Indiana, and L. triloba just from
North America, without a state or locality, but certainly from the eastern USA, as the species range
does not extend into Canada and does so only insignificantly beyond the 100th meridian (in South
Dakota). Not having seen any specimen of L. subita from Indiana, we designate as a neotype of
this species a female from Michigan (a state adjacent to Indiana): Cheboygan County, no specific
locality, 19 July 1952, D.G. Shappirio collector (USNM). For L. triloba, we designate as a neotype
a female from Arkansas: Hampstead County: no specific locality, 14 August 1954, no collector
(CAS).
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Key to New World Lyroda

1. Gaster red basally (Fig. 6); tergum I with only a pair of basomedian carinae; forewing membrane
in many specimens with dark, subapical, transverse fascia (Fig. 6), inconspicuous in male.
South AMETICA . . .. .o o 2

— Qaster all black; tergum I in vast majority of specimens with several smaller ridges in addition
to pair of main basomedian carinae; forewing membrane without transverse fascia. North

America and Caribbeanislands . .. ...... .. .. .. 3
2. Propodeal dorsum with 10-15 longitudinal ridges in at least two thirds of its length (Fig. 2);
mesopleural setae not concealing integument . .. ................... concinna (F. Smith)

— Propodeal dorsum with well-defined median ridge and with smaller, irregular, variously shaped
ridges on each side of it (Fig. 8), median carina and smaller ridges lacking in some specimens;
mesopleural setae concealing sculpture, at least from certain angles and on selected parts of
mesopleuron. [Female: scutellum in most specimens microsculptured (except basally) and
with few sparse, minute punctures (Fig. 7), appearing unsculptured under lower magnifica-
tions, all punctate in some specimens, with all intermediates] . ......... fasciata (F. Smith)

3. Propodeal side at most with evanescent ridges, with at least short, rudimentary spiracular groove
(Fig. 12). Female: clypeus with three well-defined teeth on each side of lobe (Fig. 10); wing
membrane all or largely translucent, except darkened in Floridian populations; clypeal setae
silvery; vestiture of clypeus and propodeum silvery; gastral terga I-III with silvery pubescence
on apical depressions. Male: clypeal free margin with obtuse median projection (Fig. 11). ..
.................................................................. subita Say

— Propodeal side with well-defined ridges, without spiracular groove (Fig. 19). Female: clypeus
with three pairs of inconspicuous (almost invisible) teeth on each side of lobe (Fig. 17); wing
membrane dark; clypeal setac dark; vestiture of propodeum and gastral terga black. Male:
clypeal free margin rounded mesally (Fig. 18) .......... .. ... ... ... ... ... triloba Say

SPECIES DESCRIPTIONS

Lyroda concinna (F. Smith)

Morphota concinna F. Smith, 1856:294, Q. Holotype by monotypy: Brazil: Para: Tapajés River (BMNH),
examined. — As Lyroda concinna: Kohl, 1885:267 (new combination, in checklist of world Lyroda);
Dalla Torre, 1897:696 (in catalog of world Hymenoptera); Iwata, 1933:7 (in list of world Lyroda);
R. Bohart and Menke, 1976:299 (in checklist of world Sphecidae); Nascimento and Overal, 1980:7
(Brazil, Peru, determination uncertain); Amarante, 2002:41 (in catalog of Neotropical Crabronidae); Ras-
mussen and Asenjo, 2009:11 (in checklist of Crabronidae of Peru, determination uncertain).
RECOGNITION. Like Lyroda fasciata, the gaster is red basally in L. concinna. It differs from

that species in having 10-15 roughly parallel longitudinal ridges on the propodeal dorsum (Fig. 2)

and the mesopleural vestiture not concealing the integument.

DESCRIPTION. Propodeal dorsum with 10-15 roughly parallel longitudinal ridges, mainly
extending to the dorsum’s apex (Fig. 2), but reaching only about two thirds of dorsum’s length in
male from Tefé (CAS); propodeal side unridged, without spiracular groove. Tergum I with only a
pair of basomedian carinae. Mesopleural vestiture not concealing integument.

Body black, but gaster red basally; legs black or tibiae partly dark red. Forewing membrane in
some specimens with slightly darkened, subapical, transverse fascia.

Q: Free margin of clypeal lobe with three teeth on each side of lobe. Length 7.6 mm.

&' Free margin of clypeal lamella slightly arcuate to slightly weaving. Length 5.6-7.6 mm.

GEOGRAPHIC DISTRIBUTION (Fig. 3). Northern South America.



318 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Series 4, Volume 66, No. 13

FIGURE 2. Lyroda concinna: propodeal dorsum of male. FIGURE 3: Collecting localities of Lyroda concinna.

RECORDS. BRAZIL: Amazonas: Tefé (1 &, CAS). Para: Belém: APEG [= Area de Pesquisa
Ecologica do Guama] Forest (1 &, CNC; 1 &, FSCA), Tapajos River (1 ¢, BMNH, holotype of
Morphota concinna), no specific locality (1 &, CAS).

GUYANA: Mahaica-Berbice: Blairmont (1 &, BISH).

Lyroda fasciata (F. Smith)

Morphota fasciata F. Smith, 1856:294, Q. Holotype by monotypy: 9, Brazil: Para: Santarém (BMNH), exam-
ined. — As Lyroda fasciata: Kohl, 1885:267 (new combination, in checklist of world Lyroda); Dalla
Torre, 1897:696 (in catalog of world Hymenoptera); Iwata, 1933:7 (in list of world Lyroda); R. Bohart
and Menke, 1976:299 (in checklist of world Sphecidae); Nascimento and Overal, 1980:7 (Brazil); Ama-
rante, 2002:41 (in catalog of Neotropical Crabronidae).

Morphota harpactoides F. Smith, 1856:294, Q (as Harpactoides, incorrect original capitalization). Holotype
by monotypy: @, Brazil: no specific locality (BMNH), examined. New synonym. — As Lyroda
harpactoides: Kohl, 18852a:267 (new combination, in checklist of world Lyroda); Dalla Torre, 1897:696
(in catalog of world Hymenoptera); Iwata, 1933a:7 (in list of world Lyroda); R. Bohart and Menke,
1976:299 (in checklist of world Sphecidae); Amarante, 2002:41 (in catalog of Neotropical Crabronidae).

Morphota tridens Taschenberg, 1870:8, 9. Holotype by monotypy: @, Brazil: Minas Gerais: Lagoa Santa
(Halle), examined. New synonym. — As Lyroda tridens: Kohl, 1885:267 (new combination, in checklist
of world Lyroda); Dalla Torre, 1897:696 (in catalog of world Hymenoptera); Iwata, 1933:7 (in list of
world Lyroda); R. Bohart and Menke, 1976:299 (in checklist of world Sphecidae); Nascimento and Over-
al, 1980:7 (Brazil); Amarante, 2002:41 (in catalog of Neotropical Crabronidae).

RECOGNITION. Like Lyroda concinna, this species has the gaster red basally, and the wing
membrane in most specimens with slightly darkened, subapical, transverse fascia (Fig. 6), fascia
inconspicuous in male. Unlike that species, the propodeal dorsum has at most one longitudinal cari-
na and smaller, variously shaped ridges that are absent is some specimens (Fig.7); also the meso-
pleural pilosity conceal the integument (at least from certain angles and at least on some meso-
pleuron parts). Many females are unique within the genus in having the scutellum punctate only
basally, mostly microsculptured and with a few sparse, minute punctures (Fig. 8), appearing
unsculptured under lower magnifications; there are all intermediates to all punctate scutellum.

JUSTIFICATION OF NEW SYNONYMY. In spite of some minor differences, the holotypes of Lyro-
da fasciata and of Lyroda harpactoides are certainly conspecific. Both species were described in
the same paper. Acting as first revisers (Article 24.2.2 of the Code), we select L. fasciata as the
valid name, and L. harpactoides as its junior synonym.
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The holotype of Morphota tridens is just an average specimen of Lyroda fasciata, not differ-
ing from other specimens of this species by any particular feature. Consequently, we also
synonymize these two names.

TYPE LOCALITY OF MORPHOTA TRIDENS. This species was described from Lagoa Santa in
Brazil. There are two places of this name in Brazil: one in Goias, the other in Minas Gerais. The
one in Goias, however, was established only on 1 January 2001, whereas the one in Minas Gerais
did exist already in 1863—1866, when paleontological excavations were conducted there. The holo-
type of Morphota tridens, described in 1870, must have been collected there during that time.

DESCRIPTION. Propodeal dorsum with median ridge and smaller, irregular, variously shaped
ridges on each side of it (Fig. 8), median carina and smaller ridges lacking in some specimens;
propodeal side unridged, without spiracular groove. Tergum I with only a pair of basomedian
carinae.

Body black except two or three first gastral terga red (Fig. 6); legs black or male
tibiae partly or all red. Forewing membrane in many specimens with slightly darkened, subapical,
transverse fascia (Fig. 6) that is inconspicuous in male.

Q: Free margin of clypeal lobe varying: mostly with three teeth on each side of the lobe (Fig.
4), but with two teeth in some specimens (on one or both sides), without teeth on right side in one
specimen from Potrillos del Guneda National Park, Bolivia. Length 7.1-9.2 mm.

&' Free margin of clypeal lamella varying from slightly convex to shallowly concave (Fig. 5).
Length 6.0-8.3 mm.

VARIATION. In most females, the scutellum is microsculptured (Fig. 7), with a few sparse,
minute punctures, appearing unsculptured under lower magnification. In the females from the three
following localities, however, the scutellum is all or nearly all punctate: Bolivia: Potrillos del
Guneda National Park (one of three specimens); Brazil: Lagoa Santa (holotype of Morphota
tridens); Paraguay: Caaguazi (one of four specimens). Some other specimens are intermediate.

GEOGRAPHIC DISTRIBUTION (Fig. 9). South America except southern Argentina and Chile.

RECORDS. ARGENTINA: Entre Rios: Liebig (13 9, 27 &, AMNH). Salta: Pocitos (3 &,
AMNH).

BOLIVIA: Santa Cruz: Potrillos del Guneda National Park at 17°40'S 63°27W 2 2,7 &,
UCD), Ciudad Santa Cruz (1 @, AMNH), no specific locality (1 @, CAS). Santiago: Santiago
(1 2, AMNH).

BRAZIL: Espirito Santo: Santa Teresa (1 &, DZUP). Goias: Jatai (1 2, CNC). Mato
Grosso: Caceres (1 2, 1 &, DZUP). Mato Grosso do Sul: Serra da Bodoquena National Park
(2 &, HYMB), 7 mi. N Nioaque (1 &, HYMB). Minas Gerais: Pedra Azul National Park (1 @,
CNC), Lagoa Santa (1 @, holotype of Morphota tridens, MLUH). Para: Belém (1 ¢, BISH; 1 @,
CNCQ), no specific locality (1 @, CAS). Paraiba: Mamanguape (1 @, HYMB). Parana: Piraquara
(1 @, DZUP), Vila Velha State Park (1 ¢, DZUP). Piaui: Corrente (1 &, CAS). Rondénia: Vilhena
(19, 1J3,DZUP).

GUYANA: Cuyuni-Mazaruni: Kartabo (1 @, CAS). Mahaica-Berbice: Blairmont (1 2,
FSCA).

PARAGUAY: Asuncion (2 @, USNM), Caaguaza (4 @, 1 & AMNH), Cororo: San Pedro
Department: Rio Ypane (1 @, AMNH).

PERU: Madre de Dios: Rio Tambopata National Park at 12°50’S 69°20°W (2 @, CAS).

SURINAM: Zanderij (1 &, CAS).

URUGUAY: Rio Negro 15 km S Paysandu (1 @, AMNH).
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FIGURE 4. Lyroda fasciata: female clypeus and mandibles. FIGURE 5. Lyroda fasciata: male clypeus and mandibles.
FIGURE 6. Lyroda fasciata: female body in lateral view. FIGURE 7. Lyroda fasciata: scutellum of an average
female.

FIGURE 8. Lyroda fasciata: propodeal dorsum of female. FIGURE 9. Collecting localities of Lyroda fasciata.
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Lyroda subita Say

Lyroda subita Say, 1837:372, Q. Holotype or syntypes: USA: Indiana: no specific locality (lost). Neotype: 9,
Michigan: Cheboygan County, no specific locality (USNM), present designation. — Le Conte, 1859:755
(original description copied); Patton, 1880:387 (in checklist of North American Larrinae); Provancher,
1882:49 and 1883:632 (original description translated into French); Kohl, 1885:267 (in checklist of
world Lyroda); Cresson, 1887:277 (in catalog of North American Hymenoptera); W. Fox, 1892¢:138
(does not belong to Didineis); Patton, 1892:90 (may belong to Didineis, prey carrying), 1893:202 (Nemo-
bius prey is killed and not paralyzed); W. Fox, 1894:533 (in revision of North American Larrinae); Dalla
Torre, 1897:696 (in catalog of world Hymenoptera); G. Peckham and E. Peckham, 1898:169 (nesting
habits); Ashmead, 1899:250 (in checklist of North American Crabronidae); J. Smith, 1900:518 (in list of
insects of New Jersey); Harrington, 1902:222 (Canada: Ontario: Ottawa); Adlerz, 1904:137 (known prey:
gryllids); G. Peckham and E. Peckham, 1905:253 (nesting habits); Snow, 1906:134 (Arizona); H. Smith,
1908:374 (in revision of Nebraskan Sphecidae); J. Smith, 1910:684 (in new list of insects of New Jer-
sey); F. Williams, 1914:174 (in revision of Larrinae of Kansas), 207 (nesting habits); Rohwer, 1916:683
(in catalog of Hymenoptera of Connecticut); Gahan and Rohwer, 1918:30 (Provancher’s specimens not
located); Mickel, 1918:408 (in catalog of Nebraskan Sphecidae); Rohwer in Viereck, 1925:683 (in key
to Sphecidae of Connecticut; East Hartford, New Haven); J.Ch. Bradley, 1928:1010 (in catalog of New
York Crabronidae); Hendrickson, 1930:159 (Iowa); Iwata, 1933:7 (in list of world Lyroda); Krombein,
1936:98 (New York: Buffalo; floral records); Brimley, 1938:443 (North Carolina: Fayetteville, Raleigh);
Krombein, 1950:267 (North Carolina: Dare County), 1951a:143 (Virginia: Dunn Loring; visiting tulip-
tree honeydew); Krombein in Muesebeck, Krombein, and Townes 1951:941 (in catalog of North Amer-
ican Hymenoptera); Krombein, 1952:93 (USA: Virginia: Westmoreland State Park); K. Cooper, 1953:33
(Massachusetts: Island of Penikese); Krombein, 1953:328 (North Carolina); Gittins, 1960:135 (Idaho);
Kurczewski and Kurczewski, 1963:146 (Pennsylvania: Presque Isle State Park); Evans, 1964:281
(description of larva), 282 (nesting habits); Krombein, 1963:273 (Maryland: Plummers Island near Wash-
ington, D.C.); G. Bohart, Nye, and Hawthorn, 1970:48 (Utah: Logan, onion pollinator); Kurczewski and
Kurczewski, 1971:132 (prey: Nemobius carolinus Scudder, a gryllid); Evans, 1975:265 (unsuccessful
colonizer of a new habitat); R. Bohart and Menke, 1976:299 (in checklist of world Sphecidae); L. Davis,
1978:217 (North Carolina: Kill Devil Hills, data from Krombein, 1953); Krombein, 1979:1633 (in cata-
log of North American Hymenoptera); Finnamore, 1982:109 (in Sphecid Fauna of southern Quebec);
Kurczewski and Peckham, 1982:149—155 (nesting habits); Kurczewski and Spofford, 1985:113 (unusu-
al prey: Tridactylidae); Radovi¢, 1985:65 (sting apparatus analyzed); Piek and Spanjer, 1986:185 (in list
of Sphecidae with known prey); Steiner, 1986:104 (references to publications on nesting habits); Spof-
ford, Kurczewski, and Downes, 1989:256, 259 (reference to publications on nest parasites Metopia argy-
rocephala (Meigen) and Senotainia trilineata (Wulp), miltogrammine flies), 257, 260 (nest parasites:
Metopia luggeri Townsend, Phrosinella aurifacies Downes, Senotainia rubriventris Macquart,
Senotainia vigilans Allen, miltogrammine flies, and undetermined miltogrammine species); Kurczewski
and Acciavatti, 1990:60 (New York: Cayuga County); Spofford and Kurczewski, 1990:746, 747, 748,
749, 751 (nest parasites: Metopia luggeri (Townsend), Phrosinella aurifacies, Senotainia rubriventris
Macquart, Senotainia trilineata (Van der Wulp), Senotainia vigilans Allen, and unknown species of
Miltogrammini, Sarcophagidae); Kurczewski, 1991:203 (burrow construction from ground surface);
Spofford and Kurczewski, 1992:997 (species of miltogrammine parasites listed), 1002 (counter-
cleptoparasitic habits: freeze-stop and face-off, diversionary flight), 1005 (post-larvipositional counter-
cleptoparasitic habits: abandon prey); Ahlstrom, 1995:109 (in checklist of insects of North Carolina);
Kurczewski, 1998:250 (pine barrens in upstate New York); Sugar et al., 1998:15 (Canada: southern
Ontario); Buck, 2004:25 (Canada: in checklist of Crabronidae of Ontario); Giles and Ascher, 2006:231
(New York: Black Rock Forest Preserve). — As Tachytes subitus: F. Smith, 1856:307 (new combination,
in catalog of Hymenoptera in British Museum). — As Lyrops subita: Cresson, 1862:238 (new combina-
tion, in catalog of North American Hymenoptera). — As Larrada subita: Cresson, 1873:213 (new com-
bination, Texas).

Lyroda sp.: Alayo Dalmau, 1973:176 and 1976:21, corrected to Lyroda antillana by Genaro and Portuondo,
2001:45.
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Lyroda antillana Genaro and Portuondo, 2001:45, 9. Holotype: ¢, Cuba: Guantanamo: El Imbano, Cuchillas
de Baracoa (MNHN Habana). Paratypes: Dominican Republic (FSCA), one paratype examined. New
synonym. — Portuondo and Fernandez, 2004:135 (Cuba: Sierra Maestra and Nipe-Sagua-Baracoa moun-
tains); Amarante, 2005a:5 (in addendum to his 2002 catalog of Neotropical Crabronidae and Sphecidae);
Genaro, 2006:54 (in checklist of Cuban Sphecidae and Crabronidae; also: Hispaniola); Perez-Gelabert,
2008:240 (in list of arthropods of island of Hispaniola).

RECOGNITION. Lyroda subita resembles L. triloba in having a black gaster. Unlike that species,
the propodeal side is at most inconspicuously ridged and has at least a short, rudimentary spiracu-
lar grove (Fig. 12), rather than with well-defined ridges and no spiracular grove. The female
has three well defined teeth on each side of the clypeal lamella (Fig. 10), its wing membrane is
mostly translucent except darkened in Floridian populations, the clypeal setae are silvery, and also
silvery is the pubescence on the propodeum and the apical depressions of terga I-III (rather than
the clypeal teeth inconspicuous, wing membrane dark, clypeal setae dark, and the pubescence of
the propodeum and the gaster dark). In the male, the clypeal free margin has an obtuse, median
projection (Fig. 11) rather than being rounded mesally.

JUSTIFICATION OF NEW SYNONYMY. Genaro and Portuondo, 2001 differentiated Lyroda antil-
lana from L. subita by a single character: a more intensely sculptured propodeal dorsum in the
former species. We have examined a female paratype of L. antillana from the Dominican Repub-
lic as well as two males from that country, and were unable to detect any other difference. The
presence of a spiracular groove on the propodeum is as in L. subita. We have also noticed that
the sculpture of the propodeal dorsum varies significantly: it is inconspicuous in many specimens
from the continental North America (Fig. 13), but almost as conspicuous in some specimens from
Florida (Fig. 14) as in the Dominican paratype examined (Fig. 15). Based on these observations we
conclude that Lyroda antillana in no more than a Caribbean population of L. subita, and we
synonymize these two names.

DESCRIPTION. Propodeal side at most with evanescent ridges, with spiracular groove that
varies from short, inconspicuous to long, well defined. Clypeal setae silvery. Tergum I in vast
majority of specimens with several smaller ridges in addition to pair of main basomedian carinae.
Body black. Wings membrane mostly translucent except darkened in Floridian populations.

Q: Anterior margin of clypeus with three teeth on each side, truncate medially (Fig. 10). Gas-
tral terga I-I1I with silvery pubescence on apical depressions. Length 10.0-13.0 mm.

&': Free margin of clypeal lamella with obtuse prominence mesally (Fig. 11). Length 6.1-10.0
mm.

GEOGRAPHIC DISTRIBUTION (Fig. 16). North America from southern Canada south to Jalisco
State in Mexico, also Cuba and the Dominican Republic.

REcORDS. CANADA: Alberta: Writing-on-Stone Provincial Park (4 @, CAS). Manitoba:
Aweme (1 @, CNC), Brandon (1 &, CNC), Carberry (2 @, CNC), 5 mi. W Carberry (2 @, CNC),
13 mi. N Glenboro: Bald Head Hills (1 @, CNC). New Brunswick: Kouchibouguac National Park
(1 @, CNC), St. John (1 &, CNC). Nova Scotia: Kings Co. (1 @, CNC). Ontario: Belleville (1 9,
2 & CNC), Brighton (1 @, 1 &, CNC), Dunrobin (1 ¢, CNC), Chatham (1 @, CNC), Jordan (1 @,
CNC), Kearney (1 @, CAS), 15 mi. SE Kenora (1 &, CAS), Ottawa (2 @, 7 &, CNC), Point Pelee
(3 @, CNC), Sant David (1 @, CNC), Spencerville (2 @, CNC), Strathroy (7 @, 1 &, CNC), Toron-
to (1 &, CNC), Vineland (1 @, CNC). Quebec: Aylmer (1 &, CNC), Harrington (1 &, CNC),
Hemmingford (1 &, CNC), Hull (1 @, CNC). Saskatchewan: Fort Qu'Appelle (1 @, CNC).

CUBA (Genaro and Portuondo, 2001): Guantanamo: El Imbano: Cuchillas de Baracoa.
Santiago de Cuba: Santa Maria de Loreto. Holguin: La Melba: Moa.

DOMINICAN REPUBLIC: Hato Mayor: Farm Mango Limpio 25 km NNW Hato Mayor
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FIGURE 10. Lyroda subita: female clypeus and mandibles. FIGURE 11. Lyroda subita: male clypeus and mandibles.

FIGURE 12. Lyroda subita: female propodeal side (arrow FIGURE 13. Lyroda subita: propodeal dorsum of female
shows spiracular groove). with average sculpture.

FIGURE 14. Lyroda subita: propodeal dorsum of female FIGURE 15. Lyroda subita: propodeal dorsum of a
from Florida. paratype female of Lyroda antillana.
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(1 &, CAS). Pedernales: 21 km N Cabo Rojo
(1 @, FSCA, paratype of L. antillana).

MEXICO: Chihuahua: 50 road km S
Creel which is 27°46°S 107°39°W (1 @, CAS).
Jalisco: Teocaltiche (2 ¢, CAS).

USA: Arizona: Cochise Co.: 28 mi. N
Douglas (1 ¢, UCD). Arkansas: Benton Co.:
2 mi. N Siloam Springs (1 &, USNM). Cali-
fornia: Davis (12 @, 6 &, UCD), Fresno Co.:
Firebaugh (1 @, USNM), Merced Co.: Dos
Palos (1 @, AMNH), Hayward (1 &, FSCA),
Riverside Co.: 18 mi. W Blythe, Hopkins Well
(1 2, 6 &, CAS), Mendota (1 @, USNM),
Orange Co.: Santa Ana (1 9’ 1 6" USNM), FIGURE 16: Collecting localities of Lyroda subita.
Shasta Co.: 10 mi. N Redding (1 2, 1 &,
FSCA), Shasta Co.: 2 mi. W Shingletown (21 @, 2 &, FSCA), Kern Co.: 3 mi. SW Taft (1 ¢,
UCD), Vacaville (1 &, UCD), Woodland (4 @, 1 &, UCD). Colorado: Boulder (2 @, USNM),
Crook (1 2, AMNH), Larimer Co.: Fort Collins (2 @, CAS), Springs Co.: Fountain Valley (1 9,
AMNH), Glenwood (1 ¢, AMNH), Yuma Co.: 4 mi. NE Idalia (2 @, AMNH), Shafter Co.: Kern
(1 @, FSCA), White Rock (1 9, AMNH), no specific locality (3 ¢, USNM). Connecticut: East
Haven (1 @, UCD), Hartford (1 Q, UCD), North Canaan (1 @, AMNH), Saybrook (1 &, AMNH),
Samford (1 ¢, USNM). Delaware: Dewey Beach (1 @, USNM). District of Columbia: Washing-
ton (5 ¢, 1 &, USNM). Florida: Austin Carey (2 &', FSCA), Jackson Co.: Florida Caverns (1 @,
CNCQ), Gainesville (6 2,9 &, FSCA), Interlachen (1 @, FSCA), Alachua Co.: 4 mi. N La Crosse
(1 @, FSCA), Lake Placid (2 ¢, CAS), Quincy (14 @, 1 &, FSCA), Santa Rosa (1 @, FSCA), Tall
Timbers (1 &, FSCA), Gulf Co.: Wewahitchka (1 &, FSCA), no specific locality (1 &, FSCA).
Georgia: Clarke Co.: Athens (3 ¢, FSCA), Liberty Co.: St. Catherine Island (3 @, AMNH),
Tarversville (1 @, FSCA, 1 &, FSCA), Clarke Co.: Whitehall Forest (1 &, FSCA). Idaho: Buhl
(1 &, BISH), Notus (1 @, 1 &, UCD), Canyon Co.: Parma (1 @, UCD), Pingree (1 @, CNC).
Illinois: Bellville (1 ¢, BISH), Chicago (1 ¢, USNM), Fort Sheridan (1 @, USNM), Scott Co.:
Bluffs (3 ¢, UCD), Mason Co.: Farmer City (1 ¢, 2 &, CAS), Waukegan (1 @, AMNH), West
Frankfort (1 @, UCD), no specific locality (1 $, AMNH). Indiana: Lafayette (1 @, USNM). Iowa:
Ames (1 @, USNM), Ankeny (1 @, UCD), Bellevue (5 @, UCD), Sioux City (4 ¢, USNM), Clin-
ton Co.: Clinton (1 @, 1 &, UCD), Coralville (1 @, CAS), lowa City (1 ¢, UCD), Sioux (7 9,1 &,
CAS), Polk Co. (1 &, FSCA). Kansas: Baldwin (1 ¢, CAS, 3 @, USNM, 2 &, USNM), Dickson
Co. (1 @, USNM), Douglas (1 @, CAS, 1 @, UCD, 1 &, USNM), Plainville (1 ¢, CNC), Rooks
(1 2, CAS). Louisiana: Opelousas (3 &, USNM), Tallulah (1 @, AMNH), no specific locality (1 @,
2 &, USNM). Maryland: 4 mi. SW Ashton (2 @, USNM), Calvert Co. (2 @, USNM), Camp
Springs (1 @, USNM), Beltsville (1 ¢, USNM), Burtonsville (2 ¢, CAS), Montgomery Co.:
Colesville (1 ¢, UCD), Frederick Co. (1 9, USNM), Patuxent River: Rout 4 (1 @, USNM), Cecil
Co.: Pleasant Hill (1 @, USNM), Plummers Island (1 &, CAS, 2 @, UCD, 1 9,
1 &, USNM), Montgomery Co.: Silver Spring (1 @, FSCA), no specific locality (1 &', UCD). Mas-
sachusetts: Billerica (2 9, CNC), Boston (2 ¢, UCD, 1 &, USNM), Forest Hills (8 ¢, CAS, 5 @,
UCD, 1 @, USNM), Woods Hill (1 ¢, UCD). Michigan: Antrim Co. (1 €, AMNH), Cheboygan
Co. (1 @, USNM), Detroit (1 &, UCD), Gratiot Co. (1 &, AMNH), Manistee Co. (1 &, IML),
Mason Co. (1 &, AMNH), Menominee Co. (1 @, IML), Camp Miniwanka (1 @, FSCA), Montcalm
Co. (1 &, AMNH). Minnesota: 6 mi. N Chillicothe (1 ¢, UCD), Nicollet Co.: Courtland (1 @,
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CNCQ), Itasca State Park (1 @, AMNH). Mississippi: Yalobusha Co.: Water Valley (1 ¢, UCD, 1 9,
FSCA). Missouri: Henry Co.: Clinton (1 ¢, UCD), Columbia (4 ¢, USNM), Marion Co.: Hanni-
bal (4 , UCD). Montana: Columbia Falls (8 ¢, UCD, 1 @, USNM), no specific locality (4 9,
2 &, UCD). Nebraska: Hooker Co.: 1.5 mi. N Mullen (1 &, USNM), 8 mi. N Ogallala (6 2, 1 &,
AMNH), Valley (1 @, CAS). New Hampshire: Durham (2 &, USNM), Belknap Co.: Gilford-Alton
(1 2, USNM), Nelson (1 @, USNM). New Jersey: Burlington Co.: Atsion (2 @, UCD), Browns
Mills (1 @, 1 &, AMNH), Kearny (1 9, AMNH), Metuchen 3 @, 1 &, FSCA), 3 mi. E Medford
Lakes (2 @, UCD), Mountain View (1 &', AMNH), Bergen Co.: Norwood (1 ¢, AMNH), Palmyra
(1 2, AMNH, 1 @, USNM), Princeton (1 9, USNM), Riverton (1 &, USNM), South Orange (1 9,
AMNH), Teaneck (1 &, CAS), no specific locality (1 @, UCD, 1 &, AMNH). New Mexico:
McKinley Co.: 19 mi. N Gallup (2 @, AMNH). New York: Auburn (1 @, UCD, 1 @, USNM), Bear
Mountain State Park (1 @, USNM), Bronx Co.: Bartow-Pell Mansion (1 €, AMNH), Batavia (1 ¢,
1 &, BISH), Bushnellsville (1 2, AMNH), Buffalo (1 @, CAS), Chaffee (1 Q, UCD), Ulster Co.:
Cherrytown (14 @, AMNH), Colden (1 @, CAS), Ellenville (1 &, FSCA), Orange Co.: Cornwall,
Black Rock Forest (5 9, 2 &, AMNH), Croton Falls (1 @, UCD), Suffolk Co.: Gardiners Island
(3 2, AMNH), Great Kills (1 ¢, AMNH), Huntington (1 ¢, UCD), Tompkins Co.: Ithaca: Kite Hill
(19,CAS,19,23,CNC, 4 @, AMNH), Westchester Co.: Lewisboro (4 ¢, AMNH), Long Island:
Huntington (8 @, 4 &, AMNH), Long Island: South Haven (1 9, AMNH), New Rochelle (1 9,
AMNH), New York City: Brooklyn (1 @, 1 &, AMNH), New York City: Central Park (1 @,
AMNH), New York City: Flatbush (4 @, AMNH), New York City: Floyd Bennett Field (1 @,
AMNH), New York City: Van Cortland Park (1 9, AMNH), New York City: no specific locality
(1 &, AMNH), North Fairhaven (1 @, USNM), Oswego (1 &, USNM), Tompkins Co.: Ringwood
(1 @, CAS), Orange Co.: 5 mi. NW Tuxedo (3 &, AMNH), Bronx Co.: Van Cortland Park (1 @,
2 &, AMNH), Grand Island: Warrendale (1 @, USNM), no specific locality (1 @, USNM). North
Carolina: Cumberland Co.: Fort Bragg (3 @, CAS), Kill Devil Hills (1 @, CAS, 2 Q, USNM),
Swain (1 @, CNC), Wilmington Co.: Tidewater (1 &, FSCA), Tuckasegee (I @, CNC). North
Dakota: Bottineau (1 9, USNM), Cannon Ball (2 @, AMNH), Fargo (1 9, AMNH), Slope Co.:
Logging Camp Ranch (2 9, AMNH), Moffit (1 2, AMNH), Walcott (1 9, AMNH). Ohio: Garfield
Co. (1 9, FSCA), Stark Co.: Massillon (1 9, UCD). Oklahoma: Garfield Co. (2 @, USNM), Fair-
mont (1 &, FSCA), Norman (1 ¢, CNC), 2 mi. E Lake Texoma (6 ¢, UCD). Oregon: Harney Co.:
Borax Lake (1 @, USNM). Pennsylvania: 5 mi. NW Davidsburg (1 @, USNM), Jeanette (1 &,
UCD), Northampton Co.: Portland (1 &, USNM), Presque Isle (1 ¢, UCD, 1 ¢, AMNH, 1 9,
USNM), Westmoreland Co. (1 @, USNM). Rhode Island: Newport (1 9, CNC), Washington Co.:
Westerly (1 @, AMNH). Texas: Travis Co.: Austin BFL [= Brackenridge Field Laboratory] (1 9,
CAS), Fedor (1 2, USNM), Kleberg Co.: 20 mi. SE Kingsville (1 @, CAS), Salmon (1 @, FSCA),
Shenandoah (1 @, AMNH), Victoria (1 &, USNM), no specific locality (1 ¢, USNM). Utah:
Cornish (1 @, CNC), Delta (2 @, UCD 1 &, CAS), Flowell (1 &, CAS), Newton (1 @, UCD),
Pahvant Range (1 @, UCD), Provo (1 &, AMNH), Box Elder Co.: 10 mi. SW Tremonton (1 &,
AMNH). Vermont: Fairfax Co.: near, Annandale (1 @, CAS, 1 @, USNM), Rutland Co.: Pico
(1 &, FSCA). Virginia: Alexandria at 38°49'10.9"N 77°06'59.9"W (10 @, CAS), Arlington (1 @,
USNM), Dunn Loring (1 &, USNM), Williamsburg (1 ¢, UCD), Isle of Wight Co.: 6 km S Zuni
(1 2, USNM). West Virginia: Park Hardy Co.: Lost River (1 ¢, CNC). Wisconsin: Cranmoor
(1 2, USNM), Waukesha Co.: Pine Lake (4 @, CAS), Clark Co.: Worden Township (6 @, 25 &,
AMNH). Illegible: (2 ¢, USNM).
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Lyroda triloba Say
Lyroda triloba Say, 1837:372, sex not indicated. Holotype or syntypes: North America: no specific locality

(lost). Neotype: @, Arkansas: Hampstead County: no specific locality (CAS), present designation. —

Le Conte, 1859:755 (original description copied); Patton, 1880:387 (in checklist of North American

Larrinae); Provancher, 1882:49 and 1883:631 (original description translated into French); Kohl,

1885:267 (in checklist of world Lyroda); Cresson, 1887:277 (in catalog of North American

Hymenoptera); Ashmead, 1890:33 (in checklist of Hymenoptera of Colorado); W. Fox, 1894:534 (in

revision of North American Larrinae); Dalla Torre, 1897:696 (in catalog of world Hymenoptera);

Ashmead, 1899:250 (in checklist of North American Crabronidae); Bridwell, 1899:209 (Kansas: no spe-

cific locality); J. Smith, 1900:518 (in list of insects of New Jersey); H. Smith, 1908:374 (in revision of

Nebraskan Sphecidae); J. Smith, 1910:684 (in new list of insects of New Jersey: Camden County);

F. Williams, 1914:174 (in revision of Larrinae of Kansas); Rohwer, 1916:683 (in catalog of Hymenoptera

of Connecticut); Mickel, 1918:408 (in catalog of Nebraskan Sphecidae); Rohwer in Viereck, 1925:683

(in key to Sphecidae of Connecticut; Branford); Iwata, 1933:7 (in list of world Lyroda); Krombein in

Muesebeck, Krombein and Townes, 1951:941 (in catalog of North American Hymenoptera); R. Bohart

and Menke, 1976:299 (in checklist of world Sphecidae); Krombein, 1979:1633 (in catalog of North

American Hymenoptera). — As Tachytes trilobus: F. Smith, 1856:307 (new combination, in catalog of

Hymenoptera in British Museum). — As Lyrops triloba: Cresson, 1862:238 (new combination, in catalog

of North American Hymenoptera). — As Larrada triloba: Cresson, 1873:213 (new combination, Texas).
Lyrops caliptera Say, 1837:373. Nomen nudum or lapsus for Lyroda triloba. — Patton, 1880:387 (in checklist

of North American Larrinae); Kohl, 1885:267 (in checklist of world Lyroda).

RECOGNITION. Lyroda triloba differs from its New World congeners in having the propodeal
side with well-defined ridges (Fig. 19), the wing membrane dark, particularly in the female, and
the large size (length of female 15.2—16.2 mm). In the other species, the propodeal side is either
not ridged (most specimens) or (some L. subita) has inconspicuous ridges, the wings are light col-
ored (except dark in Floridian populations of L. subita) and the female length does not exceed 13
mm. Unlike L. subita, the male of L. triloba has no median projection on the clypeal free margin
(Fig. 18).

DESCRIPTION. Propodeal side with well-defined ridges (Fig. 19), without spiracular groove.
Tergum [ in vast majority of specimens with several smaller ridges in addition to pair of main baso-
median carinae. Body deep black. Wing membrane uniformly dark, particularly in female.

Q: Free margin of clypeus with three pairs of inconspicuous (almost invisible) teeth on each
side of lamella (Fig. 17). Clypeal setac dark. Pubescence of gastral terga all black. Length 15.2—
16.2 mm.

& Clypeal free margin inconspicuously, roundly arcuate mesally (Fig. 18). Clypeal setae
silvery. Length 9.6-13.8 mm.

GEOGRAPHIC DISTRIBUTION (Fig. 20). Eastern North America, extending west beyond the
100th meridian only in South Dakota.

REcoORDS. USA: Arkansas: Conway (1 @, CAS, 1 @, USNM), Hempstead (1 @, CAS, 2 2,
USNM). Georgia: Hiawassee (1 @, CNC), Putnam Co. (5 @, USNM). Kansas: no specific local-
ity (1 &, CAS). Louisiana: Tallulah (1 &, CAS). Maryland: Beltsville (2 @, USNM), Hudson
(3 @, FSCA). North Carolina: Stafford (1 &, CAS), Washington Co. (1 ¢, FSCA). South Dako-
ta: Butte Co. (1 &, USNM). Texas: McKinney (1 @, USNM), no specific locality (1 2, USNM).
Virginia: Chance (1 @, USNM), Norfolk (1 @, USNM).
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FIGURE 17. Lyroda triloba: female clypeus and mandibles FIGURE 18. Lyroda triloba: male clypeus and mandible.
FIGURE 19. Lyroda triloba: propodeal side of female. FIGURE 20. Collecting localities of Lyroda triloba.
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An adult Baltimore Oriole (Icterus galbula) was found entangled in fishing line and
hanging from a tree branch along a reservoir in Ohio, and the occurrence was
documented with photographs. There have been several other entanglement records
involving Baltimore Oriole and Bullock’s Oriole (Icterus bullockii) in New Jersey,
Oklahoma, Oregon, and an unspecified state, and there are numerous records for
other bird species. Literature, databases, and the Internet were searched for other
reported cases of injury and mortality to birds from recreational fishing line. Sever-
al compilations of bird entanglement records have appeared in recent decades;
however, these concerned marine environments and most entanglements involved
commercial fishing gear, whereas the present paper focuses on recreational fishing
gear mostly in freshwater and inland environments. Undoubtedly there remain addi-
tional records in published and unpublished sources that were not discovered, but
complete citations for all references are provided in order to assist others in compil-
ing a more complete database of entanglement records.

KEYwORDS: monofilament fishing line, mortality, Icterus galbula, Icterus bullockii,
Icteridae

“The causes of bird mortality are of interest to every student
of ornithology.” (Lincoln, 1931, p. 538)

There are a variety of natural causes of mortality for birds, including diseases, parasites,
predators, starvation, severe weather, collisions with trees, and entanglement in natural materials
(Lincoln, 1931; Bent, 1958; Jennings, 1961; Macdonald, 1963; Stewart, 1967; Batten, 1978;
Sadler, 1993; Hager et al., 2009; Newton and Little, 2009); however, there are also an additional
array of anthropogenic causes of bird mortality that includes marine fisheries (gillnets and other
fishing gear), collisions with buildings, windows, vehicles, watercraft, wind turbines, TV towers,
and power lines, entanglement in plastic debris, ingestion of plastic debris, oiling, hunting, preda-
tion by domestic cats, and poisoning (Lincoln, 1931; Bent, 1958; Coulson, 1961; Jennings, 1961;
Macdonald, 1963; Glue, 1971; Mead, 1974; Batten, 1978; Norman, 1987; Schreiber and Mock,
1988; Manville, 2005; Newton and Little, 2009; Petersen et al., 2009; Ellis et al., 2013; Loss et al.,
2013, 2014, 2015; Zydelis et al., 2013; Cannell et al., 2016; Kahle et al., 2016; Ryan, 1987, 2018).

Many reports of entanglements have concerned marine mammals and birds becoming entan-
gled in active or derelict commercial fishing nets and lines, recreational fishing gear, and other
plastic pollution (Laist, 1997; Zydelis et al., 2013; Kuhn et al., 2015; Ryan, 2018). Blettler and
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Wantzen (2019) compared entanglements reported for marine and freshwater environments and
concluded that much more attention was needed for entanglements of organisms in freshwater
habitats. The present paper focuses more specifically on entanglement in recreational fishing line,
with more emphasis on inland and freshwater environments. Entanglement can involve a piece of
fishing line alone or might include a hook and other tackle attached to the line and can involve
active (e.g., Burtch, 1920; Anthony, 1921; Anonymous, 1962) or lost/discarded fishing gear.
Monofilament fishing line and associated fishing tackle such as hooks, lures, corks, and lead
weights are often discarded or lost by recreational fisherman (Bell et al., 1985; Forbes, 1986; Cryer
et al., 1987; O’Hara et al., 1988; Radomski et al., 2006; Carleton et al., 2019; author, pers. obs.),
causing injury from penetration of hooks, entanglement in fishing line, a combination of hook
penetration and subsequent tethering or entangling, and/or lead ingestion and poisoning (Zimmer-
man, 1976; Birkhead, 1982; McMullen, 1984; Scheuhammer and Norris, 1996; Franson et al.,
2003; Scheuhammer et al., 2003; Sidor et al., 2003; Kelly and Kelly, 2004; Yorio et al., 2014).

On 1 June 2013, the author observed an adult Baltimore Oriole dangling from monofilament
fishing line wrapped on a small branch of a slippery elm (Ulmus rubra) along the edge of a chan-
nel at the southeastern portion of Grand Lake St. Marys, Saint Marys Twp., Auglaize County, Ohio
(Figs. 1A, B). The bird was photographed in place, then the branch was removed from the tree
using a pole saw. Additional photographs were taken of the bird on the ground (Fig. 1C). The
monofilament fishing line, cork, and lead head jig were collected and disposed in the trash. The
dead adult oriole was left on the bank of the channel to decompose.

The oriole had fishing line wrapped around its neck, presumably resulting in asphyxiation
(Figs. 1A, B, C). The bird might have been trying to gather the fishing line to use as nesting mate-
rial (see below). The bird was not hooked on the small lead head jig, which was located within one
meter of where the bird was hanging (Fig. 1B). This type of small foam cork and lead head jig with
soft plastic body is a common rig used for catching crappies (Pomoxis spp.) and sunfishes (Lep-
omis spp.) at Grand Lake St. Marys. It’s possible that the color of the fluorescent orange foam cork
attracted the oriole. The height of the tree branch above the water would have prevented the angler
from retrieving the lost lure and fishing line in this case. Baltimore Orioles are annual breeders in
the area where the dead oriole was found, often being observed and heard from mid-Spring through
mid-Summer (author, pers. obs.).

Many different bird species have been known to use artificial or unusual items (often
man-made) as parts of nests or as the entire nest (Dixon, 1902; Verlis et al., 2014). Oriole biology
and nests have been studied in detail (Sharp, 1903; Bent, 1958; Schaefer, 1976, 1980; Wedgwood
et al., 1989), and Baltimore Orioles are known to use artificial materials to construct nests
(Barthelemy, 1969; Wedgwood et al., 1989). Hunn (1926) reported the strangulation and death of
a male Baltimore Oriole in a nest due to a “cord” that was woven into the nest. Hunn’s record is
among the earliest reports of bird entanglement and death, but it lacks specifics as to whether the
“cord” was natural or artificial material. There are several other reports of entanglements in fish-
ing line that resulted in either injuries or deaths of Baltimore Orioles and Bullock’s Oriole in New
Jersey, Oklahoma, Oregon, and an unspecified state (Groves, 1986; Stokes and Stokes, 1986;
Mather, 1987; Heaton, 1993). Several examples of bird nests that contained fishing line were seen
on websites, including one that was composed entirely of fishing line and associated tackle (South-
western Bald Eagle Management Committee, undated), and there are other reports of fishing line
being used as nest material by other species of birds (Dow, 1978; Inkley, 1984; Milwright, 1998;
Smiddy and O’Halloran, 1998; Parker and Blomme, 2007). Use of fishing line and other unspeci-
fied string as nest material has resulted in entanglement, and in some cases mortalities, of chicks
and adult birds (Slack, 1992; Smiddy and O’Halloran, 1998; Friesen, 2002; Parker and Blomme,
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FIGURE 1. A and B) An adult Baltimore Oriole (Icterus galbula) entangled in monofilament fishing line and hanging
from a branch of a slippery elm (Ulmus rubra) along a channel off Grand Lake St. Marys reservoir, Auglaize Co., Ohio, 1
June 2013. C) The same oriole on the ground after being removed from the tree. Photos by W.J. Poly.

2007). Some interactions of birds with fishing line do not result in death but still cause injuries, and
some birds can be rehabilitated (Kelly and Kelly, 2004; Montesdeoca et al., 2017). Collisions with
a tall TV tower was another substantial source of mortality of Baltimore Orioles and many other
species of birds (Norman, 1987).

A wide variety of bird species representing raptors, piscivores, insectivores, and herbivores
have become entangled in lost or discarded fishing line, often resulting in severe injury or death of
the birds (Houston, 1966; Dunstan, 1969; Nero, 1972; Johnson and Sloan, 1975; Kovacs, 1975;
Schreiber, 1975; Morgan and Glue, 1977; Anonymous, 1978; Batten, 1978; Denker, 1978; Mead,
1979; Mead et al., 1979; Knight et al., 1980; Lastavel, 1981; Birkhead, 1982; Inkley, 1984; Bartel,
1984; Kraak, 1986; Schreiber and Mock, 1988; Spearpoint et al., 1988; Parrish and Maurer, 1991;



334 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Series 4, Volume 66, No. 14

Cooper et al., 1992; Harrigan, 1992; Clapp, 1993; Sadler, 1993; Taylor, 1996, 1997, 1999, 2004;
Smiddy and O’Halloran, 1998; Stone and Okoniewski, 2001; Brown and Brown, 2002; Franson et
al., 2003; Kelly and Kelly, 2004; Eaton and Hernandez, 2005; Parker and Blomme, 2007; Miiller
et al., 2007; Ber6n and Favero, 2009; Moore et al., 2009; Newton and Little, 2009; Abraham et al.,
2010; Yorio et al., 2014; Perry and Wheeler, 2015; Fitzgerald, 2017; Heath et al., 2017; Montes-
deoca et al., 2017; Jones et al., 2018; Pon et al., 2018; Blettler and Wantzen, 2019; Carleton et al.,
2019; Five Rivers MetroParks, 2019; Zaluski et al., 2019; and compilations of entanglements by
Laist, 1997; Kiihn et al., 2015; Ryan, 2018).

Other cases of entanglement and mortality of birds have involved the strong, cotton, thread-
like string of hip chains, which are used to measure distance (Loegering, 1997; Brown and Miller,
1997; Woolley, 1998). Birds also can become entangled in a variety of natural materials, such as
plants and spider webs (Needham, 1909; Woods, 1934; Tucker, 1955; Burnett, 1970; Bramlett and
Pitts, 1989; Woodson, 1998; Hager et al., 2009).

This compilation of bird entanglements in recreational fishing line is not considered to be com-
plete. Earlier compilations were focused on entanglements in and ingestion of plastics in marine
environments primarily (Laist, 1997; Kiihn et al., 2015; Ryan, 2018), whereas this paper focuses
on entanglements in recreational fishing line in freshwater and inland environments where there
has been less attention (Blettler and Wantzen, 2019). There are likely numerous other cases of birds
being hooked or entangled in fishing line that are in published accounts in the journals,
bulletins, and newsletters of ornithological societies (e.g., Clapp, 1993 and references therein) and
in records of Federal and State
natural resource agencies (e.g.,

U.S. Fish and Wildlife Service
Bird Banding Laboratory),
animal rescue and rehabilitation
centers, bird banding databases
(e.g., British Trust for Ornitholo-
gy [BTO]), beach patrol records,
or veterinary clinics or are unre-
ported observations by the public
(see Moore et al., 2009; Abra-
ham et al., 2010). Also, there
must be many cases where birds
have died or become prey items
and were not observed by
humans. Addition of fishing line
receptacles and signs (Fig. 2) at
recreational  fishing  sites
decreases the amount of fishing
line and tackle in the environ-
ment and should reduce the
chances of wildlife encountering
and becoming entangled in
discarded line (Carleton et al., FIGURE 2. An example of a sign and receptacle posted near recreational
2019; Southwestern Bald Eagle fishing sites to encourage proper disposal of fishing line, thereby reducing both

Management Committee, undat- lit.ter and e.nta‘mglements of wildlife (Courtesy of Five Rivers MetroParks; used
ed) with permission).



POLY: MORTALITY OF BIRDS ENTANGLED IN FISHING LINES 335

ACKNOWLEDGMENTS

Appreciation is expressed to individuals who supplied entanglement references or other infor-
mation that was requested: Paul Ryan (FitzPatrick Institute of African Ornithology, South Africa),
Susan Heath (Gulf Coast Bird Observatory, Texas), Navin Sasikumar (Delaware Valley Ornitho-
logical Club), Carole Showell (BTO), Patricia Lindsay and Shaibal Mitra (New York State Ornitho-
logical Association), Dawn Hewitt and Melody Carpenter (Bird Watcher’s Digest), Cathie Hutch-
eson and Linda Tossing (Inland Bird Banding Association), Martin Fryer (Ministry for Primary
Industries, New Zealand), Molly Keenan (Michigan Audubon Society), and Rudy Pischiutta
(Groupe ornithologique et naturaliste du Nord; GON). Karen Allen and Kristen Wicker (Five
Rivers MetroParks, Montgomery Co., Ohio) provided the graphics in Fig. 2 and permitted their use
herein. My thanks also to John P. “Jack” Dumbacher (CAS Ornithology and Mammalogy) who
reviewed and provided helpful suggestions that improved the manuscript.

LITERATURE CITED

ABRAHAM, E.R., K.N. BERKENBUSCH, AND Y. RICHARD. 2010. The capture of seabirds and marine mammals in
New Zealand non-commercial fisheries. New Zealand Aquatic Environment and Biodiversity Report
No. 64, Wellington. 5-52 pp.

ANONYMOUS. 1962. Strange catch [gull entangled in fisherman’s line near Massena]. The Conservationist
17(1):34.

ANONYMOUS. 1978. Tawny Owl and Magpie caught. BTO News No. 97:7.

ANTHONY, A.W. 1921. A loon (Gavia immer) caught on a fishing line. The Auk 38(2):269.

BARTEL, K.E. 1984. Barn swallow fatalities due to mono-filament fish line. North American Bird Bander
9(3):8.

BARTHELEMY, R.E. 1969. Oriole nest building with synthetic fiber. The Loon 41(2):59.

BATTEN, L.A. 1978. The seasonal distribution of recoveries and causes of blackbird mortality. Bird Study
25(1):23-32.

BELL, D.V,, N. ODIN, AND E. TORRES. 1985. Accumulation of angling litter at game and coarse fisheries in
South Wales, UK. Biological Conservation 34(4):369-379.

BeNT, A.C. 1958. Life Histories of North American Blackbirds, Orioles, Tanagers, and Allies. Order Passeri-
formes: Families Ploceidae, Icteridae, and Thraupidae. United States National Museum Bulletin 211.
U.S. Government Printing Office, Washington, DC, USA. i-ix, 1-549 pp., pls. 1-37.

BERON, M.P., AND M. Favero. 2009. Mortality and injuries of Olrog’s Gull (Larus atlanticus) individuals
associated with sport fishing activities in Mar Chiquita Coastal Lagoon, Buenos Aires Province.
El Hornero 24(2):99-102.

BIRKHEAD, M.E. 1982. Causes of mortality in the mute swan Cygnus olor on the River Thames. Journal of
Zoology, London, 198(1):15-25.

BLETTLER, M.C.M., AND K.M. WANTZEN. 2019. Threats underestimated in freshwater plastic pollution: mini-
review. Water, Air, and Soil Pollution 230(174):1-11.

BrRAMLETT, M.L., AND T.D. PirTs. 1989[1990]. Sharp-Shinned Hawk dies entangled in vines. The Migrant
60(3):74-75.

BrOWN, A.W., AND L.M. BROWN. 2002. Prefledgling survival of Mute Swan Cygnus olor cygnets in the
Lothian, UK. Bird Study 49(2):97-104.

BrowN, K.P., AND C. MILLER. 1997. Bird deaths from hip-chain cotton entanglement. Nofornis 44(2):
109-110.

BuURNETT, C. 1970. Magnolia Warbler caught in burrs. The Kingbird 20(2):73.

BurtcH, V. 1920. A loon (Gavia immer) caught on a fishing line. The Auk 37(2):286.

CANNELL, B.L., K. CAMPBELL, L. FITZGERALD, J.A. LEWIS, 1.J. BARAN, AND N.S. STEPHENS. 2016. Anthro-
pogenic trauma is the most prevalent cause of mortality in Little Penguins, Eudyptula minor, in Perth,
Western Australia. Emu — Austral Ornithology 116(1):52-61.



336 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Series 4, Volume 66, No. 14

CARLETON, R.E., S. MCKENZIE, E. ELSBERRY, AND C. KLEMM. 2019. Placement of a recycling container
and informational signs reduces fishing line and tackle litter at a residential lake: a case study. Urban
Naturalist No. 25:1-11.

CLarp, R.B. 1993. Nestling Eastern Phoebes entangled in fishing line. Raven 64(1):21-22.

COOPER, J., R K. BROOKE, D.P. CYRUS, A.P. MARTIN, R.H. TAYLOR, AND A.J. WILLIAMS. 1992. Distribution,
population size and conservation of the Caspian Tern Sterna caspia in southern Africa. Ostrich 63
(2-3):58-67.

COULSON, J.C. 1961. The post-fledging mortality of the Blackbird in Great Britain. Bird Study 8(2):89-97.
CRYER, M., J.J. CORBETT, AND M.D. WINTERBOTHAM. 1987. The deposition of hazardous litter by anglers at
coastal and inland fisheries in South Wales. Journal of Environmental Management 25(2):125-135.

DENKER, W. 1978. Fischadler (Pandion haliaetus) im karpfenteich ertrunken. Corax 6(4):37.

Dixon, C. 1902. Birds’Nests: An Introduction to the Science of Caliology. Frederick A. Stokes Company, New
York and Grant Richards, London. Printed by Turnbull and Spears, Edinburgh. Scotland, UK. [i]—xiii, 1—
285, [1] pp., 16 unnumbered pls.

Dow, D.D. 1978. Breeding biology and development of the young of Manorina melanocephala, a commu-
nally breeding honeyeater. Emu — Austral Ornithology 78(4):207-222.

DunsTaN, T.C. 1969. Tern mortality due to entanglement in nylon monofilament fishline. The Loon 41(2):
50-51.

EATON, M.D., AND D.L. HERNANDEZ. 2005. A cause of mortality for aerial insectivores? Wilson Bulletin
117(2):196-198.

ELLIs, J.I., S.I. WILHELM, A. HEDD, G.S. FRASER, G.J. ROBERTSON, J.-F. RAIL, M. FOWLER, AND K.H. MORGAN.
2013. Mortality of migratory birds from marine commercial fisheries and offshore oil and gas produc-
tion in Canada. Avian Conservation and Ecology 8(2/art. 4):17 pp.

FITzZGERALD, J. 2017. Entanglement in fishing line proves too much for Royal Tern. Naples Daily News
<https://www.naplesnews.com/story/life/neapolitan/2017/03/25/entanglement-fishing-line-proves-too-
much-royal-tern/99581096/>. Cited 11 May 2020.

FIvE RIVERS METROPARKS. 2019. Winging it [a record of ring-necked duck entangled in fishing line being res-
cued and released in Eastwood MetroPark, Montgomery County, Ohio]. <https://www.metroparks.org/
winging-it/>. Cited 4 May 2020.

ForBES, 1.J. 1986. The quantity of lead shot, nylon fishing line and other litter discarded at a coarse fishing
lake. Biological Conservation 38(1):21-34.

FransoNn, J.C., S.P. HANSEN, T.E. CREEKMORE, C.J. BRAND, D.C. EVERS, A.E. DUERR, AND S. DESTEFANO.
2003. Lead fishing weights and other fishing tackle in selected waterbirds. Waterbirds 26(3):345-352.

FrIEsEN, V.C. 2002. Eastern Phoebe hanging by a thread. Blue Jay 60(4):224.

GLUE, D.E. 1971. Ringing recovery circumstances of small birds of prey. Bird Study 18(3):137-146.

GROVES, J.D. 1986. A Northern Oriole entangled in fishing line. Cassinia No. 61(1984-1985):92-93.

HAGER, S.B., B. DziapYK, AND K.J. McKAY. 2009. Bird-plant entanglement: A review and addition of the
Least Flycatcher. Wilson Journal of Ornithology 121(3):648—651.

HarrIGAN, K.E. 1992. Causes of mortality of Little Penguins Fudyptula minor in Victoria. Emu — Austral
Ornithology 91(5):273-2717.

HEeatH, S.A., S. DAHLGREN, D. SIMON, AND D.M. Brooks. 2017. Monofilament fishing line as a threat to
American Oystercatchers (Haematopus palliatus) on the Texas coast, USA. Waterbirds 40(spec. publ.
1):123-126.

HEeaTON, E.W. 1993. A 911 rescue. Bird Watcher s Digest (July/August 1993) 15(6):88-90, 92.

HousTton, C.S. 1966. Fatal entanglement of Common Tern. Blue Jay 24(2):79.

Hunn, J.T.S. 1926. An oriole tragedy. Bird-Lore 28(5):335.

INKLEY, D.B. 1984. American Robin nestling trapped in nest. Jack-Pine Warbler 62(2):52.

JENNINGS, A.R. 1961. An analysis of 1,000 deaths in wild birds. Bird Study 8(1):25-31.

Jounson, R.F., anD N.F. SLoaN. 1975. Fishing gear — a deadly hazard. Inland Bird-Banding News 47:
115-117.

JoNES, A.W., B. WEIDIG, J.C. SPETZ, AND C.L. BRENNAN. 2018. Bird mortality from fishing lines: a Barn Owl
case study. Ohio Biological Survey Notes 8:1-3.



POLY: MORTALITY OF BIRDS ENTANGLED IN FISHING LINES 337

KAHLE, L.Q., M.E. FLANNERY, AND J.P. DUMBACHER. 2016. Bird-window collisions at a west-coast urban park
museum: Analyses of bird biology and window attributes from Golden Gate Park, San Francisco. PLoS
ONE 11(1):e0144600. doi:10.1371/journal.pone.0144600.

KELLY, A., AND S. KELLY. 2004. Fishing tackle injury and blood lead levels in Mute Swans. Waterbirds
27(1):60-68.

KNIGHT, R.L., J. SKRILETZ, AND D.C. RYAN. 1980. Owl mortality and abandoned fishing line. Raptor Research
14(2):40.

Kovacs, S. 1975. An entangled Canvasback. Jack-Pine Warbler 53(4):159-160.

KRrAAK, E.M. 1986. Sportvisserij — Gevaar voor visetende vogels! Vogeljaar 34:32-34.

KUHN, S., E.L. BRAvO REBOLLEDO, AND J.A. VAN FRANEKER. 2015. Deleterious effects of litter on marine life.
Pages 75-116 in M. Bergmann, L. Gutow, and M. Klages, eds., Marine Anthropogenic Litter. Springer
Open, Cham.

Laist, D.W. 1997. Impacts of marine debris: entanglement of marine life in marine debris including a com-
prehensive list of species with entanglement and ingestion records. Pages 99-139 in J.M. Coe and D.B.
Rogers, eds., Marine Debris: Sources, Impacts, and Solutions. Springer-Verlag, New York, New York,
USA.

LASTAVEL, A. 1981. Observations sur de fous de bassan trouves sue la cote Dunkerquoise. Le Heron
1981(1):102.

LiNcoLN, F.C. 1931. Some causes of mortality among birds. The Auk 48(4):538-546.

LOEGERING, J.P. 1997. Wildlife mortality and entanglement by discarded hip chain string. Wilson Bulletin
109(2):353-355.

Loss, S.R., T. WiLL, S.S. Loss, AND P.P. MARRA. 2014. Bird-building collisions in the United States: Esti-
mates of annual mortality and species vulnerability. The Condor 116(1):8-23.

Loss, S.R., T. WILL, AND P.P. MARRA. 2013. The impact of free-ranging domestic cats on wildlife of the Unit-
ed States. Nature Communications 4(1396):1-7 [+ corrigendum].

Loss, S.R., T. WiLL, AND P.P. MARRA. 2015. Direct mortality of birds from anthropogenic causes. Annual
Review of Ecology, Evolution, and Systematics 46(1):99-120.

MACDONALD, J.W. 1963. Mortality in wild birds. Bird Study 10(2):91-108.

MCMULLEN, J.M. 1984. Cedar Waxwing caught on fishing line. The Kingbird 34(3):169.

MANVILLE, A.F., II. 2005. Seabird and waterbird bycatch in fishing gear: next steps in dealing with a problem.
USDA Forest Service Gen. Tech. Rep. PSW-GTR-191:1071-1082.

MATHER, C.M. 1987. Monofilament line hazardous to Northern Oriole. Bulletin of the Oklahoma Ornitholog-
ical Society 20(4):33.

MEAD, C.J. 1974. The results of ringing Auks in Britain and Ireland. Bird Study 21(1):45-86.

MEAD, C.J. 1979. Mortality and causes of death in British Sand Martins. Bird Study 26(2):107-112.

MEaD, C.J., PM. NoRrTH, AND B.R. WATMOUGH. 1979. The mortality of British Grey Herons. Bird Study
26(1):13-22.

MILWRIGHT, R.D.P. 1998. Breeding biology of the Golden Oriole Oriolus oriolus in the fenland basin of east-
ern Britain. Bird Study 45(3):320-330.

MONTESDEOCA, N., P. CALABUIG, J.A. CORBERA, J.E. COOPER, AND J. OROS. 2017. Causes of morbidity and
mortality, and rehabilitation outcomes of birds in Gran Canaria Island, Spain. Bird Study 64(4):523-534,
supplements.

MOORE, E., S. LyDAY, J. RoLETTO, K. LITLE, J.K. PARRISH, H. NEVINS, J. HARVEY, J. MORTENSON, D. GREIG,
M. PiazzA, A. HERMANCE, D. LEE, D. ADAMS, S. ALLEN, AND S. KELL. 2009. Entanglements of marine
mammals and seabirds in central California and the north-west coast of the United States 2001-2005.
Marine Pollution Bulletin 58:1045-1051.

MORGAN, R., AND D. GLUE. 1977. Breeding, mortality and movements of kingfishers. Bird Study 24(1):
15-24.

MULLER, K., R. ALTENKAMP, AND L. BRUNNBERG. 2007. Morbidity of free-ranging White-tailed Sea Eagles
(Haliaeetus albicilla) in Germany. Journal of Avian Medicine and Surgery 21(4):265-274.

NEEDHAM, J.G. 1909. Kinglets captured by burdocks. Bird-Lore 11(6):261-262.

NERO, R.W. 1972. Western Grebe fatally entangled in fishing line. Blue Jay 30(1):41-42.



338 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Series 4, Volume 66, No. 14

NEWTON, 1., AND B. LITTLE. 2009. Assessment of wind-farm and other bird casualties from carcasses found on
a Northumbrian beach over an 11-year period. Bird Study 56(2):158-167.

NORMAN, J.L. 1987. Synopsis of birds killed at the Coweta, Oklahoma, TV Tower 1974-1984. Bulletin of the
Oklahoma Ornithological Society 20(3):17-22.

O’HARA, K.J., S. IuDICELLO, AND R. BIERCE. 1988. A Citizens s Guide to Plastics in the Ocean: More than a
Litter Problem. Center for Marine Conservation, Washington. i—viii, 1-143 pp.

PARKER, G.H., AND C.G. BLOMME. 2007. Fish-line entanglement of nesting Mourning Dove, Zenaida
macroura. Canadian Field-Naturalist 121(4):436-437.

PARRISH, J.R., AND B.A. MAURER. 1991. Injury to a Merlin (Falco columbarius) from discarded fishing tack-
le. Journal of Raptor Research 25(4):136—139.

PERRY, M., AND D. WHEELER. 2015. Region 5—Oneida Lake Basin. The Kingbird 65(4):320-330.

PETERSEN, S.L., M.B. HONIG, P.G. RYAN, L.G. UNDERHILL, AND M. GOREN. 2009. Seabird bycatch in the dem-
ersal longline fishery off southern Africa. African Journal of Marine Science 31(2):205-214.

Pon, J.P.S., M.S. B0, C. BLock, F.E. GALVAN, AND G. GARCIiA. 2018. Chimango Caracara (Milvago chiman-
go) entangled in fishing tackle in southeastern Buenos Aires Province, Argentina. Ornitologia Neotropi-
cal 29:271-274.

Rapowmski, P., T. HEINRICH, T.S. JONES, P. RIVERS, AND P. TALMAGE. 2006. Estimates of tackle loss for five
Minnesota walleye fisheries. North American Journal of Fisheries Management 26(1):206-212.

Ryan, P.G. 1987. The incidence and characteristics of plastic particles ingested by seabirds. Marine Environ-
mental Research 23(3):175-206.

Ryan, P.G. 2018. Entanglement of birds in plastics and other synthetic materials. Marine Pollution Bulletin
135:159-164.

SADLER, K.C. 1993. Other natural mortality. Pages 225-230 in T.S. Baskett, M.W. Sayre, R.E. Tomlinson, and
R.E. Mirarchi, eds., Ecology and Management of the Mourning Dove. Stackpole Books, Harrisburg,
Pennsylvania, USA. [i]-[xxiv], 1-567 pp.

ScHAEFER, V.H. 1976. Geographic variation in the placement and structure of oriole nests. The Condor
78(4):443-448.

ScHAEFER, V.H. 1980. Geographic variation in the insulative qualities of nests of the northern oriole. Wilson
Bulletin 92(4):466—474.

SCHREIBER, R.W. 1975. Bad days for the Brown Pelican. National Geographic 147(1):[110]111-123.

SCHREIBER, R.W., AND P.J. Mock. 1988. Eastern brown pelicans: what does 60 years of banding tell us? Jour-
nal of Field Ornithology 59(2):171-182.

SCHEUHAMMER, A.M., AND S.L. NORRIS. 1996. The ecotoxicology of lead shot and lead fishing weights.
Ecotoxicology 5(5):279-295.

SCHEUHAMMER, A.M., S.L. MONEY, D.A. KIrRK, AND G. DONALDSON. 2003. Lead fishing sinkers and jigs in
Canada: review of their use patterns and toxic impacts on wildlife. Canadian Wildlife Service Occasion-
al Paper 108:1-48.

SHArP, C.S. 1903. Some unusual nests of the Bullock Oriole. The Condor 5(2):38-42.

SIDOR, L.F., M.A. POKRAS, A.R. MAJOR, R.H. POPPENGA, K.M. TAYLOR, AND R.M. MiconI. 2003. Mortality of
common loons in New England, 1987 to 2000. Journal of Wildlife Diseases 39(2):306-315.

Srack, H.E., III. 1992. Entanglement in nest material causes mortality of young Loggerhead Shrikes. North
American Bird Bander 17(2):60.

SOUTHWESTERN BALD EAGLE MANAGEMENT COMMITTEE. undated. Monofilament fishing line and Bald Eagles.
<http://swbemc.org/monofilament.html>. Cited 6 January 2020.

SMIDDY, P., AND J. O’HALLORAN. 1998. Breeding biology of the Grey Wagtail Motacilla cinerea in southwest
Ireland. Bird Study 45(3):331-336.

SPEARPOINT, J.A., B. EVERY, AND L.G. UNDERHILL. 1988. Waders (charadrii) and other shorebirds at Cape
Recife, Algoa Bay, South Africa: seasonality, trends, conservation, and reliability of surveys. Ostrich
59(4):166-1717.

STEWART, P.A. 1967. Diving wood duck ducklings entangled in filamentous algae. The Condor 69(5):531.

STOKES, D., AND L. STOKES. 1986. The behavior watcher’s notebook. Bird Watcher s Digest 8(6):86—90.

STONE, W.B., AND J.C. OKONIEWSKI. 2001. Necropsy findings and environmental contaminants in Common



POLY: MORTALITY OF BIRDS ENTANGLED IN FISHING LINES 339

Loons from New York. Journal of Wildlife Diseases 37(1):178—184.

TAYLOR, G.A. 1996. Seabirds found dead on New Zealand beaches in 1994. Notornis 43(4):187—-196.

TAYLOR, G.A. 1997. Seabirds found dead on New Zealand beaches in 1995. Notornis 44(4):201-212.

TAYLOR, G.A. 1999. Seabirds found dead on New Zealand beaches in 1996. Notornis 46(4):434-445.

TAYLOR, G.A. 2004. Beach patrol scheme: Seabirds found dead on New Zealand beaches, 1997 — 1999. Notor-
nis 51(3):176-191.

TUCKER, H.M. 1955. Calliope Hummingbird entangled in grass barbs. The Condor 57(2):119.

VERLIS, K.M., M.L. CAMPBELL, AND S.P. WILSON. 2014. Marine debris is selected as nesting material by the
Brown Booby (Sula leucogaster) within the Swain Reefs, Great Barrier Reef, Australia. Marine Pollu-
tion Bulletin 87(1-2):180-190.

WEDGWOOD, J.A., T. PEPPER, AND J. PEPPER. 1989. Unique collection of oriole nests. Blue Jay 47(3):148—-151.

Woobs, R.S. 1934. A hummingbird entangled in a spider’s web. The Condor 36(6):242.

WooDsoN, C.A. 1998. A Yellow-Breasted Chat entangled in beggar’s lice. The Mississippi Kite 28(1):2-3.

WOOLLEY, B. 1998. Grey-faced petrel (Pterodroma macroptera) entangled in hip-chain cotton. Notornis
45(2):102.

Yorio, P., C. MARINAO, AND N. SUAREz. 2014. Kelp Gulls (Larus dominicanus) killed and injured by
discarded monofilament lines at a marine recreational fishery in northern Patagonia. Marine Pollution
Bulletin 85(1):186-189.

ZALUSKL, S., L.M. SOANES, J.A. BRIGHT, A. GEORGE, P.G.R. JoDICE, K. MEYER, N. WOODFIELD-PASCOE, AND
J.A. GREEN. 2019. Potential threats facing a globally important population of the Magnificent Frigatebird
Fregata magnificens. Tropical Zoology 32(4):188-201.

ZIMMERMAN, D.R. 1976. The Bald Eagle bicentennial blues. Natural History 85(1):8-16.

ZYDELIS, R., C. SMALL, AND G. FRENCH. 2013. The incidental catch of seabirds in gillnet fisheries: a global
review. Biological Conservation 162:76—88.



340 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Series 4, Volume 66

Page intentionally left blank



PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES

Series 4, Volume 66, No. 15, pp. 341-352, figs. 14, 2 tables October 30, 2020

Notes on the Vascular Flora of the Island of Principe
(Sao Tomé and Principe) in the Gulf of Guinea

Thomas F. Daniel
Botany, Institute for Biodiversity Science and Sustainability, California Academy of Sciences, 55 Music
Concourse Drive, Golden Gate Park, San Francisco, CA 94118 U.S.A.; tdaniel@calacademy.org

Based on recent plant collections from the island of Principe: first reports of
presumably native occurrences are documented for two species of Acanthaceae
(Brillantaisia owariensis and Phaulopsis micrantha) and for the whisk fern, Psilotum
nudum (Psilotaceae); Justicia secunda (Acanthaceae) is reported as naturalized; new
occurrences of two species of Acanthaceae previously known only from single occur-
rences on the island (Dicliptera verticillata and Stenandriopsis thomensis) are
discussed; and new distributional (Sciaphila ledermannii, Triuridaceae), morpholog-
ical (Brillantaisia lamium, Acanthaceae), and photographic (Habenaria letouzeyana,
Orchidaceae) insights are offered for other species. Updated information is provided
for the numbers of native lycophytes, ferns, and flowering plant species and infra-
specific taxa for the country and island-only occurrences for each of Principe and
Sao Tomé. Numbers of endemic taxa for the country and each island are also pro-
vided.

KEYWORDS: Range extensions, significant collections, floristic summaries, endemism,
Acanthaceae, Orchidaceae, Psilotaceae, Triuridaceae

The four major islands in Africa’s Gulf of Guinea are all volcanic in origin, but vary in age,
size, elevation, distance from the continent, floristic composition, and nationality. The islands of
Bioko (largest, highest, and closest to the continent) and Annabdn (smallest, lowest, and farthest
from the continent) both pertain to Equatorial Guinea. The two islands between Bioko and
Annabon comprise the nation of Sdo Tomé and Principe, the name of which derives from that of
each island. This archipelago is somewhat unusual among tropical island systems by possessing
both continental (Bioko) and oceanic islands (Annabdn, Principe, Sdo Tomé). The latter three,
which lie beyond the continental shelf, have neither been connected to the African mainland nor
any other island, but arose independently from the ocean floor. Naturally occurring organisms on
oceanic islands are the result of either dispersal from offshore or in situ evolution of earlier arrivals.
Recent lists of the vascular flora for each island in the Gulf of Guinea are available: Annabdon
(Velayos et al. 2013a), Bioko (Velayos et al. 2013b), and Sao Tomé and Principe (Figueiredo et al.
2011).

With an area of ca. 140 kmZ2, Principe (Fig. 1) is the second smallest island in the archipelago,
and is also the oldest geologically (ca. 31 mybp). In his work on the plants of the oceanic islands
in the Gulf of Guinea, Exell (1944) noted that Principe had been less thoroughly explored than the
larger (ca. 6 times larger) and more accessible island of Sdo Tomé. The most recent estimates of
the numbers of presumably indigenous and endemic flowering plant species for the nation (i.e.,
both islands; Figueiredo et al. 2011:42) were: “1,104 species (301 introduced) plus 15 additional

341



342 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Series 4, Volume 66, No. 15

FIGURE 1. Views of Principe island: southeastern portion looking south toward islet of Bone do Joquei (top) and south-
western portion looking northeastward (bottom). Photos by expedition members M. Nadel (top) and R. Wenk (bottom).

infraspecific taxa...119 taxa (107 species and 12 infraspecific taxa) are known to be endemic to the
two islands.” Based on information provided for each taxon in Figueiredo et al. (2011), I counted
the numbers of native species + infraspecific taxa that occurred on both islands, only on Principe,
and only on Sdo Tomé; I also totaled the numbers of species endemic to both islands (i.e., the coun-
try), Principe only, and Sdo Tomé only. From their listing, I excluded 305 species + infraspecific
taxa that were noted as “introduced” (whether naturalized or not) and 36 taxa that were noted to be
based on questionable or doubtful occurrences (e.g., literature citations without vouchers) of both
introduced and potentially native taxa. Table 1 shows the counts obtained augmented by the
changes in occurrence data from taxa noted below. My counts for the country reveal 812 natives
(797 species and 15 infraspecific taxa [i.e., subspecies and varieties in excess of one per species])
with 119 (107 species + 12 infraspecific taxa; 15%) of them endemic to it. Sdo Tomé is ca. 6 times
larger and has elevations ca. 2.1 times higher than those of Principe; it also contains more than
twice as many native flowering plant species with more than four times as many (and more than
twice the percentage) of them endemic to the island.

Although Principe is far less rich in plant species than Sdo Tomé, it contains numerous
endemics and species that otherwise are not known to occur on the larger island. The unispecific
genus Principina Uittien (Cyperaceae) was originally recognized as endemic to Principe (Uittien
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1935; Exell 1944), the type having been collected from the summit of Pico Papagaio. Following
Koyama (1961), Figueiredo et al. (2011) treated the sole species, P. grandis Uittien, as Hypolytrum
grande (Uittien) T. Koyama, and indicated its occurrence on both Sdo Tomé and Principe. Mester-
hézy and Browning (2014) referred the report by Figueiredo et al. (2011) of the species on Sdo
Tomé to H. africanum Nees ex Steud., a species not otherwise reported from the country (and not
included in the counts of Table 1). However, they rationalized generic recognition of Principina
and reported the discovery of an occurrence of P. grandis on Sdo Tomé (Mesterhazy and Brown-
ing 2014).

TABLE 1. Numbers of presumably native occurrences (species + infraspecific taxa) of flower-
ing plants in Sao Tomé and Principe by country and by island. See text for additional explanation.

ST&P ST P
Total natives 812 727 356
Occurrences 268 ! 458 86
Endemics (% per region) 172 (2%) 83 (11%) 19 (5%)

1 common to both islands
2 common to both islands; total for the country = 119 (15%)

The following range extensions to and notes on poorly known species of Principe have been
generated via collections and photographs during four expeditions sponsored by the Califomia
Academy of Sciences to both islands of Sdo Tomé and Principe in the company of local guides and
both scientists and students representing numerous disciplines. In terms of bryophytes and vascu-
lar plants these expeditions have resulted in more discoveries of range extensions (i.e., new island
occurrences) on Principe than on Sao Tomé (e.g., Daniel 2010; Pocs et al. 2015). Because Principe
is less visited and lacks considerable infrastructure, areas on that small but topographically rugged
island (Fig. 1) remain incompletely explored. Below, vascular plant occurrences of Acanthaceae
and Psilotaceae new to Principe are documented; occurrence data for poorly known taxa of Acan-
thaceae and Triuridaceae are updated; morphological variation in Brillantaisia lamium is docu-
mented; and photographs of an attractive terrestrial orchid that is endemic to the island are appar-
ently provided for the first time.

ACANTHACEAE

Brillantaisia owariensis P. Beauv.

Principe: N end of island, from cacao plantation along road 1.6 (air) km S of Bom Bom Island
(01°40.897'N, 007°24.115'E, 65 m) to mouth of Agua Grande at S end of Praia Bom Bom
(01°41.390'N, 007°23.932'E, sea level), plantation grounds and moist lowland evergreen forest, 18
IV 2013 (sterile), T Daniel & J. Shevock 11992 (CAS).

A small population of ca. 12 plants occurring at ca. 40 m elevation in a weedy portion of a
cacao plantation is readily identifiable (even sterile) by its robust stems and large, dentate leaves
that bear a prominent wing along the entire length of the petiole (Fig. 2). This species occurs
throughout tropical Africa, is often cultivated, and sometimes becomes naturalized (Daniel and
Figueiredo 2009). It is newly reported from Principe, having previously been documented from at
least two apparently disturbed sites on Sdo Tomé. Elsewhere among islands in the Gulf of Guinea,
B. owariensis also occurs on Bioko (e.g., Aedo et al. 1999; Velayos et al. 2013b). Although it was
treated as native to S3o Tomé and Principe (e.g., Daniel and Figueiredo 2009; Figueiredo et al.
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FIGURE 2. Miscellaneous Acanthaceae. Brillantaisia owariensis (left; Daniel s.n., from plants cultivated at San Francis-
co Conservatory of Flowers), leaf and living flowers. Dicliptera verticillata (top right), inflorescence with flower (corolla
resupinate 180°; cultivated at San Francisco Conservatory of Flowers from seed of Daniel 11122 collected on Sdo Tomé¢).
Phaulopsis micrantha (bottom right), axillary flower (Daniel 11145, from Sdo Tomé, field photo by W. Eckerman). Photos
by the author except as noted.

2011), it is more likely that the species was intentionally introduced to the islands and has become
naturalized there. Plants have been reported to be used as ornamentals, medicinal remedies, and for
human consumption in parts of continental Africa (e.g., Okeke et al. 2009; Akuru and Amadi 2018;
Kewscience 2020). Therefore, the species is excluded from the counts of native flowering plants in
Table 1.
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Brillantaisia lamium (Nees) Benth.

Principe: Road/trail from Terreiro Velho to Infante D. Henrique, vicinity of Roga Ribeira to
Orgdos Basélticos/Os Dois Irmaos (01°35.002'N, 007°25.539'E, 115 m) to Rio Chibala
(01°34.442'N, 007°25.218'E, 80 m), second growth forest and disturbed areas, 20 IV 2013 (flr, frt),
T. Daniel et al. 12023 (CAS)-purple corollas; same locale, 20 IV 2013 (flr, frt), 7. Daniel et al.
12024 (CAS)-white corollas.

In a taxonomic revision of Brillantaisia P. Beauv., Sidwell (1998:74) noted that plants with
entirely white corollas were occasionally found among the otherwise usually blue-purple to violet-
flowered species, including B. lamium and B. vogeliana, both of which occur in Sdo Tomé and
Principe. Daniel and Figueiredo (2009:646 and fig. 3G, H) noted the occurrence of both purplish-
and white-flowered plants of B. vogeliana on Sdo Tomé, which species only occurs on that island
in the country. Brillantaisia lamium occurs on both islands, but the occurrence of both color forms
for this species was noted only for Sdo Tomé (Daniel and Figueiredo 2009). Both color forms of
B. lamium are documented above on Principe, as well. Additional collections of B. lamium with
both purple to blue-purple and white corollas have been made elsewhere on the island. Plants with
corollas having a somewhat intermediate coloration, mostly white but with a faint lavender tinge,
also occur in Principe (e.g., Daniel et al. 11695 at CAS, from ca. 2 km south of Bela Vista along
the Rio Papagaio).

Dicliptera verticillata (Forssk.) C. Chr.

Principe: N end of island, from cacao plantation along road 1.6 (air) km S of Bom Bom Island
(01°40.897'N, 007°24.115'E, 65 m) to mouth of Agua Grande at S end of Praia Bom Bom
(01°41.390'N, 007°23.932'E, sea level), plantation grounds and moist lowland evergreen forest, 18
IV 2013 (sterile), T Daniel & J. Shevock 11993 (CAS).

Sterile plants were locally frequent at an elevation of about 40 meters on a disturbed site. The
species (Fig. 2) is readily recognizable by its 6-angled stems with a + dense cluster of elongate (up
to 3.5 mm), flexuose, and eglandular trichomes at the vegetative nodes. Although collected numer-
ous times from several sites on Sdo Tomé, this appears to be only the second collection of the
species on Principe (Daniel and Figueiredo 2009). The species was previously collected on that
island at Sundi (i.e., 7. Monod 12073 at COI), ca. 2.5 to 3 km to the southwest of the collection
noted above. Elsewhere in the Gulf of Guinea, D. verticillata also occurs on both Bioko and
Annobon (Velayos et al. 2013a, b).

Daniel and Figueiredo (2009:652 and fig. 2E) illustrated and noted that corollas of most col-
lections of D. verticillata collected on Sdo Tomé were rotated 90° so that they appeared to be ori-
ented on their sides. Plants grown from seed of Daniel 11122 from that island eventually exhibit-
ed corollas resupinate both 90° and 180° (Fig. 2). The orientation of corollas of plants on Principe
remains unknown.

Justicia secunda Vahl

Principe: 0.8 km N of airport terminal along road to Bom Bom Island, 01°40.302'N,
007°24.739'E, 180 m, disturbed roadside near houses, 1 V 2013 (flr), T. Daniel & A. Stanbridge
12115 (CAS); along Agua Grande, ca. 0.3 km S of entrance to Bom Bom Resort, 01°41.340'N,
007°24.126'E, ca. 5 m, disturbed moist evergreen forest, 24 IV 2013 (flr), 7. Daniel & J. Shevock
12034 (CAS). Sao Tomé: trail from Jardim Botdnico de Bom Sucesso (00°16.866'N,
006°38.868'E; 1115 m) to Lagoa Amélia (00°15.972'N, 006°35.589'E; 1480 m), moist to wet mon-
tane forest and cultivated fields, 14 IV 2008 (flr), T. Daniel 11142 (CAS).
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This species (Fig. 3), a native of tropical America, was noted by Daniel and Figueiredo (2009)
to be cultivated in Sdo Tomé and Principe based on plants seen on both islands in 2008. Indeed, the
specimen from Sdo Tomé cited above was cultivated as a hedge near the botanical garden, and
Daniel & Stanbridge 12115 from Principe was both cultivated in a hedge (seen in 2008), but also
appeared to be naturalizing nearby (collected in 2013). Daniel & Shevock 12034 from another site
on Principe (2.2 km distant from Daniel & Stanbridge 12115) consisted of a stand of ca. 100
naturalized and locally frequent plants that confirmed the species escape from cultivation, at least
on that island. Infusions and decoctions (including an herbal tea) made from leaves or entire plants
of J. secunda have putative medicinal attributes, and are used in both Africa and South America
(e.g., Kitadi et al. 2019). Because this species was not treated by Daniel and Figueiredo (2009),
a brief description of it (based on the collections cited above) and a revised key to the native and
naturalized species of Justicia in the country are provided below.

Perennial herb to shrub to 3.5 m tall; leaves petiolate, blades ovate, 75-140 mm long, 22-53
mm wide, 2.6-3.6 x longer than wide, rounded to acute at base, acuminate at apex, surfaces pubes-
cent with eglandular trichomes restricted to major veins. Inflorescence of axillary and/or terminal
panicles of subracemose branches bearing alternate and unilateral (axillary branches) or opposite
(terminal portion of main axis) 1-flowered and sessile dichasia. Bracts subtending dichasia subu-
late to lanceolate, 1-5 mm long (fertile bract usually longer than sterile bract when dichasia uni-
lateral). Paired bracteoles subtending flowers subulate to lanceolate, 1.5-3 mm long. Flowers short-
pedicellate, pedicels 0.8—1.5 mm long. Calyx 5-lobed, 6—-10 mm long, lobes homomorphic, lance-
linear to linear, 5-9 mm long, abaxially pubescent with glandular and eglandular trichomes. Corol-
la dark red, 35-38 mm long, externally pubescent with eglandular and stipitate glandular
trichomes, tube 9-20 mm long, lips 16-27 mm long. Stamens inserted near base of corolla tube,
27-30 mm long, thecae of a pair conspicuously unequal in size, parallel to subperpendicular to one
another, glabrous, lacking basal appendages. Capsule (based on extralimital specimens from trop-
ical America) 9-11 mm long, externally pubescent with erect eglandular trichomes and sessile to
subsessile glandular trichomes; seeds 2.5-3 X 2.7-3 mm, surface smooth, lacking trichomes.

la. Annuals; leaf blades 1.4-2.6 x longer than wide; calyx 2.3—3 mm long, lobes heteromorphic
(posterior lobe ¥ or less as long as others); corolla 2.6-3 mmlong ....................
.................................................... J. tenella (Nees) T. Anders.

1b. Perennials; leaf blades 2.6—4.2 x longer than wide; calyx 3—10 mm long, lobes homomorphic
or nearly so; corolla 7.5-38 mm long ........... ... i 2

2a. Young stems and leaves glabrous; calyx 3—5.5 mm long; corolla 7.5-9 mm long; stamens 5 mm
long, distal theca dorsally pubescent, proximal theca with a basal appendage 0.8 mm long . .

.......................................................... J. thomensis Lindau

2b. Young stems and leaves (on major veins) pubescent; calyx 6—10 mm long; corolla 35-38 mm
long; stamens 27-30 mm long, both thecae of a pair glabrous and lacking basal appendages

.............................................................. J. secunda Vahl

Phaulopsis micrantha (Benth.) C.B. Clarke

Principe: N end of island, from cacao plantation along road 1.6 (air) km S of Bom Bom Island
(01°40.897'N, 007°24.115'E, 65 m) to mouth of Agua Grande at S end of Praia Bom Bom
(01°41.390'N, 007°23.932'E, sea level), plantation grounds and moist lowland evergreen forest,
18 IV 2013 (flr), T Daniel & J. Shevock 11988 (CAS).

Although known from several collections on Sdo Tomé (Fig. 2; Daniel and Figueiredo 2009),
the one cited above is the first report of the species on Principe where it is presumed to be native.
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FIGURE 3 Miscellaneous vascular plants. Psilotum nudum (top), fertile plants on base of coconut palm (Daniel & She-
vock 12035). Sciaphila ledermannii (bottom left), fertile plant (Daniel et al. 12085, photo by M. Nadel). Sciaphila leder-
mannii (bottom center), fertile plant (Daniel et al. 12084, photo by M. Nadel). Justicia secunda (bottom right), inflores-
cence with flowers (photo and copyright: C. Feuillet, CC BY-NC, used with permission), taken in French Guiana.
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It was collected at the same disturbed site as several other Acanthaceae that can become weedy:
Brillantaisia lamium (Daniel & Shevock 11990), B. owariensis (Daniel & Shevock 11992),
Dicliptera verticillata (Daniel & Shevock 11993), Elytraria marginata Vahl (Daniel & Shevock
11989), and Nelsonia canescens (Lam.) Spreng. (Daniel & Shevock 11991). Elsewhere among the
islands of the Gulf of Guinea, P. micrantha also occurs on Annobon (Manktelow 1996; Velayos et
al. 2013a). Two other species of the genus, P. angolana S. Moore and P. ciliata (Willd.) Hepper
have been recorded on Bioko (Manktelow 1996).

Stenandriopsis thomensis (Milne-Redh.) Heine

Principe: Obo Natl. Park-Principe, trail from ruins of Francisco Mantero (Maria Correia) to
Pico Mesa, from 1.5 km (air) SE of ruins (01°35.317'N, 007°21.483'E, 350 m, lowland to
montane rain forest) to summit of Pico Mesa (01°34.930'N, 007°21.201'E, 500 m, dwarf cloud
forest), 19 IV 2013 (old inflorescences), T Daniel et al. 11995 (CAS).

Several sterile plants and others bearing inflorescences lacking corollas were locally frequent
under the forest canopy about two-thirds of the way up the prominent mesa in southwestern
Principe. Although Stenandriopsis thomensis has been collected numerous times from several sites
on Sao Tomé, this collection appears to represent only the second collection of the species on
Principe (Daniel and Figueiredo 2009). It was previously collected on that island at Pico Papagaio
(01°36'45"N, 007°23'30"E; i.e., F. de Oliveira 547 at BRLU and STPH), some 5 km to the north-
east. The species also occurs in Cameroon and Nigeria on mainland Africa (Vollesen 1992; Daniel
and Figueiredo 2009), but it has not been reported from either Bioko or Annobén in the Gulf of
Guinea. Although two other species of the genus occur on Bioko, this is the only species of
Stenandriopsis in Sao Tomé and Principe.

ORCHIDACEAE

Habenaria letouzeyana (Szlach. & Olsz.) P.J. Cribb & Stévart

This relatively large (to about 7 dm tall) terrestrial orchid is endemic to Principe. When it was
described by Szlachetko and Olszewski (1998) as Podandriella letouzeyana, it was known from a
single collection (Rose 412 at P, the holotype), and the habitat of the species was unknown. When
they transferred the species to Habenaria Willd., Stévart and Cribb (2004) cited several collections,
which included habitat information. A population of ca. 50 plants of the species was observed on
three occasions over several years (2008, 2010, 2013) near the northern base of Pico Papagaio on
relatively flat to slightly sloping and somewhat disturbed ground in tropical evergreen moist to wet
forest at an elevation of ca. 300 meters. The species was in flower during March and April. Owing
to its rarity and listing by the Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES 2019), no collections were made. Black-and-white drawings of various
parts of the plant accompanied the protologue, and a colored illustration of the species
(as Habenaria procera (Sw.) Lindl. var. procera) appeared in Stévart and Oliveira (2000:52, figs.
19, 20). However, apparently no photographs of living plants of H. lefouzeyana have been
published or made available online. Several views of this beautiful orchid are herewith provided

(Fig. 4).
PSILOTACEAE

Psilotum nudum (L.) P. Beauv.
Principe: between Agua Grande and Praia Bom Bom, ca. 10 m above and behind (SE of) high
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FIGURE 4. Habenaria letouzeyana. Habit (top left). Portion of inflorescence with flowers (top right). Flower, front-view
(bottom left). Flower, lateral view (bottom right, photo by W. Eckerman). Photos by the author in 2013 except as noted. All
photos from northern base of Pico Papagaio except photo at bottom left from trail below Morro de Leste.
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tide line, 01°41'24.3"N, 007°23'59.4"E, ca. 3 m, strand vegetation with Cocos nucifera, 24 IV 2013
(fertile), T Daniel & J. Shevock 12035 (CAS).

More than 100 plants of this distinctive pteridophyte were frequent on and around the bases of
numerous coconut palms in the beach sands at the northern end of Principe (Fig. 3). The family and
species are newly reported as naturally occurring plants on that island. Psilotum nudum was noted
previously to occur in one locality (Praia Meldo) on Sdo Tomé (Figueiredo 2002; Klopper and
Figueiredo 2013). Elsewhere among the islands in the Gulf of Guinea, P. nudum occurs on Bioko
and Annobon (e.g., Velayos et al. 2008, 2013a).

In their updated checklist of ferns and lycophytes in the country, Klopper and Figueiredo
(2013) cite 157 species (no species is represented by more than a single infraspecific taxon), with
145 on Sao Tomé and 77 on Principe. Three species of ferns were treated as naturalized, two occur-
ring on both islands and one only on Sdo Tomé. Among the 15 species of lycophytes in the coun-
try, 12 occur on Sdo Tomé and eight occur on Principe; five species occur on both islands, seven
are known only from Sdo Tomé, and three are known only on Principe; one species is endemic to
both islands, and one species is endemic to Sdo Tomé. With the addition of Psilotum nudum on
Principe, Table 2 provides a summary of the numbers of native and endemic species of ferns and
lycophytes for the country and for each of its islands.

TABLE 2. Numbers of native species of ferns and lycophytes in Sdo Tomé and Principe by
country and by island. See text for additional explanation.

ST&P ST P
Total natives 154 142 76
Occurrences 621 78 14
Endemics (% per region) 22 (1%) 7 (5%) 3 (4%)

1 common to both islands
2 common to both islands; total for the country = 12 (8%)

TRIURIDACEAE
Sciaphila ledermannii Engl.

Principe: Ribeira Banzu to summit ridge of Pico Principe, 01°3525.7"N, 007°23'01"E, 524
m, moist to wet evergreen forest, 28 IV 2013 (flr, frt), T Daniel et al. 12084 (CAS); trail between
ruins of S. Carlos do Fundao and Ribeira Banzu, 01°35'52.8"N, 007°23'18.1"E, 199 m, moist to
wet evergreen forest, 28 IV 2013 (flr, frt), 7. Daniel et al. 12085; along trail from near (SW of)
Terreiro Velho to Morro de Leste, 01°35.843'N, 007°24.650'E, 400-500 m, moist lowland ever-
green forest, 17 XI 2016 (flr, fit), 7. Daniel et al. 12241 (CAS).

This species (Fig. 3) was reported by Daniel (2010) as the first occurrence of Triuridaceae
among the islands in the Gulf of Guinea and the first holosaprophyte (mycoheterotroph) in Sao
Tomé and Principe. Subsequently, Figueiredo et al. (2011: 49) noted the occurrence on Principe of
an unidentified species of Gymnosiphon Blume (Burmaniaceae), as a “colorless saprophyte.” The
three collections for the bright red Sciaphila noted above add two additional watersheds (i.e., that
drained by the Ribeira Banzu to the west and the Agua da Ponte Grande to the east) to the two
noted by Daniel (2010; i.e., regions drained by the Rio Papagaio to the northeast and the Ribeira
Sao Tomé to the southwest, respectively) on Principe. More than 15 individuals were seen on a
slope under a tree at the site of Daniel et al. 12084; more than 30 individuals were seen in open
ground along a trail at the site of Daniel et al. 12085; and plants were infrequent in leaf litter in a
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flat, forested region at the site of Daniel et al. 12241. 1t is perhaps noteworthy that all of the col-
lections noted above occur at higher elevations (up to 524 m) than those previously reported for
collections on the island (i.e., up to 150 m; Daniel 2010). Sciaphila ledermannii, which otherwise
only occurs in Cameroon and Nigeria on the African mainland (Cheek and Ndam 1996), is likely
more common on Principe than the low number of collections suggests. The species remains
unknown on all of the other islands in the Gulf of Guinea.
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Massif Speciation Events in New Caledonian Lizards:
Diversification in the Genus Marmorosphax (Scincidae)
Tracks Isolation on the Island’s Ultramafic Surfaces
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An extensive molecular phylogeny of the endemic New Caledonian scincid lizard
Marmorosphax based on the mitochondrial ND2 gene retrieves four major lineages.
The basal divergences within the phylogeny progressively split off lineages concor-
dant with the boundaries of the island’s major ultramafic regions, and are believed
to be the product of vicariant events. Three of these lineages are restricted to ultra-
mafic surfaces and are allopatric in distribution: one, comprising a single species,
M. montana, occurs in high elevation habitat in the ranges of the southern ultramaf-
ic region; another, comprising the taxa M. kaala, M. boulinda, and M. taom, occupies
ultramafic massifs in the central-west and northwest region; and the third, repre-
sented by the undescribed species M. cf. tricolor, is present in the central-east region
ultramafic ranges. The fourth major lineage is represented by the widespread species
M. tricolor which, by default of earlier vicariant events, evolved within the north-
eastern/central-east metamorphic region, and its presence now on ultramafic
surfaces is attributed to subsequent range expansion. Past periods of aridity and
accompanying widespread loss of forest habitat at low to mid elevation are the like-
ly historical processes initiating regional isolation of Marmorosphax populations on
ultramafic surfaces, with the persistence of higher elevation forest and/or moister
habitat providing refugia within which isolated populations in the ultramafic regions
further diversified. While some of the newly sampled populations in this study poten-
tially represent genetically distinct undescribed taxa, the samples to allow the
complementary morphological comparisons required are insufficient. The
Marmorosphax species restricted to particular ultramafic massifs are threatened
primarily by activities of an expanding nickel mining industry, as are numerous
other restricted range lizard species on these surfaces, and the described taxa have
been assessed under International Union for the Conservation of Nature (IUCN)
criteria as Endangered (M. boulinda, M. montana, and M. taom) to Critically Endan-
gered (M. kaala).

KEeyworps: New Caledonia, Scincidae, Marmorosphax, phylogeography, ultramafic.
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INTRODUCTION

The scincid lizard fauna of New Caledonia is exceptionally rich and diverse with 63 recog-
nized named species in 18 genera that are strictly endemic (or nearly so) to the territory. Molecu-
lar studies based on mitochondrial and nuclear DNA sequence data (Smith et al. 2007; Chapple et
al. 2009) have identified the endemic skink genera of New Caledonia as part of a monophyletic
‘Tasmantis’ group that also includes the endemic New Zealand and Lord Howe Island taxa.

One of the most significant attributes of the New Caledonian lizard fauna to emerge in recent
years is the presence of extensive narrow-range endemism throughout the main island, or Grande
Terre. The exceptional diversity now documented likely reflects the historical interplay of geolo-
gy, climate, and vegetation that has yielded numerous cladogenic events which have subdivided
ancestral populations and promoted speciation within lineages. Underlying this exceptional diver-
sity is the extent to which historical processes on the islands ultramafic surfaces have played in
driving speciation in the endemic lizard fauna. The ultramafic surfaces in New Caledonia cover
about 5,500 km? or about one third of its total land area (Jaffré et al. 1987), and are a dominant part
of the landscape. They are derived from an overthrusting of oceanic lithosphere over continental
lithosphere during the late Eocene to form the New Caledonian Peridotite Nappe. The timing at
which emergent land was present in the region and the dating of the New Caledonian fauna and
flora has been the focus of much debate (see Nattier et al. and Giribet and Baker 2019). The most
recent assessment determined that emergent land has existed in the area occupied by the Grande
Terre since 25Ma (Maurizot and Campbell 2020). Postobduction tectonic events and erosion have
disrupted the Peridotite Nappe into units (massifs) of different sizes (Maurizot et al. 2020) seen
today. Ongoing studies in the past two decades have identified both broad-scale and highly local-
ized endemism on the islands ultramafic massifs, in particular those in the central-west/northwest
regions (Bauer et al. 2006; Sadlier et al. 2004, 2009, 2014; Sadlier, Bauer et al. 2014a, 2014c¢), and
on the ranges of the Chaine Centrale in the southern region (Bauer et al. 2006, 2008; Sadlier et al.
20006, 2013, 2014 2018; Sadlier, Bauer et al. 2014b, 2014c¢). The presence of a number of endem-
ic species on ultramafic surfaces in both areas has identified each region as a distinctive phylo-
geographic zone for lizards (Sadlier 2010) (see Fig. 1). For skinks the southern ultramafic ranges
have an extensive suite of taxa restricted to the region which includes four endemic genera with
nine constituent species and seven endemic species from within more widespread genera (in total
~40% of the scincid lizard fauna of southern New Caledonia). A similarly extensive suite of ten
skink species is restricted to the central-west/northwest region ultramafic ranges, but no skink
genera are endemic to the ultramafic surfaces of this region. By comparison, the extent of narrow-
range endemism within the skink fauna on the island’s metamorphic surfaces is modest, with only
a few species restricted to small areas, one on the summit area of Mt. Aoupinié in the central-east
region (Nannoscincus greeri) and one in the ranges of the Roche des Ouiaéme in the northeast
(Nannoscincus exos). Rather, the tendency is towards broader scale regional endemism as typified
by the various species of Caledoniscincus (Sadlier et al. 1999) and most Nannoscincus (Sadlier et
al. 2002). Similarly, high levels of microendemism characterize other elements of the island’s fauna
(Caesar et al. 2017), but none of these studies have sampled the ultramafic surfaces as extensively
or documented the extent of microendemism seen in the New Caledonian lizard fauna on these
surfaces.

While it is clear the endemic New Caledonian skink radiation is highly diverse with well-
defined genera (Sadlier 2010; Sadlier et al. 2015), there are no clear and well supported relation-
ships basally between groups of genera, other than for the diminutive Nannoscincus as the sister to
a larger group containing most other New Caledonian taxa (see molecular phylogenies of Smith et
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al. 2007 and Chappell et al. 2009). As such, no broad phylogeographic trends are apparent in the
distribution of the supra-generic groups identified by molecular data, and the clearest (and some-
times repeated) phylogeographic patterns come from the distribution of taxa within genera.

The genus Marmorosphax is one of the more speciose New Caledonian skink genera, with five
described species and one or more undescribed putatively distinctive taxa. An earlier genetic study
using DNA sequence data (Sadlier et al. 2009) identified three distinct evolutionary lineages with-
in the genus, the southern ultramafic region species M. montana, a group of several narrow range
species from the central-west/northwest ultramafic ranges comprising M. kaala, M. taom, and
M. boulinda, and lastly, the widespread M. tricolor. Subsequent field studies have yielded addi-
tional genetically distinct massif-specific populations of Marmorosphax in the northwest ultramaf-
ic ranges, and a lineage restricted to the ultramafic surfaces of the central-east related to, but genet-
ically distinct from, M. tricolor. These field studies have also greatly extended the range of genet-
ic samples available for M. tricolor.

The species of Marmorosphax have a relatively specialized biology. Individuals of M. tricol-
or are active within the confines of their sheltering sites by day, but are secretive and rarely seen
in the open, usually only appearing to venture beyond their sheltering sites in the late afternoon and
evening, a behavioral trait that likely extends to other members of the genus. Marmorosphax
tricolor has been recorded mainly from humid forest habitat on both metamorphic and ultramafic
surfaces (Bauer and Sadlier 2000), but also extends into maquis habitats where the species niche
requirements (a humid and cool microclimate) are met by the presence of a surface rock matrix that
provides sheltering sites with the required niche attributes. On metamorphic surfaces the concor-
dance between the distribution of M. tricolor to that of primary forest habitats is particularly strong,
and it has not been recorded from other habitat types on this surface. Although less well known,
the remaining species, all of which occur only on ultramafic surfaces, appear to have similar
biological traits to M. tricolor and have been recorded mainly from mid to high elevation forest
habitat but also occur in dense maquis habitat with a suitable surface rock matrix (M. taom,
M. montana and M. cf. tricolor). Overall, the habits and habitat preferences of Marmorosphax spp.
indicate they are ‘moisture’ dependent, that is they require a humid and cool environment, and their
distribution across the landscape is tempered primarily by these factors.

Diversification within the genus is most pronounced on the massifs across the central-
west/northwest ultramafic region. These massifs are mostly situated along or near the west coast in
the rain-shadow of the eastern and interior ranges which form the extensive and continuous Chaine
Centrale, and typically experience much lower and marked seasonality in rainfall than eastern
ranges. However, they are also subject to the ‘Massenerhebung’ effect which lowers the average
altitude of formation of cloud masses, increasing atmospheric humidity until saturation and giving
rise to significant “occult” or hidden precipitation at elevations between 600 and 1,500 m. (Fig. 2).
This increased moisture in the form of fog and water droplets (Nasi et al. 2002) in turn supports
peak and ridge-top forest formations. A number of lizard species are restricted to individual peaks
and massifs of these central-west/northwest ultramafic ranges. Among the diplodactylid geckos
five species of Dierogekko are each known only from a single massif (Bauer et al. 2006), as are
several species of Bavayia in the B. montana complex and genus Oedodera (Bauer et al. unpub-
lished research). A number of skinks are also known only from a single massif, most from forest
habitat at or near the summit (Nannoscincus koniambo - Massif de Koniambo, Nannoscincus
manautei - Massif de Kopéto, Phaeoscincus taomensis - Mt. Taom). Forest habitat on these
massifs is now typically present as a mosaic of patches (Fig. 3a), usually on the summit area or in
gullies on the slopes, with extensive areas of low open to dense maquis between. A feature of the
summit areas is the presence of an exposed cuirasse rock cap that variably occurs on the tops of the
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FIGURE 2. Persistent high elevation cloud formation on northwest Massif Katépahié¢ (adjacent to the Massif de Koni-
ambo) during the dry season.

FIGURE 3. High elevation forest habitat on the Massif d’Ouazangou-Taom (A) and exposed cuirasse rock cap variably
distributed across the summit area and ridges of massifs in the central-west and northwest ultramafic region (B).
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massifs and associated ridges (Fig. 3b). This rock matrix provides important microhabitat for
skinks in the form of both shelter and a cool and humid sub-surface environment in areas of both
forest and dense maquis habitats. The southern ultramafic ranges also have a number of species
restricted to higher elevation habitat, primarily forest. Of these several are localized in distribution
(several narrow-range taxa in the genus Sigaloseps Sadlier, Bauer et al. 2014b, and Phaeoscincus
ouinensis Sadlier, Bauer et al. 2014c¢), and M. montana shows substantial genetic sub-structuring
of populations across peaks in the region.

The extent of micro-endemism seen on the islands ultramafic surfaces has most likely been
driven by contraction and fragmentation of forest habitat in response to historically adverse
climatic conditions, whereby preferred habitat is reduced to the upper altitudinal areas of massifs
and ranges. Under such conditions populations of species that fail to adapt become isolated on the
summit areas, a scenario consistent with the concept of niche conservatism as outlined by Wiens
(2004). In this context, many of the narrow-range endemics on ultramafic surfaces represent the
evolutionary end products of extreme cases of historical forest fragmentation and contraction, and
their continued existence on these massifs and peaks not only identifies these areas as historical
refugia, but also as potential refugia for taxa now more widely distributed under future climate
warming.

The ultramafic surfaces of New Caledonia are rich in iron and magnesium and several heavy
metals, most notably nickel, and as such, many are, or will be, under considerable pressure from
mining activities (Pascal et al. 2008). Of all the landscapes in New Caledonia the ultramafic sur-
faces are of the highest conservation significance for lizards given their exceptionally high levels
of regional and localized endemism. Almost half of the described endemic skinks (n = 28, ~45%)
and geckos (n =17, ~45%) are restricted to ultramafic surfaces, and the number of geckos restrict-
ed to central-west/northwest ultramafic ranges is expected to nearly double from 6 to 11 with the
formal description of known new species. Further, the summit areas of a number of ultramafic
peaks have either not, or only poorly, been investigated for lizards. As such, the current state of
knowledge of species restricted to higher elevation habitats on ultramafic surfaces is likely to rep-
resent a substantial underestimation, as evidenced by the recent description of the two species of
Phaeoscincus, each known from a single specimen, one (P. foamensis) from the summit of the
massif of Mt. Taom in the northwest ultramafic region, and one (P. ouinensis) from the summit area
of Mt. Ouin in the southern ultramafic region (Sadlier et al. 2014c).

Over half of the 25 (~55%) described lizard species restricted to ultramafic surfaces have been
identified as Endangered or Critically Endangered on IUCN criteria, including three of five
described species of Marmorosphax, with mining identified as the primary threat for 19 of these.
The presence of such extensive narrow range endemism in areas actively or potentially under threat
from intensive development clearly identifies the ultramafic ranges of New Caledonia as true
‘hotspots’ for conservation in the strictest sense of the term (Mittermeier et al. 1999). This situa-
tion is further exacerbated by many of these narrow range species being restricted to the summit
areas of massifs, the area where remnant tracts of forest and/or exposed cuirasse rock cap habitat
occurs, and where mining activity is often likely to be most intensive and destructive. Ironically,
having survived millennia in an environment shaped by its geological heritage, the high elevation
forests on New Caledonia’s ultramafic surfaces and many of the lizard (and other) species peculiar
to them, may be at the brink of extinction in the face of escalating development of the
mineral resources they sit on (Fig. 4a and 4b).

The information presented here represents the result of extensive field work over a period of
20 years on the Grande Terre, and builds on the results of previous genetic work on Marmorsphax
(Sadlier et al. 2009). Our primary purpose is to present the extent of diversity in the genus uncov-
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ered in this study which identifies
further narrow range lineage
endemism in the central-west/north-
west ultramafic ranges and southern
ultramafic ranges, reinforcing the
identity of these regions each as phy-
logeographic zones for fauna, and
providing some insight into the
processes likely driving speciation on
ultramafic surfaces across the whole
of New Caledonia. We have refrained
from attempting to formally describe
some of the novel lineages identified
in this study until samples to ade-
quately assess the extent of morpho-
logical and/or genetic variation
between these lineages are available.
In this context further field research
is required to fully appreciate and
document the extent of diversity on
the islands’ ultramafic surfaces.

MATERIAL AND METHODS

Acronyms: AMS - Australian
Museum, Sydney; CAS - California
Academy of Sciences; and MNHN -
Muséum National d’Histoire
Naturelle, Paris.

Genetic studies: The species

phylogeny for Marmorosphax repre- FIGURE 4. Mining on the Massif d’Ouazangou-Taom around 800 m.
sents 162 individuals from 46 collect- (A), only 200 m. in elevation below the summit area (B) which is home
to the type population of M. faom, and only known location for the skinks
Phaeoscincus taomensis and Nannoscincus cf. manautei, and the unde-
scribed gecko Bavayia cf. montana.

ing sites distributed across the major-
ity of large, extant humid forest
blocks in New Caledonia.

We obtained sequence data from a 514 bp fragment of the mitochondrial NADH dehydroge-
nase subunit 2 gene (ND2) for all described species of Marmorosphax (Appendix 1). Outgroups
were selected on the basis of a broader phylogenetic analysis of New Caledonian skinks by Smith
et al. (2007) and sequences for these were obtained from GenBank (Appendix 1).

Total Genomic DNA was isolated from liver or skeletal muscle specimens stored in 95%
ethanol using the Qiagen DNeasy™ tissue kit (Valencia, CA, USA). The target gene ND2 was
amplified using a double-stranded Polymerase Chain Reaction (PCR). Included in the reaction
were 2.5 pl genomic DNA, 2.5 ul (concentration 10uM) light strand primer (METF6 L4437a 5°-
AAGCTTTCGGGCCCATACC-3’, Macey et al. 1997), 2.5 ul (concentration 10uM) heavy strand
primer (TRPR3 H5540 5°’-TTTAGGGCTTTGAAGGC-3’, Macey et al. 1997), 2.5 ul dinucleotide
pairs (1.5 uM), 2.5 pl 5x buffer (1.5 uM), MgCl 10x buffer (1.5 uM), 0.18 pl Taq polymerase
(5u/pl), and 9.82 pl H,O. All reactions were executed on an Eppendorf Mastercycler gradient
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thermocycler under the following conditions: initial denaturation at 95°C for 2 min, followed by
a second denaturation at 95°C for 35 s, annealing at 50-54°C for 35 s, followed by a cycle exten-
sion at 72°C for 35s, for 31 cycles. PCR products were visualized on 1.0% agarose gel
electrophoresis.

PCR products were purified using AMPure magnetic bead solution (Agentcourt Bioscience,
Beverly, MA, USA) to remove any impurities in the PCR products. Purified PCR products were
then sequenced using DYEnamic™ ET Dye Terminator kit (GE Healthcare, Piscataway, NJ, USA).
Products were purified using a Cleanseq magnetic bead solution (Agentcourt Bioscience, Beverly,
MA, USA). Purified sequence reactions were analyzed using an ABI 3730XL automated
sequencer. Sequences were analyzed from both the 3’ and the 5° ends independently. Both the
contiguous and the complimentary strands were uploaded and edited in Genious™ version 5.4
(Drummond et al. 2011), ambiguous bases were corrected. After editing the sequences, they were
initially aligned manually. Mesquite v3.61 (Maddison and Maddison 2015) was used to check for
premature stop codons and to ensure that the alignment was in the correct amino acid reading
frame.

We conducted both Maximum Likelihood (ML) and Bayesian Inference (BI) analyses. We
partitioned the data by codon partitions (three partitions in total) and estimated the best-fit models
of molecular evolution for each partition in IQ-TREE (Nguyen et al. 2015) for the ML analysis
using the Bayesian Information Criterion (BIC; Schwarz, 1978) implemented in ModelFinder
(Kalyaanamoorthy et al. 2017). The ML analysis was performed using IQ-TREE v1.6.7 (Nguyen
et al. 2015) with 1000 bootstrap pseudoreplicates via the ultrafast bootstrap approximation
(UFBoot) algorithm (Minh et al. 2013; Hoang et al. 2017). For the BI we used BEAST v2.6
(Bouckaert et al. 2014) and bModelTest (Bouckaert and Drummond 2017) to numerically integrate
over uncertainty in models of substitution, while generating the phylogeny using a Markov chain
Monte Carlo (MCMC). The MCMC chain was ran for 50 million generations while sampling every
5000 generation from the chain. To visualize if the effective sample sizes (ESS) were greater than
200 we used Tracer v1.7 (Rambaut et al. 2018) and if samples were, we assumed stationarity.
Following conformation that all ESS values reached stationarity we constructed a maximum clade
credibility (MCC) tree using TreeAnnotator v2.6 (Bouckaert et al. 2014) with a 25% burnin and
using mean node heights. We considered nodes strongly supported if ML UFboot were > 95 and
BPP were > 0.95 (Huelsenbeck et al. 2001; Erixon et al. 2003; Huelsenbeck and Rannala 2004;
Wilcox et al. 2002; Nguyen et al. 2015). Average pairwise sequence divergences (p-distances) for
the major clades of Marmorosphax were calculated for between group distances and within groups
using MEGA v7 (Kumar and Tamura, 2016) under the following conditions: substitutions includ-
ed; transitions and transversions; uniform rates among sites and gaps were treated as missing data.

RESULTS

Phylogenetic relationships: The final sequence alignment of ND2 comprised 514 bp with 275
parsimony-informative sites based on ingroup and outgroup samples. The ML analysis selected
K2P+G4, TN+F+G4, and TIM2+F+G4 for the models of molecular evolution for the 1st, 2nd and
3td codon positions respectively. Models selected from the bModelTest were 121134 (cumulative
support = 19.5%), 123143 (cumulative support=27.8%), and 121341 (cumulative support=
59.0%), for the 1st, 2nd, and 3rd codon positions respectively. The ML and the BI analyses produced
highly concordant trees with only a few branches not recovered by both analyses.

The monophyly of Marmorosphax has been strongly supported in previous molecular studies
(Smith et al. 2007; Sadlier et al. 2009). The mitochondrial ND2 gene dataset presented here
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(Fig. 5) includes extended sampling from across a broader range of locations is consistent with that
result. It also gives a pattern of early divergence within the genus resulting in four well-supported
groups (UFboot > 99 and BPP = 1.0), with a substantial (9.8—-10.8%) level of genetic divergence
between these major Groups (Table 1).

The phylogenetic hypothesis generated in this study differ from the earlier study by Sadlier
et al. (2009), which recovered M. montana (Group 2, this study) as the first branching lineage of
Marmorosphax, whereas the present study places the strongly supported (UFboot = 100 and BPP
= 1.0) clade comprising M. kaala, M. taom, and M. boulinda as the first branching lineage (Group

FIGURE 5. Phylogenetic relationships amongst the species and populations of Marmorosphax. Likelihood topology with
UFboot and BPP Bayesian posterior probabilities shown respectively. UFboot equal to 100 and BPP equal to 1.0 are represented
at nodes with black circles. The numbers in squares represent the four major groups of Marmorosphax and numbers present in
circles represent groups for pairwise comparisons. — indicate nodes not recovered by both phylogenetic analyses.
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TABLE 1: Pairwise matrix of mean genetic distances between major groups (Groups 1-4, Fig. 5) within
Marmorosphax (uncorrected p-distances) for the mtDNA ND2 gene. Values in bold represent within popula-
tion mean uncorrected p-distances.

1 2 3 4
1 — central-west/northwest ultramafic region endemics 6.60%
2 — southern ultramafic region endemics (M. montana) 10.10%  3.10%
3 — central-east ultramafic endemics (M. cf. tricolor) 10.80% 10.10% 4.20%
4 — M. tricolor 9.80% 10.40% 10.10% 3.50%

TABLE 2: Pairwise matrix of mean genetic distances between nodes within the central-west/northwest
ultramafic region endemic Marmorosphax (Group 1 clades 5-9; Fig. 5) (uncorrected p-distances) for the
mtDNA ND2 gene. Values in bold represent within-population mean uncorrected p-distances.

5 6 7 8 9
5 — M. kaala Mt. Kaala n/a
6 — M. boulinda Massif du Boulinda 7.30% 0.50%
7 — M. boulinda Massif du Tchingou 7.70% 7.20% 1.60%
8 — M. taom Mt. Taom 6.50% 8.60% 9.00% 1.20%
9 — M. taom Dome de Tiébaghi 8.00% 9.80% 10.00% 3.30% 0.20%

TABLE 3: Pairwise matrix of mean genetic distances between nodes within Marmorosphax montana pop-
ulations (Group 2 clades 10-12; Fig. 5) for the mtDNA ND2 gene. Values in bold represent within population
mean uncorrected p-distances.

10 11 12
10 — M. montana Camp des Sapins 0.70%
11 — M. montana Forét de Saille 7.80% 0.00%
12 — M. montana Mt. Ouin 6.90% 2.90% 0.00%

1, this study) as the sister species to all other species of Marmorospax. The present study also dif-
fers in the inclusion of additional populations in Group 1 and Group 2 clades, and of populations
comprising a previously unknown lineage, Group 3 M. cf. tricolor. The extent of within-group
genetic differentiation derived from this much-expanded sampling is discussed below in the con-
text of the lineages recovered.

Group 1 M. boulinda/taom/kaala: the earlier study by Sadlier et al. (2009) retrieved a rela-
tively high level of genetic differentiation between taxa on the Kaala, Ouazangou-Taom and
Boulinda massifs, which was pivotal in assigning species status to the three taxa described given
sample sizes from each massif were small (n = 2, 5, and 2 respectively). A similarly high level of
genetic differentiation is retrieved here between populations from these massifs (Table 2).

The expanded sampling for the central-west and northwest ultramafic regions now includes
populations from the Massif du Tchingou and from Dome de Tiébaghi. The level of differentiation
between the type population of M. boulinda from the Massif du Boulinda and the population from
the Massif du Tchingou (uncorrected p mean 7.2% [Table 2]) is similar to that seen in pairwise
comparisons between topotypic M. boulinda, M. taom and M. kaala. However, the type population
of M. boulinda from Massif du Boulinda is known only from two individuals (an adult male and
adult female) and the population from the Massif du Tchingou from eight specimens. Morpholog-
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ical comparisons have proved of limited utility in assessing the status of these two geographically
disjunct populations given the small sample size of the type population on the Massif du Boulinda
(n=2), particularly with regard to color and pattern.

The population from Dome de Tiébaghi is here retrieved as the sister to the type population of
M. taom from the Massif d’Ouazangou-Taom. The level of differentiation between the two popu-
lations is markedly lower (uncorrected p mean 3.3%) than that seen in pairwise comparisons of
populations on other massifs in the region, and there are no corresponding morphological markers
to differentiate these two populations. Rather, adult females from both populations share a unique
dark chevron-shaped marking on the throat, a morphological trait that supports the close relation-
ship of these populations as a single species, and which also serves to diagnose the species from
all other Marmorosphax.

Group 2 M. montana: two populations from the southern ultramafic region not represented in
the earlier study by Sadlier et al. (2009) are here included, one from Forét de Saille and one from
Camp des Sapins, both from the north of the region and extending the species distribution the full
length of the Massif du Sud. The level of differentiation between the populations (Table 3) from
Forét de Saille and Mt. Ouin is low (uncorrected p mean 2.9%), but significantly greater between
these and the population from Camp des Sapins (uncorrected p mean 7.8% and 6.9% respective-
ly).

Group 3 M. cf. tricolor: the Group 3 M. cf. tricolor lineage from the central-east region ultra-
mafic region was retrieved as the well supported (UFboot =99 and BPP = 1.0), but moderately
divergent (uncorrected p mean 7.8%) sister to Group 4 M. tricolor. It comprises two well support-
ed sub-lineages in the north of the central-east ultramafic ranges, one a single population from
N¢jére near Poro, and one represented by populations scattered across Mt. Menazi — the two
sub-lineages are disjunct in distribution and separated by the valley of the Koua River. The identi-
ty of the Menazi sub-lineage is confounded by discordance between the genetic assignment of
some individuals and the pattern of throat color in females, the morphological trait that otherwise
diagnoses it from M. tricolor (males of either the Group 3 M. cf. tricolor lineage and Group 4
M. tricolor are morphologically indistinguishable from each other).

Group 4 M. tricolor: the numerous populations referable to Group 4 M. tricolor lineage form
a well-supported lineage (UFboot 100 and BPP 1.0). The internal genetic structure from a broad
range of samples across the Grande Terre shows some regional sub-structuring but with overall
relatively low levels of divergence, even towards the base of the species phylogeny. Further, the
internal genetic structure within this lineage is characterized by low support for most basal splits
in the phylogeny and a generally low level of inter-population genetic divergence, although some
of the broader groups received a moderate level of support and showed a level of genetic differen-
tiation (uncorrected p intrapopulational mean 3.5%) approaching that seen between disjunct popu-
lations of the Group 2 M. montana lineage.

In summary the genetic data supports monophyly and distinctiveness of lineages representing
the five currently recognised species in the genus, and several previously unrecognized and high-
ly differentiated linecages which at this point are problematic to define and require further investi-
gation.

DiscsSIoN

The distribution of species Groups 1-3 and populations within are mostly consistent with geo-
logical boundaries of the island's ultramafic regions.The concordance between the distribution of
the major genetic lineages and that of the islands ultramafic surfaces suggest vicariant events in the
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history of the genus driven by factors that progressively isolated regional metapopulations (physi-
cally and/or biologically) in the major ultramafic blocks. Initially by isolation of populations in the
western ultramafic region that gave rise to the Group 1 lineage species (M. kaala, M. boulinda, and
M. taom), followed by isolation of populations in the southern ultramafic region the Group 2 line-
age (M. montana), followed by isolation of populations in the central-east region ultramafic sur-
faces from populations in the adjacent metamorphic surfaces of the central-east and northeast
regions giving rise to the Group 3 (M. cf. tricolor) and Group 4 lineage (M. tricolor) species
respectively. The extent of intra-lineage differentiation seen within these major lineages on ultra-
mafic surfaces indicate ensuing lineage splitting arising from more localized isolation of popula-
tions after primary divergence events.

Historical changes in climate have been proposed as a significant factor in the distribution of
vegetation on New Caledonia, particularly with respect to size, shape and area of humid forest (Pin-
taud et al. 2001), and its extent as historical refugia under periods of glacial aridity (Pintaud et al.
2001; Poncet et al. 2013; Pouteau et al. 2015). Historical aridity and accompanying widespread loss
of forest habitat at low to mid elevation may have been causal in initiating regional and intra-
regional isolation of Marmorosphax populations on ultramafic surfaces. Under such conditions
species-specific niche conservatism (Wiens, 2004) likely played a fundamental role, whereby
populations once continuously distributed at lower elevations fail to adapt to new and adverse envi-
ronmental conditions and are forced to stay within (and follow) the limits of their preferred niche,
and move to higher elevations. By failing to adapt to new environmental conditions and maintain-
ing ecological traits that prevent dispersal across a new ecological barrier at lower elevations, gene
flow is prevented between populations, leading to differentiation over time in the face of extended
periods of separation maintained by the persistence of unsuitable conditions. While this may have
been a likely scenario to account for the persistent isolation of genetically distinct lineages within
the Group 1, 2 and Group 3 lineages, it would appear not to apply to the Group 4 lineage species,
M. tricolor. Earlier vicariant events within the genus suggest it was originally limited in distribu-
tion to metamorphic surfaces of central-east and northeast. The northeast of the Grande Terre has
been identified as one of four areas that received sufficient moisture during periods of Pleistocene
aridity to maintain lowland rainforest refugia for palms (Pintaud et a. 2001). Such refugia would
likewise have sustained elements of the moisture-dependant fauna. Thus, populations of the Group
4 lineage species, M. tricolor, may not have been subject to the same environmental pressures
historically as other lineages, and may have maintained traits that allowed expansion into the
Grande Terre across a broad altitudinal range under more favorable conditions. In the case of
Marmorosphax niche conservatism would appear to be accompanied by morphological conser-
vatism between and within lineages. Although the genus as a whole is characterized by a number
of morphological apomorphies, the individual species of Marmorosphax are all very similar in
overall body form, coloration, and behavior. Here we discuss the geographic attributes of the major
lineage-based groups identified in the molecular phylogeny for Marmorosphax, the possible
processes leading to their differentiation, and the potential role of the interplay between historical
climate change and species niche conservatism in the extent of intra-lineage diversification
observed.

Massif specific differentiation - the Group 1 lineage taxa of the central-west and north-
west region ultramafic ranges. — The terms northwest ultramafic region and central-west region
are used here as arbitrary divisions of the ultramafic surfaces primarily located on the western side
of Grande Terre (see Fig. 1). These surfaces extend as a chain of near coastal massifs and ranges
from Sommet Poum in the north to Mé Maoya near Bourail in the south but also include several
adjacent interior massifs including the Massif du Tchingou and the Massif du Ouatilou. In the
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FIGURE 6. The Mt. Kaala Massif in the distance from the summit of the Massif d’Ouazangou-Taom, separated by the
low-lying Iouanga River valley.

northwest of the region to the north of the Pouembout Valley these massifs, Massif de Koniambo,
Massif d’Ouazangou-Taom, Mt. Kaala and the Déme de Tiébaghi, exist as isolated entities, sepa-
rated from each other by low-lying (often broad) river valleys (Fig. 6). By contrast, the massifs in
the central-west south of the Pouembout valley, Massif de Kopéto (including Pa¢oua), Massif du
Boulinda, show some degree of connectivity via intervening mid-high elevation ranges, with the
exception of the most southern, Mé Maoya, which is isolated from massifs to the north by the Poya
River valley. The Massif du Tchingou is an isolated massif which lies inland of the Pouembout
valley, and is treated here as part of the central-west region massifs.

The well-supported branching pattern within the Group 1 lineage suggests initial isolation of
the sub-lineage on Mt. Kaala (M. kaala), but with only moderate support, followed closely by
isolation and divergence of the other massif-specific sub-lineages. The extent of intra-regional
massif-specific lineage splitting following primary divergence suggests an ongoing history of frag-
mentation and isolation of populations at a very localized scale within the ultramafic surfaces of
central-west and northwest Grande Terre, equating to a scenario of multiple intra-regional vicari-
ant events. Mount Kaala (M. kaala), the Massif du Boulinda (M. boulinda s.s.), the Massif du
Tchingou (M. boulinda), Massif d’Ouazangou-Taom (M. taom), and Dome de Tiébaghi) (M. taom)
all have genetically divergent massif-specific populations. The level of genetic differentiation
between these massif-specific lineages is typically high (between 6.5% and 10.0% - Table 2), indi-
cating a history of long-standing inter-massif divergence. The exception is between the populations
of M. taom from Massif d’Ouazangou-Taom and Dome de Tiébaghi, in which the extent of differ-
entiation is markedly lower (uncorrected p mean 3.3%), suggesting a more recent loss of connec-
tivity between these two massifs or a recent expansion event from one massif to the other. The
latter of these scenarios appears unlikely given the two widely separated and a lack of evidence for
between-massif migration historically in the lineage.

Several isolated massifs in central-west and northwest ultramafic regions appear to lack Group
1 lineage taxa. Sommet Poum (maximum elevation 413 m) and Massif de Koniambo (maximum
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elevation ~950 m) in the northwest region have been well investigated, but there are no
confirmed records of Marmorosphax from Sommet Poum, and only the Group 4 M. tricolor line-
age has been recorded from the Massif de Koniambo. Similarly, the Massif de Kopéto (maximum
elevation ~1050 m) in the central-west region has been well investigated, but only the Group 4
M. tricolor lineage has been recorded. Both the Koniambo and Kopéto-Paéoua massifs have areas
of high elevation forest and maquis habitat at or above 900 m in elevation. Current habitat avail-
ability provides no explanation as to why Group 1 lineage taxa are absent from these massifs.
Further, both massifs each have a suite of massif-specific endemic skinks and geckos, a number of
which are restricted to high elevation habitat. The absence of any Marmorosphax on Sommet
Poum, the most northern of the ultramafic massifs on the Grande Terre, is not entirely unexpected
given its location in the dry far north of the island. This massif only rises to a plateau of 400 m in
elevation and is separated from the nearest population of Marmorosphax to the south on Déme de
Tiébaghi (M. taom) by a straight-line distance of 25 km, and the nearest population to the east, on
Mt. Mandjelia (M. tricolor), by 32 km.

Overall, the extent of intra-regional massif specific divergence and differentiation within the
Group 1 lineage is interpreted as reflecting a history of progressive fragmentation and isolation of
populations within the central-west and northwest regions early in its history, a pattern which
in turn likely reflects an accompanying history of long-term and progressive isolation of forest
habitat on the massifs via contraction to higher elevation in response to aridity, with post-isolation
barriers to dispersal persisting.

High elevation endemism - the Group 2 lineage species M. montana of the Massif du Sud.
— The ultramafic surfaces of southern Grande Terre extend as a near continuous block of ranges
south of the Thio Valley (see Fig. 1), dropping to a plateau of ~250 m on the Plaine des Lacs in the
far south. The region has been identified as an area rich in endemic lizard species and representing
a distinct bioregion for lizards (Sadlier 2010; Sadlier et al. 2019), but also as having extensive intra-
regional microendemism. Its northern boundary for the most-part is defined by the Thio Valley,
which extends from the east coast nearly two-thirds of the way across the island to the Col de Nas-
sirah (~450 m) at its upper reaches in the west to Thio in the east, with an extension of ‘related’
surfaces north along the coast to near Cap Bocage. To date the Group 2 lineage M. montana has
only been recorded from higher elevation sites on the southern ultramafic ranges, at Mt. Ouin in
the south (900—1100 m), Bwa Bwi (~1100 m) in the central area, and Forét de Saille (750—800 m),
Camp des Sapins (600-800 m) and Kongouhaou Nord (900—1000 m) near the northern boundary
of the region. The vegetation cover of high elevation ranges in much of the region is now predom-
inately maquis shrubland, often open and degraded, but with areas of forest of varying size towards
the top of the ranges (Fig. 7), although these become progressively smaller and more isolated in the
central and northern parts of the region. The species has been recorded mostly from high elevation
forest habitat, but also occurs in adjacent maquis shrubland.

The extent of genetic differentiation between the three populations available for analysis is
anomalous in the context of their proximity to each other. The population from Forét de Saille and
Mt. Ouin are 40 km distant but form a well-supported sub-lineage with a relatively low level of
differentiation (uncorrected p mean 2.9%), whereas the population from Camp des Sapins (includ-
ing adjacent Kongouhaou Nord) is highly differentiated from both the Mt. Ouin (uncorrected
p mean 6.9%) and Forét de Saille (uncorrected p mean 7.8%) populations, despite only being
~15 km straight line distance the latter.

An additional population of M. montana from Bwa Bwi, which also sits on this ridge at around
1200 m has recently been reported, but there is no genetic data available for this population. This
ridge also includes the Massif du Humboldt, but neither M. montana or M. tricolor have been
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FIGURE 7. High elevation ranges of southern Grande Terre (from Pic Ningua), predominately maquis shrubland but
with isolated forest at the top of the ranges.

recorded from high elevation forest habitat on the massif (Sadlier and Jourdan, 2011), despite the
presence of extensive ‘moss forest’ (forét mousse) along the ridges between 1000-1400 m in
elevation, although M. tricolor has been recorded from nearby sites at lower elevation (low eleva-
tion forest of the Ni Valley and low-mid elevation forest on the western drainage of Mt. Vulcain).

The landscape over much of the southern ultramafic region appears to have been extensively
modified since the arrival of humans, and it is difficult to envisage to what extent natural forest
habitat might have existed historically (pre-human), particularly on its northern ranges. In this con-
text, the extent of genetic differentiation observed between populations suggests greater continuity
of habitat (forest at high elevation) historically along the ranges than currently seen, with past con-
nectivity between populations on Forét de Saille and Mt. Ouin, possibly via high elevation habitat
between these sites along a near continuous ridge that runs down the Massif du Sud, despite much
of the intervening area now being dominated by maquis shrubland. Conversely, the extent of dif-
ferentiation of the Camp des Sapins/Kongouhaou population suggests early and persistent isolation
of those ranges.

The Group 3 M. cf. tricolor lineage in the central-east ultramafic ranges. — Differentia-
tion of the Group 3 M. cf. tricolor lineage on ultramafic surfaces of the central-east ultramafic
ranges follows the pattern of cladogenesis consistent with vicariance and isolation of populations
seen in early in the history of the genus. By default, the distribution of populations giving rise to
its sister species, the Group 4 M. tricolor lineage, would have originally been limited to the
adjacent central-east and northeast metamorphic surfaces.

The Group 3 M. cf. tricolor lineage comprises two populations on ultramafic massifs in the
central-east ultramafic ranges, one at Néjére on the Poro massif and one scattered over Mt. Menazi
on the Kouaoua massif, each a well-supported sub-lineage (nodes 13 and 14 Fig. 5) and with a high
level of interpopulation differentiation (uncorrected p mean 7.8%). These two populations are
disjunct, being separated by the Koua River valley. On Mt. Menazi individuals genetically assign-



368 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Series 4, Volume 66, No. 16

able to the Group 3 M. cf. tricolor lineage are locally sympatric with individuals genetically assign-
able to the Group 4 M. tricolor lineage. Throat color and pattern of juveniles, subadults and adult
females is the sole morphological character that can otherwise diagnose the two taxa. The pattern
of juveniles and subadults is carried over to adult females, whereas in adult males it becomes muted
and adult males of the Group 3 M. cf. tricolor lineage and Group 4 M. tricolor lineage are not read-
ily distinguished. All juveniles/subadults and adult females assigned to the Group 3 M. cf. tricolor
genetic lineage had a muted marbled throat pattern. By comparison, juveniles/subadults and adult
females assigned to the Group 4 M. tricolor lineage from elsewhere throughout the species range
typically have a boldly marbled black and cream throat pattern.

Across Mt. Menazi the distribution of morphotypes and genotypes was complex. All juve-
niles/subadults and adult females on Mt. Menazi assigned to the Group 3 M. cf. tricolor genetic
lineage had a muted marbled throat pattern. However, at one high elevation site where the two
lineages occur in local sympatry, the M. tricolor genetic lineage contained adult females with a
muted marbled throat pattern and juveniles/subadult individuals with the boldly marbled black and
cream throat pattern. Further complicating this situation, seven adult females and two juveniles
(and all males) from Bwa Méyu, 20 km to the southeast of Mt. Menazi and on the adjacent
Boakaine massif, had the muted marbled throat pattern typical of the Group 3 M. cf. tricolor genet-
ic lineage but were all uniformly assigned to the Group 4 M. tricolor genetic lineage. Aside from
these discrepancies the Group 3 M. cf. tricolor genetic lineage is ringed by populations assigned to
Group 4 M. tricolor on both ultramafic (Nakéty, Mé Adéo and Mé Maoya) and metamorphic
(Plateau Dogny, Col d’Amieu and Col des Rousettes) substrates (Fig. 8), morphologically typical
of that species.

The extent of genetic introgression between M. tricolor and M. cf. tricolor appears to be
unidirectional, into the M. cf tricolor lineage, and in some instances, such as at Bwa Méyu to the
south, might have completely swamped that population. The pattern of genetic introgression
between the Group 3 M. cf. tricolor genetic lineage and sympatric Group 4 M. tricolor genetic

FIGURE 8. Distribution of ultramafic surfaces in the central-east region of Grande Terre showing location of popula-
tions in the Group 3 M. cf. tricolor lineage and regionally sympatric Group 4 M. tricolor lineage.
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lineage on Mt. Menazi suggests secondary contact between the two lineages, probably via disper-
sal of M. tricolor from adjacent metamorphic surfaces to the east. In this regard the ‘purity’ of the
population from Poro may be a legacy of isolation, being geographically disjunct from Mt. Menazi
and from other Group 4 M. tricolor lineage populations in the region.

Distribution of the Group 4 M. tricolor lineage across Grande Terre - the case for range
expansion onto the ultramafic surfaces. — Populations assigned to Group 4 M. tricolor lineage
extend broadly across the main island, Grande Terre, but are absent from the fles Belep and fle des
Pins, extensions of mainland to the north and south respectively now separated by straits of ocean,
and is found widely on both ultramafic and metamorphic surfaces. On ultramafic surfaces it has
been recorded primarily from forest habitat, but also occurs in nearby maquis habitat in association
with a surface rock matrix (see below). On metamorphic surfaces it is restricted to humid forest
habitat and has not been recorded from secondarily (disturbed) habitat, or savannah woodland
(naiouli).

Several intraspecific groups are retrieved in the phylogeny for the Group 4 M. tricolor
genetic lineage, one a group including a cluster of populations on the central metamorphic ranges
(Sarraméa, Plateau Dogny, Col d’Amieu) and central-east Bogota ultramafic massif (Bogota), one
groups of populations on both metamorphic and ultramafic surfaces of the central and northern
regions, and one a complimentary group of populations on the ultramafic and metamorphic
surfaces to the south — but with no support for relationships between these groups. Within each of
these ‘northern’ and ‘southern’ groups some sub-structuring concordant with broad geographic
subregions was evident, and sometimes well supported, but with comparatively low levels of
differentiation between these regionally discrete groups of populations. This pattern suggests the
species distribution could, in part, be the product of a recent and rapid expansions in range, in some
cases followed by post-expansion contraction, resulting in isolation and differentiation of regional
groups of populations. In this context the genetic relationship of M. tricolor populations may
provide insights into the distribution and natural disjunctions of forest across the landscape, which
is now largely obscured by anthropogenic fragmentation and loss of forest habitat.

The relationships between populations of M. tricolor on the western ultramafic massifs and
those on adjacent metamorphic surfaces also provide some support for a recent expansion of the
species onto these ultramafic surfaces. Marmorosphax tricolor has been recorded from four
massifs, (N-S) Koniambo, Kopéto-Paéoua, Boulinda, and Mé Maoya, in the central-east and north-
west regions. The present-day distribution of the species suggests environmental conditions at
lower elevation on these western ultramafic massifs are sub-optimal. On the more mesic east coast
is known to occur at low-mid elevation (northeast ranges 300—500 m, Sadlier 1986; central-east
coast ranges ~50 m, Bauer and DeVaney 1987; southeast ranges, Sadlier and Delafenetre 2009),
but on the Koniambo and Kopéto-Paé¢oua massifs it has only been recorded from mid-high eleva-
tion habitat at or >600 m. Populations on these western ultramafic massifs are more closely relat-
ed to populations on the adjacent metamorphic ranges than they are to other populations ultramaf-
ic ssurfaces. Those on the Kopéto-Paéoua and Boulinda ultramafic massifs cluster with populations
from Mt. Aoupinié and Forét Plate on metamorphic ranges to the east, the population on the Koni-
ambo ultramafic massif with those from the Panié Range and Mt. Koyaboa on non-ultrabasic
ranges to the northeast, and the population from the Mé Maoya ultramafic massif to the population
from Col des Rousettes on metamorphic ranges to the southeast. This pattern of multiple, inde-
pendent events of historical connectivity between the western ultramafic massifs and metamorphic
ranges to the east suggests the species presence on these ultramafic massifs is the resultof expan-
sion from the adjacent metamorphic ranges, likely via intervening mid-high elevation ranges

(Fig. 9).
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Marmorosphax tricolor has not been recorded from several massifs (Massif d’Ouazangou-
Taom, Dome de Tiébaghi, Sommet Poum) in the northwest ultramafic region, despite repeated
survey work, indicating persistent region-wide isolation of these massifs from the metamorphic
ranges to the east (Panié Range). Much of this intervening area is the white ranges of the
Montagnes Blanches Nappe (Maurizot et al. 2020) which largely lacks suitable habitat (forest)
today, and by inference historically. However, the recent discovery of a population of M. tricolor
(no genetic data is yet available) on the Mt. Kaala massif indicates the distribution of this and other
species of Marmorosphax in the region is more complex than anticipated.

Within the ‘southern’ group of M. tricolor there was strong support for a broad sub-group of
populations within the southern ultramafic region of the Massif du Sud, but with little internal
genetic differentiation or regional structure between these populations. The low level of genetic
differentiation and lack of internal structure between populations in sub-group which extends from
the Ni river to the southern tip of the island, suggests the species distribution in the southern ultra-
mafic region to be the product of a recent expansion in range.

As such, aspects of the phylogeography of M. tricolor suggest its distribution on ultramafic
surfaces of the central-west and northwest ultramafic regions, central-east region, and even south-
ern ultramafic region, may stem from a number of independent historically recent expansion events
into these regions.

SUMMARY

The scheme of relationships retrieved in the molecular phylogeny for Marmorosphax identi-
fied basal breaks in the ancestral species distribution concordant with the boundaries of the island’s
major ultramafic regions. The regional and intra-regional lineage diversification in the genus
represents a pattern of historical fragmentation and contraction of populations, one which likely
reflects a change in the distribution of preferred habitat. Given what is known of the biology of the
species of Marmorosphax, loss of low elevation forest on ultramafic surfaces would appear to be a
probable candidate in initiating isolation of ancestral populations that gave rise specific and
intraspecific lineages. A scenario of historical fragmentation and contraction of preferred forest
habitat in the face of changed climatic conditions, combined with the species reliant on that core
habitat, is consistent with the dynamics of niche conservatism as outlined by Wiens (2004). While
loss or marginalization of low elevation forest habitat on the ultramafic massifs in the face of
adverse climatic conditions may have provided the mechanism to initiate speciation within
Marmorosphax, it is likely the persistence of high elevation forest habitat on the ultramafic ranges,
often limited to the summit areas, that provided the historical refugia for these lineages to differ-
entiate in isolation over time.

The level of intraspecific genetic differentiation within M. boulinda, M. montana and
M. cf. tricolor in some pairwise comparisons of populations was substantial and of a similar extent
to that seen been recognized species within the genus. While these differences may be indicative
of the existence of potentially undescribed taxa in these lineages, they either require further genet-
ic analyses, and/or the samples available are insufficient for the complementary morphological
comparisons required for their formal recognition, and further targeted field collections are
required.
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Genus
Outgroup
Celatiscincus
Graciliscincus
Kanakysaurus
Lacertoides
Epibator
Lioscincus
Phasmasaurus
Nannoscincus
Phoboscincus
Sigaloseps
Simiscincus
Tropidoscincus

Ingroup

Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
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Specimens used in the genetic study
(for museum acronyms see Materials and Methods).

Species

euryotis
shonae
viviparus
pardalis
nigrofasciolatus
steindachneri
tillieri

mariei
garnieri
deplanchei
aurantiacus
variabilis

kaala
boulinda
boulinda
boulinda
boulinda
boulinda
boulinda
boulinda
taom

taom

taom

taom

taom

taom

taom
montana
montana
montana
montana
montana
montana
montana
montana
montana
montana
montana
montana
cf. tricolor
cf. tricolor
cf. tricolor
cf. tricolor

Reg. No. Location Genbank
ND2

AMS R.138574 ile des Pins DQ675204
AMS R.165813  Mt. Ouin DQ675207
AMS R.161299  {le Pott, Iles Belep DQ675209
AMS R.148051  Kwa Néie DQ675211
AMS R.138624  Ile des Pins

AMS R.149890  M¢é Adéo DQ675218
AMS R.148037  Mt. Vulcain DQ675220
AMS R.146484  Mt. Mou DQ675232
AMS R.151964  Mt. Dore DQ675237
AMS R.148065  Plaine des Lacs DQ675238
AMS R.144356  Mt. Koghis DQ675250
AMS R.161879  Kwa Né Mwa DQ675242
AMS R.161091  Mt. Kaala KF176382
AMS R.163196  Massif du Boulinda KF176383
MNHN 2005.0319 Massif du Boulinda KF176384
AMS R.167263  Massif de Tchingou KF176385
AMS R.167264  Massif de Tchingou KF176386
AMS R.167274  Massif de Tchingou KF176387
AMS R.167275  Massif de Tchingou KF176388
AMS R.167277  Massif de Tchingou KF176389
AMS R.165973  Mt. Taom KF176390
MNHN 2005.0318 Mt. Taom KF176391
AMS R.168011  Doéme de Tiébaghi KF176392
AMS R.168012  Dome de Tiébaghi KF176393
AMS R.168029  Doéme de Tiébaghi KF176394
AMS R.168030  DoOme de Tiébaghi KF176395
AMS R.168031  Dome de Tiébaghi KF176396
AMS R.174973  Koungouhaou Nord KF176397
AMS R.174974  Cidoa - Pic Ningua KF176398
AMS R.174943  Camp des Sapins KF176399
AMS R.174946 ~ Camp des Sapins KF176400
AMS R.174947  Camp des Sapins KF176401
AMS R.174948  Camp des Sapins KF176402
AMS R.165922  Mt. Ouin KF176403
CAS 229282 Mt. Ouin KF176404
AMS R.165802  Mt. Ouin KF176405
AMS R.173002  Forét de Saille KF176406
AMS R.173004  Forét de Saille KF176407
AMS R.173005  Forét de Saille KF176408
AMS R.167158  Mt. Menazi KF176409
AMS R.167163  Mt. Menazi KF176410
AMS R.167160  Mt. Menazi KF176411
AMS R.167831  Mt. Menazi KF176412
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Marmorosphax cf. tricolor AMS R.167833  Mt. Menazi KF176413
Marmorosphax cf. tricolor AMS R.167834  Mt. Menazi KF176414
Marmorosphax cf. tricolor AMS R.167830  Paraméré KF176415
Marmorosphax cf. tricolor AMS R.167842  Néwayéré KF176416
Marmorosphax cf. tricolor AMS R.167843  Néwayéré KF176417
Marmorosphax cf. tricolor AMS R.167844  Néwayére KF176418
Marmorosphax cf. tricolor AMS R.167849  Ng¢jéré KF176419
Marmorosphax cf. tricolor AMS R.167952  Ng¢jéré KF176420
Marmorosphax cf. tricolor AMS R.167957  Ng¢jéré KF176421
Marmorosphax cf. tricolor AMS R.167958  Néjéré KF176422
Marmorosphax cf. tricolor AMS R.167959  N¢jéré KF176423
Marmorosphax cf. tricolor AMS R.167960  Ng¢jéré KF176424
Marmorosphax tricolor AMS R.148882  Mé Adéo KF176425
Marmorosphax tricolor AMS R.148883  M¢é Adéo KF176426
Marmorosphax tricolor AMS R.148884  Mé Adéo KF176427
Marmorosphax tricolor AMS R.167152  Mt. Menazi KF176428
Marmorosphax tricolor AMS R.167153  Mt. Menazi KF176429
Marmorosphax tricolor AMS R.167159  Mt. Menazi KF176430
Marmorosphax tricolor AMS R.167162  Mt. Menazi KF176431
Marmorosphax tricolor AMS R.167164  Mt. Menazi KF176432
Marmorosphax tricolor AMS R.167165  Mt. Menazi KF176433
Marmorosphax tricolor AMS R.167168  Mt. Menazi KF176434
Marmorosphax tricolor AMS R.167169  Mt. Menazi KF176435
Marmorosphax tricolor AMS R.167835  Mt. Menazi KF176436
Marmorosphax tricolor AMS R.167836  M¢é Mwa KF176437
Marmorosphax tricolor AMS R.167837  Mé Mwa KF176438
Marmorosphax tricolor AMS R.167838  M¢é Mwa KF176439
Marmorosphax tricolor AMS R.167839  Mé Mwa KF176440
Marmorosphax tricolor AMS R.167840  M¢é Mwa KF176441
Marmorosphax tricolor AMS R.167841  Mé Mwa KF176442
Marmorosphax tricolor AMS R.167478  Bwa Méyu KF176443
Marmorosphax tricolor AMS R.167479  Bwa Méyu KF176444
Marmorosphax tricolor AMS R.167480  Bwa Méyu KF176445
Marmorosphax tricolor AMS R.167482  Bwa Méyu KF176446
Marmorosphax tricolor AMS R.167483  Bwa Méyu KF176447
Marmorosphax tricolor AMS R.167484  Bwa Méyu KF176448
Marmorosphax tricolor AMS R.167485  Bwa Méyu KF176449
Marmorosphax tricolor AMS R.167486  Bwa Méyu KF176450
Marmorosphax tricolor AMS R.167496  Bwa Méyu KF176451
Marmorosphax tricolor AMS R.167497  Bwa Méyu KF176452
Marmorosphax tricolor AMS R.167499  Bwa Méyu KF176453
Marmorosphax tricolor AMS R.167795  Bwa Méyu KF176454
Marmorosphax tricolor AMS R.167796  Bwa Méyu KF176455
Marmorosphax tricolor AMS R.167809  Bwa Méyu KF176456
Marmorosphax tricolor AMS R.167814  Bwa Méyu KF176457
Marmorosphax tricolor AMS R.172523  Bogota KF176458
Marmorosphax tricolor AMS R.172524  Bogota KF176459
Marmorosphax tricolor AMS R.172525  Bogota KF176460
Marmorosphax tricolor AMS R.172500  Nakéty KF176461
Marmorosphax tricolor AMS R.172501  Nakéty KF176462
Marmorosphax tricolor AMS R.165938  Col de Petchécara KF176463

Marmorosphax tricolor AMS R.165939  Col de Petchécara KF176464
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Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax

tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor

AMS R.165940
AMS R.168239
AMS R.168240
AMS R.171393
AMS R.171394
AMS R.171419
AMS R.171420
AMS R.171421
AMS R.172577
AMS R.165924
AMS R.165925
AMS R.165926
CAS 229285

AMS R.158785
AMS R.135156
AMS R.135158
CAS 214451

CAS 214452

AMS R.144326
AMS R.147948
AMS R.147949
AMS R.172654
AMS R.172663
AMS R.172641
AMS R.172642
AMS R.172643
AMS R.172644
AMS R.172665
AMS R.172666
AMS R.172720
AMS R.172721
AMS R.172722
AMS R.168123
AMS R.168124
AMS R.148052
AMS R.148053
AMS R.172625
AMS R.172626
AMS R.172638
AMS R.147875
AMS R.147876
AMS R.144097
AMS R.144098
AMS R.144362
AMS R.144188
AMS R.144189
AMS R.172729
AMS R.172767
AMS R.172768
AMS R.172769
AMS R.172770
AMS R.172771

Pic Ningua

Pic Ningua

Pic Ningua

Ni River

Ni River

Pourina River
Pourina River
Pourina River
Tontouta Valley
Mt. Ouin

Mt. Ouin

Mt. Ouin

Mt. Ouin

Mt. Mou

Yahoué

Yahoué

Mt. Koghis

Mt. Koghis

Mt. Koghis
Riviére Bleue
Riviére Bleue
Chutes de la Madeleine
Chutes de la Madeleine
Yaté Barrage

Yaté Barrage

Yaté Barrage

Yaté Barrage

Yaté¢ Barrage

Yaté Barrage

Yaté Barrage

Yaté Barrage

Yaté Barrage
Riviére Ya

Riviére Ya

Forét Nord

Forét Nord
Ouitchambo
Ouitchambo
Ouitchambo
Plateau de Dogney
Plateau de Dogney
Sarraméa
Sarraméa

Col d’Amieu

Col des Roussettes
Col des Roussettes
M¢ Maoya

M¢ Maoya

M¢é Maoya

M¢ Maoya

M¢é Maoya

M¢ Maoya
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KF176465
KF176466
KF176467
KF176468
KF176469
KF176470
KF176471
KF176472
KF176473
KF176474
KF176475
KF176476
KF176477
KF176478
KF176479
KF176480
KF176481
KF176482
KF176483
KF176484
KF176485
KF176486
KF176487
KF176488
KF176489
KF176490
KF176491
KF176492
KF176493
KF176494
KF176495
KF176496
KF176497
KF176498
KF176499
KF176500
KF176501
KF176502
KF176503
KF176504
KF176505
KF176506
KF176507
KF176508
KF176509
KF176510
KF176511
KF176512
KF176513
KF176514
KF176515
KF176516
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Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax
Marmorosphax

tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor
tricolor

AMS R.172774
AMS R.172775
AMS R.172776
AMS R.172777
AMS R.172778
AMS R.172779
AMS R.172780
AMS R.172801
AMS R.172802
AMS R.172803
AMS R.163178
AMS R.149457
AMS R.149458
AMS R.168168
AMS R.168169
AMS R.163119
AMS R.163120
AMS R.146375
AMS R.149382
AMS R.144260
AMS R.144261
AMS R.161141
AMS R.161142
AMS R.149315
AMS R.149316
CAS 198705

AMS R.146351

M¢ Maoya

M¢ Maoya

M¢ Maoya

M¢ Maoya

M¢ Maoya

M¢ Maoya

M¢ Maoya

M¢ Maoya

M¢ Maoya

M¢ Maoya

Massif du Boulinda
Forét Plate

Forét Plate

Paéoua

Paéoua

Massif de Kopéto
Massif de Kopéto
Mt. Aoupinié

Mt. Aoupinié

Mt. Koyaboa

Mt. Koyaboa
Massif de Koniambo
Massif de Koniambo
Mt. Panié

Mt. Panié

Mt. Mandjélia

Mt. Mandjélia

KF176517
KF176518
KF176519
KF176520
KF176521
KF176522
KF176523
KF176524
KF176525
KF176526
KF176527
KF176528
KF176529
KF176530
KF176531
KF176532
KF176533
KF176534
KF176535
KF176536
KF176537
KF176538
KF176539
KF176540
KF176541
KF176542
KF176543
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Taxonomy and major geographic areas

A

Acanthaceae 51, 56, 61, 341, 343, 344, 348

Acanthixalus 137, 145, 159, 216
spinosus 145, 159, 216
Acanthodoris 278, 284, 290, 298

lutea 278, 284

rhodoceras 290, 298
Acrochordidae 1, 8, 12
Acrochordus 1, 8, 12, 19, 45

granulatus 8, 19, 45
Actaeon 277

Microglyphis 277

breviculus 277

Acteocina inculta 276
Acteon 277

sp. 277

traskii 277
Acutotyphlops 1, 5, 16, 19, 45

banaorum 16, 19, 45
Aegires albopunctatus 284, 290, 298
Aeolidia 284, 290, 298

loui 284, 290, 298

papillosa 298
Aeolis barbarensis 276

Africa 137, 315, 341, 343, 344, 346, 348, 351
Angola 151, 153, 156, 159, 160, 161, 162,

163, 170, 171

Cameroon 138, 139, 141, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154,
156, 157, 158, 159, 160, 161, 162, 163,
164, 165, 166, 167, 168, 169, 170, 171,

172

Central African Republic 147, 148, 149,
150, 151, 155, 157, 161, 162, 163, 165,

166, 167, 169, 170, 172

Democratic Republic of Congo 147, 148,
149, 150, 151, 152, 153, 154, 156, 157,
158, 159, 160, 161, 162, 163, 164, 165,

168, 169, 170, 171, 172

Equatorial Guinea 137-173, 179-230, 341

Rio Muni 139-173, 180-230

(See also Gulf of Guinea, Annabon,

Bioko)

Gabon 138, 139, 141, 145, 146, 147,
149, 150, 151, 152, 153, 154, 155,
157, 159, 160, 161, 162, 163, 164,
166, 167, 168, 169, 170, 171, 172

Guinea 147, 155, 159, 169, 170, 172

Guinea-Bissau 147

Gulf of Guinea 138, 139, 141, 146,
148, 151, 152, 153, 156, 157, 341,
345, 348, 350, 351

Annabédn 341

Biolo 139-173, 180-230, 341,
345, 348-350

Fernando Poo 139

Principe 341, 342, 343, 345, 346,
350, 351

Sdo Tomé 341, 342, 343, 344, 345,

348, 350, 351

Ivory Coast 157, 169, 172

Kenya 160

Liberia 157, 159, 169, 170, 172

Madagascar (see as a main heading)

Nigeria 148, 149, 150, 151, 152, 153,
155, 156, 157, 158, 159, 160, 162,
164, 165, 166, 172

Republic of Congo 153, 156, 159, 160,
163, 164, 165, 167, 168, 169, 170,
172

Sierra Leone 147, 157, 159, 172

Tanzania 155

Uganda 147, 156, 159, 160, 161, 166,
172

dorsalis 159, 160, 216
regularis 159

equatorialis 146, 160

fulvovittatus 159, 191, 217

laevis 159, 217

osorioi 145, 160, 191, 217

paradorsalis 160, 191, 218

Aglaophenia sp. 285

381

148,
156,
165,

147,
343,

343,

348,

346,

154,
163,

162,
171,

170,

Afrixalus 137, 145, 146, 159, 160, 191, 216,
217, 218



382 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Series 4, Volume 66, Index

Agrilus paniplennis 100 californica 275, 276, 278, 284, 285, 290,
Ahaetulla 1,5, 17, 19, 45 291, 293
prasina 17, 19, 45 vaccaria 277, 278, 290, 293
prasina 19 Aplysiopsis enteromorphae 285, 286
preocularis 17, 19, 45 Arlequinus 137, 141, 161, 202, 229
suluensis 19 krebsi 141, 161, 202, 229
Ahaetulliinae 1, 12, 17 Arthroleptidae 137, 146
Aipysurus 1, 13, 20 Arthroleptinae 137, 146
eydouxii 20 Arthroleptis 137, 139, 144, 145, 146, 147, 148,
Alcyonidium sp. 284 180, 181, 204, 205
Aldisa sanguinea 276 adelphus 146, 147, 180, 204
Alexteroon 137, 145, 146, 161, 192, 218 bioko 146, 147, 204
hypsiphonus 146 bivittatus 144, 147, 148
obstetricans 145, 161, 192, 218 inguinalis 147
Amietophrynus channingi 157 macrodactylus 147
Amnirana 138, 170, 171, 200, 227, 228 poecilonotus 144, 146, 147, 148, 180, 204
albolabris 170, 171, 200, 227 sylvaticus 145, 147, 148, 180, 205
amnicola 171, 200, 228 taeniatus 144, 146, 147, 148
lepus 171, 200, 228 tuberosus 146
Anaspidea 290 variabilis 148, 180, 181, 205
Ancula 277, 285, 286, 290 Asia 315
lentiginosa 285 Japan 47
pacifica 277, 285, 286, 290 southeastern 315
Anisotes 51, 52, 53, 54, 55, 56, 57, 58 Taiwan 46
comorensis 56 (See also Philippines)
mayottensis 56 Astrometis sertulifera 291, 292
perplexus 58 Astylosterninae 137, 150
pulchella 51, 54, 55, 56, 57 Astylosternus 137, 144, 150, 183, 207
pulchellus 53 batesi 150, 183, 207
sessiflorus 56 diadematis 144
iringensis 56 diadematus 144
Anteaeolidiella 275, 278, 284, 285, 287, 288, Atelophryne minutus 154
290, 293, 294 Atherigona 87, 88, 90, 93, 94, 95, 96
chromosoma 275, 278, 284, 285, 287, 288, Acritochaeta 87, 88, 93
290, 293, 294 maculipennis 88
oliviae 284, 290 orientalis 87, 88, 93
Anthozoa 109 yorki 87, 88, 93
Antiopella barbarensis 276, 285, 286 addita 87, 88
Aphelandra 299, 301, 302, 303, 304 alaotrana 87, 89, 97
castaneifolia 303 alticola 93
golfodulcensis 302 aster 87, 88, 90
haenkeana 299, 301, 302 Atherigona 88
verticillata 299, 301, 303 basitarsalis 87, 90
Aplopeltura 1, 9, 15, 20, 45 bedfordi 87, 89
boa 9, 20, 45 bifurcata 87, 89

Aplysia 275, 276, 277, 278, 284, 285, 290, 291, bimaculata 87, 88, 90
293, 298 clavata sp. nov. 87, 89, 93, 94
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contrastiloba 87, 89, 90

dikei sp. nov. 87, 89, 94, 95

erectisetula 87, 89, 90

ferruginea 87

Sfuscisquama 88

grisea 88

haplopyga 93

humeralis 87, 88

laevigata 87, 88, 91

lamina sp. nov. 87, 89, 94, 96, 97

latibasilaris 94

lineata 87, 89, 91

longifolia 97

madagascarensis 87, 88

maliensis 93

mambillaensis 93

marginifolia 87, 88, 91

matilei 87, 89, 91

minor 88

naqvii 87, 89, 91

nigridorsalis 87, 89, 92, 94

quadriseta 87, 88, 92, 94

soccata 88

tetrastigma 93

trapezia 87, 89, 92

variata 87, 89, 92
Atherigonini 87, 89, 91, 93, 95, 97
Aubria 138, 170, 227

masako 170

subsigillata 170, 227
Austraeolis stearnsi 283, 285
Australia 46, 246, 248, 268, 315

South Australia 246

B
Bavayia 356, 359
montana 356
Berthella 275, 277, 282, 284, 286, 287, 290
Aplysilla glacialis 282, 284, 285
strongi 275, 277, 282, 284, 286, 287, 290
Boiga 1, 3, 5, 18, 20, 45
angulata 18, 20, 45
cynodon 20, 45
dendrophila 20
divergens 20
latifasciata 20
levitoni 20
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multicincta 20
philippina 20, 45
schultzei 20
Brillantaisia 341, 343, 344, 345, 348
lamium 341, 343, 345, 348
owariensis 341, 343, 344, 348
vogeliana 345
Bufo 156
benguelensis 156
funereus 156
gracilipes 156
Bufonidae 137, 154
Bulla 276, 278, 284, 285, 290, 291, 292, 293
goudiana 291
gouldiana 276, 278, 284, 285, 290, 291,
292, 293
nebulosa 276
punctulata 276
quoyi 276
Buprestidae 100

C
Cabrilla occidentalis 276
Cadlina 275, 284, 285, 288, 290, 298
flavomaculata 285
modesta 275, 284, 288, 290, 298
sparsa 284
Calamaria 2, 5, 8, 10, 11, 18, 20, 21, 45
bitorques 21
gervaisii 5, 8, 10, 11, 18, 21, 45
gervaisii 5
hollandi 5
iridescens 5
polilloensis 5
Jjoloensis 21
lumbricoidea 11, 21, 45
palavanensis 21, 45
sp. Mindoro 21
suluensis 21
virgulata 21
Calamariinae 1, 12, 18
Caledoniscincus 354, 374
California 105, 275
Anacapa Island 277
Channel Islands 275, 276, 279
Cordell Bank National Marine Sanctuary
105, 108
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Farallon Islands 106, 108, 109

Farallones National Marine Sanctuary 108

Monterey Bay National Marine Sanctuary
108

San Diego County 293

San Francisco Bay Area 106

Santa Barbara County 275, 276, 277, 278,
279, 280, 291

Santa Barbara Island 276, 277

Santa Cruz Island 276, 277

Ventura County 276

Calliophis 2, 3, 5, 13, 14, 21, 45

bilineata 21

Chiromantis 138, 171, 201, 228
rufescens 171, 201, 228
Chlamyodostachya 51
Chrysopelea 2, 17, 22, 45
paradisi 17,22, 45
paradisi 22
variabilis 17, 22, 45
Cladobranchia 290
Clathria (Thalysias) originalis 284
Clavulariidae 284
Cliona californiana 284
Cocos nucifera 350
Coelognathus 2, 5, 18, 22, 46

philippina 13, 21, 45

salitan 21

suluensis 21
Campanulariidae 284, 285
Canada 105, 316, 321, 322

Alberta 322

British Columbia 105

Manitoba 322

New Brunswick 322

Nova Scotia 322

Ontario 316, 321, 322

Quebec 321, 322

Saskatchewan 322

Cardioglossa 137, 141, 145, 148, 149, 150, 182,

205, 206, 207
elegans 148, 182, 205
escalerae 145, 149, 206
gracilis 145, 149, 182, 206
gratiosa 149, 206
leucomystax 145, 149, 182, 207
nigromaculata 141, 150, 207
Caribbean region and islands 315, 317, 322
Cuba 316, 322
Catriona columbiana 277
Catronia columbiana 285
Central America 81, 322
Dominican Republic 322
Cephalaspidea 290
Cerambycidae 99
Cerberus 2, 5, 10, 14, 21, 45
microlepis 21
schneideri 21, 45
Chaetomorpha sp. 285
Chioraea leonina 276

erythrurus 18,22, 46
erythrurus 22
manillensis 18,22, 46
psephenourus 22

philippinus 22

Coelorinchus 231, 232, 234, 235,237, 238, 241,

243, 244, 246, 247, 248

acanthiger 231, 232, 234, 235, 238, 241,
244, 268

amirantensis 231, 232, 234, 237, 238, 240,
243, 246, 247, 252, 253, 254, 255, 256,
257, 258, 268, 269, 270, 271, 272, 273

anisacanthus 233, 268

aratrum 233, 268

braueri 231, 234, 238, 240, 241, 247, 260,
268

divergens 233, 268

doryssus 233, 268

flabellispinis 238, 246, 248

gilberti 232, 233, 268

kaiyomaru 246

karrerae 232

kermadecus 233, 268

labiatus 233, 238, 246, 248, 268

lasti 232, 234, 246, 248, 268

mascarenus sp. nov. 231, 234, 237, 238,
240, 241, 243, 245, 247, 252, 255, 259,
260, 261, 262, 268, 269, 270, 271, 272

mediterraneus 233, 268

mycterismus 233, 268

obscuratus 234, 268

occa 233, 268

paraboliceps sp. nov. 231, 234, 237, 241,
243, 246, 247, 252, 255, 256, 257, 263,
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264, 268, 269, 270, 271, 273
parallellus 233, 268
sparsilepis 233, 268
trachycarus 234, 243, 246, 248, 268
trunovi 238, 246, 248
yurii 231, 232, 234, 237, 238, 240, 241,
243, 245, 246, 247, 252, 255, 256, 257,
261, 262, 265, 266, 268, 269, 270, 271,
272,273
Coleoptera 99
Colubridae 1, 12, 17
Colubrinae 1, 12, 18
Conraua 137, 158, 190, 215, 216
crassipes 158, 190, 215
goliath 158, 190, 216
Conrauidae 137, 158
Conualevia alba 284, 290
Coryphella 277
iodinea 277
sabulicola 277
Cottidae 292
Crabronidae 117, 315, 321
Crossandra haenkeana 299, 301, 302
Cryptothylax 137, 161, 192, 218
greshoffii 161, 192, 218
Curculionidae 100
Cuthona 277, 285, 290, 294
alpha 277
divae 285, 290, 294
Cyclocorus 2, 3, 6, 11, 14, 15, 22, 23, 46
lineatus 6, 11, 15,22, 23, 46
alcalai 22, 23, 46
lineatus 23, 46
nuchalis 15, 22,23, 46
nuchalis 15,23, 46
taylori 23, 46
Cylichna attonsa 276
Cylichnium cylindrellum 277
Cyperaceae 342

D
Danguya pulchella 51, 53
Dendrelaphis 2, 5,12, 17, 23, 46
flavescens 23
fuliginosus 23
levitoni 23
luzonensis 23
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marenae 12, 23, 46
philippinensis 23
Dendronotus 276, 285, 286, 291
iris 276, 291
subramosus 285
venustus 285, 286
Dermophiidae 138, 172
Derobrachus 99, 100, 101, 102
brevicollis 101
geminatus 100, 101
hovorei 99, 100, 101
leechi 100
Diadumene 284, 287
Diadumene sp. 284
Diaphoreolis 285, 286
flavovulta 285, 286
lagunae 285, 286
Diaphorodoris lirulatocauda 285
Diaulula 275, 276, 284, 290, 298
heathi 298
sandiegensis 275, 276, 284, 290, 298
Dicliptera verticillata 341, 344, 345, 348
Didineis 321
Didynamipus 137, 154, 212
sjostedti 154,212
Dierogekko 356
Dimorphognathus 166
Diptera 87
Dirona picta 285
Doridina 290
Doriopsilla 275, 276, 278, 283, 284, 285, 288,
293, 298
albopunctata 276
fulva 285, 298
gemela 275, 278, 283, 284, 288, 293, 298
Doris 276, 283, 284, 290, 293, 298
albopunctata 276, 284, 298
montereyensis 276, 284, 290
pickensi 284, 290, 293, 298
sanguinea 276
Doto 284, 285, 290, 295
columbiana 285, 290
form A 284, 290
kya 284, 290
Dryocalamus philippinus 5
Dryophiops 2, 17,23, 24, 46
philippina 23, 24, 46
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rubescens 17, 23, 24, 46
E

Ectopleura sp. 285
Elapidae 1, 8, 10, 13
Elytraria marginata 348
Embiotocidae 292
Emydocephalus 2, 13, 24, 46

annulatus 13, 24, 46
Eubranchus rustyus 285, 290
FEudendrium cf. ramosum 284, 285
Europe 117

France 117, 122, 134

Switzerland 117, 121, 134

F
Farallones Oceanic Research Expedition 105,
106, 109, 110

Fiona pinnata 277
Flabellina 276, 277

goddardi 2777

opalescens 276
Flabellinopsis 276, 277, 284, 285

iodinea 276, 277

Fordonia leucobalia 5

G
Gastropoda 275
Geitodoris heathi 286, 288, 298
Geotrypetes 138, 140, 172, 173
seraphini 140, 172, 173, 230
Gerarda 2, 5, 14, 24
prevostiana 5, 24
Gerrhopilidae 1, 8, 14
Gerrhopilus 2, 3, 5,9, 14, 24, 46
hedraeus 9, 24, 46
Gobiesox rhessodon 292
Gonyosoma 2, 5, 10, 18, 24, 46
oxycephalum 10, 24, 46
Gymnophiona 138, 172
Gymnosiphon 350

H

Habenaria 341, 348, 349

letouzeyana 341, 348, 349

procera 348

procera 348

Haliclonidae 284
Hallaxa chani 285
Haminea vesicula 276
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Haminoea 275, 276, 278, 281, 282, 284, 288,
290, 291
vesicula 276, 278
virescens 275, 281, 282, 284, 288, 290, 291
viresecens 288
Hemibungarus 2, 3, 5, 11, 13, 14, 24, 46
calligaster 24
gemianulis 24
mcclungi 11, 13, 24, 46
Hermissenda 275, 276, 283, 284, 285, 288, 290,
293, 294, 298
crassicornis 298
emurai 293
opalescens 275, 276, 283, 284, 285, 288,
290, 293, 294, 298
Herpele 138, 172, 230
squalostoma 172, 230
Herpelidae 138, 172
Heterobranchia 275, 287, 296, 297
Himantochilus 51
Hologerrhum 2, 3, 5, 10, 14, 15, 24, 36, 39, 46
dermali 10, 24, 46
philippinum 14, 15, 24, 46
Holographis 299, 300, 301, 302, 303
anisophylla 302
hintonii 302
ilicifolia 302
pallida 302, 303
velutifolia 302
verticillata 299, 300, 301, 302, 303
virgata 302
Homalopsidae 1, 9, 14, 39
Hoplobatrachus occipitalis 144
Hydrophis 2, 5, 13, 25, 26, 27, 46, 47
anomalus 25, 46
atriceps 27
belcheri 26
brookii 27
caerulescens 26
coggeri 26
curtus 25, 26, 46
cyanocinctus 27
gracilis 26
inornatus 26
Jerdoni 26
klossi 27
lamberti 26
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melanocephalus 26, 27, 46
ornatus 26
peronii 26, 46
platurus 25
schistosus 25, 47
semperi 27
spiralis 26
stokesii 25
viperinus 25
Hymeniacidon sinapium 284
Hymenochirus 138, 144, 167, 225
boettgeri 144, 167, 168, 225
boettgeri 168
camerunensis 167, 168
Hymenoptera 117, 315, 321
Hyperoliidae 137, 159

Hyperolius 137, 141, 144, 145, 146, 161, 162,

163, 193, 194, 219, 220, 229
adspersus 146
cinnamomeoventris 162
concolor 144, 163
dartevellei 146
endjami 161
fusciventris 145
guttulatus 146
koehleri 146
kuligae 141, 146, 161, 229
marmoratus 144
mosaicus 145, 146
ocellatus 162, 193, 219
olivaceus 145, 162, 194, 219
pardalis 145, 162, 194, 219
phantasticus 145, 162, 220
platyceps 145, 163, 220
thomensis 162
tuberculatus 144, 163, 194, 220

Hypolytrum 343
africanum 343
grande 343
Hypsoblennius gilberti 293

I
Icterus 331, 333
bullockii 331
galbula 331, 333
Indian Ocean 231, 232, 241, 246, 268
Madagascar (see as a main heading)
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Mascarene Ridge 231, 232, 233, 240, 241

Mascarene submarine ridge 231
Ninety East Ridge 246
Seychelles 232, 234, 243, 244

western Indian Ocean 231, 232, 246, 268

Indo-West Pacific [Ocean] 105
Indotyphlops 2, 15, 27, 47
braminus 15, 27, 47

J

Jacobinia 61, 78, 82
macrophylla 61, 78

Jorunna pardus 277

Justicia 61, 341, 345, 346, 347, 351
alanae 61, 62, 63, 64, 65, 66
amplifolia 61, 66, 69, 78, 81, 82, 83
candicans 70
chimalapensis 65
chol 65, 67
karsticola 65, 67
leonardii 78, 83
macrophylla 78
matudae 61, 67, 68, 69, 70, 71, 73
mexiae 61, 69, 70, 71, 72, 73
nevlingii 65
olmeca 61, 69, 73, 74, 75, 76
phlebodes 61, 83
pilosella 61, 83
secunda 341, 345, 346, 347, 351
spicigera 61, 78, 83, 84
tenella 346
thomensis 341, 346
totonaca 61, 64, 70, 77, 78, 79, 83
wendltii 65

Justicieae 51, 57, 58

K
Kamptozoa 285

L

Lamprophiidae 1, 11, 14
Laticauda 2, 5, 8, 13, 27, 47

colubrina 27, 47

laticaudata 27, 47

semifasciata 277
Lepidozona pectinulata 279
Lepomis spp. 332
Leptochiton rugatus 279

Leptodactylodon 137, 144, 145, 150, 183, 208
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albiventris 150
stevarti 144, 145, 150, 183, 208
Leptopelinae 137, 151
Leptopelis 137, 144, 145, 146, 151, 152, 153,
185, 209, 210, 211, 212
aubryi 151, 185, 209
aubryioides 146
boulengeri 152, 164, 185, 209
brevirostris 152, 185, 210
calcaratus 145, 152, 185, 210
guineensis 153
millsoni 152, 153, 210
modestus 145, 153, 211
notatus 153, 211
ocellatus 153, 185, 211
poensis 152
rufus 153, 185,212
violescens 152
viridis 144
Leptothecata 284, 285
Liopeltis 2, 10, 18, 28, 47
philippinus 28, 47
tricolor 28
Lucilla nuttingi 284
Lycodon 2,3, 5, 11, 19, 28, 29, 47
alcalai 28
bibonius 29
capucinus 28
chrysopteros 28
dumerili 29
Sfausti 28
ferroni 29
muelleri 28, 47
philippinus 5, 28
sealei 28
Lyroda 315, 317, 318, 321, 326
antillana 315, 321, 322, 323, 324
caliptera 326
concinna 317, 318
fasciata 315, 317, 318, 319, 320
harpactoides 318
sp. 321
subita 315, 316, 317, 321, 322, 323, 324,
326
tridens 318
triloba 315, 316, 317, 322, 326, 327

PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES

Series 4, Volume 66, Index

M
Macrorungia 51, 53
Macrouridae 231
Madagascar 51, 53, 54, 56, 57, 58, 59, 87, 117,
119, 122, 123, 127, 131, 133, 233
Malayopython 2, 3, 6, 9, 15, 29, 47
castanotus 47
reticulatus 6, 29
Malayotyphlops 2, 3, 5,9, 16, 29, 30, 47
andyi 30
canlaonensis 30
castanotus 29, 30
collaris 30
denrorum 9, 29, 47
hypogius 29
luzonensis 9, 16, 29, 47
manilae 3, 29
ruber 16, 30
ruficaudus 30
Marmorosphax 353, 356, 358, 359, 360, 361,
362, 363, 364, 366, 369, 370, 376, 377, 378,
379
boulinda 353, 356, 361, 362, 364, 365, 370,
376
kaala 353, 356, 361, 362, 364, 365, 376
montana 353, 356, 358, 359, 361, 362, 363,
364, 366, 370, 376
taom 353, 356, 359, 361, 362, 363, 364,
365, 366, 376
tricolor 353, 356, 362, 363, 364, 366, 367,
368, 369, 370, 371, 377, 378, 379
Melibe leonina 276, 285, 290
Metarungia 51, 53, 58
Metopia 321
argyrocephala 321
luggeri 321
Mexico (México) 61, 62, 64, 65, 67, 69, 70, 71,
73,74, 71, 78, 80, 81, 83, 99, 101, 106, 276,
299, 301, 304, 322, 324
Baja California Sur 276, 282
Chiapas 67, 84
Chihuahua 83, 101, 324
Coahuila (Coahulia de Zaragoza) 83, 101
Durango 83, 101
Guanajuato 83
Guerrero 65, 71, 73, 299, 303
Gulf of California 293
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Hidalgo 83
Jalisco 322, 324
México 299, 301
Michoacan 67, 69, 73, 299, 303
Morelos 299, 301
Nayarit 61, 83
Nuevo Leon 83, 101
Oaxaca 73, 74, 84
Puebla 62, 64, 65, 80, 82, 83, 84
Querétaro 83
San Luis Potosi 83
Sinaloa 83
Sonora 83, 84, 101
Tabasco 61, 67, 83, 84
Tamaulipas 83
Veracruz 61, 65, 67, 74, 77, 78, 80, 81, 82,
83, 84
Zacatecas 83
Microglyphis 277
brevicula 277
michelleae 277
Miltogrammini 321
Morphota 315,317, 318, 319
concinna 317
fasciata 318
harpactoides 315, 318
tridens 315, 318, 319
Muscidae 87
Myersophis 2, 3, 15, 30, 43, 47
alpestris 15, 30, 41, 47
Myosoma spinosa 285

N

Naja 2, 5, 13, 30, 47

philippinensis 30

samarensis 30, 47

sumatrana 30
Nannoscincus 354, 356, 359, 376

exos 354

greeri 354

koniambo 356

manautei 356, 359
National Marine Sanctuary Program 106
National Oceanic and Atmospheric Administra-

tion (NOAA) 105, 106, 108

Natricinae 1, 12, 19
Naupactus leucoloma 100

389

Navanax inermis 275, 278, 284, 290, 291, 296
Neaplysia californica 276
Nectophryne 137, 145, 154, 186, 212, 213
afra 154, 155, 186, 212
batesii 145, 154, 155, 186, 213
Nelsonia canescens 348
Neotrypaea biffari 279
New Caledonia 353, 354, 355, 358, 359, 364,
372
Bwa Bwi 366
Chaine Centrale 354, 356
Dome de Tiébaghi 362, 363, 376
Dome de Tiébaghi 362, 365, 366, 370, 376
Forét de Saille 362, 363, 366, 367, 376
Grande Terre 354, 358, 363, 364, 365, 366,
367, 368, 369, 371
Koua River 363, 367
Massif d’Ouazangou-Taom 357, 359, 363,
365, 370
Massif de Koniambo 356, 357, 365, 366,
379
Massif de Kopéto 356, 365, 366, 374, 379
Massif du Boulinda 362, 363, 365, 376, 379
Massif du Ouatilou 364
Massif du Sud 363, 366, 367, 370
Massif du Tchingou 362, 364, 365
Montagnes Blanches Nappe 370
Mt. Aoupinié 354, 369, 379
Mt. Kaala 362, 365, 370, 376
Mt. Koyaboa 369, 379
Mt. Menazi 363, 367, 368, 369, 377
Mt. Ouin 358, 362, 363, 366, 367, 376, 378
Mt. Taom 356, 358, 362, 376
Mt. Vulcain 367, 376
Panié Range 369, 370
Peridotite Nappe 354
New Zealand 246, 248, 249, 268, 354, 372
North America 100, 102, 105, 112, 316, 317,
322, 326
(See also Canada, Mexico, United States)
North Atlantic [Ocean] 105
Nudipleura 290
Nyctibates 137, 150, 184, 208
corrugatus 150, 184, 208

(0)
Octocorallia 105, 109, 111
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Oedodera 356

Okenia angelensis 277

Oligodon 2, 5, 8, 12, 18, 30, 31, 47
ancorus 31, 47
maculatus 8, 12, 31, 47
meyerinki 30
modestus 30
notospilus 30
perkinsi 30

Ophiophagus 2, 8, 13, 31, 47
hannah 8, 13, 31, 47

Opisthothylax 137, 145, 163, 221
immaculatus 163, 221
inmaculatus 145

Opisthotropis 2, 5, 8, 10, 11, 19, 31, 47
alcalai 31
typica 8, 31, 47

Orchidaceae 341, 348

Orienthella 275, 283, 284, 290, 298
cooperi 275, 283, 284, 290
trilineata 284

Oscarella carmela 277, 284, 286

Oxyrhabdium 2, 3, 14, 15, 31, 32, 43, 48
leporinum 31, 32, 48

leporinum 31, 32, 48
visayanum 32

modestum 14, 15, 31, 48

P
Pachygrapsus crassipes 279
Pacifia goddardi 277
Pacific Ocean 353
Lord Howe Island 354

(See also Australia, New Caledonia, New

Zealand)
Panulirus interruptus 291
Pareidae 1, 9, 15
Parvaplustrum cadieni 277
Patiria miniata 279, 291, 292
Peltodoris mullineri 277
Peltodoris nobilis 285, 286
Pennatulacea 105, 109

Petropedetes 138, 140, 164, 165, 171, 196, 197,

221,222,223
cameronensis 164, 221
newtonii 140, 164, 165, 171, 196, 222
palmipes 165, 196, 222

Series 4, Volume 66, Index

parkeri 165,197, 222
vulpiae 165, 197, 223
Petropedetidae 138, 164
Phaeoscincus 356, 358, 359
ouinensis 358
taomensis 356, 359
toamensis 358
Phaulopsis 341, 344, 346
angolana 348
micrantha 341, 344, 346, 348
Phidiana 275, 276, 284, 288, 290, 293, 298
hiltoni 275, 284, 288, 290, 293, 298
iodinea 276
pugnax 298
Philippines 1-49
Bubuan 48
Camaguin Norte 45
Guimaras 45, 47
Leyte 5, 45, 48
Luzon 5, 22, 27, 45-49
Mindanao 5, 4548
Negros 35, 46, 48, 49
Palawan 5, 19, 23, 45, 47, 49
Panay 46, 48
Samar 5, 45-49
Phlyctimantis 138, 144, 164, 195, 221
leonardi 144, 164, 195, 221
Phoenicus sanguinipennis 101
Phragmatopoma californica 279
Phrosinella aurifacies 321
Phrynobatrachidae 138, 165
Phrynobatrachus 138, 144, 145, 146, 165, 166,
167, 198, 223, 224, 225
africanus 165, 167, 198, 223
auritus 166, 198, 223
batesi 166
batesii 166, 224
calcaratus 166, 224
cornutus 145, 167, 224
hylaios 144
mayokoensis 146, 167
plicatus 166
sandersoni 145, 167, 198, 225
Phyllidiopsis blanca 277
Phyllospadix torreyi 278
Pipidae 138, 167
Pleurobranchida 290
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Pleurobranchus 277 R
areolatus 277 Ramphotyphlops 2, 5, 6, 8, 15, 16, 33, 48
digueti 277 cumingii 8, 15, 33, 48

Plumularia sp. 284, 285 marxi 16, 33, 48

Podandriella letouzeyana 348 olivaceus 33

Poecilosclerida 284 suluensis 6, 16, 33, 48

Poikilacanthus 74, 76, 84 Ranidae 138, 170

Polycera alabe 277 Rhabdophis 2, 19, 33, 34, 48

Pomoxis spp. 332 auriculatus 34

Principina 342, 343 auriculatus 34
grandis 343 myersi 34

Protoptilidae 105, 109 barbouri 34

Protoptilum 105, 106, 109, 110, 111, 113, 114, chrysargos 34, 48

115, 116 lineatus 34, 48
carpenteri 109, 110 spilogaster 34
celebense 111 Rhacophoridae 138, 171
cyaneum 111 Rhizogeton 285, 294
denticulatum 111 sp. 285
nybakkeni sp. nov. 105, 107, 109, 111, 113, Rictaxis punctocaelatus 286, 288, 298
114, 115, 116 Rostanga pulchra 284, 290, 298
smitti 111 Ruellia erythropus 56
thomsoni 111 S

Psammodynastes 2, 11, 14, 32, 48
pulverulentus 32, 48
Pseudorabdion 2, 5, 18, 32,33, 43, 48

Sarcophagidae 321
Scaphander interruptus 277
Schistometopum garzonheydti 140, 172

ater 33 :
i Schoutedenella taeniata 147
collaris 5, 18, 32 33, 48 Sciaphila ledermannii 341, 347, 350, 351
mcnamarae 32, 48 ap!
£ 32. 48 Scincidae 353
montanum 32, Sclerophrys 137, 144, 155, 156, 157, 186, 187,
oxycephalum 32, 48 58 13 214218

talonuran 33
taylori 33

Psilotaceae 341, 343, 348

Psilotum nudum 341, 347, 348, 350

Ptyas 2, 5, 18, 19, 33, 48
carinata 33
luzonensis 33, 48

Ptychadena 138, 145, 146, 169, 199, 227
aequiplicata 145, 169, 199, 227
mascaraniensis 169
mascareniensis 145, 169
perreti 146

Ptychadenidae 138, 169

Pythonidae 1, 8, 15

Pyxicephalidae 138, 170

camerunensis 155, 186, 187, 213

channingi 157

funerea 144, 156, 213

gracilipes 156, 187, 214

latifrons 144, 156, 187, 214

maculatus 144

pusilla 144

regularis 144

superciliaris 157, 188, 214

chevalieri 157

tuberosa 157, 188, 215
Scotobleps 137, 151, 184, 208

gabonicus 151, 184, 208
Senotainia 321

rubriventris 321

trilineata 321
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vigilans 321 flavocinereus 118, 119, 122, 123, 124, 125,
Sericographis 61, 78, 81, 84 133

macrophylla 61, 84 galeatus sp. nov. 117, 118, 121, 126, 127
Sibynophiinae 1, 12, 19 indifferens 118, 119, 122, 123, 127, 128,
Sibynophis 2, 5, 11, 19, 34, 48 129, 133

bivattatus 34, 48 marshalli 119, 120, 121

geminatus 34 melanogaster sp. nov. 117, 118, 125, 129,

geminatus 34 130, 131

Sigaloseps 358, 376 nigropilosellus 129, 130
South Africa 90, 91, 92, 94 nudiventris 129, 130

KwaZulu 94 oviventris 117, 134

Natal 94 picticornis 118, 119, 122, 125, 127, 131,
South America 100, 315, 317, 319 132,133

Argentina 316, 319 rufomarginata 133

Bolivia 319 rufomarginatus 117, 118, 119, 122, 125,

Brazil 315, 316, 317, 318, 319 131, 133

Amazonas 318 subitus 321

Chile 319 trilobus 326

Guyana 318, 319 Tegula eiseni 279

Paraguay 319 Teleostei 231

Peru 317, 319 Tenellia albocrusta 285, 290

Surinam 319 Thordisa bimaculata 275, 278, 283, 284, 288

Uruguay 319 Tornatina carinata 276
Sphecidae 317, 318, 321, 322, 326 Trapania velox 277, 283, 285, 286
Spurilla chromosoma 278 Trichobatrachus 137, 151, 184, 209
Stegonotus 2, 5, 19, 34, 48 . robustus 151, 184, 209

muelleri 19, 34, 48 Trimeresurus 2, 5, 6,9, 16, 34, 49

Stenandriopsis thomensis 341, 348 flavomaculatus 6,9, 16, 34, 49

Stenandrium 302 mcgl”ego.ri 34
dulce 302 schultzei 34

goiasense 302 Triopha 275, 276, 284, 290, 291, 298

Stenoplax conspicua 279 catalllnatte ;3; 284, 290. 208
Strongylocentrotus purpuratus 279 macuiata ’ ’ ’

Symplectochilus 51 ) ocjcidentalis 276
. Tritonia 275, 283, 284, 285, 286, 288, 290, 293,
Symplectoscyphus turgidus 285

298
T festiva 275, 284, 285, 288, 290
Tachytes 117,119, 120, 124, 125, 126, 127, 128, myrakeenae 275, 283, 284, 285, 286, 288,
129, 130, 131, 132, 133, 134, 321, 326 290, 293, 298
admirabilis 119, 120 Triuridaceae 341, 343, 350
argyreus 120, 121 Tropidolaemus 2, 5, 16, 34, 35, 49
argyropis 117, 119, 120, 121, 126, 127, 134 philippensis 35, 49
basilicus 121, 126 subannulatus 16, 35, 49
Calotachytes 119 Tropidonophis 2, 5, 6, 19, 35, 49
copiosus 118, 119, 122, 123, 125, 128, 133, dendrophiops 6, 35, 49
134 negrosensis 35

danae 119, 120 Dylodina fungina 276
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Typhlopidae 1, 8, 15 Oregon 325, 331, 332

U Pennsylvania 321, 325
Rhode Island 325
South Carolina 101
South Dakota 316, 326
southwestern 70, 99
Tennessee 101, 102
Texas 83, 101, 321, 325, 326
Utah 321, 325

Ulmus rubra 332, 333
United States 70, 83,99, 101, 106, 315,316, 331
Alabama 101
Arizona 99, 100, 101, 321, 324
Arkansas 316, 324, 326
California 101, 315, 316, 318, 320, 322,
324, 326, 328, 330

Colorado 324, 326 Vermont 325
Connecticut 321, 324, 326 Virginia 321, 325, 326
’ ’ West Virginia 325

Delaware 324

Florida 101, 102, 316, 322, 323, 324 Wisconsin 325

Georgia 101, 324, 326 v

Idaho 321’ 324 Viperidae 1, 8, 16, 37, 40

Mlinois 324 Volvuella californica 277

Indiana 316, 321, 324 Volvula cylindrica 276

Towa 321, 324 Volvulella cylindrica 276

Kansas 321, 324, 326 W

Louisiana 324, 326 Werneria 137, 144, 145, 157, 158, 189, 215
Maryland 321, 324, 326 mertensiana 144, 145, 157, 189, 215
Massachusetts 316, 321, 324 Wolterstorffina 137, 141, 145, 146, 158, 202,
Michigan 316, 321, 324 229

Minnesota 324 parvipalmata 141, 145, 146, 158, 202, 229
Mississippi 325 X

Missouri 325 Xenopeltidae 1, 10, 17

Montana 325 Xenopeltis 2, 10, 17, 35, 39, 49

Nebraska 325 unicolor 35, 49

Nevada 101 Xenopus 138, 144, 168, 169, 199, 225, 226
New Hampshire 325 allofraseri 168, 225

New Jersey 321, 325, 326, 331, 332 calcaratus 168, 169, 226

New Mexico 83, 101, 325 fraseri 169

New York 316, 321, 325 mellotropicalis 168, 226

North Carolina 101, 108, 321, 325, 326 parafraseri 168, 169, 199, 226

North Dakota 325 Silurana 168, 169

Ohio 99, 100, 101, 331, 332, 333, 335 calcaratus 169

Oklahoma 325, 331, 332 mellotropicalis 168, 169
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