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though the group is not well defined and we present some 
evidence that Hydroporini could use some reclassifica-
tion (Figs. 1 – 3, Miller 2001; riBera et al. 2002, 2008), 
because of lack of representative taxa and sequence frag-
ments for some important taxa, we are hesitant to reclas-
sify the group at this time. Acquisition of additional data 
from additional specimens is currently being planned that 
will hopefully clarify relationships such that appropriate 
reclassification can be developed for Hydroporini.
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Figs. 14 – 18. Morphological features, Hydroporinae. 14: Crusher of outer lobe of proventriculus, Scaradytes halensis. 15 – 16: Medial por-
tion of metacoxae, metacoxal lobes, left metatrochanter and base of left metafemur; 15: Celina immitatrix; 16: Sanfilippodytes edwardsi. 
17 – 18: Metasternum, abdomen and elytral epipleuron, ventral aspect; 17: Tiporus josepheni; 18: Hydroporus notabilis.

14 15

16

17 18

Transverse tooth

Crusher of 
outer lobe



Miller et al.: North American stygobitic Dytiscidae

88

tematics. We thank P. Diaz for his help with field collections, labo-
ratory sorting, and review of the manuscript. We thank C. Nice and 
anonymous reviewers for comments on an earlier version of the 
manuscript. Financial support to Y.A. was provided by the Natural 
Sciences and Engineering Research Council of Canada in the form 
of a Discovery research grant. The findings and conclusions in this 
article are those of the authors and do not necessarily represent the 
views of the U.S. Fish and Wildlife Service, the National Institute 
of General Medical Sciences or the National Institutions of Health. 
Portions of this project were funded by National Science Founda-
tion grant #DEB-0845984 (K.B. Miller, PI).

6.  References

aBeille de Perrin e. 1904. Description d’un Coléoptère hypogé 
francais. – Bulletin de la Societé Entomologique de France 
1904: 226 – 228.

alarie Y., GiBson J.r., Miller k.B. 2013. Descriptions of larvae of 
the North American endemic stygobiontic Ereboporus natura
conservatus Miller, Gibson & Alarie and Haedeoporus texanus 
Young & Longley (Coleoptera: Dytiscidae). – Tijdschrift voor 
Entomologie 156: 1 – 10.

anGus r.B. 2010. Boreonectes gen. n., a new genus for the Sticto
tarsus griseostriatus (De Geer) group of sibling species (Co-
leoptera: Dytiscidae), with additional karyosystematic data on 
the group. – Comparative Cytogenetics 4: 123 – 131.

Balke M., Watts c.h.s., cooPer s.J.B., huMPhreYs W.f., voGler 
a.P. 2004. A highly modified stygobiont diving beetle of the 
genus Copelatus (Coleoptera, Dytiscidae): taxonomy and cla-
distic analysis based on mitochondrial DNA sequences. – Sys-
tematic Entomology 29: 59 – 67.

BiströM o. 1990. Revision of the genus Queda Sharp (Coleoptera: 
Dytiscidae). – Quaestiones Entomologicae 26: 211 – 220.

BiströM o., nilsson a.n., WeWalka G. 1997. A systematic review 
of the tribes Hyphydrini Sharp and Pachydrini n. trib. (Coleo-
ptera, Dytiscidae). – Entomologica Fennica 8: 57 – 82.

BroWer a.v.z., eGan M.G. 1997. Cladistic analysis of Heliconius 
butterflies and relatives (Nymphalidae: Heliconiini): a revised 
phylogenetic position for Eueides based on sequences from 
mtDNA and a nuclear gene. – Proceedings of the Royal So-
ciety of London Series B, Biological Sciences 264: 969 – 977. 

castro a., delGado J.-a. 2001. Iberoporus cermenius, a new ge-
nus and species of subterranean water beetle (Coleoptera: Dy-
ti scidae) from Spain. – Aquatic Insects 23: 33 – 43.

colGan d.J., Mclauchlan a., Wilson G.d.f., livinGston s.P., 
edGe coMBe G.d., Macaranas J., cassis G., GraY M.r. 1998. 
Histone H3 and U2 snRNA DNA sequences and arthropod 
molecular evolution. – Australian Journal of Zoology 46: 
419 – 437. 

danforth B.n., sauquet h., Packer l. 1999. Phylogeny of the bee 
genus Halictus (Hymenoptera: Halictidae) based on parsimony 
and likelihood analyses of nuclear EF-1alpha sequence data. – 
Molecular Phylogenetics and Evolution 13: 605 – 618. 

druMMond a.J., suchard M.a., xie d., raMBaut a. 2012. Bayes-
ian phylogenetics with BEAUti and the BEAST 1.7. – Molecu-
lar Biology and Evolution 29: 1969 – 1973.

edGar r.c. 2004. MUSCLE: multiple sequence alignment with 
high accuracy and high throughput. – Nucleic Acids Research 
32: 1792 – 1797.

franciscolo M.e. 1983. Adaptation in hypogean Hydradephaga, 
with new notes on Sanfilippodytes (Dytiscidae and Phreatody-
tidae). P. 41 in: satô M. (ed.), Special issue concerning the 
aquatic Coleoptera presented at the workshop of the XVI In-
ternational Congress of Entomology in Kyoto, Japan, in 1980. 
Tokyo Tsûhan Service-sha Tokyo.

Genecodes 1999. Sequencher, version 3.1.1. – Genecodes.
GoloBoff P. 1995. NONA, version 2.0. – Published by the author.
GuiGnot f. 1925. Description d’un Siettitia nouveau du Midi de 

al France. – Bulletin de la Société Entomologique de France 
1925: 23 – 25.

GuiGnot f. 1931. Sur le Siettitia avenionensis Guig. et la valeur du 
genre Siettitia Ab. [Col. Dytiscidae]. – Bulletin de la Société 
Entomologique de France 36: 243 – 246.

huelsenBeck J.P., ronquist f. 2001. MrBayes: Bayesian inference 
of phylogeny. – Bioinformatics 17: 754 – 755.

larson d.J., alarie Y., rouGhleY r.e. 2000. Predaceous diving 
beetles (Coleoptera: Dytiscidae) of the Nearctic Region, with 
emphasis on the fauna of Canada and Alaska. – National Re-
search Council of Canada Research Press, Ottawa, Ontario, 
Canada. 982 pp.

larson d.J., laBonte J.r. 1994. Stygoporus oregonensis, a new 
genus and species of subterranean water beetle (Coleoptera: 
Dy tiscidae: Hydroporini) from the United States. – The Coleo-
pterists Bulletin 48: 371 – 379.

leYs r., Watts c.h. 2008. Systematics and evolution of the Austral-
ian subterranean hydroporine diving beetles (Dytiscidae), with 
notes on Carabhydrus. – Invertebrate Systematics 22: 217 – 225.

Maddison W.P., Maddison d.r. 2004. Mesquite: A modular system 
for evolutionary analysis, version 1.02.

Miller k.B. 2001. On the phylogeny of the Dytiscidae (Coleo-
ptera) with emphasis on the morphology of the female repro-
ductive tract. – Insect Systematics and Evolution 32: 45 – 92.

Miller k.B. 2003. The phylogeny of diving beetles (Coleoptera: 
Dy tiscidae) and the evolution of sexual conflict. – Biological 
Journal of the Linnaean Society 79: 359 – 388.

Miller k.B. 2005. Revision of the New World and southeast Asian 
Vatellini (Coleoptera: Dytiscidae: Hydroporinae) and phyloge-
netic analysis of the tribe. – Zoological Journal of the Linnean 
Society 144: 415 – 510.

Miller k.B., BerGsten J., WhitinG M.f. 2007. Phylogeny and clas-
sification of diving beetles in the tribe Cybistrini (Coleoptera, 
Dytiscidae, Dytiscinae). – Zoologica Scripta 36: 41 – 59.

Miller k.B., BerGsten J., WhitinG M.f. 2009a. Phylogeny and 
clas sification of the tribe Hydaticini (Coleoptera: Dytiscidae): 
par tition choice for Bayesian analysis with multiple nuclear 
and mitochondrial protein-coding genes. – Zoologica Scripta 
38: 591 – 615.

Miller k.B., GiBson J.r., alarie Y. 2009b. North American stygo-
biontic diving beetles (Coleoptera: Dytiscidae: Hydroporinae) 
with description of Ereboporus naturaconservatus Miller, Gib-
son and Alarie, new genus and species, from Texas, U.S.A. – 
The Coleopterists Bulletin 63: 191 – 202.

Miller k.B., edGerlY J.s. 2008. Systematics and natural history of 
the Australian genus Metoligotoma Davis (Embioptera: Aus-
tralembiidae). – Invertebrate Systematics 2: 329 – 344. 



89

ARTHROPOD SYSTEMATICS & PHYLOGENY  —  71 (2) 2013

Miller k.B., Wolfe G.W., BiströM o. 2006. Phylogeny of the Hy-
droporinae and classification of the genus Peschetius Guignot, 
1942 (Coleoptera: Dytiscidae). – Insect Systematics and Evo-
lution 37: 257 – 279.

nilsson a.n. 2010. Catalogue of Palearctic Dytiscidae (Coleo-
ptera). Internet version 2010-01-01. – http://www2.emg.umu.
se/projects/biginst/andersn/PALCATDYT_20100101.pdf.

nilsson a.n., anGus r.B. 1992. A reclassification of the Deronec
tes group of genera (Coleoptera: Dytiscidae) based on a phylo-
genetic study. – Entomologica Scandinavica 23: 275 – 288.

nixon k.c. 2002. WinClada, version 1.00.08. – Published by the 
author.

ordish r.G. 1976. Two new genera and species of subterranean 
water beetle from New Zealand (Coleoptera: Dytiscidae). – 
New Zealand Journal of Zoology 3: 1 – 10.

Peschet r. 1932. Description d’un Bidessus nouveau hypogé de 
l’Afrique Occidentale Française (Coleoptera Dytiscidae). Pp. 
571 – 574, Société Entomologique de France, Livre du Cente-
naire Paris.

raMBaut a. 2006 – 2009. FigTree Tree Figure Drawing Tool, ver-
sion 1.3.1. – Institute of Evolutionary Biology, University of 
Edinburgh.

riBera i., faille a. 2010. A new microphthalmic stygobitic Gra pto
dytes Seidlitz from Morocco, with a molecular phylogeny of 
the genus (Coleoptera, Dytiscidae). – Zootaxa 2641: 1 – 14.

riBera i., hoGan J.e., voGler a.P. 2002. Phylogeny of hydra de-
phagan water beetles inferred from 18S rRNA sequences. – 
Molecular Phylogenetics and Evolution 23: 43 – 62.

riBera i., voGler a.P., Balke M. 2008. Phylogeny and diversifica-
tion of diving beetles (Coleoptera : Dytiscidae). – Cladistics 
24: 563 – 590.

richoux P. 1980. Les larves du coleoptere dytiscide phreatobie: 
Siet titia avenionensis Guignot. – Memoires de Biospeleogie 7: 
195 – 200.

richoux P., dalMon J., reYGroBellet J.l. 1990. Données complé-
mentaires sur la systématique et l’écologie de Siettitia avenion
ensis (Coleoptera: Dytiscidae). – Annales de Limnologie 26: 
39 – 44.

rouGhleY r.e., Wolfe G.W. 1987. Laccornellus (Coleoptera: Dy-
tiscidae), a new hydroporine genus from austral South Ameri-
ca. – Canadian Journal of Zoology 65: 1346 – 1353.

sanfiliPPo n. 1958. Viaggio in Venezuela di Nino Sanfilippo, V: 
De scrizione de Trogloguignotus concii, n.gen. n.sp. di Dytisci-
dae freatobio. – Annali del Museo Civico di Storia Naturale di 
Genova 70: 159 – 164.

seidlitz G. 1887. Bestimmungs-Tabelle der Dytiscidae und Gyri-
nidae des europäischen Faunengebietes. – Verhandlungen des 
Naturforschenden Vereines in Brünn XXV: 3 – 136.

shiModaira h., haseGaWa M. 1999. Multiple comparsions of log-
likelihoods with applications to phylogenetic inference. – Mo-
lecular Biology and Evolution 16: 1114 – 1116.

siMon c., frati f., BeckenBach a., cresPi B., liu h., flook P. 
1994. Evolution, weighting, and phylogenetic utility of mito-
chondrial gene sequences and a compilation of conserved poly-
merase chain reaction primers. – Annals of the Entomological 
Society of America 87: 651 – 701. 

Smrž J. 1981. Respiration – a new function of some hydroporine 
elytra (Coleoptera, Dytiscidae, Hydroporinae). – Acta Entomo-
logica Bohemoslovaca 78: 209 – 215.

sPanGler P.J. 1986. Insecta: Coleoptera. Pp. 62 – 72 in: Botosa-
neanu L. (ed.), Stygofauna Mundi. – E.J. Brill Leiden.

sPanGler P.J., Barr c.B. 1995. A new genus and species of stygo-
biontic dytiscid beetle, Comaldessus stygius (Coleoptera: Dy ti-
scidae: Bidessini), from Comal Springs, Texas. – Insecta Mun-
di 9: 301 – 308.

staMatakis a. 2006. RAxML – VI – HPC: Maximum likelihood-
based phylogenetic analysis with thousands of taxa and mixed 
models. – Bioinformatics 22: 2688 – 2690.

svenson G.J., WhitinG M.f. 2004. Phylogeny of Mantodea based 
on molecular data: Evolution of a charismatic predator. – Sys-
tematic Entomology 29: 359 – 370. 

Watts c.h.s., hancock P.J., leYs r. 2007. A stygobitic Carabhy
drus Watts (Dytiscidae, Coleoptera) from the Hunter Valley in 
New South Wales, Australia. – Australian Journal of Entomo-
logy 46: 56 – 59.

Watts c.h.s., huMPhreYs W.f. 1999. Three new genera and five 
new species of Dytiscidae (Coleoptera) from underground wa-
ters in Australia. – Records of the South Australian Museum 
32: 121 – 142.

Watts c.h.s., huMPhreYs W.f. 2000. Six new species of Nirri des
sus Watts and Humphreys and Tjirtudessus Watts and Hum-
phreys (Coleoptera: Dytiscidae) from underground waters in 
Australia. – Records of the South Australian Museum 33: 127 – 
144.

Watts c.h.s., huMPhreYs W.f. 2004. Thirteen new Dytiscidae 
(Co leoptera) of the genera Boongurrus Larson, Tjirtudessus 
Watts & Humphreys and Nirripirti Watts & Humphreys, from 
un der ground waters in Australia. – Transactions of the Royal 
So ciety of South Australia 128: 99 – 129.

Watts c.h.s., huMPhreYs W.f. 2006. Twenty-six new Dytiscidae 
(Coleoptera) of the genera Limbodessus Guignot and Nirripirti 
Watts & Humphreys, from underground waters in Australia. – 
Transactions of the Royal Society of South Australia 130: 
123 – 185.

WhitinG M.f. 2002. Mecoptera is paraphyletic: multiple genes and 
phylogeny of Mecoptera and Siphonaptera. – Zoologica Scripta 
31: 93 – 104.

Wolfe G.W. 1985. A phylogenetic analysis of plesiotypic hydropo-
rine lineages with an emphasis on Laccornis des Gozis (Co-
leoptera: Dytiscidae). – Proceedings of the Academy of Natu-
ral Sciences of Philadelphia 137: 132 – 155.

Wolfe G.W. 1988. A phylogenetic investigation of Hydrovatus, 
Methlini and other plesiotypic hydroporines (Coleoptera: Dy-
tiscidae). – Psyche 95: 327 – 344.

YounG f.n., lonGleY G. 1976. A new subterranean aquatic beetle 
from Texas (Coleoptera: Dytiscidae-Hydroporinae). – Annals 
of the Entomological Society of America 69: 787 – 792.



Miller et al.: North American stygobitic Dytiscidae

90

7.  Appendix

Head
1.  Anterior clypeal margin. 0) Not produced or bead-

ed; 1) Margin anteriorly produced or beaded.

Thorax
2.  Scutellum. 0) Not externally visible; 1) Externally 

visible.
3.  Pronotum lateral crease. 0) Absent; 1) Present.
4.  Longitudinal sublateral basal striae on pronotum. 0) 

Absent; 1) Present.
5.  Prosternal process. 0) Apically narrowed to pointed 

or rounded apex; 1) Apically broad, truncate.
6.  Metacoxa and first visible abdominal sternite (= 

sternite II). 0) Not fused; 1) Fused.

Abdomen
7.  Abdominal tergum VIII. 0) Apically rounded or ob-

tusely angulate; 1) Apically sharply acute or acumi-
nate.

Elytron
8.  Anterior oblique epipleural carina. 0) Absent; 1) 

Present.
9.  Elytral apices. 0) Not acuminate; 1) Distinctly 

acuminate.
10.  Basal elytral stria. 0) Absent; 1) Present.

Legs
11.  Posteromedial metacoxal lobes. 0) Absent; 1) Pre-

sent, small; 2) Present, large. [additive]
12.  Posteromedial metacoxal rim. 0) Discontinuous me-

dially; 1) Continuous medially.
13.  Metacoxa. 0) Medial portion not strongly concave 

laterally; 1) Medial portion strongly concave later-
ally with portion of metacoxa obscured in ventral 
aspect.

14.  Metatarsal claws. 0) Unequal, posterior shorter than 
anterior; 1) Subequal in length.

Internal
15.  Proventriculus. 0) Without five fingerlike lobes on 

transverse tooth of outer lobe; 1) With five finger
like lobes on transverse tooth of outer lobe.

Female genitalia
16.  Ringlike sclerite (receptacle) on bursa. 0) Absent; 1) 

Present.
17.  Laterotergites. 0) Absent; 1) Present.
18.  Receptacle. 0) Absent; 1) Present.
19.  Spermathecal spine. 0) Absent; 1) Present.
20.  Base of fertilization duct. 0) Without modifications; 

1) With a heavily sclerotized, irregular ring.

Male genitalia
21.  Lateral lobe of aedeagus. 0) Comprised of one seg-

ment; 1) Comprised of two segments.

Description of morphological characters used in cladistic analysis of Hydroporinae taxa (morphological character 
matrix: Table 4).


