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Abstract

The family Phyllognathopodidae (Crustacea, Copepoda, Harpacticoida) is heavily affected by the floating
taxonomic status of the type-genus Phyllognathopus. A revision of the different character states displayed
by members of the family is presented, and new phylogenetically informative characters are described,
enlarging the analysis to the remaining genera of the family, Parbatocamptus and Allophyllognathopus.
Phyllognathopus viguieri (Maupas, 1892) and Parbatocamptus jochenmartensi Dumont and Maas, 1988
are redescribed in detail, and Phyllognathopus inexspectatus sp. n. is described from ground water in Italy.
The new genus Neophyllognathopus is established to accommodate Phyllognathopus bassoti Rouch, 1972,
originally collected from Long Island (Papua - New Guinea), and subsequently recorded also from the
Bantayan Island (Philippines), and from the Indian subcontinent. The new genus is presently monotypic
and is easily defined by the unique construction and morphology of leg 5 in both male and female, of
male leg 6, and by the peculiar ornamentation of male third and fourth urosomites. Biogeographical and
ecological considerations are presented for members of the family.

Copyright D.M.P. Galassi et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

The harpacticoid family Phyllognathopodidae exhibits a low diversity, currently con-
taining 13 species according to Boxshall and Halsey (2004), accommodated in three
genera: Phyllognathopus Mrazek, 1893, Allophyllognathopus Kieter, 1967 and Parbaro-
camptus Dumont and Maas, 1988. Members of the family are predominantly recorded
from semi-terrestrial and freshwater habitats (i.e. phytotelmata, leaf litter, epibenthic
habitats in streams and springs, hyporheic habitats, ground water) (Reid 2001), and
findings in anchialine caves or brackish ground water (Huys et al. 1996, pers. comm.;
Bruno and Cottarelli 1999) represent mere exceptions.

The family is undoubtedly monophyletic, being instantly recognizable by the
unique phyllopodial lamelliform maxilliped, in conjunction with the first pedigerous
somite not being incorporated into the cephalosome. Despite the low diversification in
the family, the taxonomic history of the type-genus Phyllognathopus has been and still
is highly controversial (Glatzel and Konigshoff 2005). The root cause for this state of
affairs lies in three questionable assumptions surrounding the taxonomy of Phyllogna-
thopus viguieri (Maupas, 1892) and which were employed early in delimiting species
within the genus: 1) its cosmopolitanism; 2) its ecological plasticity, enabling itself to
colonize virtually any kind of habitat, from the truly aquatic to semi-terrestrial; and 3)
as a reflection of the latter, its morphological variability. The taxonomic confusion sur-
rounding the type-species of Phyllognathopus is also reflected in the entire systematics
of the family (Boxshall and Halsey 2004, Wells 2007), preventing any reconstruction
of the phylogenetic relationships among members of this family.

Recent discoveries of new phyllognathopodid representatives in Italian ground wa-
ter, together with the re-examination of different species and populations coming from
several localities world-wide, allowed a re-analysis of key-taxa within the family, the
description of a new stygobiotic species of Phyllognathopus and the establishment of a
new taxonomic rank for Phyllognathopus bassoti Rouch, 1972, assigned herein to the
new genus Neophyllognathopus.

Material and methods

Specimens were collected from hyporheic habitats by using the Bou-Rouch method
(Bou and Rouch 1967) and filtering through a 60 pm mesh net. Epibenthic samples
from springs were taken by washing sediments with a hand net or by using a drift net
positioned at the major outlets of the sampled springs. Specimens were preserved in 7%
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formalin solution and dissected in polyvinyl lactophenol. Drawings were made using
camera lucida on a Leitz Laborlux phase contrast microscope. Some details gained from
scanning electron microscopy (SEM) are added to line drawings. For SEM, 10 females
and 8 males of Phyllognathopus viguieri, and 4 females and 2 males of Phyllognathopus
bassoti were dehydrated in a graded ethanol series, critical point dried in a Balzers Union
CPD 020 apparatus and coated with gold in a Balzers Union SCD 040 sputter. Obser-
vations were made with a Philips SEM XL30 CP scanning electron microscope.

Additional material, preserved on slides, was loaned by the Natural History Mu-
seum (London), the Museum National d’Histoire Naturelle (Paris), the National
Museum of Natural History, Smithsonian Museum, Washington, D.C. (U.S.A.), the
Senckenberg Museum (Germany). The descriptive terminology of Huys and Boxshall
(1991) is adopted. Abbreviations used in the text and figures are: P1-P6, first to sixth
thoracopods; exp., exopod; enp., endopod; exp (enp) -1 (-2, -3) to denote the proximal
(middle, distal) segment of a ramus.

Results

Order HARPACTICOIDA Sars, 1903
Family PHYLLOGNATHOPODIDAE Gurney, 1932

Genus Phyllognathopus Mréazek, 1893
http://species-id.net/wiki/Phyllognathopus

Emended diagnosis. Phyllognathopodidae. Habitus slender, with no clear demarca-
tion between prosome and urosome. Integumental dorsal window on cephalosome
not confirmed for all members of the genus. Integument with surface pits, moderately
sclerotized. Cephalosome rounded; rostrum clearly articulated to cephalosome. First
pedigerous somite free. P5-bearing somite with large paired pores laterodorsally. Anal
operculum plain or ornamented by fine spinules or extruded in strong spinular pro-
cesses. Sexual dimorphism in antennule, P5, P6, urosomal segmentation and ornamen-
tation. Female first and second abdominal somites fused forming genital double-somite.
Anal somite with paired sensilla on dorsal side. Male urosome consisting of 6 segments.
Caudal rami sub-quadrate, or longer than wide, with incomplete setal pattern (6 setae).
Dorsal seta inserted on distal third of caudal ramus. Setae IIT and V variable in morphol-
ogy among species. Antennule: 8-segmented in female, basically 10-segmented in male,
although a suture line marking original segmentation between former segments 10 and
11 may be still discernible in some species; geniculation between segments 7 and 8; seg-
ment 9 discrete. Long tube-pores on segments 1 and 2 in both sexes. Antenna: armature
of the second endopodal segment consisting of 10 elements. Exopod 1-segmented, with
3 lateral and 2 apical setae. Mandible: mandibular palp biramous, basis unarmed; exo-
pod with 1 apical and 1 inner setae; endopod with 1 inner, 1 subapical and 2 apical se-
tae. Armature of maxillule and maxilla as in Phyllognathopus viguieri. Maxilliped: phyl-
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lopodial, lamelliform, 1-segmented. Trace of ancestral 2-segmented condition marked
by the presence of outer incision; armature consisting of 10 elements.

P1-P3 with praecoxa and 3-segmented exopods and endopods. P4 small-sized,
praecoxa missing, with 3- or 2- or 1-segmented exopod and 2- or 1-segmented endo-
pod. Female P5 free, with clear articulation to P5-bearing somite; right and left legs
distinct; intercoxal sclerite absent; baseoendopod and exopod coalescent, feeble incision
marking original segmentation between them; endopodal lobe not pronounced, bearing
2 apical setae. Exopodal lobe fully incorporated into baseoendopod, not pronounced;
basipodal outer seta present. Female P6 present, right and left legs represented by small
chitinous lamellar plates, each leg bearing 1 normal seta or a stout spine with rounded
tip. Male P5 free, with clear articulation to P5-bearing somite; right and left legs coales-
cent, intercoxal sclerite absent. Exopod discrete, but sometimes incorporated to basis.
Endopod 1-segmented, normally conformed, cylindrical, bearing 1 leaf-like seta, alter-
natively transformed in a curved and stout element bearing 1 bipinnate seta, inserted on
posterior surface of the endopod, close to its articulation to basis. Male P6 present; sym-
metrical, right and left legs coalescent along their medial margin, forming a continuous
lamellar plate; each leg bearing 2 inner spines of different length and 1 outer seta.

Phyllognathopus viguieri (Maupas, 1892)
http://species-id.net/wiki/Phyllognathopus_viguieri
Figs 1-9

Material examined. 11 99 and 2 4, completely dissected and mounted in polyvi-
nyl lactophenol, S. Anna D’Alfaedo, Progno di Valpantena (Verona, Italy), hyporheic
habitat, 25.06.2002, E. Gattone coll.; 1 @, karstic spring in the hydrogeological basin
of Rio Biondo, Progno di Valpantena (Verona, Italy), karstic habitat, 7. 07. 2003, B.
Fiasca coll.; 3 @9, Lake Bracciano (Latium, Italy), interstitial habitat, 27.05.02, V.
Cottarelli coll.; 10 99 and 5 4, Avisio floodplain (Trento, northern Italy), hypor-
heic habitat, 30.05.2006, T. Di Lorenzo coll.; 3 99 and 1 &, Oignin stream (French
Jura Mountains), hyporheic habitat, 30.07.2002, M.-]. Dole-Olivier coll.; 2 9 and
18, Ari¢ge floodplain (France), P Dumas coll.;; 1 €, Lac Léman (France), slide code
MNHN - Cp922, Paris; 2 A3, S. Pierre, (France), slide code MNHN - Cp456, Paris;
3 dd and 2 99, Ruhr floodplain (Germany), T. Glatzel coll.; 6 29 and 1 &, R.
Krishna, India, Y. Ranga Reddy coll.; 1 @, in pitcher of Nepenthes mirabilis (Hong
Kong), B. Coker det., slide code 1982.329, Natural History Museum, London; 2 @ 9
deposited at the Smithsonian Institution, Washington D.C., code USMN 251806,
204501; 1 &, code USMN 204500; 1 &' (juvenile), code USMN 204501.

Phyllognathopus of. viguieri A. 2 33, 2 9, Madagascar, vial code, MNHN -
Cp910, Paris, B. Dussart coll..

Phyllognathopus cf. viguieri B. 1 @, slide code 66/52, freshwater well, Mindoro
Island, Philippines, 17.8.1992, V. Cottarelli coll.
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Figure 1. Phyllognathopus viguieri (Maupas, 1892) (¥). A habitus, dorsal view B abdomen, ventral view
C abdomen, dorsal view D labrum (scale bars in pm).
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Figure 2. SEM micrographs of Phyllognathopus viguieri (Maupas, 1892) (). A ventral surface of uro-

some (first urosomite omitted) B anal operculum.
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Phyllognathopus viguieri 2. 10 @9 and 5 33, Andhra Loyola College Campus,
Vijaya-Woda, Andhra Pradesh, India, Y. Ranga Reddy coll..

Phyllognathopus viguieri menzeli. 19, vial code USNM 150192, labelled: Pacific
Ocean, Mariana Islands, Guam, 19 November 1970, Watkins R.L. coll. (remaining
material in the vial: 17 99).

Phyllognathopus viguieri menzeli 2. 33, vial code USNM 150193, labelled: Pacific
Ocean, Mariana Islands, Guam, 1 April 1971, Belk and Watkins R.L. coll. (remaining
material in the vial: 8 specimens, of which several copepodids).

Supplementary description. FEMALE. Body length, measured from tip of
rostrum to posterior margin of caudal rami, from 400 to 600 pm (mean = 439 pm;
n = 27). Habitus slender, no clear demarcation between prosome and urosome.
Integument with surface pits, moderately sclerotized as in Fig. 1A. Cephalosome
sub-quadrate, with a dorsal rounded protuberance, hardly observable, plausibly
referable to a dorsal integumental window. Setule pattern as in Fig. 1A. Rostrum
elongate, subrectangular in shape, clearly articulated to the cephalosome; two dor-
sal sensilla laterally inserted on its distal third, and one pore apically. Cephalosome
and both thoracic and abdominal somites with cuticular ornamentation apparently
represented by reduced number of paired sensilla (Fig. 1A). First pedigerous somite
free. Hyaline frills of cephalosome, somites bearing P1-P4 and urosome dorsally
smooth. Urosomites with smooth hyaline frill ventrally, except third urosomite
(Figs 1B, 2A). Last three urosomites with spinular fringe on proximal third ven-
trally; anal somite with distal continuous spinule row. Anal somite with paired
sensilla on dorsal side only (Fig. 1C), and two short spinule rows close to the
anal operculum. Anal operculum rounded, only slightly protruding beyond inser-
tion line of caudal rami (Figs 1C, 2B). P5-bearing somite with large paired pores
laterodorsally and paired spinule rows laterally inserted on distal third of somite
(Fig. 1A). Genital double-somite with three lateral spinule rows. Female genital
field located between first and second third of genital double-somite. Genital ap-
paratus apparently simplified; copulatory pore located halfway of genital double-
somite (Figs 1B, 3A). Seminal receptacles located laterally and condensed close to
the lamellar P6 (Fig. 3B).

Caudal rami rectangular, parallel, distinctly longer than wide (length/width ratio
about 1.7), with incomplete setal pattern (6 setae) (Fig. 1B—C). Anterolateral acces-
sory seta (I) absent, anterolateral seta (II) smooth, inserted at half of caudal ramus;
posterolateral seta (III) inserted on distal third of ramus, transformed in a large and
stout spiniform element. Outer terminal seta (IV) very short, thin, and naked, shorter
than caudal ramus, inner terminal seta (V) unipinnate and relatively short, without
articulation at base, with very enlarged proximal part tapering in a subtle tip; terminal
accessory seta (VI) slightly shorter than outer terminal seta, thin and naked; dorsal
seta (VII) inserted on distal third of caudal ramus, about as long as caudal ramus.
Three spinule rows inserted dorsolaterally and two spinule rows inserted at distal
margin of caudal ramus ventrally. Two pores located close to the insertion of setae 11
and IV, ventrally.
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Figure 3. SEM micrographs of Phyllognathopus viguieri (Maupas, 1892) (). A P5 and genital double-

somite (copulatory pore arrowed) B P6.
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Figure 4. Phyllognathopus viguieri (Maupas, 1892) (?). A antennule B antenna € mandible D maxillule
E maxilla F maxilliped (scale bars in pm).
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i (Maupas, 1892) (©). AP1 B P2 C P3 D P4 E P5 F P6 (scale bars

Figure 5. Phyllognathopus viguier

in pm).
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Figure 6. Phyllognathopus viguieri (Maupas, 1892) (). A habitus, dorsal view B abdomen, ventral view
(first urosomite omitted) € antennule D P5 E P6 (scale bars in pm).
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Figure 7. SEM micrographs of Phyllognathopus viguieri (Maupas, 1892) @). A cephalosome, rostrum
and antennule B rostrum (detail) € ornamentation of third to six urosomites, ventral surface D anten-
nule, segments 10 and 11 discrete on posterior surface (boundary line arrowed) E antennule, detail of
segments 10 and 11 fused on anterior surface (suture line arrowed) F antennule, segment 9 arrowed.

Antennule (Fig. 4A): short, 8-segmented. Segment 1 with 1 spinule row. Both
segments 1 and 2 bearing long and flaccid tube-pores. Armature formula: 1-[1], 2-[8],
3-[5], 4-[1 + (1+ae)], 5-[1], 6-[3], 7-[4], 8-[6 + (1+ae)]. Aesthetasc on segment 4 large,

reaching about the proximal part of the penultimate antennulary segment.
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20 pm

Figure 8. SEM micrographs of Phyllognathopus viguieri (Maupas, 1892) (3). A antennule, tube-pores
on the first antennulary segment arrowed B P2-P4 (P2-P3 praecoxa arrowed; asterisk indicates the P4

praecoxa missing).

Antenna (Fig. 4B): coxa unarmed; basis with 1 transverse spinule row on surface, a
spinule row inserted on inner margin; exopod 1-segmented, well-defined at base, with
surface spinule row, bearing 3 lateral and 2 apical setae; free endopod 2-segmented;
both segments robust, of about the same length; segment 1 with inner spinule row;
segment 2 with two inner spinule rows; armature consisting of 2 inner spines and 1



14 Diana M. I Galassi et al. | ZooKeys 104: 1-65 (2011)

Figure 9. SEM micrographs of Phyllognathopus viguieri (Maupas, 1892) (3). A P5 B P6 (arrowed).
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seta, 1 unipinnate apical spine, 4 geniculate setae, 1 apical slender seta and 1 subapical
slender seta; a row of spinules at outer corner.

Labrum (Fig. 1D): trapezoidal, with two spinule rows on free distal margin. Paired
rows of hair-like elements on medioventral surface.

Mandible (Fig. 4C): coxal gnathobase elongate, cutting edge with 2 large and
coarse teeth, three smaller teeth and row of fringed teeth; naked seta at dorsal corner.
Mandibular palp biramous, basis with inner spinule row, exopod with 1 apical and 1
inner bipinnate setae; endopod with 1 inner, 1 subapical and 2 apical bipinnate setae.

Maxillule (Fig. 4D): well developed arthrite incorporated into praecoxa, with 7
strong curved spines inserted on free distal margin and 1 short seta inserted on a sort of
surface peduncle and 2 anterior surface setae. Coxal epipodite represented by 2 setae;
coxo-endite with 2 plumose setae. Exopod and endopod incorporated into basis, with
a total of 7 plumose setae.

Maxilla (Fig. 4E): syncoxa with 3 endites. Proximal endite with 6 setae; medial
and distal endites, each with 3 plumose setae. Allobasis drawn out into a strong claw,
distally spinulose, accompanied by 2 robust and 1 thin setae; endopod 3-segmented;
segment 1 with 1 robust curved seta; segment 2 with 2 robust curved setae; segment 3
with 2 robust curved and 2 slender setae.

Maxilliped (Fig. 4F): phyllopodial, lamelliform, and 1-segmented. Trace of an-
cestral 2-segmented condition marked by the presence of outer incision, representing
original segmentation boundary between former segments 1 and 2. Armature consist-
ing of 10 elements, of which 5 bipinnate setae in apical position, 1 unipinnate seta
inserted along inner margin together with 4 strong unipinnate stout spines. No trace
of incision along inner margin.

P1-P3 with 3-segmented exopods and endopods. P4 with 3-segmented exopod
and 2-segmented endopod. Intercoxal sclerites: boundary between intercoxa and basis
not well defined at posterior surface of P2-P4 (Fig. 5B—D). P1-P3 praecoxa well devel-
oped, with outer spinule row. P4 praecoxa absent.

P1 (Fig. 5A): praecoxa and coxa with outer spinule row on anterior surface; one
posterior row of thin spinules inserted close to coxo-basis boundary. Basis with 1
outer spiniform seta and 1 inner spine, with spinule rows along outer margin, be-
tween exopod and endopod and at the insertion of inner spine, respectively. Exopod
about as long as endopod; exp-1 and -2 with 1 outer unipinnate spine; exp-3 with
2 unipinnate spines in apical position, and 1 apical and 1 subapical inner setae.
Endopod: enp-1 unarmed, about as long as enp-2 and enp-3, wider than enp-2 and
enp-3. Enp-2 cylindrical, with short inner seta inserted at the middle of segment.
Enp-3 with 1 inner spine, 1 apical seta and 1 curved apical spine. Ornamentation
as in Fig. 5A.

P2 (Fig. 5B): ornamentation of praccoxa and coxa as in P1. Basis with 1 outer
spine, with spinule rows along outer margin, and between exopod and endopod. Exo-
pod slightly longer than endopod; exopodal segments of about the same length; exp-1
and -2 with 1 outer unipinnate spine; exp-3 with 2 outer unipinnate spines, 1 apical
unipinnate seta and 1 subapical long inner seta. Endopod: enp-1 unarmed; enp-2 with
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1 naked inner seta; enp-3 with 1 spine and 1 long bipinnate seta in apical position, and
1 short bipinnate subapical seta. Ornamentation as in Fig. 5B.

P3 (Fig. 5C): ornamentation of praecoxa and coxa as in P2. Basis with short outer
seta and spinule rows along outer margin and at the insertion of the endopod. Exopod
distinctly longer than endopod. Exp-1 and -2 with 1 unipinnate outer spine; exp-3
with 2 unipinnate outer spines, 1 bipinnate apical seta and 1 long bipinnate subapical
seta. Endopod: enp-1 and -2 unarmed; enp-3 with 1 spine and 2 bipinnate setae in
apical position. Ornamentation as in Fig. 5C.

P4 (Fig. 5D): reduced in size, praecoxa absent, coxa and basis without ornamentation;
basis with long outer naked seta; exopod and endopod about as long as half of remaining
legs; the exopod only slightly longer than endopod. Exp-1 with 1 unipinnate outer spine;
exp-2 unarmed; exp-3 with 1 bipinnate outer spine and 2 apical setae of different length.
Endopod: enp-1 unarmed; enp-2 with 3 apical setae. Ornamentation as in Fig. 5D.

P5 (Figs 3A, 5E): free, with clear articulation to P5-bearing somite; right and
left legs distinct; baseoendopod and exopod coalescent, incision marked original seg-
mentation between them still present; basipodal outer seta present, exopodal armature
consisting of 3 bipinnate setaec and 1 stout spine: all elements in apical position; ba-
seoendopod armed with 2 robust bipinnate setae, the outermost the longest.

P6 (Figs 3B, 5F): rudimentary, consisting of paired small chitinous lamellar plates
not coalescent along medial margin, partially covering seminal receptacles. Armature
consisting of 1 short naked spine with rounded tip on each leg.

Male. Body length, measured from tip of rostrum to posterior margin of caudal
rami, from 370 to 541 pm, with mean of 424 pum based on 8 individuals. Sexual
dimorphism in antennule, abdominal segmentation, P5, P6 and caudal setae mor-
phology. Habitus, cephalosome (Figs 6A, 7A-B), sensilla and pore patterns as in
female. Integument with surface pits. Urosome as in Figs 6B, 7C. Caudal rami with
6 setae (Fig. 6B). Anterolateral seta (II) as in female, posterolateral seta (III) setiform,
not transformed (length seta/length caudal ramus: about 2) and bipinnate. Outer
terminal seta (IV) as in female, inner terminal seta (V) not transformed, plumose
and long, not articulated at base; terminal accessory seta (VI) and dorsal seta (VII)
as in female (Fig. 6). Ornamentation and pore patterns as in female. Anal operculum
as in female.

Antennule (Figs 6C, 7D-F): elongate, basically 10-segmented, last segment still
showing a surface suture line only on anterior surface, indicating an incipient 11-seg-
mented condition. Segment 1 with 1 ventral spinule row and 1 tube-pore (Fig. 8A).
Segment 2 with tube-pore. Segment 4 represented by small U-shaped sclerite. Seg-
ment 6 the largest, sclerotized. Segment 8 elongate and transformed, moderately scle-
rotized, segment 9 distinct, not incorporated into segment 8, segment 10 derived
by incomplete fusion between former segments 10 and 11 (Fig. 7D-F). Armature
formula: 1-[1], 2-[9], 3-[8], 4-[2], 5-[7+(1 + ae)], 6-[2], 7-[2], 8-[0], 9-[1], 10-[10 +
(1 + ae)]. Aesthetasc on segment 5 very large. Segment 8 with medial pointed protru-
sions as in Fig. 6C.
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P1-P4 as in female; for morphological details of P1-P4 see Fig. 8B. P5 (Figs 6D,
9A): free, with clear articulation to P5-bearing somite; right and left legs coalescent;
exopod clearly discernible but incorporated to basis: no trace of articulation between
them observable, bearing 2 inner, 2 apical and 2 outer bipinnate setae; endopod dis-
crete, distinctly 1-segmented, bearing 1 large leaf-like transformed seta and a spinule
row along its free outer margin. Basipodal outer seta slender and naked, one pore near
its insertion.

P6 (Figs GE, 9B): right and left legs coalescent, forming a single linear lamellar
plate, with no trace of incision between right and left P6; armature consisting of 2
spines and 1 outer seta.

Phyllognathopus inexspectatus Galassi & De Laurentiis, sp. n.
urn:lsid:zoobank.org:ac: 0BCBB7D6-0796-49AE-8856-BE37771BOF66
http://species-id.net/wiki/Phyllognathopus_inexspectatus

Figs 1013

Synonymy. Phyllognathopus sp. (in Di Lorenzo et al. 2005).

Type material. € holotype completely dissected and mounted in glycerine, deposited
at the Natural History Museum, London (UK); January 2003, D. Cipriani coll.; 3 $ 9
paratypes completely dissected and mounted in lactophenol; May 2003; January 2004.
D. Cipriani coll..

Type locality. Mazzoccolo karstic spring (Latium, central Italy), coordinates:
41°15'17"N 13°27'08"E; Western Aurunci Mountains; 20 m a.s.l.; water temperature
13.5+0.3°C;pH 7.5+ 0.1;0,9.1 + 0.9 mg/L (n = 11).

Description. FEMALE. Total body length, measured from tip of rostrum to pos-
terior margin of caudal rami, 474 pm (holotype), 468 um (paratypes mean value; n
= 3). Body depigmented and eyeless. Habitus slender, no clear demarcation between
prosome and urosome. Integument with surface pits, moderately sclerotized. Cephalo-
some subquadrate, with a dorsal rounded protuberance, hardly observable, referable to
the dorsal integumental window (Fig. 10A). Couples of setule rows located on surface
of cephalic shield. Rostrum elongate, subrectangular in shape, clearly articulated to the
cephalosome; two dorsal sensilla laterally inserted on distal third, and one pore api-
cally. Cephalosome and both thoracic and abdominal somites with cuticular ornamen-
tation represented by reduced number of paired sensilla (Fig. 10A). First pedigerous
somite free. Hyaline frills of cephalosome, somites bearing P1-P4 and urosome dor-
sally smooth. P5-bearing somite with large paired pores laterodorsally. Genital double-
somite with three lateral spinule rows and three pairs of setule rows inserted dorsally.
Female genital field located at the middle of genital double-somite. Genital apparatus
simplified, copulatory pore located at half of the genital double-somite. Seminal recep-
tacles laterally located and condensed close to the lamellar sixth legs.
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)

Figure 10. Phyllognathopus inexspectatus sp. n. (?). A habitus, dorsal view B abdomen, ventral view C
caudal ramus, ventral view (scale bars in pm).
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Urosomites with smooth hyaline frill ventrally, except third urosomite (Fig. 10B).
Last two urosomites with spinular fringe on proximal third; anal somite with distal
continuous spinule row.

Anal somite with paired sensilla on dorsal surface (Fig. 11A), and two short spi-
nule rows close to the anal operculum. Anal operculum rounded, protruding beyond
insertion line of caudal rami and armed with strong spinules on free distal margin
(Fig. 11A). Caudal rami rectangular with strongly expanded inner margin, slightly
divergent, distinctly longer than wide (length/width ratio: about 1.5), with incomplete
setal pattern (6 setae) (Figs 10C, 11A); anterolateral accessory seta (I) absent, antero-
lateral seta (II) smooth, inserted at proximal third of caudal ramus; posterolateral seta
(I1I) inserted on distal third of ramus, transformed in a short and stout spiniform seta,
with tuft of spinules apically. Outer terminal seta (IV) very short, thin, and naked,
without articulation at base (Fig. 10C), distinctly shorter than caudal ramus; inner ter-
minal seta (V) not transformed, very long, without articulation at base; terminal acces-
sory seta (VI) as long as outer terminal seta, thin and naked; dorsal seta (VII) inserted
at half of caudal ramus, about as long as caudal ramus or slightly shorter. A continuous
spinule row along inner margin of caudal ramus and three spinule rows inserted close
to the anterolateral seta (Figs 10B, 11A), at the basis of the posterolateral seta and at
distal margin of ramus ventrally, respectively. Two pores are located dorsally on each
caudal ramus, and one pore ventrally.

Antennule (Fig. 11B): short, 8-segmented. Segment 1 with ventral spinule row.
Both segments 1 and 2 bearing long and flaccid tube-pores. Armature formula: 1-[1],
2-[8], 3-[5], 4-[1 + (1 + ae)], 5-[1], 6-[3], 7-[4], 8-[6 +(1+ ae)]. Aesthetasc on segment
4 very large, reaching about the last antennulary segment.

Antenna (Fig. 11C): coxa unarmed; basis with 1 transverse spinule row on sur-
face; exopod 1-segmented, well-defined at base, with spinule row on surface, bearing
3 lateral unipinnate and 2 apical bipinnate setae; free endopod 2-segmented; both seg-
ments robust, of about the same length; segment 1 with inner spinule row; segment 2
with one inner and one surface spinule rows; armature consisting of 2 inner spines and
1 thin seta, 1 apical unipinnate spine, 4 geniculate setae, and 1 apical and 1 surface
slender setae; two rows of spinules at outer corner and in subapical position on free
distal margin, respectively.

Mandible (Fig. 12A): coxal gnathobase elongate, cutting edge with 3 large and
coarse teeth, 5 smaller fringed teeth; naked seta at dorsal corner. Mandibular palp bira-
mous, basis with inner strong spinule row, exopod with 1 apical and 1 inner bipinnate
setae; endopod with 1 inner bipinnate, and 1 spiniform and 2 bipinnate apical setae.
Ornamentation as in Fig. 12A.

Maxillule (Fig. 12B): well developed arthrite incorporated into praecoxa, with 7
strong curved spines inserted on free distal margin, and 2 anterior surface setae. Proxi-
mal surface bipinnate seta inserted on tubercle absent (vs. present in Phyllognathopus
viguieri, see Fig. 4D). Coxal epipodite represented by 2 setae; coxo-endite with 2 plu-
mose setae. Exopod and endopod incorporated into basis, bearing 7 plumose setae.



20 Diana M. P Galassi et al. | ZooKeys 104: 1-65 (2011)

50

Figure 1. Phyllognathopus inexspectatus sp. n. (?) A urosome, dorsal view B antennule C antenna (scale
bars in pm).
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Figure 12. Phyllognathopus inexspectatus sp. n. (?). A mandible B maxillule € maxilla D maxilliped
E P1 (scale bars in pm).
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Figure 13. Phyllognathopus inexspectatus sp. n. (¥). A P2 B P3 C P4 D P5 E P6 (scale bars in um).
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Maxilla (Fig. 12C): syncoxa with 3 endites. Proximal endite free, with 6 setae; me-
dial and distal endites incorporated to syncoxa, each with 3 plumose setae, inserted as
in Fig. 12C. Allobasis drawn out into a strong claw apparently smooth, accompanied
by 1 robust and 2 thin setae; endopod 3-segmented; segment 1 with 1 robust curved
seta; segment 2 with 2 robust curved setae; segment 3 with 2 robust curved and 2
slender setae.

Maxilliped (Fig. 12D): phyllopodial, lamelliform, 1-segmented, and slender than
in P viguieri. Trace of ancestral 2-segmented condition marked by the presence of
outer incision, probably representing original segmentation boundary between seg-
ments 1 and 2. Armature consisting of 10 elements, of which 5 bipinnate setae in
apical position, two of which with independent insertion, 1 unipinnate seta inserted
along inner margin together with 4 strong unipinnate spines. No trace of incision
along inner margin.

P1-P3 with 3-segmented exopods and endopods. P4 with 2-segmented exopod
and endopod. Intercoxal sclerites: boundary between intercoxa and basis not well de-
fined at posterior surface in P2-P4. P1-P3 praecoxa well developed, with 1 outer spi-
nule row. P4 praecoxa absent.

P1 (Fig. 12E): praecoxa and coxa with outer spinule row on anterior surface.
Basis with 1 outer spiniform seta and 1 inner spine; with spinule rows along outer
margin, between exopod and endopod and at the insertion of inner spine, respec-
tively. Exopod slightly longer than endopod: exp-1 and -2 with 1 outer unipinnate
spine; exp-3 with 2 outer unipinnate spines and 2 setae, respectively inserted api-
cally and subapically. Endopod: enp-1 unarmed, about as long as enp-2 and enp-3.
Enp-2 cylindrical, with 1 inner short seta. Enp-3 with 1 inner bipinnate seta, 1 long
unipinnate curved seta and 1 spiniform curved seta in apical position. Ornamenta-
tion as in Fig. 12E.

P2 (Fig. 13A): praecoxa and coxa as in P1; basis with 1 outer spiniform seta, with
spinule rows along outer margin, and between exopod and endopod. Exopod distinctly
longer than endopod; exopodal segments of about the same length; exp-1 and -2 with
1 outer bipinnate spine; exp-3 with 2 outer unipinnate spines, 1 apical unipinnate
seta and 1 subapical long bipinnate seta. Endopod: enp-1 and-2 unarmed; enp-3 with
1 spine and 1 long bipinnate seta in apical position, 1 subapical short bipinnate seta.
Ornamentation as in Fig. 13A.

P3 (Fig. 13B): ornamentation of praecoxa and coxa as in P1-P2. Basis with long
outer seta and spinule rows along outer margin and at the insertion of the endopod.
Exopod distinctly longer than endopod. Exp-1 and -2 with 1 outer bipinnate spine;
exp-3 with 2 outer unipinnate spines, and 2 apical long bipinnate setae. Endopod:
enp-1 and -2 unarmed; enp-3 with 1 unipinnate spine and 1 long bipinnate seta in
apical position, 1 subapical bipinnate seta. Ornamentation as in Fig. 13B.

P4 (Fig. 13C): small sized, if compared to P1-P3; praecoxa absent, coxa and basis
without ornamentation; basis with outer long and naked seta; exopod as long as endo-
pod. Exp-1 with 1 outer long unipinnate spine; exp-2 with 1 outer long spine and 2
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apical setae. Endopod: enp-1 unarmed; enp-2 with 2 apical plumose setae. Ornamen-
tation as in Fig. 13C.

P5 (Fig. 13D): free, with clear articulation to P5-bearing somite; right and left legs
distinct; baseoendopod and exopod coalescent, incision marked original segmentation
still present; basipodal outer seta present, exopodal armature consisting of 1 outer
spine, 2 apical short setae, of about the same length, and 1 apical spine; baseoendopod
armed with 2 robust bipinnate setae, the outer the longest.

P6 (Fig. 13E): rudimentary, consisting of small paired chitinous lamellar plates not
coalescent along medial margin, partially covering the genital field. Armature consist-
ing of 1 long and slender bipinnate seta on each side.

Male unknown.

Etymology. The specific name derives from the Latin adjective inexspectatus which
means “unexpected”, alluding to the surprising geographical location of the species,
being the taxonomically related Phyllognathopus distributed in the Southern Hemi-
sphere, and to the ecological finding of this species, which was collected from a large
karstic aquifer in Central Italy, whereas all the other members of the genus are epigean.

Ecology. At present knowledge the species is to be considered a stygobiotic spe-
cies, collected from a karstic aquifer of the Western Aurunci Mountains (Latium) (Di
Lorenzo et al. 2005). Although this aquifer is intensively fissured and karstified, with
diffuse landforms of sinkholes and a discharge which is strictly linked to rainy events,
stygoxene species were only sporadically present and represented by few individuals,
due to the absence of a surface hydrological network, a landscape feature which is typi-
cal for coastal Mediterranean areas.

Genus Parbatocamptus Dumont and Maas, 1988

Parbatocamptus jochenmartensi Dumont and Maas, 1988
htep://species-id.net/wiki/Parbatocamptus_jochenmartensi
Figs 14-16

Material examined. 4 holotype, completely dissected and mounted on slide labeled
SMF 14657, deposited at the Senckenberg Museum (Germany).

Emended diagnosis of the genus Parbatocamptus Dumont and Maas, 1988.
Phyllognathopodidae. Body flattened. First pedigerous somite free. Hyaline frills of ab-
dominal somites ventrally smooth. Anal operculum prominent, subdistally crenulated.
Caudal ramus subquadrate in ventral view, tapering on free distal margin in dorsal
view, with 6 setae; anterolateral accessory seta (I) absent; dorsal seta inserted on spinu-
lose protuberance closely located to free distal margin. Male antennule 10-segmented,
with geniculation between segments 7 and 8; segment 9 distinct, as usual in the family;
tube-pores on segments 1 and 2; aesthetascs on segments 5 and 10. Antenna: exopod
1-segmented, well-defined at base, bearing 3 lateral and 2 apical unipinnate setae; free
endopod 2-segmented; both segments robust, of about the same length. Mandibular
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Figure 14. Parbatocamptus jochenmartensi Dumont and Maas, 1988 (&). A abdomen, ventral view B
abdomen, dorsal view € antennule D antennule, detail of segments 5-7 (scale bars in pm).
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Figure 15. Parbatocamptus jochenmartensi Dumont and Maas, 1988 (). A antenna B mandible C max-
illa D maxilliped E P1 (scale bars in pm).
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palp biramous; basis with inner long bipinnate seta; exopod with 2 setae; endopod
with 2 apical geniculate setae; 1 inner and 1 subapical bipinnate setae. Maxillary syn-
coxa with 3 endites. Proximal endite quadrilobate, with 6 apical setae; medial and dis-
tal endites, each with 3 setae. Allobasis drawn out into a strong claw, accompanied by
1 curved and 2 normal setae; endopod 3-segmented; segment 1 with 1 robust curved
seta; segment 2 with 2 robust curved setae; segment 3 with 2 robust curved and 2
slender setae. Maxilliped phyllopodial, lamelliform, 1-segmented. Clear trace of ances-
tral 2-segmented condition well discernible and marked by outer and inner incisions;
armature consisting of 11 elements: 1 strong spine inserted on inner corner of former
proximal segment; 4 spines and 6 setae along free distal margin of former second seg-
ment, two of which inserted on independent little knob. P1-P2 with 3-segmented
exopods and endopods. P3-P4 with 3-segmented exopods and 2-segmented endopods.
P1-P4 praecoxa present. P1 exp-1 long, about as long as exp-2 and -3 together. P1-P4
endopods distinctly shorter than exopods, not overreaching distal margin of exp-2. P2
enp-2 transformed: outer margin produced into a comb-like structure; P2 enp-3 with
1 apical strong curved spine and 1 apical seta. P5 with 2-segmented exopod; endopod
incorporated to basis, forming a baseoendopod; suture line still observable on posterior
surface; rudimentary intercoxal sclerite still discernible. P6 symmetrical, consisting of a
well developed, deeply incised lamella, marking original division between left and right
legs. Armature consisting of 1 outer seta and 2 inner short spines of different length.

Female unknown.

Supplementary description of the holotype. The description deals with major
morphological details, omitted or overlooked in the original description, and with
improvements of observational errors.

Integumental pitting not detectable on the dissected holotype; integument well
sclerotized.

Urosomites 3—5 with smooth hyaline frills ventrally (Fig. 14A); third and fourth
urosomites with spinular fringe closely located to hyaline frill; fifth urosomite with
surface spinule rows ventrally, anal somite with distal continuous spinule row. Other
ornamentation as in Fig. 14A. Urosomites 3—5 with crenulated hyaline frills dorsally.
Indented surface rows are observable on third, fourth and fifth urosomites dorsally
(Fig. 14B). Anal somite with row of fine spinules on proximal third; spinule row at the
insertion of each caudal ramus; paired dorsal sensilla. Anal operculum slightly protrud-
ing the insertion line of caudal rami, subdistally crenulated (Fig. 14B).

Caudal rami ventrally subquadrate, parallel, longer than wide (length/width ratio:
about 1.4), with incomplete setal pattern (6 setae) (Fig. 14A—B). Anterolateral acces-
sory seta (I) absent, anterolateral seta (II) unipinnate, inserted at second third of caudal
ramus; posterolateral seta (III) inserted in subdistal position, transformed in spiniform
bifid seta. Outer terminal seta (IV) well developed, unipinnate, with articulation at
base; inner terminal seta (V) bipinnate and long; terminal accessory seta (VI) thin and
naked, about as long as posterolateral seta; dorsal seta (VII) inserted on a spinulose
knob, close to free distal margin of caudal ramus, distinctly longer than caudal ramus.
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Figure 16. Parbatocamptus jochenmartensi Dumont and Maas, 1988 (). A P2 B P3 C P4 D P5 E P6
(scale bars in pm).
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A spinule row on proximal third of each caudal ramus dorsally; three spinule rows in-
serted ventrolaterally and one spinule row at distal margin of caudal ramus, ventrally.

Antennule (Fig. 14C): 10-segmented. Segment 1 with spinule row and tube-pore.
Segment 2 with tube-pore. Segment 4 represented by small U-shaped sclerite. Segment
5 large, sclerotized (Fig. 14D). Segment 8 very large and transformed, moderately scle-
rotized, segment 9 short, discrete, segment 10 derived by complete fusion of former
segments 10 and 11. Armature formula: 1-[1], 2-[9], 3-[8], 4-[2], 5-[5?2+(1 + ae)],
6-[2], 7-[2], 8-[0], 9-[1], 10-[10 + (1 + ae)].

Antenna (Fig. 15A): coxa unarmed; basis with 1 transverse spinule row on surface, a
spinule row inserted on apical inner margin; exopod 1-segmented, well-defined at base,
bearing 3 lateral and 2 apical unipinnate setae; free endopod 2-segmented; both segments
robust, of about the same length; segment 1 naked; segment 2 with one inner spinule
row, armature consisting of 2 inner spines and 1 seta, 1 apical unipinnate spine, 4 genicu-
late setae, 1 apical slender seta and 1 subapical tiny seta; a row of spinules at outer corner.

Mandible (Fig. 15B): coxal gnathobase elongate, cutting edge with 2 large and
coarse teeth, three smaller teeth and row of tiny teeth; naked seta at dorsal corner.
Mandibular palp biramous, basis with inner long bipinnate seta and spinule row, exo-
pod with 2 bipinnate setae; endopod with 2 apical geniculate setae, 1 inner and 1
subapical bipinnate setae.

Maxillule not observable.

Maxilla (Fig. 15C): syncoxa with 3 endites fully incorporated to syncoxa. Proximal
endite quadrilobate, with 6 setae; the first two distal lobes each bearing 2 setae; the
proximal ones, each with 1 plumose seta; medial and distal endites, each with 3 bipin-
nate setae. Allobasis drawn out into a strong claw, distally spinulose, accompanied by 1
robust and curved seta and 2 naked setae, respectively; endopod 3-segmented; segment
1 with 1 robust curved seta; segment 2 with 2 robust curved setae; segment 3 with 2
curved and 2 slender setae.

Maxilliped (Fig. 15D): phyllopodial, lamelliform, 1-segmented. Clear trace of an-
cestral 2-segmented condition marked by the presence of both outer and inner inci-
sions. Armature consisting of 11 elements: 1 strong spine inserted at inner corner of
former segment 1; 4 strong unipinnate spines along inner margin, 1 bipinnate seta
inserted along inner margin and 5 bipinnate setae in apical position.

P1-P2 with 3-segmented exopods and endopods. P3-P4 with 3-segmented exopods
and 2-segmented endopods. P1-P4 praecoxa well developed. P1 (Fig. 15E): praecoxa and
coxa with outer spinule row on anterior surface; one posterior row of thin spinules in-
serted on coxo-basis boundary. Basis with 1 outer spiniform seta and 1 inner spine, with
spinule rows along outer margin, between exopod and endopod and at the insertion of
inner spine, respectively. Endopod distinctly shorter than exopod, reaching about distal
third of exp-2; exp-1 long, about as long as exp-2 and -3 together; exp-1 and -2 with 1
outer spine; exp-3 with 2 outer curved, unipinnate spines, and 1 apical and 1 subapical
geniculate setae. Endopod: enp-1 unarmed, about as long as enp-2 and enp-3, wider
than enp-2 and enp-3. Enp-2 cylindrical, unarmed. Enp-3 with 1 inner long seta, and 2
apical geniculate setae of different length. Ornamentation as in Fig. 15E.
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P2 (Fig. 16A): praecoxa unornamented, coxa as in P1 and P2. Basis with 1 outer
spiniform seta, with spinule rows along outer margin. Exopod distinctly longer than
endopod; endopod reaching about the proximal half of exopodal segment 2; exopodal
segments of about the same length; exp-1 and -2 with 1 outer spine; exp-3 with 2
outer unipinnate spines, 1 apical fringed seta and 1 subapical long and slender seta.
Endopod: enp-1 unarmed; enp 2 transformed, with outer strong comb-like process;
enp-3 with 1 transformed spine and 1 long slender and naked seta in apical position.
Ornamentation as in Fig. 16A.

P3 (Fig. 16B): praccoxa unornamented; ornamentation of coxa as in P1 and P2.
Basis with long outer plumose seta and spinule rows along outer margin and at the
insertion of the endopod. Exopod distinctly longer than endopod; endopod reach-
ing about half of exp-2. Exp-1 and -2 with 1 outer spine; exp-3 with 2 outer fringed
spines, 1 apical unipinnate seta and 1 subapical long and naked seta. Endopod: enp-1
unarmed; enp-2 with 2 apical spinulose setae and 1 subapical thin and naked seta.
Ornamentation as in Fig. 16B.

P4 (Fig. 16C): slightly smaller than the other swimming legs, praecoxa present,
unornamented; coxa with outer spinule row, one posterior row of thin spinules in-
serted on coxo-basis boundary; basis with outer plumose seta, and spinule rows along
outer margin and at the insertion of endopod; exopod distinctly longer than endopod.
Exp-1 and -2 with 1 outer bipinnate spine; exp-3 with 2 outer unipinnate spines and
2 apical bipinnate setae of different length. Endopod: enp-1 unarmed; enp-2 with 1
spine and 1 seta in apical position, and 1 subapical short unipinnate seta. Ornamenta-
tion as in Fig. 16C.

P5 (Fig. 16D): free, with clear articulation to P5-bearing somite; right and left legs
distinct, trace of intercoxal sclerite present but hardly observable, with coxo-basis pro-
trusions; exopod discrete, 2-segmented, segment 1 with 1 outer spine and 1 inner seta
distally fringed; segment 2 with 4 elements: 1 outer slender and naked seta, 1 apical
long spine, 1 medial short spine and 1 short seta distally crested; endopod incorporated
to basis forming a baseoendopod, trace of original segmentation still recognizable on
posterior surface (Fig. 16D); rudimentary endopod 1-segmented, bearing 1 strong
spiniform element, crested on its distal margin. Basipodal outer seta slender and naked.

P6 (Fig. 16E): well developed, symmetrical, right and left legs distinct, deep me-
dial incision marking boundary between legs; armature consisting of 1 outer long,
bipinnate seta and two inner short spines, the innermost the shortest.

Neophyllognathopus Galassi & De Laurentiis, gen. n.
urn:lsid:zoobank.org:act:D06A6D6C-129B-4142-8C3C-B220A4E7CFAD
http://species-id.net/wiki/Neophyllognathopus

Diagnosis. Phyllognathopodidae. Habitus slightly dorsoventrally flattened with no clear
demarcation between prosome and urosome. Integumental dorsal window on cephalo-
some not confirmed. Integument without surface pits, moderately sclerotized. Cepha-
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losome rounded; rostrum elongate, clearly articulated to cephalosome. Cephalosome
and both thoracic and abdominal somites with cuticular ornamentation represented by
dorsal sensilla. First pedigerous somite free. Hyaline frills of cephalosome, somites bear-
ing P1-P4 plain both dorsally and ventrally. P5-bearing somite with large paired pores
laterodorsally. Sexual dimorphism in antennule, P5, P6, urosomal segmentation and
ornamentation, and morphology of anal operculum. Female first and second abdominal
somites fused forming the genital double-somite. Female urosomal segments with plain
hyaline frills ventrally. Female genital apparatus simplified; copulatory pore located at
the end of the proximal third of the genital double-somite. Seminal receptacles laterally
located and condensed close to the lamellar sixth legs. Male urosome with different ar-
rangement of hyaline frill ornamentations: urosome consisting of 6 segments, second
urosomite with indented hyaline frill, third and fourth urosomites with deep ventral
sockets; socket on third urosomite plicate, with smooth free distal margin, and 2 setules
laterally inserted close to the socket opening; socket on fourth urosomite with free distal
margin ornamented by strong and long spinules, covering the opening; fifth urosomite
with indented hyaline frill. Anal somite with paired sensilla on dorsal side. Anal oper-
culum protruding free distal margin of anal somite and extruded in strong spinular
processes. Sexual dimorphism in the number of spinular processes of anal operculum (3
in females vs. 4 in males; and, in general, anal operculum in male more armed than in
female). Caudal rami sub-quadrate, with incomplete setal pattern (6 setae). Dorsal seta
inserted on distal third of caudal ramus. Antennule: 8-segmented in female, basically
9-segmented in male; geniculation between segments 7 and 8; penultimate and last seg-
ments, each with suture line marking original segmentation between former segments 8
and 9, and 10 and 11, respectively. Long tube-pores on segments 1 and 2 in both sexes.
Antenna: armature of the second endopodal segment as in Phyllognathopus and Parbaro-
camptus, consisting of 10 elements. Exopod 1-segmented, with 3 lateral and 2 apical se-
tae. Mandible: mandibular palp biramous, basis with inner spinule row, exopod with 1
apical and 1 inner setae; endopod with 1 inner, 1 subapical and 2 apical setae. Armature
of maxillule and maxilla as in Phyllognathopus. Maxilliped: phyllopodial, lamelliform,
1-segmented. Clear trace of ancestral 2-segmented condition marked by the presence
of outer and inner incisions as in Parbatocamptus. Armature consisting of 11 elements:
1 strong spine inserted at inner corner of former segment 1; 4 spines and 1 spiniform
short seta inserted along inner margin, 5 bipinnate setae in apical position, armature
topology basically referable to that of Parbatocamprus.

P1-P3 with 3-segmented exopods and endopods. P4 with 2-segmented exopod
and endopod. P1-P3 praecoxa well developed. P1 exopod and endopod of about the
same length; P2-P3 endopods shorter than exopods, reaching about tip of exp-2. P4
small - sized, praecoxa missing. Female P5: free, with clear articulation to P5-bearing
somite; right and left legs distinct; baseoendopod and exopod coalescent, deep incision
marking original segmentation between them; endopodal lobe well developed, elon-
gate, longer than exopodal lobe, rectangular in shape, bearing 1 long pinnate seta, sub-
distally inserted, close to outer margin and a spinule row apically inserted. Exopodal
lobe wide, fully incorporated into baseoendopod; exopodal armature consisting of 4
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elements, the outermost bipinnate seta inserted in subdistal position, and three apical
elements: 2 spinulose and 1 short setae; basipodal outer seta present. Female P6 rudi-
mentary, each leg defined by a small cuticular lateral plate bearing a short, naked seta
with rounded tip. Male P5: free, with clear articulation to P5-bearing somite; right and
left legs separate, intercoxal sclerite rudimentary, but still discernible. Basis of each leg
expanded, endopod strongly trasformed, consisting of a sclerotized and strong protru-
sion articulated to basis. Endopodal seta bipinnate, inserted on posterior surface of the
endopod, close to its articulation to basis. Exopod distinct, clearly articulated to basis,
wide and short, rectangular in shape, representing most part of the free distal margin
of each leg; exopodal armature consisting of 6 elements, the innermost spiniform seta
curved inward. Male P6: right and left legs distinct but closely adjacent to each other
along their medial margin, and symmetrical; each leg consisting of a well developed
lamellar plate, with spinule row on the anterior surface; armature consisting of 2 inner
spines of different length and 1 outer seta.

Type species by monotypy. Phyllognathopus bassoti Rouch, 1972 = Neophyllogna-
thopus bassoti (Rouch, 1972), comb. n.

Etymology. The genus name is derived from the type genus Phyllognathopus and
the Latinised Greek prefix véos which means “new”, referring to the new position of
Phyllognathopus bassoti in the systematics of the family Phyllognathopodidae.

Neophyllognathopus bassoti (Rouch, 1972), comb. n.
http://species-id.net/wiki/Neophyllognathopus_bassoti
Figs 17-25

Neotype designation. Female neotype completely dissected and mounted in polyvinyl
lactophenol, deposited at the Natural History Museum, London (reg. No. NHM.2008.
neotype). Other material: 5 99 and 3 &3 mounted on slides, 5 99 and 5 &3 pro-
cessed for SEM; India, 7 January 1999, Y. Ranga Reddy coll;; 1 @, slide code 66/49,
1 9, slide code 66/53, 1 &, slide code 66/55, Santa Fe, Bantayan island, Pooc, Philip-
pines, V. Cottarelli coll. (see Bruno and Cottarelli 1999, for locality details).
Neophyllognathopus bassoti is proposed herein as new combination for Phyllognatho-
pus bassoti assigned by Rouch (1972) in the original description to the genus Phyllogna-
thopus. According to ICZN (2000), a neotype may be designated when 7o name-bearing
type specimen (i.e. holotype, lectotype, syntype or prior neotype) is believed to be extant and an
author considers that a name-bearing type is necessary to define the nominal taxon objectively
(Article 75.1). Article 75.3 asks also for gualifying conditions for the establishment of a
neotype; among them: .... a statement that it is designated with the express purpose of clari-
Jying the taxonomic status or the type locality of a nominal taxon (Article 75.3.1), and zhe
author’s reasons for believing the name—bearing type specimen(s) ... to be lost or destroyed,
and the steps that have been taken to trace it or them (Article 73.3.4).
The specimens on which Rouch (1972) based the original description of P bassoti
no longer exist, and most part of the Rouch’s collection has been lost (Rouch, in litt.).
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Figure 17. Neophyllognathopus bassoti (Rouch, 1972), comb. n. (}). A habitus, dorsal view B abdomen,

ventral view € anal somite and operculum D antennule E antenna (scale bars in pm).
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Figure 18. SEM micrographs of Neophyllognathopus bassoti (Rouch, 1972), comb. n. (). A lateral large

pore (arrowed) on P5-bearing somite B anal somite and operculum.

Consequently, the ICZN (2000) recommendation 75A cannot be met, because no ex-
tant paratypes or paralectotypes, nor topotypic specimens are available, in order to select
among them a neotype. The need to clarify the taxonomic status of this species, which
is ranked herein to a new genus, imposed to follow another formal procedure, which, if
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Figure 19. Neophyllognathopus bassoti (Rouch, 1972), comb. n. () A mandible B maxillule C maxilla
D maxilliped E P4 F P5 G P5 (anomaly) H P6 (scale bars in pm).
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Figure 20. SEM micrograph of Neophyllognathopus bassoti (Rouch, 1972), comb. n. (2): P6.

not completely fulfills the ICZN rules (Article 75.3.6), is accepted by the Code (Article
76.3): the place of origin of the neotype becomes the type locality of the nominal species-group
taxon, despite any previously published statement of the type locality. Following these argu-
ments, a consistent population from India has been selected to establish the new genus,
together with additional material from Indonesia. It is relevant to observe that other
researchers have given consensus (Bruno and Cottarelli 1999, Karanovic and Ranga
Reddy 2004) on the attribution of both populations to the species Phyllognathopus bas-
soti described by Rouch (1972) from the Lake Wisdom (New Guinea).

Neotype locality. India, Andhra Pradesh, town of Guntur, Brindavan Gardens,
domestic water reservoir filled by a freshwater bore well; coordinates: approx. 16°18'N
80°29'E (see Karanovic and Ranga Reddy 2004, for more details).

Description based on the designed neotype. FEMALE NEOTYPE. Body length,

measured from tip of rostrum to posterior margin of caudal rami, 348 pm. Habitus slight-
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Figure 21. Neophyllognathopus bassoti (Rouch, 1972), comb. n. (). A habitus, dorsal view B abdomen,
ventral view € antennule D P5 E PG (scale bars in pm).
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Figure 22. SEM micrographs of Neophyllognathopus bassoti (Rouch, 1972), comb. n. (3). A general view

of the urosomal sockets B plicate socket on third urosomite (paired lateral setules arrowed) € socket on

fourth urosomite covered by strong spinules.

ly dorsoventrally flattened (Fig. 17A), with no clear demarcation between prosome and
urosome. Body depigmented and eyeless. Integumental dorsal window on cephalosome
not confirmed. First pedigerous somite free. Integument without surface pits, moderately
sclerotized. Cephalosome rounded; rostrum elongate, clearly articulated to cephalosome.
Hyaline frills of cephalosome, somites bearing P1-P4 and urosome plain both dorsally and
ventrally (Fig. 17 A, B). Cephalosome and both thoracic and abdominal somites (except
fourth urosomite) with cuticular ornamentation represented by dorsal sensilla. P5-bearing
somite with lateral paired and large pores (Fig. 18A). Female genital field located between
first and second third of genital double-somite. Genital apparatus simplified; copulatory
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Figure 23. Neophyllognathopus bassoti (Rouch, 1972), comb. n. (3). A SEM micrograph of P5 B con-

trast phase micrograph of P5 rudimentary intercoxa (framed).

pore located at half of genital double-somite. Seminal receptacles laterally located and
condensed close to the lamellar sixth legs. Three spinular processes on free distal margin of
anal operculum (Figs 17A—C). Caudal rami sub-quadrate, with incomplete setal pattern
(6 setae). Dorsal seta inserted close to free distal margin of caudal ramus (Fig. 17C).

Antennule (Fig. 17D): consisting of 8 segments, segments 1 and 2 with long tube-
pores. Armature formula: 1-[1], 2-[8], 3-[5], 4-[1 + (1 + ae)], 5-[1], 6-[3], 7-[4], 8-[6
+ (1 + ae)]. Aesthetasc on segment 4 very large and long, well overreaching the last
antennulary segment.
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Figure 24. SEM micrograph of Neaphyllognathopus bassoti (Rouch, 1972), comb. n. (2) P5, detail (white
lines showing setae III and IV, which are closely adherent to each other and hardly discernible as distinct

under contrast phase microscope).

Antenna (Fig. 17E): exopod and armature of the second endopodal segment as
in Phyllognathopus and Parbatocamprus. Exopod 1-segmented, with 3 lateral and 2
apical setae.

Mandible (Fig. 19A): mandibular palp biramous, basis with inner spinule row,
exopod with 1 apical and 1 inner setae; endopod with 1 inner, 1 subapical and 2 apical
setae. Armature of maxillule (Fig. 19B) and maxilla (Fig. 19C) as in Phyllognathopus.

Maxilliped (Fig. 19D): phyllopodial, lamelliform, 1-segmented. Clear trace of an-
cestral 2-segmented condition marked by the presence of both outer and inner inci-
sions. Armature consisting of 11 elements: 1 strong spine inserted at inner corner of
former segment 1; 4 spines and 1 spiniform short seta inserted along inner margin,
5 bipinnate setae in apical position, armature topology basically referable to that of
Parbatocamptus.

P1-P3 with 3-segmented exopods and endopods. P4 with 2-segmented exopod
and endopod. P1-P3 praecoxa well developed. P4 praecoxa absent (Fig. 19E). P1
exopod of about the same length of endopod. P2-P3 exopods longer than endo-
pods, endopod not overreaching exp-2, fitting the original description (Rouch
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Figure 25. SEM micrographs of Neophyllognathopus bassoti (Rouch, 1972), comb. n. (7). AP5 and P6 B de-

tail of P6 showing an interconnecting lamella (rudimentary intercoxa?) between right and left legs arrowed.
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1972) and the subsequent ones (Bruno and Cottarelli 1999, Karanovic and Ranga
Reddy 2004).

P5 (Fig. 19E G): free, with clear articulation to P5-bearing somite; right and left
legs separate; baseoendopod and exopod coalescent, deep incision marking original
segmentation between them; endopodal lobe well developed, elongate, rectangular in
shape, longer than exopod, bearing 1 long pinnate seta, subdistally inserted, close to
outer margin, and 2 spinule rows, the proximal one composed by tiny elements, the
distal one of long spinules; exopodal lobe well discernible, with armature consisting of
4 (rarely 5 elements, observed in only one female) elements, the outermost seta insert-
ed in subdistal outer position, the remaining ones in apical position; the outer apical
seta slender and bipinnate, the remaining two spiniform. Basipodal outer seta present.

P6 (Figs 19H, 20): rudimentary, consisting of small paired chitinous lamellar plates
not coalescent along medial margin, partially covering seminal receptacles. Armature
consisting of 1 short smooth spine with rounded tip on each side.

Male. No marked sexual dimorphism in body size. Body length, measured from tip
of rostrum to posterior margin of caudal rami, 335 pm. Rostrum and ornamentation of
cephalosome as in female (Fig. 21A). Male urosome consisting of 6 segments (Fig. 21A),
third and fourth urosomites with deep ventral sockets (Figs 21B, 22A); socket on third
urosomite plicate, with smooth free distal margins, and 2 setules laterally inserted close
to the socket opening (Fig. 22B); socket on fourth urosomite with ornamented anterior
margin, armed by strong spinules covering the opening (Fig. 22C). Anal somite with
paired sensilla on dorsal side. Anal operculum protruding free distal margin of anal
somite and extruded in 4 strong spinular processes, rarely 5 (in general anal operculum
in males more armed than in females) (Fig. 18B). Antennule (Fig. 21C): basically 9-seg-
mented, geniculation between segments 7 and 8; penultimate and last segments, each
with suture line marking original segmentation between former segments 8 and 9, and
10 and 11, respectively. Long tube-pores on segments 1 and 2. Armature formula: 1-[1],
2-[8], 3-[8], 4-[1], 5-[7+(1 + ae)], 6-[2], 7-[1], 8-[1], 9-[10 + (1 + ae)].

P5 (Figs 21D, 23A): free, with clear articulation to P5-bearing somite; right and left
legs separate, intercoxal sclerite rudimentary but still discernible (Figs 21D, 23B). Basis
of each leg well developed, representing most part of each leg; endopod rudimentary,
consisting of a sclerotized and strong process articulated to basis. Row of surface spinules
inserted near articulation between endopod and basis. Endopodal seta bipinnate, insert-
ed on posterior surface of the endopod, close to its articulation to basis. Exopod distinct,
clear articulated to the basis, wide and short, with unusual topology, being placed at the
inner free distal margin of basis; exopodal armature consisting of 6 elements, all of which
in apical position. Inner spinulose seta short and distinctly curved inward, the remaining
setae of about the same length, 2 of which (the second and the fourth, beginning from
the inner margin of the exopod) are respectively bipinnate and unipinnate; the remaining
3 smooth and slender, frequently closely adherent to each other and not easily discern-
ible as distinct (Fig. 24). Male P6 (Figs 21E, 25A-B): right and left legs distinct, closely
adherent along inner margin, and symmetrical, each leg consisting of a well developed
lamellar plate, with some spinule rows on the anterior surface. A membranous lamella
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is observable between right and left P6 (rudimentary intercoxa?) (Fig. 25B); armature
consisting of 2 inner spines of different length and 1 outer naked seta.

Discussion

According to Dussart and Defaye’s (1990) world catalogue of freshwater harpacticoids,
eleven species of Phyllognathopus are formally accepted as valid. However, two species,
P labicauda Por, 1964 and P medius Por, 1964 must be discounted, since they belong
to the genus Phyllopodopsyllus T. Scott, 1906 (Tetragonicipitidae), and were erroneous-
ly assigned to the genus Phyllognathopus. Moreover, Phyllognathopus coecus (Maupas,
1892) is still considered a valid species by some authors (Borutzky 1964, Ddmian-
Georgescu 1970, Dussart and Defaye 1990), whereas it is in reality a junior synonym
of P viguieri, as already pointed out by Lang (1948). Dussart and Defaye (1990) also
ranked Phyllognathopus coecus var. brevisetosus (Daday, 1901) and P fodinatus (Ziegel-
mayer, 1923) as taxa incertae sedis, and we have followed their decision since neither
Daday (1901) nor Ziegelmayer (1923), strongly criticized by Chappuis (1924), pro-
vided the detail required for a correct identity of the taxa. Dussart and Defaye (1990)
did not list Phyllognathopus sp., reported and partially figured by Dussart (1984) from
New Caledonia. According to the author, this species possesses several peculiar mor-
phological characters of high taxonomic significance. Similarly omitted was the species
reported from Madras (India) and described by Krishnaswamy (1957) under the name
P viguieri, which in our opinion should be transferred to a new species, character-
ized by the combination of several features, not least the presence of 2-segmented P4
exopods. Unfortunately Krishnaswamy’s type-material no longer exists (Ranga Reddy,
pers. comm.), so we admittedly based our conclusions on newly collected material
from India (although not from the type-locality). Conflicting opinions on the validity
of the individual species of Phyllognathopus instigated serious taxonomic confusion.
Most workers attempted to solve the problem by synonymising quite orthodoxically
the largest number of species and subspecies possible. On the other hand, because of
the low standard of published descriptions and the alleged variability observed among
(sometimes sympatric) populations, it is not surprising that this taxonomic practice
became popular. Most of the supposed morphological variability was found in the
morphology and armature of caudal rami and male P5. In different botanical gardens
in Great Britain, harbouring different tropical plants, several “morphological types”
were observed and discussed by Gurney (1932). In this paper, the author concluded
that these forms are to be considered phenotypic variations of the same species P vi-
guieri. Unfortunately, the drawings for each population, although of good quality by
contemporary standards, are incomplete for the remaining morphological characters,
thus preventing us from attributing a more accurate taxonomic status to the different
populations. Moreover, it is not unlikely that they may belong to different species
imported from different places together with their host-plants. Chappuis (1940) al-
ready reached an analogous conclusion. He observed that the different populations
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described by Gurney (1932) originated from different botanical gardens in Kew, Ox-
ford and Edinburgh, suggesting that the populations containing males with different
P5 baseoendopodal armature and females with different caudal ramus morphology
and setation may have been imported together with the tropical plants with which
they were associated. For this reason, it is conceivable that they are not native for the
country where they were collected. Phytotelmata are the more common habitats for
Phyllognathopus species. For example, the type-species was originally described from
decaying banana trees in Algeria (Maupas 1892). One year later, Mrizek (1893) de-
scribed P paludosus, but subsequently both Hartwig (1896) and Scourfield (1906)
considered it a junior synonym of P viguieri. In particular, Scourfield (1906) argued
that Mrdzek (1893) based its description of P paludosus on copepodids. Later on,
Chappuis (1916) published a comparative table, illustrating major differences between
P viguieri (= Viguierella coeca) and P paludosus. However, some of the differences listed
are doubtful. For instance, in P viguieri the antenna is 4-segmented instead of 3-seg-
mented in P paludosus. In our opinion this difference is based on an observational er-
ror, i.e. the failure to recognize the boundary between the small basis and the proximal
endopodal segment. This explains why the exopod is either figured (correctly) at the
basis-endopod boundary or (erroneously) halfway of the outer margin of what appears
to be an allobasis. Other characters, such as the relative length of caudal rami (more
than twice longer than wide in P paludosus, vs. 1.5 longer than wide in P viguieri), the
shape of the inner terminal caudal seta V (transformed in P viguieri, vs. normal in 2
paludosus), the anal operculum (smooth in P viguieri, vs. armed with fine spinules in
P, paludosus), the inner protrusion (= transformed endopod) of male P5 baseoendopod
with seta in P paludosus, vs. 1-segmented cylindrical endopod bearing a transformed
seta in P viguieri, seem to support the validity of P paludosus, which is considered a
valid species also by Borutzky (1964), Damian-Georgescu (1968), and Barclay (1969).
More recently, Chang and Yoon (2007) redescribed both P viguieri and P paludosus
from South Korea, and the populations they assigned to the above species show minor
differences in relation to the available descriptions. In particular, the Korean 2 viguier
possesses anal operculum with free distal margin smooth or “wizh several minute projec-
tions” (Chang and Yoon 2007: 60), whose nature remains doubtful, since this minor
ornamentation is not homologous to the spinules of the free distal margin of the anal
operculum of several phyllognathopodids; the male P6 is figured and described as a
small protrusion, bearing 3 elements, without any mention to the presence/absence of
a continuous lamellar plate connecting, or not, right and left P6; again, this condition
should require confirmation, because it has never been reported in other descriptions
of P viguieri. Moreover, some discrepancies are also observable between drawings and
text descriptions. In particular, the maxilliped of 2 viguieri is figured with 10 elements,
vs. described with 9; the male P5 endopod is figured as distinctly 1-segmented, with
an additional element at the insertion of the free endopod with basis (Chang and Yoon
2007: figure 2E) but described as partly fused with exopod with 1 protuberance bearing
abour 10 spinules or setules around distal margin (Chang and Yoon 2007: 60). In the
same occasion, the authors described and figured P paludosus. The male P5 does not
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fit previous descriptions in the morphology and construction of the endopod, and the
male P6 is partly figured and described as small protrusion. Unfortunately, all the avail-
able descriptions of P paludosus are incomplete, preventing any clear statement and
critical assessment of the diagnostic features of this species.

Chappuis (1938) assigned one population from the River Ondo, close to Lake
Kibuga (Zaire) to P viguieri without describing or figuring any specimens. This spe-
cies, which had already been recorded from tropical Africa (Lake Tanganyika) (Gurney
1928) was subsequently reported by Chappuis (1956) from a cave in La Réunion.
Again, no text description or figures were provided except for the observation that the
female caudal rami were at least twice longer than wide and for the remaining charac-
ters both sexes in the population fitted the diagnosis of P viguieri. Barclay (1969) de-
scribed P volcanicus from New Zealand, which resembles P paludosus in most aspects,
especially in the morphology and armature of the caudal rami, and differs from the lat-
ter only in the relative length of the exopodal setae of the female P5. In P paludosus (as
well as in P viguieri) the longest seta is the third, whereas in P volcanicus it is the fourth.

Chappuis (1928) described a new subspecies from bromeliads on the Island Su-
matra (Chappuis 1928, 1931), named Phyllognathopus viguieri menzeli (Chappuis,
1928) [as Viguierella coeca menzeli Chappuis, 1928], on the basis of the armature and
morphology of the male P5 baseoendopod, bearing a well developed inner protru-
sion, representing the former endopod, plus 1 normal pinnate seta, probably corre-
sponding to the Viguierella sp. “Salakform” described by Menzel (1926) from Buiten-
zorg in Java (Indonesia). Subsequently, Chappuis (1931) supplemented the original
description with some details on the morphology and armature of the male P2 distal
endopodal segment, which bears a long apical transformed spine, giving more robust
support for the validity and possibly specific status of this taxon. P viguieri menzeli has
also been reported by Watkins and Belk (1975) from phytotelmata in Guam. Their
identification was supposedly based on the close resemblance of the male P5 with
that originally described by Chappuis (1928) but direct comparison of the respective
drawings failed to reveal such close similarity. In the original description the baseoen-
dopodal seta is normally built and setiform, whereas in the material from Guam it is
drawn as a large and stout element, not dissimilar in ornamentation from the inner
protrusion (transformed endopod), suggesting that they are not homologous. Our
examination of the specimens from Guam, on which Watkins and Belk (1975) based
their assignment, revealed a quite different situation: 1) male P5 endopod identical
to that of P viguieri (1-segmented endopod bearing a large and short leaf-like trans-
formed seta); 2) male P5 exopod wider than in P viguieri but with identical armature;
3) no trace of transformed seta on male P2 enp-3; 4) anal operculum armed with
spinules. These observations definitively confirm that the specimens from Guam can-
not be assigned to P viguieri menzeli, and they more likely represent a new species,
closely related to the nominotypical species P viguieri. Jakubisiak (1929) described
Viguierella coeca parvula (= Phyllognathopus viguieri parvulus (Jakubisiak, 1929)) from
mosses in Poznam (Poland). This subspecies differs from the nominotypical species
by the smaller body size (288 um), and the different P5 morphology in both sexes.



46 Diana M. P Galassi et al. | ZooKeys 104: 1-65 (2011)

Unfortunately, this subspecies was insufficiently described and not figured at all in
the original description, although some drawings were provided in a subsequent pub-
lication (Jakubisiak 1931). In this paper, the author recognized some similarity with
the P5 of P fodinatus, but the description and figures of this species by Ziegelmayer
(1923) are vague and erroneous in several aspects. For instance, Ziegelmayer’s (1923)
fig. 7 represents the male P5 and not the mandible as cited in the legend. This male
P5 shows the outer basal seta arising from the exopod, and the baseoendopods being
coalescent, displaying no discernible trace of armature, apart from some tiny setules
along the free distal margin. Interpreting the swimming leg setation pattern is a most
intractable issue because it is impossible to distinguish between ornamentation and
armature elements. Lang (1948), being unable to resolve the taxonomic confusion,
synonymised several species and subspecies with Phyllognathopus viguieri, namely
P coecus (Chappuis, 1916), P coecus menzeli (Chappuis, 1928), P coecus parvulus
(Jakubisiak, 1929), P paludosus, P coecus brevisetosus (Daday, 1901), P fodinatus, and
P, chappuisi Delachaux, 1924, claiming the high morphological variability of this spe-
cies as a reflection of its ecological plasticity.

Chappuis (1940) (not cited by Lang 1948), in his description of 2 insularis Chap-
puis, 1940 from mosses collected in the subantarctic Marion Island (Southern Indian
Ocean), lent support to the taxonomic validity of P chappuisi, originally described
by Delachaux (1924) from a similar habitat in Surinam (South America). Delachaux
figured only the antennules, antennae and P5 (all based on a single male provided by
Chappuis). Chappuis (1924) himself pointed out the 2-segmented condition of both
rami of the P4 and figured this appendage and the P5 in a subsequent paper (Chappuis
1940). With the discovery of this clear-cut character, the systematics of the genus Phy/-
lognathopus started to be viewed in a different light. Some characters were considered
to have a more robust taxonomic significance than others, but for most morphological
features such significance remained obscure. Chappuis (1940) for the first time recog-
nized the importance of P4 exopodal segmentation in assessing the taxonomic posi-
tion and status of Phyllognathopus populations. Both P chappuisi and P insularis share
a 2-segmented P4 exopod, together with the widespread 2-segmented endopod, with
the distal segment bearing the 3 basic elements. They differ in the arrangement and
armature of the male P5 baseoendopod, the inner protrusion (transformed endopod)
being accompanied by 1 normal seta in 2 insularis, but being completely absent in P
chappuisi. The male P4 shows an identical setation pattern in both species, differing
otherwise only in the relative length of the armature elements, and in the length of the
distal exopodal segment (being slightly longer in P insularis). The synonymy proposed
by Karanovic and Ranga Reddy (2004) between these species is not strongly supported
by evidence and the observed differences were probably underestimated, following
Lang (1948)’s practice. Bozic (1965, 1966) started to adopt a biological approach
to the taxonomy of Phyllognathopus by demonstrating that superficially similar forms
did not interbreed and consequently individual species boundaries are much narrower
than traditionally believed, necessitating the re-instatement of some taxa previously
considered as mere “forms”. He also stressed the necessity to re-validate the taxonomic
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significance of some morphological characters. On this basis, he described P camp-
toides Bozic, 1965 collected from dead wood on a forest floor near a pond in Gabon,
and P, paracamproides Bozic, 1968 from mosses in La Réunion (Bozic 1968). In regard
to P camproides, Karanovic and Reddy (2004) considered this species junior synonym
of P chappuisi, basing their conclusion on the description of 2 cf. camproides given by
Defaye and Heymer (1996) for a phyllognathopodid population collected from the
soil cover of a shaded forest in Irangi (Zaire), and arguing that these authors “found
enough variability to synonymise these three species” (Karanovic and Ranga Reddy
2004: 131) (i.e. P chappuisi, P insularis and P camproides). Actually, P cf. camptoides
differs from the species described by Bozic (1965) by the setation pattern of P5 in both
sexes. In the Zaire population the female P5 exopod is armed with 4 setae, vs. 3 in 2
camptoides; the male P5 exopod bears 5 setae, vs. 6 in P camproides, and the basis bears
the endopodal protrusion accompanied by 1 seta, vs. the same is absent in P camp-
toides. On the basis of these differences, Defaye and Heymer’s (1996) material could in
our opinion be assigned to a different species.

Recently, cross-breeding experiments carried out by Glatzel and Kénigshoff (2005)
strengthened BoZic’s results, encouraging a deep re-visitation of the entire putative

Table 1. Genera, species and subspecies presently recognized in the family Phyllognathopodidae.

Genus Phyllognathopus Mrézek, 1893

P viguieri (Maupas, 1892)

P viguieri menzeli (Chappuis, 1928)
P paludosus Mrdzek. 1893

L insularis Chappuis, 1940

P, chappuisi Delachaux, 1924

P camptoides Botzic, 1965

P, paracamproides Bozic, 1968

P volcanicus Barclay, 1969

P inexspectatus sp. n.

Species and subspecies inquirendae

P, coecus brevisetosus (Daday, 1901)
P, fodinatus (Ziegelmayer, 1923)
P viguieri parvulus (Jakubisiak, 1929)
P sp. (sensu Dussart 1984)
P sp. (sensu Krishnaswamy 1957)
P cf. camproides (sensu Defaye and Heymer 1996)
Genus Allophyllognathopus Kiefer, 1967
‘ A. brasiliensis Kiefer, 1967 (type-species by monotypy)
Genus Parbatocamptus Dumont and Maas, 1988

‘ P jochenmartensi Dumont and Maas, 1988 (type-species by monotypy)

Neophyllognathopus gen. n.

‘ N. bassoti (Rouch, 1972), comb. n. (type-species by monotypy)




48 Diana M. P Galassi et al. | ZooKeys 104: 1-65 (2011)

range of P viguieri, arguing also the potential relevance of differences eventually ob-
served on microcharacters.

A taxonomic dilemma was raised with the description of Phyllognathopus bassoti.
The most striking morphological features of P bassoti, as reported in the original de-
scription given by Rouch (1972), were: 1) the possession of a 2-segmented P4 exopod
in both male and female, 2) anal operculum with 3—4 large, long and strong spinules
not articulated to free distal margin of anal operculum, and 3) the peculiar morphol-
ogy and armature of P5 in both sexes. The morphology of P5 is undoubtedly the most
distinctive trait of this species, which can easily be distinguished from all other known
species of Phyllognathopus, Allophyllognathopus and Parbatocamptus. Phyllognathopus
bassoti was also recorded from two different wells on Bantayan Island (Philippines) by
Bruno and Cottarelli (1999). These populations show some differences with respect
to the original description given by Rouch (1972). In particular the female P5 differs
slightly in the shape of the inner lobe of the basipodite, which is shorter with one more seta
in our specimens (Bruno and Cottarelli 1999: 525). Moreover, the male P5 differs in the
armature of both exopod and baseoendopod: in the original description from Long Is-
land the exopod bears 5 (as also described and figured by Karanovic and Ranga Reddy
2004 on Indian populations), vs. 6 setae in the Philippine material; the baseoendopod
bears a short pinnate seta apparently inserted on the tip of the small endopodal protru-
sion, incorporated into the baseoendopod in the material from Long Island, vs. in the
Philippine specimens it bears two different elements, one long pinnate seta, inserted
proximal to the strong inner protrusion. Our re-examination of both Philippine and
Indian populations (the latter also by using SEM) revealed a constant exopodal arma-
ture consisting of 6 elements, where the innermost spiniform seta is always strong,
short and curved inward, and the three outermost setae are naked and slender, two of
which closely adherent and superimposed to each other, making difficult their identity
(see Fig. 24).

It is therefore not unlikely that differences observed in the relative development
and armature of the P5 endopodal lobe are related to different perception of morpho-
logical details, because of intrinsic difficulties in observing the mutual position of the
inner protrusion (which is a modified endopod) and the relative seta, whose surface
insertion is hardly discernible under optical microscopy. Both populations of P bas-
soti recently described from India (Karanovic and Ranga Reddy 2004) show minor
differences in respect to the original description of the species given by Rouch (1972)
and more consistent differences in respect to the populations described by Bruno and
Cottarelli (1999) from Philippines. We consider the differences observed among popu-
lations as reflection of intraspecific variability, and the derived features shared by all
the populations strong enough to rank this species to the new genus Neophyllogna-
thopus. The other phyllognathopodid genera Allophyllognathopus and Parbatocamptus
are monotypic. Allophyllognathopus brasiliensis Kiefer, 1967 is known from the up-
stream sector (“caatingas”) of the Rio Negro (Brazil) (Kiefer 1967), and Parbatocamp-
tus jochenmartensi has been recorded from high-altitude leaf litter in Nepal (Dumont
and Maas 1988) (Table 1).



Systematics of the Phyllognathopodidae (Copepoda, Harpacticoida) 49

Review of morphological characters in the family Phyllognathopodidae. Com-
parisons were based almost exclusively on material examined directly and only spo-
radically on existing descriptions. This course of action was necessary because in most
descriptions many morphological details are missing and the drawings are usually so
deficient that any comparisons made may be potentially misleading.

Male antennules. Male antennules are primarily 11-segmented, but, at present
knowledge, this segmental pattern is not showed by any member of the family, and
the derived condition of 10 segments is the most widespread in the family. An 8-seg-
mented male antennule has been reported in 2 viguieri (cf. Gurney 1932) and Parba-
tocamptus jochenmartensi (cf. Dumont and Maas 1988), and a 9-segmented antennule
in Neophyllognathopus bassoti comb. n. (see Bruno and Cottarelli 1999, Karanovic and
Ranga Reddy 2004). Glatzel and Kénigshoff (2005) reported a 10-segmented male
antennule for P jochenmartensi, probably resulted by counting segments 10 and 11 as
distinct; whereas the male antennule of A. brasiliensis is reported by the same authors
as 9-segmented, vs. 7-segmented in the original description (Kiefer 1967). These dif-
ferent segmental patterns partly reflect the level of fusion between the penultimate
and last segments, which are usually fused together, but at least in some species the
boundary between them is still discernible on posterior surface. Our examination of
several species and different populations revealed the presence of an additional segment
distal to segment 8. In most phyllognathopodids, this short segment is discrete, and
was overlooked in past descriptions The setation patterns on individual segments are
virtually impossible decipher on the basis of published illustrations due to omission of
setation elements. Our comparative analysis suggests that there is a relatively common,
conservative setation pattern among populations and species, although the total num-
ber of setae counted per each segment may change on the basis of the different fusion
patterns observed in different species.

Our re-examination of the segmental patterns of the male antennule revealed that
P viguieri possesses a basically 10-segmented antennule, where the penultimate and
last segments are still distinct only on posterior surface (giving an incipient 11-seg-
mented antennule) and fused on frontal surface. Parbatocamprus jochenmartensi shows
a 10-segmented antennule, whereas Neophyllognathopus bassoti comb. n. displays a
9-segmented antennule, because both segments 8 and 9, and 10 and 11 respectively,
are not distinct, probable reflection of heterochrony.

Novel structures were discovered on the antennules in both sexes; in particular,
a truncated tubular extension, probably ending in a distal opening, is discernible on
the first and second antennulary segments in both males and females. In many har-
pacticoid families, these segments commonly possess (tube-) pores, as in, for example,
the Neobradyidae (Huys 1987), Cylindropsyllidae (Huys and Conroy-Dalton 1993),
Leptastacidae (Huys and Todaro 1997) and Ambunguipedidae (Huys 1990), and it is
conceivable that the hyaline structures in phyllognathopodids represent tubular exten-
sions of these pores. Similarly, flaccid structures can also be found on other append-
ages such as the antenna in the genera of the Leptopontiidae where it is expressed as a
backwardly directed tubular “seta” on the allobasis (Huys and Conroy-Dalton 1996)
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and almost certainly represents the external tubular extension of the persisting anten-
nary gland (R. Huys, pers. comm.). An analogous aesthetasc-like structure is found
on the maxilla in the Asterocheridae (Siphonostomatoida) where it forms a hyaline
extension around the syncoxal exit of the maxillary gland (Huys and Boxshall 1991:
Fig. 2.9.21D). Given their transparent nature, it is not surprising that antennulary
tube-pores have not been documented before in phyllognathopodid descriptions. Our
analysis confirmed their presence in all Phyllognathopus species examined, as well as in
P jochenmartensi and N. bassoti comb. n., suggesting that this character may well be an
autapomorphy for the family. The functional significance of the tubular extensions is as
yet unknown but their presence and identical position in adults of both sexes appears
to rule out a possible role in mate location or guarding.

Antenna. The antenna of P viguieri has been reported as 4-segmented, vs. 3 seg-
mented in P paludosus, but this different segmentation pattern stems from failure
to identify the segment boundary between the basis and the proximal endopod seg-
ment, and consequently the correct position of the exopod. In the original description
(Mrdzek 1893) of P paludosus, the exopod is positioned on what appears to be an
allobasis. Chappuis (1916) uncritically accepted this character as a diagnostic differ-
ence between P viguieri and P paludosus. The same observational error was made by
Dédmian-Georgescu (1970) and Borutzky (1964) in their redescriptions of P paludosus.
Our re-examination revealed that the antenna is invariably 4-segmented, comprising a
coxa, a basis bearing the 1-segmented exopod, and a 2-segmented endopod.

Mandible. The basic structure of the mandible and the setation of the mandibular
palp in the type-genus Phyllognathopus appear to be identical in all observed popula-
tions, the only exception being N. bassoti comb. n., which, according to Rouch (1972),
bears one short seta on the basis. In the Philippine and Indian populations of this
species, as redescribed and figured by Bruno and Cottarelli (1999) and Karanovic and
Ranga Reddy (2004) respectively, as well as in all species of Phyllognathopus we have
examined, this seta is absent. As a matter of fact, the presence of a true seta is doubt-
ful and requires confirmation as it could have been confused with one of the spinules
forming the surface row that is always present in the same position (but it was not
figured by Rouch 1972). On this regard, Karanovic and Ranga Reddy (2004) referred
to a spinule element in the Indian populations of V. bassoti comb. n.

Re-examination of the male holotype of P jochenmartensi revealed the presence of
a well developed pinnate seta on the basis of the mandibular palp (not figured nor de-
scribed in the original description), accompanied also by the typical spinule row. This
observation suggests that the basis is armed in primitive phyllognathopodids. Interest-
ingly, P jochenmartensi also shows two transformed, prehensile setae on the endopod of
the mandibular palp, a character already reported by Dumont and Maas (1988), which
is a clear autapomorphy of the genus.

Maxillule and maxilla. The structure of the maxilla and maxillule is almost iden-
tical in all specimens observed, although comparison of the setation patterns with
previously described species is hampered by inconsistencies and deficiencies contained
in most descriptions. As regards to the maxilla, number of setae and their topology
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are identical in all the species examined. In P jochenmartensi the proximal endite is
incorporated into the syncoxa and is composed by four lobes vs. the same endite is
articulated to the syncoxa and the lobes are only hardly discernible in other members
of the family. The maxillule is more conservative in both morphology and setation. The
only exception is represented by the maxillule of P viguieri, where the praecoxal arth-
rite bears 10 elements, whereas in all the other phyllognathopodids it bears 9 elements,
being the proximal surface seta (inserted on a small knob) missing.

Maxilliped. The phyllopodial maxilliped is bilobed, with the basal part (syncoxa)
fully incorporated in the compound distal part (basis and endopod fused). With regard
to armature, a direct analysis of material among all the populations analysed, revealed
two different setation patterns, accompanied by a different degree of fusion between
the former syncoxa and the baseoendopod. In all the examined populations of Phyl-
lognathopus the maxilliped bears 10 elements, and only a rudimentary incision between
syncoxa and baseoendopod is still discernible. On the contrary, the primitive distinc-
tion between syncoxa and baseoendopod is still retained in P jochenmartensi and N.
bassoti comb. n. with both inner and outer incisions marking original segmentation;
moreover, an additional element (a robust stout spine) is inserted along inner side of
the boundary syncoxa-baseoendopod, suggesting this condition as primitive within
the family.

Integumental windows patterns. The dorsal integumental window (“nuchal or-
gan”) on the cephalosome has been reported only for V. bassoti comb. n. by Bruno and
Cottarelli (1999). Our SEM observations failed to confirm its presence in 2 viguieri, as
well as in V. bassoti comb. n. SEM analysis revealed only a rounded globose structure
in P viguieri with the same topology of the nuchal organ; no solution of continuity of
the cuticle is observable in all the specimens analysed.

Swimming legs P1-P4. Female P1-P3 are relatively identical in both morphol-
ogy and armature in virtually all species and populations of Phyllognathopus. The only
remarkable difference is observable in members of the family characterized by a 3-seg-
mented P4 exopod. In particular, in 2 viguieri and related species, the P4 exp-2 lacks
the outer spine in all the examined populations, whereas it is present in 2 jochenmartensi
and absent in A. brasiliensis. Another exception refers to a population of P viguieri col-
lected from Lake Léman (Switzerland) by Dussart (1966, 1967) in which the female
P3 exp-3 has been reported with 3 elements only, whereas in all other descriptions it
consistently shows 4 elements (2 outer spines and 2 apical setae). This difference was
first highlighted by Van de Velde (1974) in her description of P viguieri from Lochristi
(Belgium). Contrary to Dussart (1966), our re-examination of material from Lake L¢-
man revealed the presence of 4 elements on the distal segment of P3 exopod.

The major differences between members of the family are found in the segmenta-
tion of the P4 exopod which can show three different patterns: 1) 3-segmented; 2)
distinctly 2-segmented; or 3) 1-segmented with (Phyllognathopus paracamproides) or
without (Phyllognathopus sp. sensu Dussart 1984) a surface suture marking the origi-
nal boundary between proximal and distal segments. In A. brasiliensis the swimming
leg segmentation pattern is identical to that of P wiguieri. According to Dumont
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and Maas (1988), P jochenmartensi has 3-segmented P1-P4 exopods, 3-segmented
P1 endopod, 2-segmented P2-P3 endopods and 3-segmented P4 endopod. Our re-
examination of the male holotype revealed that the legs had been mixed up in the
original description, as already supposed by Karanovic and Ranga Reddy (2004). In
reality, the P2 has a 3-segmented endopod, whereas P3 and P4 display 2-segmented
endopods.

Some variation is also expressed in the segmentation of the P4 endopod (in gen-
eral, it is 2-segmented, but it was described and figured as 1-segmented in Phyllogna-
thopus sp. by Dussart (1984).

By analysing different Phyllognathopus populations and species, as well as V. bassoti
comb. n., the P4 praecoxa is always absent in both males and females, a character never
described or reported for the family, whereas all the remaining swimming legs possess
it. The absence of praecoxa is always accompanied by a noticeable reduction in the size
of P4, irrespective of the segmentation pattern of this leg. Although the absence of the
P4 praecoxa may be a potential synapomorphy of the Phyllognathopus-Neophyllogna-
thopus lineage, its presence/absence in Allophyllognathopus requires confirmation before
any phylogenetic inference can be drawn. Parbatocamptus still possesses a P4 praecoxa.
Interestingly the P4 is large, and the exp-2 still bears 1 outer spine, suggesting that 2
Jjochenmartensi possesses the most primitive P4 in the family. Members of the genus
Phyllognathopus do not display sexual dimorphism in the segmentation of swimming
legs. However, some authors have documented transformations of particular setae, es-
pecially on the male P2 endopod such as in P viguieri by Gurney (1932: fig. 362) and
in P viguieri menzeli by Chappuis (1931: Figs 151-152). Unfortunately, we failed to
trace the material on which the above authors based their descriptions, but the direct
analysis of the specimens from Guam assigned to P viguieri menzeli by Watkins and
Belt (1975) revealed the absence of any kind of transformation of setae in P2 enp-3, as
well as in any other of the remaining legs. The potential presence of sexual dimorphism
in morphology and/or armature of P3 in A. brasiliensis and of P2 in P jochenmartensi
remains a hypothesis, since the female is unknown for both genera.

Fifth legs.'The fifth pair of legs is sexually dimorphic in both structure and arma-
ture, and sometimes differs among species in the morphology of the exopod, in the
degree of fusion between exopod and baseoendopod, in the number of exopodal and
baseoendopodal setae, or alternatively, in their relative length. The female of 2 viguier
shows an exopodal lobe with 4 apical elements, and a baseoendopod with 2 pinnate
setae. The exopod is incorporated into the baseoendopod but the right and left legs
are distinctly separate. Phyllognathopus inexspectatus sp. n. possesses a female P5 quite
similar to that of P viguieri, differing in the length of the exopodal setae, all shorter
than in P viguieri and, more importantly, in the topology of the outermost exopodal
seta which is inserted in a clear outer subapical position. Only a few Phyllognathopus
species show differences in the number of armature elements (e.g. P camptoides). N.
bassoti comb. n. differs from any phyllognathopodid species in the unique morphology
of female P5. The female P5 baseoendopod and exopod are coalescent, deep incision
marking original segmentation between them; the endopodal lobe is well developed,
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elongate, rectangular in shape, longer than exopod, bearing 1 long pinnate seta, subdis-
tally inserted, close to outer margin; exopodal lobe well discernible; exopodal armature
consisting of 4 elements, the outermost seta inserted in subdistal outer position, the
remaining ones in apical position.

The male P5 exhibits much more variation within the family, especially in the
structure and armature of the baseoendopod. The most primitive condition is observed
in P viguieri, which exhibits a discrete 1-segmented endopod, on which the endopodal
seta is terminally inserted. In some Phyllognathopus species, as well as in A. brasiliensis
and NV. bassoti comb. n., the endopod is secondarily transformed in a strong spinular
process, sometimes described as incorporated into the basis, but more frequently ar-
ticulating with it. In P jochenmartensi the endopod is partially fused to basis forming a
baseoendopod, although the suture line marking original segmentation is still discern-
ible. In most phyllognathopodid species the endopod bears 1 element, but it was also
reported without ornamentation. Despite its variation, no signiﬁcance has been attrib-
uted to this character, in so far that populations displaying different setation patterns
have been assigned to the same species.

The male P5 exopod shows different construction and armature among members
of the family. The most primitive condition is showed by P jochenmartensi, which re-
tains a 2-segmented exopod; the exopod is distinctly 1-segmented in N. bassoti comb.
n., and in A. brasiliensis, and appears as incorporated to the basis in Phyllognathopus
(see also Glatzel and Konigshoff 2005: 145).

Direct examination of the Philippine material assigned to P bassoti by Bruno and
Cottarelli (1999) (now V. bassoti comb. n.) and of another morphologically close
population of this species from India (Karanovic and Ranga Reddy 2004) revealed
new informative characters associated with the male P5. Males of both populations,
and presumably also the type-series of P bassoti, share the presence of an intercoxal
sclerite joining the fifth legs which is completely absent in the female P5. Following
this discovery, several populations assigned to P viguieri were re-examined, as well as
all available species with 2-segmented P4 exopods. Unfortunately the type-material
of P camptoides and P paracamproides no longer exists and the slide material of P cf.
paracamptoides deposited in the NMHN (Paris) is in a bad condition. Nevertheless,
we had the opportunity to examine two new species with 2-segmented P4 exopods,
P inexspectatus sp. n. from Italian ground water and another population from India,
which is currently being analysed. By comparing several populations and species, we
observed that whereas most species of Phyllognathopus show a weakly defined, me-
dial sclerotisation, fully incorporated into the baseoendopod, only the three known
populations of V. bassoti comb. n. show a well defined intercoxal sclerite (also figured
but not described by Bruno and Cottarelli 1999). Parbatocamptus jochenmartensi also
seems to possess a P5 intercoxal sclerite, which is less easy to discern.

Sixth legs. The sixth pair of legs has only sporadically been described and solely
in males. It is bilaterally symmetrical and bears 3 elements on either side: a long outer
seta, presumably representing the original outer basal seta, and 2 spinulose inner setae.
The male sixth pair of legs shows three different morphologies: 1) in most species it
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appears as a hyaline linear and continuous lamella, lacking any trace of the primitive
paired state showing distinct right and left legs (as in P viguieri); 2) in a second species-
group, the lamella appears medially incised as in some taxa currently under study, and
in Parbatocamptus jochenmartensi, and 3) in Neophyllognathopus bassoti comb. n. the
sixth legs are deeply incised forming a more complex structure, where also an intercon-
necting lamella has clearly been observed (rudimentary intercoxa?).

The P6 has never been described nor observed in females, frequently reported as
absent (cf. Karanovic and Ranga Reddy 2004) and it was probably assumed that it was
absent in phyllognathopodids. Our comparative study revealed the presence of the P6
in the female, bearing one seta only, which is usually short, robust and naked, and, less
frequently, represented by a slender pinnate seta, being either very long or short. We
conclude that the P6 is sexually dimorphic, being differently constructed in different
species, or species-groups.

Ornamentation of urosome. The ornamentation of the urosome deserves special
attention. By comparing several populations of P viguieri sensu lato, several other Phyl-
lognathopus species, N. bassoti comb. n., and P jochenmartensi, clearly distinct orna-
mentation patterns could be distinguished, as well as previously unnoticed enigmatic
structures located on both dorsal and ventral sides of the male urosome. The more
complex structures were observed in V. bassoti using SEM (Fig. 22A—C) A similar
ornamentation is presumably present in 2 camptoides, as figured by Bozic (1966: 37,
and Fig. 2).

Both male and female urosome show large dorso-lateral pores located on the P5-
bearing somite. They are referable to the pores observed in several Ameiridae (Galassi
etal. 1999) and Canthocamptidae (Galassi, pers. 0bs.).

Caudal rami. Caudal rami are frequently sexually dimorphic and generally con-
sidered polymorphic in the females of P viguieri. Variation in caudal rami morphology
and setation pattern has been reported for several harpacticoids (Schminke 1991). Since
different morphs of Phyllognathopus not infrequently co-occur in the same geographi-
cal area, some authors (e.g. Gurney 1932, Lang 1948) considered them as ecopheno-
types of the widespread P viguieri. Since Gurney’s (1932) material came from different
sites and, more importantly, different botanical gardens harbouring different imported
tropical plants, it is highly conceivable that these different populations belong to differ-
ent species and that caudal rami polymorphism is much more limited than previously
assumed, as also observed by Kénigshoff and Glatzel (2008) in reared populations of
P viguieri sensu lato. On the other hand, the same authors stressed that the morphol-
ogy of the posterolateral and inner terminal setae of female caudal rami is per se a weak
diagnostic character, since species with the same setal morphology do not interbreed.

Conclusion

The re-examination of type-material and/or topotypes of different phyllognathopodid
species revealed a systematic scenario more complicate than supposed. The type species
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of the genus Phyllognathopus, I viguieri, was redescribed in detail, analysing several
populations coming from different localities world-wide. Some morphological charac-
ters within the genus Phyllognathopus revealed taxonomic significance, giving ground
for the description of P inexspectatus sp. n. from ground water in Italy. The discovery
of new informative phylogenetic characters led also to the proposal of a new genus for
P bassoti, namely Neophyllognathopus bassoti comb. n.

Re-examination of different populations and species of the genus Phyllognathopus
led to the conclusion that the mouthparts show virtually no variation in structure and
setation, and the few differences observed are usually autapomorphies of individual
species (with the exception of the structure and setation of the maxilliped and the ab-
sence of a seta on mandibular basis which is a synapomorphy of a wider group of spe-
cies/genera). The most robust discriminating features between species-groups are the
segmentation of the P4 exopod, the general morphology of legs 5 and 6 in both sexes,
and the morphology and ornamentation of male urosome. The different segmental
patterns of P4 exopods observed among species of Phyllognathopus allow the iden-
tification of three morphological groups: 1) species with 3-segmented exopod (here
defined P viguieri-group, including P viguieri, P viguieri menzeli, P viguieri parvulus,
P viguieri brevisetosus, P paludosus, P volcanicus); 2) species with 2-segmented exopod
(here defined P chappuisi-group, including P chappuisi, P insularis, P camproides, P cf.
camptoides sensu Defaye and Heymer (1996), P viguieri sensu Krishnaswamy (1957),
Phyllognathopus sp.(Galassi and Fiasca, under study), and P inexspectatus sp. n.; 3)
species with 1-segmented exopod (here defined P paracamproides-group, including
P paracamptoides and Phyllognathopus sp. sensu Dussart (1984)). After an in-depth
re-examination of different species and populations we refrain from attributing any
phylogenetic validity to these groups. The reason for this decision is twofold: 1) the
more derived groups (chappuisi- and paracamptoides- groups) show only one derived
character state in comparison to the other ones; 2) this difference exclusively pertains
to the reduction in the number of exopodal segments of P4, probably resulting from
heterochrony, such as post-displacement. Moreover, this character appears to be evo-
lutionary labile since, for instance, in the paracamptoides-group, the boundary-line
between the first and the second segment is still partly expressed, reinforcing the hy-
pothesis that the development of P4 is post-displaced relative to that of the other
legs (P5 excluded, development of which appears to be decoupled from that of the
swimming legs, as also noticed in the Parastenocarididae by Galassi and De Laurentiis
2004). The paedomorphic origin of the fourth leg is reflected in its small size (com-
pared to the dimension of other swimming legs), the absence of the outer spine on the
exp-2 in all members of the family showing a 3-segmented P4 exopod, the absence of
the praecoxa (vs. present in P1-P3), and the strong tendency towards a reduction of
the segmental pattern in both exopod and endopod. Only Parbatocamptus retains a
relatively large P4, a well developed P4 praecoxa, and the outer spine on P4 exp-2. De-
spite its unstable ontogeny, being the only variable appendage within the genus Phy/-
lognathopus, specimens with 3-segmented exopods have never been found to co-occur
in the same “population” with specimens displaying 2-segmented exopods, suggesting
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that this character may be a useful discriminant at least at species level. Reductions in
swimming leg segmentation should be employed with caution when inferring phy-
logenetic relationships between species or species-groups, particularly when no other
evolutionary novelties accompany such derived character states. Evolution in copepods
frequently entails character losses or fusions between segments. Nevertheless, it is not
unlikely that such reductions may have occurred independently more than once in the
evolutionary history of a family or genus. For example, endopodal segmentation can
be highly variable in certain harpacticoid lineages, and it would be unwise to automati-
cally attribute excessive phylogenetic significance to groups of species sharing a derived
segmentation pattern (e.g. endopod 2-segmented, 1-segmented or absent at all, vs. the
3-segmented primitive condition) without having other synapomorphies in common.
Identical endopodal segmentation patterns could potentially be homoplastic, either
as the result of convergence by habitat selection, or of parallelism, due to the fact
that the morphological character states in question share a common ontogenetic basis.
Consequently, the evolutionary instability of the endopodal segmentation should be
considered with great caution in assessing the common ancestry of derived taxa within
a given lineage. This situation has already been observed in some harpacticoid families,
such as the Ameiridae (Galassi et al. 1999, Galassi 2001, Galassi et al. 2009), where
differences in endopodal segmentation originated as result of intrageneric evolution
(Lee and Huys 2002).

Exopodal segmentation patterns of swimming legs are generally more conserva-
tive than those of endopods, and the explanatory power of derived states may be po-
tentially higher in resolving phylogenetic issues. Within the Harpacticoida, members
of the same genus very rarely exhibit different segmental patterns in the exopods of
P2-P4. For example, in the canthocamptid genus Hypocamptus Chappuis, 1929, H.
brehmi (Van Douwe, 1922) shows P3 and P4 with 3-segmented exopods, whereas A.
paradoxus (Kreis, 1926) has 2-segmented P3 and P4. Similarly, the laophontid genus
Laophontina Norman & T. Scott, 1905 contains species with 2-segmented (L. acantha
Noodt, 1955; L. noodti Kunz, 1983) and 3-segmented (L. dubia Norman & T. Scott,
1905; L. posidoniae Fiers, 1986) P4 exopods. In another laophontid genus, Robustun-
guis Fiers, 1992, the type species R. ungulatus Fiers, 1992 possesses 3-segmented P2-P4
exopods but in its congener R. minor Fiers, 1992 these rami are only 2-segmented.
Unfortunately, our analysis failed to reveal any congruence between exopodal segmen-
tation patterns and other derived character states of phylogenetic significance, and
consequently we were unable to delimit any “natural groups” within the genus Phyl-
lognathopus. The P chappuisi-“lineage” almost certainly evolved within the 2 viguieri-
group, although its phylogenetic position remains unresolved. Species belonging to this
“lineage” all have the 2-segmented P4 exopod, which may have evolved independently
and several times in the evolutionary history of the genus Phyllognathopus. However,
since these species do not share any other derived character states, the monophyly
of the chappuisi-“lineage” remains questionable as it may include the species of the
paracamptoides-group and therefore be paraphyletic. On the other hand, if Neophyl-
lognathopus bassoti comb. n. may theoretically enter into the “chappuisi-lineage” for
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the possession of a 2-segmented P4 exopod, this species is defined by a combination
of unique apomorphies, most of which discovered in the present study: 1) P4 with
2-segmented exopods; 2) unique morphology of P5 in both sexes; 3) peculiar arrange-
ment of the ornamentation of the hyaline frills on the male urosome ventrally; 6) anal
operculum bearing 3—4 long and stout spinules, not articulated to the operculum. It
also shows several plesiomorphic character states, such as the presence of an intercoxal
sclerite between male fifth legs, the bilobed, separate male sixth legs (with rudimen-
taruy intercoxa?), the phyllopodial maxilliped with clear trace of articulation between
syncoxa and basis-endopod, and an additional spiniform seta on the same maxilliped.
Within the Phyllognathopodidae, the new genus Neaphyllognathopus shows feeble rela-
tionships with the genus Parbatocamprus, which plausibly is the most primitive genus
within the family, showing the most plesiomorphic state of male P5, with 2-segmented
exopod, trace of endopod together with the presence of a rudimentary intercoxal scle-
rite; a deeply incised and well sclerotized male P6, the basis of the mandibular palp
bearing one long bipinnate seta, the phyllopodial maxilliped with 11 elements and
clear trace of the primitive articulation between syncoxa and basis-endopod, and the
presence of P4 praecoxa and the outer spine on P4 exp-2, always absent in all members
of the family showing a 3-segmented P4 exopod. Neophyllognathopus gen. n. shares
with Parbatocamprus the identical construction and armature of the maxilliped, and
the presence of a rudimentary intercoxa in male P5. Such similarities are however sym-
plesiomorphic and more detailed information about Parbatocamptus is required (for
instance, its female is unknown) before such a relationship can be corroborated. Pend-
ing the arrival of new data (e.g. molecular analysis, Glatzel, in /izt.), it seems justifiable
to maintain the P chappuisi-group and the P paracamptoides-group in the genus Phyl-
lognathopus, considering the differences in P4 exopodal segmentation as intrageneric
variation, and to assign generic rank to Phyllognathopus bassoti by creating the new
genus Neophyllognathopus.

Among members of the chappuisi-group, all defined by 2-segmented exopods and
endopods, P inexspectatus sp. n. is easily distinguishable by a P4 enp-2 with only 2
apical elements (vs. 3 in all members of this group), a spinulose free distal margin of
anal operculum (vs. ciliate in 2 insularis and armed with strong spinular processes in 2
camptoides), caudal rami with posterolateral seta III transformed and subapical (vs. api-
cal and not transformed in P insularis). P camptoides, as originally described by Bozic
(1965) shows only 3 elements on the exopodal lobe of female P5 vs. the widespread
condition of 4 elements in all the remaining members of the chappuisi-group. The uro-
some of P camptoides has been figured with spinulose hyaline frills ventrally (somewhat
resembling the ornamentation of Neophyllognathopus gen. n., and, to lesser extent, Par-
batocamptus), vs. the same are plain in the new species. The descriptions of P insularis
by both Delachaux (1924) and Chappuis (1940) are so generic that any conclusion
is inadequate, apart from the armature of the P4 enp-2, described and figured with 3
elements. The Phyllognathopus viguieri described and figured by Krishnaswamy (1957),
which, as already mentioned, is in need to be transferred to a different species, enters
the chappuisi-group, being instantly recognizable as different species by the presence of
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3 elements on P4 enp-2 and caudal inner terminal seta not transformed. A spinulose
anal operculum is shared by this species and P inexspectatus sp. n. The missing male
of P inexspectatus prevents us from further considerations on the interspecific relation-
ships with apparently closely related species.

P inexspectatus sp. n. is defined by the combination of the following morphological
characters: maxillule with syncoxal proximal surface seta absent (vs. present in 2 vigu-
ieri); P2 enp-2 without inner seta (vs. present in P viguieri); 2-segmented P4 exopod
(vs. 3-segmented in P viguieri); 2 apical elements on P4 enp-2 (vs. 3 elements in 2
viguieri); female P5 exopod with 3 apical and one distinctly subapical outer seta (vs.
4 apical setae in P viguieri); female P6 with long bipinnate and slender seta (vs. short,
naked and with rounded tip in P viguieri); anal operculum with spinules (vs. smooth
in P viguieri); inner terminal seta normally shaped (vs. short and with proximal part
enlarged in P viguieri).

Ecology and biogeography. Phyllognathopodidae occur in both temperate and
tropical areas, and at different altitudes, with high preference for phytotelmata, leaf lit-
ter, moist soils, pitcher plants, man-made and altered habitats. More rarely they occur
in mosses (Reid 2001) and in abandoned coalmines. They invaded also genuine fresh-
water habitats, as they are frequently found in epibenthic layers of sediments in ponds,
streams and lakes, in hyporheic habitats, as well as in phreatic and karstic groundwater
systems. Their potential for dispersal seems to be very high, by both active and pas-
sive dispersion mechanisms. The most demonstrable example was reported by Rouch
(1972) who collected Neophyllognathopus bassoti comb. n. from a small sandy island in
Wisdom Lake only 20 months after its formation in the lake. The Karaman-Chappuis
(Delamare Deboutteville 1954) method used to take this sample prevents us from as-
sessing more accurately the real ecology of the species. An ecological confusion comes
also from Karanovic and Ranga Reddy (2004) which recorded this species from India
and considered the species stygobiont at Kandukur, and stygophyle at Guntur, on the
basis of the different habitats from which both populations have been collected.

At present, it is difficult to speculate about the plesiotypic habitat of the family,
but it is not unlikely that epigean, semi-terrestrial habitats represent the ancestral and
still preferred environment for the family in temperate and, especially, in tropical areas.
Circumstantial evidence supporting this hypothesis is provided by the high likelihood
of discovering phyllognathopodids in these habitats world-wide, where they also ap-
pear to have their highest abundance and species diversity. How they can survive dehy-
dration during low-water periods is unknown. Resting stages have never been found,
and dormancy has not been documented until now.

From a biogeographical point of view, the cosmopolitanism of P viguieri has un-
justly been overemphasized as discussed also by Glatzel and Kénigshoff (2005). It is
now obvious, however, that under this name several cryptic species are hiding, some-
times only recognizable on the basis of differences in microcharacters (morphology
and ornamentation of anal operculum, ornamentation of urosomites, ornamentation
and armature of both female and male P5 and P6). More precise information for
discriminating different species will undoubtedly become available with the arrival of
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molecular data analysis. Among true freshwater populations presently attributed to 2
viguieri, some differences have been observed, the taxonomic significance of which is
still debatable. For this reason, it seems more adequate to discuss the distribution of
the P viguieri-group, as defined above in its restricted sense: it is cosmopolitan in dis-
tribution, and utilizes different habitats, occurring more frequently in phytotelmata.
The chappuisi-group consists of epigean forms, predominantly distributed in tropical
areas of the Southern Hemisphere, the only exceptions being P inexspectatus sp. n.,
which is the first and only member of this group described from the Holarctic Region
as a whole. P inexspectatus may be classified as a stygobiont, as it was collected from a
karstic aquifer. The colonization of ground water by the putative ancestor may have
occurred before or during the Quaternary glaciation, when most of the epigean ele-
ments disappeared, and only some populations survived in refuge habitats, like ground
water. The widespread presence of the P viguieri-group in the Northern Hemisphere is
probably linked to post-glacial recolonizations, by both active and passive mechanisms.
The new genus Neophyllognathopus shows a disjunct geographical distribution in the
Oriental and Australasian regions and it is thus far predominantly restricted to ground
water sensu lato (subsurface freshwater habitats: this is the case of V. bassoti from Long
Island (Papua, New Guinea) and from Philippines and India). Some doubts there are
also for Allophyllognathopus brasiliensis, collected from the “caatingas” located in arid
areas in Brazil. These areas are characterized by xeric vegetation and their hydrological
regimes are regulated by intermittent rivers, which exist only during the rainy season.
The geographical distribution of the four defined groups is not of great assistance
in corroborating or refuting phylogenetic affinity between or within groups. Members
of the same group do not show a common track of distribution. The P viguieri-group
is cosmopolitan, and, at present, any speculation about the centre of origin of the
group is premature. Members of the chappuisi-group are distributed in both Northern
and Southern Hemispheres, predominantly in tropical areas with the exception of the
geographically disjunct location of P inexspectatus, which is recorded from temper-
ate Europe. Two alternative hypotheses may be proposed: 1) the chappuisi-group was
widespread in the past, and descended directly from a P viguieri-like ancestral stock,
but disappeared from the plesiotypic surface habitats in the Northern Hemisphere as
a consequence of the drastic climatic changes linked to the Quaternary glaciations,
and survived as relict species in refuge environments (e.g. ground water); 2) members
of the chappuisi-group may have originated independently in different geographi-
cal areas from different surface ancestors closely related to the P viguieri-group. In
the first scenario, a common origin is hypothesized for the chappuisi-group, which
could be considered monophyletic within the 2 viguieri-group; in the second one,
the “lineage” should be considered polyphyletic. The new genus Neophyllognathopus
established for the P bassoti-lineage seems to be the only one for which a monophy-
letic origin may be reasonably inferred. Its distribution is thus far limited to tropi-
cal India, the Philippines and New Guinea, in both the Oriental and Australasian
Regions, a very problematic area from a biogeographical point of view (Lomolino
et al. 2006). There is some ground to suppose an ancient origin for this group, and
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a recent colonization from India-Philippines to Long Island by dispersal events. The
ecological preferences of the species refer to groundwater habitats sensu lato, especially
the ecotonal boundary between surface and subsurface environments (e.g. hyporheic
and subsurface alluvial habitats). Against this ecological background, it is not surpris-
ing that Neophyllognathopus shows some relationships with the genus Parbatocamprus,
collected from leaf-litter in Nepal.

Keys to genera of Phyllognathopodidae

Males

1 P5 with 1-segmented exopod and endopod, the latter cylindrical or trans-
formed in a spiniform element.........cocovrueirieuininicinieinincc e 3

2 P5 with 2-segmented exopod; endopod incorporated to basis forming a ba-
seoendopod; endopod boundary marked by rudimentary suture; rudimen-
tary intercoxa present; P6 represented by a deeply incised hyaline lamella.....
........................................................................................... Parbatocamptus

3 P3 endopod not transformed and with setae and/or spines normally con-
formed......ooooveiiiiiic s Phyllognathopus

4 P3 endopod transformed, with aesthetasc-like elements on enp-3.................
.................................................................................... Allophyllognathopus

5 P5 with intercoxa, exopod discrete, very large and translated at the inner
margin of the basis; right and left P6 distinctly separated; third and fourth
urosomites with deep ventral sockets................ Neophyllognathopus gen. n.

Females*

1 P5 baseoendopod and exopod coalescent; incision marking original articula-
tion between basis and endopod little pronounced; baseoendopod bearing
WO €lemEeNTS.....veiiiiicicici s Phyllognathopus

2 P5 baseoendopod and exopod coalescent; deep incision marking original ar-

ticulation between basis and endopod; endopod bearing one element...........
........................................................................ Neophyllognathopus gen. n.
*female unknown for Parbatocamptus and Allophyllognathopus.

Acknowledgements

This study was supported by the PASCALIS project granted by the European Com-
munity (Contract n° EVK2-CT-2001-00121) and by PRIN (Italy) “Phylogenetic and
biogeographical assessment of endemic patterns of distribution in the Apennine Prov-
ince (Italy): new tools for biodiversity assessment and conservation strategies”. We
are grateful to Janet W. Reid (Virginia Museum of Natural History, U.S.A.), Sophie
Conroy-Dalton (NHM, London, U.K.) and Thomas Glatzel (University of Olden-



Systematics of the Phyllognathopodidae (Copepoda, Harpacticoida) 61

burg, Germany) for suggestions, criticism, and bibliographical support. Rony Huys
(NHM, London) critically revised the first draft of the manuscript, and supported
one of us (D.G.) in suggesting the most appropriate way to solve several systematics
problems. We are also much indebted to the Senckenberg Museum (Germany), the
Natural History Museum (London), the Smithsonian Institution (Washington, D.C.)
and the Museum National d’'Histoire Naturelle (Paris) for the loan of type material
and for having put at our disposal almost all the collections of Phyllognathopodidae
species. A special thank is also due to Y. Ranga Reddy (Nararjuna University, India)
for having provided us with consistent material of Phyllognathopus bassoti and of an
undescribed species of Phyllognathopus from India, to Vezio Cottarelli (University of
Viterbo, Italy) who put at our disposal Philippine material of P bassoti and several
specimens of P viguieri, to Raffaella Berera for the SEM preparation of specimens, and
to Thomas Glatzel for having provided Phyllognathopus specimens from Germany. Two
anonymous reviewers made useful comments and improvements of the manuscript.

References

Barclay MH (1969) First records and a new species of Phyllognathopus (Copepoda; Harpacti-
coida) in New Zealand. New Zealand Journal of Marine and Freshwater Research 3 (2):
296-303. doi:10.1080/00288330.1969.9515298

Borutzky EV (1964) Freshwater Harpacticoida. Fauna of U.S.S.R., Crustacea. Israel Program
for Scientific Translations, Jerusalem 3 (4): 1-396.

Bou C, Rouch R (1967) Un nouveau champ de recherches sur la faune aquatique souterraine.
Comptes Rendus de '’Académie des Sciences de Paris 265: 369-370.

Bozic B (1965) Un nouveau Phyllognathopus (Copépode Harpacticoide) du Gabon. Revue
d’Ecologie et de Biologie du Sol 2 (2): 271-275.

Bozic B (1966) Description du male de Phyllognathopus camptoides Bozic et d’une forme récol-
tée & Gif; essays d’hybridation et remarques sur les Phyllognathopodiidae. (Copépodes Har-
pacticoides). Revue d’Ecologie et de Biologie du Sol 3 (1): 31-40.

Bozic B (1968) Copépodes Harpacticoides de la Réunion IV. Phyllognathopus paracamptoides n.
sp. Bulletin du Muséum National d’Histoire Naturelle 40 (4): 779-783.

Boxshall GA, Halsey SH (2004) An Introduction to copepod diversity. The Ray Society, Lon-
don, 166, 966 pp.

Bruno MC, Cottarelli V (1999) Harpacticoids from groundwaters in the Philippines: Paras-
tenocaris mangyans, new species, Epactophanes philippinus, new species, and redescription
of Phyllognathopus bassoti (Copepoda). Journal of Crustacean Biology 19 (3): 510-529.
doi:10.2307/1549260

Chang CY, Yoon HJ (2007) Freshwater harpacticoids of genera Phyllognathopus and Harpacti-
cella from South Korea. Korean Journal of Systematic Zoology 23 (1): 57-68.

Chappuis PA (1916) Viguierella coeca Maupas. Ein Beitrag zur Entwicklungsgeschichte der
Crustaceen (unter Beniitzung eines Manuskriptes von E. Maupas). Revue Suisse de Zoo-

logie 24 (8): 521-564.



62 Diana M. P Galassi et al. | ZooKeys 104: 1-65 (2011)

Chappuis PA (1924) Sur quelques Harpacticides de la Nouvelle-Guinée et de Patagonie. Bulle-
tin de la Société des Sciences de Cluj 2 (2): 96-103.

Chappuis PA (1928) Neue Harpacticiden aus Java. Treubia 10 (2/3): 271-283.

Chappuis PA (1929) Die Unterfamilie der Canthocamptinae. Archiv fiir Hydrobiologie 20:
471-516.

Chappuis PA (1931) Copepoda Harpacticoida der Deutschen Limnologischen Sunda-Expedi-
tion. Archiv fiir Hydrobiologie Suppl. 8: 512-584.

Chappuis PA (1938) Copépodes Harpacticoides. Exploration du Parc National Albert, Mission
H. Damas (1935-1936), Institut des Parcs Nationaux du Congo Belge 3: 1-19.

Chappuis PA (1940) X. Copépodes Harpacticoides. Croisiére du Bougainville aux Iles Aus-
trales Francaises. Mémoires du Muséum National d‘Histoire Naturelle de Paris, Nouvelle
Série 14: 297-306.

Chappuis PA (1956) Notes sur les Copépodes. 22. Harpacticoides d’une grotte de Iile de la
Réunion. Notes Biospéologiques 11: 57-59.

Daday E (1901) Mikroscopische Siisswassertiere aus Deutsch-Neu-Guinea. Természetrajzu Fii-
zetek, Budapest, 24: 1-56.

Dédmian-Georgescu A (1968) Date noi asupra harpacticoidelor Copepoda din Roménia. Studii
si Cercetari de Biologie, Seria Zoologie 20 (1): 3-6.

Dédmian-Georgescu A (1970) Copepoda Harpacticoida (forme de apd dulce). Fauna Republicii
Socialiste Romania, Crustacea 4 (11): 1-252.

Defaye D, Heymer A (1996) Crustacés copépodes de litiere de la forét ombrophile du Kivu
(Zaire). Bulletin du Muséum national d’Histoire naturelle Paris 18: 185-209.

Delachaux T (1924) Zur Kenntnis der Copepodenfauna von Surinam. II. Harpacticiden. Zoo-
logischer Anzeiger 59 (1/2): 1-16.

Delamare Deboutteville C (1954) Recherches sur 'écologie et la répartition du mystacocaride
Derocheilocaris remanei Delamare et Chappuis, en Méditerranée. Vie et Milieu 4: 321-380.

Di Lorenzo T, Cipriani D, Bono B Rossini L, De Laurentiis B Fiasca B, Pantani C, Galassi
DMP (2005) Dynamics of groundwater copepod assemblages from Mazzoccolo karstic
spring (central Italy). Meiofauna Marina 14: 97-103.

Dumont H]J, Maas S (1988) Five new species of leaf litter harpacticoids (Crustacea, Copepoda)
from Nepal. Zoologica Scripta 17 (1): 55-68. doi:10.1111/j.1463-6409.1988.tb00086.x

Dussart BH (1966) Copépodes de la faune bentique du Léman. Vie et Milieu 17 (1B): 283-302.

Dussart BH (1967) Les Copépodes des eaux continentales d’Europe Occidentale. Tome 1:
Calanoides et Harpacticoides. Boubée N & Cie, Paris, 500 pp.

Dussart BH (1984) Sur quelques Crustacés Copépodes de Nouvelle-Calédonie. Revue d’Hy-
drobiologie Tropicale 17 (4): 301-308.

Dussart BH, Defaye D (1990) Répertoire mondial des Crustacés Copépodes des eaux inté-
rieures. III. Harpacticoides. Crustaceana, Suppl. 16: 1-384.

Fiers F (1986) Laophontina posidoniae n.sp. from the gulf of Calvi (Copepoda, Harpacticoida,
Laophontidae). Vie et Milieu/Life & Environment 36 (1): 65-73.

Fiers F (1992) Robustunguis gen. nov., a genus of decapod associated laophontids (Copepoda:
Harpacticoida). Zoologische Mededelingen 66 (28): 399-412.



Systematics of the Phyllognathopodidae (Copepoda, Harpacticoida) 63

Galassi DMP (2001) Groundwater copepods (Crustacea: Copepoda): diversity pat-
terns over ecological and evolutionary scales. Hydrobiologia 453/454: 227-253.
doi:10.1023/A:1013100924948

Galassi DMP, De Laurentiis P (2004) Towards a revision of the genus Parastenocaris Kessler,
1913: establishment of Simplicaris gen. nov. from groundwaters in central Italy and review
of the P brevipes-group (Copepoda, Harpacticoida, Parastenocarididae). Zoological Jour-
nal of the Linnean Society 140 (3): 417-436. doi:10.1111/j.1096-3642.2003.00107 .x

Galassi DMP, De Laurentiis B, Dole-Olivier M—] (1999) Nitocrellopsis rouchi sp. n., a new
ameirid harpacticoid from phreatic waters in France (Copepoda: Harpacticoida: Ameiri-
dae). Hydrobiologia 412: 177-189. doi:10.1023/A:1003855120904

Galassi DMP, Huys R, Reid JW (2009) Diversity, ecology and evolution of groundwater cope-
pods. Freshwater Biology 54: 691-708. doi:10.1111/j.1365-2427.2009.02185.x

Glatzel T, Konigshoff D (2005) Cross-breeding experiments among different populations of
the “cosmopolitan” species Phyllognathopus viguieri (Copepoda: Harpacticoida). Hydro-
biologia 534: 141-149. doi:10.1007/s10750-004-1450-9

Gurney R (1928) Some Copepoda from Tanganyika collected by Mr. S.R.B. Pask. Proceedings
of the Zoological Society of London 22: 317-332.

Gurney R (1932) British fresh-water Copepoda. The Ray Society, London. Vol. II, 215 pp.

Hartwig W (1896) Die Krebstiere der Provinz Brandenburg, VI-VII. Naturwissenschaftliche
Wochenschrift 11 (25): 299-300.

Huys R (1987) Some morphological observations on the Neobradyidae Olofsson, 1917 (Cope-
poda, Harpacticoida) including the redescription of Anzarcticobradya tenuis (Brady, 1910)
comb. nov. Bulletin de I'Institut Royal des Sciences Naturelles de Belgique, Biologie 57:
133-148.

Huys R (1990) A new harpacticoid copepod family collected from Australian sponges and the
status of the subfamily Rhynchothalestrinae Lang. Zoological Journal of Linnean Society
99: 51-115. doi:10.1111/j.1096-3642.1990.tb01222.x

Huys R, Boxshall G (1991) Copepod Evolution. The Ray Society, London, 468 pp.

Huys R, Conroy-Dalton S (1993) Willemsia gen. nov. and Boreopontia Willems, 1981 revisited
(Harpacticoida: Cylindropsyllidae). Sarsia 78: 273-300.

Huys R, Conroy-Dalton S (1996) A revision of Leptopontia T. Scott (Copepoda: Harpacti-
coida) with description of six new species. Zoological Journal of Linnean Society 118:
197-239. doi:10.1111/j.1096-3642.1996.tb01265.x

Huys R, Gee JM, Moore CG, Hamond R (1996) Marine and brackish water harpacticoid
copepods. Part 1. In: Barnes RSK, Crothers JH (Eds) Synopses of the British fauna (New
Series) 51: 352 pp.

Huys R, Todaro MA (1997) Meloriastacus ctenidis gen. et sp. nov.: a primitive interstitial cope-
pod (Harpacticoida, Leptastacidae) from Tuscany. Italian Journal of Zoology 64: 181-196.
doi:10.1080/11250009709356193

ICZN (2000) International Code of Zoological Nomenclature. Fourth Edition. London: The
International Trust for Zoological Nomenclature.

Jakubisiak S (1929) Sur les Harpacticidae observés en Pologne. Bulletin de la Société Zoolo-
gique de France 54: 191-193.



64 Diana M. P Galassi et al. | ZooKeys 104: 1-65 (2011)

Jakubisiak S (1931) Materjaly do fauny skorupiakéw widlonogich (Copepoda) z rodziny Har-
pacticidae w Poznanskiem i na Pomorzu. Matériaux pour la faune des Copépodes-Harpac-
ticides de la Poméranie polonaise. Sprawozdania Komisyi Fizyograficznej Akademii Umie-
Jjetnosci w Krakowie 65: 31-65.

Karanovic T, Ranga Reddy Y (2004) First record of Phyllognathopus bassoti Rouch, 1972 from
India, with remarks on the family Phyllognathopodidae Gurney, 1932 (Crustacea, Copepo-
da, Harpacticoida). Annales de Limnologie 40 (2): 121-132. doi:10.1051/limn/2004010

Kiefer F (1967) Neue Copepoda Harpacticoida aus dem Amazonasgebiet. Crustaceana 13 (1):
115-122. doi:10.1163/156854067X00134

Konigshoff D, Glatzel T (2008) Mating behaviour of the “cosmopolitan” species Phyllogna-
thopus viguieri (Copepoda: Harpacticoida) and its systematical significance. Journal of
Zoological Systematics and Evolutionary Research 46 (4): 297-309. doi:10.1111/j.1439-
0469.2008.00481.x

Kreis H (1926) Die Seen im Aela- und Tinzenhorngebiet. I1I. Biologie und Immigration, nebst
der Beschreibung eines neuen Harpacticiden: Maraenobiotus paradoxus n. sp. Jahresbericht
der Naturforschenden Gesellschaft Graubiindens 64: 309-326.

Krishnaswamy S (1957) On the harpacticoid copepod Phyllognathopus viguieri (Maupas). The
Journal of the Bombay Natural History Society 54: 793-796.

Kunz H (1983) Harpacticoiden (Crustacea: Copepoda) aus dem litoral der Azoren. Arquipe-
lago 4: 117-208.

Lang K (1948) Monographie der Harpacticiden. Lund: Hikan Ohlsson. Vol. I, 1-896, Vol. 11,
897-1682.

Lee W, Huys R (2002) A new genus of groundwater Ameiridae (Copepoda, Harpacticoida)
from boreholes in Western Australia and the artificial status of Szygonitocrella Petkovski,
1976. Bulletin of the Natural History Museum. Zoology Series 68: 39-50. doi:10.1017/
S0968047002000055

Lomolino MV, Riddle BR, Brown JH (2006) Biogeography. Third Edition. Sinauer Associates,
Sunderland, MA, 845 pp.

Maupas M (1892) Sur le Belisarius Viguieri, nouveau Copépode d’eau douce. Comptes rendus
de I’Académie des Sciences, Paris, 115: 135-137.

Menzel R (1926) Zur Vorkommen der Harpacticiden gattung Viguierella Maupas im malayis-
chen Archipel. Zoologischer Anzeiger 65 (9—10): 228-232.

Mrézek A (1893) Beitrag zur Fauna der Harpacticiden Fauna des Siisswassers. Zoologische
Jahresbiicher, Systematik 7 (1): 89-130.

Noodt W (1955) Harpacticiden (Crust. Cop.) aus dem Sandstrand der franzésischen Biscaya-
Kiiste. Kieler Meeresforschungen 11: 86-109.

Norman AM, Scott T (1905) Crustacea Copepoda new to science from Devon and Cornwall.
Annals and Magazine of Natural History 15: 284-300.

Por FD (1964) A study of the Levantine and Pontic Harpacticoida (Copepoda, Crustacea).
Zoologische verhandelingen/uitgegeven door het Rijksmuseum van Natuurlijke Historie
te Leiden 64: 1-128.

Reid JW (2001) A human challenge: discovering and understanding continental copepod habi-
tats. Hydrobiologia 453/454: 201-226. doi:10.1023/A:1013148808110



Systematics of the Phyllognathopodidae (Copepoda, Harpacticoida) 65

Rouch R (1972) Deux harpacticidae nouveaux de lile de Long Island (Territoire de Papouasie
et de Nouvelle-Guinée). Archives Zoologie Expérimentale & Générale 113 (1): 147-164.

Schminke HK (1991) Sexual dimorphism in furcal rami of Parastenocarididaec (Copepoda:
Harpacticoida). In: Uye SI, Nishida S, Ho JS (Eds) Proceedings of the Fourth International
Conference on Copepoda; Bulletin of Plankton Society of Japan Spec. Vol., 573-584.

Scott T (1906) Notes on British Copepoda: change of names. Annals and Magazine of Natural
History 7 (17): 458-466.

Scourfield DJ (1906) Arthropoda, Crustacea. The wild fauna and flora of the Royal Botanic
Gardens, Kew. Kew Bulletin Add. Ser. 5: 14-21.
Van De Velde I (1974) A note on the occurrence of Phyllognathopus viguieri (Maupas, 1892)
(Copepoda: Harpacticoida) in Belgium. Biologisch Jaarboek Dodonaea 42: 170-172.
Van Douwe C (1922) Maraenobiotus brehmi ein neuer moosbewohnender Siisswasser-Harpac-
ticide. Archiv fiir Hydrobiologie 13: 561-564.

Watkins RL, Belk D (1975) The Copepoda of Guam. Crustaceana 28 (3): 302-303.
doi:10.1163/156854075X00577

Wells JBJ, (2007) An annotated checklist and keys to the species of Copepoda Harpacticoida
(Crustacea). Zootaxa 1568: 1-872.

Ziegelmayer W (1923) Eine neue subterrane Harpacticidenform aus der Gattung Viguierella.
Zoologischer Anzeiger 57: 129-137.






ZooKeys 104: 67-76 (201 1) A peer-reviewed open-access journal
doi: 10.3897/zookeys.104.906 RESEARCH ARTICLE $ 2 OOI<€VS

<
www.zookeys.org Launched to accelerate biodiversity research

Key to the Tribes and Genera of Deltocephaline
Leafhoppers (Auchenorrhyncha, Hemiptera,
Cicadellidae) of Pakistan

Imran Khatri, Maqsood Anwar Rustamani

Department of Entomology Sindh Agriculture University lando Jam, Pakistan

Corresponding author: /mran Khatri (imrankhatri.agri@gmail.com)

Academic editor: Mick Webb | Received 13 January 2011 | Accepted 28 April 2011 | Published 13 June 2011

Citation: Khatri I, Rustamani MA (2011) Key to the Tribes and Genera of Deltocephaline Leathoppers (Auchenorrhyncha,
Hemiptera, Cicadellidae) of Pakistan. ZooKeys 104: 67-76. doi: 10.3897/zookeys.104.906

Abstract
A key with accompanying figures is provided for the 14 tribes and 35 genera of Deltocephalinae (Cicadel-
lidae) from Pakistan.

Keywords
Deltocephalinae, taxonomy, morphology

Introduction

Deltocephalinae is the largest and most diverse subfamily of Cicadellidae with 6200
described species placed in over 850 genera (McKamey in press), in 36 tribes (Zahniser
and Dietrich 2010). Members of the subfamily are also important vectors of plant dis-
eases (Weintraub and Beanland 2006) and account for 117 of the 151 cicadellid vector
species listed by Nielson (1968).

Early leathopper taxonomic work in Pakistan (from 1960 onwards) focused on Ty-
phlocybinae. Work on Deltocephalinae was scattered in various publications (Ahmed
1986, Ahmed and Aziz 1988, Ahmed and Rao 1986, Ahmed et al. 1988, Ara and
Ahmed 1988, Fatima et al. 1995, 1997, 1998, Mahmood 1979, 1980, Mahmood and
Aziz 1979, Mahmood and Meher 1973, Mahmood et al. 1972), but a thorough review
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of this literature was given by Khatri and Webb (2010). These authors also provided
a checklist, new combinations, new species, new synonymy and new record and a key
to the 14 tribes.

In the present paper we revise the above tribal key to include Mukariini, following
its recent discovery in Pakistan (Khatri and Webb 2011) and its inclusion in the sub-
family by Zahniser and Dietrich (2010), together with Drabescini (Paraboloponina)
and Penthimiini, also included by Zahniser and Dietrich (2010). Drabescini is rep-
resented in Pakistan by Dryadomorpha pallida Kirkaldy (1906: 336), recorded from
Pakistan as Rhombopsis viridis Pruthi see (Webb 1981) and Penthimiini, represented
by Neodartus acocephaloides Melichar (1903: 163), from Hafizabad and Penthimia com-
pacta Walker (1851: 842) from Murree Hills (National Pusa Collection, IARI, New
Delhi, pers. com. Dr. C.A. Viraktamath).

An additional genus and species, omitted by Khatri and Webb (2010), is also in-
cluded: Gurawa minorcephala Pruthi (1930: 29) (described from Pakistan: Murree
Hills) and following Zahniser (2008) is placed in Chiasmini. We here follow Khatri
and Webb’s (2010) broad concept of Athysanini to include Osbornellus Ball and Scaph-
oideus Uhler which were left unplaced to tribe by Zahniser and Dietrich (2010).

One other species, Hengchunia pakistanica Asche & Webb 1994 (from India) was
erroneously recorded from Pakistan.

In total 35 known genera are included in the key. Figures are also provided and
additional figures can be found in Khatri and Webb (2010).

Key to Deltocephalinae tribes and genera from Pakistan

Note: The characters given in the key will separate the Pakistan genera but not neces-
sarily the tribes on a wider distribution. As the genera in the following key are grouped
by tribe and as some of these are based only on the male genitalia, several genera in the
latter part of the key are based only on the male.

1 Anterior margin of head with transverse striations or carinae (Figs 1j, I)......2
- Anterior margin of head smooth or shagreen ..........ccccocoeeiiinnnccnne. 7
2 Clypellus elongate, extending beyond margin of genae, tapered to apex and
slightly bent subapically under head..........ccccooeeiiinnnes (Grypotini).....3
Clypellus short not extending beyond margin of genae...........ccccccvvereneneeee. 4
3 Vertex of head medially longer than next to eyes; ocelli equidistant between

eye and median line of head; 5-6 mm in length.......cccocoeiiiinniiiiinnnn,
............................................................... Sohipona Ghauri & Viraktamath
- Vertex of head of uniform length; ocelli placed slightly closer to eye than to
median line; less than 5 mm in length ........ Pinopona Viraktamath & Sohi
4 Antennae very long, extending beyond midlength of body, situated at upper
corner of eyes (Fig. 1K) ...ccoviiiiiiiiniiiciiiiccccreeeeeeeeeeees
............................ Drabescini (Paraboloponina) Dryadomorpha Kirkaldy
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Antennae short, not reaching midlength of body, situated below upper corner

OF Y8 ittt 5
Ocelli on foremargin of head bound both dorsally and ventrally by at least
one carina (fig. 1) ooveeeeiiiiiiiecccicceeee e 6

Ocelli located before foremargin of head, with carinae only ventrally............
................................................................... Penthimiini Penthimia Distant
Head depressed anteriorly (Fig. 1j); forewing venation reticulate; acdeagus

with one shaft ..., Penthimiini Neodartus Melichar
Head not depressed anteriorly, forewing venation not reticulate; aedeagus
with two shafts (Fig. 3b) ..c.cccoovivniiiine Mukariini (Mukaria Distant)

Robust species; vertex distinctly broader than long and only slightly longer
medially than next to eyes (Fig. 1b); forewing appendix extending to outer
apical cell (Fig. 1r); subgenital plates fused to each other and to valve (Fig.
2m); style apical process expanded apically; aedeagus fused to connective
(Fig. 3€) cvoviiiiiiiiiiiiiiccicce, Goniagnathini (Goniagnathus Fieber)
Without the above combination of characters.........cocoeiviinviccininnnes 8
Genae of face broad (Fig. 1h), visible in dorsal view (Fig. 1) ......cccccvueuruueurinnncs
............................................................................................. Scaphytopiini.....9

Genae of face narrow, not visible dorsally.........cccoceoeniiiniinniiniinncs 11
Forewing obliquely truncate at apex; green species with red longitudinal
stripes on head, thorax and forewings (Fig. 1€) ......cccccceevvnnnne Varta Distant
Forewing rounded at apex (Fig. 10); colour not as above...........cccccceueinie 10
Pronotum with lateral carina.......coccccoveeincinnnee. Grammacephalus Haupt
Pronotum without lateral carina .........ccccoeevvcinecnnn Masiripius Dlabola

Face with laterofrontal sutures directed mediad of and terminating distad of
corresponding ocelli (Fig. 1g). Head, particularly in female, somewhat spatu-
late. Ovipositor with second valvulae, lacking teeth (Fig. 31)..... Hecalini.....12
Without the above combination of characters........c.coeeeeneiniinncccnenne. 13
Green species, male pygofer without caudal marginal stout setae (Fig. 2d)....
................................................................................................. Hecalus Stal
Brown species; male pygofer with caudal marginal stout setae...........cc..........
...................................................................................... Glossocratus Fieber
Vertex narrow basally (Fig. 1f). Male pygofer elongate, without a membranous
laterobasal slit, with a lateroposterior triangular process (Fig. 2f); valve long;
subgenital plate short; connective with stem two pronged apically, arms parallel
(Fig. 20); aedeagal shaft whip-like (Fig. 3d). Ovipositor with second valvulae
lacking teeth (Fig. 3m)................. Stenometopiini (Stirellus Osborn & Ball)
Without the above combination of characters........c.oceceeenveeneinncenienne. 14
Forewing brachypterous or if macropterous then appendix (when present)
extending to fourth (outer) apical cell (Fig. 1m). Aedeagal shaft hinged (Fig.
3a) or not hinged; connective with arms looped (Fig. 2n). Ovipositor with
sculpture granular, not extending to dorsal margin (Fig. 3n) ........cccccoeueennne.
........................................................................................... Chiasmini.....15
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Forewing appendix extending to second apical cell (Fig. 1n). Aedeagal shaft
not hinged; connective with arms looped or divergent. Ovipositor with sculp-

ture reticulate, extending to dorsal margin...........cccocecviiiiiiiiiiiiiiiin, 19
Forewing with two subapical cells (Figs Im) ................... Aconurella Ribaut
Forewing with three subapical cells (Figs In, 0) ...ccccovueieiiiinniiiiines 16
Head margin depressed in lateral view .........cccoovviiiiiiiiiiiiiiiiiis 17
Head margin rounded in lateral view ..........ccccooiiiiiiiiiiiiiis 18
Forewing lacking appendix. Aedeagal shaft not hinged at base with atri-
um; compressed in apical region with serrated margin ....... Gurawa Distant

Forewing when well developed, with appendix. Aedeagal shaft hinged at base
with atrium (Fig.3a), shaft cylindrical and lacking serration...........ccccccoeeuee.

........................................................................... Chiasmus Mulsant & Rey
Predominantly green species .........ccoeviviiiiiiiennnne. Nephotettix Matsumura
Predominantly pale brown species........cccoeeeireerincninecnnnee Exitianus Ball
Forewing with two subapical cells (Fig. 1q). Connective with arms diver-
BEIIE. cotieeieete ettt Macrostelini.....20

Forewing with three subapical cells (Fig. 1n, o), sometimes outer subapical
cell subdivided (Fig. 1s), or if two subapical cells connective with arms con-
vergent apically ..o 22
Vertex of head short, of uniform length, more than 4 times wider than long
(Fig. 1) v Balclutha Kirkaldy
Vertex longer medially than next to eyes, twice or less as wide as medial
Length ... 21
Head and thorax golden yellow, vertex with two round dark brown spots (Fig.
1d). Male pygofer with long, slender hook-like process; without marginal

comb-like serrations (Fig. 2a)......cccceceeiininneciiiinnnnns Cicadulina China
Head and thorax not as above. Male pygofer without above process; with
comb-like serrations on caudal margin (Fig. 2b) ............. Macrosteles Fieber
Aedeagus with two shafts. ........ccccccvivviiiiiiicce Opsiini.....23
Aedeagus with one shaft..........ccoocceiiiiiiiiicce, 25
Aedeagal shafts fused in basal half, then divergent describing a circle (Figs
BC) ettt Neoaliturus (Circulifer) Distant
Aedeagal shafts separate at base (Figs 3g, 3h) ....cccoooviiiiiiiiiiis 24

Aedeagal shaft with ventral pair of processes (Figs 3g, 3j)........ Opsius Fieber
Aedeagal shaft without ventral pair of processes (Fig. 3h).... Orosius Distant
Connective with arms divergent (Fig. 2k ). ... Athysanini.....26
Connective with arms at most only divergent basally, convergent apically ...32
Vertex acutely pointed, disc depressed; forewing venation reticulate (Fig. 1s)...

................................................................................ Platymetopius Burmeister
Vertex and forewings not as above..........ccoeveueuiiiininnciciiinnccccces 27
Three to four cross veins from outer apical cell reaching costal margin (Fig.
L10) ¢ttt 28
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28 Male connective with paraphyses (Fig. 2g) ........ccccceueeee.e. Scaphoideus Uhler
- Male connective without paraphyses (Fig. 2k)............... Bampurius Dlabola
29 Male subgenital plates with mesal sclerotized process (Fig. 2h).........cccccc.....
................................................................................ Neolimnus Linnavuori
- Male subgenital plates without mesal sclerotized process...........ccccueveueneeee. 30
30 Aedeagal shaft without basal processes, apophysis of style long, subequal to
length of aedeagal shaft (Fig. 2€) .......cccoeuvveueeeee. Pseudosubbimalus Ghauri
— Aedeagal shaft with basal pair of dorsal (Fig. 3i) or ventral (Fig. 3k) processes,
apophysis of style shorter than aedeagal shaft...........ccccocoviiinnnan. 31
31 Aedeagal shaft with basal processes arising on dorsal surface of shaft (Fig. 3i)...
.......................................................................................... Monobazus Distant
- Aedeagal shaft with basal process arising on ventro-lateral surface of shaft

(Fig. 3K) v Osbornellus Ball
32 Connective fused to aedeagus (Fig. 3f). .....cceeueueunee. Deltocephalini.....33
— Connective not fused to aedeagus (Fig. 2i)......ccccccevvruennee Paralimnini.....34
33 Vertex with transverse black stripe; pygofer with dorsal marginal appendage...
.................................................................................... Paramesodes Ishihara

- Vertex without transverse black stripe; pygofer without appendage (Fig. 2¢) ...
............................................................................................ Maiestas Distant

34 Male subgenital plates short (Fig. 2i); mesal arm of style longer than outer
arm (Fig. 2j).c.ccciiiiiiiiiiiiiii Psammotettix Haupt
- Male subgenital plate longer; mesal arm of style shorter than outer arm (Fig.
2D) oo JEENGA Ghaurd
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Figure I. a—f, i (head and thorax dorsal view); g, h, k (face); j, I (head and thorax lateral view); m-s
(right forewing) A Grammacephalus indicus Viraktamath & Murthy B Goniagnathus (1)) quadripinnatus
Dash & Viraktamath € Balclutha incisa (Matsumura, 1902) D Cicadulina bipunctata Ghauri E Varta
rubrofasciata Distant F Stirellus lahorensis (Distant) G Hecalus sindhbensis (Ahmed & Aziz) H Gramma-
cephalus indicus Viraktamath & Murthy | Mukaria splendida Distant ) Neodartus acocephaloides Melichar
K, L Dryadomorpha pallida Kirkaldy M Aconurella prolixa (Lethierry) N Bampurius pakistanicus Khatri &
Webb © Grammacephalus indicus Viraktamath & Murthy P Chiasmus sp. Q Macrosteles indrina (Pruthi)
R Goniagnathus (T)) quadripinnatus Dash & Viraktamath S Platymetopius sp.
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Figure 2. a—o male genitalia. a, , d, f (genital capsule); b (pygofer, caudal view); e (genital capsule, in-
ternal view); g (connective and style); h, i, n, o (valve, style and connective, dorsal view). j (style); k (con-
nective); 1 (valve, styles, subgenital plates, connective and base of aedeagus); m (fused subgenital plates
and valve (setae omitted), styles and base of connective). A Cicadulina bipunctata Ghauri B Macrosteles
indrina (Pruthi) C Maiestas pruthii (Metcalf) D Hecalus sindbensis (Ahmed & Aziz) E Pseudosubhimalus
bicolor Pruthi F Stirellus lahorensis (Distant) G Scaphoideus harlani Kitbamroong & Freytag H Neolimnus
quadricornis Khatri & Webb 1, ) Psammotettix emarginata Singh K Bampurius pakistanicus Khatri & Webb
L Jilinga gopii (Pruthi) M Goniagnathus (T)) quadripinnatus Dash & Viraktamath N Aconurella prolixa
(Lethierry) O Stirellus lahorensis (Distant).
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Figure 3. a—n male and female genitalia; a, d, g—j (aedeagus); b—c, e—f (aedeagus and connective); k
aedeagus, apex of connective and pygofer; I, n (first valvulae); m (second valvulae). A Aconurella prolixa
(Lethierry) B Mukaria splendida Distant € Neoaliturus (Circulifer) tenellus (Baker) D Stirellus lahorensis
(Distant, 1918) E Goniagnathus (T) quadripinnatus Dash & Viraktamath, 2001 F Maiestas tareni (Dash
& Viraktamath) G Opsius versicolor (Distant) H Orosius albicinctus Distant | Monobazus dissimilis (Dis-
tant) J Opsius versicolor (Distant) K Osbornellus (Mavromoustaca) macchiae (Lindberg) L Hecalus sindhensis
(Ahmad & Aziz) M Stirellus lahorensis (Distant) N Aconurella prolixa (Lethierry).
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Abstract

Two new species of Pterostichus Bonelli subgenus Pseudoferonina Ball, are described from the mountains
of central Idaho: Prerostichus bousqueti Bergdahl [type locality = small tributaries of South Fork of Payette
River watershed, ca. 1170 m (3840 ft), 44.0675°/-115.6822°, near Lowman, Salmon River Mountains,
Boise County, Idaho, U.S.A.] and Prerostichus lolo Bergdahl [type locality = Cottonwood/Orogrande
Creek, ca. 870 m (2850 ft), 46.5528°/-115.5522°, North Fork of Clearwater River watershed, Clearwater
Mountains, near Bungalow, Clearwater County, Idaho, U.S.A.]. Males of 2 bousqueti and P lolo are easily
distinguished from each other and the seven previously described Pseudoferonina species by the form of the
median lobe of the aedeagus, and from most individuals of the other species of Pseudoferonina in Idaho by
features of pronotal shape and macrosculpture. Both species appear to be obligate ripicolous hygrophiles,
restricted in distribution primarily to the margins of small montane streams in forested areas. Widespread
intensive stream surveys for Pseudoferonina over many years indicate the geographic ranges of both species
are highly localized, and additional undescribed species may occur in Idaho.

Copyright James C. Bergdahl, David H. Kavanaugh. This is an open access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Prerostichus Bonelli (1810) is one of the largest genera of carabid beetles in North
American north of Mexico, including about 200 described species and subspecies,
classified in about 20 species groups and at least as many recognized subgenera (Bous-
quet and Larochelle 1993; Bousquet 1999). They represent almost 8% of this region’s
carabid fauna (ca. 2640 species and recognized subspecies). The Prerostichus subgenus
Pseudoferonina Ball (1965) (type species = Prerostichus lanei Van Dyke 1925) is one of
three Prerostichus subgenera narrowly restricted (endemic) to the Pacific Northwest
(Washington, Oregon, Idaho and British Columbia), and the most diverse (Bergdahl
1995). Adults of all Pseudoferonina species are strict ripicolous hygrophiles whose habi-
tat is the margin of small, forested headwater streams in mountainous terrain. They
can be found from near sea level to subalpine elevations, but especially mid-montane
zones where low (0-2) order streams (Strahler 1957) are common. None of the species
are known to be alpine.

The carabid fauna of the Pacific Northwest [ca. 705 recognized species and subspe-
cies (Bousquet and Larochelle 1993, Bergdahl 1995)] is reasonably well known. Most of
the species were described many decades ago (mean date of publication = ca. 1865), and
any remaining undiscovered species are probably very localized and difficult to find (e.g.,
Kavanaugh and Labonte 2006; Labonte 2000), or cryptic sibling species. Pseudoferonina
is one of the least understood and most fascinating groups of closely related carabids in
the Pacific Northwest. Over the last 26 years, 6 of the last 13 new carabid species to be
described from the Pacific Northwest are members of subgenus Peudoferonina.

Pseudoferonina includes six previously described species that appear to form a dis-
tinct group: 2 lanei (Van Dyke 1925), P humidulus (Van Dyke 1943), P shulli (Hatc
1949), P campbelli Bousquet (1985), P smetanai Bousquet (1985), and P spathifer
Bousquet (1992) (Bousquet and Larochelle 1993). The subgenus also includes Preros-
tichus vexatus Bousquet (1985), which both Hatch (1953) and Ball (1965) misidenti-
fied as P shulli. Males of P vexatus differ from those of other members of the subgenus
in having: 1) a short median lobe, with apical lamella flattened dorso-ventrally (not
laterally), 2) the gonopore terminal, not basal, on the internal sac, 3) the internal sac
everted dorsally, not ventrally, and 4) lacking the semicircular indentation (flatten-
ing) of the last visible abdominal sternite that is distinct in males of all of the other
species. Based on these features, Ball (1965) described a new subgenus for P vexatus
(i.e., his “P shulli”), Melvilleus Ball, which is currently considered a subjective junior
synonym of Pseudoferonina (Bousquet 1985, 1992, 1999, Bousquet and Larochelle
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1993). Among species of Pseudoferonina found in Idaho, P vexatus has the broadest
geographical and habitat ranges.

The purpose of this paper is to describe two new species of Pseudoferonina from
the Clearwater and Salmon River mountains of central Idaho, including information
about form and structure, geographical and habitat distributions, and way oflife. Hatch
(1953) provided a key to the carabids of the Pacific Northwest that includes 2 lanei
and P vexatus. Lindroth (1966) provided excellent keys to most of the subgenera and
species of Prerostichus in the Pacific Northwest, but he did not include Pseudoferonina.
Bousquet (1985) provided a key for identification of adults of the seven Pseudoferonina
species known to him and later modified that key (Bousquet 1992). In this paper we
suggest modifications to his key to accommodate the two new species we describe.

Materials and methods

All specimens of the new species described here were collected by the first author [JCB]
in 1999, 2009 or 2010. These specimens were acquired by timed hand collecting along
small streams in mountainous terrain (e.g., Dupuis and Friele 2006), turning over
rocks and organic debris primarily with a handheld garden fork, and flooding small
gravel bars (Darlington 1971) using a plastic gold pan. Specimens were preserved in
the field in a mixture of 70% ethanol + 30% white vinegar. As soon as possible in
the lab, specimens were washed in warm water and then stored in fresh aliquots of
the same ethanol/vinegar mixture to await preparation. Stream names and the names
of other geographic features were derived from 1:100,000 United States Geographic
Survey topographic maps and United States Forest Service forest district road maps.
Geographical coordinates and elevations for collecting sites were determined using
Google Earth (www.earth.google.com).

Specimens were examined using an 8-50x Nikon dissecting scope with a high-
intensity light tube. The only measurement recorded was apparent body length (ABL),
measured from the apex of the labrum to the apex of the longer elytron. Digital photo-
graphs of dorsal habitus and male genitalia were taken using an Auto-montage imaging
system by Syncroscopy with a Leica M420 dissecting microscope.

Specimens examined in the course of this study are deposited in the following col-
lections:

CAS California Academy of Sciences, San Francisco, California, U.S.A.
CMNH Carnegie Museum of Natural History, Pittsburgh, Pennsylvania, U.S.A.
CNC Canadian National Collection, Ottawa, Ontario, Canada

JCB James C. Bergdahl Collection, Spokane, WA, U.S.A.

OoSsu Oregon State University Arthropod Collection, Corvallis, Oregon, U.S.A.
UICM  University of Idaho, Moscow, Idaho, U.S.A.

WSU Washington State University, Pullman, WA, U.S.A.
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Taxonomy

Pterostichus (Pseudoferonina) bousqueti Bergdahl, sp. n.
urn:lsid:zoobank.org:act:1D065517-89A3-4A7F-8025-0522484E5CEF
htep://species-id.net/wiki/Pterostichus_(Pseudoferonina)_bousqueti
Figs 1, 3A, 4A, 4C, 5,6

Type locality. U.S.A., Idaho, Boise County, small tributaries of the South Fork of the
Payette River near Lowman, ca. 1200 m (3940 ft) elevation, 44.0675°/-115.6822°.

Type material. Holotype: a male, deposited in CAS, labeled: “USA: Boise Co.,
Pine Flat Creek at South Fork Payette River Road, 6 km W of Lowman, 44°04'03"N at
115°40'56"W, T9N, R7E, S31, elev. 1160 m (3805 f), South Fork Payette River Basin,
Boise National Forest, 05 May 1999, #26-1999, J. C. Bergdahl, coll.”/ “HOLOTYPE
Prerostichus bousqueti Bergdahl designated 2011” [red label]. Paratypes: A total of 11,
with 8 males and 1 female with the same data as the holotype, and 2 males labeled:
“USA: Boise Co., Archie Creek near confluence with SF Payette R., 8 km E of Low-
man, Boise Natn. Forest, 44°04'15"N at 115°31'06"W, T9N RS8E S33, elev. 1240 m
(4070 ft), South Fork Payette R. watershed, 06 May 1999, #33-1999, J. C. Bergdahl,
coll.” The single female paratype is deposited in CAS, the male paratypes in CNC,
CMNH, OSU, UICM, WSU, and JCB.

Etymology. The specific epithet, bousqueti, is a Latinized version (genitive case) of the
surname of Dr. Yves Bousquet (Agriculture Canada, Ottawa, Ontario, Canada), in recog-
nition of his outstanding contribution (Bousquet 1985) to our knowledge of Pseudoferoni-
na, which brought order to the chaos in taxonomy of the species known at that time.

Diagnosis. A Prerostichus with the characteristics of members of subgenus Pseu-
doferonina (see Ball 1965, and Bousquet 1999); males easily distinguished from those
of all other species of Pseudoferonina by the shape of the median lobe of the aedeagus,
especially the apical lamella (apex), which is shaped (in left lateral view) like the blade
of a hatchet or tomahawk (Figs 4A and 4C). Also, the shaft of the median lobe in lat-
eral view is thicker in the middle than at either end (where it joins to the base or the
apical lamella) and lacks the distinct mid-shaft sinuation (Bousquet 1985, 1992) seen
in P shulli, P spathifer, the following new species (2 lolo), and, to a lesser degree, 2
smetanai. The small size and thin body form of P bousqueti adults are most similar to P
campbelli adults, which occur only west of the Cascade Range in Oregon.

Description. Size medium-small for subgenus, ABL males 8.5-9.5 mm, female
8.9 mm. Body form slightly slender for subgenus (Fig. 1).

Color. Dorsal body surface black and shiny, pronotal lateral beads piceous, legs,
antennae and palpi piceous.

Microsculpture. Head with isodiametric meshes on frons; pronotum with faintly
impressed transverse meshes on most of disc, meshes more isodiametric basolaterally;
elytra with markedly transverse meshes, faintly iridescent in some areas.

Pronotum. Fig. 3A. Almost as long as wide, lateral margins subparallel anterior to hind
angles, slightly sinuate, hind angles rectangular or slightly acute, lateral margins (in lateral
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view) bent ventrally near hind angles. Anterior and posterior transverse impressions present
but faintly impressed, median line distinctly impressed, almost entire, but not quite extend-
ed to anterior and posterior margins in most specimens examined; anterior transverse im-
pression faintly punctulate. Lateral margins finely beaded, posterior margin without mar-
gination, anterior margin minutely beaded in medial one-third. Basolateral fovea deep and
broadly linear, slightly convergent toward midline anteriorly, not or only faintly punctulate.

Elytra. Intervals flat or only slightly convex, but less so than in any other Pseu-
doferonina species.

Legs. Male mesotibiae slightly curved apically.

Abdomen. Last visible sternite of male with broad, shallow medial indentation,
anterior margin of depression not at all carinate, sternite without protuberances; last
visible sternite of males with single pair of anal setae, female with two pairs.

Male genitalia. Median lobe of aedeagus as in Figs 4A and 4C. Apical one-third
of median lobe (in ventral view) with lightly sclerotized oblique band extended longi-
tudinally next to slight ridge (Fig. 4C); shaft of median lobe (in ventral view) swollen
submedially on left, with shaft gradually tapered from swelling to the apical lamella,
ventral margin not sinuate subapically (in lateral view); apical lamella average in length
for Pseudoferonina species in Idaho, symmetrically hatchet-shaped (in left lateral view).
Right paramere short and sharply pointed.

Geographic distribution. At this time, P bousqueti is known only from Pine Flat
Creek and Archie Creek near their confluences with the South Fork of the Payette
River near Lowman, Boise County, Idaho (Fig. 5). The Payette River is a tributary of
the Snake River, which is a major tributary of the Columbia River. To what extent the
range of this species is narrowly restricted to this area is not known. Despite sampling
many other creeks in this area, JCB has been unable to document any other 2 bous-
queti populations. Additional areas, if any, in which this species is most likely to occur
include the Big Pine, Deadwood, Clear Creek and Middle Fork of the Payette River
watersheds to the west of Lowman and east of the North Fork of the Payette River.

Habitat. The type locality along the South Fork of the Payette River near Lowman
is in a steeply sided, sparsely pine-forested gorge (Fig. 6A) that has experienced intense
forest fires. From 1908 to 2000, canopy fires burned more than 50% of the Boise
National Forest in central Idaho. Large fires have a huge effect on vegetation, geomor-
phology, stream hydrographs (Pierce et al. 2004), and undoubtedly P bousqueti habi-
tat. Fire legacies of this extent on the landscape probably create severe barriers to dis-
persal of Pseudoferonina species. Areas at low to mid-elevations along the South Fork of
the Payette River form a small, isolated outlier of the Hot Dry Canyons eco-region of
the Idaho Batholith (McGrath et al. 2002). Most of this eco-region is associated with
the main stem Salmon River, 145 km (90 miles) to the north. McGrath et al. (2002)
describe this eco-region as: unglaciated, deep, precipitous canyons; annual precipita-
tion = 305— 889 mm (lowest in deep canyons); mean temperature: Jan. (min/max)
= -8.9/0.6°C, July (min/max) = 8.8/31.7°C (warmer with increasing canyon depth).
The vegetation is characterized by open ponderosa pine forest and sagebrush scrub on
south facing-slopes, and ponderosa pine/Douglas fir forest on north-facing slopes.
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Figure 1. Holotype male, Prerostichus (Pseudoferonina) bousqueti Bergdahl, sp. n., dorsal habitus. Scale
line = 1.0 mm. Automontage digital image by D. H. Kavanaugh.

Both Pine Flat Creek (Fig. 6B) and Archie Creek are small, perennial streams de-
scending steep canyon slopes. Their lower sections run thru dry open ponderosa pine
forests. At higher elevations on sun and wind-exposed south-facing slopes, the vegeta-
tion is primarily open scrub. Pine Flat Creek descends a steep scrubby hillside; pine
forest is restricted to lower reaches near the Payette River. Archie Creek descends its
watersheds at a gentler grade. Both of these creeks near their confluence with Payette
River are only about 1.5 m bank-full-width, and are confined primarily to channels
with stabilized vegetated banks. Consequently, there are very few gravel bars on which
to search for beetles, even at low water. High water for these creeks most likely occurs
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Figure 2. Holotype male, Prerostichus (Pseudoferonina) lolo Bergdahl, sp. n., dorsal habitus. Scale line =
1.0 mm. Automontage digital image by D. H. Kavanaugh.

March-May, during rapid melt of the snow at higher elevations on adjacent hillsides
coincident with wet spring storms. Because the watersheds these creeks service are so
small, large thunderstorms and cloudbursts, by themselves, also may cause significant
peaks in runoff during summer and fall months after the snow pack has melted at
high elevation. In exceptionally dry years, both of these creeks may actually dry up to
the extent that even lower sections are without surface-flowing water. However, on 25
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Figure 3. Pronotum, dorsal aspect A Prerostichus (Pseudoferonina) bousqueti Bergdahl, sp. n. B Prerosti-
chus (Pseudoferonina) lolo Bergdahl, sp. n. Scale line = 1.0 mm. Line drawings by Go Sato.

September (2008) both creeks had nearly one meter of surface water stream widtch.
Given their small watersheds, it is likely that major sections of both streams, especially
high up where slopes are steep and the vegetation scrubby, dry up even in average years.

Other carabid species collected by JCB at or near the type locality include: forest
habitat - Psydrus piceus LeConte, Prerostichus protractus LeConte; streamside habitats
- Platynus brunneomarginatus (Mannerheim), Bembidion iridescens LeConte, Bembid-
ion kuprianovi Mannerheim, Bembidion sp., Diplous aterrimus (Dejean), Nebria sp.,
Bradycellus californicus (LeConte), Bradycellus nigrinus (Dejean), Bradycellus nubifer Le-
Conte. The trout-stream beetle Amphizoa insolens LeConte (Coleoptera, Amphizoidae)
also occurs along creeks in this area.

Phenology and larval ecology. JCB visited Pine Flat Creek and Archie Creek on
two occasions: 05-06 May (1999) and 25 September (2008). In early May, he easily
found adults of 2 bousqueti at both sites, however in September collecting along these
same stream sections on both creeks yielded no specimens. Pseudoferonina populations
in hot dry regions at low elevations appear to aestivate or go into early hibernation,
probably in August. Very few teneral specimens have been collected; however, males
with soft, poorly chitinized median lobes are common in late summer and fall. This
suggests that adults emerge from pupal chambers in late summer through early fall
and overwinter as adults. Presumably they escape winter-spring floods by migrating
out of the floodplain to higher positions along stream banks to hibernate in the fall
before freeze-up, however they probably do not go very far. Once snow packs melt and
daytime temperatures approach 10°C (late March and early April at lower elevations
in Idaho), adults again become active on the surface. Given the fact that surface-active
Pseudoferonina adults are so closely associated with the immediate vicinity of stream
margins, the larvae are probably also narrowly restricted to these habitats and may
spend a substantial amount of time subsurface at or very near the hyporheic zone.

Dispersal power. All known individuals are brachypterous (flightless) and restrict-
ed to the margins of small, isolated, forested streams, so dispersal power of 2 bousqueti
adults is expected to be extremely low. Like P shulli, P spathifer and P lolo sp. n., the
geographic range of P bousqueti (Fig.5) appears to be highly restricted.
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Remarks. Among Idaho’s Pseudoferonina species, R bousqueti appears to be a mem-
ber of the lanei species-group (with P lanei), as opposed to the shulli species-group (2
shulli, P spathifer and P lolo sp. n.). Idaho species in the shulli group have a distinct
ventral sinuation (bulge and concavity) on the ventral surface of the median lobe of
the aedeagus near the middle of the shaft (easily seen in lateral view). Species in the
lanei group (and P vexatus) do not have this feature. To what extent this feature, or its
absence, is indicative of phylogenetic relationship is presently unknown.

Property ownership in the South Fork Payette River area in vicinity of the type locality
is primarily the U.S. Forest Service (Boise National Forest), however according to the Boise
National Forest map there are many small in-holdings along the river. Two of these in-hold-
ings include both lower Pine Flat and lower Archie creeks, near where the type specimens
were collected. Both of these creeks probably have experienced prospecting or mining activ-
ity. There is a small Forest Service campground and hot springs very near Pine Flat Creek
on the north bank of the Payette River, but visitors seem to have little impact on the creek.

Because P bousqueti is known from only two easily identifiable localities, we hope
that collectors will exercise restraint when sampling at these sites, and instead focus
on discovering new sites for this species in the immediate vicinity, such as in those
watersheds listed above.

Pterostichus (Pseudoferonina) lolo Bergdahl, sp. n.
urn:lsid:zoobank.org:act:50D61144-E2F2-40FB-9A04-FFBOE348C458
htep://species-id.net/wiki/Pterostichus_(Pseudoferonina)_lolo

Figs 2, 3B, 4B, 4D, 5, 7

Type locality. U.S.A, Idaho, Clearwater County, Cottonwood Creek near the conflu-
ence of Orogrande Creek and the North Fork of the Clearwater River, ca. 870 m (2860
ft) elevation, 46.5528°/-115.5522°.

Type material. Holotype, a male, deposited in CAS, labeled: “USA: IDAHO,
Clearwater Co.; Cottonwood Creek @ USFS Rd 250; Orogrande Ck. Rd.; NF Clear-
water R. watershed; elev. ~870 m (2860 ft); 12.5 MI. ESE Headquarters, 3.5 MI. SW
of Bungalow; 46°33'10"N, 115°33'08"W/; T38N, R7E, S34; 17 July 2009; #73-2009;
J. C. Bergdahl, coll.”/ “HOLOTYPE Prerostichus lolo Bergdahl designated 2011”7 [red
label]. Paratypes: A total of 22 paratypes from same locale as the holotype (7 males and
5 females from 17 July 2010; 2 males and 9 females from 03 July 2010) deposited in
CAS, CMNH, CNC, JCB, OSU, UICM and WSU.

Etymology. The specific epithet, lolo, is a noun in apposition, and refers to the
Lolo Trail, an ancient hunting and trade route developed by the Nez Perce tribe to
cross the Bitterroot Mountains from their homelands on the Clearwater River near Ka-
miah, Idaho, to the buffalo herds of Montana. The beginning of this trail in its western
foothills starts in the upper Lolo River watershed, near the type locality of P2 lolo. The
Lolo Trail is also the route the Lewis and Clark Expedition took over the Bitterroot
Mountains heading west in September 1805 and east in June 1806.
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Figure 4. Median lobe of male acdeagus A=B line drawings, a = apical region, ventral view; b = left
lateral view C~D Automontage digital images, a = ventral view, b = left lateral view A Prerostichus (Pseu-
doferonina) bousqueti Bergdahl sp. n. B 2 lolo Bergdahl sp. n. C P bousqueti D P lolo. Scale line = 1.0 mm.
Line drawings by G. Sato; digital images by D. H. Kavanaugh.

Diagnosis. A Prerostichus with the characteristics of members of subgenus Pseu-
doferonina (see Ball 1965; and Bousquet 1999); males easily distinguished from those
of all other species of Pseudoferonina by the shape of the median lobe of the aedeagus,
especially the form of the mid-shaft sinuation and associated convexity (Figs 4B and
4D), which is markedly and abruptly convex, nearly tuberculate (in lateral view), and
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the shape of the apical lamella (apex), which is broader in ventral view than in P shulli
males (see Bousquet 1992, Fig. 16) and narrower in lateral view than in P spathifer
males (see Bousquet 1992, Fig. 15).

Description. Size medium-large for subgenus, ABL males = 9.5-10.5 mm, fe-
males = 9.0-10.3 mm. Body form average for subgenus (Fig. 2).

Color. Dorsal surface black and shiny, pronotal lateral beads piceous, antennae and
palpi rufous or rufopiceus, femora piceous except distally rufopiceous, tibiae and tarsi
rufopiceus or rufous.

Microsculpture. Head with faintly impressed isodiametric meshes on frons; pro-
notum with moderately impressed transverse meshes on most of disc, meshes more
isodiametric posteriorly; elytra with moderately impressed transverse meshes and very
slight iridescence. Pronotum. Fig. 3B. Almost as long as wide, widest point approxi-
mately at anterior one-third, lateral margins slightly sinuate in posterior half, almost
parallel before hind angles, hind angles slightly obtuse to subrectangular, lateral mar-
gins (in lateral view) bent ventrally near hind angles, basal one-quarter of pronotum
finely but distinctly punctate. Anterior and posterior transverse impressions faintly
or not at all impressed, median longitudinal impression distinctly impressed, nearly
extended to anterior and posterior margins in most specimens examined. Lateral mar-
gins finely beaded, posterior margin without margination, anterior margin minutely
beaded in lateral thirds, without margination in medial one-third. Basolateral fovea
deep and broadly linear, slightly convergent toward midline anteriorly, finely but dis-
tinctly punctate, areas between basal fovea and lateral margins convex, subcarinate.

Elytra. Intervals nearly flat, striae entire, moderately impressed, not or only very
faintly punctulate. Legs. Male mesotibiae slightly curved apically. Abdomen. Last visible
sternite of male with broad, shallow medial indentation, anterior margin of depression
slightly carinate, sternite without protuberances; last visible sternite of males with sin-
gle pair of anal setae, female with two pairs.

Male genitalia. Median lobe of aedeagus as in Figs 4B and 4D. Apical one-third of
median lobe (in ventral view) with lightly sclerotized oblique band extended longjtudinally
next to slight ridge (Fig. 4Da); shaft of median lobe (in ventral view) markedly swollen
submedially on left, with shaft abruptly tapered from swelling to the apical lamella, ventral
margin distinctly sinuate subapically (in lateral view) with markedly abrupt, subtuberculate
convexity basad of sinuation (Fig. 4Db); apical lamella average in length for Pseudoferonina
species in Idaho, apex evenly rounded, very slightly swollen in ventral view (Fig. 4Da), nar-
row and very slightly reflexed ventrally at tip in lateral view (Fig. 4Db). Right paramere as
illustrated by Bousquet (1992, Figs 15b and 16b) for 2 sparhifer and B. shulli.

Geographic distribution. Currently, 2 /olo is known only from the type locality
on Cottonwood Creek (at 870 m), which is a small, low-order tributary of Orogrande
Creek, which is itself a tributary of the North Fork of the Clearwater River. In turn, the
Clearwater is a tributary of the Snake River, which is a major tributary of the Columbia
River. To what extent the range of this species is narrowly restricted to this area is not
known. Despite sampling many other creeks in this area over the past decade, JCB has
been unable to document any other 2 /olo populations.
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Figure 5. Toporelief map of Idaho illustrating the locations of known localities for Prerostichus (Pseu-
doferonina) bousqueti Bergdahl, sp. n. (blue dots) and P lolo Bergdahl sp. n. (black dot). Scale line = 100 km.
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Figure 6. Photographs of habitat for Prerostichus (Pseudoferonina) bousqueti Bergdahl, sp. n. A View
north over South Fork Payette River gorge toward Deadwood Ridge above Lowman, Boise County, Idaho,
5 May 1999 B Pine Flat Creek, near Lowman, Boise County, Idaho, 25 September 2008. Photographs
by J. C. Bergdahl.
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Habitat. The type locality is in the Clearwater Mountains and Breaks section of
the Northern Rockies eco-region (Nesser et al. 1997). This area has mountains of mod-
erate relief with rounded landform, and steep breaklands. Elevations range between ca.
610 and 2070 m (2000 and 6800 ft.). The climate is generally cool, with a significant
maritime influence. Summers are warm and dry, winters cool and moist. The soils
are mantled by a thick layer of Quaternary volcanic ash and colluvium, underlain
by Tertiary granitic rocks of the Idaho Batholith and Precambrian gneiss and schists
(McGrath et al. 2002). Annual precipitation is ca. 889— 2032 mm, with 40-50% fall-
ing as snow. Snow packs at higher elevations can become very deep and linger late into
spring. Rain-on-snow events are common below 1370 m (4500 ft.); January min/max
temperatures: -8.3/0.6°C; July min/max temperatures are 7.2/27.2°C.

These mountains have been largely unglaciated and support a highly dissected
stream network of ancient narrow valleys and canyons. Drainage density (length of
stream/area) is high. The natural vegetation is primarily a very species-rich mosaic of
mesic conifer forest, including exceptional conifer species diversity (grand fir, Douglas
fir, western red cedar, western hemlock, mountain hemlock, ponderosa pine, lodgepole
pine, white pine, western larch, subalpine fir, Englemann spruce and yew). Ponderosa
pine/Douglas fir and cedar/hemlock/pine forests occur at lower elevations, and spruce/
fir or mountain hemlock forests at higher elevations. Some of the forest types in this
area are the best examples of inland temperate rainforest in the Rocky Mountain region
(Bergdahl 2008), including western red cedar trees estimated to be more than 3000
years old (Smith and Fischer 1997). The flora of this region has many unique coastal
disjunct species and the area is often referred to as the Clearwater Refugium (Brunsfeld
et al. 2001, Carstens et al. 2005, Brunsfeld and Sullivan 2006).

Like all other species of Pseudoferonina, P lolo appears to be a habitat specialist,
primarily on the wet margins of small, low (0-2) order forest streams descending hill-
sides in mountainous country. These habitats are often isolated in headwater basins, or
on breaks and canyon walls at lower elevations. These beetles are not aquatic, but they
are strict hygrophiles. Surface-active adults are usually found within two meters of wet
stream channels, primarily within one meter of the strandline and especially right at
the water’s edge. When disturbed during warm weather, they will often run into the
water and crawl down into the gravel or float away.

Other carabid species collected by JCB at or in the vicinity of the Cottonwood
Creek locality include: Scaphinotus (Pseudonomaretus) regularis (LeConte), S.(P) rel-
ictus Horn), S. (B) merkelli (Horn), Zacotus matthewsii LeConte, Trechus coloradense
Schaefter, Bembidion kuprianovi, B. iridescens, B. breve (Motschulsky), Prerostichus
(Hypherpes) ecarinatus Hatch, P (Leptoferonia) idahoae Csiki, P (L.) beyeri Van Dyke,
P (Pseudoferonina) shulli (Hatch) and P (P) vexatus Bousquet.

Phenology and larval ecology. Adults of P /lolo are probably active from the first
warm days of spring after snowmelt to the first days of hard frosts in October. A single
pair of adults was observed in copulo, on 17 July 2009 [JCB]. Prerostichus lolo, and all
other Pseudoferonina species, are probably “spring breeders” (Bousquet 1986)—that is,
they breed early in the active season, larval development takes place in late spring-sum-
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Figure 7. Photographs of habitat for Prerostichus (Pseudoferonina) lolo Bergdahl, sp. n. Cottonwood
Creek, near Bungalow, Clearwater County, Idaho, 3 July 2010. Photograph by J. C. Bergdahl.
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mer, new adults emerge from pupal chambers in late summer-early fall, and individuals
overwinter primarily as immature adults. Males collected in fall are usually immature,
suggesting they may die after a single breeding season. These beetles probably vacate
streambeds and floodplains in the fall so as to escape winter or spring freshets of high
water. Flash floods from thunderstorms during the active season may be a major cause
of mortality. The ecology of the larvae is poorly known because they are rarely seen on
the surface. The extent to which larvae and adults of Pseudoferonina utilize the subter-
ranean hyporheic zone may be substantial. As mentioned above, adults do not hesitate
to crawl down into saturated streambed gravels to escape capture. The highest density of
adults is often found along small creeks and reaches that have recently experienced small
debris slides with rocks embedded in substantial amounts of wet organic mud. Presum-
ably these muddy microhabitats also support the highest larval density and survival.
Dispersal power. All known individuals are brachypterous (flightless) and restrict-
ed to the margins of a small, isolated, forested stream, so dispersal power of 2 lolo
adults is expected to be extremely low. Like P shulli, P spathifer and P bousqueti sp. n.,
the geographic range of 2 lolo (Fig. 5) appears to be highly restricted.
Remarks. Based on the form of the median lobe of the male aedeagus, members of
P lolo appear to be most closely related to those of P shulli and P spathifer, (i.e., the shulli
species-group). It is perhaps significant that both of these species, along with the more
distantly related P vexatus, occur in areas near the single known locality for P lolo. The
North Fork Clearwater River basin has the highest diversity of Pseudoferonina species.
Property ownership in the vicinity of type locality is primarily the U.S. Forest Service
(Clearwater National Forest). Potlatch Corporation, Bennett Tree Farms, Inc. and the
State of Idaho also have significant property ownership in this region. The primary land
use impacts in this area are timber harvesting, roads, mining and off-road vehicle use.
There is a large, poorly managed campground on U.S. Forest Service property along both
sides of Cottonwood Creek at the type locality, with substantial off-road vehicle impacts.
Because P lolo is known from only one, easily identifiable locality, we hope that
collectors will exercise restraint when sampling at this site, and instead focus on discov-
ering new sites for this species in the immediate vicinity.

Suggested modifications to Bousquet’s key to adults of Pseudoferonina Ball

Bousquet’s key for identification of Pseudoferonina adults (Bousquet 1985, modified
in 1992) works only for males, and is based mainly on characters of the median lobe
of the aedeagus. Although a key that permits the identification of females is highly
desirable, we do not yet have sufficient knowledge to construct such a key at this time.

Males of both P bousqueti and P lolo key to couplet “3” in Bousquet’s 1985 key. In
1992, he expanded this couplet to accommodate the new species, Prerostichus spathifer
Bousquet by adding a couplet “3"”. We suggest the following additional modification
to accommodate the two new species described here:



Two new species of Pterostichus (Pseudoferonina) from central Idaho, USA 93

3 Median lobe of aedeagus strongly sinuate on ventral margin behind middle in
left lateral VIEW......coovevcueuiiiiiicciicc e 3a
- Median lobe of aedeagus not or very slightly sinuate on ventral margin be-
hind middle in left lateral View......c.coccoovieininicineiiniiciccccc 3c
3a Median lobe of aedeagus with apical lamella wide, spoon-like, slightly dis-
torted to right in left lateral view (see Bousquet, 1992, Fig. 15) .....cccccevunne.
.................................................................................. P, spathifer Bousquet
- Median lobe of aedeagus with apical lamella narrower, not spoon-like (see
Bousquet, 1992, Fig. 15 and Figs 4B and 4D here)........ccccccoovvreciinnne. 3b
3b Median lobe with a broad, evenly arcuate convexity on ventral margin at
middle in left lateral view (see Bousquet, 1992, Fig. 16) .... P shulli (Hatch)
- Median lobe with an abrupt, nearly tuberculate convexity on ventral margin
at middle in left lateral view (Figs 4B and 4D)........... P, lolo Bergdahl sp. n.
3c Specimen larger, ABL greater than 10.5 mm; apical lamella of male median
lobe nearly parallel-sided, narrow in left lateral view (see Bousquet, 1985,
Fig. Ob) c.vviiiiiiec P lanei Van Dyke
- Specimen smaller, ABL less than 9.6 mm; apical lamella of male median lobe
expanded apically, symmetrically hatchet-shaped in left lateral aspect (Figs 4A
and 4C) ..o P, bousqueti Bergdahl sp. n.

Discussion

The carabid fauna of the Pacific Northwest (PN'W) of North America is highly distinc-
tive, with many endemic and taxonomically isolated taxa, some of which have close af-
finities (particularly at the generic level) with the southeastern United States or southeast
Asia, especially China and Japan (Van Dyke 1940, Kavanaugh 1988). This fauna includes
93 known endemic species and subspecies (Bergdahl 1995). Some of these endemics are
restricted to the northern parts of the region, which are assumed to have been fully or
largely glaciated in Pleistocene time, as recently as 10,000 years ago (Kavanaugh 1988).
There are few, if any, other areas in North America that are known to have been heavily
glaciated and yet have such a distinctive fauna with a significant endemic component.
All nine described species in the Prerostichus subgenus Pseudoferonina are endemic to
the PN'W. No other group of closely related carabid species includes so many endemics
restricted to the region. The large carabid genera Nebria Latreille and Bembidion La-
treille have 13 and 9 species endemic to PN'W respectively, but these species represent
several subgenera (Bergdahl 1995). Therefore, Pseudoferonina may provide opportunities
for unique insights into the evolutionary history of the insect fauna of the Pacific North-
west. Pseudoferonina includes two species from the Coast Ranges (P humidulus from
northwestern Oregon and southwestern Washington, and 2 campbelli from northwest-
ern Oregon), and two from the Cascade Mountains (P smetanai from southern Wash-
ington and P campbelli from northern Oregon). The other six species (R lanei, P shulli,
P spathifer, P lolo, P bousqueti and P vexatus) are found in the interior on the west slope
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of the Rockies, primarily in the Clearwater, Bitterroot and Salmon River mountains and
their foothills in central Idaho. It is clear that the center of diversity of Pseudoferonina
species is the mountains of central Idaho, especially the Clearwater River basin. This is
one of the oldest and most extensive mountain regions in the Pacific Northwest. Given
the number of newly described species of Pseudoferonina from Idaho and the difhiculty of
collecting there, it is likely that other species remain to be discovered.

The geographical ranges of all Pseudoferonina species remain incompletely
known and/or circumscribed. The larvae of all species remain to be recognized and
described. Perhaps most importantly, no sister group for Pseudoferonina has been
identified and phylogenetic relationships among included species have not yet been
analyzed. Without a robust hypothesis of relationship among the species, interpreta-
tion of the evolution, diversification and history of the group remains impossible.
These gaps in our knowledge serve as obstacles to a better understanding of the
group and prevent us from answering, at least for the present, interesting questions
that should guide future research: What historical and ecological factors are respon-
sible for the diversification of so many localized Pseudoferonina species? What is the
significance of the disjunct distribution of Pseudoferonina in coastal versus inland
forest regions? What can an understanding of the phylogenetic and biogeographic
history of Pseudoferonina tell us about other unique elements of the Pacific North-
west’s insect fauna and their conservation? Hopefully, future discoveries and analyses
will help us to answer such questions.
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Appendix |

Table of localities. (doi: 10.3897/zookeys.104.1272.app1) File format: Microsoft Of-
fice Excel.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License (ODbL)
is a license agreement intended to allow users to freely share, modify, and use this Dataset
while maintaining this same freedom for others, provided that the original source and
author(s) are credited.



