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- Abstract

) . N
=Twenty s1x spec1es and two subspec1es comprlslng the world :

- fauna of Dytlscus Llnnaeus are keyed redef1ned

”character1zed and 111ustrated. Arrangement of D
vsubgenera ks unwarranted based on the phylogenet1t analxu 5
'presented Taxonomlc changes 1nc1ude recognltlon of }

D. canolinus Aube 1838 synonymy of D. valldus Reglmbart
1899 (=D shaﬁbl Wencke 1875)r'use of D czerskii Zaltsev
‘1953 at subspec1f1c level for eastern Palearctlc sﬁgc1mens
1;w1th1n D. margfnalis L1nnaeus 1758 (western Palearct1c' ‘
spec1mens)' arrangement{hf D. Iapponicus Gyllenhal 1808 1nto':\{Q
two suhspec1es,'the ngﬂ}nate,\wldespread Palearctlc form, o
.-and D Iapponicus\gfgjunctus Camerano ﬁ880 from the Europeanu "
i Alps- and synoq@my of" piceatus. Sharp 1882 (-D Iatno '

Sharp 1882)» Nearctlc S&cords of D. manginalrs refer to
' D condlerr Aube 1838 Even though types were not seen, the

names D. alblonlcus and D. fuscostriatus, both of

Motschulsky 1859, are transferred to synonymy w1th e
D maﬁglnlcol]is LeConte 1845 Lectotype de51gnat10ns are.

prov1ded for the Sollow1ng- D. shanpf Wehncke 1875 (male in

MNHN, labelled' Japonla) D. ‘valldus. égimbart 1899_" -
'( =D, sharpl Wehnke 1875) (male in MN'N 1abelled?4Nagahama)f
'D. plsanus LaPorte Compte. de Caste iau 1835 (male in BﬂNH; ‘
-labelled Italla) D submarginal S Stephens 1828

(=D. marginalis Linnaeus 1758) Tmate.in BMNH  without
1oca11ty data); D. angustatus.Stephens,1828"-

(=D. CIbcumCInctus-Ahrens'1811) (male in BMNH, without

iv
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locallty data)* D paPVUIUS Motschuls 1852 (-D alaskanus
J Balfour Browge 1944) (male 1n UMHF labelled Kadaak),,'\}e‘”
'and D dauricus Gebler 1832 (male %prNHN, lqbelled- Sib,or.

Iy 'ﬂ"o “en

o . . - . . s .
. B . . . % e . .
‘62 o , _ 4 WS . . !
. . . . . &Y . N . [ : v
- . . . ’ . "
. 8 . . . e 1 o
s : “y

K Informatyon concern1ng holotypes 1s as follow5°
D Marginicollis LeConte 1851 (female 1n MCZC labelled with
green c1rcu1ar label Type 6091) D, hatchi Wallls 1950
(male 1n CNIC 1abelled Pond N.' of Bethel\ Washangton,
Apr 21, 1940) D. sublimbatus LeCoﬁ@e 1857 (-D COFdIéPIH

- A 838) (female 1n MCZC~ labelled Or ) D pisanus var.

"tus Z1mmermann 1919 (in ZSBS labelled:f

-D. pensicus Wehncke 1876 (female in 'MNHN, labelle'

‘e:);

Persia,

?eﬁisettente ) ; Iatro Sharp 1882 (female in BMNH labelle
}s'Manchurla) D. piceatus Sharp 1882 ( =D, IatPo Sharp 1882)
‘(male in BMNH labelled- Irkutsk, Siberia); D. stadleri )
‘ Gschwendtner 1938 ( =D, Iétro Sharp 1882) (male 'in ZSBS, -
‘labelled [1nd15t1ngu15hable wr1x1ng, ?= Berlsovka]) and
D. s:nensis Feng 1935 (ﬂale in USNM labelled' Szechuefl,

CFINA, D.C.Graham; Yin-Kuan-Tsai, 12,300 ft., v11.21,30);

7/
v

Treatmeng<d§ each taxon inclﬁdes, when appfopriate: 
'synonym1c llst with information about: type locallty and
‘label 1nformat10n from. types examined derivation of.

A
'ep1thet,~notes about type materlal, diagnostic combination,
‘descript}on in'tabplar form,'taxonomic notee,‘discussion of
variation, diseussion of natural histery, general
_desérlptien of distribution és well as hap of l%calities,

choroldgical and phylogenetic relationships. In addition,



11ne draw:§§§§:£>dorsal v;ew of adults, coloratlon of

pterothorac1c and abdom1nal sterna,'metacoxal processes and ;j,'

e

trochanter shape are prov1ded V1ews of dorsal 'ventral and

=

.

‘lateral aspect. of the median lobe of adult males are
‘.represented by scannlng electron chrographs. -
. Clad1st1c analys1s shows. that the sister group of h
.“;olarctxc Dytiscus 1s the Austra11an genus Hydenodes.
Ancestral Dytlsc1nae probably arose-ln southern Gondwanaland
or Pangaea, w1th the sé%arat1on of Afrlcan and . Austral1an
plates prov1d1ng v1car1ant separatlon of ancestral stocks of .
these genera. Mountain: ranges have exlsted along the
southern edge of Gondwanaland s1nce the Upper Jurassic.
‘Although these mounta&ns prov1ded a corrldor to terrestr1al
fauna and stream'1nhab1tants, they probably formed a barrler
to taxa adapted to dec1duous forest ponds'— the habitat of
original as well "as pleszotyp1c, extant Dytiscini. Ancestral
Dyt iscus dlspersed northward through Africa along a
temperate forest corridor to reach Laurasia..subsequently,
Dyt}scus became extinct in the Afrotropical region. .
Ancestors of at least two ple51otyp1c clades,
D. vertlcalls spec1es group (monoba51c), and D. hybrldus
species- group (D. hanrfsil Kirby; D.lhybridus Aube,
D. manlnlcollis LeConte and D. habills Say) were present
on Laurasia prior to 1ts breakup 1nto North Amer1ca and
Eura51a, even though both llneages are now exclusively
§earctic. A'zoogeographic treatment of these speciesfgroups

t

incorporatesbecological, chorological and phylogenetic

vi



F1nformat1on. Two co~occurr1ng spec1es D. hybPIdUs and
“ D verticalis,_occupy ancestral habitats, but differ

3marked1y in body’ 51ze (poss1b1y ar151ng v1cariantly w1th

~

n.;character d1splacement allow1ng hab1tat partltlonlng)

-

Another spec1es D. haﬁrlsil, occuples the same range, but

prefers more. lotic. hab1tats (poss1bly represent1ng sympatrlc';

\

spec1atlon by habltat spec1allzat1on) The other ‘two
iSpec1es, western D, marglnicollls and Mexxcan D. habllis
.have_ranggs whlch do not.overlap.that,gf the;r closest
f%elative, and érevprébaﬁly derived by Qicariant.speciation

‘events,

AW
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1. Introduction L
"~ The Zoological Institute Of‘Marburg, Germany must have been
an exc1t1ng place for study of dyt15c1ds dur1ng the late

-

19th and early 20th~cpntury ‘Professor E. Korsch%ét was in

e

charge of a battery of students yhose general project was
‘fhtenslve and careful 1nvest1gat10ns of all aspects. of
ta;enomy, ‘'natural history, structure, function, etc. of
-Dytiscus. This\group,gonéentrated on onefof the larger; most
commonly available species, Dyt iscus mafginalis L. Their
collective efforts culminated in a magn1f1cent two volume
work of more than 1800 pages edited by Rorschelt (1923,
1924) Some, but not all, chapters of this work had been
published eisewhere by the contributing authors. This work
and subsequent . contrlbutlons by both these and other workers.
must make D. marélnalls at least the most studied member of
Adephaga and possibly one of the most studied beetles.

The genus Dytiscus is one of the 25 genera originally \
recogﬂizedvas'comprisihg the'Coleoptera by Linnaeus
(1758:342). The Linnaean definition of Dytlscus was based
prlmarlly on presence of natatory setae on the poster10r>'
legs, and as such it contalned beetles ‘now a551gned to "»u. P
Hydophiloidea and Dryopoidea as well as Dytiscoidea. Of the
fifteen taxa a551gned to Dytlscus by Llnnaeus -only two
(D. Iatlssimus and D. manfnalls) are agcepted w1th1n the
present definition of the gerius, establlshed by Erlchson (1832)

Even the correct spelllng -and meanlng of the generlc

-

"epithet has engendered controversy. According to Blunck
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(1913:8) and J. Balfour-Browne (1960), Geoffroy (1762:185)
was probably the first author to note that Dytlscus was an
incorrect transllteratlon o{ the Greek" word for 'diver’',
Many authors subsequently used the emended "Dytlcus" or
"Diticus”, although Schmeldl1n (1786: 239) suggested that
" Linnaeus' spelling may be‘derrved from-the word 'disci’
referrihg‘to.rhe form of'rhe male protarsus of specimens of
Dytiscus (Blunck 1913:9). This would appear'unlikely given
the comp051t1on df' the genus by Linnaeus..The preSent
spelllng of the generlc name was established as valld in
1961 by Opinion 619 Bulletln of ZOOIOglcal Nomenclature 18.
Blunck (1913:2-30) discusses the early, 1nclud1ng
pre- L1nnean taxonomic h1story of Dytlscus. Blunck's
'treatment is except1onally thorough and is invaluable as a
source for, and interpretation of, the ‘early treatlses which
treat varlous species of Dytlscus, but perhaps more =
importantly,. he has ‘allowed entrance 1nto phllosophlcal and

3

interpretive aspects of the work of these early
systematlsts.uThls is parflcularly useful‘because of the
nomenclatural problems such as those created by the
treatment of dlmorphlc adult females (elytron eltﬁer sulcate
or non- sulcate) Perhaps no other feature of Dytiscus has
led to the proliferation of names, fong and sometimes heated -
discussions of.nomenclature'in the‘literature, as well as
loss of.time from more important taxonomic endeavours, 'a's

has that created by the occurrericeé of two states of'femele

'elytra. The two forms of any given European'species ﬁere;



consistently.prOVided with separate specific level epithets..
Subsequent demonstration of the d1morph1c nature of this

: var1at1on has led to retentlon and demotion of ‘these names
‘to the level of varrety and abberratldn. Use of such names
in one taxon has precipitated creation-of corresponding
names ln other taxa, which has.in turn brouéht about debate
of'proper:assignment of?varietal names, concluding in
further confus1on and nomenclatural d1ff1cult1es.

One hundred years have passed since the world fauna of
Dytiscus was last descrlbed and compared by David Sharp
(1882) _Previous to th1s, the only comprehen51ve ana1y51s of
the burgeonlng knowledge of the world fauna had been that of
Charles Aubé in 3838; Both.monographs.lncluded much’ new
knowledge about adult Hydradephaga in general, and about
members of Dytiscus in particular. Many of the characters
used in-the present c13551f1cat10n of these groups- were
first presented in these works. These.kboks, in my opinion,
represent two of the most outstanding studies of
classification of Hydradephaga. Quality and importance of
Such works is dependent upon two factors: ability of tne
taxonomist and quality and diversity of specimens available.
The high degree of ability of“both these workers is evident
fron; and has been tested bf, the continuing importance of
these publications. Almost as important are the collections
with which these men worked. Aubé and §harp-had.the

advantage of extensive, worldwide collections accumulated

within Europe dpring the 18th and 19th centuries.



Slnce 1882 addztxonal names and synonym1es have been
proposed and_many nev d15tr1but10na1 records acquired.
Because of the amount of information available coneerning
yarious‘memhers of Dytiscus; even knovledgeable R
coleopter1sts have assumed that this genus was vell

_'understood taxonomlcally However, those who have attempted
to identify specimens of Dytlscus to species (from areas
outSide Europe) discovered that this was difficult to 4
accomplish, Reference to such recent works as Wall1s (1950)

ﬂ:_Zaltsev (1953 341 354) Pederzani (1971) and Larson

((1975 394 405) demonstrated that there was no lack of

distinctive character states in external features and male
genitalia, yet showed that type material of some species wa;m
1nadequate1y understood and generally made it apparent that
much Stlll remalned to. be dlscovered about classification of
the specles of this genus. More speclfrcally, they revealed

that an adequate revision would haue'to be based on a

uorld~wide study. ,.; o R e

Achlevement of the . means to ea511y and accurately | |
ﬂldentlfy spec1mens of spec1es is only the first step\1n </f

.ga1n1ng understandlng of a genus. Add1t1onal steps. which

\t\nonomlsts ought to take are analyses of any further
1nformat10n thaq,they have available concerning the members -
of the genus (i.e. holomorphological chorologlcal ‘

- paleontological and para51tologlcal - Henn1g 1966) and

integration of this into an.apprec1at10n of evolutionary

.



aspects of the taxon under study.‘Unfortunatel the amount..
- of the latter two types of 1nformat1on are severly 11m1ted
for Dytlscus 1 A . ‘ |
Thxs rev151on offers means of 1dent1f1catxon of adults,
'1informat1on about type spec1mens, and a synop51s of natural
history" and geograph1c d1str1but1on of spec1es of Dyt[scus._
'These data provide the basms for phylogenetlc and -
zoogeographlc analyses. Much 1nformatlon concern;ng other
life stages haS'been gathered or is available elsewhere,

but remains’ to be analyzed Later 1ntegratlon of this

"information w111 test the relationships proposed here.

1
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Th1s rev1s1on is based on study of 13,300 adult

(9

;]spec1mens of Dyttscus, e1ther borrowed or personally

‘?“collected The follow1ng alphabetlcally arranged acronyms .

J_jrepresent collect1ons from whlch spec1mens ‘were borrowed

PR S

.Names of respect1ve curators are also presented In thrs
‘115t prlvate collectlons have the person s name placed

first, after tha acronym. For 1nst1tutlonal collectlons,qthe

@

.curator s name is placed last. My collectlon is 1ncluded in
the materlal denoted UASM §

”

e - ’ . . - R I
.. .
;‘ b

;“AMNH - Amerlcan ‘Museum -of Natural Hlstory, Central Park W.
iy at 79th St., New York, New York 10024 L.H. Herman,,ar.

ANIC - Australlan Natlonal Insect Collectlon, C€.S.1.R.O.
Division of Entomqlogy, P, O.lbox 1700, Canberra C1ty,_
A,C.T. 2601 Australla, J. F Lawrence.

'ANSP —‘hcademy of Natural 5c1ences, 19th and Farkway,. '43
Ph11adelph1a, Pennsylvan1a 19103 S. S ‘Roback. -

4 ol [
s

'*ﬁANSU - A.N. N1lsson, Department of Blolog Section of
: Ecological Zoology,.Un1vers1ty of Ume ,.'$-901 87 Ume§,
Sweden. . : L ‘ . 4 : ' Y

fBMNH - Department of Entomology, BrltlSh Museum (Natural
History), Cromwell Rbad, London, England SW7 SBD ‘M.E.
BaCChUS and P.M. Hammond _ ' .



- BYUC —.bepariment of Zoology and Entomology, Brigham Young
L Univgpsity,‘PrOVQ, Utah 84601; S.L. Wood. ’ o

' CARR — Mr. and Mrs. J.L. Carr; #24 Dalrymple Green NW,
Calgary, Alberta T3A Y2, L

.CASC —_Depaftment,of Entomology, California Academy‘of
" Sciences, Golden Gate Park, San Francisco, California. -

94118; D.H. Kavanaugh. IS

i

CISC - Divisibn'of'Entomology and Parasitology, Agricultural -

- Experiment Station, College of Agricultural Sciences,
Univeristy of California-Berkeley, Berkeley, California
94720; J.A. Chemsak. I

CNIC — Coleoptera Section, Biosystematics Research
Institute, Agriculture Canada, Ottawa, Ontario K1A 0Cé6;.
A. Smetana. b : R

A1
4

cuce - Department of Entbﬁology and Economic Zbology;
Clemson University, Clemson, South Carolina 29631; S.B.
- Hays. C ‘ '

CUIC' — Comstock Hall, Department of”Ehtomology; Ithaca, New
York 14853; L.L. Pechuman. p ' v

b3
< .

DEFﬁI—.Départment of Entomology, Fisheries and Wildlife,

University of Minnesota, St. Paul, Minnesota 55101; P.J.

Clausen. -

kg

‘EMUS 7 Entomd1ogica1"Museum, Department of Biology, 6%ah,
. State Universityé Logan, Utah 84322; W.J. Hanson.

‘ENMV - Entomolodie, Naturhis%orischbs Museum, Bnrgfing 7; A
— 1014 Vienna, Austria; F. Janczyk. : ’ 4

-

FMNH*— Division of Insects, Field Museum of Natural History,
* Roosevelt Road at Lakeshore Drive, Chicago, Illinois
60605; E.H. Smith.. ' : :

. 4 m e oa o

FNYC — Department of Zoology, Indiana Universify, .
" \Bloomington, Indiana 47401; F.N. Young. " ‘s ..

< o ._,.vm R o,



. . .

GWSC - G Swenson, Department of Blology, Ithaca College,
Ithaca, New York 14850 :

N

GWVA — G. Wewalka;gxandlgasse 19—21, 1070 Vienna,'Austria.-

GWWC — G.W. Wolfe, Department of Entomology and Economic
20010gy, Rutgers Unlver51t!y New Brunswick, New Jersey -
089 ‘ L p ‘

HBLC - H.B. bLeech 1435 Howe Mountain Road North, Angwin,
California 94508 - ‘ - .

/

HNHM - Hungarlan Natural History Museum Baross utca 13 H —
1088 Budapest Hungary, Z. Kaszab.-v _

ICCM — Section of Insects' and Sp1ders, Carnegle Museum of
Natural History, 4400 Forbes Avenue, P1ttsburgh
Pennsylvania 15213; G. E ~Wallace.

~

" INHS - Natural Resources Bu1ld1ng, Illlno1s Natural Hlstory
Survey, Urbana, Ill1n01s 61801- W U. Brlgham.

LACM — Department of Entomology, Los Angeles County Museum
: of Natural History, 900 Exposition Boulevard, Los
: Angeles, Callfornla 90007; C.L. Hogue. :

“~

MCZC — Department. of Entomology, Museum of Comparative
Zoology, Harvard University, Cambridge, Massachusetts
.02138; M. Thayer.

.MNHN — Entomologle, Muséum Nationale ‘@' Histoire Naturelle,
45 bis, Rue de Buffon, Paris (Ve), France; H. Perrin and

J.J. Menier. -

MSUC — Department of Entomology, Michigan State Un1ver51ty,
East Lans1ng, Mlchlgan 48824; R, Fisher.

PR - . e - e . . R
\ : B ‘°_ A'r>'¢,5',, 3 a. @ EE A N N |

MUI-C — Department of B1ology, Memorial’ Un1vers1ty, Sa;nt93 f{:;i"

:= - John's. Newfoundland A1B 3X9; D. J Larson.-

- ey c-.,m...-...,“ O " A P
LR P S I S S L T AT - - e - PR [ ~ e



NbSU'— Department of Entomoloé&, North Dakota State
- University, Fargo, North Dakota 58102; E.U. Balsbaugh,
Jr.

- NMSU — Deﬁartment of Biology, New Mexico State University,
~ Las Cruces, New Mexico 88001; .J.R. Zimmerman.

obuc —'Department of Biological Sciences, 0ld Dominion
University, Norfolk, Virginia 23508; J.F. Matta.

0suC - Depa:tmént of Entomology and Zoology, Collection of
Spiders and Insects, Ohio State. University, Columbus,
Ohio 43210; C.A. Triplehorn. . .

OSUO — Department of Entomology, Oregon State University,
- Corvallis, Oregon §PB31; J. Lattin.

e

PMNH — Peabody Museum of Natural Hisfﬁry, Yale University,
New Haven, Connecticut 06520; C.L. Remington.

RHTC — R.H. Turnbow, Jr., Debartment of Entomology,
University of Georgia, Athens, Georgia 30602.
- . S ‘

ROMC — Department of Entomology and Invertebrate Zoology,
Royal Ontario Museum, 100 Queen's Park, Toronto, Ontario
M5S 2C6; G.B. Wiggins,.

SCSU — Department of Biological Sciences, St. Cloud State
University, St. Cloud, Minnesota '56301; R.D. Gundersen.

SDMC — Entomology Department, San Diego Natural History .
Museum, P.O. Box 1390, San Diego, California 92112; K. .
-Faulkner. ‘ ‘ ' . -

-« > 3

e e e e = > N R

SDSU'—~Entqmélo§y-zbolcg§~"pértheht,<Coiiegq of “Agritulture =
and Biological Scien -, - South” Dakota~ State-University, s
"Brookings, South Dakotd™57006;  B. McDamiel. =~ - . ..o . u ...

Ce e & P V.

a v L

Museum fur Naturkunde

SMNSF—-Ehtomologie, Staatliche _
, Arsenalplatz 3, West =

"« .. -- Stuttgart, 7140 Ludwigsbur
Germany; K.W. Harde.

~n



10

- SPMC ~ Saskatchewan Museum of Natural History, Wascana Park, .
Regina, Saskatchewan S4P 3V7; R.R. Hooper.

. TAMU — Department of Entbmology, College of Agriculture,
Texas A & M University, College Station, Texas 77843;
H.R. Burke and S.J. Merritt.

-

UAIC e,Departmeht of Entomology, University of Arizona,
. Tucson, Arizona 85721; F.G. Werner.

UANH - Department of Zoology-Entomology, Auburn University,
Auburn, Alabama 36830; G.W. Folkerts.

UASM — Department;of{EntomologY, University of Alberta,
Edmonton, Albefta T6G 2E3; G.E. Ball. '

UBCZ - Spen&er Entbmological Museum, Department of Zoology,
University of British Columbia, 2075 Westbrook Place,
Vancouver, British Columbia V6T 1W5; G.G.E. Scudder.

UCEC - Universiéy of Colorado Museum, Department of
Entomology, University of Colorado, Boulder, Colorado
80309; U.N. Lanham. S -

., UCIC — Department of Biology; Uﬁiversity.of Calgary,
o Calgary, Alberta T2N 1N4; G. Pritchard.

UCRC = UCR‘Entomologicél_Collection, Department of
Entomology, University of California-Riverside,
Riverside, California 92502; S.I. Frommer. °

‘ﬁ~UCSE.5vpiggogiéalfséiehCés;quup1 Museum. of Natural History,
.- 7 University of Connécticut, Storrs, Connecticut 06268;
.P.W. Severance and C.S. Henry. . ‘ '

P

'UGIC - Department ‘of Environmental Biology, University of
Guelph, Guelph, Ontario N1G 2W1; D.H. Pengelly. ’

. -
L < LT

UMBS — University of Michigan Biological Station, Pellston, .
- ~Michigan 49769; E.M. Barrows. . L



1

v

© UMHF - Division of Entomology, Zoology Museum, ﬁniversity of
- . ' Helsinki, N, Jarnvagsgatan 13, SF-00100 Helsinki 10,
‘Finland; H. Silfverberg and A. Jansson, -

UMMZ - Division bf'InseEts, Museum of”ZOOlogy,'University of
Michigan, Ann Arbor, Michigan 48104; R.D. Alexander.

UMRM - Entomology ﬁésearch Museum, 1-87 Agriculture
Building, University of Missouri, ‘Columbia, Missouri.
65201; W.R. Enns. ‘ S

USNM - Department of Entohology,fNational'Museum of Natural
History, Smithsonian Institution, Washington, D.C. :
20560; P.J. Spangler.

4

' UVCC — Marsh Life Science Building, Depgrtment of Zoology,
University of Vermont, Burlington, Wermont 05401; R.T.
Bell. ‘

UWEM — Department of Entomology, University of Wisconsin,
Madison, Wisconsin 53706; W.E. Hilsenhoff.

WLHC — W.E. Hilsenhoff, Department of Entomology, University
of Wisconsin, Madison, Wisconsin 53706. -

WUBC - W.U. Brigham, Natural Resources Building, Illinois

Natural History Survey, Urbana, Illinois 61801.

ZMLS-Zoological Institute, University of Lund, $-223 62
- Lund, Sweden; P. Brinck and S. Arlebo. _ :

ZSBS — Entomologie, Zoologisches Sammlung des Bayerischen
Staates, 8000 Munich 19, West Germany; G. Scherer,



2.2 Methods and TeEhniques"

r12.2.1 Clean1ng and dzssectlon of spec1mens

‘Many spec1mens of Dytiscus are greasy and dirty, and
as such, taey are not useful for detalled exam1nat1on of
structural features. Specimens were cleaned by placzng them,n
in a beaker of warm water to which’ was added a smalllamount
ofaammoniaaenriched detergent. The-beaker Qas'placed on a
hot plate adjusted to low heat for about 12 Rburs. After
removal, spec1mens were rinsed with clean water and
appendages positioned to avoid possibility of breakage.
Dissection of genitalia preceded the clean*water rinse.

A.nunber of techniques for extracting the sclerotized
terminalia of -adult Dytfscus were tried. The most_effective
method for male spec1mens is to grasp the relaxed beetle in

~one hand anfl to deflex the abdomen. An incision made between
the thlrd and fourth terga allows the base of the medlan-
lobe and parameres to be grasped with a pair. of fine
fotrceps. By pulling anteriorly and then upward and
posteriofly, the median»lobe and;parameres of_mbat specimens
can be extracted without damage-and £he remaindef of;the
aedoeaqus left in place. Removal of the male genitalic
capsule-by grasplng ‘the apex of the median lobe, parameres
or associated structures is to be av01ded because of the
probabilify of damage. The median lobe is best separated
from the‘parameres by placing two pairs of forceps intd
the basal space provided by the curvature of the median
lobe and then‘gentlx pullingﬁthe forceps in opposite

- directionsf This £ec?nique pulls tne'base'df‘fﬁé‘Meaian.lobe"“

D S A S < . - L i
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-;-away from the hases of the parameres and allows for clean

e W —— -
- ~ e e

‘preparat1on-w1th a m1n1mum of damage.'

Termanalla of adul! female spec1mens were dzssected in

a dlfferent manner.‘Musculature around an ov1p051tor was cut--*

' Wlth a lancet ‘inserted through ‘the. abdom1nal apex and then
the capsule pulled out wlth forceps°5 Because stylomere I,

"at rest IS flexed anterlorly over the top of the remalnder
'jof the capsule there is- llttle p0551b111ty of damage S
(us1ng thls technlque.v Prellmlnary analysrs of shape
of the apex ‘of stylomere .I. (ewg..Pederzanl 19713z 221)

‘1nd1cates that this feature may be taxonomically useful.

However, the d15t1nct1on among taxa is d1ff1cult to

-~w-«»«u~»«s,a .. R R T S
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"character1ze and was not- used 1n thls study.
Portxons of both male and female gen;talic capsules
removed from spec1mens were glued to cards placed on, the pin _
of the spec1mens from whlch they werzfgemoved Teneral QF-
unsclerotlzed genltalla were placed 1dbsmall |

glycerine-filled vials and mounted on the specimen pin.

2.2.2 Measurements

Adult specimens of Dytiscus were measured for total
length (TL) and greatest width (GW) of the body. A ratio of
these Values_(TL/GW)'gives an inde# of body shape.
Measurements were taken by.means of a moveable'stage Vernier ~
scale‘to‘whioh a specinen holder was attached. By lining up'

a set of cross-hairs in the microscope eyepiece with an end

of the beetle and then turning the knob on the stage



micrometer until‘the'other end.oftthe specimen was lined up
w1th the Cross- hairs, the numerical value could be read from’
the scale on the stage micrometer.

An investigation of the value of absolute size
measurements of specimens of Dytlscus and its taxonomicg
»value was 1n1t1ated after noting discrepanc1es in overall g
"size of specimens. For 1nstance, Larson (1975:397) commented
on the smaller mean TL of adult spec1mens of D haPFISfJ |
from Alberta and the Northwest Territories compared to
specimens from Ontario and WlSCODSln. I found a. 51milar but

less striking difference: average TL for 10 specimens from'

'Alaska, Alberta, Northwest and Yukon Territories was.

T34 9 mm, compared to 36 8.mm for 10 speC1mens from Ontario

liThree adult male specxmens of D. haFFlsif which I collected
Afby bottle traps near Old Crow, Yukon Territory, however, had
‘‘an average TL of 36 6 mm. In addition, a 51ngle male. |
collected as a prepupa from'Kneehills Creek near'Acme,
Alberta is 39 mm long. This suggests a sampling bias, )
although there was no significant difference, possibly dhe
.to the male dominated samples (male spec1mens are commonly
slightly larger: than females).

Another taxon, D. dauricus, which'4s more common in .
Alberta, was more intensively investigated for average

specimen size with respect to method of capture., The results

are presented in Table 1. Similar taends were foynd in most

A

~

species for which I have suffici®tnt numbers of . .

bottle-trapped specimens.
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.Adults'of'larger species of dytiscids are very quick
and agile swimmers. This was superbly demonstrated to me by
a collectlng experience in a southern Alabama swamp on a hot
. day 1n May, 1978 Specimens of either D canolinus or |
Cyblsten ‘Sp. were frequently surfac1ng to renew their "

' resplratory air bubble, their location marked by tips of .
ielytra at the water surface. More than 20 attempts to |
collect these beetles, whose location could be p1n—po1nted
w1th a d1p net" failed to yield.a 51ngle adult spec1men
'_51m1larly, at George Lake near Busby, Alberta,_hours of d1p :

-net. collectlng can yxeld only a few spec1mens, whereas ‘

wh e

\ O

-

bottle" traps have ylelded 1n excess of 80 spec1mens

{R.B.- Aiken, pers. comm S | d

o Adults of - smaller spec1ea of dyt1sc1ds are more-{
commonly and easily collected with a d1p net, ThlS Same’

phenomenon could be" true for spec1mens of a 51ngle spec1ea

" of Dytiscus. = i e _smaller specrmens have a greater chance

-of being caught by d1p nettlng Differences in TL for adult
Dytlscus noted above are probably correlated w1th the method

'bf capture. ' ;; .

Due to th1s sampdlng bras, I have excluded body

VPP S S S

measurements of populat1on samples of spec1es of ; Dytlscus L

- from the descriptions of the spec1es. I present only the
extremes of measurements of TL, GW and TL/GW for each taxon,
and only as an 1nd1cat1on of size range (Table 2). These

measurements are based on specimens examined.



2.2.3 Taxonomic Procedure.
e \\\There are loglstic problems assoc1ated with a taxonomic
“rev151on of large spec1mens -and part of the procedure used
to-overcome these are presented under the sectlon on

Materials, Travel to museums for the purpose of 1dent1fy1ng

o - n _'_ ¥

. ~and obtalnlng data frbm Spec1mens dlffers from normal

taxonomic procedure in entomology. Instead I attempted

A

to -learn: the: characterlstlcs and 11m1ts of spec1es

g

" before leav1ng for museum travel. This was done by intensive
study of representatlves of each~species and by reference to-

1mportant faunxstlc treatments ‘such:as L!rson (1975) for

- _,
o« -~

iNearctlc spec1es and F.-Balfour-Browne (1950); Zaltsev (1953)
*and Schaefleln (1971) for Palearctlc ‘taxa. In add1t1on
"other publ1cat10ns of sma}ler sCOpe were useéd to allow
interpolation of other taxa treated in these sources,

Most specimens were examined, determlned{ and
‘labelled, and label information recorded from them while
within the museums visited. A problem with this approach is
that assignment of specimens-to'a particular nane is. done
'comparatlvely quickly, with llttle opportunlty for _
ﬁfre~exam1natlon. Therefore, thene is a pronounced poss1brl1ty
- of mlsdetermlnatlon of~spec1mens “In’ an endeavour to reduce'
such errors, problematlc spec1mens were borrowed from |

museums and studled in a manner 51m11ar to that descrlbed by

Erwin (1970 9- 10) and Wh1tehead (1972-140 141).,
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2{2:i'bescriﬁtiﬁeV?ormht:;" S o
The treatment. of - each taxon beglns wlth reference to ”

the original descr1ptlon of each valid name or synonym of

that taxon. . This is followed by. 1nformat10n about type N

locallty afid 1nformatlon about'label data from, and

rep051tory of type materzal 1f known Most spec1es of

- e T

e

..“Dytiscus have "a' long taxonomlc hlstory.,Instead of c1t1ng
~all references the above 1nformat10n is. followed by
reference to-Zimmermann-s‘(lQZO) thorough catalogue, which
prov1des reference .to most if not all pre- 1920 workers of
'1mportance. Any c1tat10ns of a name after 1920 follow the
Zlmmermann reference in chronologlcal order, but c1tat10ns
ofhotherugatalogue or faunal lists are omitted.

For,the valid name of,each taxon, I have provided an
explanation of the'meaning of the name. If further
explanatlon is needed for the status or locat1on of type
specimens, this follows the . etymologlcal sectlon A‘
dxagnost1c comblnatlon prov1des a llSt of characterlstlcs .
'useful for ldentlflcatlon of adult spec1mens.
Descr1pt1ons of spec1es are provided by reference to-
ilTable 3. A tabular method of. descrlptlon 1s of great .value-
‘because of ;educed length and increased ease of comparlson.

Construct1on~of this table follows the general format

pres?nted by Erwin (1982) except that the characters are

arranged in phylogenetic sequence - fl.e. the f1rst character !

state of each character discussed is ple51otyp1c whlle the-.

second is apotyplc“ For explanat1on of the ratlonale of
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character'state assignment see Section'4 3.1. The
description also contains reference to fiqures of structural
features prov1ded for each taxon.

Greatment of varbat1on in structural features ig
:conflned to taxonomically “important characters, regional
d1fferences in number of females with grooved elytra, and
geographlcally related trends of other features. In the
sectlon on natural h1story, I attempt to provide information
Aabout the. habitat or habltats of occurrence and _Some, life .. .
ihlstory\features for adults of Dytlscus. These sections are
generally more extens1ve for Nearctlc species for .which I
have fleld and laboratory observatlons. For most Palearctic
species, 1 present a summary of the information presented in
selected references, or provide reference to more extéms1ve
works.

7 Dlstrlbutlon is shown on maps (see Dlstr;butlon Maps
Ausectlon below for em;lanatlon of procedures used to make up
the maps) and this information is generalized into a *

llddescrlpt1on of .the. range. A sectzon ent1tled chorologzcal
(rel tlonshlps provrdes Informatlon about geograph1c
cogzzcurrence with other spec1es of the genus.
- © Many- Palearctlc spec1es of Dytiscus have the1r closest
‘relatlves in. the Palearctlc teglon 'whlle other spec1es of"
- e€ither realm are members of a small clade restrlcted to that
realm. The relative phylogenetlc p051t10n of each taxon is

presented in a discussion of phylogenet1c'relationships. A

‘total .of the number of specimens examined as well as the
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number of each sex is the final entry of each spec1esf

treatment.

'2.3-111ustrations
-
¥

2.3.1 Illustratiens other than distributional maps
Line drawings were made with the aid of a camera“lucida‘
mounted on a Leitz steroscopic microscdpe. Illustrations'of
median lobes of males of various taxa of Dytiscus were- made
by mountlng these structures on stubs, onto whlch was placed
two-sided tape, coating with gold and photograph1ng with the
a scanning electron. microscope, Cambrldge Stereoscan 5150.
Subsequently median lobes were removed from the stubs and

placed back an the genitalia card of the spec1men from whlch

_»they,or;g;nated

2.3.2 Distributioq maps

'2,332x1.MapPing of‘specimenllocalities | o ' e_ﬂrr." -t

Standard technlques vere used‘qgr mapp1ng spec1men
Mlocalltles and con51sted of f1nd1ng a locality, usually in.
han atlas (but see below), and plaC1ng a symbol on the
‘approximate locadity onﬁan outline map and withihhthe region
indicated (e.g. province, state, départemente, kraj, etc.).
Within the Nearctic region, this proeess was straightforward

and did not present many problems. All Nearctic locality

records are based on specimens seen durirg this study or by"
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:*Larson (1975) All'NearCtic locality records and all

", Palearctlc records for wh1ch spec1mens vere examlned are

, 1nd1cated by fllled symbols (e g. O).‘ | ;‘

t BecauSe of log1st1c problems explalned elsewhere, I’
have accepted some l1terature records that I could not
verlfy for some Palearct1c specxes of Dytlscus. Thls vas-
done because it was determlned that the h15tor1ca1
asszgnment of most Palearctlc taxa was in. agreement with, or
could be a551gned to, my concepts of thesé taxa. Also,
exam1nat1on of collectlons w1th1n selected European museums
conv1nced me that the degree of accuracy of ass1gnment of

amost Palearctlc taxa was qu1te hlgh.uPrlnc1pally because of
conszstency, llterature records were accepted as useful and

.accura&e addltlons to knowledge of d1str1but10n of these

taxa\ T be11eve that amount, of error 1ntroduced is

y1ns1gn1f1cant comgared to amount of 1nformatlon that would%
be 1ost by exclusion of l1terature records. L1terature

‘records for local1t1es are also 1nd1cated by filled symbols
(e.g. o). | |

For the most part, literature records for. pollt1cal
areas’ in. whzch a spec1f1c local1ty is not mentaoned were )
1gnored. An exceptlon to thls 1s local1ty 1nformation for

»the USSR from wh1ch I have seen very few spec1mens. In this
1nstance, llterature records for polltzcal areas were
‘accepted and are represented by unfllled boxes (o Whlch are
placed over the former capltal city of that pol1t1cal area.

o~

‘The major1ty of these records were obtalned from Jakobson.

i3 . . ~
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4exlst or-are presently known by d1fferent names.mfﬁf,'

Wi N

11905) and represent‘pollflcal d1v1szons whlch no’ longer .

D w e

"2.3.2. 2 Interpretat1on of presumptxve local1ty mames

~
o~

W1th1n tHE Palearctic reg1on ass1gnment of locallty
names to part1cu1ar places is more d1ff1cult ‘and compl1cated

than in the. Nearctlc reglon. ThlS is because of my lack of

Tfam111ar1ty w1th Palearct1c local1t1es, lack of a country or

reg1onal name on many Palearct1c spec1mens, dlfferences 1n

language and transl1teratlon, as well as problems assoc1ated

-

with 1nterpretat1on of enlgmatlc or crypt1c label data.,<

Procedures used when confronted w1th these problems 1nclude-

1) Inference based on the collector (1 have assumed that

' most collectors have collected w1th1n the v1c1n1ty of thelr

geographlc home . or homeland) 2) - Commonly used hlstorlcal

k1nterpretat1ons of locallty names vere. generally accepted

(e.g. "Konlgsberg appeared commonly on ' locallty labels.

'Thrs was un1formly 1nterpreted as "Kallnlngrad Ru951an

v,

S.F.S.R." 3) When a name refers to both a reg1on and a.

populated ﬁlace (e g- Astrachan‘ls both ‘the’ name of a c1ty

"and an oblast in Russ1an S. F S.R. U S.S.R.) 1 have,

X

'.con51stently used the place name for purposes of mMapping.

4) Transllteratlon is a partlcular problem w1th certaln

locality names (e.g., the Slber1an c1ty, Cita, is rendered

"Tsc‘ata' 1n’German 'Chlta in English, etc ).

In thYs revzslon, I have followed the practlce of recent

1

T1nternat10nal atlases, and used the off1c1a1

f‘

e
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;'fhan “thlta“-T“Astrachan -qnsteadaaf 'Astrakhan ) .

"mode;n atlﬁSes&lashmmanymplaees~wtth bhe-name~Jakovsk03eﬂr,d

‘The presumptive locality must” have beenvhnown'by that name

in_ examples where a choice between: probable localities was

B YTREY - vk, -
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transllterat1on schemes adopted by the country in -

e T ev e o e - o dugon - .~ e e

'_vh1ch localatles -are presently ldcated (thus 'Clta ,_rathet,

~ e ..\‘. o R

- 5). Maxlmum concordance among all label data 1s 1mportant._

e e e

.For example, a label 1n Cyrllllc scrlpt was transllterated

as "Jakovsko:e, Spas. u., Ussur1 kr." and thlS was

[

1nterpreted as "Jakovskone, near Spassk Dal' n1y in the

mﬂbrmer Ussur1 Kraj of Ru551an S.F.S. R., u. S S.R" even though

e e

Lo

*but none, im the Ussuri region. Similarly, date of collection

w . , ‘
of specimens was used as an aid in choice of locality names..

|
dur1ng a t1me ‘span that includes the date of collectlon. For
1nstance, the spec1men referred to above was collected‘ln .
1926 and the Ussur1 Kraj existed as an official entltylonly
from 1926 untll 1938 (Seltzer 1962). 6) Concordance of

presumptlve locallty wlth known range of a species was used

.necessary. If presented with'a‘choice of'presumptive
looalities, somé of which were outside,-and only one of-
which was inside the "knownﬁ‘range of a spec1es, then the
latter was accepted as "correct”. The "known range was

decided on the‘basis of other, unambiguOUs loCality'

information. 7) When the above methods failed, an appeal was

‘made to colleagues or other workers who have spec1allzed

knowledge of various geograph1c areas. F1nally, if all or

some of these. procedures vere 1nsuff1c1ent to determ1ne
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where a presumpt1ve local1ty mlght be, then the locallty
name is listed under the headlng "Local1ty not determined”.
} In,theillst_of specimens examlned‘javaalable-separa;ely from‘y
ﬂ~he);fﬁy interpretation of'proolematic localities is given, -
for any locality "A", as "A [=A']" for iocality
1nterpretatlons which I think are probably correct, and as

"A [2=A"]" for less certain interpretations.

2.3.2.3 Sources of 1nformatlon about geograph1ca1 loca11t1es

. e B - " -y . » . > L r

Many sources were used for trac1ng local1ty names. Most
extensively used sources for place names were Bartholomew
(1955, 1956, 1957, 1958, and 1959) and Seltzer (1962). The
latter was particularly usefulvbecause of the historical
treatmentﬁgiven various place or regional names._Most
Nearctic looaiities were found by means of state and
prov1nc1al maps. Many Canadlan loca11t1es were found in the
recent Energy, Mlnes and Resources, Canada (1980) aélas.
Modern German and French language world atlases were °
essential. Other sources, used mainly for older names in the
Palearctic region were Chlsholm (1899) and Blackie (1887)
whlch were espec1ally useful . for many 19th Century place
names. Room (1979) was.an 1nvaluab1e source for following
the changes of many place names from 1900 % 1978. Many
European cities have been'knoyn b§ Latin names, and for
interpetation of these, the works of'Desohamps have served

-aé&irably.
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2.3.2.4 An appeal for more complete labelling of specimens

Many specimens from’European as’'well as North American

collections do not include country names on the labels. ThlS

.is most- unfortunate becauSe of t1me and effort requlred to-w
"obtaln localrty information. Two examples should suffice to
demonstrate amount of time and effort wasted by tagonomists
_ because of this oversight of collectors_(previOusly'
including’me).'ln the course of'thi%_study, a specimen
-received*was.labefle&7‘sz;Georgia”'withfnolfurther~;i:"”;;
information supplied (i.e. collector, aaté, orvcountry). \
-.Thls local1ty information could be varlously 1nterpreted as:
1) southern Georgla, u. s.s. R., 2) southern Georgla, U.S5.A.

’3)‘south £ Georg1a, Vermont, U.S.A., 4) Strait of Georgia,
British déhumbia, Canada, or 5) South Georgia, an island in
the South Atlantic Ocean. Application of procedure 6 noted -
above meant that the‘U.S.S.R. locality was most likely the
correct one, | |

The second example concerns various abbreviations used

for States or Provinces. For ‘instance, the current

abbreviation used by the U.S. Post Office for the'Provincev

of Alberta is "AB" while the abbreviation most commonly used

by,Cana&ianS‘is "Alta". Unfortunately these abbreviations .
have been and are being used by ‘collectors. .

A colleague tells“an informative anecdote concerning a
recent trip to Europe durlng whlch he talked to a European
lepldopterlst who had traded specimens w1th workers in

Alberta. ‘This colleague was asked about the incredible

«

9!



diversﬁty of butterflies otcurring at "Alta, Colorade"

.Apparently tbe-collector_haa»made a choice between the four

- ;. Alta” localities.which hetgople»jind_ih3xertﬁfAmeriéa: BRI

-Alta, Colobadé; Alt, Californiay Alia, towar and Alta,

Utah, all of which are(of course in the wrong.ceuntry.
Probiems associated with interpretation'oﬁilabel data

and locality information probably accouht fdr a'%doa deal of

reluctance of some entomolog;gts to study. the.fauna oﬁ other s

¥ O

- . . a "o R ‘o , G-,
ﬁo’ffw'm‘y.x_a o ¥ 0._‘v,¢o‘u'°§0_‘v.,6. .

reg1ons. This 51tuat10n runs counter to the developlng trend
in 1nsect systematics to con51der the total fauna of groups
so that more 1nformat10n 1s avallable Jfor phylogenetlc and.

\

zoogeographlc analy51s..It seems to me that much is 1ost and -
confus1on and confl1cts occur when a, 51tuat10n devélops

‘ whereby there is _a common fauna (1n this example, Holarctlc)
but a v1car1ance of systemat1c workgrs Part of the problem

e

can be so ea51ly solved by proper labelllng of spec1mens.

2.4 Criteria for ranking taxa
2.4.1 Criteria for subgeneric rank -

Vo

SUbgenera are taxonomically useful and.proyide
increased information'within_large, divergent genera or
within smallerléenera wb%bh encompass a subjectively large
amount of divéﬁgence (see Ball and Roughley 1982). The‘
latter is particuiarly true if the'subaeaera occupy

different adaptive zones. 'Each sﬁbgenus:must, however,



represent a natural eVolutionargkunitrg(.eﬁ»it,mustwhe‘}_

monophyletié._

TakingvtheSe guideiineS'intO‘éonsTderation I-have P

o recognlzed no subgenera w;thln Dytiscus. Existing subgenera
“are nomenclaturally'lnvalld and/or do not represent
phylogenet1ca11y d1st1nct clades._As well T can dlscern no

‘new adaptlve zones of member taxa, nor does any group of

) speczes dlverge suff1c1ently from the baslc structural

- s

. 3
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pattern enough to warrant subgenerlc a551gnment

2.4.2 Criteria for species—group taxa >
Use. of spec1es~groups provxdes lncreased 1nformatlon
and donv1en1ence wlthout the demands and 1ncreaSed

complex1ty of formal nomenclature. They represent an. .

,..vn.,, i . e

abbrev1ated notation for a group of spec1es wh1ch are’”

’ deflned in a more - complex manner For 1nstance, the group of
species of Dytlscus which possess acuminate metacoxal
proCessésjafeureferred Ebtﬁereiﬁ“as the"D. dauricus-group.
‘See Lindroth (1969:xxiii-xxiv) for further'diseussion of"use

% of spec1es groups._ . |

- e h ;
I. have used spec1es groups for small monophylet1c
clades because of communlcatlve value and ease with whlch

these smaller groups. are dlscussed 1n treatmerts of

taxonomy, phylogeny,.and zoogeography I have not used any o

' unlform-manner ln-seleotlng the ﬂomlnate taxon of
-species—groups; Instead 1 have used the name of that taxon
“which represents a mental 1mage of the spec1es group to me.

The spec1es groups whlch I recognlze are based on my

-



| reconStrUCted phylogeny (Flg._BO) These are‘:";”'.‘xﬁ

..D. verfica7is-group.

D hybridus—group

' D.'sémisulcatUs*group:,

D. Maﬂginalis—group:~

©'D. dauricus-group:

“p-

D.

D.

D.

qs D.

~h
e

Vénttcalis Say ot
harPISIi Klrby T
hybridus Aube

. marginicollis LeConte

habflfs Say

. sem(su]catus Muller

shaﬁpr Wehncke

CBI"OI“’I’I?CJS Aube e e

o

D
D
D
D
D
D

D..
D. fasciventnls Say

D. hatchi Wallis

D: cbndjeniunbé,D;T
D. .
D
D
D.
D
D
D
D
D
D
D

dimidiatUs-BergStrésgef

; mutinensis Pederzani

plsanus C_'de,Castelnau
anglnalrs Llnnaeus

pePSIcus Wehncke

. Qelictus)-(Zaitsev)

lat issimus Linnaeus

. CIPCUMCInCtus Ahrens
. alaskanus J. Balfour Browne

. dauricus Gebler

fapponicus Gyllenhal
Clncumfléxus'Fabricius
thfanshanicus Gschwendtner
Iatro Sharp

slnensis Feng
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- to- ‘some formrof Mayr s (1942) "blologlcal" spec1es

w
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2 4.3, C:Lteraa ior specxes 1eve1 xank |
o Most an1ma1 taxonomlsts sﬁbscrabev at least nomrnally,
defanltlon. Thls,:however, tepresents a theoretlcal 1dea1 of -
how anlmals ‘should behaVe, and ‘is most d1ff1cult to test or
even infer con51stently or unlformly from the patchy samples
characterlstlc of most analyses of taxa. After comparlng and
contrast1ng various spec1es concepts used by bbtanlsts and
zoologlsts -and their uses and values ‘in practice, Cronqu1st
(1978 3) suggested that: "Spec1es are the smallest groups
that are con51stent1y and-persistently d45t19¢tf.an“jf ST
dtstinguishable by ordinarj»means." Cronguist further
details problems with strict use of a narr0w’or even a
singie species‘deﬁinition{_Similarly,‘Hammond,(1981a.and.b)
has suggested that concepts of species and speciation built
from experience with large, mobile vertebrates with iow
reproductlve rates do not apply well to many insect groups.
The more 1mportant goals of the brlef dlscu551on above
are. to p01nt out the need for a re-evaluation of species
concepts_by practicing animal taxonomists. Of.paramount
importance is the need for every taxonomist to state clearly
‘the"criteria for species recognition which thef have used.
My study of taxonomlc status of populatlon samples of

species of Dyt iscus was hampered by low numbers of most
‘samples, and samples from widely separated areas. Such
disparate samples probably come about because of lack of

collectlng attempts 1n certain areas, dlfflculty of
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collectrng large fast- sw1mm1ng beetles,?seasonalAoccurrence
”ffof adults,'relativély low levels of - abundance, and mensural |
~bias* of-certain. collecting techniques (see Measurements)
'h~Wh11e 1t is trie that most spec1es of Dytiscus so far ;,i:”.

. encountered in thesfield are common to very abundant in the
o correct habitat at the correct time of year, it is also true
tbat they are always at a relatively low density (e.g. see o
James (1970) for D. faSCIventPls and;zascu551on of natural i
history in. my treatment of D cordlerl) Low density is
almost certainly a result ofctheir status as major predators.
within_most pond ecosystems. |

I required'abbbactical'andIUSEtul”meanswot delimitino:

Species which could circumvent such problems. The most
‘useful criteria I have found for dellmitatlon of spec1es of
Dytlscus is form of apex of median lobe and sympatry.
Characteristics of the median lobe are distinctive, so that
.even clgsely related species_are consisently differentiated,
and medign lobes of male specimens of tbe same species from
widely separated parts or the species range are similar.-For
instance, the median lobes illustrated in Figs. 18d and 19a
are close to the extremesmof'variation found within a single
putative_species (in this example D. ciPcumCinétus), yet the
respective specimens are from Edmonton Alberta, Canada and
Berlin, Germany. Females were associated on the basis of
co-occurrence with mdles and by general similarity in body

shape and colour pattern. Sympatry of divergent forms was

used as a corroborative test of species status. However, in

2% TN
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iy

.,examples for which no sympatry is known (e.g. D “habil-is~ ..

mﬁ','_fD mar'gmioollls. D. Semlsulcatus -D. ‘sharpi): dlfferenCe in

e

form of. median loEe is cons1derea suff1c1ent for a551gnment

“to spec1es status."

Z.Q.Q.Criterfa for reooénition of subspecies »

Mayr (1963, .1969) -and S1mpson (1961) prov1de thorough
analyses of theoretical and genetlc aspects of subspecies
and subspeciation. Kavanaugh (1979:92-94) and Lafontaine
(1982:9-10) presented balanced and valuable discussions of
use of subspecific rank and more. 1mportantly have expressed
their practical’ cr1ter1a for recogn1t1on of subspec1f1c
status. I have accepted, amalgamateo and used the cr1ter1a
of the latter two authors. Subspecific names are used for
sets- of populat1on samples which are: . 1) 1ndependent or
isolated evolutlon units; 2) presently difaferentia_ted
from other conspecific units but e€xcluding differences .
thought to be ecOphenotYpic; 3) sufficiently phenotypically
distinct that, except for similarity. of aedoeagus of male
specimens, they approach the amount of phenotypic divergenoe
found among anywtwo closely related Spec1es"and 4) of
'51gn1f1cance in analys1s of hlstorlcal zoogeography -Such
populations are ‘inferred to be 1solated at present only by. .,
geographical gaps in range. If this barrier to gene flow is
maintained for a sufficient period of time, then it is
predicted that'these populations will diverge sufficiently

to preclude future mixing of genetic information. In short,
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subspecies status is psed fof-ihgerfed incipienc species
1status..- : | g a PP

The amount of merlstlc varlat1on observed in- most'
spec1es of Qytlscus is quite low. I belleve this 1s due in
large part to various aspects of 11fe hlstory of these '
species, such as dispersal, which lead to a relatively large
amount of panmixis. This explanation is further developed in
the anal¥51s of ecologlcal relatlonshlps presented
elsewhere. It is because of the normally uniform nature of
most species that phenotyplcally dlStlnCt populatlons are
~quite epparent,.l.e. they scand out. Therefore, my procedure
for assignment of subspecific rank is recogni&ﬁon of
allopatrlc populatlons of con51stent1y dlstlnct phenotype,"
.but of which male specimens have)suff1c1ently similar forms
of the apex of the median lobe of the aedoeagus to be
included in the same species.
2.4.5 Infraspecific categories cther than subspecies
' Literature concerned with.taxonomy of European species
of Dytiscus is replete with names for such 1nfraspec1f1c
categor1es as variety, form and aberration. As such, and
provided that they are truly intended as something. other”
than subspecific levels, they are outside the jurisdiction
~of the International COde of Zoological"Nomenclatubé and
presumably each taxonomist is free to deal Qith them as seems

R .

appropriate. Within species of Dytiscus these names are

predominantly used to express differences in sulcation of the

p
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‘elytra of female spec1mens. For 1nstance, fenale specinene
of D. maﬁglnalls manInalrs vary in degree of elytral
\sulcatlon, from those with dlstlnct elytral sulci. to those
with no trace of sulci, with every concelvable 1ntermed1ate.v
However the -latter category is dec1dedly less numerlcally
common in collectlons._These respective forms are generally
~named forma typica, % var.' conformissKunze (even though
Kunze described conformis as aldiStinct species), and ¢ var.
sel;ri'costatus Reineck‘." |
1 believe Ehat use of-suchnnames, some of which ha§e no
obvious descriptive.value,'te be retrogressive and needless.
If Nearctic and other éaiearctic species were all treated in‘
a similar manner then proliferatidn of nameéenbdld be
htremendous, hut our understanding of this intrigning
phenomenen would, I think, be diminished and obscured. in an
attempt to increase the descriptive and therefore |
‘communicative valué of varlatlon in degree of elytral
sulcation I have not recognlzed any names below the rank of
subspecies and 1nstead 1 have discussed it as occurrlng in
two states: sulcate and non- sulcate. The former state -
includes all spec1mens with. any trace of sulcat1on visible
on the elytron Use of these two states allows clear and
unambiguous expression of any geographical pattern ih
elytral sulcation without detailed knowledge of the

taxonomic history of a species.
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3. Taxonomy

3.1 Discussion of taxonomfcally important_charactq;s'

3.1.1 Sexual dimorphism _

Aduits of Dytiscus exhibif a number of characﬁers which
are sexually dlmorphlc. Excluding male and female genltalla,v
the most obVInus of these’ are the following: 1) male
spec1mens are broader and longer on average. 2) pronota of
male specimens are wider at the base and less narrowed
anterlorly, 3) profemora of males are bowed along their
lenqth .and are more robust and more deeply emarg1nate
ventrally; 4) male specimens have’ two tufts of long setae-at
the base of each profemur compared to one tuft of female
specimens; 5) male protibiae arevmore robust and widened !

basally; 6) three basal protarsomeres of male specimens are

laterally expanded and form a'large subcircular acetabulum;-

“with tarsomere I bearing two very large and’ numerous small

suckers and tarsomeres IT and III each with Only numerous
smaller suckers; 7) male mesotibiae are slightly longer-and

very slightly more robust; 8) male specimens with<three basal"

‘mesotarsomeres elongated and widened to form an acetabulum,

these tarsomeres bearing numerous small suckers; 9) some

adult females of some spec1es have 10 longltudlnal narrow

)

grooves or sulc1 on each elytron; 10) male specimens possess

'natatory setae on both the anterior and posterior faces of

33



jboth the metatlblae and basal metatarsomeres, while female
spec1mens bear natatory setae on the anter1or faces of the
‘metatlbxae and on the poster1or faces of basal L

metatarsomeres only.

13 1.2 Body szze and shape ] |
Desp1te the llmrtatlons of measurements of body length

'(see Measurements) I have made 11m1ted use of total ‘length -

'(TL) in. d15t1ngu1sh1ng between members of certain palrs of

speczes. Usually th1s is done where there 1s no overlap "

o between the adults 1n size,. However, ®TL is used also 1n

:*examples where the majorlty of spec1mens of a spec1es tend
nto ‘be larger or smaller than the major1ty of spec1mens of
~another épec1es.treated in the other rubr1c of a, couplet 1n
athe key. Ranges-of lengths of spec1mens ‘eXamined are shown
in Table 2 - for each spec1es of Dytlscus. In general the
most common 1ength of spec1mens is towardﬁthe upper end of

the range, but there are a number of exceptlons (eﬁg

'compare 1nformatlon in Tables 1 and 2 for Nearctlc spec1mens

K

1 . . - 1
. . v

of D dauricus)
Body shape (TL/GW) is relat1Ve1y un1form among spec1es

“of Dytiscus (Table 3, except D. Iatissimus) Dxfferences in

a body shape are used 1n certaxn spec1es pa1rs whe e there is -

no overlap of range in thls ratlo.'

-
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“Five taxonomic characters of the head are used. The
anterlor margln of the clypeus of specamens of most ‘species
' .15 l1nearly transverse or sl1ghbly cpncave, whereas in
spec1mens of D. haPPIsli and D Iat1551mus it is dlstlnctly
blslnuate ~The . poster1or margln of the clypeus is . normally
. on the same plane as the frons. In female spec1mens of
D daurlcus, howevevﬁ it is; d1st1nct1y an; abruptly ralsed
above the level of the anterlor margln of the frons, and is
qu1te uséful for dlagn051ng female spec1mens of thls

.,
species. _"'- T

“ ;] All members of Dytfééus have a moreﬁorgiess distihct
chevron*shaped pale mark on the frons between the exes;
Typ1cally the lateral arms of .the chevron are not eXpandea
antero laterally to reach the antennal bases, but 1n most
spec1mens of some spec1§flwhere th1s does occcur, thls L
character state is taxonomically useful In some spec1mens,

. yellow coloratlon assoc;ated with 1ncreased chevron 81ze
'extends posteriorly from the antennal basesfalong the 1nner
marg1ns of the eyes and . thus forms an: 1nverted M—llke mark
on the frons. However members of only one spec1es, |

D. CIPcumCinctus, were observea ‘to have the entire eye

rlnged with yellow on. the dorsal surface.
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3.1;4.Pronotum’ ' o '“ | o
ﬁembers.of:all species of”bytiscus4have lateral yellow
bands on the pronotum Anterior and posterzor bands are or
are not present. Spec1mens of any given species vary in
colour‘and,'generally, lighter spec1mens of a_taxon which

would normally show no trace of, for instance, an anterior

’ v

;pronotal band, have,aAVery narrow yellowish.or reddish band.
.Characterlzatlon of relative width of anterlor or posterior
bands is qu1te 1mportant. For 1nstance, in couplet 3 to
Nearctlc spec1es, the alternatlves are anterior band less
than 0. 4 versus. more than 0 5 width of lateral band I have
not recorded a spec1men of either category which is very
close to these measurements. For instance, most spec1mens
following the first alternatlve are 1n the range of 0.3 or
less and those follow1ng the second alternat1ve are .in the
range of 0.6 or more. Therefore, the values .used in the key
were chosen to allow for more Variation than recorded and to
avdid a str1ctly comparat1ve character such as anterior
'pronotal band wider .versus narrower. Even if exceptlonal
specimens are encountered subsequent comparlson to the o
- diagnostic comb1natlon of each spec1es should allow
d1scovery of m151dent1f1cat10n. ' o

The pronotum of most spec1mens of Dyt iscus has a h‘
‘ lOngltudlnal, shallow channel near the lateral margin. When
thlS character state is. present the pronotum is descrlbed as

,explanate. Reduction or lack of an explanate pronotum is

7'characterlst1c of the members-ofvthe D. hybbjdusrgroup and



of male (but not female) specimens of D. ébrdierf.

3.1.5 Legs
Length of the ap1cal pro— or mesotarsal segment is
 common1y used in the keys as an a1d for determlnatlon, but
in the form of a comparatlve rather than as an absolute ‘
;-numer1cal value. Pro- and/or mesotarsal claws .are longer or
shorteg"than pro- or mesotarsomere V, or the values are’
cenverted,to a,proportlonal-value.'Prqportlonal length of
perarsOmereIV';d vidth of protibia, measured at the widest
.poiht, allows establisﬁhent of two species—specific
categories for males of some‘speciee..Relative number pf
punctures on the anterior surfaceeoﬁ‘protersomere V-is also
used. _ B ‘ ‘ | , .
Male specimens of D. hybridus and D.-marginicollis are

o

distinctive in that mesotarsomeres II and IIT lack suckers
o _

from a small;longﬁtudinal'area.(Male.specipene of all other

specieS'ef'Dytfscus have suckers evenly_distrjbuted over’
mesotarsal acetabula: .

Coleratipp of metacoxal plates.follews that of
preretheracié sterna;disegssed’belbw,- L ~4}/2\

Form of the metacoxal proeess veries considerably among
sets of species but relatively 1it£le within species and,
‘therefore is of - great taxonomlc value ‘for establ1sh1ng major
‘sectlons in the key. The 1nner marg1n‘of a metacoxal process
" is convex (e. .g. Flg. 21a), or.concave (e, g F1g. 22k) ‘

| Aplcally the metacoxal process is more or. less rounded (e g

-
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_ - : -
\Fig. 21a), or: the lateral marg1ns form an acute angle (e g ,
Fig. 22a), or the apex is drawn ou; 1nto an elongate ~%?'
acuminate prOCeSS of varied length (e g "'Fig. 22k)
Shape of the apex of the metatrochanter var1es

exten51vely within some taxa, is sexually d1morph1c invsome,
‘and is characteristic 1nﬁst1ll others. when used as a

taxonomic character, it occurs in two states: apex broadly
rounded, or drawn out into a fine point apically
'(acuminatel; | |
o o

- 3,1.6 Elytra » R

Colour of elytra of most specimens is pxceous to black

with lateral. yellow strlpes. Many spec1mens have the lateral
'str1pe abruptly curved 1nward pre- aplcally to form a. more or
less obscure subapical fascia, but in specimens of
D. verticalis this fascia is quite distinctive because it is
uninterrupted, brdad, and,highly contrasged_with elytral
ground colour. Elytra of specimens of D. lapponicus have a
yellow ground colour wlth infUécation reduced to linear rows

[

~of small dots.

k]

The elytral ep1pleuron is exceptlonally expanded

' laterally 1n‘spec1mens of D. Iatisslmus and accounts for

~* much of ‘the unxque width and body shape characterlst1c of

this spec1es (Table 2). Spec1mens of D. harrisii have the
eplpleuron slightly widened but not - nearly as greatly as in
the former species. No other spec1es shows expansion of the

“elytral ep1pleuron.1
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.....

'

Elytra of some female specimena"are snlcate. Sulci are
narrow lgngltudlnal depressions of the surface cut1c1e and
. .b each sulcus is separated from 1ts ne1ghbour by an '

inter- sulcal ridge. No female spec1mens of the Nearctlc

D.‘veFtIcaIIs- or D. hybPidus-grdups that I have seen were

sulcate. Among other spec1es groups ‘the proportlon of

sulcate and non sulcate females veries greatly Only in.

D. carolfnus and D Iatlsslmus were all female spec1mens
;observed sulcate. No sulcate females were seen of- some |

‘Palearctic spec1es (¢.g. D. delictus ), but\thls is probably

due to the low numbers of spec1mens available for study.

Relatlve length of eytral sulci is not used as a taxonomic

\character, but there is a phylogenetlc trend toward

increasing sulcal length lembers of certain taxa'w1th very

long su1c1 do have dzstinct"e

wtterns. For inetance,
sulcate female spec1mens of D biCus have inter—sulcal
ridges VII and IX (numbered f suture) curved toward each
other and in contact, thus -—shaped . apically. The shorter
1ntermed1ate rldges VIII and IX do not meet apically.

Sulcate females of D. alaskanus have the respectlve members ~
of each pair of r1dges curving toward and -apically in
contact such that eachjpalr forms its own exaggerated

V-shape. _ - - o
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3.1.7 Pterothoracic and/gghoﬁinal stérﬁa

| ‘Coiour pa£térn of abdom1nal and pterothorac1c sterna 1sl
diagnostiC»given an understand1ng of 1nfraspec1f1c var1atfbn,
ﬂwhigh,isvréigtively'low among species of Dyt fscus. Extremes
in pattern afe shown in Figs. 7 to 13; The median loberf
malé spécimeﬁs.ép the end poihts‘of colﬁur variation were
carefully examined to deter&ine that they did indeéd beldng.
to a given taxon.AIﬁTfhese-figures, igfuscation'is_ﬁﬁowﬁ as
black, yellow as‘white, and red as various~dehsitigs of
sfippling. The darker thé;red colo;ation, %he more dense the
"stiﬁpling. These figufés afe’mostly'composite, i.e. they |
réprésgﬁt the iightest,or darkest sterna respectively of .
series of species studied intensiVely. Aé such they should
rep;ésent close tb,the ext?emes of specimens thch will be
encéuntered. This is sqmewha; dependent on the’tétal_number
of specimens that I have examined. For instahte, I have
greater confldence that the . limits of variation are.
approached An “the representatlon of D marginlcollls (972
specimens examined), than 1nvthat of D. persfcus (16
specimens_examined)..Impbrtantﬂcharaéter ﬁﬁatés are presence
or absence of red coloratioﬁ} whether or not the abdominal
and pterothorac1c sterna are unlcolorous piceous or black or
yellow versus yellow w1th infuscated. areas and if the latter

than the relatlve amounts and pos{t1ons of the 1nfuscat10ns.

kil
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3.1;8 !edianolobe of aedoeagus

Exceptionally dlagnostic and uniform characteristics
are found inathe shape of the apex of the male med1an lobe
~(F1gs. 14-20). Of spec1mens exam1ned there is 1ns1gn1f1cant
var1atlon w1th1n specles. I have not used length of theﬁ :
median lobe as a taxonomic character because th1s is . :
probably correlated w1th variation in the total body length
of specimens (see Measurements)..lmportant character states/
of median. lobe shape ‘are: l) comparatiﬁe deflection of apé;
from line formed by basal portion‘of median lobe; 2) rounded
versus irregular apex; 3)‘presence or absence ofdapical
knob; 4) presence or_absence ofhsubapical, lateral'notches}
5)width of apical knob relative to preapical width of. shaft;
and 6) overall similarity to thatlshowntln the scanning

electron micrographs..

3.1.9 D1str1but1on

Perhaps: the most de51rable and easiest couplets t% use
are those’ wh1ch separate eastgrn and western spec1es (e.g.
D. sharpl and D. semlsulcatus) "The degree of confidence in
the use of such couplets isg related to amount of gap between‘

P

,ranges and degree to wh1ch the range of a spec1es 1s known
or”at least the degree to wh1ch it can be predlcted When

thlS confldence is fairly hlgh 1 have not hesitated to use
'range as a. character of equal value to structural features.
In the keys the geograph1c range of a species or subspec1es

is not used as the only character state because of numerous

.o
) -
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- specimens with no or only cryptic label 'information..

3;2»Genus'Dxti§cus Linnaeus ! .

DytlsCus Linnaeag i758;411. Generitype -~ Dytiscus
marginal s Linnaeus 1758:411, designétéd by Latreiile
1810:426, att:ibutinglthe-species to”FabriéIgs'T775:230.
Curtis (1826:99), Westwood (1838:9), Crotch (1873:406),
Guignot (1946:118),[Leechi(1948:413), Balfouf-Browne
(1960:252), And Guignot (1961:856) cite D. marginalis as"
generitype. |

Hoée (1839:131, 137),.Dpponchel‘(1845:154) Jacquelin
du val and Migneaux (1&55'77) and Thomson 11859: 12)
designate Dytlscus lat issimus L1nnaeus 1758:411 as
generitype. ‘

DyticUS Mﬁller_]776:69. lncbrfect emendation,

Macrodytes Thohson 1859:12, 1860 41, Tfpe species —
Dytrscus manlnalls Linnaeus 1758 411 bg%;rlglnal
de51gnat1on. Subsequently de51gnated as type species of
'subgenus Macrodytes by Gu1gnot (1961:857, "...§e51gne
ici."). Generitype - Dytlscus conformijs Kuﬁze 1811:58 (a
junior syﬁonym of D. marginalis Linnaeus),~designatedvby
’Hope (1839:131), attr1but1ng the species to Stephens 1828 :87.

. Subgenus Le ionotus Kirby 1837: 76 Generltype - Dytlscus
franklinii Kirby 1837:77 (Junlor synonynm of Dytlscus |
dauricus Gebler), by orlglnal des1gnat10n

‘ Subgenus Dyticops:s Houlbert 1934 134. Generitype -
DytISCUS‘Iapponicus Gyllenhal 1808:468, here des1gnated

i
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.Descniptlon (Adults). —‘Sizeflarge,'TL 22.0 to 44.0 mm,
body form ovate (TL/GW 1.76 to 2.10 except D. Iatlssimus

1.55 to 1.62), outllne contlnuous, w1dest just behind

'middle. Colour dark brown to plceous, often with greenish

e

cast, with yg&low or reddish markings.
o Suaﬂ?QQS«shlnlng) with singular 1sodlametr1c sculpture,
m1crol1nes very fine, and dlfflcult to see except at very

high magnlflcatiens'isurface of some specimens dulled by -

dense accumﬁil_;ﬂ“:of goarse pores at’ apex ‘and/qr base of
& “F}r > .
elytra, laterally on gronotum or on sulc; of;sulca
\ ,} ‘ e 4.
females. S -

& ,..
Head Large, prognathous, 1nserted firmly into thorax,

'w1thout raised carinae. Labrum. exc1sed on anter1or marg1n

(except nearly truncate in D. Iatissfmbg) yellow to red
with, brush of f1ne short halrs in emarglnat1on

Labro- clypeal.suture dlstlnct, evenly_curved (bisinuate in
D. harrisii). Clzpeus aistinct; yellow_to red, \

clypeo-frontal suture present. Frons of most specimens dark

brown to piceous or black, most'specimens'with yellow to red

‘chevron and yellow to red markings over antennal bases and,

on many specimens, on inner margins of eyes. Chevron of few

{

spec1mens extendlng to antennal bases. Vertex short,. dark

brown to piceous or black Occ1pu normally inserted into

'thorax. Eyes large, anterior margin not emarginate. Palpi

and antennae yellowish to reddish—brown, articles of many

s,

specimens infuscated apically. Antennomeres elongated,

~glabrous, outherwise unmodxfled Mandible with ret1nacular



and two terebral teeth‘ and with with row of stiff, shoft
setae ventrally Maxllla with palpomeres elongated '
glabrous,‘otherw1se unmodlfled Lac1n1a with apex acute and
abruptly bent, setose on inner margin only. Galea with apex
‘bluntly ﬁointed and abruptly bent. Labium with‘palpomgreé
élongated glabrous, otherwise unmodified. Mentum distinct,
quply emarginate at middle, witK two low lobes in
emarglnat1on w1thout setae. Submentum slightly wider than
mentum without setae. Gula narrowest jUSt posterlor to
‘contact with submentum wider apically, at narrowest 0.25 to
0.33 width of p;ementum, without setae. Fprther structural
information about head in Sharp (1882:203-215), Buhlmann
,(1923:17-33), and Guignot (1933:13-19).

Thorax. Pronotum transverse, without carinae, with

lateral maréins acute but not margined, widér'atjbase than
at head, with lateral outline rounded, antero-lateral

<

margins produced antetiorly. as Founded lobes on eitheruside
_of headi Dorsally glabrous, witzﬁbase ébﬁtinuousfwikh and
overlapping bases of eiyfra, posterior‘margin more or less
bisihhate on each side, majority of specimens explanate with
linear~depression laterally extended from anteribr lobes to
base, disc dark brown to black wlth lateral yellow1sh bands,
some specimens with anterior and/or posterlor yellowish to
reddish bands. Ventrally with prosternum markedly compressed
by enlarged procoxae, procoxae confluent—open-bridged-(Bell‘

1967,»EvansA1977,kaaehr 1979). Prosternal process with

ventral surface convex basally to'flat_apically, apex
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,broadly rounded marg1nal bead complete except ap1ca11y.
Further details of prothorac1c structure in Sharp "

(1882:215~222), Evans (1977) and Baehr (1979). Mesosternum

with mesocoxa of complex- type of Bell (1967), metepisternum
contacting mesocoxal cav1ty (Dytlsc1 compllcat1 of Sharp
1882 964), further detalls of structure of mesosternum 1n

Sharp (1882 222- 228) and Evans (1977). 'Metasternum Wlth

short broad notch for reception of . prosternal process,
metasternal wing wlth antero-lateral margin not .straight,
metasternum wide, most ‘specimens w1th shortest dlstance from
mesocoxa to metasternum greater-than.width of metagoxa
measured along same 11ne, not reach1ng eplpleuron. Metacoxae
of 1ncomp1ete type of Bell (1965), metacoxal plateg
transverse, length.approximately 0.5 widtn. Metafurca
(metendosternite) with space between anterior rami narrow
and ;nort, base uide and transverse,iwith arm at each end
(Crowson 1938 and 1944, F. Balfour-Browne 1944, Riha
1955:391-393), ‘
o
Proventriculus. Bowl- or calyx-shaped, outer (main)

laobes triangular, ciliate, and without teeth, inner
(intermediate)tlobes trianular (F. Balfour-Browne 1934, h;;'
1944). ‘. -

ggg_, Short;'broad, sexuallyidimorphic in setation.
Anterior and mlddle legs quite short, withlstrong'sexual
d1morphlsm of form in repose retracted into '
prosternal mesosternal cavity. Relatlve length (longest to

-

" shortest): femur, tarsi, tibia. H1nd legs longer, without



!

rd

‘sexual d1morph1sm of form, hlghly modlfled for<aquat1c l1fe,
relative length tarsx‘ femur, tibja. Further det@;ls of .
structure of legs in Sharp (1882 1234239, 246 259) Buhlmaﬂn
(1923:48164) Guignot F1933 $34-44), and F. Balfour BrowneA
1950:259;263)

Elytra. Continuous with outer margin of pronotum at
base, widést 5ust behind middle, apices rounded. Dorsal
surface shining or dulled by dense, coarselpunctatfon
‘basally, ap1cally and/or laterally, long f1ne setae on.!'
postero-latéral marg1n Dark brown to black, many spec1mens
with greenlsh cast, w1th lateral yellow margins,  some
specimens. with sublateral'transverse fascia. Lower surface
without sublateral carina and ligula; “subapical. ’
binding- patch of modified setae present: (Hammond 1979).

Males with upper surface wlthout sulc1 female with or
without sulci. Sulc1 sub-basal, in form of narrow shallow
long1tud1nal trenches, ended from 0 5 to about 0.85 of . .
.elytral length, Further detalls of structure of elytron 1n‘
Sharp (1882:241-243), Buhlman (1923 :168-70), Gulgnot
(1933:28-31) and Hammond (1979). |

Metathoracic wings. Well- developed no specimens

4

observed to be brachypterous. Wedge Tell present and well'
developed Oblongum cell in shape of’ parallelogram, with M,
vein atgached anterior to middle. Distinct area of modified
dense setae along poster1or margzn of cub1tus VYein near wing
margin, Further detaxls of structure of f11ght wing in Sharp

(1882 243-246), Forbes (1922 1926),_Buh1mann (1923:64-67),

46 .

a
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Guignot‘(1933:32-3300'éoodliffe (l939), F.'BalfouriBrowﬁe
(1944), Hammond (1979) and'ﬁard-(197él9 - e

aﬁdomen. Dorsally with basal pleuron'transversely
lgrooved,:Apical two pleura with srigmata markedly enlarged
and traosversely elliptical these pleura densely covered
w1th long setae. Sterna glabrous except some spec1me;; ulth
lonq fine scattered setae on last visible sternum. Various
ia colour, unicolorous. black or yellow or.marked‘with black,
yellow, or red. Proportional length of visiblelsterua
(longer %6 shorter): laat,‘Second, third, fourth, fifth aud
first subequal at epipleuron. Further detalls of structure.
of abdomen in Sharp (1882: 239 241) Buhlmann (1923:72-77)
and Gu1gnot (1933:44-49), 3 S .

Aedoeagu . Similar to that of Hydaticus (Roughley and
_Pengelly 1982:256-257, 295 f1gs. 4 and 5), except as
follows: 8th-sternum‘&irﬂ'deep narrow emargination, 9th
pleuron with small longrudinal sclerlte present on membraoe,
medlan lobe w1thout lateral flanges, paramere w1thout flange
and with setae o antero -dorsal margln, preputial covering
‘not complete to apek,.lnc1sed and epipenite absent. Further

3

details of structure of ‘aedoeagus are in Demandt 6u&”

(1924:209- 275‘)@Gu1gnot (1933:49-58) and F. Balfour-Browne .-

(v950:255—3§g).

Ovrposator. Apical sternum with deep narrow

emarglnatlon éxtended to @ase, central portions membranous.
Al
Paraproct ﬁrlangular w1th posterior marg1n membranous

centrally. Valvifer. art1culated with' stylomere I aplcalry,



" R
DR,

'ffoﬂ twc lateral elongate struts Jo1ned by membrane Vulval

:Wsclerzte lamellate,'w1thout setae, 1nserted :nto stylomere I;f;(”

jfventrally.§5tylomere I elongate, sclerot1zed acute S
;?”aplcally. w1thput setae and cult;\form 1n shape--FUl‘ther ' -
Ze;detaxls of structure of ov;posxtor in Demandt _v, | o
-”fef(1924 151 209) Gu1gnot (1933 58 67) and Burmelster (1976)



"'3;3'§ey.to adﬁltsfof Searctib Species'offbytiscus"Linnaeus.

1;(d)

S

[

;

2'(1Y

Yy

.f3c

Metacoxal process w1th 1nner margln convex, apex

rounded to obtusely angulate, but not acumlnate

o [

(F1g. 21A-E H-K),...;.;;..};;;.....;....;;..;;{..2§r:

Metacoxal process ﬁ1th 1nner marg1n concave, apex
acutely angulate, more or less acum1nate»"

(Flgo 22F-H) _....-'.l.........'..O..I..v‘.l'.wlll'....]z

Clypeus wzth anter1or marg1n shallowly but o ‘;'

d1st1nctly b151nuate (Flg 23n); pterothorac1c'

sterna predomlnantly plceous to black metacoxa and

abdomlnal sternum I marked w1th yellow, sterna II

to Vv or. II to VI w1th redd1sh mark1ngs (F1g. 7B) oo

u D. har'r'lsfi xlrby',' E

Clypeus w1th anterlor margln stralght or sl1ght1y

concave (Flg 23B); ventral mark1pgs varlous‘..,,.B

. . ) i . R ) .' ‘ 1' T '
Pronotum thh anterlor yellow band absent or, if

present less than 0 4 w1dth Of lateral bands f;"

Flgs’ 1A D 2C E) l'.ll.......“.'....‘.v..."..’..... .’l“"“"‘"@‘:‘l‘ .“‘.‘l\

_ Pronotum w1th anterlor yellow band of most

spec1mens more than 0 5 wldth of lateral bands
(Flg. IB c) ....0.......“.....‘;.v.l;.;..;".‘.";..C‘....'g

¢

4 (3)0 Pterothorac1c and abdomlnal stetna p1ceous to

4"

blaCkoo.ocoolb.t%.ot0.a-o.Ci.'olotov.lolo.oo..oaoooos

Pterothoraclc and/or abdom1nal sterna w1th yellow

or reddlsh marklngs ....‘.b..;..‘“... .‘..:.‘.‘.‘._.‘OV.OO.'.F..'.'. ;_;.. .,..\.7‘.‘



6 (5') s

6'

7 (&')

”. \ S
3

Pronotum w1th lateral marglns not explanate- males

w1th mesotarsomeres 1T and III WIth medlan glabrous,

”varea ventrally, females hot sulcate.

I-ooon.ooo.-o.oouo.'.-u.copoo.oooooD WbpidusAUbe‘

Pronotum w1th 1ateral margzns eXplanate- males wlth'

mesotarsomeres II and 111 w1th unzform dlstr1but1on

f'of ventral suckers' females sulcate or not ;,s’”‘aﬁ

B
R,

Slze larger, TL from 29 6 to 36 0 mm,_elytron wlth 5{-

-yellow subapxcal transverse fasc1a (F1g. 1A);

'females not sulcate ceeesseesdees D, ‘verficalis Say

Size smaller, TL from 22,0 to 26.1 mm: elytronr

'w1thout yellow subaplcal transversé fascza

(F)g 2C); females sulcate.if B

........................D canofinus Aube (in part);@f

LMetepiéterhumq metaSte~na1-wihgs aﬁﬁﬁmétatakae,jfﬁ
' predom1nantly plceous o black abdomlnal sterna

‘black w1th redd1sh - plceous mark1ngs (Flg 8D)
.Hdlstr1butlon more southern, Atlant1c Coast |
;(Connectrcut south to Georgla) Gulf Coast, and
‘ynorthward along M1551551pp1 Rlver valley (F1g. 25C).

'.a............;........ D, carolinus Aubeé’ (1n part)

Y



7'

8 (7")

51

Metepistérnum, and'metacoxae predominantly

5testaceous, abdomlnal sterna testaceous with black

marklngs (Fig. 9A B) d15tr1but1on more northern

and western -a..a'.onol.o.c.o....'-collooo-oocul.pa

than protarsomere V (Fig. 23C); females w1th

..mesotarsal claws 1onger than mesotarsomere v

:fi(Eig. 23E) pronotum more broadly marglned with

“ ‘yellow (Flg 2E) d1str1bution west of Rocky_

9 (3')

Mountalns from central Callforh1a to northern
£ 3

Males with protarsal claws of most spec1mens

shorter “than. protarsomere \) (F1g 23D) females"

w1th mesotarsal claws shorter than mesotarsomere v
_(Flg. 23F), pronotum more narrowly marglned with -

"yellow (Flg 2D); transcont1nenta1 in northern

North Amerlca ..............L.. D fasciventrls Say

.‘ e

'Pronotum d1st1nct1y explanate° protarsal claws

Males w1th protarsal\claws of ‘most . spec1mens longer

Brztlsh Columb1a ................. D hatchi Wall1s '

subequal to protarsomere v; abdom1nal sterna yellows

with baso- lateral 1nfuscat10ns (F1g.‘9A B) ......8t

‘Pronotum not or 1nd1st1nctly explanate~ protarsaﬂ

- claws much shorter than protarsomere V- abdomlnal‘

.sterna predomlnantly yellow (Flg. 9C) or

P‘predomlnantly ‘black w1th varlous coloured mark1%§

7

(Flg.u7D BA) .-..t..-.v-.f-.-g.‘-.,-.......:'..-..,"'~~...».:.;"1’0

ar
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’ﬂgjO,IQl)Q Pterothorac1c and abdbmlnal sterna testaceous to | <:"
o -pale rufous (F1g 9C) frons of most spec1mens w1th .
»chevron extended to antennal bases (Fig. 23B);
females wlth pronotum shallowly explanate, some
spec1mens vith elytron sulcate.... D. COPdIePI Aubef
10’ . Pterothorac1e and abdom1nal sterna with extensive
wlnfuscatlon (Flgs. 7D, 8A); frons wzth chevron not

"extended to antennal bases (e g. Fig. 23A) females

.with pronotum not explanate, elytron not sulcate

00....o‘o..!.,-.o..l'-..o.'lonnol.otoa-on.cnooico.o11

"

1~(Td') Pronotum with dlscal 1nfuscat10n narrower than

lateral yellow.band (Figq. 1C) male w1th é'

- (

mesotarsomeres II and III w1th un1{orm dlstrlbutlon
of suckers ventrally, dlstrlbutlon as in F1g 24D.

,,,,,,,,,,,

‘...................................; D. habilis say

‘11" . -Pronotum with dlscal 1nfuscat1on wlder thandlateral.

- yellow band; male w1th mesotarébmeres 11 and II1I
with medlan glabrous area ventrally, dlstrlbut1on

'as 1n F1g 24D .. i, D. marginicollis LeConte



12 (1)

Eye enclosed dorsally by narrow yellow band or,

- some . spec1mens wzth band narrowly broken near 1nner

12"

13 (12')

poster1or marg1n of eye~ pterothorac1c and

'abdomlnal sterna testaceous to pale. rufous, basal

marg1ns of sternum I very narrowly 1nfuscate

in some spec1mens (Fig. 11D) 1_ | ,
...........................[5 cincumclnctus Ahrens
Eye not enclosedﬂfersally by narrow yellow band,
some specxmens WIth inner margin marglned w1th f:
yellow or red pterothorac1c sterna .with at least

metasternum medlally xnfuscate (F1g 12A,-B),

_abdomlnal sterna var1ous in cOlour pattern ......13

Male w1th ap1ca1 portlon of medlan lobe 51nWate |

laterally and ap1cal knob d15t1nct in dorsal view
(Flg. 19C) females w1th postero-medlan marg1n o!;y~

clypeus dlstlnctly ralsed above level of frons
v

’along ciypeal suture° sulcate females with rldges

' of su1c1 VII and x fused- aplcally, .and those of

VIII and rx not fused apzcally, size larger, TL

from 29 7 to 40 O*mmr.....,;.... D dauricus Geblerf
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» .

Male wlth ap1ca1 port10n of med1an lobe- evenly

curved laterally and ap1cal knob 1nd1st1nct in .

'_dorsal v1ew (F1g, 19B) females w1th postero-medlan

margln of clypeus on same level as frons along

clypeal suture, sulcate females with r1dges of -

4su1c1 VIl and x and of VIII and IX fused aplcally

formxng a 'V—V?'pattern/(Flg, 5A);'Slze smaller, TL

from 22, 6 to 30. 2 mm , v
R NPT D alaskanus J. Balfour- Browne

-

LA
“
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3.4 Key to Adults of Palearctic Species of Dytiscus Linnaeus

1 (0) Metacoxal process with inner marg1n convex, apex"
| rounded to obtusely angulate,.not acumlnate (F1gs.
21F, G, LoN) verenenivnihsioneinnneininennennend2
" ‘Metacoxal process w1th inner marg1n concave, apex‘
acutely angulate and more or less acumlnate

(Flgs. ZZE N) -I..ll.OOCQ'.'I‘....'......'l.l.'»....‘11‘5‘\'

2 (1) Pronotum with anterior and posterior yellow bands
- absent (Figs. 24? G, :ﬁ-N) OR, less than 0 33
width of lateral band (Figs. 2A, B, 3B, C) ..... ...3_
2' 3 ’Pronotum w1rh anterlor and posterior yellow bands
present and at'least,b;sﬁvwidth‘ofrlateral-band’
(Fig. 3D) ..6
3 (2) therothorac1c sternavplceous to black
| v}l-(Flgs. 8B, C); smaller specimens,A24 to 30 mm. ceid
3 Pterofﬁ%}ac1c sterna predomlnantly yellow

(Flgs. 9D 10A), larger spec1mens, 28 to 39 mm ...5

s

4 (3) ‘Metatrochanter with apex. ro%aded (Fig. 21F) body -
narrowly oval (TL/GW 1, 97 to 2 01); dlstrlbuted
from Europe, east to Kazakh SSR, and New Zealand |
b...,}.............;......... D. semisulcatus Muller
§' | ;Metatrochanter with apex acuminate (Flg 21G) body
| broadly ovci (TL/GW 1. 84 to 1, 94) d15tr1buted 1n S
.Japan, Mar1t1me USSR northeastern Chlna. | o

.."....Il.'.‘.l.."‘.......l..‘..D pr, wehncke

o

e



5 (3 ).

5'

6 (2')

6'

7 (6)

56

”

Body oblong (TL/GW 1,98 to 2.00); male with -

vprotarsomere v about 1.3 length of longer claw

(Fig. 23G), and about 30 punctures on anter1or
surface° smaller spec1mens, 28 to 35 mm; “
d;str1buted,1n,ltaly, Corfu, Yugoslav1a.

-;;............;;..;........ D. mutfnensls Pederz«n1

 Body more elongate (TL/GW 1.84 to. 1. 95)- male with'

protarsomere V about 1.5 length of longer %éf

(Fig. 23H), and about, 60 punctures on anter1or
surface°'larger spec1mens, 32 to 39 mm’; dlstrlbuted
from Europe to Transcauca51a, A51a M1nor and Syrla

srrecessepveeiieeaan.D. dimidiatus Bergstrasser

Metacoxal process with apex rounded (Figs. 21N,

'22D)_‘oocao oooooo too.ooooo...eo-osatcc.--oo-o,o ccccc 07

. ' o+
Metacoxal process with(apex acute (Figs. 22A-C) ..8
, , ) i

' Metatrochanter wlth ‘apex acuminate (Flg 21N), male

thh protarsomere V about 1.3 t1mes w1dth of

prot1b1a- male with med1an lobe broadly rounded at

apex (Figs. 17B),,fémale with mesotarsomere V about

2,0 times length of IV (Figh 231); most'ﬁemales

_w1th elytron: sulcate' d15tr1but1on '

c1rcum Medlterranean.

..;.L.......,;..... D plsanus LaPorte de Castelna



7' Metatrochenten ontusely rounded; or acute (males,
Fig. 22D); male with protarsomere V about equal;in
length to width of prot1b1a°'male with medlan lobe
notched ‘laterally at apex (Figs. 18B); female‘thh
mesotarsomere V about 1.5 times length of IV
(Fig.23J); no suicate females known; distributed in

- Maritime USSR ............... D. delictus. (Zaitzev)

8 (6') Venter ;ith eedleest abdominal sterna II, III and
‘VI with large, transverse, baso lateral 1nfuscat10n‘
(Fig. 10D, HA) 3
'8' . Venter with abdom1nal sterna II E//V wlthout
‘baso lateral 1nfuscat1on or; wlth only narrow

baso- lateral infuscation (Fig. 10C) R 1

9 (8) Head witn chevpon'extended antero-laterally to .,
~Yellow spot at antennal ‘base; Maritime.USSR,end
Japan J..e.D; marginal is czerskii Zaitsev"(in'part; ‘

g’ .Head with chevron not extended antero- 1aterally,'

| not connected to yellow spot at antennal base; |

Caucasus Mountains, Tranfcauca51a'and Crimean USSR,

northeastern Turkey and Iran.

--eooo-oo.o..-.c.-.oto-\.:o.oocoli‘-u-o‘D. pef'SfCUS wehane

.10 (8') ° Head with chevron extended antero laterally to'
yellow spot at antennal baSe' Maritime USSR and

Japan .....D. marglnalfs czersklf Zaitsev (in part)

»
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11!

12 (11")

(")

“

;_58<5

Head with cnev(on not extended antero—laterally,“
not connected to yellow spot at antennal base;

d1str1buted from Portugal and southern ‘Spain north .
to Scotland and east to Slberla.

cetveenivennea.. D, marginalis marginal is Linnaeus

Elytron with epipleuron greatly ﬁidened‘into a
flange (Fig. 4B); clypeus of most specimens with
anterior margin shallowly bisinuate- distributed

v

from France through Ukralnlan SSR to western

_Slberla ............;..:.... D. Iatlssrmus.Llnnaeus

: Elytron with ep1pleuron not w1dened 1nto fJange-

clypehs with anterior margin evenly curved veeosel2

Pronotum very broadly ﬁargined with yeiiow,
anterior or posterior bands wider ‘than or aLmost as
w1de as discal 1nfuscatlon (F1g SC) »elytral disc
of most specimens w1th infuscation reduced to’
numerous llnes~of;spots (Fig. 5C); metacoxal
processes with aoicél spine very long .
(Figs.'ZZI ) N € B Iapponlcus)
Pronotum hore narrowly margined wlth yellow,
anterlor and posterior bands much narrower than

dlscal 1nfuscatlon (Fig 5D); elytral disc plceous

to black (Fig. 5D); metacoxal processes of various =

lengths (Figs. 22K_N) o-o.‘l l"Q-'l‘o‘-‘.0'..:0--0.....-0.14

o

3

Lol
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a2

14

15 (14')
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&

Pronotum with quadrangular infhseation (Fig. SC)

head w1th chevron V—shaped distributed in northern |

Europe and USSR (Fig. ZBD)

R B lapponiCus Iapponicus Gyllenhal

L4

Pronotum with 1nfuscatzon greatly reduced, almost

linear, in shape of pr1nters bracket, open1ng
-4

poster1orly, dlstr1buted in Itallan Alps (Flg QPD).

g,....,,......,,..D; Iapponicus disjunctus Camerého

Metacoxal process w1th aplcal splne very long v
(Flg. 22K N) 'O..--......V.‘.l.l.;.........I....'. ....... 16
Metacbxai'pfcéess Qitﬁvapical spine shorter

(Fig' 22F—H) .;-.-.,o--.-l........a-......'../..‘....-..15.
Eye enclosed dorsally by narrow yellow band, or,

some‘specimens with ban&*harrqwly broken near inner
posteqiqr margin of eye;jpterorhoracic and |
abéominal sterna testeceous to pale rufous, basal’
marglns of sterna 1 to III very narrowly 1nfuscate

in some spec1mens (Fig.( 11D); male with apex of

'medlan lobe,not.51nuate.1nfdorsal view (Fig. 18D).

R ) B clncumbjnctus Ahrens

A



5" Eye not gnclbsed doréally by narrow yeliov band,
some specimens with inner margin margined with
yellow or red; pterothoracic sterna with at least
metasternumrmgdially:infuséateh(Fig. 12B), |
abdbminalfSterﬁé variable in colour .pat€ern; male”
-with apekf§f‘ﬁeaian;1§bé sinuate in dofsa10yiéw5'

AFig. 19C) ......ivunn... N D. dauricus Gepler

16 (14) Abdominal sterna'i;th'broad fhsbiae (Fig. 13a

left” D) ..Ol;‘.‘.l.'.....'.. ...... '..~........‘;l.....l1.7
16’ ' Abdominal,sterné without, or with very narrow

5fasciae‘(§ig. 13A right, B,;C) e eteeneeneaa.

17 (16) D1str1buted 1n Europe, Great Brltaln, southerﬂ
, Scand1nav1a and northern Afrlca (Flg. 29A)° male
with protarsal claw about 0.50 length of
protarsomere v; ]malelwlth knob of med1an lobe not
spatulate in lateral/v1ew (Fig. 20A)
| ....;...}...... D. c;ncumflexus FabrICIUS (in part)
17! - Dlstrlbuted in Peoples Republic of China
(Fig. 29D)' male wlth protarsal claw about 0.67
length of protarsomere ‘A mgle w1th knob of medlan
lobe spatulate in lateral view (F1g. 20D) fhyf

. _‘." toe LI D.o ® e e 00 co{- s e e s e eee |‘. .o; ; @ & 00 0 D- SinenSis Feng
18 (16) Distibutea'in Western Palearctic (Fig. 29a)..

seceseeceeese.. Do circumflexus Fabricius (in'part)
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19 (18@)
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D1str1buted in central and eastern.Palearctlc .

. (FlgS. 298 C) '..'. .A_A.,.v‘c....;_.'.....a....'..v.e o:- o_'o‘-_..;’Tg‘.»

. 1“ -

Head with chevron extended to antero lateral :

- margxn' male w1th medlan lobe in dorsal v1ew w1th

19°

,central USSR and Afghanlstan (F1g. 298)

'..................... D thianshanlcus Gschwendtner

vpre ap1ca1 portlon narrow (F1g 20C); dlstrlbuted

in far eastern USSR- (F1g 29C) ......D Iatno Sharp,
Head with chevron not extended to antero lateral
margln~ male with medlan lobe 1n dorsal v1ew w1th

pre ap:cal portlon broad (Flg ZOB) d1str1buted in

<~



B 'nij States.-Type prpbably lost see below ) f—21mmermann,"

O 5 . B S . ! C . . i Lt -

",G-j‘3 5 th;gcu rgrcalz Say, 1823 _
e Dytiscus vertlcalls Say. 1823 92 (Type area- Un1ted

, 1920 255 -Hatch 1928 226 —Wall1s,.1950 51..-Wa111s and
| 71 Larson, 1973 110 -Larson; 1975- 396. o f , .' '
T uer:vatron of speciflc epithet. — Unclear but probably
':fder1ved from Lat:n, me&nlng at the vertex, d1rect1y OVerhead
.‘or upr1ght p0551bly referrzng to the chevron on the vertex
T of‘the head O f R 'u
i Notes about type matenlal 1— As w1th most of the
" typlcal mater1a1 of Thomas Say, orxglnal spec;mens are
. lprobably lost (LGdroth and Fre:tag 1969) However Say s
'or1glnal descrlptlon 1s Suff1c1ently d1agnost1c to'lndlcates
s that th1s 1s ;ndeed the taxon to whlch he\was referrzng ﬁ
Therefore a neotype ms not needed.';_a . | S :4,
Dlagnostlc~comblnatlon.{_ Large 51ze§ SUb-aplcal d7°dj

transverse fasc1a of elytron,(1nfu9cate vente&, and pronotum

w1th broad yellow lateral marg1ns, ‘per 't easy recogn1t1on
5\~of adults of thxs Nearct1c spe‘1es. Tiﬁiw e
‘ Descrlptlon. * Measurements of largest and smallest | vfﬁ
specxmens are 91Ven 1n Table 2 States of taxonomlcally o
1mportant characters are glven 1n Table 3 Dorsal vxew of
the body 1s shown 1n Flg.;1A° coloratlon ‘of pterothorac1c S
3 sterna and abdom1nal terga 1n F1g. 7A, medlan 1obe of male

“;1 1n F1g 14A, and metacoxal processes 1n F1g 21A._?'

Varfation “ Adults are relatlv ly'un1form 1n




.

hpa dark greenxsh cast The sub-aplcal transverse fasc1a of

f*the elytron var1es in w1dth and d1st1nctness and 1s absent

from(a few speclmens._Pronota of ‘a. few specmens have the

M_anterlor and posterzor margxns marked w1th yellov bands, |
lless than 10%‘of w1dth of lateral bands. Some other

jspecxmens have plceous anter1or and poster1or marg1ns of the-’

pronotum. L :
Natunal histony = Both adults and larvae. of thlS

speC1es seem to be most common in ponds assoc1ated Vlth the

‘eastern decrduous forests and adjacent areas. Data on labelsf

are 1nterpreted as ev1dence for an autumnal emergence from

the pupal stage (Table 49 Autumnal d1spersa1,cou1d take.

llplace soon after emergence from the pupa as a teneral

4and 7.vi, 66 (2 ROMC)

v'ﬂfspec1meanrom Anh Arbor, Mlch;gan, was taken at a. porch
. ‘ ‘ M " N
_,11ght in July (Tables 4 aﬁd 5) Other data suggestlve for an.

) autumnal dlspersal fl;ght are llsted 1n Table 5 No’

1nformat1on 1s avallable about overw1nter1ng srtes, fre. in
: J

~;“water or on land but adults of D. venticalls appear to have
;ga vernal dlspersal (Table 5) Thls vernal dlspersal could

'afrallow adults to feed in- temporary pond hab1tats before go1ng%I

on to more permanent breeding 51tes. They have been taken 1n

'

: \?
,temporary ponds twlce in Ontarlo, near Huntsvzlle 31. 1*12

Toe

‘e

Distrrbution.j Map, Fxg 24a. Th1s 1s a: spec:es of

'eastern North Amer1ca whlch ranges as far west as western
iOntar1o and W1scons1n and as far south as North Carol1na

'.Awlth one dubious record from Homestead Florlda (1 MCZC)



“,Records of thls specles from the State of Cal1forn1a [Stan. K

19 1v. - (2 CASC) and a state record only (1 ICCM)] are

'r;probably in. error.

Chono]ogica] nelationships - D venticalis 1s broadly

'sympatr1c w1th all other Nearctlc specles whlch occur 1n _
' eastern North Amerlca except the more northerly D. dauricus
‘and D alaskanus. R j*,' B "r;r. - ff' T
Phylogenetic nelationshlps = The basal segment of the
| I“Bial palpus of thxrd 1nstar larvae of D venticalrs lacks

‘the false\segmentat1on of every other known thlrd stage

f%“flarva of- Dytiscus (Wllson 1923 Flg. 37 and Roughley,ggf'."'w

'unpubllshed data) and in thxs state they are s1m11ar to’“

..thxrd stage larvae of Hydenodes shuckardl Hope (Watts 1964

']
_A.‘ .

o ‘Flg. 16)

A 64

Due to the dlstrlbutlon of thls character state, I have

A‘-Zplaced members of D. vertfcalls as. the 51ster group to- the

- .remalnder of Dytiscus.4> v ‘ R
e Mbteﬁfal examfned‘ - A total of 695 adult spec1mens '
. were" exam1ned of whlch 302 are males, 388 are- females, and

”'for 5 specrmens sex was not determlned. S
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- 3, 6 thxscu harrxs;n erby, 1837 ‘
Dytlscus harrisii erby, 1837: 76 (Type area— "taken 1n'

the Journey from New York to Cumberland houseu" Holotype—see _h

,Larson 1975 397 ) —zlmmermann, 1920 242 248 —Hatch e j“”
;,:1928 277 —Hatch 1953: 238 —Gordon and Post 1965 25 —Wallls and

i /

Larson, 1973 110 —Larson,.1975 397 .
: Der-lvatfon of speclfic eplthet. - Klrby named th1s ‘
spec1es 1n honour of T W. Harrls,.ﬁ...a very em1nent
,Amer1can entomolog1st._3,"_ N ‘
Dlagnostlc combination._— Blslnuate anter1or margln of:
clypeus, large 51ze, and comblnatlon of d1st1nct1ve dorsal
iand ventral colour pattern (F1gs..1B and 7B) allow easy :>
recognltzon of adults of thzs spec1es. _~°:"" gﬁ
DeSCPIption.u— Measurements for laroest and smallest
' speczmens are gzven 1n Table 2 States of taxonom1cally
‘1mportant characters of adult males and females are g1ven in )
. Table 3 Borsal v1ew of the body ms shown 1n Flg.',:Qh. B Fd
~:coloratlon of pterothorac1c sterna and abdomlnal terga in
‘:«fFlg 7B; medlan lobe of male in Flg 14B- and metacoxal
dproceSses in Fzg. 21B..;1x*”' ’;’ " ' , ,'.
| Variation._— Adults aﬂe relat1ve1y unlform 1n
colorat1on. Pronota and elﬁtra of a. very few speczmens have
a dark green cast Colour of legs var;es,‘wmth the poster1or'f
o fa es of the pro--and mesofemora testaceous 1n some R "/ﬂlfh_ﬁ

_;spec1mens, rather than the usual p1ceous to blaqk Th1s

:3\5d1fference is’ not completely correlated w1th geograph1c fﬁ

<;Efloca11ty ° njdls more common 1n eastern North
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' Amer1ca. The subapxcal transverse fascxa of the elytron
v,' varies 1n w1dth and,dxst1nctness but 1s present in all
‘speclmens exam1ned o | B
Larson (1975) commented on the small s1ze of speczmensv
from Alberta and Northwest Terr1tor1es compared to spec1mens
from Ohtarlo and W1scqnsxn A s1m11ar d1£ference was found
"in the course of th1s study, ang 1s 1nterpreted as '

1nd1cat1ve of sampllng b1as (see Measurements) Dxfferences

~in length can be explalned by a greater szze range for adult‘

- D. harrlsil in. northwestern North Amerlca wlth smaller

spec1mens belng more often captured,-whereas, 1n eastern

. North Amer1ca the 51ze range 1s smaller and therefore the

adult stage appears to be larger w1th1n th1s area.,

| thural histony - I haVe evxdence that larval L
development takes place 1n or near runnlng water. The'; ii@f
remalnder of the l:fe cycle can be 1nferred from 1nformat10n
fcrmens examzned Adults probably

Ry

-f'permanent water bod1es [Vermont,

on, labels of ad7

overwlnter 1n

o

Burllngton, 22 ii. 49 taken through flsh1ng hole 1n 1ce, L.

| Champ1a1n,-(1 UVCC)] Depend1ng on local cllmatlc and other "‘(

Ty

factors, 1arval development is completed by June or July as

' 1nd1cated by occurrence of teneral adult spec1mens (Table

4), and mature, f1eld—collected pupae [Alberta, Rneehmlls
Creek near Acme, pupa coll d 23 v1 80 adult emg d

, 6 v11 80 (1 UASM)' Brltlsh S//umb1a,:1 km N Golden,
prepupa coll d 21 v; 80, adult emg d 10 v11 80 (1 UASM)]

The aduxt teneral spec1men from southern Alberta, 3 1x 61
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. . - . ‘ . . .
reported by Larson (1975 398) probably represents an_
}exceptfhpal sztuat1on. Followzng shortly after adultv

, )
emergence 1s a. d1spersa1 fl1ght (Table 5) presumably to

“. overwlnterlng s1tes but p‘%szbly to loca11t1es where feed1ng

'takes place before overw;nter1ng beglns. Durlng these o
ddlspersal fl1ghts spec1mens are collected in non- typ1cal
‘habltats such As beach drlft, and swlmm;ng pools (Table 5).
Dfstﬁibutlon.u— Map, Flg. 24B The range of th1si 5
Jiaspec1es is transcontlnental 1n the Nearct1c reglon, from
v:rNewfoundland to Alaska. The northern 11m1t of d15tr1but1on
»lls probably co1nc1dent wlth treel1ne and ‘the southern 11m1t
"appears to be Rhode Island Nebraska and WaShzngton. Most
53:fspec1mens are from states and prov1nces in the v1c1n1ty of
'pthe Great Lakes. , ‘ . , o - ; ’ _
L Chonological relationships - D hanrisif is sympatrlc
§1th other Nearct1c spec1es of Dytiscus except D habllfs
o and- D carolinus f.” —— 1 o SR
R 7 Phylogenetfc relatlonships.r—-Thls spec1es i's probablyfﬂf
:;'related to a spec1es complex wh1ch 1ncludes D, habf?ls,
- D. hybrfdus, and D. manginlcollls.k;‘“' ©s _; RS N
| Mbteﬁial examined"- A total of 548 adult spec1mens |
~were examlned of whlch 259 are males, 277 are females, and

_for 12 spec1mens sex was not determ1ned

-
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3. 7 thzscu hgbrzdu Aube 1838 - ‘
Dytiscus hybridus Aube, 1838 116 (Type area-"Etats Unls"Q

d Amer1que.? Type not seen ) '-21mmermann, 1920 248 —Hatch :
1929 226 —Hatch 1933 11, —Wall1s 1950 51, —Gordon and Post
1965 24 —wallis and Larson 1973 110 _—Larson 1975 398

| ” Leionotus compar Melshelmer, 1844 26 (Type area —:v

| "Pennsylvan1a and Massachusetts." Type not seen )

'7‘—Z1mmermann 1920: 248, fd | "A C \

‘ 'Derfvatlon of speclflc epfthet - From the Latln
hybrida mean1ng a hybrld or an 1nd1cat1on of hybr1d1zat1on,
presumably because, to Aube, adults of thzs spec1es |
demonstrated a. mlxture of the character1st1:s of othe:

/

~uspe61e:§;ﬂ : ' |
f | _Notes about type material »— I searched for,‘but was
' unable to £ind, any type mater1a1 vithin the R. Obeéthur - )
'collectlon in MNHN. _ »;. e o RN ”
Diagpostic comblnatfon. - Adults of D. hyﬁ“?dus are:
d1st1ngu1shed from adults of other s-ecles of Dygjscus w1th ~j

piceous ‘to black venters, by smalle _“”

s1ze,_non explanate o

pronotal marglns, and pr-sence of w?;e yellow marglns

spec1mens are ngen 1n Table 2 States of taxonomlcally _
:_1mportant charactérs of adult males and females are g1ven in

Table 3 Dorsal v1ew of the body'zs shown xn Fig 1D- SR
e f‘lhvaa . gt“[fiiQf'ff{,ﬁ_§ﬂf"_",ff ?'ffa\{ﬂfff}1?5*7lidf
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-~ coloration of pterbthOracic and‘abdominal sterna in Fig. 7¢C;
R

. median lobe of male in F1g.‘14C° metacoxal processes in F1g;

.21C.

I3

L4

Variatlon. - The most conprcuous varzat1on of adult
,D hybridus 1s 1n colorat1on of the pronotal margln, The

'; most common cond1t1on ﬁs absence of poster1or pronotal
‘yellow band‘but w1th a very narrow anterlor band< Some
"qupxmens have both the anter1or and poster1or bands
bobllterated and bt1ll others have both of these .bands

' present and d1st1nct* In examples of the latter, the

anterlor band is w1der than the poster1or ;and}:and both are

less ‘than 0. 33 w1dth of a lateral band.

- quite uniform 1n colour and in structural features »Most
hiother d1fferences 1n colour ({ e. g plceous rather than black
venter) are probably due to age of spec1mens when collected
“e. g. fdlIy sclerotlzed versus teneral) Compared to most
;other spec1es of Dytlscus, D. hybPIdUS‘bccuples a smaller
r.geographlc range and is structurally more homogeneous.
. Natural History. - Apparently this 1s a spec1es which .

"preters mature ponds w1th1n the eastern'decrduou5'forestsqof

- = .
R} . 2.

‘North Amer;ca.‘ |
d‘ Collect1on of -an adult female in Decemberght Iwhaca,
xaNew York (Table 5) could be 1nterpreted as ev1dence that the
- adult stage overw1nters in water. However, spe01mens havev‘
-}been collected in fl1:hp-1n Pennsylvan1a in. December and}1n

__glllxnoxs in January.: nd may- 1nd1cate dlSpersal from any S

e
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over—wlnterxng hab1tat Teneral spec1mens from the more .
southerly port10ns of the range were taken in June and July
(Table 4). Spec1men data 1nd1cat1ve of fl1ght per1od is -
1nconclu51ve (Table 5); adults ‘may have only an extended ' p
late- -season fl1ght (July to January) depend1ng on geographic ;
'locatlon, or a late season £l1ght (July to September) and a
'very early season flight (December to January)
Dlstripution (Map, Flg. 24C). ~ This strictly Nearctic

species appears to be’common‘Only east bf the 100th |

mer1d1an. Scattered localltles, perhaps 1nd1cat1ng range

northward'1nto Alberta. The southern limit i represented by

expan51on (Larson 1975: 398), extend the ranig/yo Oregon and
spec1mens from Missouri, Tennessee, and North. Card&1na. The
hiatus in- locallty 1nformat10n in the eastern USA which-
coincides with the eastern mountaln chains could be
1nd1cat1ve of less collectlng effort, lack of suitable

’
ﬁabltat within the area, or of av01dance of montane habitats

.-‘sby adults of this spec1es. The most nbrth -central and ,I<
* north- eastern "11m1ts" are probably art1f1c1al and due to
insufficient collect1ng . ,»‘ . '}' ‘ <
Chor'ological r'elationshlps.- Wlthln the D hybr-fdus
..spec1es group, D hbeIdus is broadly sympatr1c with
D. hacnlsll only. | | o
Phylogenetic nelationshlps. — Adults of th1s spec1es
Z:exh1b1t a high number of p1e51otyp1c character sgates when"
=;compared to other members of the D. hybrldus specxes group

b )

As such of the four extant taxa, 1t is. probably the most

.'." - ‘



‘51m11ar to the—hypothetxcal ancestor of thlS clade (see
Phylogeny) | o |
Materlal examined - A total of 1618 adult spec1mens

ewere examxned, of wh1ch 843 are males, 769 females, ‘and 6 of

B undeterm1ned sex._" - : " e
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3. 8 Dxtxscu nggglgxcoll1s LeConte, 1845

Dytlscus manglnicollis LeConte 18451 201 (Type
, local1ty— in flumxne Missouri". Horo;ype female in Leéonte
collection of MC2C labelled as follows. [green c1rcular
‘e lag’!?} Type 6091 [red label]; D. marginicollis Lec., _
albionicus Motsch.)..—zimmermann 1920:252~(ex'barte). —Hatch
‘1929 1226, 1933:11. —Leech 1941:290, 19481414, —La R1Vers
1951 404, —Hatch 1953 238\ —Leech and Chandler 1956: 323
—Anderson 1962 73 —Laﬂ@on 1975:398. .
Dytfscus albionicus Motschulsky 1859 166 (Type o
‘locallty—Fort Ross near San Francisco, Callfornla, U.S.A.
Type ‘not seen. ). Z1mmermann 1920:244. .
Dytiscus fusco—striatus Motschulsky 1859 167 (Type
locallty—"St Eranc1sco ’ Cal1forn1a,_U.S.Au Type not

.seen.). —zlmmermanh 1920'248

Dytiscus anxius, Gemmlnger and Harold 1868:461, nec

o Mannerhelm 1843 461,

N - . . .
Dytiscus anxtus var. alblonicug, Gemm1nger and Harold

1868: 461 >—21mmermann 19203 244' nec Mannerhelm 1843 461, neC”
Motschulsky 1859:166., R o r
Dytiscus vexatus, Hatch 1929: 226 nec Sharp 1882: 643
Denfvatlon of specific epithet-— From Latin manginare,
to enclose W1th1n a border, and collum meanlng neck in

"reference to the yellow marglns oﬂ ‘the pronotum.

_tes about type matenial.s~ My 1nterpreta¢10n of ‘the

of the Motachulsky names c1ted above d1ffers frOm :
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D clrcumclnctus. Reass1gnment is based on absence of

' D cfrcumclnctus from Cal1fornia Usa, from whlch-

Motschuisky descr1bed both D albionfcus -and

tD fuscostrfatus. Also D margfnicollis 1s the only taxon .

occurr1ng at the type localities for which Motschulsky would

have descrlbed .the venter -as—"infuscatus" (D.. albionicus) or

'”testaceis (D. ;ahoostriatus). Exam1nat1on of Motschulsky s

.'types w111 be helpful in determ1n1ng proper placement of

these names.

Diagnostfclcombinafion-?- Distlnctiverronotal and
ventral:coloration (Fig. 7D) Separate aduats of thishf v
Nearctlc specres from those of all.other specles except
D. habflis. Adult maies of D. marginicollis d1s&1ngu1she& \
from males .of D. habills by m1d ventral glabrous areas on’

mesotaf‘omeres 11 and III Males and females of -

- D. manginicollls also have an 1ncreased area of .the pronotal

'1n F1g 14D; and metacoxal processes in Fzg 21D.

disc infuscate and the/poster1or margln of th1s 1nfuscat10n

is sinuate. Adultg of D. manginicollis are longer, than

" those of D. h?bilis (Table 2). Females of both taxa are. not

sulcate. The range of D. habills is. south of that of ,
D. marginlcollis S - ",' Ll P

| Description. - Measurenents-for largest and smallestv
spec1mens .are g;ven in Table’?‘ States of taxonomlcally

1mportant characters are’ glven in’ Table 3. Dorsal v1ew of -

fthe body is not shown coloratlon of pterothorac1c sterna .

~
and abdomlnal terga is- éhown in Flg. 7D; medlan lobe of male

~

.4
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. patterns. These ar

.74
Varlation. — One of the,most cons1stent character
States shown by adult specimens of D marginicollis is
51nuat10n of anterior and posterlor marglns of the dxscal

1nfuscat1on of the pronotum. This state has permxtted rapid

and eff1c1ent sort1ng of members of this taxon. In, contrast

‘there is extreme variation in colour of the scuterLum and,

to a lesser extent of-legs.‘The scutellum varies from ,{
completely yellow to completely p1ceous in most populatlon |
samples.- Leg colour varles 31m11arly, and these two states“ s
are not completely correlated although there. are general

trends to extremes of both states in some specmmens \Some

_‘spec1mens have elytral d1sc with obsolete 1rrorat1ons. -0

Post—mortem~changi§ can discolor ventral and dorsal colour
ar

asually easily overcome by proper-

‘éﬂeaning of specimens.'Other structural and colour .
. characters are relat1vely uniform. s -
Naturai history - Most habitats where 1 haVe collected
K

adults of this spec1es are characterlzed by hlgh sa11n1ty,,

) typlcal of ponds in’ grassland areas, and stands of Scirpus

spec1es. Larson (1975 399) noted an a££1n1ty for what were f

presumed to be permanent prairie sloughs in conjunctlon w1th

Typha and. J?ncus. 'f S e -‘f“'

-

Fl1ght records are avallable for many months of the
/.

year, w1th Julf erdomlnatlng (Table 5) Dlspersal could
follow shortly after emergence from pupae, as records of
teneral specxmens range from May to-August (Table 4).

o -

L
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Taxonomlc notes - Leech (1948) noted that two male ‘ .

spec1mens which he examined from BaJa Cal1forn1a, Mex1co, -

might~ represenb«a d1t:%nct subspec1es as they are more .
parallel s:ded than. other specimens, 1 have seen these
pec1mens and Judgedthem to ber1th1n the range of var1atlon
shown by,more northern specimens. ) |

Dlstﬁfbution (map;(izf/ 24D) - The*range'of-this

species 1s perhaps signi antly, if broadly, descrlbed as_

' west of that of D. hybridus and north of that of D. habilis.
The eastern-most record is from Aweme Manltoba an a, and
tﬁi southern-most from San Dzmas, Durango, Mexxco. Records -

of thls taxon fﬁbm Alaska (e.g. Hatch . 1929 Leech 1948

.Larson 1975) are suspect, and- dould stem from the 1nclusxona'
of D. marginicollis as a Jun1or synonym of 'D. anx}us, the |
type loéAlzty of whichis S1tka, or from Hatch's 1nclu51on

of D. vexatus as a junzor synonym of- D, margtnlcollis.

. However, further collectlng could well extend the range of l,ﬂf
. this spec1es northward along the Brit1sh Columbla'coést and.c\'.“

perhaps into Alaska The northern—most records of adult o 1//’ |
specimens are from Calgary‘and Lethbrldge, Alberta, Canada,f:;

J
'although I “have seen mature larvae from George Lake, near- _
‘Dunstable Alberta (Roughley, in prep ). The record for the |

'Jstate of Durango Mexlco, ment1oned_above,,may seem L "

13

_1ncon51stent except that T haVe many larval records from
“Baja Callfornla, MGXLCO (and none for D habflls, Roughley,
f1n prep ). ;hd the Durango specxmen may represent d1speral

. 3
from BaJa Caleornla delmﬁur. .



Phylogenet Ic ‘r'elat iapships - wmun the D hybr'idus
zf' assemblage, adults of D ma%glnicb}lls\are most s1m11ar 1n

\ »

.j; colour pattern to those of D habllfs and these twe spec1es T

De‘ﬁ;_p 1 t e

A

l these 51m1lar1t1es D marginicollis ls probably the siSfefL;,
speC1es to D hybrfdus based on co'\on posse581on of‘,WTV‘

i determ1ned for 3 spec1mens. ,f;ﬁffAf>j5f*“;l~3§ S\Vfﬁ’w

RS S
SN

S



RN - - : &'."_.*a'jj-:emmsg,
o 3 9 taxscu habxl:s Say, 1830 Lo

Dytiscus habilis Say 1834 441 (Type area-" ...1n the

SN )

r;ver beyond Vera Cruz...' Mexlco. Type probably lost )

Lo i
“@7—21mmermann 1920 248 —Darllngton 1§38 84 —Wallls 1950 51
: o , , N , _ co l‘q' 1

Derivation of specific eplthet - Thls name is derlved
t7:£rom the latan habilis,_meanlhg apt fit;‘su1table (Brohn,
- ' thes about-type material - Say s types are probably
tilost (see equ1valent sect1on under D._ventlcalis). Since:
“rSay 'S or1g1nal descrlpttpn agrees well w1€h the present
:tconcept of\this taxnn (spec1mens w1th1n the LeConte 4

ﬂcollect1on, MCZC belong to th;s taxon), and con51der1ng
tn.that D. habills 1s/the only spec1es wh1cn 1s w1despread 1n
; Mex1co, a neotype 1s not - requlred _ '

_. Dlagnostic combination. - See dlSCUSSlOﬂ under
,equlvalent sect1on in treatment of D. manginfcollis. |

g Descnlptlon.\r Measurements for Iargest and smallest

:spec1mens are g1ven 1n Table 2 States of taxonom1cally

1f1n Flg. 15+ and metacoxal processes in Flg 21E._"“‘  H'_ |
Vaniatlon. - Most of the tibes of var1at10n discussed -
under D. marglnlcollis apply equally well to D. habllls/? |

Natunal hlstony. —.Nothlng has been publlshed

~

hconcernzng natural hlstory of - ‘this spec1es. Ava1ﬂable fllght

.“‘

Jrecords are for Aprll and October 1n Ch1huahua, Mex1co and

S, J\-“ s

A
o



June in“hr}zona1 ﬁSA (Table's) Spec1mens have been taken‘at »Ef

2

xdf:elevat1ons up to 2010 m [Chlhuahua, 5. 1 km n C°1°“1a Garcla.:

lg23 wii, 79 (1 UASM)] Other label 1nformat1on 1s scarce but .
,»the specxmen mentloned above was taken at the margln of a:

'fcreek and another Mex1can spec1men [Chzapas, San Crrstobal

~ de. las Casas, 6.1 vii. 64 (1 CASC)] was taken 1n ‘a habltat

",characterlzed as pond and sprlng .

Distrlbution (map, F1gure 24D) - From southwestern
: k ‘\‘. .
Arlzona, southeastern New MeXICO, and southwestern Texas,

b

'Usa, th1s spec1es ranges southward to Guatemala. o
.‘ ChOPologIca7 nelationships.,P Along the northern edge
H?Fof 1ts range D habfTJs is e1ther narrowly sympatrlc or
Jallopatrxc w1th D marginicdllis. It is: not sympatrzc thh
u-=nor does 1ts range closely approaoh that of any other A
j:spec1es of Dytlscus. 1 % C '_ o ‘ vh .
- Phylogenetic Felationships. - The s1m11ar1ty to f'
hspec1mens of D maninicoIIis was noted in. dlscu551on of

LR

5that spec1es. D habllis 1s 1nterpreted as representatlve of

«

N 7the 11neage s1ster to that of D. hybﬁidus plus ' Q""",\ E hf?'

’ D mar'ginlcollts. S o . _\u

- Meterlal examined - A total of 240 adult spec1mens were
_Vexamlned,.of whlch 148 are males, 90 females, and 2 of - ‘

?iJUndetermzned sex.. - . _ [” C - R =

Lo



“f{-eschwendtner 1938 38 -Gu1gnot 1947a 242. -F. Balfou

';3 10 gxt1scus selxsuicatus Huller, 1776 ST
" Dytiscus semlsulcatus Muller 1775 70 (Type B
- area—Denmark Type not seen ) i—21mmermann 1920 253.

 —Gu1gnot 1933 709 -Houlbert 1934 132..—21mmermann an;i=

{1950 1268, -—F Balfour Browne 1953 27 _-Zaltsev 1953 324, .
..f{—GUJQDOt 1961 857 —Ordxsh 1966 254 —Ordlsh 1967 6. ‘Q_s
f“e—Galewskx 1971a 100. '—SChaefle1n 1971 87. —Franc1scolo -
‘1979 662 B iv<“[ff,;f;y¢ ,',v" B o '1)",;fv 'jfife

Dytiscus punctulatus Fabrlcxus 1777 238 (Type area —» f:ﬁ'
;"Chllonll 1n rlvulus‘.lType not seen ) e21mmermann;e f
"‘1920 253.5 I o S
Dytiscus frischf Bergstrasser 1778 43 (Type
" local1ty—Hanau area of Hessen, Westhermany. Type not
_seen. ) 1—21mmermann 1920 254  ‘ '

Dytlscus stagnalis Fourcroy 1785 66 (Type
locallty—Parls, France. Type not seen ). = 21mmermann-
19201254, f"}-:] u,*“;ifs,\f"° :i . |

Dytfscus porcatus Thunberg 1794 74 (Type
I area—"Uplandlae," Sweden. Type not seen ). —Z1mmermann ;
”.e1920 + 254" i"“v S o sl

Dytiscus punctatus 011v1er 1795 12 (Type locallty—not
;stated Type not seen ) —21mmermann 1920 254

| Dyt:scus punctulatus ab maunus Schaufuss 1882 clxx111
TType locallty—Dresden in Dresden, West Germany Type not
" seen. ):’—21mmermann 1920 254 —Gu1gnot 1933: 709. —21mmermann

]
"and Gschnendtner 1938 38 =R Balfour Browne 1950 zsa

Q : -



Ff_,in 1905-:v * expectatus type FJVJ

unaque, HOLOTYPE Dytiscus punctulatus * var. expectata

\\. B

Peyer1mhoff examlngd R. E R0ughley 1981 ) \7f7f579*.w_:
Qytlscus punctulatus var. expectatus Peyerlmhoff Justlfxed
- emendat1on. —Zlmmermann 1920 254 -Gu1gnot f333 709  ’
LZlmmermann and Gschwenatﬁer 1938 38 —Gu1gnot 1947a 242

];f; BalfOUr Browne 1950 268 .—Zaltsev 1953 324 —Gu1gnot

}

t

1961 858 {-SChaefleLn 1971 87.,—Franc1scolo 1979 662

Dytlscus punctuiatus var,f

'!37‘aews Engert 1911*’254 (Type
locallty—Corfu, Greece._Typé not .seen. ). »~Zlmmermann}:jﬂe i
1920 254 n—21mmermann and Gschwendtner 1938 38 —Gu1gnot
1961 858 e
Denlvatton of specrflc epithet “~ From Latin,slni: ?

wreference to the short sulc1 or grooves on the female  1

[
X

elytfa 7"7."5... el g -
‘ Dlagnostlc comblnatron —'European dxstrzbutxon,-‘“ 
tlnfuscate venter (Flg 837 and pronotum wlth late:al yellowf,.
margins only (Flg ZA) eas1ly d1st1ngu1sh adults of th1s o
taxon L 3‘_ t5_“af7éf,*f7 e : | o 1.,.. |
_Descrlption. -~ Measurements for largest and smallest
‘$ ;9pec1mens are glven 1n Table 2 States of taxonomlcally
I-1mportant characters are glven 1n Table 3 Dorsal v1ew.of

thg body 15 shown ‘in Flg ZA coloratlon of pterothorac1c

esterna and abdomlnal sterna 1n Flg.»BB, medlan lobe of male



f}-compleﬁely p1ceous specxmens of D SEMfSU’CatUS.vhlchﬁi
ijchaufdss descrlbed as ab maurus 1s due to post—mortem .

§

.l‘changes.‘Pronotal colour pattern (Fzg.,ZA) 1s qu1te un1form | :
/l7'1n spec1mens that n have seen Only very few specr;e;s have_;ti*”
: fthe anter1or marg1n of pronotum narrowly redd1sh or. Y
efyellow1sh Most spec1mens have the legs compl:tely | Lo
uuxnfuscate, excég; for anterlor faces of prot1bla and :ef,ﬁ 1]é
"lprotarsus of both sexes,_and the femoral t1b1al Juncture of fl'

" the h1nd two palrs of legs 1s marked by a rufous Spot The '
'iventer 1s p1ceous to black Thronghout most of 1ts range,-

('

'"‘adult females exhlblt sulcate elytra. Only in- Palearct1c
‘JAfrlca GO-non suICate femalesvmake up a 51gn1f1cant
"uproportxon of populat1on samples..' S | o _
Natural histony - D semisulcatUs 1s the only spec1es

'__of Dytlscus known to oVerw1nter 1n ‘the: larval stage.‘Blunck

'-fw(1916) fully dlscussed ‘the llfe cycle of th1s species in

'qudetall, 1nd1cat1ng pupetlon 1n“Msy Th1s 1s 1n

3~f_contrad1st1nct1on to the 1mpl1cat1on by F Balfour Browne j

‘ffi(1950 270) that there 1s ‘a. blmodallty to- the l1fe cycle 1n

‘;England Balfour Browne (1959? prov1des other natural

'lﬁh1story notes, as does Gu19not (1933), and fe¢°rd5 the.l%’

major1ty of teneral spec1mens for July, August and :
;September. It 1s apparently a spec1es of strlctly ,'

}fresh~water habltats.



- Dyti. scus.

‘ Distﬁlbutlon (map, Flg. 25A) }— Th1s.spec1esfranges.

{'but_also occurs 1n

’f@exam1ned* hpparently 1t has been 1ntroduced into New zgaland

Chor*ological r'el‘atfonshlps. - D,. semisulcatus 1s

‘ffbroadly sympatrlc “1th}most other European spec1es of

Avalahle d1s_r1butaon records suggest only narfow

osympatrvaI_h{D mutlnelsis and D ]apponlcus.,"3

Phylogenetic Pelat jnships.Qr 1 1nterpret ﬁembers of
'thlS taxon, based on adult characters, to be the most
7_.aples1otyp1c of the extant spe01es of Dytlscus of : whlch
-H_ifemales have sulcate elytra. - igfj-““e f";;v -,- 'f*f;f i
K Matenial examined v— A total of 469 spec1me;s were e'v  ‘,fo

examlned of whlch 242 are males and 217 are females.



5:¢?ﬁ3 11 thlscus g Hehncke, 1875 o .
| Dytiscus shanpi Wehncke 1875 500 (Lectotype male

ifdﬁfdeSlgnated here from the Wehncke collectlon, MNHN labelled

"’ias follows. LECTOTYPE SYNTYPE"Japonla [yellow label black -

1,ffedglng], Th01ry;‘sharp1 mlhl ) u-zlmmermann 1920 254

'if;f—z'mmermann and Gschwendtner 1938 40 —Zaltsev 1953 325

’

Dytiscus VaTidUS Reglmbart 1899 311 (Lectotype male

'ﬁl;ide 1gnated here ln the Reglmbart collectlon, MNHN labelled g

-'T{ﬂas follows. LECTO@YPE°:SYNTYPE Nagahama, July 1886 Leeqh-

“ffaLECTOTng, Dytlscus validus Reglmbart selected ; 5

'jR E Roughley ) —Zlmmermann 1920 254 —Zaltsev 1953 325

1v_f]u:w svuonzuy

Denivat Ion of specific epitheu. ~ Not .sf,peci,'f‘icall.y-

~iiﬁstated by Wehncke, but obvlously named in honour of David

Sharp, Brltlsh entomologlst. Sharp had begun to accumulate

9

"_the speclmens for hls 1882 monOgraph as early as 1875

szWWehncke. jf?ﬁ

l_7accord1ng to Severln (1892) and would have been known to
Dlagnostic combinatfon.~— Adults of thls spec1es are.
a*most 51mllar to those of D semlsulcatus.;These are. the only
two Palearctlc spec1es wlth adults wlth only lateral yellow
borders on pronotum and 1nfuscate venter. This spec1es 1s
-found only in the eas€:rn part of the Palearctlc Reglon. In
addltlon to dlfferences in body shape, spec1mens of these
.’taxa are ea51ly separated on the’ baSls of tarsal character

_ states presented in the key.



Descrlption. - Measurements for largest and smallest
'hspec1mens are g1ven in Table 2 States of taxonom1caIly
v'1mportant characters are g1ven 1n Table 3. Dorsal v1ew of )

'ﬁV‘the body 1s shown 1n F1g. ZB, colorat1on of pterothorac1c

s

_sterna and abdomlnal terga 1n Flg. 8C-‘med1an lobe df male ',
| htln F1g 15C- and metacoxal processes 1n F1g. 21G. \ﬂ..'”

' Variation. - Too few spec1mens were seen to establlsh
fwhether or not there are geographlc patterns of varlatlon.
"Few specxmens have the anterlor margxn of the pronotum |
‘narrowly reddish All’ females I have seen have sulcate h

elytra, but the female syntype from Wehncke S collectlon is |

i sulcate basally only, the grooves only about half as 1ong as
vin other spec1mens oi the same sex. Some Speclmens“ '
b'-(teneral?) have legs completely brownlsh yellow and

abdomlnal terga 1ndlst1nctly maculate (Flg BC) Most .

specimens have legs and venter black B .

Natural hlstory - I can find nothlng publ1shed about
the natural hlstory of th1s spec1es, nor does.the scanty
label data supply any 1nformat1on. @_" ’

| Distﬁlbutlon (map, Flg. 2SB) ; I have seen records for )

'spthe People s Republlc of Ch1na and Japan only Th1s spec1es
is expected to occur also in the extreme southeastern corner
- of the USSR, |
Chorological nelatlonships. - D. sharpr is broadly
sympatrlc only with D, delictus D. daurlcus and

D marglnalls czerskii.

s



gt

t‘_of spec1es whlch 1nc1udes D fasciventris, D cano(inus'an

s S

Clw

Phyloaenetlc re?at ionshlps Members of th1s taxon and..
D semisulcatus form the sxster group to a NEarctlc complex-?   

Materlal examlnedv— A total of 21 spec1mens were

: ffexaq1ned of uhlch 10 are males and 11 are females. -

e



o . _ : Co ; S g

“;3—3 12 Dyt:scus carolanS Aube, 1838 lpVEE,fﬂm~:“\:f o R
| Dytlscus CaPoIrnus Aube 1838 120 (Type area—"Etats Unis ﬂ x
d Ameq1que"' Type not seen: ) NEW STATUS | R ; “f _h_..h
Dytiscus fasc:ventris, auctonum, nec Say 1824 270 'H{T,»r
A”—LeConte 1859 177 (ex parte) —Crotch 1873 408 (ex parte) i
T[;—chkham 1895 (ex pante) —Roberts 1905 106 (ex pante? :
K"éBlatchley 1910 231 (ex paFte) —Z1mmermann 1919 233 (ex f
parte) ,—zlmmermann 1920 248 (ex parte) —Hatch 1929 226 (ex

- parte). Iis 1950:51: {ex papte) “Hatch 1953 337 (ex e

parte)‘ ,on 1975 399 (ex pante) —Mlchael and Matta R

1977 141, | |
Dytlscus new spe01es, Young 1954 26.ﬁ

o ? Dytrscus fascrventrrs —Folkepts 1979 346

Den atlon of spec:flc epithet — Not stated by Aube, p::‘y
: but presumably referr1ng to the: type area whlch 1s e _
presumably the east coast of the USA 1n the}reg1on occup:ed
by the stages of North and South Carollna..tv"‘ ,
| Notes about type materlal - I acknowledge the help of
1pr. F N Young, Bloom1ngton Indlanaf'who first p01nted out
7Kthe valldlty of thlS taxon. I have not seen Aube 'S, type(s)
.'but detalled reference to the orlglnal descrlptlon does makej
;'1t clear that thlS 1s 1ndeed the taxon to whlch he was |
f.referr1ng : | R T
| Dlagnostlc Comblnatlon. - Characters presented in the
key, - and the more southern dlstrlbutlon prov1de a rellable'i

_?1st1nct10n between adults of D fasclventnis and



e RN
- D. canollnus. | ,‘ |
Descriptlon. - Measurements £or largest and smallest

'spec1mens are glven in Table 2 States of taxonomxcally
1mportant characters are g1ven 1n Table 3 Dorsal ‘view of |
the body 1s shown in Flg 2C° coloratlon of pterothorac1cr
Sterna and abdomlnal terga 1n F1g, 8D° medlan lobe of male» o
in Flg. 15D- and metacoxal processes in Flg. 21H -
Variation. — See notes under varlatron in. the treatment
'd of D ‘fasciventris. | '4 | L

| TaxOnomic notes. ~ See equ1valent sectlon 1n the::
itreatment of D. fascrventﬂls | " ‘i_r d'_ .
Natunal history - Dr. J. F Matta, 01d Domznlon o
.Un1vers1ty, Norfolk V1rg1nia, USA has prov1ded unpubl1shed

.chollectlng notes - for thlS spec1es 1n Vlrglnxa. Adults were

T

.’collected at \51tes in which the domlnant aquatlc vegﬁ_ttzon ‘ f . -
was: 1) Ludwigia palustnls and Lemna gemsa,, ' “A;.ﬁ '_' _ﬂw
2.) UtPicuIaPia sp., and 3) no vegetat1on. Proport1on of'
vsurface of ponds covered by vegetat1on varled from zero to .

: complete. Each s1te was chatacter1zed by a large amdﬁnt of

detr;tus. Sltes varled from relat1vely unshaded to ponds

under a closed canopy | : | |
One teneral adult male spec1men (Table 4) was seen.and
bearsrthe addltlonal 1nformat10n' larva coll. 21, 1v 73, pupa t'~

-12 V. 73, ad. emerged 11.v. 73 Fllght records (Table 5) are ‘

d:two each for Aprll and June, and one each for July and

15‘0ctober

|



P

R:ver dra;nage system to southern M1chlgan and extreme

southeastern Wlscons1n, USA As for D hybrldbs, ab;‘nce of__'7f;

:‘ most broadly sympatrxcijth D veﬁtlcalls and D hybridbs.

<

Zones of parapatry w1th D Fasciventnls are noted under
varlatioq and taxonom1c notes 1n the treatment of that
'spec1es.‘D5-

Phylogenetic nelatlonshlps.,— Closely related o

D fasciventris (1f 1ndeed d1st1nct, see ‘Taxang 1c Notes)

"and D hatchi,.xt is the most pleS1otyp1c of t'eﬁNearct1c '

spec1es whose females have sulcate: elytra.,2_51_ T
Matenial examined ~A total of 91 spec1mens Were" o

: exam1ned of whlch 35 are males and 56 are females...-'"l

b gl

, }m' .



“ ,:._—21gmermann 1920 248 (ex

: {'Lw-" o

 -;¢parte) —Hatch 4929 226 (ex pante) -Wallis 1950 51 (ex
. w:parte) -Hatch 1953 237 (ex parte) —Whll;s and Larson'“

fff;torum, ex parte _ o
:-‘!Mlmﬂentlfacatxon of D car'of lnus Aube, quod vlde. | ‘

vg-..

Derluatfon of 5beclﬁic eplthet.5f From the Latln  1ff§f'

»ijfascla, band or strzpe HUV '"{ bel1y (Brown 1956)

"y LA Ty

i}f'abdamen &f adult speczmens,“,.lqu--.'357 .f”'../g; “5

\]ﬂ; thes about type matenlal.ﬁe-Say s type 15 Pf°bably
'”‘flost (Lars°n 1975 400) Although the separat1on of

:if7D carolinus would”Seem to requ1re a type des1gnat10n fqr""

_;lreferenée tokghe alternatxng .lack and yellow fascxae on the

"jf77973‘i10 7—Larson 19?5 399 (ex- pante) """ ";-7ﬁ5¥N7115ff5”'fy

I



gugsternacand abdom1na1 terga 1n F1g. 9A- medlan lobe of

.im F'gf

R Wt FPI . " L . . N B . . S S . 90 .
B - I s “e s n X . e . N e . . o

5’sishown 1n F1g. 2D' colorat1on of pterothorjz1c

ale'.

16A- and metacoxal processes in. Flg 21I ‘;’{' R

Variation. - Spec1mens from central and northern

4

ﬂf‘portlons of the range-%xh1b1t 11ttle var1atzon. However, é_g~;fff7

A 4‘~.-. o

spec1mens occurr1ng sympatr1cally with D.’ carolinus exh1b1t

“11m1ted convergence, ma1nly wlth respect to coloration. In

H;southern New England and adJacent areas of the USA,

,,,,,

g Lspec1mens of D fasciVentFis are more exten51ve1y marked _

haw1th reddlsh colour on the abdom1na1 sterna and thus are

'more s1m11ar to north eastern spec1mens of D caPolInus. As
’fiwell north-eastern spec1mens of D canoirnus are larger

than more southern speclmens, and therefore these two taxa

,are more s1m1lar in 51ze 1n thlS reglon. Spec1mens from th1s

S - S
‘lobe of males (see key). W

'area may be recognlzed by yellow versus 1nfuscate metacoxal .;hi

_plates, females w1th protarsal claws shorter or: subequal

I

“ﬁ’versus longer than protarsomere V and shape of the med1an

-

¢

The other major area of sympatry,vnotably 1n M1ch1gan,.

“*;15 more é&oblematlc..Most spec1mens from Mlch1gan are ea51ly

»xiassagned to

'.Cheboygan Co., Douglas Lake, 16. v11 1978 (UASM)] have
._protarsal claws longer than protarsomere V‘7

4;1nfuscatlon On metaster"al’w1ngsf and.exten51ve areas of red

R

3nelor other of the names on the basrs of the

ol

characters llsted above. However, a few femalesu_Mlch1gan,'

xpanded

S

,colour on the abdom1nal sterna. Other M1ch1gan spec1mens

show 31m11ar tra1ts, espec1ally w1th respect-to length of g




et T PR '
. female claws and sternal colour.,Most of thése Spec1mens are
'!from loca11t1es north of the\known range offD canollnus,
~but st111 w1th1n the potentlal dispersal rJnge of - th1s'

spec1es.'1n M1ch1 an, then, spec1mens from/a few localxtles
]

"‘have character states 1nd1cat1ve of - 1ntrogress1on between

L . . /

D. fasciventfis and D: carolinus. N

. AL szmllar but less complex 31tuatlon 1s 1nd1cated «

”*'between D. fasciventrfs and D hatchi Pronota of eastern
‘speczmens of D:. faSCIventPis lack or have very narrowd“

-

anterlor and posterlor yellow marglns.,Spec1mens from
2

l"Alberta and Brltlsh Columbla have much wlder anterior and

. )

) :posterlor yellow margxns.:In some exam; les, the.anter1or
v“yellow margln is 0 2 of pronotal length (Wall1s 1950 51).

”ffThus western spec1mens of D fasciventrls are more 51m11ar S

..to D. hatchi 1n th1s character, although other characters.
are’ con51stently dlfferentwbetween these two taxa.

: Therefore,,there is+a” p0551b111ty that 1ntrogre551on is fjt

ioccurrlng or has occurred between western populatlons of'

*:fD fasc:ventrrs and 'D. hatchi.

Taxonomic notes.s—-D fasciventnis spec1mens have long

"been confused w1th those of’D carolinus, but l recognlze o

| two specxes. 90551b1e 1ntrogress1on between D. faschentris

| and D. canolfnus 1n eastern North Amer1ca, and between .

hD fasclventﬁis and D hatchl An: Western North Amer1ca (see |
abowe) is problematlc in that 1f all three are | ‘_

ﬂreproduct1vely 1solated but closely related taxa,_then,one' |

- would expect characten d;splacement rather than character

: . I N . t .



convergence within areas of*s&hpatry-fﬁespite'this
convergence, I reta;n speoxfzc level status fog each of
gathese taxa because- 1) 1ntrogress1on has not been
}conclu51vely demonstrated' and 2) convergence is llmltEd to.
-a few characters only (except in northern M1chlgan between
D. fasciventris and D cano]inus) 1 do not treat )

D. caﬁolinus and D fasciventris as subspeczes 51nce. 1) the o

Aljarea where maxlmum convergence apparently occurs 1s north: of

the known range of D. canollnus, 2) there is no. convergence
in at least two characters (colour of metacoxal plates and
<shape of medlan lobe) “and 3) dlfference in amount of

'character convergence between M1chlgan and north—eastern
United States. - .VJ{r | R f | l '!;}‘jK

No ev1dence to suggests that 1ntrogre551on is occurrlng

- .now, In fact var1atzon 1n degree of character convergence

5_.

is suggestxve of an alternat1ve hypothe51s. Much of the

apparent Slmllarlty eould be derlved from compre551on, T

P

;ifragmentat1on and broad overlap of ranges wh1ch would have p¢.

been necessary adjustments to, for 1nstance, the Wlscon51nan, -

PR

glac1al epoch 'Thus the apparent convergence could be
1ndrcat1ve‘of wlscon51nan rather than»Holocene
1ntrogre551on. More extens1ve collect1ons of . spec1mens from!'
~ the zones of sympatry, and attempts to cross these putatlveb

:spec1f1cally dlstlnct taxa 1n laboratoryfand f1e1d

¥

;,'51tuatlons w1ll determlne thelr ultlmate taxonomlc fater

The major con51stent dlfferences between adult “"‘5\

F

spec1mens of D‘ fasclventrzs and D. carollnus are g1ven in

nE:
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1the key to spec1es Other d1fferences are length and w1dth

;'f'(Table 2) d1fferences 1n form of the apex of - the medlan

;lobe (compare Fxgs 15d and 16a),‘and leg colour (generallr
' darker in D, éaﬁollnus) ' ' '

: Wall1s (1950 51) llsted a number of subtie dlfferences B

between spec1mens of D. fasciventrls aﬁd D. hatchi,’other' -
than thOSe used in the key. These are- 1) nales of D. hatchl

w1th elytra more dlst1nctly punctate basally, 2) -median lobe

'of ‘male D. hatchi more linear than that o males of |
*"D fasciventﬁis, 3) 1nfuscate marklngs of abdomlnal sterna
ftouchrng the 1nter sternal suture 1n D fasciventris, as
compared to 1501ated central blotches in D. hatchl°'and

4) broader anterlor and poster1or bands of yellow of

4
—

¥pronotum on spec1mens of D, hatchl
Natural hlstory —-James (1970) and Larson (1975)

1prov1de natural hlstory notes about th1s Spec1es 1n Ontarlo

and Alberta, Canada, respectlvely Adults probably reproduce»vp,

"qulte early 1n the sprrng and are av1d predators of early
"sprlng mosqu1toes..James (1970) d1scusses para51t01ds of
.pupae of D fasczventris. ' | |

. Fllght records are roughly d1v151ble‘1nto a vernal
5d1spersal flaght from Apr1l to late June, and a

post-emergence fllght from July to November (Table 5). All

3ava11able records for teneral specrmens are for - the month of

‘-July ('I‘able 4 and Larson 1975 400) _
Dlstﬁlbutlon (map, F1g. 25D) - Transcontlnental in

_North Amerlca, “from the’ Mar1t1me Prov1nces to Vancouver

. w.

4



'd;Island in Canada,.thls spec1es extends southward to extreme
..ftsouthern Indxana, USA The northern most record JS for

'Dawson C1ty 1p Canada s Yukon Terr1tory. l )d - ; _l
Chor'ological relatlonships.'- Throughout 1ts entlre |
1;arange D fasciventris is sympatrzc (at least narrowly so)
:1‘w1th every other Nearctlc spec1es of Dytiscus except o =
D. habnfs. A R ' |

| Phylogenetic nelationshlps. -D., fascrventnis forms,vln_‘_ -
“conjunctzon w1th D caﬁo]fnus and D hatchi,‘a closely _
related assemblage of relat1vely recent or1g1n, Judglng by
:“othe relatxvely small amount of structural d1vergence of

'fadults,-ev1dence of poss1ble 1ntrogress1on, and geographlcal"

: replacement of these taxa w1th only narrow zones of

]
vy

Materfal examlned Q— A total of 1 257 spec1mens were ,

'examl ed of wh1ch 610 . are’ males, 645 females, and sex was

-

“‘not determlned for 2 spec1mens. - e



3. 14 taxscu hatghx Ha111s, 1950 f) } : -
Dytiscus hatchi Wallls 1950 59 (Holotype male in CNIC
.-labelled as follows- Pond N.:of Be el; Washlngton,
.o Apr. 21, 1940 holotype male Dyt1scus hptéhl Wallls' holotype'.'
nyt1scus hatch1 Wall1s No 5880’ ). —Hatch 1953 237 —Leech
ﬁ'and Chandler 1956:323. ~Larson .1975: 4oou -

.DeniVatian-Of»spécifiC epithet - W8111§ named th1s

.taxon in honour of the. late Me1v111e Hatch
s coleopter1st. , v ‘ . o
Diagnostic combination. - Character states presented in

the key and dlstr1butlon,‘supplemented by characgers

" N

mentloned 1n taxonom1c notes undgr treatment of

]

, .
'_D Fascrventnis allow accurate determ1nat10n of adult

spec1mens of D.- hatchi

Descniption - MeaSurements for 1argest and smallest 1@;,
| spec1mens are glven 1n Table 2 States of taxonomlcally
.;1mportant characters are glven in Table 3 Dorsal view of

the body 1s shown in F1g. 2E;- coloratlon of pterothorac1c
sterna and abdom1na1 terga 1n Flg. 95"med1an lobe of male
.1n F1g. 1SBi'and metacoxal processes in Flg 21J
Vanlatlon. - Important aspects of var1at1on are.
dlscussed 1n sectlon about variation in the treatment of'n‘
D. fasciventrls.l, L e |
\\\;;) Taxonomlc»notes - See equ1valent sectlon in treatment

of - D Fasciventrls.a



ﬁétuﬁajihfStony - Nothlng substant1al is pub11shed
‘nor can much be~ 1nferred from label 1nformat10n about theA
f natural h:story of th1s taxon. Teneral spec1mens are. known
from the month of. "August (Table 4) Two fllght records are
.ava1lable for the month of: July (Table 5). Because of the v
phylogenet1c aff1n1t1es of th1s taxon to. D fasciventrfs, it
' probably represents the ecolog1cal repﬂhcement of. |
D. fascfventnis in western North Amer1ca. .
DistPibution (map, Flg. 25E) ~.The range of th1s

’ 'specles extends from Britlsh Columb1a, Canada south to

-«

_Ca11forn1a USA. All records are from loca11t1es west of the-’

Pl
jRocky Mounta1ns.

Chorological relationshlps. -~ D. hatchl is broadly
'.sympatrlc only with D maninIcoIIis. 1t is narrowly
‘sympatrlc w1th its closest relatlve, D fasciventﬁis, in
southern Brltlsh Columbla, Canada. ‘f  ‘
' Phylogenetrc r'elatronshlps.,_— See -notes. under
,equ1valent sect1on in_ treatment of D Fascrventris.
Mateﬂlal examlned —A total o£¥222 spec1mens were

: examlned of whlch 107 are males, 112 females, and sex was

not determlned for 3 speclmens

96
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3.15 thxscu cord:erx Aube 1838 _
Dytiscus cordieri Aube 1838 108 (Type locallty -
',;...Boston...f, Mass., USA Type not seen) —Z1mmermann_'
- 1920; 245 —Wall1s,‘1950 51. ~Hatch 19533238, ;Gordan and
Post 1965 25. —Wallls ‘and Larson 1973 110. —Larson 1975 400
Dytlscus sublimbatus LeConte 1857 34 (Type locallty -

'"Pralrle Paso", Oregon Terr1tory. Holotype female in LeConte

collect1on, MCZC labelled as follows' "Or

‘D, subllmbatus Lec:; Horn Coll H. 1485 ) —Z1mmermann

,1920: 246 —Hatch 1929-226 —Wall1s and Larson 1973-110
Dytlscus mar'glnalls auctonum, nec Lmhaeus T758
M1sxdent1£1catlon. Sharp 1882: 641 (ex parte) —Ganglbauer
1892:515 (ex pante) —chkham 1895 151 (ex.pagte) -—Roberts
n1905 105 (ex parte). —C51k1 1908 508 (ex parte).‘—Reltter' -
1908: 233 (ex paﬁte) '—Re1tter 1909 46 (ex paﬂte)._—Des 60215
1910:12 (ex paﬁte)t*—Blunck M913 a7 (ex pante) m<' .
“J,—Schaufuss 1913-138 (ex parte) '—zlmmermann 1920-250 S
‘ (ex pante) —Gu1gnot 1933 718 - (ex parte) —Houlbert 1934 133
'(ex parte).h—21mmermann and Gschwendtner 1938 47 (ex pante)
—Gu1gnot 1947: 243 (ex parte) E—Balfour Browne 1950 270
(ex paﬁte) ,—Za1tsev 1953 327 (ex parte) —Galewskl f:.“
1971a: 100 (ex parte). ~FranC1scolo 1979 665 tex pante)
| Derfvatlon of specific epithet. - Obscure, but p0551bly
”'w1th reference to the French word "cordler i mean1ng a' |
rope-maker or rope- merchant. Perhaps a reference to the .
collector' s name or occupatlon of the procuror of the .

Y

spec1mens for Chevrolat in BOSton.
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ihNofeS'ébbuf type‘maferiéi - I have not seen the .
;ypécsi of bi.condieni Severln (1892) records a syntype in f““iyl
the Royal Museum 1n Brussels, Belglum Aube s type local1ty,
.Boston, Massachusetts, USA is based on a smsgle male

specimen: provﬁded by Chevrolat. i ‘ _ :
f>‘>gn Sﬂﬁrp (1882 773) states that he had seen the holotype,"i

'Jfbut that 1t was a very mut1lated specxmen of D. fasciventrls
"’Sharp wrote, "Aube s descr1pt10n does not . agree well w1th
'th1s 1nd1v1dua1 or wlth any other specles, and I th1nk it

'l.must have been made from th1s 1nd1v1dual and supplemented

'or corrected from another spec1es...” Thls is in contrast

“to the statement by Aube’ (1838) that "...Je n'dai vu de ce

Dythue qu’ un seul&"_d1v1du..." Sharp (1882 638) ‘used the

LeConte name, D. sub7imbatus, presumably because of this"

confu51on over the type. After the holotype and moe spec1mens Aube

from Aubé's orlglnal serles ‘are. stud1ed his concept w1ll be N

.better understood and nomenclatural changes may be necessaryrv
LeConte s D. subllmbatus was descrlbed from a. speczmen |

u,

£rom Pra1r1e Paso,."Oregon Terrltory.. I have not found

- 7z
.
¢

this " locallty. The type is a nonsulcate female. ‘

Diagnostlc comblnatlon - Dlst1nct in North Amerlca asfd
the only spec1es of whlch adults possess obtuse aplces of |
'metacoxal lobes and a yellow venter (Flgs. 21K and 9C)\ The
only other Nearctlc spec1es w1th venter of adults yellow are
D. clncumcrnctus and D. alaskanus (some spec1mens)'-members
of both species have acumlnate metacoxal lobes. ‘

Description. - Measurements of representatlve speclmens"

1are glven in Table 2, States of taxonomlcally 1mportant

B L
.;. ’
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f;ﬁcharacters are glven 1n Table 3. Dorsal v1ew of body is
shown in Flg 3A- coloratlon of ;terothorac1c and’ abdom1na1
Vsterna 1n F1g.v90' med1an lobe of male 1n Flg. 16C°'and
1metacoxal processes in. Flg. 21K. _
" Taxonomic notes. - I be11eve most records of
D maﬁginalis in North Amerlca.are based on spec1mens of
D. condleri "or on mlslabelled spec1mens. Adult D. cordleri
are most ea51ly d1st1ﬁgulshed from D. marglnalis by an‘.
helongate chevron onﬁthe frons extended to the antennal
-,bases. In addltlon, adult male spec1mens of these two taxa
are eas1ly separated on the ba51s of pronotal structure (not ‘
explanate in D. condierl, explanate in D. manginale), and
.shape of apex of medlan lobe (rounded in- D, condierl;.
'Flg. 16C); with. d1st1nct ap1ca1 knob in D. marginalis,
’f'Fig. I?C) Adult females are»more 51m11ar because thosetpf
.D COPdiePl are shallowly or 1ndxst1nctly explanate o
\_llaterally,.whlle those of D. manlnalls are more d1st1nctfy
explanate._Female adults are best separated by assoc1at10n
with males and dlstrlbutlon. Further dlscu551on of" the .
confu51on between D. condieri and D marginalis 1s prov1ded"
w1th1n the treatment of the latter.‘ A ’l | | |
Vaﬁlation. - There is a geographac basis to the

occurrence of sulcate females. Most eastern spec1mens .are
‘sulcate and most western, nonsulcate. For example 59 of 67
adult females from Ontar1o were sulcate,.whlle of 142

rspec1mens examlned by Larson (1975) and me - .from Alberta,0 .

Brltlsh Columbla Manltoba and Saskatchewan, 11 are sulcate.

v
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Almost all adult spec1mens of D. cobdferi have the
'_,dlstlnct1Vely elongate chevron of the frons. In a few - F 7

spec1mens, however, thlS is d1ff1cu1t to See because of

o post-mortem d1scoloratlon. Once these»spec1mens are

‘suff1c1ently cleaned 1t 1s qu1te d15t1nct1ve.l‘ o
Pterothorac1c sternal colorat1on is predom1nantly
yellow1sh The. darkest spec1men seen, which is qu1te out51de
j the - normal range of varlatlon{ 1s 1llustrated in F1g 9C. )

‘.dlnfuscatlon 1s restrlcted to the central area of the
’]metasternum and sutures of the sterna 1n most spec1mens._
| Natural history ‘— Larval development is probably
icompleted between m1d July and m1d August since teneral
adults have been collected in late July and throughout
tAugust (Table 4) I have no 1nformat10n about overw1nter1ng
‘51tes of adults, except one spec1men from Aweme, Manltoba,:.'
26,iv.30 . (1 CNIC) "taken under logs out of water" Thls
record could represent an overwln:erxng 51te, but could just
as. ea31ly 1nd1cate an example of a- poof/choxce for a land1ng
durlng:dlspersal Label data 1nd1cat1ve of dlspersal is '
presented in Table 5. Records predomlnate for Apr11 in the B
h_sprlng and post emergence fllght takes place from July to i
October.vj , A |
Larson (1975 401) noted that adults of -D. cordieﬁl
occur 1n a w1de var1ety of types of water body, and :
i_vfurthermore, that most records of D. coﬁdieri are - . |
‘3represented by 1nd1v1duals, wlth the longest serles he had

seen from Alberta be1ng three spec1mens. Larson suggested

0 L .‘ . . ‘ v : . - - "» ,: ERd



.'.1'0'1.1‘ g
'hthat thls was due e1ther to low populat1on den51t1es or to
lnsufflcxent knowledge of m1crohab1tat of adults.¢j
' Us1ng data from museum spec1mens, vh1ch has

l1m1tatlons, I tall1ed ‘the number of adult specxmens
"collected on a’ 51ngle day by a single collector, hereafter
,-referred to as a sample. Of 335 samples £rom almost the’
lent1re range of the spec1es, the average wvag 1.6 spec1mens.
A s1m1lar tally for adult D, alaskanus ylelded 202 samples
averaglng 3 4 speclmens. The latter perhaps is more typlcal
. of Dytiscus—adults. Less than 70.0f these samples of adult
~D cordieni were of more than f1ve speczmens, 1nclud1ng
bottle trapped samples, and most of these are from April or
from late August to early. October, and were probably |
collected dur!ng or shortly after d1spersal flight, By
1nference, I conclude that adults of D cordleﬁi occur. at a
.lower populatlon dens1ty than do those of other speC1es
| Dlstributlon (map, Flg QGA) - Thxs spec1es is o
transcontznental in North Amerlca, ranglng from Alaska ard
the Northwest Terr1tor1es, south" to central Callfornla and
- northern Colorado,‘w1th the most southern record be1ng fromVl
Gastonla, NOrth Carol&na o | o . |

Chorologlcal Pelationshfps.v— In some part of 1ts
.range, D. COPdlePI is: sympatr1c wlth every other Nearctlci
spec1es of Dytlscus except ‘the Mexlcan D. habflis.‘
| Phylogenetlc relationshlps = In .my phylogenet1c
: 1nterpretatlon of Dytlscus, I have placed thls spec1es :

‘w1th1n the D dimfdiatus-group on the ba51s of presence of
. N



-1rounded metacoxai processes, rounded apex of the medzan

-fflobe, and absence of a d18t1nct knob at the apex of the

' eimedian lobe. Speczmens of’ D Condfenl are phenetlcally qu1te'j*f

ldistinct from other members of the D dimldatus-group'}n¢’
_~represent the only Nearctzc members of the gr0up. f 
Mbterlal examlned - total of 691 adulﬁ epec1mens s

. :,were examlned of wh1ch 362 were males, 328 were femalee, a;a

. 4
'-for one specrmen sex was not determlned

Lo e



(Informat1on about types below)

‘j”21mmerm§nn

Balfour Browne 1950 285

5’:'1979 663.4.,;'. PR I SRR A

i Dytiscus pisanus var mutinensis,:Gu1gnot 1931: 7
ﬁaj(M151dent1£1catzon of D dimfdlatus) dqqdovide _
| Dytisﬁus mutinensis Pederzanl 1971“220 (Informatlon ’
%:; about types below) h—Schaefle1n 1973 74 'ff; f'f;y"l4_uﬁyi'”%5

L Wil
P A
] L&

Der'iVatlon of specific eplthet.-:e From "Mutlﬂa i the
:Latxn name of Modena, Italy, F10r1 s type localzty. .o-ﬁ;;fa‘ N
| thes about type matenial

. ,.“;f»x : '
’:*pby;Pe_grzanl (1971) Péderzani, when elevatlng thlS taxon tq

“fOfL s type is. dlscussed

.spec1f1c rank reta1ned the same epxthet presumably to

. prov1de contznuzty 1n use 9f th1s name. For h1s new,' ‘.411F

1»¢3pec1es level taxon, Pederzanl desxgnated a new type

V;spec1men frém Ltaly for wh1ch'he g1ves the followlhgﬂ
ﬁflnformat1on.,"Holotypus [male symbol] Ravenna, pfﬁéta d1 o
15”;$ v1tale,\20 ix. 1970 leg.TPederzanl.f It is deposlted 1n
éhe Museo C1v1co d1 Storla Naturale de.Mllano, Italy
| (Pederzan1, 1971 222) b:m ¥ y S R Y PR
: Diagncstlcgoombinatlon.ﬂr Adults of bhls spec1es:are fi;"



o : ) g | ' 4 ‘. ,. ,.' - . " . N : | '. '. . . 1 04 ; | ..

',D dimldfatus and D pisanus are provzded by Pederzan1

(1971). L o ‘ R N
' gf Description. - Measurements of re esentat1Ve‘spec1mens‘

'are given ih Table 2 States of taxonomlcally 1mportant
characters are g1ven 1n Table 3. Dorsal v1ew of body 1s |

3-_shown -in Flg. 33* coloratldﬁ of pterothorac1c and abdomlnal
.=sterna 1n F1g. 9D~'med1an lobe of male in Flg. 16D- and

_ metacoxal processes 1n F1g 21L. | ; |

Taxonomic notes. — This taxon ‘has long been confused

w1th members of D. dimidiatus because adults are’ qulte

51m11ar 1n1external fea%ures.-Pederzanl (1971) was the flrst'

to d15t1ngu1sh th1s taxon as be1ng of spec1f1c rank As
such ‘a new holotype was needed and.a.spec1mennvas,so .
. de51gnated by. that author. o -

) Part of the taxonomlc confu51on arose because

h‘non sulcate females of. D drmidiatus were a551gned to

.D dimldlatus ab mutinehgzé: Gu1gnot s (1931 1933) record
'of this aherrat1on from France; Department of . _
‘Bouches du Rhone,_St. Remy (1 MNHN) :s such a non- sulcate
.female. Both D. dlmfdlatus and D mutlnenSIs have the'

sulcate and non sulcate states of the elytra of females.

Franc1scolo (1979 663 664) expresses reservat1ons about

,_:the spec1es Ievel separatlon of D. mutlnensis and.

D. dimrdlatus. As he 1nfers, the longer metatarsomere \ of .

h male D dimldlatus would be expected to have more punctures

'D mutlnensls (approxlmately 30), and thlS 1s one of the j’;}f‘f

N T N
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‘,maJOr dlfferences used by Pederzan1 (1971) and me.
.Franc1scolo notes that other d1fferences between these.
putatlve spec1es are very subtle.

' 1 have malntalned the separat1on of these taxa as
h,spec1es for the follow1ng reasons' 1) conszstent 1f slight,

‘d1fferences ‘in shape of medlan lobe of males' 2) 1nformatxon
prov1ded by Franc1scolo (1979) that spec1mens a551gnable/to
both taxa were taken 1n the same ponds- and 3) lack of
1ntermed1ate speczmens amdng -the. llmlted sample '1 have seen.f
1 be11eve that the subtlety of d1fferences between members
of these taxa is due to recent spec1at10n.

VaPiatfon -1 saw slight . varlation in external _
features of adults in 12 spec1mens of D mutinensrs. Of the'
o 'flve males exam1ned 1n deta;l number of punctures on the |
,anterlor surface of protarsomere \ ranged between 24 and 34,
- Presence or~absence of the anterlor yellow band of the t
‘;pronotum varles, but when present thlS band is qu1te |
=narrow' in most less than 10% of w1dth of lateral bands. Twoj
of the four females from Corfu have sl1ghtly 1mpressed
grooves. _' s . g | e
Natural history - Pederzan1 (1971) notes ‘a preference o
of adult spec1mens of D. mutinensls for lent1c habltats wzth'

.. much vegetatlon and detr1us. They occur in both ‘open and

TR - - . - - . . . -
i R n.---"v.-.z,o ‘ a._bw, LV T w'r-

7shaded habltats, but locally._Kn§e11n1 (1978) prOV1des'mQrﬁ :

‘.f«deta1ied-ﬂotes-abeut_habata%s whene speclmens ofa

P I L L LA - % e . PO r;‘ro'..

D mutlnensis were.collected and adds occurrjfce in slowly

movrng water. A,;W.,,f,,-,;)ff;,Af};,if"‘f;}'inf].h,;;;”fﬁf(_~'

R . Lo '...), .
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Distrlbutlon (map, Flg 263) - ThlS spec1es occurs
'throughout Italy and around the Adr1at1c Sea. Gu1gnot s

Q‘,record from France 1s dlscussed above..I suspect that the .J'
~records of this aberrat1on from southern France prov1ded by

Therond (1975: 106) will -also. prove to be non- sulcate females_
. of D dimldiatus. Therefore, these latter records do not
_appear on Flg. 26b. o | '

| , Chonologlcal nelatlonships..— Even’ though it, occup1es a

small range, D. mutinensrs i!psympatrlc w1th all other

- European spec1es except Dytlscus Iapponlcus.

Phylogenetic Pelatlonshlps. - I have 1nterpretted

: D. mutlnenSIS as the 51ster Spec1es of D, dim:d:atus, both
;of wh1ch are allled to D. cordferl and D. pfsanus.

' , Mbterlal examlned - A total of 13 adult speC1mens were-

examlned, of Wthh 8 were males, and 5 were females
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'

. 3. 17 3 thxscu dlmxdzatus Bergstrasser,‘1778

Dytiscus dlmfdfatus Bergstasser 1778: 33 (Type locallty '_'

.- Hanau area of Hessen, ‘West Germany. Type not ~seen. )

‘—Zlmmermann 1920+ 247 ~Guignot 1933: 712"—Houlbert 1934 1323"

',-—21mmermann and Gschwendtner 1938 40 —Gu1gnot 1947a 242

) —F BalfourﬂBrowne 1950 285. —1953 27 —Za1tsev 1953:325.

—Galeéwski 1971a 100. —Schaefleln 1971: 87 ~Pederzani
1971:222; —Franciscolo 1979 663.

Dytfscus drmidlatus ab mutinensis, Gu1gnot 1933: 715

(ex pante)

Dytiscus plsanus ab. mutlnensis, Gu1gnot 1931 7.

Den:vatlon of specific eprthet. — Latin for 'halved'

‘presumably in reference to length of elytral sulci of adult

- femakas (F1g 3&);

Diagnostic comblnation. = Adults of th1s spec1es are

. best separated by - characters presented in the key

' Descrlptlon.'- Measurements of representatlve spec1mens

are given in Table 2. States of taxonomlcally 1mportant

f,characters are‘glven 1n'TabIe 3 Dorsal view .of. body is

.1;shown 1n F1g.p3C° coioratzon of pterothorac1c and abdomlnal‘

v

o

sterna 1n F1g 10A- medlan lobe of male in Fxg 17A;~and

metacoxal processes ;n Elg 21M

=

[
s -

'Taxonomic notessi— For a dlscuss1on of the confu51on of

~species bEtweEn D. mut;nensis and D dfmldiatus by prev1ous'“'“

' taxonomlsts,'see the equ1valent gection in the treatment,of

the - former spec1es..



Variatlon.‘— Sl1ght var1atlon in external features of L
adults was' ni ted and con51sted mostly of presence, absence
and wldth of anterlor and posterlor yellow bands of the .
pronotum The anterior yellow band was con51stently less
‘than 30% of the w1dth of the lateral bands of the pronotum.

‘Most females. have sulcate elytra. For a dlscuss1on of
record of non- sulcate females, see Taxonomlc notes under
D. mutlnensis. , _ }, |

Natural history — Balfour Browne (1950) stated that
'adults of thlS species are typloalxy found 1n fens with
occa51ohal records from more temporary or dlsturbed
hab1tats. He also glves a fllght record for May and a record
of a teneral spec1men for September..h'; RN |

Pederzani (1871) implies that’specimensulive in both

open, disturbedrhabitats as well as more mature‘ponds.

/

e Nelther th1s spec1es nor D, mutlnensis are found as adults

"1n anythlng but very slowly runnlng water. Korschelt (1923,
f1924) gives further detalls about natural h1story of thlsi‘
spec1es._ o A_ i | \\ e

' DlstPIbutlon (map, Flg. 26C). = Th1s spec1es occurs
throughout Europe. ‘In Scand1nav1a, I have no records north
- of about 62 N. The easternmost record is at about 41° E |
.have seen ‘specimens labelled 51mply "Afr1ca (CASC) but have
_lnot been able to f1nd any precise locallty records for

o

Afrlca.
Chorologlcal nelatlonships. - D dlmidratus 1s

sympatrlc w1th eVery other specxes of Dytlscus occurrzng in



109 -

»,,iEurope | A S -
| 2 Phylogenetic nelatlonshlps. - See equ1valent sectlon
:funder treatmentﬁsf D. mutlnensls.-""" N __.1 LA
Material examlned - A total of 305 gdults were

,,~‘ -
examlned of whxch 156 are males and 149 are. females.- o
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3 18 Dxtxscu gisanus LaPofte Compte de Castelnau, 1835

RSV e

» Dytlscus pisanus LaPorte COmpte de Castelnau 1835 98"T
(Type,local1ty e;"P1se e Italy Lectetype here selected -';4{y
3 male in BMNH’Iabelled' LECTOTYPE SYNTYPEJ Sharp coll.,
1905 313 Dyt1scu plsanu Lap., Ita11a [male symbol],
"iHLECTOTYPE Dytlscu plsanu LaPerte de Castelnau ﬂ835,v -
“7selected R E Roughley ) ~—memermann 1920-253 —Gu1gnee
“?1933 719 —Houlbert 1934 134 ;—Z1mmermann and Gschwendtnerp_e_
t;1938 44 —Gu:gnot 1947&;244 —Gu1gnot 1961 859 ,-Pederzanli;_dj
1971 224 —Franc1scolo 1979 666 _ ‘ | ‘.
| Dytiscus iberlcus Rosenhauer 1856 47 (Type locallty - .

.m'..»«,—‘n»-uoq < -&n.,&;-»c'oo

1mmermann 1920 253

s - ..«.v‘

fAlgeclras, Spaln. Type th seen l;

-~ o -

Bytiscus plsanus-var. ibericus; —Guignot 1931»7
—Gu1gnot 1933 719 :—zlmmermann and Gschwendtner 1938 44

ﬁ\~Gu1gnot 1947a 244, —Gu1gnot 1961 859 —Francrscolo‘“.;““};”’?y
1979:667. | A

Dytlscus plsanus var. nonsuleatus Zlmmermann 1919: 233
(Type locallty ~ not glven Holotype in Zlmmermann
collect1on ZSBS labelledvas follows: #; Tanger Rolph'

_ Type, Holotypus, Dytlscus plsanus ®% var. nonsulcatus Zlm.,
Staatssaml. Munchen ) ~Zimmermann 1920 253 —Pederzan1 |
19711219, R | |

Derivation of. speCIfic eplthet % "Plsanus" is the
adjectival form of the name of the type locallty, P1sa, :

”Italy - IR | |

Dlagnostic comblnatfon. - European d1str1but10n,

'comblned"‘_ﬁ




SRR

-w1th rounded 1obe of metacoxal process and detalled features
._‘presented in the key allow accurate determ1nat1on of -adult
:‘spec1mens. Also, the form of" the medlan lobe of male adults -

is. qu1te dlstlnctlve (F1g 17B) | | | | o |

Descrfpfion.'— Measurements of representatlve spec1mens

'are glven 1n Table 2 States of taxonomlcally 1mportant

characters are glven 1n Table 3. Dorsal v1ew of body 1s

> e

d:shown 1n Flg..3D- colorat1on of pterothorac1c and abdomlnal

- .
e

sterna in Flg.’10 ‘medlan lobe of male in Figq. '173;,and1
metacoxal processes in Flg. 21N

Vaﬁiatfon.’— I have seen too few spec1mens of this

PR IR

;;taion to assess patterns of variation,vMore than”Half of the‘ff
ﬂ;?speCLmens seen have the pterothorac1c sterna plceous N
fiventrally as 1n'Flg.'10b Assoc1ated w1th thas coloratlonlln .
br;qimost spec1mens 1s a darkenzng of abdomlnal sterna.,‘“_,;p':»;%:
Conversely, those spec1mens w1th llghter pterothoraclc TR
Sterna tend.to be closer‘to unlformly’yellow in.ventral
coloratlon. - :‘? | ‘ 3 " ,
Gu1gnot (1933 720) states that the non~6ulcate form 1s
qu1te rare. To h1s 115t of local1t1es for non sulcate |
ffemales, I add only Godelleta, Spain (1 MCZC) Thus, - the
non- sulcate form is’ restrlcted to the southern and western
parts’ qf the range (southern France, Spazn Morocco and--
Algerla) | | | | | ‘ |

Taxonomlc notes. - Gu1gnot (1933) states that certaln

(unnamed) authors proposed to make D plsan” /"varlety of




e thh those presented 1n the key,'demonstrate that two .

EIRARE

. stream beds.,-

p the southernmost are Algerla and Morocco.

jJZf'

between adults of‘these'species and a major dlfference in-’

form of the medlan lobe. These d1st1nct10ns, 1n conjunctlonuhf“
specles are represented eSpec1ally when supplemented w1th f:_}g
the 1nformat1on that D. pisanus is: w;dely sympatr1c w1th S
D manglnalis. ' o |

<

Z1mmermann (1919) erected D pisanus var, nonSUlCatﬁét:;

S for female forms w1th smooth elytra. Ma“Y authors have used

IbePICUS for thls form,'but Pederzan1 (1971) exam1ned f1ve.'*”'

'1;speC1mens from MNHN determlned as Dytlscus IbePfCUs and - E*Q:'

»A,-_..

states ‘that - they were grooved. ;4n55~:u,£,~~;e‘-g : _
Natural history._f Gu1gnot (1933) states that adults of o
D plsanus 11ve ‘in calm, clear water._However Pederzan1

(1971) notes a. preference f0r runn1ng water on for pools 1n .

-

Dlstrlbutlon (map, F1g 26D)m”;‘5his species has a
Medlterranean d1str1butlon, but does occur as far north as

'50°. -The easternmost record is for the 1sland of Crete, and

e ! -] RO WA S R

Chonological nelationships.;f Apparently sympatrlc Wdth«;;;
every other European spec1es of Dyt15cus. If 1ts preference e
- for runnlng water is correct though it may well occupy a
dlstlnctly dlfferent m1crohab1tat from that of most
co- occurrlng taxa.l | |

Phylogenetic nelationships. - The rounded apex of the
med1an lobe 1nd1cates a close relat1onsh1p to Dytlscus

mutlnensis and Dytiscus dimldlatus.



Materlal exanfned = A total of 129 Spe01mens were A
h \exammed of wh1ch 50 were male; _e!nd 79 females.

S e v e = D



3. 19 Dxtxscu mg_gxnalxs annaeus, 1758J;‘jgj,f,’ﬂff,"4

Dytlscus marginaiis L1nnaeus 1758 411,

- T

. PR CE T S FUPE T o
,«. “ S s e s ) ok - -

. - - - S -\ P SIS
n;__’“ﬂ‘ ».oa" _le_' V.-‘

Derivatlon of specific epithet - Wlth reference to all

'ﬂ Srdes of the pronotum, or. alternatlvely, lateral edges o£~~

- e - _— ? 4 .
ertra be1ng marg1ned w1th yellow. B

e At
~ L

LN

Diagnostic combihation. - The comblnatlon of Palearctlc’

dlstrlbutlon acute but not acum1nate metacoxal lobes,

“pronotum w1th yellgw marg1n on’ all 51des, ang iprm of- med1an

P

. o
lobe of males dlstlngu1sh males of thls taxon. T
Y

Taxonomic notes. — Some notes about confu51on between

D, maﬁgvnai1s and D condierr are presented under the

VS1m11ar11y,.I have seen the follow1ng spec1mens of

i _Dq marglnai%s Wh1Ch presumably have 1ncorrect locallty

«treatment of the’ latter. Sharp (1882 641) ‘was the farst to

;‘vascrlbe D. maninalls to the Nearctic ‘fauna based on a

female spec1men labelled "am. bot, 1nt., montagnes e e

; AmerlcaJ An Murray 5 col{ectlon._eThe latter record refers

to a spec1men of D, COPdiePI._The former spec1men prov1ded

re

.. of D mapginalzél L belleve,ﬂth/spec1men to be mislabelled

information: Amer1ca (1 HNHM) “Ind " (1 CNIC) Canada?

(1 Mczc), Detroit, M1ch - (3 1CCM), Grand Portage, Labr.

_Pa., vi, 25 (1 IecM), Quebec (1 ICCM) R1dgeway, Ont

' rocheuses , and another 1nd;v1dual "...sald to be . from North

~;bz Castelnau~'1s dep051ted in BMNH and is a: sulcate female ff"

.

,z;vi.17'(} ICCM) Montreal Quebec (1 ICCM) Allegheny Co.,"

.o

'»'-(1 ICCM) ana Toronto Ont., v1.14 (v ICCM) ‘As Brlnck-'« e



©

~

,/_

(1946 146) p01nted out” there is little d1fference in form

: of the medfan lobe between eastern and western Palearct1c

:{31ncludes m0st of the Palearctlc reg1on.-

o

SLern. : 6
speczmens of D marginalls. However,‘there are major '

- o)

dlfferences 1n ventral coloratxon, and these colour forms

. are geographlcally v1car1ant. Thus, I have decided to treatj

D. marglnalis as’ two subspec1es. 1) the nomlnate,'western-.-
Palearctlc form, characterlzed by‘predomlnantly yellow »
pterothoraczc sterna’*and 2)~an eastern PaIearqtlc form forw~
wh1ch the name D czerskil 1s avallable and in whlch adults,
have the pterothorac;c sterna apprec1ably marked Wlth black
or piceous. The two forms are allopatrlc and could represent

‘taxa of . spec1f1c level HoweVer, d1fferences in form of the

medlan lobe are. too slzght to support such a- conclus1on

w1thout addltlonal supportlng ev1dence.‘I have not seen

o L~ e e

~untexmedxates”1h typé ot Ventral,cdloratroh>»5?1%F**““"“‘f '
f’DIStPlbutlon. - ThlS ub1qu1tous Palearctlc soecies,

when the comblned ranges of - both subspec1es are considered,
Totn e, - -.n B S PRI
B U O

.».s.,._.“<

Chorological Pelatlonshlps. - The aggregate range of

S g

- both subspec1es of thlS Spec1es suggest that.at 1s sympatrlc
—vWIth every other Palearctlc specxes of Dytiscus except

'posswly D. smensis.

N

Phylogenetlc Pelatlonships._— Presence of character

-jstates such as acute metacoxal lobes, marg1ned pronotum, as :

",well as those found ;n form of the median lobe of males,

.1nd1cate that 1t is’ closest to D pePSICUS and D delictus.r_r”'

L - .5



.

Dxtxscu nargxna11 narg1na11 annaeus, 1758 NEW STA$US
- Dytiscus manginalis Llnnaeus 1758 411 (Type area —
- ;Europae .-Type not seen. Y. »-Z1mmermann 1920&249 —Muller
1926: 298. —GU1gnot 1933 715 —Houlbert 1934 133. .—Zmeermannn'$'
; and Gschwendtner 1938:47. —Gu1gnot 1947a 243 l
-F. BalfOur BrOWne 1950 270 -F. Balfour-Brpwne 1953:27,
—Zaitsev 1953 327. —Galewsk1 1971a 100. ,eSchaeflein 1971:88.
: —Franc1scolo 1979: 665 4 | |
o 'D. marglnalis, auctorum Nearctlc records ere
D. cordleni quod Vide ‘Misidentification. L
Dytiscus semistriatus Linnaeus 1758: 412 (Type area -
- "Europae". Type nét seen.). —Zimmermann 1920 250. . o P
; Dytlscus totomarg:nalis DeGeer 1774 391 (Tyge locality
' net*sﬂatea Type "not seen ). f—zlmmermann 1920: 250 O
. Dytlscus conformls Kunze 1812 58 (Type locallty - ;};j-4~*v
nLeLpzlg"o Type not ‘seen.). —Zlmmermann 1920 250 ‘ E B
| Dytlscus marg:nalls var. confor'mis Kunze"-Zlmmermann;_iv_““._
’1920 1250. —Muller 1926:298, —Gu1gnot 1933+ 15. —21mmetmanni; :ff
~and Gschwendtner 1938 47, —Gu1gnot 194741243,
-F Balfour Browne 1950 250 —Zaltsev 1953 327 —Schaeflein'P
'1971 88 ~Franc1scolo 1979 665. | _ _ E
Dytlscus submanginalls Stephens*1828:96 (Typeilecatity
— "taken near London, England" Leefofype_hale, SeleEte64

4

here, in. BMNH labelled as followsi'"LECTOTYPE SYNTYPE°N

(

LECTOTYPE Dytlscus submarglnalxs Stephens, selected
R. E Roughley ). '



Dytlscus::ircumductus SerV1lle 1830 90 (Type locallty -

"q,_near Par1s, France. Type not seen) Z1mmermann*1920 251

Dytiscus manginalls form semfcostata Relneck 1921-117
(Type localzty -f‘...1n Kurland 1n der Mlsse-Nzederung.;,
A s

Type not seen ) —Gulgnot-1933 715. ~21mmermann and ;thf;'
‘stchwendtner\1938 47 —Gu1gnot°1947a 243 —Fgeaalfour+srowne_
. ?1950 240. —Zaltsev 1953 327, . ‘“‘ 'd | ,"'

“hi d Diagnostfc comblnation. —'The yellow pterothorac1c:'
‘*ﬂsterna and western'Palearctlc d15tr1but10n,,1n comblnatlon -
;kﬁw1th the d1agnost1c comb1nat1on of the spec1es, are R
lsuff1c1ent to. 1dent1fy adult members of D marginalis
A'd'marginalis. ' | '_ | - "‘”;.' -
| Descrip lon» = Measurements of representatlve spec1mens‘

}:are glven 1n Table (2. States of taxonomlcally 1mportant
ffzcharacters are glven 1n Table 3. Dorsal v1ew of body 1s ey
f:hgshown 1n F1g.;3E-bcoloratlon of pterothorac1c and abdom1nal v':
i'[sterna in Flg._loc medlan lobe of male 1n Flg 17C and
f;hsmetacoxil processes in. F19.-22A. | _."‘ _'_” L

| ‘ Varlat on. — As: noted above, form of the medlan lobe of"
x':adult males\Varles only sllghtly between subspec1es,~and
fj{var1at1on w1th1n subspec1es is even less.AOther aspects of
“Fvarlatlon 1nc1ude pronotal wldth coloratlon of '

: ‘;pterothoraglc sterna, and suclate or non sulcate elytra of
‘f;females. ]ﬁff‘” . | L

;,.’,. to

Males and females from hlgher elevatlons 1n the
"ﬁiPyrenees and Cantabrran Mounta1ns~have the pronota narrower

-fﬁhthan the base of the elytra.gIn lowland spec1mens, pronota
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-are dust1nctly'broader than elytra} bases. The'latter ;sf i:"]i

vltrue for lowland Specrmens from central Spaln,.and Ilhave
-therefore not treated thls form as subsbec1f1cally dlStlnCt :
“It 1s‘more 11kely that the change 1n pronotal form' is. due to ‘f_
‘ dletary and thermal effects of cold ol;gotrophlc'alp;ne, |
- 1akes and ponds. “ | . ) L _
. Sharp (1882) drscussed a spec1men,_wh1ch I have seen,
"dn_of D. maﬂglnalls marglnalis w1th expanded dark fasc1ae on’ .
- the abdom1na1 sterna. Th1s spec1men is a’ malexand the med1an:
;;lobe 1s protrudIng, but- the apex is damaged After detalled

'comparlson of thls spec1me”

w;th spec1mens of other
Palearctlc spec1es, I judge the spec1men to belong to .

‘A,D pePSIcus, even though labelled as comlng from Europe.‘

Others (e g., Zaltsev,1953) have mentxoned 1ncreased

a 1nfuscat10n of. the abdomlnal sterna. In all spec1mens that 1
}ﬁahave seen there is v1rtually no 1nfuscatlon of the abdomlnal )
venter except for very narrow 1nfuscatlon along abdom1nal “/-”ﬂ
<sutdres ventrally (F1g TOC) Thus, adults of th1s subspecxes
_hare best separated from members of D‘ marglnalls CZePskii on
'the ba51s of lack of apprec1ab1e pterothorac1c 1nfuscatlon

_,and d15tr1but1on See also notes under varlatlon of °

[

- D. manglnalls czerskll. e '
: _ Females of D marginalls marginalis w1th non- sulcate
elytra app&tr sporadlcally throughout the entlre range of
jthls taxon. There may be geograph1c patterns to the |
‘freQUency of occurrence of the two female forms.'For:* al;*“"

1nstance, F. Balfour Browne (1950) states that the‘.”



L Pohwsulcate form rs‘qu1te.rare-1n Br1ta1n, or at“}east has )
';;\]i been sxnceh1é2g éuignot (1933)*s¢atesathat the hon*suldate
l'ufg} form dﬁcursﬁthroﬂghdut France ‘bt 1s morﬁ common 1n central
; hﬁi;land western: France. The non sulcate form occurs throughout.-g~.
S 'ftai;;.hut ;r;no;s;ofom(;979) noted a trend for 1t to become
.lisllghtly more common in the south For central Europe |
Schaefle1n (1971) character1zes the grooved female as most
xcommon* but that at certaln local1t1es 1n the northern and -

srtheastern redﬁoﬂ?' thé*smdﬁ%h forﬂ'f%‘mofe nbmerdﬁs than

Wiac

kw éhﬁ grooved forma Gu1gnot (1933) mentlons that the smooth
| form 1s more common 1n the'southern USSR wh11e Za1tsev'
(1953) apparently extends thlS to all of the USSR |
v thural hlstory — The natural h1story of adult and’
iarval stages of thlS subspec1es have been 1ntens1vely
.studied for many years in Europe. Many of the publlcat1ons
| fare cited by memermann (1920 251) and are dlSCUSSed and
- augmented in the treatment edlted by Korschelt (1923 1924).
Dlstrlbutlon (map, Flg 27A) - Thls subspec1es 1s
| 'wldespread 1n the western and central parts of the
Palearctlc reglon. o _
Mateﬁial examined - A total of 1382 adult spec1mens
‘were examined; of wh1ch 619 were males, 762 were females

‘e

and sex of one spec1men was not determined.

k3

'f Qytzscus margznal1s czersk11 Zaxtsev 1953 NEw STATUS _
Dytrscus marglnalls, auctopum, Sharp 1874 1417, ».-Sharp\ o
1882 641 (ex part_fﬁ o

= r1nck 1946 146 —Gu1gnot 1947a 244

e
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DytlSCUS CZEPSklI Zaltsev 19537 328 NEW SYNONYMY

(Type 10ca11ty = not Specxfled but localxtzes 1zsted all-

' ¢;sz: in Pr1morsk1j Kraj (Mar1t1me Terr1tory) USSR ).

T am

>

~

_ Derivation of subSpeCiffc epfthéf - Named in“hohour of

B A.I, Cherskii who collected the type spec1men. L

'sterna and eastern Palearct1c dlstrlbutlon, 1n comb1nat1on

\ ‘
Notes about type materlai - I have not seen Zaltsev s

-

type of’ thlS taﬁon wh1ch accord1ng to Hls preface,'is ’
dep051ted in the Zoologlcal Instltute of the Academy of

Sc1ences of the USSR in Lenlngrad I have, however,,see_ .

a . . - . ; - i -

spec1mens authentlcated by Zaltsev.

7

Dlagnostlc combrnatvon.,f The infuscate pterothorac1c

~

with the dlagnostlc comblnatlon of the spec1es, are

suff1c1ent to identify: adult members of’ D. ‘manlnalls |

K .
o By Y

CzePSkll. | L or T
Descrlptlon -~ Measurements of representat1ve spec1mens

»are g1ven in Table 2. States of taxonom1cally 1mportant

JcharacterS-are glven 1anab1e 3 Dorsal v1ew of body is not

shown; coloratlon of pterothorac1c and abdomlnal sterna 1n
-

Fig. 10D;- med1an lobe of male in Flg 17D; and metacoxal

L processes 1n F1g 22B..

VaPlatlon. — 1 have seen too few spec1mens of thls

""taxon t@ assess patterns of var1atlon. Zaltsev (1953) wrltes

that the ventral colour of D GzePskll is. 51m11ar to that of




.

D. manginalis manginalis, Zaltsev 1mp11es that the |

’~,v
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D manginails. All spec1mens of. D manglnaiis czenskil that

I have seen have a much geater development of 1nfuscatlon on

- the venter than 1s typlcal_of more western populatlons of

D marglnalis. All spec1mens have sternum VI broadly

1nfuscate and most specrmens have a broad 1nfuscate band on

sternum II

As noted under the sectron concern1ng var1atlon 1n

R
PR Y 8
o o o - e ety T em e ’3, v or

non sulcate form. 1s the most common in the USSR This 1s in

LY

marked contrast to the condltlon of female D. maﬁglnalls

czeﬁskjf Zaltsev {1953). states that all 16 females whlch he .

had seen were sulcate. I have seen an add1t1onal 8 female )

specigens,_all of wh1ch have sulcate elytra.‘7'?A ’
axonomic notes. - The sllght character differences
ment1oned by Zaltsev (1953) between D. margfnalls and

D. czerskil are 1nsuf£1c1ent in themselves to warrant

:.specles level status.. ThlS is true- also of dlfferences in

~

 form of the medlan lobe, and I have therefore used
subspec1f1c rank for these two forms.v |

Natur‘al hlstor'y - Nothlng ﬂmas been publ1shed about

-natural ~history of this. subspec1es.

Dlstrlbutlon (map, F1g 27A).sr This subspec1es is-

found in the ‘Amur and Marltlme reglons of the USSR and on

Japan and is to:be expected 1n the northeastern reg1ons of

Chinais/

Matebia7zexamined- - A total of 20 adult’spec1mens were

 “examined, of whlch 51x are males and 14 are females.

L .

0o ab
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3. 20 Dxt:scu gersxcu Wehncker 1876 o
Dytiscus peﬁsicus Wehncke 1876 52 (Type area f

'\~.-¢‘ Al

o "Per51en : Hoiotype female 1n ﬁehheﬁe collect;on, MNHN T,;ﬁ:ﬂﬂév

labelled as follows-'"persxa, settente.[ 1862-63, Coll., |

G. Dorla, typ, Per51a- HOLOTYPE Dytlscus pers1cus Wehncke,s

.'exam1ned R E Roughley.?) -zlmmermann 1920 235 -~21mmermann-fj

......

and Gschwendtner 1938 46, —Za1tsev 1953 327 -7;¥ﬁfﬁg:?5l7';”

rgh.ohog;

QytiScUs margmal’ts; Shanp ta& »641» (eex‘*paﬁte) s et RERA

: Mls1dent1£1cat1on.vf”

Der-rvation of specrf fc eplthet —":.N'aiiiéa":;d’rf"""?é.rsia""v,;;e:,""

v C -

' \
Wehncke s type area. - ‘ '
Notes about type matemal - Wehncke s descnpt;on - \'.‘

';nd1cates that he had seen only one non- sulcate female of =
© this spec1es from the Dohrn colle¢t1on. The holotYpe was<f:]H '

5.wplaced be51de a large label readlng per51cus m1h1 in

Wehncke s handwrltlng The BMNH conta1ns two other-'

non sulcate female spec1mens labelled.'"Co type, Per51a,

settente., 1862~63 coll G Dorla, Sharp coll.,A1905 313

[label 1nverted] Ispahan. Per51a. J Dor1a 1862 -3,

persicns the bottom 1abe1 in Dav1d Sharp s handwr1trng

| These BMNH spec1mens cannot be cons1dered part of the type

serxes of D pers:cus because hased on Wehn/ke or1g1nal
descr1pt1on, they wete not seen by hlm even though they areh

part of the same ser1es of specxmens._Sharp may have

.obta1ned the specxmens from Dor1a. Sharp (1882) states that

’these spec1mens may be from Isfahan A= Esfahan) Iran, but}
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does not ment1on the source of th1s 1nformatlon..fﬁy;\=~“'kpf"

Diagnostfc combfnatiow.;r Thls 15 the only Western .

and D. lappcnlcus of whxch adults have transverse black
faSC1ae on the abdom1na1 Venter. The latter two have longer

metacoxal processes, whlle D persicus and D pisanus have

qu1te separate ranges.

e wel Lo e ooa

9’,-'“Descrfbtion-ﬂ-“Measurements of representatave speCLmdhs

~are ngen Ln TabIe 2 States of taxonom1cally 1mportaht

, characters are’ glven 1n Table 3. Dorsal vxew of body is not

'H‘shown-;colqratlon of pterbthorac1c and abdom1nal sterna 1n

Flg. 11A med1an lobe oﬁ male 1n Flg 1§A:-and metacoxal B}

processes in Flg. 22C e
~ vg ,,'- LA ooy cain :.'

Taxonamic»notes.@u-See notes pt9v1ded under -

T e ey

PR .'!". o

“D. manginalis.--',f L*»:}».~.. T ;;{ f,,l' | g
Variation‘ -1 have seen only 19 spec1mens a551gnab1e
SEE - % “.u. NG LY

to thls name,‘and have thefefore 11ttle 1nformétlon about-w

_'varlatlon. Of the ten females seen, four have sulcate .h

:ﬂ{;7’ Natural histony

Y

elytra.”) .

4 o, % b '
A /J . TR e .1_ NN o 4

geg L

Distribut ion (map, Fig.. 2713) ._'—- Zalts‘ev (1953 328)

records thlS spec1es from Iran, northeastern Turkey and from

the southern coast of Cr1mea, Dagestan\and Transcauca51a in

Y -

to thlS spec1es.-'*

-

Chonological neiatlonshrps..—»l have seen few spec1frc

locallty records for any spec1es from the range of

l{'

Palearctxc~spec1es other than D pisanusf D clncumclnctus ;lih

........

- the USSR I have a551gned a spec1men from Nar1n, Afghan1stan jh 



o. cir'aJnflexus and D 'thianshanfws.. e

Phylogenetic relationshlps.r~ Adult members of th1s

: spec;es show characterxst1cs 1ndlcat1ng that D.-perslcus 1s

: rela.ted to D mangfnal is and D del ictus.

Mbteﬁial examined..— A total of 13 adult spec1mens were’

examfhed wofowh}su nlne axeomalgs and 10 are fgmales. S



'5313 21 gxt:scu delxctus (Zaxtzev, 1905)

-'-a.- 2 o

;hi: Machgd?teshbelictus zgltzev 1905 28 (Type loca11ty —L.r

;fy}f;Charbarovsk Chabarovsk Kraj,‘RSE§R,~USSR. TYpeUnot seen)

Dytiscus delictus,hf21mmermann 1920 247 —21mmermann

‘i~and Gschwendtner 1938:43. ~Zaitsev '1953:326. ?“f?.vﬂf |

_'3 Denivation of specific epithet - Not stated bﬂ
;_Za1tzev. The latzn word de7ictus means "faulted"“of~”

"falled" but the 51gn1f1cance of thlS ep1thet 1s not

ER
e

'?apparent ‘;<*--'Q"j;;_;~~.- T f

b ® .. Ce e W e e e e e e oo - &

Nofes about type mafériefix— T have not seen type

A'spec1mens of th1s spec1es, but have seen spec1mens

. 'patterns of varlatlon

b B R

‘ authentlcated by P Zaltzev.,

n v o~ . PRI [, P
o

. Diagnostic combtnatlon. - Eastern Palearct1c
-‘dlstrlbut1on, acute metacoxal lobes, and fasc1ate abd0m1nal
‘sterna’ d15t1ngu1sh adults of thls taxon. from those of other
espec1es of’ Dytlscus. | | | | o
Descrlptlon.t— Measurements of representatlve spec1mens
are glven 1n Table 2. States of taxonomlcally 1mportant
‘characters are’ g1ven in Table 3 Dorsal view of body 1s
Vshown in Flg,,4A, coloratlon of pterothorac1c and abdomlnal
-sterna:ln Fig. 11B; medlan lobe~of male in F1g 183; and“ :
metacoxal processes in Flg.- 2D.- |
VaPlatlon. — I have ‘seen too few speclmens to assess

Y

Natural histony s~Unkp0wn{

.no~b=‘-) B LTI R



i%i}ii;ﬂu quonom¢c~noté3¢ i”%aatzev (1905)‘acdePted“yaqnqdytes
,;;;;;; as a- dlstineﬁ genus,“and asszgned hls°£§ec;é§ ide}rctus :
‘ Dfstﬁlbutlon (map, F1g. 27C) - I have seen spec1mens
from Chabarovsk Kraj, Prlmorsk1j KraJ, and Sachalln Oblast
"_of'rne eastern USSR Zaitsev (1953) reportS‘Qpec1mens from -
”the Same general area. ThlS spec1es may also occur 1"l...*
northeastern Chlna and Japan.f‘ ;_ _— _ . _
Chomlogical nelatlonships. =, D dellctus is sympatnc
o ‘_"w1th D: shar-pl, D. manginalls czerskfl, D daumcus,
VD. clr'cumcmctus, and- D. latr'o o S “ .
Phylogenetlc Pelatlonships. = ThlS spec1es represents
fw“QEhe eastern Vicar of D. pensrcus; | _ :;' . 'A,,.,';r,»~, i

MatePJal examlned ~a total of 20 adult specimens’ were

‘ examlned of wh1ch nine are males and 11 are females.

N
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i?;:_j:, .22 thlscus lat1sslmus annaeus, 17$ﬁ }ffr?ﬁffif’ﬁf'

<

. ;'“5:: Dytfscus 7atisslmus L1nnaeus 1758 411 (Type area b”l'u -
e "Europae". Type not seen ). —Z1mmermann 1920 242 —Gu1gnot
1933:730. —Houlbert 1934 132 —Z1mmermann and GSChwendtner
‘1938 135, -Gmgnot 1947a: 247 'Qialtsev 1953 321. “.,—Schaefle_m
'1971 86 .-Franc15colo 1979 671 ”H o p‘ .ltnlh’
Dytiscus ampIISSImus Muller 1776:69 (Type area - not’
'stated’ preSumably Denmark) -zlmmermann 1920 243 . _
’ Dytlscus anastomozans Well 1781: 386 (Type locallty -
not known to me. Type not seen. ) f;;ymemmann.yQZQ,g44.
Derlvation of spec:fic eprthet — This name 1s‘der1ved
from the superlat1ve form of Lat1n latus, meanlng "broad"

v

w1de"’ It is an apt name for thlS taxon because of the
great wldhh of the, body of adults -‘ o | _
| Dlagnostrc combination. - The great w1dth of the body
ﬂ"and widening of the elytral eplpleura ‘are suff1c1ent to
f“d1stﬁngulsh adults of thlS taxon.
| Descr‘lptlaﬁi - Measurements of - representatlve spec1mens
‘}a are g1ven 1n Table 2 States of: taxonomlcally 1mportant
- characters -are glven in Table 3. Dorsal view of body 1s'
shown in. Flg.'4B' coloratlon of pterothorac1c and abdom1nal
sterna ‘in Fig.. 11C medlan lobe of male in- Flg 18C' and
metacoxal processes in Flg E;i
Taxonomlc notes. — Most recent European workers have'f
arranged the spec1es of Dytiscus in two subgenera* the

. ,nom1nate subgenus, and subgenus Macrodytes Thomson. Members



xnhﬂ~ffh ];hi" . 'Ah h*“f;v ‘.}28 :
-fof D Iatissimus have tradit1onally been placed in subgenus
’.Dytlscus. The generltype of Dytiscus, however s ’ \
',D maﬁginalis, -and the group ‘of specres generally treated as -
'belonglng to Mbcnodytes should in fact be assxgned to
: subgenus Dytfscus. Desplte such nomenclator1al problems,'xt
;15 clear that the 1ntent1on of earl1er authors vas to
| 1solate D. 7atissimus in a- separate subgenus because of 1ts,
d15t1nct1veness I do not belleve that any subgenerlc |
dlstlnct1on 1s necessary wlthln Dytiscus, and based on
:~:phylogenet1c analy51s it is not warranted for membegs of
VD. latISSImus. For further dlscusslon of thlS nomenclatoral
'confu51on? see the generlc treatment - L
: Variatlon. - Non sulcate females of D IatiSSImus are

not known.. ThlS is. un1que among Palearctlc taxa of Dytlscus

except poss1bly for D manglnalis czersklf However, only a

-4.__
~.

\~ _
.cond1t10n of sulcate females suggests that females are under

strong selective. pressure for grooved elytra. Study of the
‘behav1oural functlon and hydrodynamlc 1mportance of sulc1lﬁ
in thls spec1es may prov1de the key to understandlng
yevolutlon of grooved elytra among members of Dytlscus. ,
Natural hlstony - Gu1gnot (1933) Zaltsev (1953) ‘and’

iother European authors characterlze the habltat of th1s = -
.speC1es as largé bodles of. water' that is, large ponds and
lakes, although I am not sure whether or not thlS spec1es

. ,occurs in open water- w1th1n this habltat. Many spec1mens

havetbeen recorded'as belng»collected_in“fish weirs.



&

Dlstrfbution (map,.Frg 27D)‘“‘“0ccurs throughout the B

. northern portlons of the Palearctlc realm, except Great

8

Brltaln.'The southernmost record is - from Yugoslav1a,

probably assoc1ated w1th long range dlspersal (Apfelbeck

1904 308). ,;. PR e
Chonological Pélatlonships._— ) have few records from

the far: eastern Palearctvc Reglon, and it- is therefore

d1ff1cut to assess areas of sympatry w1th such specxes as\'f"
D. shanpi D. delictus lb mar‘gmalrs czerskii - |

'D. thtanshanicus, D. Iatno and D. s:nens:s. The known range

‘,QF D. Iatiss:mus 1ndlcates sympatry w1th D semrsulcatus,_

D, 'dlmfdratus, D pisanus, D marginalis mar-glnalis,

'.flcir'cumcmctus D. daur'fcus, D". Iapponfcus and.

D . -
D;'circumflexus. It is not sympatr1c w1th D. mutinensis and‘
'.D , ,

per-s :cus

i

Phylogene‘tlc r'elatlonships. - Members of D Iatrss:mus |

_ have the metacoxal prqcesses acumlnate, but less so than o

more advanced members of the genus such as D. Tapponicus, o

D circumflexus, etc However, the medlan lobe is wlthout an

' ap1ca1 knob, whlch I 1nterpret as a secondary loss, whlch |

‘has also occurred in D. 'alaskanus. I have placed

D. IatISSImus as. the most ple51otyp1c to those taxa Whlch

have acumlnate metacoxal lobes. ‘ ' |
Material examlned ‘= A total of 428 spec1mens were {_f

examlned, of whlch 208 are males and 220 are females.

S T NUEFPPT S
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: ?*3 23 gxtlscus c1rcunc1nctus Ahrens,‘1811

' Dytiscus cir'cumclnctus Ahrens 1811 67 ('I‘ype

. locallty—not khown to,me. Type fiot seen.) . —Z1mmermann o

‘_1920,244 —Hatch 1929 227, -Gu1gnot 1933:720. —Houlbert 5

| 1934:134, —szmermann ,and Gschwendtner 1938354, —Gu1gnot‘f_A

-1§4la;244 ~F,. Balfour Browne 1950 275 —LaR1vers 1951 404

—F Balfour Browne 1953 27 .—Hatch 1953 238 -—Zaltsev

' 1953:331. —Gordon and Post 1965:25. —Galewski 1971a:88.

:'—Schaef1e1n 1971 188 —Larson 1975 401, —Franc1scolo.i

1979 669 N " : l '

- Dytlscus cir'cumcinctus Hummel 1823 17 (Type area —

'"L1von1e ' Type not’ seen ) —21mmermann 1920 245 |

| Dyt iscus flavocmctus var, flavocinctus Hummel 1823

| —Z1mmermann 1920 245 —Gu1gnot 1933: 220. —Z1mmermann and

_Gschwendtner.1938 54, .—Gu1gnot 1947a‘244 hF Balfour Browne

1950;277 —Zaltsev 1953 331, -Schaeflean 19713 :88.

—Franc1scolo 1979 669 o |

| Dytlscus dublus Gyllenhal 1827 372 (Type locallty - not

stated Type not seen.).. —Z1mmermann 1920 245.< o

. Dytfscus angustatus Stephens 1828: 88 (Type locallty -

"Bomere; Salop." England Lectotype male selected here: from

‘.Stephens collect1on, BMNH .and labelled as follows.

thECTOTYPE SYNTYPE- LECTOTYPE Dytlscus angustatus

Stephens selected R.E, Roughley) v—Z1mmermann 1920 245
Dytiscus oolfgbuckli Kurby 1837 74 (Type local1ty —;J_

'"Great Bear Lake Rlver ’ N w T., Canada. Type.—,see Larson )

\

'h1975 401 ) —Zlmmermann 1920 247

N

.m



- Dytiscus circumscriptus 301sduva1 and Lacordalre w{f
‘”?:1835 300 (Typeg10ca11ty - near Parls, France. Type not j{:

| V";ff—Wall1s,and Larson 1973 ' —Larson 1975 401 f*“:fa--” j_§;/%~

'i<ﬁ4{ﬁﬁli§~Dytfchs conﬁusuS Motschulsky 1850 101 (Type area. ":7  7
y;.;.dans toute la Slberle or1enta1e, JUSqU au KamtSChatka' 
fiff£t>?,ete rapporte du fl Amour.;." 5yntype male in MNHM
‘”flgbelled» SYNTYPE° Dytlscus confusus MotS-'“Danla' ] :_,*|,'5;

" ;1[11leg1b1e], 2° [or 62 ] [yellow c1rcular label]

‘VfV5Dytlscusvlmale symbol Lconfusus Motsch Daurl- Museum Parls,;V'

ﬁ 'j;coI1 de Marseul 1890 ﬁSYNTYPE Qytlscus confusus Motschulsky

1860, examlned R E. Roughley) '-Zlmmermann 1920.245

.,_.v.,pytlscus albionicus. auctor'um, nec Motschulsky

“ 1859”166 Mzszdent1£1cat10n of D maP inicollis, quod v1de.
. fg

| Dyt’scus daUF’CUS: auctorum, nec Gebler1832; 39 o
_f-:‘xzsxdent1f1cat1on —21mmermann and Gschwendtner 1938 55 (ex o

s The:'aTe possmbly wffﬂ

ér;al'edge of the eye




'nype marerial - F Balfour Browne (1950)
dlscusses many of the taxonomlc probléms assoc1ated w1th

3h

i

o, o

thzs spec1es. Larson (1975) provxdes deta1ls about the- type,-"
o of D. oollgbuckfl I examaned K1rby s type ser;es of

D angustatus w1th1n the Stephens eoilection, BMNH A _

lectotype 1s de51gnated above,lbut because of the short p1ns

used for Stephens spec1mens,.these are plnned_bés;deﬁthe

lectotype. In add1t1on, there is a sulcate female speclmen

e

whlch is a syntype.fdﬂ"‘j?<e_

A s

As noted above, I have seeh a male syntype of :ﬁfll;f

| D confusus Motschulsky My reasons for con51der1ng thls
spec1men to be a part of the t?pe ser1e¥ are° 1) the label
'._ on the bdx 1n de Marseul's collectlbn as dlscussed under the'i
vtreatment of D daunicus, 2) the name D Confusus 'is ‘on this:
| 11st- 3) one of the labels ("DYtISCUS [male symbol] confusus .
Motsch., Daur;") appears to. b;kln Motschulsky s handwr1t1ng,i

by comparlson W1th handwrltlng samples shown ;n Horn and

~e ; .

Kahle (1935 37 Plate XVI Flg. 23,'and Plate XXI Flg )i
.3 and 4) Motschulsky, 1n hlS dlscuss1on of this speczes,¢ii |
1mp11es that he, had seen a number of spic1mens from dxverse‘f.
local;tles. 1" have.not des1gnated thLS syntype as lectotype j_li
because’;t:1s in- qu1te poor cond1t1on, lacklng 1ts head andlf&f
hav1ng only the rlght foreleg complete.-~ IIM . "‘ o
‘jré'7_“}j Dlagnostlc comb:natlon.;-Adults possess the follow1ng

comb1nat1on of character states~-pronotum marglned w1th

D

3metacoxa1 processes,“,f"

‘"1yellow on all s1des, acum1naif




, surrounded by narrow yellowvband ' H‘L‘rg :"{y |
Descrithon - Measurements of representatlve specxmens
*are g1ven 1n Table 2 States of taxonomacally 1mportant
.Zcharacters are glven in Table 3. Dorsal v1ew of body 1s
v:shown in Fxg. 4C, coloratlon of pterothorac1c and abdomlnal
sterna 1n Frg 11D° medzan lobe of male in. Flgs.v18D ‘and’’
”19A-'and metacoxal processes in F1g. 22F.‘;;: A : _
‘fe' Taxonomi;;notes.:—Many names have been proposed for
thlS spec1es, presumably because it 1s very w1despread and

'does exh1b1t a. certaln amount of colour and structural E

'Varlat1on._Samples from partlcular localltles are generally

B .

unlform 1n colour and 51ze and if . compared wlth samples from

T adjacent localltles, then a551gnment 1s usually not'

rdlfflcult. Taxonomlc problems arlse when compaplng spec1mens'”'
ffrom w1dely separated localltles. In-the latter example I
h hhave con51stent1y referred to shape of the medlan lobe for
_gev1dence on wh1ch to make taxonomlc Judgments. Med1an lobes
'a'shown 1n Flgs. 18D and 19A are typlcal of the var1at1on in
yform of the medlan ‘lobe yet the spec1mens are from
local;tles (Edmonton, Alberta, Canada and Berlln West'
. Germany) from more than half of the Holarct1c Reglon apart.
"The form of the medlan lobes of these spec1mens 1s very
51m11ar and therefore I have asszgned them both to the same ;
7itaxon. Another factor whzch’has led to a prollﬁeratlon of . y"
”g'names 1s the occurrence of both sulcate and non sulcate
trfemales 1n most populatlons of D Ciﬁcumcinctus. Most early‘

_tnworkers con51dered the two forms to be representat1ve of



s

separate taxa (see Blunck 1913 for dlscu551on)

Variatlon. = As. noted above there is very 11tt1e

var1at10n 1n form of the med1an lobe of male speclmens from [
. (
lthroughout the entlre, Holarctlc range of - D circumcinctus.

' “'iOne of the major features of varlatlon 1n the medlan lobe off

adult males is p051t1ve correlatlon between 51ze of

‘ specmens anc% length of the medlan lobe. Increased or
;fshortened lengfh of the med1an lobe does not 51gn1f1cantly
;'affect shape of the aplcal port1on of the medlan lobe.
Colour of pterothorac1c sterna of adults 1s" A'
rpredomxnantly yellow 1n all specxmens seen. Some spec1mens
become dzscolored by breakdown of fat - body and other v1scera d'
_but w1thout exception these conform to the general1zed -
flpattern once thoroughly cleaned ’“:7‘ ' 'fT

S The major1ty of spec1mens of D. .cincumcinctus wh1ch I-‘

have seen from the Nearctlc reglon are from western Canada o

.ggf'and adjacent&areas. Withln these areas; there 1s some -

| suggestlon of a’ geographxc pattern to relat1ve frequency of:s
elytral sulcatlon of females..For 1nstance, of 309 females u;:
from Alberta, Manltoha; Northwest and Yukon Terr1tor1es’ _ '
1£Saskatchewan and North Iakota, only 33 ‘or 11% are sulga@;lf:w'
_51The number of spec1mens from other areas 1s much smaller,tikf
mbut of 28 females from Alaska,.Br1t1sh Columbla, and
Wash1ngton, 22 or 79% are sulcate.a f'fp,
Gu1gnot (1933 722) and F. Balfour Browne (1950 277) o
fstate that spec1mens of D CIrcumc1ntus are rarely collected ‘:?

\—’
‘in France and Great Br1ta1n respect1vely. Of those adult



e . e DR
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v *‘5;',

ffemales collected they mentlon that sulcate spec1mens are
"scarce. Gu1gnot wrltes that sulcate specxmens are more
1common 1n Sweden. Ava1lab1e 1nformatlon supports hlS cla1m~
_of 73 females from Sweden,_64 or 88% are sulcate, and of 8711

,‘ufemales from Flnland 65 or 75% are sulcate. In these areaslm

D. circumcinctus is more-commonly collected than 1t 1s 1n

Fradbe and Great Br1ta1n. Interestlngly, Zaltsev (1953 354)

' ;states that sulcate and non- sulcate females occur 1n about

equal abundance in- the u. S S R., but does not mentlon -:—‘.'

?‘whether he noted a reg1ona} dlspar1ty,1n d1morphlsm He also=
*records 1t as the commonest specles of Dytiscus in the

| u 5.S. ® _fﬁ’ -

In summary, w1th1n the western portzons of. the,

rPalearctlc reglon, spec1mens of D ciPcumcinCtus ,are more

ﬁ

'scarce southward but of these,‘non sulcate females make up-

L4

a greater proport10n..Wath1n North Amerzca,'there ig a'

s1m1lar trend 1n abundance, but most records of non- Sulcate

females are from east~of the Rocky Mountalns, w1th sulcate

"?females predom1nat1ng to the west. These trends are only

[}

:: prellmlnaryk but suggest dlfferences 1n d1spersal rates andf
.'sources of fauna (e. g western Nearctlc populatlons may be .ﬂd
Ttder1ved from Russ1an fauna vra Berlngea),:or of '

vf;:;phy51ologlcal genetlc propertles of - -non- sulcate females, or'

ﬁ”ﬁ.a comb1natlon of both features.,Further 1nformatlon and

1nvest19at1on is warranted to ach1eve further understandlng

;_of the pattern. ‘fi . abd~_.j"”;, '”‘b o '1 i



‘label 1nformat1on from spec1mens examlned and some .

T§‘fof 1nformatlon become ava1lable, they wzll prov1de;an

,part1cuIar, the seemlng structural un1form1ty of adult vm,f

extend Larson s rang

'Galewsk1 (1971b).51m11a Ty

. (1933f722)\1mp1mes'that-a

.,restrlcted to cold cle

«areas, such as France and Great Br1ta1n, 1ts hab1tat

) Natural Hlstory - Most of the comments presented below

refer to my own collect1ng experlences 1n western Canada, o

. l1terature references. As more deta11ed collect1ng notes,

'natural h1story stud1es, larval taxonomy and s1m1lar types

"1nterest1ng and 1nformat1ve comparlson aga1nst

¢

D. cfrCUMClntus throughout 1ts range.7*

Larson (191% 402) noted the broad range of hab1tats in -f

,lwhlch he: had, collected adults of. D. cincumcfnctus wlth1n44
“;,Alberta. My own collectlng experlence suggests that thls ;.,

. 'observation 1s true for most of western Ganada and can'

»

o hlghly alkalzne or sallne hahltatsiff

ecorded a w1de ecologlcal

e

valence for thls spec1es i land However,,GU1gnot

‘rance D. circumcinctus 15
_; aquatac habltats, ‘and

F Balfour Browne (1950 278) records 1t prlmarlly -as‘a -
locally dlstrlbuted 1nhab1tant of fens 1n Br1ta1na A w1de

hab1tat range would prov1de an adapt1ve advantage for th1s

- spec1es, and presumably fdrms part of the reason for 1ts

3 Holarctlc d1str1but10n pattern. Nevertheless, in certain

AN

N -

”'d1ver51ty may be curtalled by any number of features (e. g

local compet1t1¢m) ‘. '- 1 o ] , .
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Galewskl_11964) records a spec1men of D cxrcumcinctus ;f
.‘belng taken from forest lltter in Poland dur1ng wlnter. An
_adult male that I collected in Edmonton, Alberta on 23 v. 79
:<was found under a log on the south shore of the North |
'Saskatchewan R1ver rav1ne. Each year, thls north fac1ng
fslope near the river is one of the last areas ‘to lose snow'

cover, and temperatures are kept low because\of the nearby

SN 1ce on. the r1ver. I therefore suspect that thls spec1men

overw1ntered at that part1cular s1te. Larson (19%5 402)
reported taklng Spec1mens through the 1ce in February. Thus,)
;ﬁﬁthese few pre11m1nary data suggest that adult spec1mens of
| D CIrcumCinCtus may overw1nter e1ther on\land .or- 1n water.;
Galewskl (1971b) dlscusses early season occurrence of
“fthls spec1es 1n temporary pools where 1t feeds extens1vely
:Nbefore movzng on to more permanent hab1tats for .
'reproductlon._Avaxlable fllght records (Table 5 and Larson
'1975) suggest One peak of dlspersal 1n Aprll and May and |
another 1n September and October; The majorlty of teneral
spec1mens seen by Larson (1975) were from July,‘and in o
j Table 4 there is one each for May, June, August and
'.gSeptember. Th1s var1at1on may well 1nd1cate local 'u o
.jtopographlc d1fferences 1n habltats,.such as ava11ab111ty of:
'<prey, water temperatures etc. ,jr,-z |

”: Dlstributfon (maps, Flgs. 27E and 27F) - ThlS spec1es

s wldespread w1th1n the Holarct1c Reglon. In North Amerlca. -

.1t 1s transcont1nental w1th records from Ma1ne to Alaska.‘

It occurs as far south as North Carol1na, and I have taken

P



- it at tree- lxne 1n Canada s Yukon Terr1tory. In the =
”Palearct1c reglon 1t ranges from Norway and Great Br1ta1n
south’ to Italy (Franc1scolo 1979: 69) .and Bulgarla
.(Gueorguxev 1958) and westward throughout the reg1on. I have"'
- been . unable to f1nd records for Spa1n excludlng th& |

4_ Pyrenees. It is- apparently less commonly collected in the

’,'southern portions of 1ts range. _ ] , |
Chonologlcal Pelationships — In some parts of

range, D. Cchumcinctus is sympatrlc w1th every othe‘/}5
species of DytISCUS except D habiTrs in. the Nearctlc
"Reglon, and 1n the Palear ic, D. sinensis. '
| Phylogenetlc nelationships —-Adults of

D crrcumcinctus possess acumlnate metacoxal processes and

n'therefore belong to one of " the more advanced grades w1th1n

Dytiscus. The medlan lobe has an ap1cal knob wh1ch has
well- developed sensory pores, but the med1an lobe 1s not
i,l51nuate laterally These synapotyplc character states def1ne$y‘
| the relat1ve p051t10n of D. CIFcumCVnctus adequately, but
the exact 51ster group relat1onsh1p of the spec1es 1s more -
'problematlc. The only character I could flnd to separate the
{f-more advanced members of thlS clade from Da crrcumcrnctus ig.
Ht'the relatlvely abrupt bend 1n the lateral r1dge of the s
_lmedlan lobe of advanced members,.compared to. the evenly
}curved lateral r1dge of the same structure in- members of‘
‘-D Circumcfnctus. I belleve thls to be a relat1vely weak -
:character, and thus the hypothe51zed,815ter group ’

'relatzonsh1p may change,as new characters are £ound and

~



.ehlncorporatedixnto the analy51s Members ova Iatléslmus,
iD aIaskanus and D ciﬁcumclnctus are very dxff1cult tok
eplace 1n the cladogram. The two former specxes have probablylf
flost the ap1cal knob of the med1an lobe secondar11y._ 

o Matenial examined -*A total of 1470 spec1mgns”of

| sD Cibcumcintus were examlned' 283 males and 337 females
'from the Palearct1c realm, and 351 males, 381 females and 18

,spec1mens of undetermlned sex from the Nearct1c realm..
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3. 24 Dgtxscu alaskanus J Balfour Browne, 1944 S
Dytlscus parvulus Motschulsky 1852: 7Lg(Lectotype male
de51gnated here, in UMHF labelled as follows' LECTOTYPE-
SYNTYPE Kadjak~ olmberg,_ ztlsCUS parvulus,_Menetr.,

*’\\",

<Kadjak, LECTOTYPE, Dytlscus parvulus Motschulsky 1852

deszgnated R. E Roughley "Qytxscus alaskanus J B -3,

Larson 1973 110 “—Larson 197@*40@4 .'@ ;, | ‘5;Z§5§“§ R
Dytlscus alaskanus J. Balfour Browne 1944 356. —Larson y;-

19753 404 I g '. - ;,.; ~ﬁ5",
Dytiscus oo?igbuckll,}J Balfour -Browne igﬂg 1961

—Gordon and Post 1965:25.. pf' ',~_ . f"'hf

“Dytiscus ool ibuckii, Hatch 1953:238.

. »h,'DytfédUS Oéiigbukif Anderson 1962 73 nec. K1rby

l:1837474 “Larson 19751404, T " T

' Dytlscus ooltgubuckrr, Klrby 1837: 74 MiSldentxfxcat1on ]

- of D cincumclnctus quod vrde.,

o Denivatlon of specrfrc eplthet - The name of th15~.
vtaxon was proposed in- honour of the State of Alaska, U S A
where 1t 1s abundant, and whlch contalns the type locality
of D parvuIUS, for .whic¢h alaskanus is a replaceme:t name.
| ’ Notes about type matenial - The type ser1es of _i! _
%foD alaskanus 1n UMHF consists. of 51x spee1mens' five mal;e
rand one female. The female is non sulcate. The type‘

~

locallty, Kod1ak Island 1s the western most record I have



e

for this-species. AIl:spebimensfhaye’at least sterna 11, III

and VI w1th transverse dark fasc1a, and most A1nc1ud1ng the

'lectotype, have narrow marklngs on sterna IV and V.

o Dragnostlc combinatlon — Adults of D., alaskanus are
known only from the Nearctlc reglon. On;y three spec1e&

w1th1n ‘me Nearctic reglon have acuminate metacoxal

.processes- D. circumcrnctus, D al askanus and D. dauricus.

Spec1mens of D, alaskanus w1th a predomlnantly yellow venter

.are most easily separated from D. ciPCUMCInCtus by absence

: of a yellow ring around the eye dorsally, by the fu51on of

1nter sulcal rldges ap1cally on sulcate females (compare

Flgs. 4C ‘and SA) Spec1mens of D alaskanus w1th faSC1ate

abdbm1nal sterna are most 51m11ar to spec1mens of

D. daunlcus, and are best separated by the characters

._presented 1n the key

'ﬁr;

Descrlptlon. - Measucements of reﬁtesentatlve spec;mens

are glven 1n Table 2, States of. taxonomlcally 1mportant

;characters are glven in Table 3. Dorsal view of body is

shown in Flg. SA'.coloratlon of pterothorac1c and abdomlnal

= d

'?sterna 1n Flg 12a; med1an lobe bf male in Flg 19B; and

metacoxal processes in Fzg. 22G. Sy
Taxonomic notes — Larson. (1975 404) provldes a

detailed hlstory of ‘the long, confused h1story of the

nomenclature of this taxon. ;

VaPIatlon - Larson (1975:404). provxdes notes about

‘var1at1on of this taxon w1th1n the province of Alberta, and

therefore I . confine th1s dlscuss1on to other geograph1c
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areas and to varlatlon of some taxonom1cally 1mportant
characters. Further d1scu551on 15 prov1ded 1n the treatment
of D. daur'icus. | _
Colour of pterothorac1c sterna var1es geograph1cally.
"‘Most spec1mens of D alaskanus observed from Br1t15h
"Columb1a, Newfoundland Northwest ahd ‘Yukon. Terr1tor1es have
completely yellow venters, whereas the majorlty of spec1mens
'from 1nterven1ng localltles have at ‘least. some degree of .
1nfuscat1on. “The median lobe of males of all these spec1mens
is 51m11ar to that shown 1n F1g. 19b | o .
Larson (1975 404) mentlons only one Alberta locallty,
near the Northwest Terrltorles border, for non sulcate 7
)females, and in excess of 99% of our comb1ned samples are
sulcate. Throughout most of 1ts range, females of |

D. alaskanus are con51stently sulcate, and where non- sulcate

females do occut, they make up only a very small proportlon
<D

of.. the total The areas for whlch I have seen non- sulcate

females, and the percentage of the total number of females

‘ -~
seen from that geographlc area (1oca11t1es for non- sulcate L

females in parentheses) are ")wsr Brltlsh Columb1a -5

hof 56 or 9% (Kamloops area, Summ1t Lake, and Mlle 627 on'
Alaska Highway); Manrtoba -3 of 13, or 23% (The Pas)
"Saskatchewan ~ 1 of 6, or 7% (Saskatoon) Ontarla — 1 of 11,
or 9% (Toronto) Colorado - 5 of 20, or 25% (Breckenrldge'
and Sc1ence Lodge W., both in Summlt ‘Co. ) Northwest
Terrltorles - 4 of 15, or 27% (Ft. Smith, Re1ndeer Depot,

iand S1mpson I'slands 1n Great Slave Lake) ~Alaska and Yukon'

>



_,Terrltory - 12 of 34 or 35%. (Ft Yukon, Kodw:k aﬁﬂd T R

'Fa1rbanks- Mlle 629 and 681 omVAlaska Hwy., Chapp1e Lake,

'Von W11czek Lake, Watson Lake, and Whltehorse). As suggested

by Larson (1975) thls elytral form is more common in the
'-northwestern posflon ‘of the range of D alaskanus. It 1s
'1nterest1ng, but as yet unexpla1ned that the co- occurrlng

. D. circumcinctus shows the reverse pattern over much of: the

same area (l e ~non- sulcate form predomlnant) ~Low. le%el

occurrence of non Sulcate females 1n .other w1dely separated

nﬂareas“such as 0ntar1o and Colorado 1s perhaps assoc1ated

w1th dispersal, but poss1bly also 1ndependenﬂhloss of

: sulcat1on w1th1n these-areas. None of the non- sulcate -
'u'females is prov1ded w1th label data glv1ng prec1se habltat

.and therefore ‘the p0551b111ty of "an ecophenotyplc response

cannot be ruled out

~

Natural hfstony -—.Member~Jof D alaskanus are

-

collected in very large numbers at varlous localztles in .

western Canada; Many bottle traps left in George Lake, near‘

'Busby, Alberta, for two days yield 10° to 15 spec}mens per

s

bottle, and haVe taken up to 35 speclmens. "Most local1t1es

where net collectlng has ylelded only one or two spec1mens;

ffhave produced many tlmes thlS number when bottle traps wereA¢

used subsequently. ThlS conflrms the observation made by
. _

Larson (1975) that adults are . often numer1cally abundant at

[N

partlcular localltles. | g'.
In- northwestern North Amer1ca7 members of D alaskanus o

have been collected from permanent ponds and lakes 1n f
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“'pralrle, aspen parkland and ‘boreal forest. Spec1mens of |

D. al askanus overw1nter in bodles of wadter such -as Georgeé
| Laﬁb and are act1ve quite early in the spr1ng, often before
the 1ce is off the lake. I have observed copulat1ng pa1rs T
. from m1d Aprll to early June at th1s locallty. Favoured
-.ov1p051t1on s1tes are plants such as Sclrpus and Typha Held
.- in capt1v1ty for a week.to ten days, w1th a 51ngle plant )
'avallable for ov1pos1tlon two or three females reduce a-
}plant to shreds by constant sllttlng of the leaves and stem a
with the ov1pos1tor. Dur1ng thlS t1me, 1nd1v1dual females o
‘lay up to 40 eggs w1th1n the plant tlssue._It is® no‘wknoun'_:f,‘
whether females lay ‘a s;m1lar number of eggs under fleld |
fcond1t1ons, but the above number may be,conservatzve,_'
because ava1lab111ty and qualityvof ov1pos1tlon 51tes, as ,;T
mell as quallty of food 1s greater in- the f1eld than it 1s

p0551b1e to provide: 1n the - laboratory.

Larval developmen '1n natural condltlons 13xprobably

dependent on amount and.typé of food ava1lab1e, and on water

zlncollected in August,ggut xn seasonally more advanced and

warmer areas SUChﬁ%? ﬁamloops, Br1t1sh Columblav teneral 5
spec1mens were cq&lected in late June (Table 4) ‘Larson
_(1975) records a ten;ral spec1men as late as mld October.;
Some dlspersal occurs in spr1ng (Table 5) andvperhaps b
agaln 1n autumn. It éé 1nterest;ng that the number of fllght

records 1s so lgw, ngen local abundance of thlS spec1es

'throughout 1ts range.



Dlstﬁlbution (map, F1g. 28A) Q— Thzs spec1es,15

R

oJ'ogic;al r-elationshlps. - The range of D alaskanus

l; overlaps that of every other Nearctlc spques except

D "'ab""' is and‘p. caron.u's.f‘- e e f‘ S
Phy.]ogenetic r'elationships.-‘.—- As w1th D. : latissimus,  _ :

placement ofbe aIaSkanusrlnfthe phylogenet1c analyszs 1s

aons1deredvgxov slonal beqause,.ln dorsal vxew, the medlan 'Vwaiéf

lobe of males of both specxes lack a. d15t1nct aplcal




tstates s;multaneously.&5,gefff?;,,'

gA total of_661 adult spec1mens ;ff o

iy

 55?1ong1ser1es of thms specles from George Lake, Alberta were

“ﬂeﬁexemined but the label 1nformat1on not recorded The total
ﬁ‘ffunu ber of adult spec1mens examlned 1s thus 1n excess of 2000

g

R P e e
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- ztxscu daurxcus prler 18§2

Dytiscus daurfcus Gebler 1832 39 (Type area —””ie ';i—.;-z

iﬂ.ﬂdzstrlct des mlnes de Nertschlnsk dans la Slberze

”'forlentale . Lectotype male selected here from Marseul

_fcoliectlon, MNHM, labelled as follows' Lscwowyps--synrypa-"

LR s;-th1scu Daur1cus Gebler, 51b ~OF, - 62 Dyt1scus daur1cus

'e‘Gebl.,_slb ,or., [1nd1st1ngu1shalbe mark s1m1,r'-"

) : AN .,:}-'«.», RS
-*Lectotype _ytlscus daur;cus Gebler selected R E ‘.opgh;ey)rv

;'—Zlmmermann 1920:247. ~Hatch 1929 227 ~Brown’ 1930 237.
.'—Hatch 1933 11 -Z1mmermann and Gschwendtner 1938 55
—Brlnck 1946 154 —J Balfour Browne 1947 452 —Hatch

1953 238 .—Za1tsev 1953 331 ”—Leech and Chandler 1956 323 -
'—Wallls and Larson 1973 110 t—Larson 1975 402

. fi

'3-’tType probably lost )
" Dytiscus Franklfnil
'"Lat 65°"- boreal North Am_

'1rby 1837 77 (Type area

1ca. Type - see Larson‘

’“'f1975 403 ) ?—Zlmmefmann 19 o 247

Lﬁiscus confluens Say v834 440 (Type area.— Malne-j-flf“

Dytiscus daunlcus var..FPankllnI, auctorum.,ﬁnjust:£1ed

'7;;_emendatxon of D fPankllnii Klrhy 1837 }—zlmmermann

1;1920 247 —Z1mmermann and.Gschwendtner 1938 55.‘»Za1tsev er -

©1953:354., ‘ | T S .
Dytlscus confluentus LeConte 1850 212 UnJustzfled

emendatlon o D COHf]UGﬂS SaY-._':



"freglon 1n eastern Asia east;of

o 1OCa11ty o iR 1-.'-:.7,:':".1'?'4:‘. s ’

“’o ooligbukil sensu Mannerhelm 1852 303 nec Klrby 1837,

','Type locallty - "Tschlshlkathv, near present day Skagway,}

w}f;Alaska._Type not seen ) —Z1mmermann 1920 255. —Zaxtsev o

'31953 :331. “Larson 1975 403

Dytiscus daumcus var. ventr-al is Motschulsky.

SN |

"Q —21mmermann 1920 247 ‘—21mmermann and Gschwendtner 1938 55

Dyt:scusjfnontalis Motschulsky 1859 489 Nomen nuaum

.J Balfour-Browne 1946 356

Dytiscus fPontaIis Motschulsky 1860 101 (Type local1ty

,j- "Kamtschatka Alaska. Type not seen ) nec Marsham 1802.

';gy—21mmermann 1920 248

Dytlscus vexatus Sharp 1882 643 (Type area - Ru531an n"

'Amerlca, Type - see Larson 1975 403) —Zlmmermann 1920 255

9.

Dytiscus ventﬁalfs MotSChulsky 1855 79 (New specxes forsf

Dytiscus daurlcus var. obSCUPus Gschwendtner 1922 93 jfff

”(Type locallty ~= "Ber1sovka 1n Transba1kal1en"; USSR Type

not seen) Zlmmermann and Gschwendtner 1938”56.;5 Za1tsev wiﬁ

'1953 354

Der'ivation of specific ep her - Named for 'Daurla

akewBalkal (now d1v1ded

'ebetween the U S S R. and Chlna),_whlch 1ncludes the type'°'

."r

~

Notes about type matenial f— Three sources of
tf{ilnformatlon vere usednas the bas1s for selectlon of the

E

a.v.

o



;'_'label] t1scus daur1cus accord:ng to a type in

5faboveﬁl:ctotype of D. daunicus. Flrst, a male spec1men o{( ',
-iD' dauricus in’ BMNH 1s labelled "S1ber1a° Sharp coll

.1905 313 [1nverted label] Slber1a or.‘[1nverted yellowvaf"

»

| ‘pde Marseul ’s coll " The last label 1s 1n Davzd Sharp s
buhandwrltlng Second Hbrn and Kahle (1935 1937) state that
the collect1on of F A. von Gebler was. transferred to the |
.”Rene Oberthur collectlon 1n MNHM as was that of .

:S A, de Marseul Th1rd ‘in de. Marseul s collectlon 1sﬂa

box~- label wh1ch readsxlCommun1que a M. Sharp par M Lewls N

. T-le 8 1876" and ‘in the follow1ng 115t is the name

7
»D daunicus.vFrom thlS 1nformatlon, 1 have 1n£erred that'\{

thls Spec1men 1s part of Gebler s mater1a1 and ava1la

-~

de51gnat1on as. lectotype. Yoo

Dlagnostlc combination.‘fsln the Nearct1c region adults

L of only D daurlcus and D alaskanus possess acumlnate' e

'“~;,metacoxal processes and fasc1ate abdom1na1 sterna. Members o

“ﬂ~of these two taxa are best separatea by the characters

T presented 1n the key to adults of the Neatctlc reg1on. In
the Palearct1c regxon, D daunicus occurs abundantly only .
iabout as. far\hest as the Lake Balkal reg1on although there
.1s one record for Y1n1ng, Ch1na at 81 E Thzs d1str1butlon,'
-fln comb1nat1on w1th fasc1ate abdom1nal sterna, and acumlnateA
:hbut not sp1nose metacoxal processes w1ll separate members of
L”D daunicus from other congeners in thls area. 4

Descniptlon.f- Measurements of representatlve spec1mens

‘*"are glven 1n Table 2 States of taxonom1cally ?Eﬁgjtant N

i



.bsterna in Fag. 123- med1an lobe of male 1n F1g. 19C-'and

l;JﬁOJ-

Tffcharacters are ngen 1n Table 3 Dorsal v1ew of body 18

'-shown 1n Flg. SB-?coloratlon of pterothorac1c and abdom1nal

- -

metacoxal processes in’ Flg. 22H.

Taxonomic notes '—<Larson (1975) d1scussed most of the’

;taxonom1c robleMS assoc1ated w1th D‘ dauriiys Many names
p

v rhave been proposed for th1s taxon, 1n part because 1n most

-collect1ons 1t 1s represented by‘pnly a few specimens, and

if the spec1mens are from wldely separated geographlc_

localltles they may appear to represent dlfferent taxa,ao

'espec1ally if character1st1cs of the°ma1e medlan lobe are

YR

‘”:'concernlng the namlng of spec1mens.

~flarger than those collected~w‘th

excluded. AlSO, and perhaps correlated w1th the above,

, ;.authors concepts of this taxon have been poorly 1} ._'(

’commuﬁ1cated over- the years, and thls has led to confus;ov

.~--_

Vaﬁlatfon — AS noted under the treatment of

Measurements ‘(see also Table 2) there is, a w1de range ln

w

,total length and assoc1ated meésurements of the spec1mens

seen of thlS spec1es. However Spec1mens collected by bottleﬂ

trap (Table 1) show a con51stent‘ ze and are on average Qﬁ

;pvnets.‘Thls sugggests a

size b1as assocxated w1th collecblng tebhn1que. As more )

'serles of bottle trap collected spec1mens become avazlable

'-vfor study, 1t w1ll be - valuable to test them agalnst net

' collected spec1mens from the same geographzc é!ea.~‘

The predom1nant1y yellow pterothorac1c and abdom1nal

‘sterna are consxstently marked thh 1nfuscatlon in the '

-



' }‘tdd.*”-i!:i”ibf | 517;ﬂr.;‘aj:'?ﬁf; 3 yfhftlsi'

materlal at hand The mode of th1s pattern 1s darker than
.:v‘that of D alaskanus, but the var1at10n shown Ain, the latter

;elxmlnates ventral colour pattern as a useful taxonomlc pift

‘icharacter, except on a reglonal ba51s. In certaln geographlc

”'areas, populatlon samples have a majorlty of specxmens w1th

. for 1nstance, expanded 1nfuscatlon of metathorac1c w1ng

._,(e g Fxg. 123 left) combzned wvith more yellow abdomlnal

-f'sterna (e g Fag._IZB rlght) I have seen too few samples of

_1ndeed there may no

suff1c1ent numbers to 1nd a: pattern 1n th1s varlatxon, and
b

e one._In general darker spec1mens

’

<

'predom1nate and 1ncreased 1nfuscat1on of any one sternum 1s
idcorrelated p081t1vely w1th 1ncreased 1nfuscat10n of other

. sterna .

4f An 1mportan pfeature un1que to fem?les of D daunicus

‘1s the dlst1nct dlsjunctlon between the’ planes of the ;

| clypeus and the frons aE the fronto clypeal suture. The

frons 1s markedly recessed from the clypeus (Larson

'“f_1975 403) Some female spec1mens of D, alaskanus show a

’"fsl1ght planar dlsjunct1on 1n thzs area, and th1s 1s marked

l"in some teneral spec1mens. Once spec1mens of both taXa have

‘ 7been seen, however, the dlfference 1n degree 1s suff1c1ent S

to allow rellable use of. thzs character for separatlon Of

'4ermale members of these taxa..

r.

Another character used to d1stingu1sh between females

: of D. alaskanus and D daur‘[cus 15 arrangement Of the' R
.gnter sulcal rldges at the apex of the elytron. Character‘br

f state dxfferences are presented 1n couplet 13 of the key to"
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fNearctlc spec1es. 1 have seen no exceptlons to th1s
Tftldichotomy, except where elytra have been malformed .
”:presumalbly dur1ng eclos1on from the pupal cell v |
R Of the 41 female spec1mens seen from the Palearct1c
‘ freglon, 13, or 3a2x, show no trace of elytral sulc1, 27" are
:};dzst1nctly sulcate, and one spec;men has the sulc1 only
: lxghtly 1mpressed From the Nearctlc reg1on, 315 spec1mens
were avallable for analy51s. D15tr1but1on of sulcate and
‘non- 5u1cate females from North Amerlcan local1t1es 1s glven
in- Table 6 These data are presented 1n a northwest to

vsoutheast dlrectlon, Whlle it. w1ll be more compe111ng whenv?'

.more spec1mens become ava1lable for: study, these prellmlnary N

numbers suggest three areas of occurrence;of non sulcate
”Tfemales.-1) Alaska,_Yukon and Northwest Terr1tor1es,,.

;Ontarlo, and the western Provxnces of Canada, ” h_ - )
';2) Newfoundland and 1%§high a1t1tude 51tes 1n.Colorado and

?wYomlng. These localltles are ]USt as suggest1ve of
'"‘development of the non- sulcate form 1n refugla (I e.

| Ber1ng1a, Newfoundland, and alplne Coloradoiind Wyomlng) as
" ‘they- are ‘of env1ronmental influerce on proportlon of |
”finon sulcate females. The latter scenarlo 1s somewhat ‘
‘tweakened when 1t is con51dered that samples of D dauricus |

éfrom presumably s1m11ar habltats 1n Cal1forn1ar Idaho,.@_,,‘

jy:Montana,.Nevada and Utah contazned no’ non sulcate female
(“?:‘spec1mens. Both hypotheses are - weakened by the low >
proportlon of non sulcate females 1n Alaska and Yukon

.o~

;Terrltory._.



-
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Natuﬂgl history - Larval development of D daurlcus is.

g 1completed by late July to early August 1n Alberta and B

"(Larson,x1975)

,'Mznnesota, as teggral spec1mens from the flrst half of _g@g;;ﬂ

“~August were seen by Larson (1975) ‘and me (Table 4), Th1s
spec1es seems to prefer permanent pond or lake hab1tats,“and

'f}these are usual yfassoc1ated wlth some amount of tree cover

Avallable flxght records are’ “for Aprll July, September i

'"'jand October (Larson, 1975, and Table 5) Thls specles may f
-overw;nter in the permanent habltats whlch they 1nhab1t

. because spec1mens were caught in bottle traps at George Lake

near Bﬁsby, Alberta in: late Aprll 1982 when the marglns of

SR the lake were 1ce free, but most of the 1ake was st1ll

“frozen. At this locallty, 1t occurs at a much lower den51ty

than D. alaskanus.

Distributlon (maps,.F1gs. 288 and 28C) - ThlS

Holarct1c spec1es ranges from Newfoundland westwand to"

- ‘Alaska, and occurs sporad1cally onvthe Aleutxan Islands. In

;)North Amerlca, most loca11t1es are from south of tree l1ne,

(

‘but certaln localltles xn northern Labradorﬂ Ontarlo and

'4Man1toba probably 1nd1cate thatylt;occurs in tUndra ponds.

L The range of D -dauricus extends southward along the westerh\\\_

e

mounta1n ranges 1n Colorado and Cal;forn1a and may occur ‘in

,alplne and sub alplne ponds 1n these areas. In the

Palearct1c reg1on, most records are from east of Lake

-Balkal The most southern and western record 1s for Ylnlng,

"Ch1na. 7'rjf - , ‘e“ - : _.r S fﬂ R ,\h
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Chor'ological r'elatlonships. - In North Amemca, th1s :

spec1es is sympatrlc w1th every other Nearctlc spec1es‘

DD_,except D. habilis and D caroanus. In the Palearctlc it: 1s‘~
'sympatnc w1th D sharpi, D. mar'ginaiis czer'skli |
. DS del fictus,. D. cirwn;cinctus, D lapponicus 7apponicus,
5. D. Iatno and p0551b1y D Iatisslmus

Phylogenetfc Pelatfonships - The robust form and

markedly curved lateral marg1ns of the medlan lobe of males

~of D. dauricus 1nd1cate close relatlonsh1p of ‘this taxon to

| dand D sinensls Unllke these taxa, however, adults of
lD <;Jaur'icus .do not have a spxnose metacoxal process.

Materlal examined. .- A total of 768 adult spec1mens of

. 4

D daurlcus vere exam1ned From the Palearctlc,realm were 27

7{*males and 41 females, and from the Nearctlc realm 382 males

)

o and 336 females. 'ih’f_ -

- D. Iapponicus D. ciralmflexus. D thianshanicus, D. Iatm S



| SRRNT T
3,26 Dytiscus 1?22°“i°¢8ﬁGY11¢"halr 1808
" Dytiscus lapponicus Gyllenhal 1808:468,

' Derivation of speclfic epithet —bLatin;:referring to:
f{;;the $Ype locallty,_Lapland ll . R |

| ' Dlagnostic comblnation. - The comblnatlon of Palearct1c
d1str1butxon, acum1nate metacoxal lobes pronotum w1th very
hbroad yellow marglns on all 51des and elytra predomlnantly ﬁq
yellow Wlth rows of black dots ea51ly d1st1ngu1sh members of.
"D, Iapponicus. ;j o e i.'. s "_% .
o Taxonomrc notes. - I have arranged D. Iapponicus 1n two
Subspec1es'.w1despread omlnate subspec1es, and another
'restrlcted to the Ita

'an Alps, §9r Whlch thef:'bspec1f1c o

eplthet dlSJunctus is avallable. The form of’ thetmedlan lobe"

‘dlfference in colorat1on of the prothorac1c dlSC in the

. materlal I havg,seen (see couplet 13 of key to Palearctlc

'" spec1es) 1 have chosen to treat these named forms as a.

'subspec1es because- 1) they are allopatr1c- 2) other

'spec1mens of D. Iapponlcus from lat1tudes near or as fa
south ‘as that of -D.. disjunctus (e. g France, Germany and
u. S S R) do not exhvblt 1ts characterrstlcs- and

3) dlstlnctlveness of both groups Judglng from spec1mens I

-_vhave seen.‘On the ba51s of colour characterlstlcs studled

each spec1men was easily a551gned to one or the other
~.subspec1es, and subseguent use of geographlc cr1ter1a showed

thls to be correlated Other colour characterlstxcs of vf

'. B
v e B °
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‘D Iapponicus dISJunctus not used in the key but perhaps |
' correlated wlth reduced 1nfuscatxon of the pronotum are .
: greatly expanded yellow band around eye (more than 0. 5 width
- of eye) and posterlor exten51on and expans1on of chevron ‘7“79
;such that it appears hour glass shaped but w1th anter1or
port1on w1der.'0ther character dlfferences are d1scussed ‘by
21mmermann and Gschwendtner (1938 50) .

Many Palearctlc autors have commented on thlS form and//

S e
most have suggested 1t to be an aberratlon. Below I present

\

a br1ef selected hlstory of the taxonom1q treatment of this -
v , . L TR . .

form. ‘ , » )

Seidlitz (1887 111) accepted D. diSJunctus as val1d at
the level of species. Za1tzev (1908)" states that recogn1t1on -
' of the form dlSJunctus as an alplne "race ‘is unjustlfled
because he had- seen spec1mens w1tb~slm11arly coloured
pronota from northern Ru551a. Holdhaus (1912 423) states

dthat D lapponlcus occurs in the typlcal or” nomlnate form at
'..La Grave, Isere (now in Dep t. Hautes Alpes, France) o
v.?Gu1gnot (1933 726, 1947 246) presents records for
| Iapponicus ab. dISJunCTué from Meyrannes near . .
‘._Barcellonette (Dep t. Basses Alpes, France) and "lac du col

e

de Lauzanler Interestlngly, Gu1gnot “in the former'

o

reference, records La Grave as 8 locallty for the nomlnate
form (perhaps follow1ng Holdhaus, above) but in later vork
fsuggested 1t as a locallty for ab .D. dISJunctus w1thout ‘, '
prov1d1ng an explanat1on"for the EESEEET_SFGEEIn (1934 252) A
c1t1ng ear;1er authors, g1ves, in add1t1on, records for o

v .

.“
i



.
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'ﬁfbMt; Cenls (Dep t. Savo1e, France) and Slmplon (Canton

»

i. Valals, Sw1tzerland) All of these local1t1es are relat1vely

'close to the type locallty of D Iapponicus dISJunCtus, but |

i are on the northern and southwestern port1ons of the ”,f

' watershed of the Alps, whereas the type locallty qg
dISJunctus, Lago della Magdallena, is on the southern
portlon of the watershed Re exam;natlon of these spec1mens
is very 1mportant Because of the problems assoc1ated w1th
:the Gu1gnot records, I have treated them all as belonglng to
dthe nomanate SUbspec1es. Also, 1 do not belleve that the

.concept of - thls taxon has bgen'well communlcated among

'1coleoptef1sts W1th1n the reglon°’spec1mens are no ﬂ;
,and are restrlcted to only a/few museums.‘l bel1eve that
) 1area of collectlons was used prev1ously for determlnatxon,

rather than other characters. If thepé records do represent
\

the nomlnate subspec1es, the

'}st represent dlspersal
records from other areas (e g Germ_,y) or_at least be. .
,remnants of a dlfferent colon1zat10n of the Alps from that

_iWhlch gave rlse to D lapponicus dISJunCtUS ﬁ

Zlmmermann (1919 233) and Z1mmermann and Gschwendtnerf

_ v(1938 50) c1te D, dis;unctUS(as an example of an 1nbred
race" formed by extreme geographlc 1sokat1on.

."F Balfour Browne (1950 :238) suggests that the ma1n

“\

'd1agnost1c feature of D dISJunCtUS 1s fragmentatlon of the ;ﬁ‘
,pronotal 1nfuscatlon and that Scottlsh spec1mens of the |
hnom;nate form showed ev1dence of an "elementary stage" of

s

‘Hdevelopment of thxs character state"He therefore Judged



y
a
~

n'(1953 329)Astwtes-that D dISJunctus 1s a psychroph1l1c form""

.nas he has seenfsp‘c1mens from Lenlngrad. I have not seen .

'R}Zaitsev'sgspecine,qf As stated above, the pauc1ty of o
ava1lab1e spec1mens may have 1nf1uenced Baltour Browne s and

B Za1ﬁsev s concepts of D lapponlcus dlsjunctus. If they

R be11eved that 1t 1s only character1zed by fragmentatzon of

R”'lapponicus.»

the 1nfuscated portlon of the pronotal;d1sc, then they could i

'have been mlsled by varlatlon v1th1n D lapponicys, e .

The 1nfuscated portzon of the pronotum of spec1mens of

it;var1atlon in wrdth

Cs1nuat10n and fragmentatlon, but I have seen no extra11m1tal
‘fspec1men§gshowang character states 51m11ar to that of

'members of D. Iapponlcus dISJunctus. Furthermore, gven ;f
J.th1s character state 15 demonstratee’to occur 1n other |

tv.populatlons, 1t cannot be 1nferred “that subspec:es status 1n
' 1nva11d - only that further analyslseand characters are '

Q"

Dlstrlbution (map, F1g 28D).‘— ThlS is‘a. spec1es of';i'

RUNN .

‘:more northern dlstrlbutlon than other Paleartlc spec1es. It o

e LT

ocdurs sporadzcally 1n southern Euroge, usually assoezated

*

wlth montane, or ‘at least cold olxgotrophlc hab1tats. It is.

}more common 1n northern Europe and 1s known from throughcutﬁif

;lthe U s S R 1 have seen no rel1able records for North

”Amerlca,






"ﬁ;%1nfuscatlon and5dlstr§but1on wh1ch excludes'the Ital1pn :

7Alps, 1n con;unct1on w1th the dlagnostlc comb1nat10n of the’

'*7{(§e FTaxonom1c_notes under D. Iapponfcus) The Wldth Of th1s

.




e

d{populatmons Unfortunately, he does not prov1de relat1ve

'.propo:t1ons of 5ulcate and non—sulcate females for the3ﬁ77ﬁiqu
fsoottlsh and Ir1sh samples that he | studled Other ava1lable -
data also suggest“th s;trend. Gé;gnot (1933 726) states that :
| the non-sulcate form does not occur 1n Frante. Hor1on »l _
(1941 439 440) does not mentlon the var1etal name used for N
’fy non sulcate females (as he does for other spec1es w1th d
‘ d1morph1c females) as occurr1ng 1n Gerﬁany,,although I have d/f
seen a few specimens of ungrooved females labelled only_ff%ﬂﬂf'f

d‘"Germanlaff.Of 28 female spec1mens seenffrom Pru581a and

Poland,’all are sulcat:;;From 3weden,'I‘have seen 71 females

t;'of whxch 54 or 76% are sulcat*”'from'leland 105 females of

i}\ whlch 84 or de“

are sulcate' and from Norway, 4 of the 11 or:ffiu
36%21??;. FERITR 5.

ft ’.‘

Furthe

expre551on.



,“jf—Guzgnot 1933 726 -Z1mmermann and Gschwendtner 1938 48

““j_f(1913 1950 283 284) and Jackson (1956 84 85) 1 w‘g?;-;
| Dfstﬁibutlon (map, F1g.\28D) f— Very locally |

3‘-7d43tr1buted 1n hlgh mounta1ns of southern Europe, w1th

""gsporad1c records for Germany, 5w1tzer1and Holland Belgium,iffﬁ

44?35cotland and Ireland, Popp1uj (1910 356) dlscounts Pfevlous m"jﬁ

Iceland

f?records of th1s spectes from

I have seen the followzng :ecords whlch I bel1eve to

' ]*represent 1ncorrect labelllng.:"Hongr1c [?Hongrle] Roussel"y-_'

"'(2 CASC 1 HNHM), Spaln 2 ICCM), and Sltka (. MNHN) ‘There
-f_.are no recent nor rellable records for North Amer1ca.a‘fr“5”

'7: Mbterial examlned Ve A total of 657 adult speczmens PR

.{1"ere examzned of whlch 259 were males and 657 were females.": )

‘ thxscu laggonxcu dxs]unctu Camerano 1880 NEW STATUS
' Dytlscu5']apponlcus var. dlsyfnctus Camerano 1880 120

“;;Plemonte, Italy. Type not

:(Type local1ty —-Argentar
seen ) 1—zlmmermann 1920 249 —Gschwendtner 1923 11'

'f_.F Balfour Browne 1950 280 _—Zaxtsev 1953 351 -Franclscolof;j;f

t_1979 667

Derivation of sdf:ific eplthet f- Ptesumably, Cameranof

;'H7proposed'th 'Tname to reflect the Lsolatlon ofithls taxon

lf“frestrlited range,x1ﬁ conjunctxon wltf_the d1agnost1c




comblnatlon for the spec1es, are suff1c1ent to 1dent1fy
'b‘:- D

;]adult memhers of D lapponicus dISJunctus.._,‘"

Descrlption e Measurements of largest and smallest

j‘fli;_specmens are gzven 1n Table 2 states‘of taxonom1cally

’f{1mportant characters are glven 1n Table 3‘JDorsa1 v1ew of

J”tbody is. not shown!(see Franclscolo 1979 658 Flg. 2046)

";]colorat1on of pterothoraezc and abdom1na1 sterna 1n f“fjglfx”'j

'1fFlg }ZD-’medxan lobe of male not shown-~metacoVal processes

.1'.,..._',;'1n Flg 22J- |

v‘»:"-‘"fmg. 2046)‘-7-1»-'~ o

:v‘fv

VarfatiOn - Shape;of pronotal marklngs oi spec1men: of ff;:

Natura7 histopyi__ff"w

-4

2§[dates assoelated w1th th“m-_ﬁf;ff;ff;grfﬁt’"'J  ]

V{ftheitype”loerlxxy desp ;e repeated attempts 31nce'1954 ‘ftﬂtf



?fﬂInten51ve colleq‘ang by Franclscolo and others has faxled to ;?f
iﬁfflnd any other loca11t1es for D Iapponicus dlSJunCtUS-};gidifﬁ

"'-____':"'Franca.scolo correlates the denuse;f tlus taxon w1th theh-":

ﬁ?fnntroductxon of trout 1nto the.type local;ty and szmllatgf_ﬁf"ﬁ

'L,lakes w1th1n the Italxan Alps:,Th1s 1s very 1nterest1ng, giggfgi

7;§s1nce F Balfour-Browne (1913 1950) mentions that 1n

5=~5cotland D Iapponicus lS taken only 1n 1ochs from wh1ch

QTﬂtrout are absent Franc1scolo ment1ons that trout could have

_iepreyed fpon the 1mmature forms of th1s subspec1es and 1t may
’jialready be ext1nct...vfﬁ”" s ) PR .

Distr'ibution (map, " Fig. f'*'zsn)

'“:All spec1mens that I

:ffhave seen were 1abelled wtwh'part of'the follow1ng

ﬂ;icompoundad label 1nformat1on ?Lago”della Maddalena,=if737fh'

4;§Argenterra,ACol de Larche; Vallé Sture, P;emOnte, Alp1

'fJMarxttlme, 2000 m. Other p0551b1e records aie;treated under

fTaxonomlc notes for D Iapponicus.z

Mateeia] examined,a— Aftotal of 50 adult spec1mens were d

'ﬁfexam1ned 12 males and 38 females.-Tir*'



"7“3745552;4

o 3 27 gxtxscu c1rcun£1exus rabrzczus, 1801

4 Dytiscus clﬁcumflexus Fabrlcxus 1801 258 (Type area--.f eF“
7  Tanger flde Gu1gnot#196? 860 Type notuseen ) f—21mmermannifﬁ'ff

w? 1920 245 —Muller 1926 299 —Gu;gno §1933 722 —Houlbert

’-memermann and Gschwendtner 1938;51 *Guxgnot

e 1947aﬂ245r5-r Balfour Browne 1950 273 =F Balfourffgfxf?;A;
"1953 :27. T—Zaltsev 1953 351 —Gu1gnot 1961 860 '—Schaeilelnf;gr7

\- .

i 1971: aa A—Franc1scolli1979 669, T
Dytiscus flavoméculatus Curtls 1825 99 (Type area - not

?fiknown to me.,Typ' not geen ) 1-21mmermann 1920 246 q _ig"éﬁrﬁ’ |
| DytiSCUs av $cuteIlatus Latre111e 1806 331..(Type2f;i}%{f

'_farea —nnot kn9§e?tvlme; Type not seen ) =—z;mmermann o '.‘“/i

iye1920 246._4!,:" _ SRS RERFANE GO
Dytiscus excnuclans Stephens 1828 503 (Type area - not/

 >fknown to me.\Type not seen ) f-Z;mmermann 1920 ;46. 3;gf
R Dytlscus dubius Serv111e 1830 90 nec'Gyllenhal 1!27

.373

'e(Type area - near Parls, France. Tﬁﬁe not seeu ) e[jedf ﬁ

-‘.—szmermann 19201246 (R T S s
Dytfscus cfncumflexus var. dubius SerV111e.?—z;mmermann S
Qf51920 1246, Miller 1926; 299, —Gu1gnpt 1933:722 “Houlbert

'ﬂ$1934 13g;“-su1gnot 1947a 245.~—F sal;our-browne 1950,_;1%T:a*“

*5—F. Balfour Browne 1953'$‘

f];1961 :860. --Schaefl?zn ‘97, as”"

f}f-zammermann 1920 246

P




Dytlscus pfsanus var-;? kunstlerl Peytoreau 1894 x111'5'¢'
'Qf(Type area - not spec1f1ca11y stated but probably near
';Bourdeaux, France. Type not seen ) —Z1mmermann 1920 246;;m:g]
Der'lvation of speclflc eplthet - From Latm cir'cum |
‘7fmean1ng around"'and flexus, meanlng a: "bendzng or turning “
:lThe sxgnlﬂicance of thls ep1thet 1s unclear to me (perhaps a_if
'seference to the frontal chevron) o SR

' . s

thes about type mateﬁﬁél - I have not seeh the types -

'of any‘of the varlous names app11ed to th1s spec1ef:@”,ﬁ
'“fTherefore, aSSIQnment of the names follows trad1t1ona"t'f
'1,useage (e'a 21mmermann 1920) Explanat1on of Peytoreau s"i_

.~var. kunstlerl is requxred Most Palearct1c workers Such asi?hhf
:f‘Z1mmermann have treated thzs name as 1f it were a551gned v |
'hgspéc1es level status Th1s may be beoause these authors had_ B
41;not seen the or&g&nal descr1pt10n publxshed in a llttle ”“"'
;‘Aknown Journal that 1s d1ff1cult to obta1n After readlng the:;

'or1g1nal descrlptlon, I was unsure whether Peytoreau had
'\adesc§1bed a Spec1men bf D plsanus or D Clrcumflexus
'alReference to Peytoreau s flgure of metacoxal processes {
;i.def1n1tely 1nd1cates the 1atter, as the prdcesses are much. o

”,too ac1culate for member?'of the former. fff,lgﬁfsf: N

-

'ﬁ D?agnostlc comblnation.u— All but four of the spec1mensi'

examlped have maculate abdom1nal sterna._Thls,,ln




:yoispeczmens, reference to features of the medzan lobe of males‘
hls essentlal, and females are best determlned by assoc1atlon
jiiwzth males from the same reglon.“fvhf" p | ‘Di :
Descniptfon - Measurements of largest and smallest
h;hspecxmens aue g1ven 1n Table 2 States of taxonom1cally
1mportant characters are gzven 1n Table 3 Dorsal v1ew of
.body is shown 1n Flg 5D-fcoloratlon of pterothoracxc and
‘_xabdomlnal sterna in Flg 13A- medxan lobe of male 1n Fig.

3

"fFZOA- and metacoxal processes in F1g ’22K. T
: Taxonomic notes = Th1s spec1es 1s the most var1ed 1n
:'body shape, yet the form of the apex of the medlan lobe 15,,
‘1f9u1te constant Far eastern Palearctlc records of th1s ll” f”'“
Dttspec1es probably result from confus1on w1th D sinensis,4
:whlch is qulte sxmllar 1n marklngs of the venter. : ‘ _
'rhe spec1es D cir'cumflexus, D thlanshanfcus, {) latro
‘land D g%%es:s comprzse a monophyletxc group of some L
'pcomplexlty._As presently 1nterpreted'-they form a .
.fgeographlcal replacement serles extendlng through the
‘Palearctlc Region, basxcally from west to east the‘taxa in
*{the sequence 1nd1cated above.jOf these four spec1es,".‘{
?D circumflexus (except as noted under varxation) and
ﬁ;-D slnensis a?e s1m1lar in ventral colour pattern (I e.:,

;Tfpterothorac1c and abdom1nal sterna fasc:ate), wh11ef'

N ‘spec1mens of D thianshanicus and D Iatno have most of the

’

‘ventfr yellow. The best characters for thelr separatlon are };;5

A
,,details of the form of the med1an lobe Of males. Scann1ng

“ﬁjelectron mxcrogrAphs of the aplcal portrons of the medxan



7]lohe of male spec1mens are presented 1n F1gs. 20A D

h;Taxonomxcally 1mportant character states of the med1an lobe gg;;)-

'7for each spec1es are as follows. 1) shape of posterlor

: :prot1on of knob in ventral vxew - notched £D. circumflexus)}»fif'

htrlangularly extended poster1orly and fadlng 1nto the
fiventral r1dge (D thlanshanicus and D slnesis?, or evenly
\“fruncate (D Iatﬁo)° 2) w1dth of aplcal knob relatlve to)
4,that of preaplcal portlon = knob much narrower than - "
,preaplcal protlon (D Clrcumflexus and D thianshanlcus)
v;and knob somewhat narrower than preaplcai portaon (D Iatno
.f'and D slnensis)' 3) prom:nence of aplcal knob 1n lateral
view - not very prom1nent <D, clﬁcumflexus, D thianshanicus
“:and D. Iatro), and very prom1nent or spatulate | _ o
‘(D slnensis) 4) w1dening of ventral rldge in ventralbvrew-rd
”-— abrupt}y (D cincumflexus) or evenly tapered :f.' d
(. thianshanicus, D. Jatr'o -and D. slnensis) 5) m lateral
:5v1ew, the relatlve w1dth of dorsal and ventral portlons of
,medlan 1obe JUSt anterlor to 1ts greatest w1dth (uslng
'“lateral ridge and a- d1v1d1ng 11ne) > dorsal portlon much
’narrower than ventral portxon (D c:rcumf?exus ;nd | ¥
D. thianshanfcus) dorsal and ventral portlons-approxrmately
'equal (D IatFo), and dorsal much wrder than ventral port1on
*'»'(D asinensrs) o Lo NS

Varlation. = Spec1mens4of thls spec1es exh1b1t a great

‘deal of varlatlon 1n body shape or habltus. Thls may be part

G

1o£ the reason for proposal of many oﬁ;the names llsted

. _».",,_'-‘.'

”above. Eor 1nstance, most male specrmens hava pronota wxder



.than elytra and most females have pronota equal or subequal
:to elytra at the base. However, some males have pronota only

:'fas wzth as : t of most - females, and some females have very

N fnarrow proiota so that the pronotal—elytral Juncture appears !‘

?n~emarg1nate. Such d1fferences in pronotal shape drastlcally
_alter overall appearance of spec1mens._These characters arefn
1Tcon51stent w1th1n many local pOpdlatlons, but populatxon

.:;samples from surround1ng areag\may show opp051te extremes.t

Most spec1mens have the venter marked wlth black (Flg..

" h13a left) However ‘a few specimens have a completely yellow';_,p’

. venter (e g from Sweden (Sk&ne) Czeckoslovakla (Moravxa),_‘_:‘\'~

lleungary (Kolocsa), and Iran) There 1s llttle geographlc o
:”€correlat1on to thls pattern except that the atyplcal .
‘}SpeCImenS occur along the eastern edge of the range,rn_‘
'ﬂalthough spec1mens w1th a typ1cal pattern are found at the‘
:western-most loqal1ty{1n Afghanlstan.‘:vf? _ | .n

In Europe, excludlng Great Brltaln, mo%t female *hg‘;
lspeclmens are not sulcate. Sgattered records of sulqate
jffemales are avallable for Sweden, France, Holland Germany,}
1fPru551a or- Poland pors1ca and Crete, as well as the Ahaggar v
'thountaxns of Algerla.vln Great Br1ta1n, F Balfour Browne'ﬁ“;

»f(1950 274) states that sulcate females predomlnate. Thus the_”?:

‘ trend 1s for more northern samples to be sulcate,~whereas

f?more ﬁouthern.samples are predomlnantly non sulcate, and the ,?vv

; most sOuth7

(but montane) samples arewalso sulcate._;p'

Natural hwstory ;—-A summary;of tn "[atural hlstory of

B

p}th1s spec1es 15 presented by F Balfour-nrowne ffg;;Q”
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(1950 272 277) L
Dfstrlbution (map, Flg. 29&) - All spec1mens of . S
- D. circumflexus that I, havé seen are from Europe, northernﬁd' ,
,_fAfrlca and As1a Mlnor. MOre eastern records (e g Slber1a,

fby Zaltsev 1953 329) pro:Ebly refer to. D, latro and records |
n

~ for Kazakhstan (e .g. Ko 1976) need to be re- examlned xn————"‘f**

‘llght of the prev1ously 1nadeg'_tely understoodJl'g;"
D. thianshanicus. Records of D cincumflexus for the Canary
- Islands (F. Balfour Browne 19503 276) need to be conflrmed
- Chorologica1 re]atlonships - Untll the easqmard ,
-1exten51on of the range of D circymflexus is better deilned S
51t is dlfflcult to llSt tﬁe taxa w1th whlch th;s spec1es 1s
*v'sympatr1c W1th1n Europe, 1t 1s sympatr1c w1th | ‘
D: semisulcatus, D. mutinensls, D d‘fmidiaﬁu,s, D. plsanus,
:[D marglnalis, t Iatlsslmus, D. crncumc:nctus and ., “:
D. lapponlcus. It may be sympatrlc w1th D perslcus in Iran,
- but more. records are. needed to establlsh th1s w1th - ”
',certalnty. - '3‘”4 o | - ‘ _ )
| ; Phylogenetfc Ce]ationshlgs - D cincumfﬂexus (if 1ts __}.f ﬁf
"dr%trlbut1on pattern 1s conf1rmed as suggested above) | o
D. thianshanrcus (south central . s S R ) :; Iatro
£y (SIber1a) and D sinensis (northern Ch1na) seem to form a
. stepw1se pattern suggestlng v1car1ance and/or ecologlcal o
% reprcement Thzs 1s supportedspy phylogenetlc analy51s . |
| (Flg 30) These four taxa are unlted by common posse551on B jﬂ -

g of a wel;,deyeloped constr1ct10n of the apex of the med1an

lobe Just before the aplcal knob (Fxgs.,zoArD dorsal v1ew), [
Q\r;:,_. ‘ .’ I:H,,v o ..'7 -~ . ; - _‘ :‘ . . ‘, . », » . .. - ) S o l. ‘. “ B



?;ﬁaﬁd share w1th thelr sister group (D :I?bbbﬁfcﬁéé?Qéfy;,nif;}f’55

;ifelongate metacoxal processes~'5,¥ﬁ”"ﬁ”’d

'Mater1af eXamlned ot A total of 546 adult spec1mens of=f_7*5f3

” D circumflexus were seen._Of these,4216 were males and 229 f57-f7 
‘ ‘ : e
fﬂwere females. Sex was not determlned for one specxmen._»' R



/ . 3, 28 2txscu thianshanxcus Gschwendtner, 1923 R {'if_fﬂ7;f;!

2 Dytiscus thlanshanicus Gschwendtner 1923 107 ('rype

1°C811tY —"“Aksu-Tal am: Sudabhang des Th1an schan"_= Jachsu.77*:

_ R1Ver Valfe¥ Kuljab dlstrlct of Tadzak S S. R Type not

s en ). _-21mmermann and Gschwendtner 1938 53 “—Zaitsev :]fei~”

-1953 352. S " S A

Derlvation of s_"

»ific epithet. =~ Der1ved from the name f"*f

{of the mountaln range in whlch the type locallty 15 found.n_yn;5'“

Diagnostic combinati ] = A comblnatlon of

.i;south centrai Palea:ct1c K

.”venter, splnose metacoxal processes, lack of narrow yellow _
¥:;3%!ng around eye‘/ggd d1st1nct1ve form of apex of medxan lobe

r"of males adequately d15t1ngu1sh members of th1s spec1es.

R

Description. = Measurements of largest and amallest ’f"

:;'spec1mens are g1ven 1n Table 2. States of taxonomlcally

1mportant cha;acters are g;ven in Table 35 Dorsal v1ew of
. “,"

body 1s shown 1n Flg SE, qgloratzon)of pterothorac1c and
13 |

e 0
.)@bdomlnalcsterna in Flg. median lobe of male 1n S

- Pig. 20B; and metacoxal processes in Fig._ZZL. ‘- .

j:ggf m Taxonomic notes. - Th1s spec1e$ 1s stzal_lnadequa;e;y

-‘

';“known. Members of D tH?anshapiCHS'ar"fd“ffxcult to separate

-:from_poSe of D IatPo except on the ba51s of form of the [

‘l-.

o 1apex of the meglan Q?be and d1str1but10n.-The Iatter feature

, e~1s o& doubtful value; for ranges of both taxa are \w i_f!@%f;_f
;?1nadequately known. See also taxoﬂomxc notes ynder ( f’;;;q,;;ﬁ:”;

1str1but1on, predomlnantly yellow *eﬁfT



,‘f*g\{1< . *'-a,ﬁ‘*ef‘ . ‘n};:lﬁu “ ,\. L ";ve
Varf\fien - Too few spec1mens were seen to establ1sh

. .’“

f j1whethe" or{not there are geographac patterns of var1atlon._t

‘1. /

'»,No sulc te'fehales vere . seen but thls may be due ‘to the

ffgfsmall number_of\specxmens studied ,z‘ {\_ RS
RNt ﬂ“l‘}' ,\..* S » o . PR

Nafural hjstory '— I can f1nd noth1ng publashed about

Nﬁ‘natunal hlstory df-th1s spec1es, nor does-the scanty label

”i}data supply any 1nformatlon' : 'i?f;:xfﬁe,-;{..:ifffa§37~“""

Distrlbutlon (map, F1g.;293) ~efflheVe>seen Specimens‘:,:'

";ﬁonly from south central u. S S R.e£;'fﬂvw}j““9' e

Choﬂologfcal ﬁelatfonships.»f Thls spec1es 1s known to
'be sympatr1c (but see above) w1th D\\marginalrs manginalls,, 
:jiDu circumcrnctus and D IatISsimus. It may also be sympatrmc_

:f_w1th D semlsulcatusy‘o perslcus and D .daunicus.\,

PhylogenetchreIationships.,e See S1m1lar sect1on 1n

AN

' treatment of D.«latros~;i;;i_f,/:- ,:' f _‘e-~>\if

Materlal examined " A total of 10 spec1mens of
"D, thlanshanfcus were examlned and of these 6 were males and

_f4 were fema&es.‘f,w-nf-»ﬂm



o i, 'f‘f'_ , f,f X ;f ; ‘;‘,‘f]‘ : 41 174~g
, '--ﬁh | o C : _ R

3 29 th;scu latro Sharp, 1882 o
Dytiscus latro Sharp 1882 644 (Type localxty ~
n “Mahtchurla . Holotype non sulcate female in. BMNH labelled
- as. follbus‘ Type [c1rcular orange rlmmed label],,Manchurla, ‘
Sharp Coll 1905 313 [label 1nverted], Dyt1§§US latro, Sharp v’

L

,type' Mantchurla Mus. Castelnau 948 HOLOTYPE, Dyt1scus
"latro Sharp, exam1ned R. E Roughley 1981 ) '—21mmermannv j
_1920 249 —Z1mmermann and Gschwendtner 1938\53“”N lrli~§@%r‘r
ll—J ‘Balfour- Browne 19461 453 ‘—ZaltSev 1953 353\ ?‘p' 'f'ﬁﬁQIv‘
Dytiscus piceatus Sharp 1882:644- (Type locallty -‘g "fA‘ )
"Eastern S1ber1a->(Irkutsk)". NEW SYNONYMY Holotype male in -
~BMNH labelled as follows~ Type [c1rcular orange rlmmed \ .
| label] Irkutsk S1ber1a, Sharp Coll 1905 -313 [label
A1nverted] Dyt1scus/p1ceatus, Sharp type, Irkutsk Slberla,,ﬂg
w949 HOLOTYPE Dytlscus p1ceatus Sharp, examlned R.E. .‘
' Rough}ey 1981) —Z1mmermann 1920,253.v—21mmermann and .
' Gschwendtner 1938 52. | | o

| Dytlscus stadierl Gschwendtner 1922 93 (Type local1ty -
_"Berlsovka, Transba1kal1en ; Holotype male in ZSBS labelled
as follows- "Type, [1lleg1ble handwr1t1ng, perhaps ;
: Ber1sovka], HOLOTYPE Dytlscus stadler1 Gschwendtner)
”VJ&21mmermann andgGschwendtner 19383531v1£- BalfoprﬁBrowneL ‘

1947 453

Der'rvatton of speciflc epithet '--Latm Iatr'o mean;
h1rel1ng, robber or- brlgand The 51gn1f1cance is not kdown.
o Dlagnostic COmblnatlon. - A comblnatlon of easterh

Palearct1c dlstrlbutlon predomlnantly yellow'venter,



-~

splnose metacoxal processes, lack of narrow‘yellow ring.
.baround eye and d1st1nct1ve form of apex ‘of medlan lobe of
males should adequately d1st1ngulsh members of th1s spec1es.f

Description. - Measurements of largest and smallest |
spec1mens are g1ven 1n TableV2 States of taxpnomlcally
1mportant characters are glven 1n Table 3 Dorsal v1ew of . ‘ d;
body is shown 1n Flg. 6A' coloratlon of paterothoraclc and
abdomlnal sterna 1n F1g, 13C, med1an lobe of male in Flg.
20C° and metacoxal processes 1n F1g 22M.,J 'h' _

| Taxonomlc notes.n— The - taxonomlc problems assoc1ated

: w1th D Iatro are a result of 1nadequate descr1pt1on (%nd
therefore poor d1ssem1natron of Sharp s concept) ' ‘
f assoc1atlon ‘of! sexes,:and too few ava1lable spec1mens. The
latter feature rema1ns the most cr1t1cal Sharp may have
| suspected that D Iatro and D. plceatus were representatlve b'
of the same taxon but does not clearly state th1s.;, : _" }v
Gschwendtner would have had d1ff1culty a551gn1ng hls . )
spec1men to D IatPo based on the or1g1nal descript1on,_and
therefore descrlbed D.. stadleri Elther he or 21mmermann
'not1ced the error and provided the synonymy, although th1s -
‘is not clearly 1nd1cated in their publlcatlon, nor are thelr
reasons for synonomlz;ng‘them.- ‘ : r,.

Sharp discnssedvboth DZ IatPo and D plceatus on. the
- same ‘page of h1s monograph but IatPo occurs flrst and i's!
thus the va11d name for this taxon.' | ’ |

Based pr1mar11y on the form of the medlan lobe of the

-

male, this- spec1es appears d1st1nct Ass;gnment of_femalesv



T
.}

1s*more dlffldhlt because of the1r sxmllarlty to females of
D thianshanlcus. The most rel1able means I have found is
'; assoc1at10n with males and d15tr1but1onal dlfferences. More

.

speclmens need to be examxned before the present arrangement"

1s treated as more than prOV1s1onal . v
fﬁf Varlatlon._— Too few speclmens were seen to estabwﬂ.'
whether or not there are geograph1c patterns of var1atron;
No sulcate females were seen, but thlS may be due to the"
.small number of speclmens seen.u : _ | o
| | Natural histoﬁy .— I can f1nd nothlng publ1shed on the'
natural hlstory of th1s spec1es, nor does the scanty label
‘data supply any 1nformatlon.'i V‘ : | ’“' »
Cﬁonological relationships - The ent1re range of this.
'exclu51vely east Palearct1c spec1es is 1nsuff1c1ently known.f.
v'_*However 1t 1s known or 1nferred to be sympatrlc w1th R
‘D shanpz, D manginalis czerskil, D delictus, |
D. c:ncumcinctus; Q. Iapponlcus lapponlcus and N
D. ]athSImus. Establlshment of the western 11m1ts of.
'p: Iatno and the eastern 11m1ts of D thlanshanlcus would be

»rhelpful 1n determ1n1ng the taxonom1c status of these two -

_taxa..f o -

Phy]ogenetrc Pelationshlps. - The s1nuate lateral
vmarglns and well developed sensory pores on the knob of the
medran lobe ot males, and splnose metacoxal processes f

1nd1cate close relat10nsh1p to D. lapponlcus,w

D crncumflexus, D thlanshanicus, and D. sinensis. In

Fxg. 30 I have 1nterpretted D Iatro as the eastern v1car



.

fDlstribution (map, F1g. 29C).1—*Th1s taxon occurs 1n;.-1

the eas;ern SuS R (descrzbbd loosely as S1ber1a) and ‘§V ,j

'adJacent Manchhr1a.‘x’frT T o 2 S
. Mbterial examlnési,— A total ofa17 spec1mens "ere .;l;_‘.
examxned of wh1ch four are malés égd 13 females.,{j?ﬁf-§ 

/ e e g

T
h



‘Urf3 30 thxscu sxnen31s Feng, 1935
- Dytfscus sinensls Feng 1935 ﬁBZ (Type locallty <~
'wh‘anFKuan*Tsa1, Szechuen, Ch1na Ho}otype male 1n USNM '
{labelleﬂ as follows' Szechuen, CHINA DCGraham-~ V7f' o
"Y1n Kuan—Tsa1, 12300 ft, vii,21, 30 Dyt1scus 51nens1s (Type)g‘
f;H T, Feng) ’—Feng 1937 14 —Z1mmermann and Gschwendtner
‘1.9_38.27_.' | t Lo
Derlvation of Speclfic en?thet. - The spec1f1c ep1thetiw
wgmeans Ch1nese e vof o ‘
Diagnostfc combination - A comb1nat10n of eastern
'L:Palearctic d1str1but1on, fasc1ate abdom1an1 sterna, sp1nosev
"metacoxal processes, and spatulate form of apex of medlan"

lobe of males (1n 51de v1ew) adequately d1st1ngu1sh membersbfx
- of thls Spec1es.s‘"' _ L i ' i
Descriptlon - Measurementsrof largest and smallest/

’t spec1mens are g1ven 1n Table 2 States of taxonomlcally

e'1mportant characters are ngen 1n Table 3 Dorsal v1ew of-

N fboay 1s shown in F1g. GB' coloratlon of ptenothorac1c and

"abdomlnal sterna ‘in F1g 13D- med1an lobe of male in .

2Flg. ZOD-'and metacoxal processes 1n Flg 22N.} | |

":' Taxonomlc notes._f»Thls spec1es appears to be qu1te
sdlstlnctlve desp:te:ggegfew speelmens seen by both Feng and»
.f_mé;i_ ' | - | | | o

= Varlation = Too few specimens were seen to establlsh

S whether or not there are geograph1c patterns of varlatlon.

~:No 5u1cate females were seen ‘but thls may be due to the
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E ”tural hisloﬁy 7— I can f1nd nothlng publlshed on the

fffnaturalﬂhastory of,th;s spec1es, nor does the snanty label

f;7data supply any AT :ormat1on. ) |
- Dlstributlon (map, Flg;QZSD)v -1 have seen spec1mens:

ffxgm,the type local1ty only.‘Feng adds Shens1 (=Shanx1

'LProv1nce, Ch1ha) and Manchur1a. ,fﬁ; - ; el T r.*”ﬁ"

0'4

Chonologlcal Felationships L= Generallzlng from th@’

,“dlstrlbutlon, thls spec1es may be sympatrlc WIth

'fD marglnalis czenskii D delicutus, D. c:rcumcrnctus,;,gf"

- D. Iapponicus,'D Iatno and poss1bly D. Iatissimus.‘The |
altlfude ngen for the -t pe spec1£:n‘may 1nd1cate an o
‘aff1n1ty for h1gh alt1tude habltats, reduc1ng co- occurrence '

m‘;w1th other spec1es.-‘e,

Sl

| Phylogenetrc Pelatlonships. - The D daurlcus-group oy
falls 1nto two subgroups. D slnenis 1s 1n the more apotyplc

of these groups (characterlzed by the character states ‘

‘discussed under D Iatno), and w1th1n thls subgroup shows—~—“a

:_éthe hlghest number of gpotyplc features.r
) Y _
‘Material examined. -~ A total of 10 spec1mens of

_ D sinensis were examlned all from the type locallty. Three.

are males and’ ‘seven are females. -ﬂr



\
5

B 4.*Phylogenyhand‘ZOogeography of Dytiscini

LI ‘-,\ -

1ff4 1 Introductxon ‘f7lf’4*- . . .d-'ﬂ " f} -

In thlS sect1on, I present reasons for regardlng the,
“';tr1be Dytlsc1n1 and genus Dytiscus as monophyletlc.,Then, :f
«';deal in some detall w1th the evolut1on of Dytiscus, from

rtholl‘ rpholog1ca1 _ecolog1cal and chorologrcal po1nts of

lv1e e _ |
| Y Methods used for reconstructlon of the phylogeny of o
~‘nmembers of Dytiscus are dlscussed 1n Ball and Roughley
}-:(1982), Roughley and Pengelly (1982) and references c1ted
v;thereIn. Also, see the excellent treatment by’ Ashe'

y(1982 5%5 229) Characters and chara;ter state d15tr1but1on

by taxon are shown in Table 3. The reconstructed phylogeny

‘gﬂ1s shown in Fig. 30 ‘Character state polarlty was deduced

'from ex—group occurrence in members of Dytlsc1nae. The most -
_ea51ly resolved character cons1sts of two character states
'found in two groups of taxa. For example, members of |
'Dytlsc1nae, exclu51ve of Dytlscus, possess rounded metacoxal
lobes, whereas,members‘of Dytiscus possess‘elther rOUnded or
variously elongated or pointed metacoxal lobes. The unique
state expressed only by'some members of Dyt Iscus is
therefore considered apotypic for.them (Watrous and Wheeler
1981). - ’ |

' Many character states are not d1scretely dlstrlbuted

however, Various states of a character can evolve

180



5Q31ndependent1y by reversal para11e11sm, or even‘concergence
'a(see d1scu551on in. Gauld and Mound 1982 and wlley ,?-_
'1981 12 13, 120—122) Some features of subsets of Dytiscus i
'_(spec1es groups, sets of spec1es groups) were polar1zed andwﬁﬁ
h,homoplae1es establlshed by means of the In-group cr1ter1a~:‘
d1scussed by de Jong (1980) and Watrous and Wheeler (1981)
Most examples of characters of equ1vocaI polarlty could be
‘analyzed because of the1r co occurrence w1th more easzly

’ establlshed (heav1ly welghted) character trends (de Jong
1980). ’ ’

' f.zfno;omorphological”aSpedts:VDytfscini and Dxtiscu§‘ 

{.2.1 Dytiscini as a monoph}letic unit
‘The tribe Dyt15c1n1 is comprlsed of two. genera,hthe _

d1ba51c Australian and Tasmanla; Hydeﬁodes Hope (Watt5'7
'1978), and the more d1verse HoIarctlc Dytiscus. Sharp
(1882 939) was not convinced of the naturalness of . thls
tribe: ". the resemblance or approxlmatlon between Dytiscus
and Hyderodes does not arise. from genetic connectlon (or o
j common or1gln) but 15 due to a para11e11sm in the
env1ronment of the organisms dur1ng thelr evolution," Sharp
does not mentlon what these env1ronmental 51m11ar1t1es m1ght
be. | | , .

| I disagree with‘Sharp‘s hypothesis. Thls is in part

based upon the characters which Sharp hlmself has prov1ded

Nl
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A

'(3885*9374939) The f1rst of two: characters, whzch I
1nterpret as synapotyp1c for Dyt1sg1n1, 1s,5}ze. The total
range of size w1th1n the Erlbe is from 19 to 44 mm and is
,not approached by many groups of Hydradephaga except o
Cybistrini, wh1ch range from 13 mm (Brlnck 1945) to- 47 5 “mm ;"
t(Shaqp 1882 713) Large 51ze has evolved 1ndependently 1n?
members of Dyt15c1n1 and Cyblstr1n1. N
~Sharp (1&82-240 938) dlscusses the mhch enlaroed"

splracular openlngs of the last two abdomlnal terga, which

are unlque to Dytlsc1n1 Thls character state, then, is also

a Synapomorphyqur theﬂmembers"of the.trlbgyh

4 2.2 Dxtxscus as a monothletxc un1t o

At least five characters 1nd1cate the monophyly of
Dytiscus. Some of these are d1ffrcu1t to polarize, but in
totallty they probably 1nd1cate the phylogenetlc unlqueness
aof thlS genus. _

") Large size. Specimens of Dytiseus range from 22.6
to 40.0 am (Table 2) in iength, and most are in the range 24
to 30 mm. Specimens of HydePodes are 19 to 20 mm in length
(Sharp 1882:633 644 and Watts 1978:138"Note: the 1engthbo£”
10.9 mm given by Watts for spec1mens of H. crassus Sharp |
'must be a mlspr1nt) |

2) Clypeal-frontal suture -entire (epiStomaI-sulcus).
Sharp (1882?904).mentfons“that the clypeal7suture“is complete
and distinct throughout its entlre length Th1s is. unlque

-among members of the . family Dytlsc1dae, and represents a

//
E
i
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state similar to that of at least Hygroblldae, Amphlzo1dae.ﬂ

/’Trachypachldae and Carabldae. Its presence in. spec1mens of
Dytlscus is 1nterpreted as. rehacqu151tlon of th1s character.
3) Male mesotarsus with very numerous palettes Male
N spec1mens of Dytiscus have more than 700" to 1000 palet&es ‘
;g.per mesotarsal acetabulum. Thls state is not approached by
:any other member of Dytlscznae that I have examxned FOr
1nstance, spec1mens of Hyderodes have 18 palettes per
mesotarsal acetabulum Nevertheless, th1s character 1s

g

dlfflcul\ _polarlze. It is’ unigue w1th1n Dytlsc1nae, but

o the state found in many members of
'Colymbetlnae. Relat1vely numerous palettes probably
rrepresent a ple51otyp1c state (e. g see d1scu551on 1n-
Roughley and Pengelly 1982 for Hydat1c1n1) in certaln groups
of Dyt1sq‘ﬂae, but rarely, if ever, does it approach the
numerlcal abundance found ‘in males of Dytlscus. Therefore,-I“
interpret the condltlon found in thlS genus as apotyplc.

4) Vegy large spiracular st1gma of two ap1ca1 abdomlnalﬁﬁ
terga.. Members of Dytlsc1n1 are characterlzed by large
stigmata (see above) whlch in Dytiscus are much larger than
those of Hydenodes, S | ‘

“5) Trlangular shape, in cross- sectlon, of ap1cal
portion of medlan lobe. In the d1scu551on of character 7.3

_ used in the phylogenet1c analy51s, I characterlze the |
ple51otyp1c form of the medlan lobe of male Dyt1sc1nae. Male
spec1mens of Hydenodes closely resemble this generallzed

form. In partlcular the ap1cal portlon (poster1or to
(. : .



e

:flahQGS) islhlade-liﬁEﬁ and therefore oval in cross sect1on."

“Male spec1mens of Dytlscus, in contrast have the med1an

lobe more or less. w1dened laterally,'and thereby present a.

3

trlangular cross sectlon of the ap1cal portlon.u

N 7

.

4.3 Evolution'of Dytiscus: holomorpholbgical aspects

4. 3 1 Characters .used in: phylogenetxc ana1y51s _

' In thls Section, I llSt each character in the order in
lﬁwh1ch 1t appears on Flg 30 although the reference to the
characters by numerals is as in Table 3. States of

: each‘character are llsted along with the suggested
transformatlon series they form and the basis for thiS“

&

" polarity.. .
'Character A. Segmentation of labialhpalpomere l Of'
third- stage larva. Two state5° ple51otyp1c,sone seg ted'- X*
apotypic, two- stgmented Ba51s for cla551f1catlon°'ex grOUp
‘Character 3.1. "Explanation of pronotum. Two states' .
”ples1otyp1c, explanate- apotyplc, not explanate. Bast for
cla551f1cat1on-’ln -group. ’-: ' l:. S T
'Character 5.1. Elytron of female. Two states: ple51otyp1c

" not sulcate, and therefore male-like; apotyplc, sulcate.
Ba51s for classification: ex—group. o
';‘Character 7.1, Lateral ridges of median lobe. Two states.

ple51otyp1c, present- apotyplc, absent Ba51s £or

f'c1a551f1cat10n- ex—group



'Jésf-

‘rénaracfer 6“1 DLstr1but1on of palettes on - male mesotarsal
"acetabulum Two states' ple51otyp1o,'evenly d1str1buted,’
dapotyp1c, WIth glabrous area centrally. Ba51s for; _

‘1 classz£1cat1on' ex-group._eﬁ'fgﬂ: {;” ; '-,'dfx"’ill_
.Character 7.5. Relat1ve 1ength of dorsal and lateral flanges_
of median lobe of malez Two states-'ples1otyp1c, dorsal |
'lequal to, or longer than laterals' apotyp1c, dorsal much‘
*longer than laterals. Bas1s for class1f1catlon ex~group and
in- group \" R o . | o :

' Character 4. 6 Shape.of apex of: metacoxal process. Four
states %les1otyp1c,“rounded, £1rst apotyplc: acute- second
apotyplc, acum1nate,ith1rd apotypic, acum1nate and '
elongaredu Basis for-cla551f1catlon- ex-group and in group
CharaCter‘4 7‘”Snape of~ 1nner margln of metacoxal process.
Two states' ple51otyp1c, convex--apotyplc concare.vBasls.n»f
for cla551f1cat10n- ex-group. o Sy '._

'Character 7 3 Curvature of pre aplcal port1on of medlan f".

dlobe of male. Two states- pleslotyplc, llnear- apotxplc,\l:
curved Baszs for ¢ c1a551f1catlon- ex—group. '

_Characters 4 1 4.5. Colour of . pterothoravfc sterna. Three"
states-'ples1otyp1c, black' first apotyplc blackAand'yellow'

~ (fasciate); second apotyp1c yellow. Basis for

.classzflcatlon~ ex-group and ln—group ' : - -fdﬂf
Char;Eth “7.6. Roundedness of t1p of medyan lobe of male.}'v
Three states- ple51otyplc, not rounded f1rst apotyp1c,» |

.rounded° second apot;plc broadly rounded Basxs for

| classification: ex-group. . S "'77, BT
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"1f7 9 ExfehsionAof pre-knoﬁ port;on 6? medlan lobe'JJ
of male. Two states. plesiotypzc, not extended' abotyplc,'
~gxtended Ba51s for classzf1cat1on- In-gnoup Q.‘wgu_;g?g_”: |

;FgCharacter 7. 8 Developmedt oi seasory type pores on t1p of

V

ﬂ[%”medlan lobe oflmale._Two states.”ples1otYp1c, absent or, 1f

Eopresent small"apotyptc‘.dxstlnct Basis for o

’Vv.

chass1f1catloo- ex~group’and ln-group

BT

ocharacter 7.2. Curvatufj df;apex of medlan lobe of male

._..‘

ateral v1ew) Two States~ pte51otyp1c,‘stralght- apotyplc,

,urved §§s1s§%or c1a551f1catlon' ex*group and in-group.
i #
Character 7 4 Proflle of pre—aplcal portlon ofwmedzan lobe

.-‘ [ 7 S
of male (dorsal v1ew) Two states. plesxotyplc, -

2 ML
<Jh,"

parallel s(ded' apotyp1c, sxnuate. Ba51s for G13551f1cabaon{l

ex-group and ﬁ*group | ?f*-.g'

O -'R* »;.," ' . | | ::‘;:":
Char§cter ﬁ 10 R ¢at1VQ'development of knob @5 medlan lobe:"‘

of male. Two states' ples1otYp1c, moderate' apotypzp, _~fi 3

s1gnz£1cant Basﬁs for c1a551£icat1on' in group.

T

- -Charapter q 11"Prof11e of pre ap1ca1 portlon of medlan lobe*

e 32

(dorsal.v1ew) Two states- ple51otyp1c, w1der or more

‘i robust- apotyplc,-thlnner or less robust._Bas1s for'f , o
"_class1f1cat10n° in-group. 4;3ﬁ;“}'%3v14|‘13 3 S

Ry ¢
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apparent from s1mple descrlptlon of the characters and thelr o

> R
states.-The follow1ng sectlon explalns ‘more fully soMe ‘

.i{ characters and JUStlfL&S my 1nterpretat1on of others.%:ie;;qt;f

. Character A. Segmentat1on of lab1al palpomere I of R

- th1nd—stage larva._“ .v.,_u,m ' | d‘ \
e Blunck and Klynstra.(1923) dlSCUSS the secondary.or
superlmposed segmentat1on of head appendages of larval

M-.stages of spec1es of Dytiscus. In the d1scu5510n of\\

| phylogenet1c relat1onsh1ps of D. vePtlcaIls, the ,

.; one segmented lablal palpomere I of larvae (W1lson 1923

'f‘F1g 37) was noted to be 51m11ar to that of ‘members of '
Hyderodes shuckandi (Watts 1964 Flg. 37) Subsequent study

has conf1rmed the lack of false segmentatlon of thlS

palpomere 1n larvae of both of these spec1es

e
R

1 havezassocuated adult and th1rd stage larvae

of all Nearct1c speéles except D hatchl (ROughley,vvfh

i

unpubllshed data) and the 1arvae of" European spec1es of
Dytlscus were descrlbed by Blunck and Klynstra (1923)
Therefore,,whlle known drstrlbutlon oé this character is.
inchplete.(lanvaegoLQSone eastern Palearctlc specaes of"
Dytlscus are unknown) Sit is suff1c1ent to suggest 1ts use ;
as a synapoporphy for all sgec1es of Dytfscus.other thani&}

Lo

D vertzcal ls. '

’

5_ Character 3. T Explanat1on of pronotum.j‘“*?

Ce 2

Laterally explanate pronota are*un1que to adult



Dytiscus among Dyt1sc1nae..As such th1s character state 1s
synapotyp1c for members of Dytiscus, though secondar1ly

e

absent from members of the D hybnidus—group. |
> ThlS character is sexually dlmorphlc in adults of D cordierl
(pronotum explana e in females, only) I deem aésence of the
explanatlon 1n males as a loss. of the apotyplc cond1t1on,
and thus an evolut1onary reversal ‘. & , ;
yh;‘-- An alternate phylogeny SUggested by the dlstr1but1on of
thls character would be one in whlch the D. verticalis— and
D hybridus-groups were 1nterchanged 1n Flgure 30. Th1s
would result in explanate pronota representlng a synapotypy
for all spec1es groups of Dytlscus except the
D~ hybPidus-group, rather than for Dytlscus as a whole.'
;7’A150 the derlved state of Character A would ‘be unlque to a
7‘51ngle monobaszc spec1es group (D vertlcalls) There is
» llttle corroboratlng ev1dence for elther of these
hypotheses. I have chosenlthe representatlon shown in F1gure
30 ‘because - spec1mens of D vertlcalls exh1b1t less derlved
character states than do members of the D hybrfdus-group,
and is’ thus closer to the hypothet1cal ancestor of the genus
Character 6 1 D1str1but1on of palettes on male mesotarsal -
—‘acetabulum. : | | K |

2t

Tn all adult male dytlsc1nes examlned palettes of the .
mesotarsus are more or 1ess evenly d1str1buted fIn spec1men5'
of D hybPIdus and D maﬁginicollls, the acetabulum has a o

central 10ng1tud1nal glabrous area Thls is. consldered an s

r

‘. apotyplc state. G1ven that these two members of the



. -

'D. hybridus-group are the only extant spec1es of Dytiscus

" which have such glabrous areas,‘and that 1t is ach1eved 1n a

‘S1m11ar manner suggests that, even though 1t 1s a loss, 1t ;1_

15 a structural synapotypy for these two taxa. As mentloned
under the phylogenetzc treatment of D. hybnldus, thlS o
'spec1es represents my concept gg the hypothetlcal ancestor
of the . group,.exdept that 1t would have ‘had evenly
.dxstrlbuted tarsal palettes. T ' m;

' In the absence of this character, 1 would have
rearranged the D. hybridus-group, plac1ng Dy hybnldus as the A-
51sterigroup to a llneage 1nclud1ng D haPFiSJl,_ ‘ -
- D. manlnicollrs and D. habilis. This would haVe allowed
51mpler explanatlon of characters 3. 2 4 i 4 5 7.1 and 7 5 f
(see Table-3) The first, f1ve of these characters are‘
colour- related, and markedly varlable (seﬂ Table 7 for
Character 4.5"). Character 7. 2 is dlscusséd elsewhere in
this sect1on as ‘being of low phylogenetlc welght, and
'-character 7. 5 would Stlll requ;re one w1th1n spec1es group
.reversal for the state found in-males of D. habflls. ‘The "
question is whether,or not seven synapotyples “of low we}ghtd .
are more 51gn1f1cant ‘than one of higher welght My l
'1nterpretat10n demands a negat1ve answer to thlS questlon,_
or demonstratlon of a single character better than
“"dlstrlbutlon of tarsal paIettes. In the absence of the
latter, I retaln the arrangement shown . in F1gure '30.

‘dfCharacter 7;5 Relatlve length of . dorsal and lateral flanges

of medlan lobe.



Dorsal and lateral flanges of the medxan lobe are used
gxas.guxdes for the spermatophore dur1ng 1ts transfer to,vand
: depostlon 1n, the female s bursa copulatr1x (Demandt 1924)
In most spec1es of Dytfscus, and 1n spec1es of Hyderodes, \”
iwthe two sets of flanges are subequal in length In some |
members of both the" D hybridus- and D semisulcatus—groups,=.
’there 1s a marked dlscrepancy in length presumably brought
"~ ‘about by a decrease 1n length of the 1ateral flanges. On
Frgure 30, I have used. the apotypic state (dorsal flange
=longer than . lateral flanges) to 1solate the |
D. semlsulcatus-group Thls requ1res that the apotyp1c state,
. be der1ved three: t1mes: once in D. hybnidus, once in
" D. habills, and once .in the common ancestor of the
D. semlculcatus-group. Furthermore, there is- a reversal from.
"the apotyp1c to the ple51otyp1c state in one member ofmthe
D. semlsulcatus—group (D. sharpil The alternate arrangement
.of grouplng all spec1es wh1ch possess the apotyplc state R
‘-(D hybmdus 'D. habrlzs D. semisulcatus, D car'olmus,
"1D fascrventrls, and D. hétchl) _seems’ unl1ke1y, because 1t ;
would mean that sulcate elytra had evolved more than one
: tlme (Character 3.1). o |
Characters 4. 6 and 4 7. Shape of metacoxal processes.

The most common.rorm of metacoxal process of members of
Dytlsc1nae 1s-a rounded metacoxal lobe (i.e. not angulate),b
with-inner margln convex. Increa51ng angle of apex ofb
" the metacoxalAprocess is a heavily heighted character within -~
my phylogenetic analysis, The'three apotypic.States o |

9



. represent a trans1tlon serles ea511y polarlzed by compar1son'45
to ‘specimens of Hydérodes and other Dyt1sc1nae. The. second
apotyplc state is. c01nc1dent wlth concave inner margln of -

the metacoxal process. They are perhaps separate characters,

because there is no 1ntermed1ate character statejfor
of the inner. marg1n of - the metacoxal process. | |
Heavy welght1ng of th1s character forces recognl'lon of}
homoplas1es in other characters. For example, presence of a
A%knob at the apex of the median lobe of males (Character 7.7)
4lsolates members of the D.: maﬁginalfs- and
D. daurlcus—groups, except for D. Iatisslmus and v
D, alaskanus of the latter group. A lesser welght’placed on'
}Characters 4 6 and- 4 7 would allow these two spec1es to be
'placed in a separate group as a 51ster llneage to the
'remalnder of the D manbinalls- plus D daurfcus-groups.
Th1s arrangement would suggest that acumlnate metacoxal
'processes with a concave 1nner margln evolved more than.
- once. | _
‘I have. chosen to retaln Characters 4. 6 and 4.7 as

heav1ly we1ghted because they form a clear morphocllne wh1ch

is ea51ly polarized, and ecause:other arrangements would

precipitate recognition f many more homoplas1es. For'.:
example, the re- arranged phylogeny suggested above would
- bring about two (as opp sed to one) 1ndependent developments'
of the apotyplc state o Character 7.8, four (as opposed to
three) of Character 7.2, and tw° each (opposed to one each)

'of Characters 4, 6 and 4, 7 dlscussed above.;
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Character 7 3. Curvature of preap1cah*port1on of med1an lobe |
| Roughley and Pengelly (1982 Zeqagcharacterlzed the‘v”
"pleszotyp1c hydatlczne med1an lobe as parallel szded, w1th
Unmodlfied t1p. These characters in conjungtlon with a.
,,generally blade- like form of the. medlan lobe\compr1se the
'fancestral form of the medlan lobe of males of Dyt1sc1nae.v
Within Dytiscus, the apotyp1c state has'%qblved at
least three times: in D. hybrxdus-group (D. marginicollls)
f1n D. semisulcatus-group, and is also f0und 1n‘ﬁ§e more |
advanced spec1es-groups, but lost in. D pisanus. éhe'_
sporadlc parallellsms and the reversal of the apotyp1c stateb/

of . th1s character are perhaps not. surpr1slng when 1t

_jcon51dered that the change is 51mp1e and probably eashky;{f

fachleved in the evolutxon of various 11neages It is:
htherefore to be con51dered a’ character of low importance- rér“'
~reconstruct10n of a phylogeny. |
'Characters 4.1 - 4.5, Colour of'pterothoracic sterna.
Ventral COIorationiamong species‘of Dytiscus is
variable w1th1n spec1es as well as within spec1es groups,
"and both apotyplc states have occurred 1ndependent1y 1n a
number of lineages. Among members of Dytiscus, however,
there is a generallzed group trend from darker.to lighter in
all_colour—related characters (2 1, 3 2 3h3 4, 1-4l5' see .
Tab¥e13) 'All are. characters of low phylogenetlc welght

Character'7,7;_Development of tip of median lobe of male.
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The genera11zed exgroup form of the med1an lobe of

.”dytlsc1nes is dlscussed under the treatment of Character

;7 3 The derlved state of th1s character un1tes the

‘D maﬁglnalls- -and D. dauricus—groups. W1th1n the latter,f
absence of - the apotyplc state’ from male spec1mens of ,
D %atfssimus and D, alaskanus represent secondary, )
1ndependent losses,vas dlscussed under Characters 4. 6 and
4.7 above. | ‘\é | o |
‘Character 7. 9 Exten51on of pre knob port1on of medlan lobe

" of male., - | _‘ _

The - apotyplc cond1t10n as represented by members of the -

D maninaIls—group con51sts of a narrow1ng and elongatlon

- of the pre- ap1cal port1on 3ust before the aplcal knob The
1apotyp1c cond1t1on of this character 1s dlst1nct from that

of Character 7. 11, dlscussed below in which the entmre
pre- aplcal portion is narrowed L |
Character 7.2.‘Curvature of apex.ofzmedian-lobe of male
'(lateral view), | “
| - The pr1m1t1Ve form of the medlﬁn iobe is discussed

- under the treatment of Charactef 7.3. Subsequent | -
mod1f1cat1on of thls basic plan has occurred many times in
the hlstory of the subfamlly (group trend, e. g see
R0ughley and Pengelly 1982). W1th1n Dytlscus, there is
ev1dence of the ple51otyp1c state of this character 1n the

.- g
Eple51otyp1c members of two l1neages (D verticalis and.

} D. haPPlSlf) and .of three 1ndependent derivations. of the

Hapotypis state (D sharpi, D pfsanus, and all but two

Ceenpter Ve g
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| members'of the Dv daurlcus—group) ThlS character is 51m1lar
_ to Character 7 3 in that convers1on to the apotyp1c state is
probably e3511y accompl1shed and is thus cons1dered to be of
‘low - phylogenetlc we1ght.

Character 7.10. Relat1ve development of knob of medlan lobe

~of male. (dorsal view).

The apotyp1c state'of this character 1s relatlve and
subjectlve. However the d1st1nct1veness of the change 1s 3
apparent. The apotyplc state of thlS character would be
c01nc1dent wlth that. of Character 7 11 1f it were not for
.D. Ctiumflexus, males of whlch have a very d1st1nct1ve

-3

‘ap1cal knob, ‘but the apex is not exce551vely narrowed

- o g
4.3.3 Evolutlon of genxtalza of malesbof Dyt1scus
I have a551gned form of the medlan lobe of male
. genitalia some 1mportance for both recogn1t1on of spec1es-
level status and for phylogenetlc analy51s. The male |

genltalla are. mUCh more” than simply a set of characters, and

- must be treated as a functlonal evolutlonary un1t

'“V.Therefore; the purpose of thlS sectlon is to trace ﬁhe.

J':hlstory of the male gen1ta11a as detalled by the

' 'reconstructed phylogeny proposed (F1gure 30) My method ‘has
involved descr1pt1on of a hypothet1ca1 type of genltalla[ to
which are a551gned the characterlstlcs I belleve to be
pr1m1t1ve, and then to discuss the: form and modlflcatlon of
the medlan lobe from. prlmltlve through derlved

species-groups.



| Ahoestral dytiscines pfobably‘pOSSeseed a J-sbaped
vmedlan.lobe wifh the longer pqition, or shaft,
‘parallelesided, withvah unmodified, st;aight, bladeelife-tip
‘(based ib‘parf on Roughley and'Pengelly'f§82°%§0) Looatedf
dorsally on the ?edlan lobe are two lateral and one dorsal
\\\Iange, ﬁhlch form a guide, or channel, fOr the
'spermatophore during copulation (Demandt 1924). This form of -
median lobe, except for the straight tip, is seen‘in‘thehf
‘WPPodatrcus, a basal hydat1c1ne,/and Hyderodes, a basal .
;dytlsc1ne ' . | _
| C01nc1dent ‘with origin of the genus Bytiscus was
"der1vat10n of a medlan lobe w1th a tr1angular cross section
(see Po1nt 5 16 Sectiﬁg 4.2.2). The ple51otyp1c ‘biade 11ke b
condltlon was modlf1ed‘by lateral extens1on of the sides and
'perhaps also by a strengthenlng of the ventral rldge These‘
lsteps have created the trlangular form of the apex. The. form‘
of the median lobe closest ‘to thlS ancestral type within
. Dytiscus 1s seen in specf&ens of D vePtlcalls (F1g. 14A),
and D. haPPISIl (F;g. 14B). ‘ |
Earl1er, 1 discossed‘the form of the epex of fhe median
lobe as the major taxonomlc crxterlon for de11m1t1ng spec1e51 
'.level taxa, and’ noted ‘the unlformlty of this character
w1th1nuspeo1es. This implies that there 15 selectlon‘fo?
uniformity Qithln ‘species, and that*differeﬁoe in fofh'of
the ;pex of the medlan lobe c0uld be an 1solat1ng mechan1sm

'for spec1es. Th1s latter p01nt is exemp11£1ed by members of

the D. hybridus group (F1gs. 14B- D, 1§A); As mentioned
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above, D. harrlsil ‘has the p1e51otyp1c form w1th1n the
group. The medaan 1obe of D. manginlcollis is. s1m11ar to
that of D hanrisil except that the t1p is’ abruptly - |
' deflexed. The widely allopatric 0. hybridus and D. habil is
have shortened lateral flanges, lack dlStlnCt lateral
rldges, and: have sl1ghtly (D. hybrldus) or more prom1nently
(D. habflis) modified tips. In add1t1on, the pre- ap1cal
| portion of the median lobe of D. hybPidus is slender
‘whereas it 1s grea&%y thlckened in male D habl]is. Ini
summary,'mod1f1cat10n of f1ve characterlstlcs w1th1n three
spec1es has produced four radlcally dlfferent forms of the
median lobe. o - , - \_‘ -";'d . '

Within the D. Semis&lcatuS*group (Figs: 158 D 16A- B),5
the nominate spec1es has the medlan lobe s1m11ar to that of
the plesaotyp1c form but less triangular and with_ the dorsal
flange greatly elongated An elongated dorsal flange 1s\
found in three other species of the group (D sharpi is the
exception). All but the nomlnate spec1es have the tip
abruptly deflexed although 1t is. more deflexed in D, .-Sharpi -
" than 1n the others, and males of this taxon also have the
;tlp mod1f1ed The median lobe of D. carollnus and D. hatchl‘
lack any remnant of a lateral r1dge, ‘whereas that of
D. faSClventPls exh1b1ts it, although only aplcally, _
Conversely, the median lobe of males. of D. carolinus and _

' D faSCIventPls share a curlous subaplcal depress1on when

seen in dorsal v1ew._;
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It is 1nterest1ng that the members of th1s group are

largely allopatrlc and yet show a high degree of dlvergencet

'_ 1n the form of the median lobe and that the three Nearctlc

'spec1es have the most 51m1lar form of the medxan lobe. The
»former is probably due to the long 1solat10n of the spec1es
bf th1s group, and the latter to more recent speciation
among them than between them and the other members of the
clade. Members of thls'group exh1b1t mod1f1cat10ns 1n ‘the
‘same f1ve characterlstlcs found in the D. hybridus- group,,
but show more stages of some of these (i.e. deflection of
the: t1p,'reductlon of lateral flanges, and -effacement of
rlateral rldge) and added another character15t1c (dorsal
depression). . o

| The D. dlmidlatus-group is characterlzed by a rounded
tip of the median lobe (Flgs.:16C D 17A B). All have thet
apex deflexed and all but the Nearctlc D. COFdIePI have the
tip quute'broadly rounded, with dlStlnCt lateral rldges.
Spec1mens of D. COPdIePI exhibit some characters of the
ples1otyp1c form except those noted above, and the swollen
area above the place the lateral ridges would normally be '
located Spec1mens of the Palearctlc spec1es D. mutlnenSIs
and D, dlm7dlatus are Yery 51m1lar in form and as argued‘
in the text this is perhaps best con51dered as an example
of recent speciation. Co- occurr1ng geographlcally w1th these
dlatter two spec1es is D pisanus of whlch the ap1ca1 port1on
Tof the median lobe has a- host of un1que characterlst;cs,-'
”such as very broad t1p, 51nuate lateral margln (1n lateral

o L



198
.T%'}h‘ .
"'vzeu), and great development of ventralcsetatlon towards the
'.apex Members of the D.- dlmidiatus-group thus show _1n_form‘
of, and subsequent mod1£1cat10n of the med1an lobe, fé& |
51m1lar1t1es to ‘the prevxously dzscussed spec:es-groups of
Dytlscus.- |

Both the D. maﬁalnalls- and D. dauricus—groups are

. characterlzéd by presence of a d1st1nct knob on the med1an

lobe (secondar1ly lost by members of D. ala nus and 3;f.
D IatlSSlmus of the latter spec1es group). he o

D: marglnalis—group (F1gs. 17C-D 18A~B) /is unique because
of the exten51on of the pre-aplcal knob portlon _
(Character 7.9). All species have subequal flanges, distinct

¢

lateral ridges, and a general similarity in form There are
ménor-differepces “in shape of the knob when seen in ventral
view, and the relatlve thlckenlng of the ventral rldge. All
of the four forms included in this group occur exc1u51vely
in the Palearct1c region., Of these only D. marginalis -
czePskfl and D. delictus are broadly sympatric. In the
latter, the apex of the median lobe is stoutet ‘and’ the
dlstance from the tip to the dorsal flange is: apprecxably
shortéxe Therefore, 1n thls group of spec1es, the 1ntegr1ty
of ‘taxa is perhaps more sustalned by allopatry and other'
d1fferences in life h1story than by divergence in form of
the med;an-lobe. ‘ C T |

s mentioned previously, tuo members of the |
D. dauricus-group (Figs. 18C-D 19,20) have lost the ap1ca1

knob of the median lobe, yet the medlan lobe of both speC1es"

\\
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‘rema1ns qual1tat1vely dlfferent All spec1es have deﬁlexed

-

»ftap1ces d:st1nct lateral rldges and;subequal dorsdl" flanges.;"

'The apzcal port1on of the mEdlan lobe is flatly arched 1n

D. cfrcumclnctus (us1ng the lateral rldge as. ‘a. reference
po1nt), and more abruptly arched in more advanced spec1es x
,_(except D. a]askanus) which ‘also have s1nuate lateraL .;
marginsg (in. dorsal v1ew) /Members of D ciﬁcumclnctus and *
| all other advanced.spec1es have well developed sensory type
pores on the ap1caiiknob Thelr functzon is unknown to me.
Specimens of D crr'wmlnctus D ﬂthranshamcus, D Iatr-o

and D, srnensis all possess a qu1te prom1nent kiob at the'
apex, and the latter three taxa have a d1st1nctly thlnner ‘
pre- aplcal portlon (1n dorsal view) whlch produces an evennh'd
.greater prominence of the aplcal knob .‘ | 'AA

-As in the D. margfnalls group, the degree of |

d1fferent1at1on between spec1es based on the form of the 2
_apex of the medlan lobe is less dramatlc w1th1n the :
D. daurlcus group than in the D. hybﬁiqus- and

'D. seMIsuIcatus—groups. However, within the L
-ilD daurlcus-group, unlike the D.- maﬁginalis-group, many |
.spec1es of the former occur sympatrlcally. This' could be
1nterpreted as reflect1ng less re11ance on the medlan lobe
as an 1solat1ng mechanlsm although the fact. that each forml
of apex 1s dlStlnCtlve somewhat negates th1s. It seems more
reasonable to suggest that at least some members of the "rﬁﬂ.f

D. dauricus—group have ar1sen more recently than have

*spec1es of _some other groups,'and therefore have had less
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fig;pva1lable tlme for dlvergence 10ther 1solat1ng factors _7Q7‘

a550%1ated wlth l1fe h:story could be operating to augment

(J

the méchanlcal 1solatlon supplled by gen1ta1 dlfferences.“
'a,

N
Of the 51x spe_xes groups recogn1zed w1th1n Dytlscus,

:ﬂgmemberswof two (D verricalis- and D hybridUs-groups) have
-1a med1an lobe Wthh appears qulte 51m11ar to that 4 G
"reconstructed for the hypothet1cal ancestor of the genus.;
‘;?Ple51otyp1c members of the D semisulcatus~ and .

‘:?Q_ dlmidiatus-groups show some;but not extreme mod:f;cat1on
i*“from ‘the aﬁtestral type. In the D; mangrnalis- and . |
QJtD daUFicusrgroups, the common presence of an apzcal knob

‘ iplaces them as qu1te derlved from the ancegtral type._“

‘Q Parallel dramat1c changes in form: of theaapex oi ‘the

'1tmed1an lobe characterlze spec1es 1n the D hybridus—'and

*

:,_fD Semisulcatus-groups. A hlgh degree of d1fferent1atlon ‘is
':;ﬁound 1n members of the D. dJMIdiatus-group as well The .
_D marglnalis-.and D daunlcus~groups show comparatzvely

‘f;less w1th1n group dlfferenglatlon, and yet the presence of

“the’ apxcal knob is certalnly a strong. 1solat1ng mechanlsm ‘

I

Q,pbetween these two groups and the four more plesmotyplc

S e

In summary, there 1s a transformatlon ser1es shown by
’;1the spec1es groups of Dytiscus in. the form of the apex of

' ?the medlan lobe. ThlS ser1es 1s dlsgu1sed by w1th1n group
-ibchanges,.and 1s apparent ohly aiter examlnatlon of the
1;jples;otyp1c forms w1th1n each spec1es group. That the .
ple51otyp1c member of each group exhzblts a form of medlan. .

", L .."‘

N

R .5_-;“'
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-lobe most s1m11ar to a hypothet1cal ancestor of that group

'7._'probably reflects heavy emphas:s on the medran lobe for :
'O:constructlon of the proposed phylogeny, w1th1n 5 o

spec1es groups, 1n the farst place' The same is not true,v

-

however for compar1sons between groung\where, as mentloned S

o

elsewhere, other characters such as form of the metacoxal

' precesses were more heav11y welghted

CENN

[
4.4 Evolution of Dytiscus: Ecological aspects |
4. 4 1- Introduct1on _h;. - T»A

The adapt1ve zone of members of Dytiscus, as for most

dytlsc1ds, is that of an act1ve sw1mm1ng predator wh1ch

" moves vertlcally through’ Qhe water column. Adults of

. Dytlscus have more of a- lateral component Lo their movement

-]

.iw1th1n the water column than do larvae.‘Larvae and adults N
" must regularly v151t the water surface for resp1rat1on. Thls
"adaptlve zone 1mposes certaln restr1ct1ons and allows
-eertain adapt1ve opportun1t1es in. the llfe hlstory of

members of Dytlscus.r-"'» - DR ,‘Jﬂ,i

o

The purpose of this sect1on 1s to explore some of these

. _ecologlcal restrlctlons and opportunltles, part1cularly as

they relate to evolut1on of selected spec1es of" Dytlscus. A
1d1scu551on of the systematlcs of Dytiscus can be con51dered

‘,.hol1st1c only 1f 1t 1ncorporatgs a reconstructed thlpgeny,

e »‘Q—-»ﬁ - e

:knowledge of earth hxstory, paleontologrcal 1nformat1on (

4
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available)' and con51deratlon of morphologlcal and

N

'-ecolog1cal aspects of the evolut1on of th1s group (see Allen

’fand Ball 1980 557)

. Most of- the ecological relat1onsh1ps d1scussed here are

‘.

,:prellmznary hypotheses. The naturah hlstory 1nformat1on

Vpipresented here for _the ﬁearct1c spec1es 1s based on my own
fieldwork, except where noted ThlS dlscu551on is biased -
toward Nearctlc spec1es because of flrst hand experlence/"

*w1th them“ These relationshlps must be conszdered as

t

'prellmlnary hypotheses because of the nature of the method

,by wh1ch the’ 1nformatlon was procured As a: taxonomlst most
of my collect1ng or sampl1ng 1s qual1tat1ve. I have not

=y

subjected ‘any of my hypotheses to rlgorous quant1tat1ve
analy51s,‘nor have 1 collected the 1nformat10n in a- manner
which would allow such analy51s. I have 51mply thought about
~vwhere and how I collected the spec1mens,Nand tr1ed to '
fformulate patterns from these observatlons. These patterns

'form the hypotheses about natural hlstory of spec1es of

Dytlscus presented below. Although not rlgorously analyzed

and tested I offer these patterns here both as. suggestlons

prel1m1nary explanatlons of other features of evolutlon

'w1th1n this genus.»

eI

Ce - . R
,' ..9._ lgsnlunvnn, i

; some aspects of: way of" llfe of Dytiscus, Dyt1sc1n1, and

. Cyblsterlnl relevant to’ these general features, and conclude

..m;.u,...-..
N - =y oo e

S L.

4

‘-u'-nd"““’,’ v.a't-y-"n"e't"‘ -~
In the follow1ng sectlonsr I flrst presentrsome e

FRN N

N

for further study of the. natural hlstory of Dytlscus, and as 'f‘

°

. 3
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B3

wlth a comparat1ve analysis of features of . the D. veﬁtlcalls-
and D. hybridus-groups. Thls d15cuss1on is: restrlcted to
these groups because they are ple51otyp1c w1th1n Dytiscus,
and are exclu51velyﬂNearct1c groups 'so that I have field
exper1ence w1th all member taxa except D habilis.

}g(ﬁzvcenerallFeatures

4._4 2. 1.F~o.od |
At most loca11t1es wher"ﬁ have collected spec1mens of
Dytlscus, food did not appear to be a 11m1t1ng factor in
determ1n1ng beetle abundance. Larson (1975 :395) observed
that tadpoles vere the most common préy of larval Dytiscus
1n.Alberta.>I, however, " found gammarlds (wh1ch were
f.{ v1gourously’eaten by laboratory*reared larvae) to be the

most abundant prey an1mal at sites where larvae were common .
The number of prey organlsms requ1red for larval development
is ama21ng For 1nstance,_Blunck (1924 726) showed that

| development of th1rd 1nstar larvae of D. maﬁglnalls V,;'
manlna]Is, at a constant temperature of 17—18°;‘could‘be
completed in as llttle as- 15 days ‘but: only by consum1ng 27
tadpoles of 25 - length‘pen day.,Also,.Blunck demonstrateso-v»»

'Q.. I

that durat1on of Tarval stages was,dependent on number oﬁ

N va'Q"""“‘

prey aVallable, given 2 constant temperature, Thrrd stage

O It -

larvae, reared under condltlons 51m11ar to those above,~

\

”'16 mmonly requlred ine excess of 50 days if fed fewer than = -

L -

- three tadpoles per day..

-k

_\.z,s_
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The range of acceptable prey of adult and larval
Dytiscus is extremely wide" (W1lson 1923 Blunck
1924: 630 637 Galewsk1 1971), cons1st1ng of any an1mal large
enough for them to handle and wh1ch attracts attentlon by :
qurck movement. This 1nc1udes larvae of the same and other
Dytiscus spec1es The overall aggress1veness of larvae is.
well demonstrated by the recent observations reported by

) Drummond and Wolfe (1981) of a th1rd 1nstar larva of

D. marginlcollis kllllng a 192 mm long neonatant garter'

snake.

4.4.2.25Predators _ '

In most habltats ‘where they are abundant , species of -
Dytlscus form the top consumers of the food web. The major
predators of Dyt]squs-larvae‘and adultsvare other specimens
‘of'DyQJscus and vertebrates’suoh as'fish ducks‘and'geese'

: In flsh hatcherles, where the flSh are of a smaller a*a‘i
unlform size, . Dytlscus spec1mens are considered a serlous
pest (Blunck 1916b, .W1lson 1923). In natural 51tUat1ons,.

~ larger fish probably constltute very 1mportant predators of

,‘;‘ . o

Dyt:scus (e~g ‘See - Natural Hlstory of Q Iapponicus f:?
drs;unctus) Collect;ng exper1ence supports th1s content1on
Spec1mens of Dytiscus are abundant 1n sloughs of western‘
;ofGanada vh1ch are generally devo1d of flih However An
| those sloughs used for rearlng trout as a summer crop,_\

. Dytlscus are abundant in sprlng, but absent by autumn.

_—

‘Similarly, other water bod1es with fish are‘generally

wooe



unsatlsfactorf'places'for collecﬁing DyfiSCﬁS.”"

4.4.2.3 Paraiitoids':'
The general potent1al role of egg para51to1ds in the
;natural h1story of Dytiscus is well summar1zed by the
following statement by Jackson (1964 95) ‘
| "Only in eggs of D maﬂginalis la1d in early spring
ha;é I found a complete absence of parasitoids, and -
| the early 1ay1ng of Dytiscus must be an 1mportant-
factor for its survival,."
R Jackson S suggest1on that selectlon pressure by
vzpara51tolds would lead to a trend to early season _
ov1p051tlon 1mp11es that activity of adults and development
of eggs ‘and larvae would have to take place in 1ncrea51ngly
cooler water Furthermore, if this trend is appllcable to'
,members of the whole genus,_then more advanced taxa could B
have dlstrlbutlonal ranges exp101t1ng this phy51ologlcal
attribute. Thus select1on pressure from egg para51t01ds may'

'be preadaptlve for life in more northern habltats

’f=4.4.2.4‘0viposition sites

' One important feature of'habitats associated‘with

*

. successful propogat1on of Dytlscus is presence of aquatlc

.Avascular plants such as Aconus IPis Al isma, Sagittaﬁia,

"_Pbtamogeton Glycenla, Sc:rpus, and Typha (Balduf 1935: 37),

whlch are preferred ov1p051t1on S1tes Cho1ce of these may

'rube due to the oxygen supply prov1ged by the plants to the -

‘relatlvely large eggs character1st1c of members of Dytiscus‘
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;(Balduf 1935 39) The ov1p051tor of female Dytiscus is-
blade- llke and well su1ted for endophyt1c egg dep051t1on
r(Wesenberg Lund 1912; 27 31 Galewsk1 1971b 513 615 621)

@
“Therefore, reproduct1on usually takes place in permanent

ponds where such plants,are found ' -»

Occa51onally, larval development will take place in

temporary ponds. ngglns et al. . (1980; 108, 163) and James - -

(1870) have shown that larval development of such species as
D. fascrventﬁls can be completed in temporary vernal ponds
In such 51tuat1ons,_females probably ov1p051t either 1nto
some - form of amph1b1ous plant such as Irjs or into flooded

terrestr1al plants‘

4.4.3 Habitat of origin of Dxtxscn and Dyt1sc1n1

Members of Hydeﬁodes (Watts 1978) and more ple51otyp1c
members of Dytfscus (such as D. verticalis) are associated
with shaded ponds in dec1duousuforests In the absence of
contradlctory 1nformat1on, I assume thlS to be the habltat

.of origin of Dytlsc1n1 Occurrence of taxa 1n other habltats

is therefore con51dered as a der1ved feature.

4. 4 4 Body size and the adapt1ve zone of Dytiscini . and
Cybxsterxnx |
Among dytlsc1ds only two tribes have members which are -

fcon51stently in excess of 25 mm in body length These areu

Cyblster1n1 and Dytlsc1n1. Presum1ng that this. S1m1lar1ty in

body size combined with the common adaptaveuzonegoffmembersg'{»

P

Loe d L. I
deoe DL OWIITLTAUTL D bR Y . -
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“f?of~¢hese trtbes‘can be used as a rough gu1de to nlche use,“
_ then one pred1ct1on wh1ch I made and subseguently tested wasgh
”'that the members - of ‘one. trlbe (Cybxster1n1) could be
'“fcompetltxvely exclud1ng the other (Dyt1sc1n15 Such a:'
dgenerallzat1on app11es only w1th1n broad 11m1ts and is ;
“5*subject to- numerous exceptlons partlcularly w1th respect to-?
G{habltat and behav1oural‘spec1allzat1ons. Bxstr:butrons of n
;Fﬁthese trlbes show marked parapatry on a global level (data
u’;for Cyblster1n1 fromtBrlnck 1945, and that for Dyt15c1n1';
.from Watts 1978 and the present study) Cybister1n1 are most

dlverse on the land masses where Dytlsc1n1 are absent. For

hv,\-' e e nk'—«-uoq < a0 LR A P

"f1nstance, zn Canada the genus Cybisteﬁ 1s representea b"°’:ffj'

'xsouthern port1ons of Ontar1o and Quebec (Roughley, o
unpubllshed data), whereas Dytiscus is markedly dlverse 1n b,
this country Slmllarly, Cyb1ster1n1 are most d1verse in
-Afrlca where Dyt1scrn1 are absent Based on thxs
1nformatlon, I predict that 1nd1v1dua1 members of
Cyblsterlnl (as a general trend) are compet1t1vely superlor
to members of Dytlsc1n1. Also, it seems logical to suggest
that members of at least one of these tribes has relatlvely
retently 1nvaded the n1che space (vta body size) . of ‘the

-other, or that they have recently converged in nlche space
(via body 51ze). Th1s is qu1te 11kely, slnce both groups
were present and had thelr early evolutlonary hlstory on 4
southern Gondwanaland In aggregate, Cyb1ster1n1 are more

'.d;verse than, and show 2. greater range oﬁ bedyasize.and

- . 3 ; , T . 3ot
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ﬂ’otherhfeatures, suggestive of more evolutlonary plast1clty,
than do the aggregate Dytlsc1n1 and. I therefore §uggest
1that Cyb1ster1n1 “have:. recently 1nvaded the niche of‘
V‘DytISCIDI. A mod1f1ed ver51on of Erwin's (1979 542) taxon

. pulse is. sugested as the mechanlsm by whlch the latter took

place.

LI
r

l.‘ 4.5 Ecologxcal aspects of D verticalis-'and;
hzbr1dus groups

4.4. 5 1. Body s1ze
Desplte problems*assoc1ated w1th measurements of adult .i_
‘Tspec1mens (Sect1on 2 2 2) 1¢ ls1clear that the f1ve members B

e thesé spec1es groups comprlse two groups based on 51ze.‘

'“L,Spec1mens of D. vePtlcalfs and D. harrisrl -are- larger than

'spec1mens of D, hybridus, D. margrnrco]l:s, and D habrllslh

(Tables 2 and 7). _ ) ' -

4.4.5.2,Habitat characteristics ‘ | |

t Characteristics of the hahitats-of members o£ these. '
specxes groups are summarlzed 1n Table 8. All spec1es l1ve in
‘lentlc habltats, but spec1mens of D. harrisii also occur in-
relatlvely Stlll water within a lot1c m1crohab1tat Three of
the other four spec1es (D vePtlcalls D. hybridus, and
D.. habllls) ‘occur in both sal1ne and fresh water ponds in
-western North America and adjacent Mex1co. In many

| moderately to hlghly sallne ponds, D haPPiSlf 1s the only

spe01es of large dytisc1d encountered.

va o v‘,_-/..... [
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4.4;5.3‘Evolution wittheSpect'to’habftat

‘The presumed habitat of orlgln and therefore preferred .

"habltat of early members of Dytlscus was shaded ponds of

dec1duous forests. In pre Tertlary tlmes, the broad leaved

dec1duous forests covered much of Laura51a (Matthews 1979)

Ponds in these forests were occupled by at least two spec1es of

__Dytiscus..one larger and 51m11ar to D. verticalls, the other

"T'. /\
smaller and- 51m11ar to D hybPldus. The progenyvof.theseg

’ *ancestors ‘have retalned an aff1n1ty for'these habitats.xThef

'latter were presumably re51dents of decmduous yoodland

ponds, because' 1) th1s is the lnferred habmtat of orlg1n-'-7--

T 2) the woodland pbnd hab;tat has BXIStEd longer in North .

Amerlca than the grassland, sallne habltat of _
:D maﬁglnlcollls, 3) the lot1c spec1allzat10ns of -
D. haPPlel ‘are apotypic. and unlque to 1t- and 4) adults of

ZD hybnldus and’ D vertfcalis, whlch occur in woodland

-_pond habitats today exh1b1t many character states belleved to

N

be ple51otyp1c to these clades. These two species, then,

have remalned 1n the plesaotyplc habitat«

»,. L . TSV T NEE R

"In Table 8 T have characterlzed D haPFier as ‘:jtt;ﬁj-ilj?

occurrlng in both lent1c and lot1c macrohab1tats. However,
in the spec1es treatment of D. haPPISIl, I ment1oned the

‘ p0551b111ty of its preference, at least for larval
.development of still or slow- mov1ng backwaters of slugglsh
‘streams. Larvae of D harrisii ~which I have observed both at
fleld 51tes and . under laboratory culture behave dlfferently

than other spec1es. The larvae 11e flat, parallel to the
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. water’ surface \whereas those of other spec1es rest 1n‘an fm"".
\\-quhaped pos1t10n. I belleve thls to be -an adaptatxon to

- 1ent1c portlons of the letxc macrohab1tat Such. a restxng

p051tlon would reducepthe effect of~any currents 1n th1&

s

N
¥

habxtat As Well _many larvae are’ found lylng among the
float1ng Stems and Ieaves of aquat;c plants wh;ch are a':j' -
common feature of th1s hab1tat | : L ,;2
- Part’ of the duality of habltat occurrence noted 1n the
_{. spec1es treatment 1s expla1ned if- the orlglnal specxatlon of
D hannrsrl took ‘bPlace- an—lentrc/lotlc habltats, but now

hav1ng achaeved speCIes level d1vergence, this taxon has

Ll [N
'y-_‘ P —-_ .2 :

re- 1nvaded pond type habltats. The- larval behav1our 1s a -
remnant of evolutlon ‘in lentlc/lotlc habltats. R |

The phylogenetlc pos1t10n of D. haFPISlI 1nd1cates that-
it ls probably der1ved from an ancestor common w1th that of
D. hybnldUs D. manglnicollrs and" D habilis. This ancestor
would have occurred in woodland ponds, and given rise to two
sister taxa, one of which has led to D. hafﬁisii.‘I

o hypothe51ze that dlvergence of the ancestors due to

“» .......
o~ .

ecologlcal spec1a11zat1on o f. D harﬁisii tOok place in the
follow1ng manner. A high’ percentaée of permanent ponds have
outlets. If a certaln portlon of the ancestor of thls.group
of - Dytlscus spec1es occurred w1th1n the lentlc/lotlc portlon
of these outlet areas then a 51tuat10n where rapld |
dlvergent select1on took place could have brought about

spec1atlon rap1dly, espec1ally 1f correlated w1th an

1ncrease in body 51ze of D.. harrlsil. Such sympatrlc



T

E secure similar- conf1dence about the hab1tat preferences o;
: i

3 States, the,cont1n01ng fluctuat1on between salxne and

‘imembers of- i? maﬁgfnlcollls untll the present day ecologlcal
p .

| éTT

spec1atlon by ecolog;caI d1vergence had been demdnstrated in
other groups (see Futuyma and Mayer 1980 Hammond 1981a)

Although there is evidence- that D. hybPidUS‘remalned 1n]¥'

. T - - ~— .
e ‘k woe £ ~

‘ the ples1otyp1c habltatv'further observat1ons are needed to

———

Y ) habl7l$ The 1nferred phylogenetlc postlon of th1s taxon '
. would suggest 1ts populat:ons have also rema1ned in the :

' ple51otyp1c hab1tat 1f, however, it is found to be as

alkall tolerant as D marginlcollis, then a re evaluatton.of«'

P

w'lts phylogenetlc postzon and ecologlcal h1story of+ thlsf'

group will be necessary

‘The . habrtat of‘D‘ marglnicollls could have been

affected by the Upllft of the Rocky Mountalns. As the |

resultxng ‘Fain’ shadow spread and cond1tlons became drier in

_western and southwestern North Amerlca, the ancestors of .
D. manglnlcollrs presumably became adapted to more sa11ne

‘habltats on grassland -For. 1nstance,;1f the chem1cal hmstory

vfof LakeABonneV111e (Hubbs and M1ller 1948) can be used to

.,generallze xhe thtory of ponds 1n the southwestern Unlted

o o

freshwater characterlstlcs may have been slowly exp101ted by

‘»,.*.

tolerances this spec1es were achleved

4

=

By
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4.5 Evolution.of_Dytiscu.: Chorological aspects

i}5;1"1ntroduction o e

‘The purposes of thlS sect1on are to state my

Y

1nterpretat1ons of various theor1es of blogeography, and to
4compare explanatlons of the observed dlstributlon of
selected species-groups of Dytiscus and Dytlsc1n1. Thls is
~'just1f1ed because each general theory or~parad1gm has
‘11m1ts, and elements of general theory are 1ncorporated here
1nto a more hol1st1q theory called the synthetic. theory The
theories dlscussed are: d1spersal theory (1ncludang taxon
pulses and competxtlve dlsplacement) v1car1ance theory,
ecologlcal determ1n1sm- and the synthetic theory. Parad1gms
..of-blogeography are-few- and none of those currently used
crare new .Most have gonenthrough drdmat1c changes:. from*time

. to tlme as they become popular or ‘in vogue{ At such tlmes,

these paradlgms are revxsed and rev1tallzed .Testing of a

{qparadrqm or theory of b1ogeography 1s analy51s of relatlveu .

%'amount of explanatlon, correlat1on ana pre 1ct10n that it

A;makes about phylogenetlc .ang chorologlcal relatlonﬁhgps of. - . -

’the taxa under con51derat10n. ‘Various anc1llary ‘
consxderatlons should be used “to establlsh the probabllzty'

of one paradlgm {or a comblnatlon of parad1gms) being more
correct (i e. of. hav1ng the hlghest explanatory, correlative
and pred1ct1ve value) for a- spec1f1ed biota. Among these '
,con51denatlons are mode of " spec1atlon, degree of dlvergence

P

er d1fferent1at10n degree of convergence, congruence



':WIth other patterns 51m1larly analyzed; state of

knowledge of geological and cllmatlc hlstory of area under
’con51derat10n cons1stency between phylogenetlc
reconstructlon and chorologlcal pattern, and relat1ve
rstrength of phylogenetic reconstructlon. These
‘con51derat10ns are checks and balances to a blogeographlc
1nterpretat10n, and render this type of analysis dependent
on other klnds and sources of 1nformat1on. Because‘of this,
a blogeograph1c scenarlo,for a group may have appreciable
- value if the proper kinds, sources and amounts of
1nformat10n are used, but at the same time, 1t suffers the
weakness of having to draw on such a broad base of support.

For 1nstance, my 1nterpretat10n of chorologlcal aspects of:

- .._ .-

_ Dytlscusawould unddﬁbtedly be very dlfferent if gt had been

-written before modern knowledge of plate tectonlcs vas. ,Am..w..”

achleved. Slmllarly, my 1nterpretatlons would probably be
.qu1te dlfferent 1f it were written some t1me in the future;

.

'In order to extend the t1me that an 1nterpretat10n s’
useful 1t _seems to me that ‘the most effect1ve means 15
“to take 1nto account ‘as’ thoroughly as p0551ble |
_p0551b111t1es for cross- check1ng the 1nformat10n presented
by means of the various con51derat10ns mentioned above.

My treatment of chorologlcal aspects of Dytlscus begins
with a brief statement of various paradlgms of b1ogeography
which are or could be used in explanatlbn of the pattern
The stlmulatlon to wr1te thlS section came from the br1ef

synopsis presented by Heyer and Maxson (1982) I have

213
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‘ mod1f1ed the l1m1ts they establzshed for some parad1gms,

extended the’ discuss1on of most, and excluded $till others _f

(I e. 1sland bxogeography) depend1ng on thelr seemzng

o relat1ve 1mportance 1n explantlon of the zoogeographlc

pattern shown by Dytlscus. I must stress that d1v1s1on 1ntoi',

separate theor1es 1s,vto me, art1f1c1al. I have rejected

o

portxons of some parad1gms and amalgamated the rema1nder

. J

1nto what I term synthet1c blogeography .4It is 1mportant

to state the degree to whlch each parad1gm is- used ‘in the

'

1nterpretatlon. Too frequently, I have been attracted to .

papers wh1ch adverttse in the trtle or keywords a partlcular

'-_ type’ of bzogeograph1c 1nterpretat1on, only to fknd .upon
':"readnng the paper, that thetanaly51s prov1des llttle_."

.1nformat1on ﬁbout that part1cular paradlgm._-ﬂ

Subsequent sect1ons present my 1nterpretatlon or '

t

»h explanat1on of the observed dlstrlbutlon pattern of genera

. of Dyt1sc1n1 and of the spec1es of the D vertlcalis- and

D h&bﬁlduS*groups. (These groups ‘are treated for the,
reasons stated 1n Sect1on 4 4. 1 ) The zoogeographlc

recontruct1on 1s the most par51monlous explanatzon of the

f dlstrlbutlon of extant ‘and fossil members, and ‘the.

C

) phylogenetlc arrangement of members of Dyt15c1n1.,Because it

1s hypothgtlcal I have avo:ded overuse of such words as'

o -

probably presumably or poss1bly except where I
belleve re= emphaszs of ‘the. tentat1ve nature of the
reconstructlon 1s warranted For the same reason, I have q,_'

stated the corollarles of the hypothe81s, for 1t ‘is 1n thls

\
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‘;ﬁway that the hypothe51s may- be tested (Ball 1976) e fj'j;f;fzg
' When referenoe is made to such areas as "Afrlca :;:;;/~<
'_earl1er geologlc time, I- refer to" the geograph1c area ., R S
recogn1zed as that cant1nent today, although in thé past ~f54

. .the phy51cal dzmenszons and relatlve p051t1ons of the
- - R

contlnents were qulte dlfferent from those of today.'

'?;4 5. 1 1 Daspersal theory '

' The tradltlonal explanatlon of thlS theory 1nvolves twof
‘major elements- 1) one ‘or more centres of or1g1n, or source

“‘areas, and 2) movement or dlspersal from th1s source area.

" From the centre of orlg1n, sequentlal d1spersals of »
1ncrea51ngly advanced taxa spread out (i e overcome'
»dlspersal barrlems), and eventually achleve the observed

-"pattern.FSucce551ve dispersals or pulses of more advanced -h

taxa competltlvely dlsplace older, more ple51otyp1C‘taxa.v

-

Informatlon used from reconstructlon of the chorologlcal ;~z/

[

h1story of groups are such thlngs as numer1cal abundance as
fev1dence for the centre of or1g1n,,degree of dlfferentlat1on
-of taxa, and -extent and area of thelr dlstrlbutlon. Foss1ls
"also prov1de some 1nformat10n about the . proposed centre of
or1gln, ‘but prov1de more 1nformat1on about t1me of
_‘d1spersa1 The advent of exp11c1t and rlgorous methods for
reconstructlon ‘of phylogenles has allowed 1ncorportat1on of
_d1str1but1qq of. 51ster groups as well |
The sequentlal nature oi’the dlspersal theory is well

1llustrated in the c1a551c study of Wllson (1261) who,
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termed the process the taxon cycle. It represents_a

o e © Y e B

more: prec1se compllatzon of Darr1ngt0n“s (1957) 1deas Erwln

(f§79) exxended'the concept oj th;s element of the d1spersa1

theoryr‘and proposed the-more»approprlate name 'taxon v;§~?¥ﬁ~

bt SRR Y NP

pulse"'. Erw1n g1ves many examples and detalled dlscuss1on of

- taxon pulses 1n the malnland carabld fauna.

Taxon pulses conSlSt of a series of waves. of 1nva51ons o

peey SEREE

%rom one or more centres of or1g1n 1nto prev1ously

reglons é@ habltats. EarI1er arrlvaIs 0ccupy

: ‘QenerallstfhabztﬁtS, but SubSequently invade prev1ously

.

?unexp101ted nlches..Later arrlvals represent wldespread

A

'ecologlcal generallsts. The mechanlsm affect1ng the earl1er'f

‘,arr1vals is a cOmb1nat1on of n1che spec1a112at10n and lower

!

competltlve ab111ty so that they become spec1al1sts of

restrlcted range. Taxon pulses, then requ1re dlspersal from

e

one Or.more. centres of or1gln,;and dlfferentlatlon, whlch
eventually results in spec1allzat10n by means of dlvergence

'accompanled by ecological spec1allzat1on and d1splacement by

“the later arriving ecological general1sts. A malnstay of

ecologlcal theory is the be11ef that two spec1es cannot

occupy the exact same n1che in the same range at the. same

time. A corollary of thlS is the predlction and observatlon

that geograph1cal exclu51on of one of any pa1r of spec1es

-whlch fu1f1ll ‘these. cr1ter1a will result (see_Arnold 1981
.for rev1ew) Such4d1splacement operates at the species level
by 1nd1v1dual 1nteractlons, but should be observable at both

the spec1es level and at h1gher taxonomxc levels such as the

4

Lo AT

.
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generlc level The latter should only be so 1£ at. least some

- -
.

:“:s; ;f of the spec1es of ‘the” genera concerned occupy ‘the- same
L ;_nzche. Further d1scu551on of dlspersal theor1es 1s prov;ded
o by Darlzngton (1957) Erwin. (1970 184~ 208), Slmpson
(1978: 153 162) and Udvardy (1981) and references cited
: there;n.‘ . :
| Important weaknesses of thls model, c1ted by 1ts
cr1t1cs,uare' 1) rellance on dlspersal from centre of orlg1n
e to achleve observed patterns, 2),lack -of, explanat1on of.
recurrent patterns of distribution called "tracks"
3) rejectlon of cont1nental drift, 4) rejection of
~allopatric spec1at10n, ‘and 5)° d1ff1culty of testlng such
hypotheses (e g. Cr01zat et al. 1974, Platnick 1976 Rosen
1978 and Nelson and. Platnick 1980). Other defects in the
dlspersal paradlgm are dlscussed 1n these papers, but are
. not con51dered further here. Most of these cr1t1c1sms are
'fﬁj°” ’fallac1ous for varlous reasons, and others .are mlsconstrued '
| artlfacts of hlstorlcal perspectlve. Some of these
criticisms are dlscussed below. o
l Every blogeographer seeks con51stent patterns. ThlS is
the very nature of blogeography, and is not dependent on
'whether or not one proposes major use, of dlspersqg to
' achleve thlS patterm (e. g Darllngton 1957) At the same
t1me, a summary of attempts to explaln all patterns by
dlspersal ¢an appear chaotlc. The map of Handllrsch's (1913p
.map 5 redrawn in S1mpson 1978 154) comp11at1on of all land

brldges postulated up to 1913 is 1nformat1ve in th1s
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respect. It appears from the map that'no generalized -

_patterns have been 50ught. I think it is more indicative of
'many dlfferent explanat:ons (hypotheses) of many dlfferent |
:precurrent patterns Works for wh1ch d;spersal was the' B
- predomlnant explanat1on are leglon and it therefore does
:not seem 1mplau51ble that many'd1fferent hypotheses have

'beenrerected,-However;‘théSerare attempts to explain

recurrent patterns.

o ,, LR -~ = - I R R

Implled rejectlon of cont1nental drlft is prlmarlly a

- PO - us m o= L <

~historical art1fact Prev1ously, dlspersal blogeography was

‘hampered by inadegquate- 1nformat1on about ‘earth h1story

Because.of thlS, many early dlspersal type hypotheses seem

to (and some do) verge on unbrldled speculatlon in light of
’present knowledge of‘plate'tectonlcs. Plate tectonics was
only accepted by geophys1c1sts after documentat1on of the
‘1960 s (Marvin 1973) ongeographlc 1nterpretat10ns (tak1ng

“1nto account the delay 1n 1nformatlon cr0551ng

lnterd;sc1p11nary boundarles)‘appearingnbefore this time did
nOt'haue availahle the‘requisite background'information.
implications of‘rejectiontof~the'allopatric speciationi
model is partly cotrect and partly false. The role of |
barrlers 1n spec1at1on is ev1dent throughout the hlstory of
blogeography (e g. Nelson 1978) - Other blogeographers have
proceeded wlthout a conc1se def1n1t1on of the manner in

whlch.taxa,are formed St1ll others, such’as Ernst Mayr,

’have certalnly accepted allopatrlc spec1at10n (1963) as

‘well as d1speral1st explanatlons (see quotat1ons of Mayr s

-
..

! x
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work‘in Croizat et al. ﬂ974)' Alternatlvely, the role of
other models of spec1atlon, such as sympatr1c spec1at1on, 1s

becom;ﬁg 1ncreasangly prevalent 1n systemat1c studxes (e gl.,ﬂn.

@ . -

' ie'f~uammond 198Ta, ‘b~

: Test1ng of d1spersa1 explanatxons IS p0551b1e. The
v1car1ance parad1gm pred1cts that taxa are created by , o

barrlers that dlsrupt prevxously discontlnuous ranges,

> . ho._'

.--,awherea5°thg'd1spetsalmparadfgm'pteaxcts tbatataxaeor1g»nate SRR

w1th1n certa1n areas, and subsequently move out of that area
by cr0551ng barrlers, d1fferent1ate, poss1b1y dlsperse'
agaln, etc. For 1nstance, ‘the D. maﬁgfnalis-group 6¢curs Q
only 1n the' Palearctlc Reglon, yet members of D. dauricus—
" and D dimldiatus-groups are Holarct1c (Flg 30). A
'v1car1ance hypothe51s would predlct orlglnal presence of-
D maﬁginalls group in ngth America, but® subsequent
‘;, extlnctlon there (corroboratlon prov1ded by dlscovery of
f0551ls a551gnable to D. marglnalis group in North Amerlca)
A dlspersal hypothe51s would predlct that -
D marginalls group d1d not occur in North America S
(fa151fled by above) S1m11arly, the d1spersal model would
predlct that any f05511 spec1mens dlscovered on land brzdge
‘routes (e g. North Atlantlc or Berlnglan routes) w1llkbe
assignable to members of extantr or to near ancestors of
extant Nearctlc taxa Modern v1car1ange blogeographers (e.g
Croizat et al 1974 269) espouse the v1ew that the role of

dlspersal is mod1f1catlon/of dlstrlbutlon of taxa created by

vicariance. They belleve that .the only ev1dence of dlspersal



°

s’ sympatry of spec1es. However, I bel1eve that dlspersal of

'organ1sms 1s a common phenomenon.,Certaxnly, no blolog1st

L:wlth.a knowledge of the b1ota of . glac1ated areas (such as

Canada) and of the extent of perlod1c glaclatlons, is
: 11ke1y to underest1mate the power of dlspersal Almost the
~ent1re blota of Canada has been derlved by d1spersal and

thls is partlcularly true of ‘the dyt1sc1d fauna (Larson

1975 912r4493.aconsequently, the- ro&e ofudmspersal in . ‘Tof-;‘

blogeography is of extreme 1mportance.'

A questlon whlch remains 1s the relat1ve role of

d1spersal 1n explanat1on -of” source{s) “of- the b1eta—under¢:n‘f'“

con51derat10n. Spec1f1cally, does the d1spersa1 parad1gm» .

explaln the or1g1n and source of taxa or only modlecatldn

‘-w‘g"'l o ~ e
" LR -

of range of. already ex15b1ng taxa? Te me,. th1s 1s a matter
s oﬁ'sCale. H1gher taxa are more dlverse 1n some areas than 1n
_ others. Presumably, more spec1at10n (allopatr1c or )
otherwlse) hag taken place’there{ Also,’certa1n ancestral
stocks have 1nvaded new. geographlc areas and. dlver51f1ed

w1th%n them &ahus, my answer to th%s quest1on 1s that -
dlspersal ‘has played a role in ad;ustment of ranges,’and
that long distarice Ai.e. land brldge type) dlspersal has at-
other tlmes provxded/the "raw materlal"‘for subsequent’m

Av1car1ance.

4.5.1.2 VicarianCe theory

ol

The follow1ng synop51s 1s d1stllled from Croazat et al

(1974) Platn1ck (1976) Rosen (1978) “and Nelson and

,..' "', : ;, P 22-0

A



'fc Platn1ck (19807 I have freely 1nterspersed some

By

---..o..

fg 1mp11cat1ons and 1nferences requfred by thls theorygbut not
“:con31stently stated by 1ts prbponents.,hv f'~=:=alf5ww‘

V1car1ance b1ogeography con51sts of a search for and

P

'-analy51s of, recurrent patterns of d15tr1but1on. The pr;mary

i;mechanlsm of spec1at1on requ1red by the theory 1s appearance
" of barr1ers wh1ch dzvxde the cont1nuous range of anf B

ancestral taxon, w1th subsequent d1vergence of descendant

¢« « o

<

”'°taxav1n 1soI€tloh Thrs~theory melaesostabzllgy of..

a.‘\,

commun1t1es over long per1ods of t1me and that constralnts

on d1spersa1 are many and rarely overcome. Locations. of taxa.,‘

“can and do change .- %uch ampllcatlons are requ1red by the

: taxa w1th1n commun1t1es necessary for this theory to be

- -

.

effectlve.

’

Occurrence of related taxa on presently dlscontlnuous

land masses, or in presently 1solated habltats on presently
c;ht1nuous land masses, are evxdence of prev1ously |

-contaguous ranges of’ ancestral taxa.»Sympatry of ranges of .
closely related taxa is accepted as ev1dence of dlspersal
however. Vrcarlance blogeography 1s not new- (Nelson 1978)
but became reflned and rev1tallzed because of juxtapos1tion

~with clad1st1c analysxs.,I cannot agree w1th Heyer and
Maxson (1982 404) that v1car1ance blogeography is more or
less what used' to be called allopatr1c spec1at1on...._‘
V1car1ance b1ogeography 1s dependent on allopatrlc

4} spec1atlon but as mentloned‘lbove, 1t 1s poss1ble to

» o - -

i

ke

- -

,v\’

recurrent patxerns and the degree of sta51s and panm1x1s of
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accept allopatrxc soeé1at1on whlle rejectlng the v1car1ance.*

- W . . wa ot L & T e O e

theory. Because Vicar:ance.ls dependent on - allopatric

. e - a en oy e e

spec1ation mode of spec1at1on for the group under séudy

must be - understood pr1or to appl1cat10n of v1car1ance

C e :

| theory | " |
Vicariance blogeography is an extension’ of clad1st1c
ana1y51s of relat1onsh1p of taxa based on structurq 1nto(
y ana1y51s of relat1onsh1p of these ‘Same taxa based on |
Tl

‘geographlc space. It compr1ses a un1t of phylogenet1c

LR W

“inferehce referred o by some authors as chorolog#cal
relatlonshlps. As. such 1tvwas one of the kinds' of ev1dence
used by Hennlg (1966) Thus, the relatlonshlp between
! phylogenetlc p051t10n and geographlc space of taxa can be
used in rec1procat10n to derave a more r1gorous bhylogenetlc
narrangement (Hennlg 1966 148, whltehead 1972: 303).
o : V1car1ance blogeography shares with cladistic analy51s the
| strengths. of ease of hypothe51s constructlon ‘and testlng
(Ball . 1976) It suffers the weakness of compounded
hypotheses, assumpt1on of a 51ngle mode of spec1at10n
limitations of knowledge of earth history and related
\,bphenomena, and in many studies, a lack of temporal control
.(e:g. fOSSllS) on age of taxa.
I thlnk other weaknesses of strict application of
v1acar1ance b1ogeography come about because of the 1mp11ed
decrease in the role of ecologlcal 1nteractlon between taxa,

- and lack of d15cuss1on (lack of explanatlon’) of such.

well-known phenomena_as«the-role of taxon pulses in

Py o e .
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faunat1on of 1slands$ Adhérence to a stabie communrti 5?1“1: o

“ no e @ s, e W

Q_ ..... eoncept-rs not supported by ev1dence from study of

Quaternary 1nsect f0551ls (e g Coope 1970) whlch SRR

"_demonstrate large scale changes in the range of spec1es and

¢

that these are 1ndependent of -past or present commun1t1es.,
F1nally_,_ a_nother weakness is apparent in thQ observat'ion
that v1car1ance alone does not explaln all observed patterns .

of d15tr1but1on (Heyer and Maxson 1982)

4.5.1, 3 Ec01091Cal determlnlsm

Th1s theory predlcts that dlstrlbutlon -of elements of a’

kA

blota is determ1ned by phy51ca1 parameters (Heyer and’ Maxson

. 1982: 405 406) It represents the antithesis of both

dlspersal and vicarianoe_theonies,*bedause_it“predicts that

organisms occur wherever conditions are suitable for them,

- Therefore, any historical component to an observed pattern

is denied.

It cannot be tested For 1nstance, even if all

'ecologlcal conditions. are Judged to be appropr1ate in a

'part1cular area or habltat for a specific taxon which does

not occur there,'1t is p0551b1e»to suggestvthat cond1t1ons'

‘are not really approprlate. D15tr1but1on of taxa does not

.,therefore need to be explalned The most important feature

of organlsmlc dlstrlbutlonils discovery of the env1ronmenta1
cond1tlons wh1ch limit the ranges of 1nd1v1dual taxa. A good

example of th1s k1nd of- ana1y51s is the detalled work of

.'Llndroth (e.g. Llndroth 1963) The hlgh number of
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' correlat1ons between llmlts of d1str1butlon and 1sometr1c

4 s om . -~ %"

contours oﬁ physzcal parameters is hlghly suggest1ve.of

;¢ causallty,,as Thiele (1977) po1nts outy

Heyer and Maxson (1982 405) suggest that it is poss1ble
to v1ew ecological determlnlsm on two levels. One of these
. is strlctly causal .as, descrlbed above, and as 5uch offers
nothlng to the historical" b1ogeographer. Another level thex‘
suggest, 1s that of hab1tat dlstr1bution of species
correlated with a. hlstorlcal explanatlon. At this level I
.th1nk ecolog1cal determlnlsm ceases to exlst as.an -
41ndependent theory, and 1s 1ncorporated 1nto e1ther»the

'd1spersa1 or v1car1ance theory.

4.5.1.4 Synthetxc theory. . - - o SRR e
' Thlsdmodel takes ?nto account seven. ma]or features:.
1) plate tectonics, 2) allopatrlc spec1at10n as the major
but not only. mode of spec1at1on 3) occurrence and use of
land brldges 1n the past and present 4) correlat1on of
ranges of taxa w1th ecologlcal parameters, 5) d1spersal as
an 1mportant phenomenon in ach1ev1ng d15tr1butlon patterns
in. both the past -and.. present (as 1nd1cated by occurrence of
wldespread taxa (e.g. D. circumcinctus)), 6)~taxon.pulses,'
and. 7) competitivehdisplacement.’The‘synthetic'theory as
stated here'is not new‘ norjis it unique, but, to me, thls
approach explalns more of the known aspects of earth h1story

and blology than does any const1tuent element taken alone.
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4.5.2.1. Pattern and related xnforma i

" The tribe Dytlsc1n1 1s comg 1sed of two genera.4

Hydenodes is. d1ba51c, and occurs in eastern Australla and

-

. Cybistrini is the

Unfortunate

Tasmanla (Watts 1978)

.reas Dytiscus eonta1ns 26 species
and-zs confined to t vHolarctic region. Tne tribe

ister group'to most Dytiscinae, inéluding
Dytiscini (Bur 1ster 1976; Roughley, unpupllshed data)

the inter- relat10nsh1ps of Cyblstrlnl at the
generlc level have not been studled Cursory examlngtlon of

characters and dlstrlbut1on of included genera, presented

. .by. Brinck (1945), suggest a wxdespread Gondwanlan'

diStribution with subsequent v1car1an¢e due to movement of.
continental segments. | h
| No'fbssil Dytiscini are known outside the present range
of the trlbe. Upper 011gocene f0551ls of Dytlscus from West.

Germany exh1b1t the synapotypy of sulcate female elytra

jcharacterlst1c Qf all spécies groups of Dytiscus except

D. ventlcalls— -and D.. hybnidus-groups (see dlSCUSSlon in

Blunck 1913 31—33 and Gu1gnot 1933:866- 872' age of fossil .

o
strata follows Borkent 1978 and references cited therein).

. These fossils prov1de a minimum age for evolution of this

character state; probably it is much older. Crowson (1975)

suggested that Dytlsc1dae arose before the end of the

Jura551c. Distributional data from some tribes of: Dytlsc1dae

.such as Cyblstrlnl (Brinck 1945), Hydaticini (Roughley and

\
b
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Pengelly 19827, and Mat1n1 (Mouchamps 1964) suggest that
';:ncerta1n trlbes of Dyt1sc1dae were establlshed and nldesptead
von Gondwana prlor tb the dlssoc1at1on of parts of that
- cont1nent. Dyt15c1ds and other related Hydradephaga
‘represent a qu1te old and zoogeographlcally 1nformat1ve .
11neage.‘f | ‘ |
Three diStihct‘EroupS'Of Hydradephaga probably'Share,a
B similar'zOoéeographic hﬁstory and'areﬂrepresentative of an
amphipolar patterﬁ‘ih the'nomeholature,OE Crowsoh (1980).
Two of these'are dytiscidS°»DYtiscini as'desoribed above(
and Mat1n1 w1th one Nearctlc and two Australlan genera o
(Mouchamps 1964° Watts. 1978) ‘The third hydradephagan group
is the famlly Hygroblldae, whlch con51sts of a sxngle genus
with one European and two Australian spec1es (Z1mmermann.
1920) ‘I have been unable to find many other examples of
exc1u51vely Australlan Holarctlc, Australlan Nearctlc, or *
. Australlan—European d153unctlons in the‘llterature.’Most )
taxa which have c01nc1dent dlstrlbutlons in these areas have'
'f.members present 1n other contlnents such as South Amerlca or
Africa. I have found only three. 51m11ar patterns. The
dlstrlbutlon of Culiseta (Dlptera.‘Cu11c1dae) is ment1oned
under 'Enigmatic Distributions' by Mackerras (1970: 194)
Hammond (1975) and Kllmaszewskl (1979) discuss o
dlstr1but10nal and. phylogenetlc relat10nsh1ps of Holarctic’
Gymnusa and austral Stylogymnusa (Coleoptera° Staphyllnldae~'

Gymnu51n1) ‘Another example, c1ted by Crowson (1980) 1s that

- of the tr1bes Caenosce11n1 (Holarctlc) and P1crot1n1 (New
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Zealand) of the beetle famlly Cryptophagldae. 1 belleve 1t
is s1gn1f1cant that five of the six groups (excludlng the
-cryptophaglds) are assoc1ated w1th ponds, or at least bog

d margins and marsh habltats. g
4.5.2 2 Dispersal theqry' ) o

Darl1ngton (1965) suggested.that certain taxa presently
_occurrzng im Australia could be derlved from southward
dxspersal of groups w1th a more northern centre of
‘d1ver51ty These taxa would use tropical Asia and the
,Ind§ Austra1a51an archlpelago as a dlspersal route.'That _
,'thls process is 901ng on even today 1s 1llustrated by Howden
(1977) who presented 1nformat1on concernlng famllles of
‘beetles, 1nclud1ng dyt15c1ds, found in beach drlft in New
South Wales,‘Australla. Unfortunately, Howden did not |
prov1de speclflc level determlnatlons, but these species
probably are- members of the ecologlcal general1st _category"
typ1ca1 of dytlsc1ds of Pacific and other‘51m11ar 1sland
groups- (Roughley, unpubllshed data) W1nd and water
dlspersal is” 1mportant within this generallst category, but
appears to play a m1nor role for such groups as ples1otyp1c
Dytlsc1n1. |

The p0551b111ty that Hyderodes represents a Gondwan;an-.
age . 1nva51on from the north cannot be ruled out That the
1nva51on could be more recent than this seems unllkely for

a

three reasons. Flrst the Australian representatlve,

. Hyderodes,gposesses a suite of plesiotypic chargcter states

. \’ 4 N
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“54&(Tabie.3) The southward d1spersal model would pred1ct that

'”ffthe Australxan taxa should be apotyplc. Second no members

[hnof Dyt15c1n1 are known from the 1nterven1ng areas,o 'the

7¢1;d1spersa1 route. Thlrd members of Hydenodés aL

Th1s, 1n:"'

K

7itstructurally qU1te divergent from DythtUSf'

'.rcomb1natzon w1th theranformatx,n “bout the Upper Ol1gocenef’f

_;fjfos511 above, argue for 1ong5§eparatlon of thelr ancestral N
‘  istocks. Most reconst;uct1ons of the hzstory of Australasxa s
Vhi,su.gest that only relatzvely recently have these contlnentsly
- and 1slands come 1nto thezr pré/ent pOSltlonS relatxve to
o?e another, certalnly not pr1or to late Mlocene Pllocene h;:éfi

(Adams 1981) Thus-{1t*seems un11kely that ancestral

Hyderades arrlved atv‘hecpresent posxtlon of the genus by

means of recent d1sp sajqﬂrom the north

RS

Iy o
. N

A v1car1ance explanataon of the type of dlstrlbut1on:’&

shown by DytlSCIRI must be based on the assumptlon that the'
group was prev1ously much more wldespread The group would :

Tﬁ have to haVe been wldespread on Pangaea durlng the early

R

Jura551°°’s“bsequent Seqnentlal rupture of thlsﬁiq.f"

L,




on all presently unoccup1ed‘land masseg (l.e Afrlca,‘gyf?

d_Antaretlca, Ind1a, Madagascar, New Gu1nea New Zealand andfdf'

. ct ‘;|.

- SOUth Amerlca) Subsequent evolut1on of the nema1n1ng
}northern or. Laura51an stock led to formatlon of the genus |
ﬂ'Dytiscus, wh11e the southern or- Austra11an stock led to the"

' -_genus Hyder'odes. :

t o

ThlS is a’ relat1vely strlct or narrow 1nterpretat1on of

%( o
5. 5

the v1car1ance theory The“reconstructlon 1s ,." B "3""%

»

;ftestable by means of the predlctlons that 1t makes that

ev;dence.of early Dytlsc1n1 w1ll be fOund on the unoccupled
- . - N !\,.,

'-land masses e1ther in the. fbrm of presently unknown extant

.

e species,eor of fosst spec1mens ass1gnab1e to: DytlsC1n1.'
on the ba51s of presently avallable 1nformat10n,'I.f
:'ilteiéththis hyopothe51s for three reasons. Flrst no«data

‘fﬂsuggest that Dytlsc1n1 occurred on- these unoccupled land ;1“

[

4fmasses. Second the number of gftlnctlons on presently

i,f1solated land massesvdemanded by thls hypothe51s seems

: g1nord1nately h1gh Th1rd andﬁ‘erta1nly the weakest argument,
“1s that other taxa exlstlng‘durlng the same presumed t1me
ngframe and hav1ng undergone the same presumed v1car1ance have""

o -
'"7tnot d1sappeared from all of these unoccupzed land masses

(e g see,summary of numerous relat1onsh1ps presented by
Humphrles 1981) ... | | | o -
4 5 2 4 Synthet1c theory _
My explanat1on of the present dxstn1but1on 1s as“

£ollows. Dytlsc1n1 orlgrnated 1n temperate southern Pangaea."‘5

- - i o



©o230

They have always been adapted to temperate forest ponds.
They dzspersed to Laura51a by way of a narrow' _ ")
;corrldor contalnlng eutrophlc ponds in lowland temperate
: forest Dlspersal to South Amerlca Madagascar, etc. was not
p0351ble because of mounta1n ranges or. 51malar areasrof
1nappropr1ate hab1tats. Cyblstr1n1 arose in southern Pangaea
'u1n areas other than those occupled by Dytlsc1n1, or,:1f theyv
were. present in the same area, they were not 1n competltlon
~with them. Cyblstrlnes later 1nVaded the n1che of Dyt1sc1n1-"
and replaced them 1n troplcal Afrlca, or, DYtlSClnl wgree
already absent because of ‘a return to a less temperate |
cl1mate in Africa. The dytlsc1ne stock surv1ved in . temperate 'V
areas in the north and Hydéﬁodes was e1ther 1n1t1ally | |
”’protected from cyblstrlne compet1t10n by. the breakup of
'Pangaea,'or,_Australxan cyblstrlnes were at that- time not'
Cin competltlon with HydePodes. Although extant Dytiscus has
’been protected from cyblsterlne pressure by 1ts adaptatlon
to temperate condltlons, CyblsteP has n0w entered the north |
‘and compet1t1on may be underway at present "

_ W1th respect to the 51m11ar patterns ment10ned above,
;what are the chances of f1nd1ng s;x groups whzch show only a
~Laura51an Austral dlsjunctlon do not occur on. any other
land mass, and w1th flve of these 51x restr1cted to lentlc
3 aquatlc hab1tats7 Apply1ng the reasonlng of Rosen (1978)
| ‘the probab111ty 1s at least less than 1%. due to chance, and

'-,th1s 1s h1ghly suggestlve of a common relatlonshlp

;;Slmilarly, the chances of all of these groups becom1ng
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extlnct on all unoccup1ed land masses seems proh1b1t1vely
h1gh yet thlS 1s the pred1ct10n made by un1form appllcatlon

ﬁof strlct v1car1ance.
o 1 belleVe an alternatlve explanatlon of th1s |
dphenomenon, such as that above, whxch 1ncorporates more-of
'the known earth hlstory and life hlstory of these groups
':would be. of ore value Therefore, I have used the synthetlc,
‘theory to ex§§a1n at. S1m11arly, with part1cular reference
to. the number of 1ndependent ext1nct1ons requ1red ‘by the .
‘str1ct v1car1ance hypothe51s above,_l th1nk a hypothes1s b
- based on a synthet1c theory is more. pars1monlous and is more
ea51ly tested | ' A |
| Th1s hypothes1s pred1cts that an ancestral stock of
:“Dyt15c1n1 was present -an Gondwana and w1despread only on the
:‘ southern, temperate portzon of the contlnent _The separatlontn
vof the- Afrlcan and Australlan plates was the event wh1ch
separated the ancestral stock 1nto lineages which would lead
_to Dytlscus and Hyderodes. It predlcts that Dytlsc1n1 were:'
i_prevented from colonlzlng such land masses as South Amer1cad
by barrlers, and the present pattern was ach1eved by | »
aiﬁnorthward dlspersal of Dytlscus along a temperate corr1dor.
f{Upon attalnment of Laura51a, thls stock surv1ved flour;shedﬂ“
:hand d;ver51f1ed there. | ~. ‘ ; | |
| Perhaps one. of the most common patterns used 1n

,-v1car1ance baogeography 1s that of- phylogenetic and

"-chorologlcal relatlonshlps of taxa found in Australla,

. southern South Amer1ca and southern Afr1ca (see summ&;grlntf“”
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HUmphrieS'1981) - This v1car1ance pattern has been stud1ed

~for terrestr1a1 groups assoc1ated w1th temperate forests andw4

H

'aquatlc groups assocxated w1th cool usuallylmounta1n, 'gl.
streams (e g. Chlronomldae and Blepharocer1dae' D1ptera,k;
'Ephemeroptera, Plecoptera, and Trlchoptera° see wlnterQourne.w
1980 for rev1ew) In thls regard the relat1onsh1ps of |
'Dytlstldae ‘are 1nterest1ng A comparlson of the fauna of
southern South Amer1ca (21mmermanm 1920) at the generlc ‘or
-subgenerlc level to that of the Australian (Watts 1978) or-
. New Zealand (Ordlsh 1966, 1967) faunas reveals\a str1k1ng
fdzss1m11ar1;; However, the fauna of southern Africa, 1s much
‘more 51m11ar to that of' at least Australla. Members of
Dyt1sc1dae prefer 1ent1c habltats, usually in the form of
ponds. Spec1es of dyt1sc1ds wh1ch l1ve in’ runnlng or lot1c
 waters are few and are restr1cted to qulet backwaters or
51mllar areas sheltered from dlrect effect of current |
Therefore, they make use. of lent1c m1crohab1tats w1th1n
lotic- macrohabltats (Roughley, unpubllshed data) |
Brundln (1966 452) d1scusses an Upper Jurassxc '
...cont1nuous fold mountaln belt roughly |
correspondlng to present New Zealand, West .
5Antarct1cq9 the Scot1a ;:Eh and South Chxle, but
'probably also 1nclud1ng Tiow sunken Pac1f1c fore -
1slands. The dynamlc arc formed the: southern marg1n
of Gondwana and was 51tuated in a moxst temperate

"'cl1mate.>

‘Such a contlnuousﬂmontane.arc_providedfnithaanhalt&tudinal7
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grad1ent would have prov1ded opportun1ty for d1spersal of
terrestr1al and lot1c adapteg blota, prlor to breakup of
Pangaea. On the other hand such an unglac1ated mountain
chaln would have few su1tab1e hab1tats for 1ent1c-adapted
blota. Such lentxc habxtats, wh1ch could have exlsted w1th1n
these montane reglons, were presumably more ol1gotroph1c

.:Y

than lentlc hab1tats at. lower elevat1ons, and thus would

prov1de less than optlmum habltats for obllgate predators'
such as members of Dyt1sc1n1. ThlS 1s part1cu1arly

' re1nforced 1f southern Gondwanaland was at h1gher 1at1tudes a
than at present (Harrlson 1965) Three 1nte:-related
features of dyt1sc1ne 11fe hxstory suggest that such a

fmounta1n cha;h could have represented‘a barr1er,_effect1vely
11m1t1ng d1spersal prlor to hreakup.;These are~ presumed
hab1tat of or1g1n, 1nformat1on abou?’ﬁnvas1on of

' ‘ollgotrophlc habltats occurrlng late 1n‘evolut1onary hlstory

‘of Dytiscus and the recent effects of mountalns on |
d15tr1but10n and vxcarlance of. spec1es of Dytiscus. For
1nstance, Ain the specles treatment of D. hybnidUs, the gap.
in d1str1but10n records for the Appalachlan Mounta1ns was
noted‘ and the/upl1ft of the Rocky Mountalns in western,_g

North Amer1ca71s be11eved to have formed the barr1er

g

\u
separatlng the common ancestor of D fasciventris and

D. hatchi..

In summary, early members of Dyt15c1n1 were exclude&
- from most of southern Gondwanaland by means. of the same

mounta1n chaln whxch acted as a-corr1dor for other taxa.

. .



:ThlS hypotheszs Hlll be fa151f1ed by dlscovery of
1nformatlon predlcted by the v1car1ance hypothes1s.‘
~rSeparatlon of the Afrlcan and- Austral;an plates in the later
‘Jurass1c separated the ancestral stocks of Hyderodes and
Dytlscus. Thls analys1s has the ancestral stock of Dytlscus
1n southern Afrlca, whlle the present dlstrlbutlon 1s‘ |

Holarctlc, so the next step 1s explanatlon of present

s
S a

ldlstr1butlon ‘and ellmlnatlon of th1s stock f}om Afrlca"
Crowson (1980) proposes two explanat1ons of amphlpolar
.v1car1ance~ 1) 51m11ar to that - mentloned -above under
v1car1ance hypothe51s, i. e. extlnctlons in areas where these -
’ﬁbtaxa ‘do not .occur today, and 2) these groups have always
S been llmlted to cool temperate hab1tats and have crossed the;
trop1cs along corr1dors or durlng perlods of ‘cooler
5'c11mates. Cool temperate hab1tats vere presumably w1despread
throughout troplcal latltudes dur1ng at least. the late ‘

' Cretaceous based;cn_lowered sea temperatures at the equator

'g1ven by Pearson (1964) If these w1despread cool temperate
habitats exlsted and were of exten51ve size' for a suff1c1ent
’ﬁ per1od of t1me, then the ancestral stock of Dytlscus (as
‘well as that of other groups mentloned above and 1n Crowson
y1980) may well have followed a" lowland dlspersal corrldor
‘i'across the present day troplcs of Afrzca and reached
Laurasxa. This corr1dor would of course ‘be narrow enough

_—_—__———_——-——..-_

"Certa1n extant spe01es Such- as D. clﬁcumflexus do occur in.
. northern or Palearctic Africa, ‘but this is almost certa1nly
- a secondary, perhaps P1e1stocene phenomenon. . .
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dasperSal 1nto South Amerlca and Madagascar, and. therefore |
is s1m11ar to that proposed by Noonan (1973 1476, F1g 247

: for the carabid. genus Crassodactylus)

' Absence’ of ples1otyp1c members of DytlSCIDl from _u757
lpresent day Africa may have been brought about by a var1ety‘,'
of causes. Subsequent to the cooler cl1matic cond1t10ns
referred to above, a’ warmlng of tropical . lat1tudes would
reduce the aereal extent of and eventually e11m1nate, the
cool temperate b1ota and hab1tats necessary for theé//
icontrnued ex1stence 1n southern ‘and central parts of Afr1ca.4
The ancestral members of Dyt1sc1n1 may also ‘have " been' i

texcluded from Afr1ca by compet1t1on from members of

'Cyb;str;nl (see Ecologlcal Aspects).

4.5.3 Zoogquraphy of clades of Dytiscus -
4.5.3.1 Introductién A

e Cladlstlc relatlonshlps and d1str1but10n of spec1es of 3
Dytlscus is shown in F1gure 30 Zoogeography of some_
'71nd1v1dua1 specxes groups is treated elsewhere. Dlstrlbutlon

- of .species- groupseallows hypotheses to be made concernlng

t1m1ng ang mode of orlgln of these varxous component groups.g&
- J e )

Three p0551b1e hypotheses are presented for ‘the derlvatlon”

© of th1s d15tr1but1onal pattern- v1car1ance, d1spersal and
synthet1c. All three of these models predlct that-‘w1th1n

the D. semfsulcatus-group, the Nearctlc spec1es form -a o

'monophylet1c un1t and that thls unlt demonstrates a
N . '-7 oo ( ’

i
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‘t

51ster group relatlonshlp to at least one Palearctlc spec1es

in the group (they are and do). The models pred1ct that theh.

_Nearct1c spec1es of ‘the D, -dimidiatus-group have a

51ster group relat1onsh1p to all Palearct1c members of th1s

group (they do).

4.5.3.2 bispersal theory | ‘

: A mod1f1ed version of dlspersal (i e. allow1ng
'vcontlnental drlft etc.) predlcts that the centre of
evolutlon for Dytlscus was most 11kely the Palearct1c
reglon. The Nearctlc fauna is derlved by - succe551ve |
I1nva51ons of the followlng stocks:: ancestor of K

D, vePticaIIS*group, ancestor of D. hybridus-group, single,7

ancestor of. the three Nearctic spec1es of the

D. semisulcatus-group, ancestor of : D cordferl,*and,ancestor

of the one endemlc Nearctic spec1es of the

' speq1es would be due to recent dlspers 1 and; represent a

D. daurlcus group The occurrence of tzo moder larctic

modern analogue of prev1ous 1nva51ons. . }V‘, | o
Dependent corollar1es of th1s 1nterpretat10n are

" occurrence of between two (D verticalis- to ‘

| D. dlmldfatus-group all us1ng one and D daurlcus-group.

' another) and f1ve (one each for all spec1es groups occurrlng

- in Nearctlc) dxspersal corrldor%. It predlcts occhrrence of

d3w1despread taxa ‘on area; recently connected by land br1dges

- i.e. Holarctlc spec1es)
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For 1nstance, co- occurrence of members of two spec:es groups

at the same t1me ogwbhe same dlspersal corridor would negate

a thlaghypothesu‘E

»

also negate th1s-b;1'” 'sigl,whe dlspersal theory predloas';a
: S >
that any fossil" found on . a d&spersal corridor. wallﬁbe

0."
a551gnab1e to an ex1st1ng or to an eﬂtinct spec1és group,

but not show. characterlstlcs 1ntermed1ate between two

-t

. exlst1ng spec1es groups. S1m11arly, th;s model would be

corroborated if sequential dlstr1but10n of llneages were
| | 9 —

<

4.5.3.3 Vicariance theory

R Applying strict principles'of vicariance to the pattern. ‘.
'1llustrated in Figure 30, and because all ‘but the
. D manfnaIis-group occur 1n both the’ Nearctic and

Palearct\F-reglons, then all clades would have to have been

,-.present ‘on Laura51a before the break up of that continent

’1nto the .two-component realms. Thus, this hypothe51s would

demand that each ancestral stock of the 1nd1v1dua1 clades be

h

'present and different1ated by at least 80 m1111on years ago.

Other dependent corollarles of this hypothes1s are:

~

“f-bext1nct1on of D. maninalis-group in the Nearct1c Region;

and extlnctlon of D. vertlcalls-group and D hybrldus—group

<
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in the Palearctlc Reglon. The only unexplalned feature of
the distribution pattern is- that of two Holarctlc spec1es,
and presumably this would be due to dispersal.

Testlng th1s hypothes1s is not easy. No single eas1ly

obtainable piéce of 1nformat40n (e.g. fossil locallty) can

all clades should ocecur in both zoogeographic reg1ons.

'Strong support for this hypothes1s would come from dlscovery

of a f05511 taxon assxgnable to the D marglnalis—group in

the Nearctlc region.

1

.4.5 3.4.Synthetic theory

My 1nterpretatlon of the hlstory of clades of Dytiscus
is as follows. Members of at least D. vertlcalls-

D. hybrldus-, and D. Semlsulcatus—groups were present on

.Laurasia?prior'to 80 million Years ago. The major vicariant

-event sp11tt1ng each of these llneages%yas the separatlon of

!
North Amerlca from Eurasia. Thls arrangement suggests.

ext1nct>on of the former two species groups in the -

Palearctic reglon and that foss1ls assxgnable to these .

Tgroups must occur there.

The D. dlmldiatus~group is more problematlc because of

'the single North Amerlcan species wh1ch possesses ‘a number’

of plesiotypic character states and represents the

o

51ster group to the Palearctic compOnent of thlS spec1e5‘

group The qualitative dlvergence of D cordleri from the

remainder of the group is rather large and is perhaps

'

’fa151f%eth1s hypothe51s. Thls model preﬂ1cts that fosszls of -

@
o

>



239
suggest1ve of long 1solat10n of the respectlve components.
This could be explalned if an early member f this clade

" were w1despread between North America and Eurasia before the

"

end of the Eocene.vTh1s hypothe51s suggests that fossils
exh1b1tang character States attrlbutable to. an ancestor of
'the D. dimfdiatus-group should odcur on the area which
‘formed these "North Atlantxc land brldges (see Matthews
1979) ThlS hypothe51s will 'be falsified if Nearctlc fossils
are dlstovered which are Judged to be closer to the
Palearctlc complex w1th1n the D, dlmldlatus-group. *
The D maﬁginalls group d1d not reach North Amerlca -
except poSS1bly by 1ntroductlon by man. In the dlscuss1on of

taxonomic’ notes of D. condieri I 1nterpret

records of D. maﬁginalls as mlslabelled - Spe: ey or perhaps
of a short~ 11ved introduction of thlS spec1es. If human
1ntroduct10n can be eliminated and recent (or f0551l)
spec1mens of D. marglnalls or . marglnalls-group are found
.in North Amerlca, this hypothe51s will be fa151f1ed

The D. dauricus-group embraces two Holarct1c,'
(D. daUPICUS and D. CfPCUMCInCtUS) one Nearctic
(D. alaskanus) and six Palearctlc members (Flg 30").~
D. alaskanus represents the sister- group to a set of spec1es
‘whose tota’ range is Holarctic, but the ma]orlty of these
-are ‘eastern Palearctlc. Therefore, the ancestor of
D alaskanus could not have entered North America via

/Ber1ngla before about 70 million’ years ago, but the invasion

probably occurred ‘much more recently than this maximum age.’

>
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4.5.4 Zoogeography of D. vertlcalxs _and 2%;h§ffzgp§"?rf?gffii
4.5.4.1’1ntrodnotion L W . | |
At this point, I drop the system for dlscu551ng the
varioos zoogeographic parad1gms used above. In part, th1s is
because at the species group level these begln to converge,
~and also because those two groups are exclu51ve1y'Nearct1c.
My analysis of these groups falls under_the Synthetic l:
theory, but with more rellance on vicariance aspects. V
The d15tr1but10n,of the f1ve species in these grougé:}s

summar1zea in Fig. 31,.and thelr habitat‘affinities in Table
© 8. In terms_of.distributibn D. venticalis.is.exclusiveiy ’
eastern, D. maFglnlcéIIis is western, D. habilis is Mexlcan,
leaving only D. harrisii and D. hybridus as w1despread
species 51gn1f1cant1y overlapp1ng in range w1th every other
species except b. habilis.. |

1 thlnk that most (l er except D haPPISff) spec1at10n
events in the hlstory of Dytiscus have been allopatrlc. Th1s,
'is based on three types of 1nformatlon. 1) Spec1mens of .
Dytlscus are large for 1nsects and possess relatlvely o
greater powers of flight. As. well there 1s some evxdence.
(Table 4) that a feature of their life cycle is both a
vernal and an autumnal dispersal flight. These would tend to
increase the 11ke11hood of genetic m1x1ng both w1th1n and:
between populat1ons. 2) There is a hlgh degtee of
correspondence of chorologlcal and phylogenetlc p051t10n (of

3

both extant and 1nferred ancestral spec1es) w1th known

. . a2 S .
. . . v,
o & . . . N S -
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palaeogeologica; evidence;yhich could‘have provided the.
--barriers necessarybfor'aliopatric,speciation.:These'tarrfefs
are commonly'infthe form of disjunctions in preferred |
N habitats‘(D..ﬁabilis‘— D.Ihybrﬂdus) or mountain ranges -
(D. maﬁginicbllfs); The importance of Such habitat o
affinities and ofvmountafn barriers is discussed above.

3) If'allopatric speciation‘is the major mode of speciation
and assumlng that little ecologlcal dlvergence occurs
subsequently, then the expected pattern would be an
vassemblage of~—v1carages .or ecolog1cal geographical

' replacement. Thig is exactlfvthe‘pattern shown by |

.D. hybridus, D. marginicollls and D. habilis. This pattern
of geographlcal replacement presumably 1s common w1th1n

- clades because spec1at10n events separat1ng them are
erlatlvely more recent, thuS'prov1d1ng less time for
_eco1oglcal”d1vergence. o . °

)

4.5.4.2 Synthetlc theor}xw

The pattern of dlstr”but1on and many detalls relevant ﬁ@

to this dlscu551on are discussed under Ecologlcal Aspects.
v"'Therefore, this sectsﬁp only brlefly dlcusses the v1car1ance
aspects of spec1a?g%néh1th1n the group. Speq1mens of

D. vePtlcaIls and D ﬂhybﬂldus prefer the habltat of orlg1n
. f) e
of the genus._As well the sympatrlc dlvergence of-

(344

?
D. hanrlsil is dlscussed 1n that section. .

A common ancestor of D habllis,\D marginicollis andif;

D hybridus occurred in: forest pond habltats throughout

>
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between forests of easternﬁNo;th Amerzca and Mex;co (Rosen'f;“efff

1978 Roughiey'and Pengelly“982)

o }' N .

The common ancestor.of memaﬁoinlcoll!s and D hybriduS ﬁﬁfﬁ}

t;ﬂ“ probably izved on- both s;d””i0£ the slowly uplzfting Rocky

Mountalns durlng m1d Tertlary tlmes (Rosem 1978).~The drler
""‘1nter1or of North Amerzca created by ra1n shadow and other h‘ﬁqa':

effects offthe up11ft1ng Rock1es~probably~d1v1ded the range. n

Thxs ypotheszs may be tested w1th the follow1ng types

of 1nformat¥bn.,1)~The‘phylogenet1c arrangement of the -.'j(?-

members of speC1es~"roups 1s co”rect an" w111 not be altered

by means of’teSt;‘g of the cjadogram as new characters and

. :_‘




~f:~“5~f 5 Concludzng Stitements

Sk

The forego1ng represents but a prellmlnary organazatlon of

'fuﬁlnformatlon concernzngfa group of fasc1nat1ng beetles. There

"jecologxcal 1nteract1ons and evolutxon'of SPeC1es °f
*nytIscus. thas, even though as I stated 1n the )

antroductxon, D marginaizs is perhaps one:, of the most

;ffxstudled specxes of beetle. Unfortunately, D marginalis 1s¥"

.);fEuropean speczes are much less well studled yet much more,wt

-1,un1que 1n thxs respect among Dytlscus specles. Other'*75'

hfﬂls known‘about them than other Palearctlc and all Nearctlcff_‘

.‘r

-‘spec1es. The problem 1s the lack of potent1a1 for true

;j‘1n51ghts 1nto the evolutlon of these beetles wh1ch would be »

W

\'jfp0551ble 1f s1m11ar studles'on other specxes were avallable-'h

.\'

VjThls 1s part1cularly tru'"of 1nformatlon concernlng atural

rjabove..};

Further questlons, such as the function of sulcate

7-{ve¢sus non- sulcate elytra of females, po1nted versus rounded_f7»

lfmetacoxal processes, 1mportance of large szze etc

"fdmy oplnlon unsatlsfactorllyfanswered ln avallable Lo
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ost broadly-based 1nvest1gatlons of taxa generate more '

Jﬁfij'quest ons than are answered Thxs study 1n no except1on. I”

'“fhave answered some questlons, but have also,,if{one WaY °f

”l?1 another, proposed questxons wh1ch hopefully wxll lead to the

”7tg;next plateau of understandlng.
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Table 1. COm'paEisbn' of total olehgt_h,. gfeéies’t width, and ratio of total length — greatest
width (TL/GW) of bottle-trapped specimens of 0. dauricus Gebler from George Lake,
,Alberta_, and values reported by Larson (1975:403) for specimens Captured by :

Collecting Method " TotalLength' ' Greatest Width . TLGW
Bottle thap - | . - 343:08 - 182:0B . 191+ 0.04

| ‘ 1332-362) ' (175-191) (188 - 198)
Various methods™~ -329+#13 . 165:07  193+004
(Larson, 1875:403) (300- 3501 (155~ 1850  (1.86 - 2.03)

M ) . ‘ . .
Probability of a larger value for p<0.005 - p<0.005 0.05<p<0.10
t—statistic _ - _ o
‘ 4 - : ” ‘. -
PR
@

. Table 2. Range of measurements (mm) ‘of total ‘length {TL), gre~atest width (GW). and
ratio of total length — greatest width (TL/GW) ‘for specimens of each taxon witHin -
Dytiscus.l TL/GW not necessarily calculated from Tk and GW presented here.

e N N N S e

. Total Length * Greatest Width TL/GW

. verticalis _ © 296 - 380 165 - 194 . 1.79 - 1.86

. harrisii 324 - 390 164 - 219 1.78 - 1.98

. hybridus 242 - 281 » 120 - 140 180 - 202 |
marginicollis : 26.7 - 330 134 - 187 1.76.- 210
habilis ' 23.0-275 12.2 - 141 1.89 - 1.95
semisuicatus ) 228 - 316 11.6 - 157 1.97 - 2.01
sharpi . B 27.3 - 310 148 - 16.0 1.84 - 1.94
carolinus ' 22.0 - 26.1 11.8 - 140 1.85 - 1.92

. fasciventris . 220 - 278 115 - 150 1.80 - 210
hatchi , 221-285 ~ 11.7-156_ 183 - 195

cordieri - 0 T STt OOE 136 - 18.1 1.77 - 2.10

mutinensis ~ 280 - 317, 14.0 - 16.0 1.88 ~ 2.00

. dimidiatus ' 293 - 380 189 - 20.0 184 - 195 -
pIsanus 280 - 339 146 - 180 .88 - 192

- marginalis marginalis » 276 - 3562 180 - 1786 1.84 - 2.05
marginalis czerskii 287 - 326 187 - 174 1.83 - 1.88
persicus 293 -'324 163 - 16.0 1.92 - 2.03

. delictus ' - 275 -_306 147 - 165 1.85 - 1.87
latissimus . 386 ~ 440 238 - 280 155 - 1.62
circumcinctus, Nearctic 275 - 34.0 13.0 - 17.1 1.80 - 210
circumcinctus, Palearctic 292 - 362 144 - 17.8 1.85 - 2.09

. a/askanus ‘ 226 - 30.2 115 - 154 1.80 - 201 -
dauricus, Nearctic ©29.7 - 400 15.0 - 20.1 1.66 —-2.03

. dauricus, Palearctic - 278~ 333 139 - 166 1.80 - 2.01
/apponicus lapponicus 24.1 - 300 12.7 - 15.3 1.9C - 1.96
/apponicus disjunctus - 250 - 280 . 13.0 - 14.0 192 - 2.00

. cireumfiexus ' 27.0 - 33.1 143 - 16.0 1.89 - 207

. thianshanicus 293 - 305 145 - 15.7 1.94 - 202
latro ‘ 284 - 311 ‘14.8 - 16.1 1.94 - 1.99

. Sinensis - 265 - 31.0 136 -~ 16.0 1.94 - 1.85




Taxa are scored based on the most common

fncluded within the genus &Wtiscus.
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1 Clypeus

{ Suture

-c
-c

-C

-0

-0,

-0

-c

s - O

1

>

linear/curved
bisinuate

o1
1.2

1
1

2 Frons

2.

extension

1 Chevron,

1

no
.2 yes

O 0 0 O 0 0 0 0.0

1

0

1

2.

o.6-0 o

3 Pronoltum

1

3.

Explanate

t
8

1
o0 0 o0

1 f
0O 0 0 0 0 m

[¢]

C -

(8]

‘yes
no

:z'f

3.2 Anterior

3.
3.1

1
0O 0 .0

yellow band

0O 0 0O 0 0 0 0 o
1 1 1

s}
1

&)

<)

o -

Q-

O~

o

O
1

/1 absent
3.2/2 present

3.2/

3.3‘Posterior-yeflow band

3.3.

©

o]

o]

o)

e}

i absent

-—

-—

-—

-~

-

-

3.3.2 present

features

1 Metepisternum,

1.

4.1.2 black/yellow

4 Ventral

4.

colour

0O 0 0 0 0 0 0 0 0 0 o

0 0 0O 00 0 0 0 0 0 0 0

0,

1 black

4

0

O

0

[¢]

-—

o 0

.3 yellow
4.2 Metasternum,

1

0O 0 00 0

colour

4.2.1 black

(]
[}

0.0
0o 0

yellow

4.2.2 btack/

4.2.3 yellow

0 oy

T 0.4 0 0

(8]

O

O
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Table 4. List of teneral specimens of selected species of Dytiscus Linnaeus
(Goleoptera Dytiscidae). (Abbrgviated column headings: # = Number and sex of _
specimens [m = male, f = femalel; colin. = collection in which specimens is held [see
Section 2.1 for definition 6f museum codes]. ‘ :

Taxon / Locality - Date ~  # Colin.
D. verticalis Say . ' : ‘ ,

Ml Washtenaw Co., Ann Arbor ' 27.vii.30 1f  UMMZ
NH, Coos Co., Bretton Wads. N 1ix.24 - 1f  MCzC
NY, Ulster Co. Ashokan _ . - Bwiii— “1f AMNH

3

D. harrisii Kirby _ . AR

ONT, Goose Creek, nr. Severn R, . 11.vi.66 2f ROMC
ONT, Pr. Edw. €o. ‘8.vii.39 Im UMMZ

ONT, Pr. Edw. Co. . . 19.ii.39 UMMz

D. hybridus Aube

MO, Oregon Co., 12 mi e Alton 20.vi.40 1m  FMNH

NY, Niagara Co., Olcott . 16vii22 © 1m CuIC
MN, Nicollet Co., St Peter 24.vii22 2m, 4f DEFW

M, Cheboygan Co., Douglas Lake ' —Viii.17- © 1m 2ZSBS

D. marginicollis LeConte

OR. Marion Co., Salem 31.v.28 1f  USNM
OR, Lane Co. Siltcoos Outlet 7.vi57 .1m  FMNH
BC, Vernon 12.vii.26 1f CNIC

CA, Amedee - 21.vii.28 Tm USNMm

ALTA, Medicine Hat , 25.viii.25 1 UMMz

D. carolinus Aube

MA, -Talbot Co. Wittman 11v73 m USNM

D. fasciventris Say

ONT, Belleville , 8.vii.63 1f  CNIC
M. Cheboygan Co, 9vii. 19 m UMMZ
NH, Cheshire Co. Jaffrey 13.vii.01 tm MCzC
ONT, Belleville 22vii.63 2m CNIC
MI, Cheboygan Co. Douglas Lake —Vvii23 - 1m DEFW
Ml Cheboygan Co., - —.vii.35 im UMMZ

Ml Alpena Co, Bean Cr —-—.25 1f UMMZ

D. hatchi Wallis

BC, Smithers 15.viii5 1 im UBCZ
" 28.viii.49 im UBCZ

cont. next page
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" Table 4. concl/uded.
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-

'Taxon / Locality

D cord ieri Aube

ONT, Bellewlle

MN; Douglas Co., Alexandria

MAN, Delta Res.. Stn.,.L. Wunmpeg :

MN; Saint Louis Co.,

MAN, Winnipeg

Duluth

D ‘ci reumcinctus Ahrens

BC Swift Creek, Mt
SASK, Pasqua

. NWT, Fort Smith

ALTA, Waterways

D. alaskag
BC, Kaml i
ALTA, Laggan

ONT, Port Arthur
MN, De Sota Lake

- NWT, Yellowknife
/NFLD, Sanhdbank Park

NWT, Ft. Resolution
YUKON, Da@on

D. dauri cus Gebler

MN, Clearwatdt Co.,

Robson

alfour—Browne

Iltasca St. Pk.

'D‘at‘.e;

26.vii63

1.viii.68

- 15.vii,50
- 17.vii.42
28uiii.27

10.v.25

4-18.vi73

3.viii.bo

- 12.ix.47

23.vi41

4.vii.94
10.vii.85
2.1vii.38

- 3wiii.B 1
*19wviii.78

22.viii.47

22.viii.49
30.viii 49

1.viii.72

2f
1f
1f
m

.1m

tf
1f
im
1f

m

1.
m-

im
1f
m

“1f

1f

Tm

Colin.

éNIC

SCSuU
uUBCz
AMNH
MCzC

UBCZ

. CNIC

CNIC

_cuc

CASC
UBCZ

AMNH
UGIC

DEFW
CNIC
MUIC
CuIC
CNIC
CNIC
CNIC -

ROMC"
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Table 6. Distribution of dimofphic elytral states of females of D. dauricus Gebler,
by- political subdivisions of Canada and United_States. Baged on specimens examined
assignable to particular subdivisions. g : .

. Total Number Proportion ~ Number Proportion
Province/State icate = =
Alaska 78 77 99% 1 1%
Yukon 10 9 90% 1 10%
NW.T. ' 13 8. 62% 5 38%
British Columbia 20 16 B0% 4 20%
Alberta ‘ 34 25 74% 9 . 26%
. Saskatchewan . 1 1 100%. - 0] 0%
“Manitoba ' 21 9 43% 12 57%
Ontario’ 7 4 57% 3 43%
Que., NB. 7 7 100% . 0 0%
.PEL, Nova Scotia 5 5 100%- 0 0%
Newfoundland 18 - 13 72% -5 28%
Wash., Oregon 10 10 100% 0] 0%
California 18 - 18 100% 0 0%
idaho, Montana "6 6 100% 0 0%,

., Nevada, Utah 1 11 100% e 0%
Wyoming 5. 4 . B0% 1 .20%
Colorado 8 4 -50% 4 . 50%
N., S. Dakota . 2 2’ 100% 0 .- 0%
Wis., Mich., Minn. 18 18 100% 0 0%
Vermont, New York 4 4 100% 0 0%
N. Hamps., Maine 19 19 100% .0 0%

TOTAL - 315 . 270 - 86% 45 14%
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Table 7. Nymbgr of changes of state (derivation

‘of apotypic state or reversal to plesiotypic state)

for the 19 characters used for phylogenetic
reconstruction of “the genus Dytiscus Linnaeus. All

Characters are scored as if existing in two states -
only.. Based on Table 3 and Figure 30.

' Changes of St-t:
Characger 2 3

123 458
A X
3.1 X X
45 X X.
45" X X X X X X
46 X
47 X
5.1 . X X X
6.1 X .
7.1 X X X X
7.2 X X X ~
7.3 X Xu X X
‘7.4 X
75 ~ X X X X
7.6 X X X X X
7.7 X X X X
7.8 X
79 X
7.10 X
7.11 X X
Total number of . 8 3 2 4 1 1

characters undergoing
given number of state -
changes

Total number of state charftges = 46.

/
I
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Figure 1. Dorsal .view of theobody'of species of Dytiscus L.
A) D. verticalis, B) D. harrisii, C) D. habilis,

D) D. hybridus. Scale bar represents 5 mm.






Figure 2, Dorsal view_gf the body of species.of Dytlscue‘b<

A) D. semisulcatus_,‘, B)D sharpf, C) D. carolinus,

D) D..fasciventris, E) D. hafchl.‘Scale bar reprgéents 5 mm.
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Figure 3. Dorsal view-of the body of species and subspecies
of Dytiscus L. A) D. oor'dier'i., B) D. mutinen'sis,
C) D. dimidiatus, D) D. pisanus, E) D. marginal is

marginalis. Scale bar represents 5 mm.
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Figure 4. Dorsai view of the body of species of Dytiscus L.

A) D. delictus, B) D. latissinus, €) D, circuncinctus. Scale

bar represents 5 mm.
' »






¢ ' o ‘ E \
Flgure 5. Dorsal view of the body of spec1es and subspec1es

of Dytiscus L. A) D. alaskanus, B) D. dauricus,
C) D. Iappomcus Iapponicus, D) D. cmcunrflexus,

: E) D. thlanshanicus. Scale bar represents 5 mm.
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Flgure 6 Dorsal view of the body of species Dytiscus L.

A).D. latro, B) D. Slnensfs. Scale bar repres nts 5 mm,
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éigure 7. Schematic representation of colour pattern of
pterothoracic and abdominél sterna of species of Dytiscus L.
Darkest specimen on left, lightest on right. Black or
piceous is-represented as black on the figure, yellow by
white, and red by stippling with more dense stippling
~indicating darker red. A) D. verticalis, B) D. harrisii,

¢) D. hybridus, D) D. marginicollis.
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Figure 8. Schematic representatlon of colour pattern of

@ 5

pterothorac1c -and- abdomlnal sterna of spec1es of Dytlscus L."J“

'~Darker?'spec1men on left, l1ghtest on right, Black or" o T

piceous is represented as black on the flgure, yellow by
white, and red. by stlppllng with more dense st1ppl1ng
indicating darker red. A) D. habllis, B) D. semisulcatus,

C) D. sharpi, D) D. ¢anolinus..
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'.Flgure 9. Schematlc representatlon-

pterothoracic. and aBdOmlnal sterna;

Darkest spec1men on left 11ghtest

"plceous is represented’ as black on

. voa o
B - PR N -
A

of colour pattern of t_‘

o£ speC1es of Dytlscus L.;a_
on right Black or .

the flgure, yellow by

~ white, and red. by stlppllng w1th more dense stlppllng

'1nd1cat1ng darker red. A) D. fascfventﬁis, B) D. hatchi

C) D. cordieri, D) D. mutinensis.






Figure 10. Séhgma;ic representation of colour pattern of

. Ppterothoracic and abdominal sterna of species and subspecies

of Dytiscus L. Darkest specimen on left, llghtest on r1ght

Black or plceous 1s represented as black on the flgure
Yellow by white,. and red by stlppllng with more dense

stlppllng 1nd1cat1ng darker red A) D. dimidiatus,

B) D. pisanus C) D. mangfnalls mangfnalis D) D manginalis

- czerski I
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Figure 11, Schematic representation of colour péttern‘of
pterothoracic and abdominal ‘sterna of species-of,Dytiscus L.
Darkest specimen on lgft,_ligﬁﬁ;g}ﬂ6pq;igbt:Aﬁl§ckvon—;
-~picedu§“Ts"febféggnfggl;s black éﬁ the;figure; yellow by
white, and.red by stippling with morevdense stip?ling "
indicating dirkér red, A) D. pers'-ibué, B) D. del ictus, -

C) D. lat issimus, D) D. Cir'CUlnClnCt'us.






iFlgure 12 Schematlc representatlon of colour pattern of
'pterothorac1c and abdom1nal sterna of spec1es and subspec1esl 
of Dytiscus L. Darkest specimen on left, llghtest on rlght
Black or plceous 1s represented as black on the flgure,
‘yellow by white, and réd by st1pp11ng with more dense
'stlppllng indicating darker red. A) D. alaskanus,

B) D. daur'lcus, Cc) D. Iapponic:us Iapponicus,

D) D. Iapponicus disjunctus. L (’)
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Figure 13 Schematlc representatlon of colour pattern of _
pterothorac1c and abdom1nal sterna of spec1es of Dytlscus L.
! Darkest spec1men on left lightest on right. Black or
p1ceous is represented as black on the f1gure, yellow by
whlte, and red by stlppllng with more dense st1pp11ng

v1nd1eat1ng darker red. A) D. circumflexus,-

I P

“py D,. thianshanicus, c) D. latro, D) D. slnensis.






Figure 14. Scann1ng eleétron mlcrographs of apex of med1an,
lobe of males of spec1es of Dytfscus L. Lateral view on
left, dorsal in’ centre,~§;ntral on right. Scale bar 1s 1 mm,.
A) D. verticalis, B) D. harrisif, ) D. hybridus, - -

D) D. marginicollis.



Flgure 186 Scannlng electron mlcrographs of apex of medlan
"“lobe of males of spec1es of Dytiscus L. Lateral v1ew on
left dorsal in centre, ventral on right. Scale bar is 1 mm.
A) D. habrlls, B) D seMisuIcatus, C) D shanpf

D) D. canolinus..
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Figure 16. Scannlng electron micrographs of apex of median
>lobe oF males ‘of. spec1es of Dytlscus L. Lateral view on

left, dorsal in centre, vent;al on rlght Scale bar is 1 mm.
A) D. fasciventris, B) D. hatchi, C) D. cordieri,

D) D. mutinensis.



&
Figure 17. Séanniné e}eqt;on micrographs of apex of median
1obe of males of Species'ada subspecies of Dyt/scus L.
Lateral view on left, dorsal in centre, ventral on ;ight.”f
Sqéle bar is 1 mm. A) D. dimidiatus, B) D. pisanus,

C) D. marginalis manglhalis} D) D. marginalis czerskii.






F1gure 18. Scann1ng electron micrographs oé‘apex of median
lobe of males of spec1es of Dytiscus L. Lateral view on .
left, dorsal in centre, vé;tral on right. Scale bar is 1 mm.
A) D. persicus, B) D. delictus, C) D. latissimus,

D) D. circumcinctus, Palearctic specimen.
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' F1gure 19 Scann1ng electron dﬁcrographs of apex of med1an

f'lobe of males of spec1es and subspec1es of Dytiscus L

.Lateral v1ew on left dorsal in centre, ventral on rzght
A) D circumcinctus, Nearctic spec1men, B) D. alaskanus,
¢) D. daunfws, D) D. Iapponlcus Iapponicus E). Undersuie of -
ap1ca1 knob of median lobe of D ,lapponicus Iapponicus

'Scale bar is 1 mm S e -

N



Figure 20. Scanning electron miétographs of apex of median
lobe of males of species of Dytiscus L. Lateral view on
left, dorsal in centre, ventﬁél on.rfght.'Scale bar is 1 mm.

A) D. circumflexus, B) D. thianshanicus, C) D. latro(

D) D. sfnensis.






Figure 21. Left metacoxal process, trochanter and base of .
metafemur of species of Dytiscus L. A) D, verticalis,

B) D. harrisfi, ¢) D. hybridus, D) D. marginicollls,

E) D. habilis, F) D, éemiSleatus, G) D. Shanpi,

H) D. carol inus, 1) D. fas'(:l\-/e'-ntr"is., J) D. hatchi,

K) D. cordleri, L) D. mutinensis, M) D. dimidlatus,

N) D. plsanus.
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:Figure 22. Left metacoxal process, trochanter and base of
metafemur of species and subspecies of Dytiscus L.

A) D. marginal is marginalis, B) D. manginalls czerskii,
- C)

D. pens:cus, D) D. delictus, E) D. Iatfssimus,
F) D. cir'cumcinctus, G) D. alaskanus, H) D. da./mcus,
1) D, lapponicus lapponious, J) D. lapponicus disjunctus,
K) D. circumflexus, L) D. thfanshanicus, M) D. latro,
N} D. sinensis.

>
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" Figure 23, Structural features g§ spec1es of Dytiscus D@

A) Frontal view of head of D. haPPISfI Bq %rontal v1ew of

head of D. cordierf. C) Protarsomere IV and Vv plqﬁ,claws gf'
male of D. hatchi. D) Protarsomere IV and V plus~;léws of,
male of D. faSClventPis. E) Mesotarsomere 1v andsvfplus | ‘
“claws of female of D hatchi. F) Mesotarsomere IV and V plus
‘claws of female of D fasclventﬁis. 'G) Protarsomere 1v and V
plus claws of male of D, mutinensis. H) Protarsomere IV and
V plus claws of male of D. dimidiatus. 1) Mesotarsomere IV
and V plus claws of female of-D. pisanus.;J) Mesdta;somere

IV and V plus claws of female of D. delictus.
4






4

Figure 24. Known distribution as represented.by iocéiity
information for species of Dytiscus L. A) D. verticalis,

B) D. harrisif, C) D. hybridus, D) D. marginicollis () and
D. habilis (x). |
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F1guré 25, Known dlstrlbutlon as represented by locallty
1nformat10n for species of Dytiscus L. A) D. semlsulcatus,‘
B) D sharpi, C) D. camllnus, D) D. fasciventris,

E)«D. hatchi,

2y
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»{'F1gure 26 Known dlstr1butlon ‘as represented by locallty
“1nformat1on for spec1es of Dytiscus L. ‘ﬁ) D COPdiePI
B) D. mutinensls, ) D. dimidlatus, D) D. pfsanus.






éféure 27. Known distribution as repreéented by'iocalitf
?jlnformat1on for Species and subspec1es of Dytlscus L.

A) D. manglnalls maﬁginalls (fllled and open c1rc1es) and
- D. marginalis czenskil (trlangles) B) D pers:cus,_

C) D. delictus, D) D. Iatlssimus, E) D. cincumcinctus, in

Palearctlc reg1on, F) D: circumcinctus, in Nearctlc reglon.""

y . . ~v;,;s.".:

.
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~F1gure 28. Known d15tr1butlon‘as represented by locallty .
: 1nformat1on for spec1es and subspec1es of - Dytiscus L.

"A) D alaskanus, B) D. daurfcus,'1n Palearctlc reglon
| ‘C) D. dauricus, in Nearctic reglon, D) D. Iapponlcus

Iapponicus (filled circles and open boxes) and D, Iappoﬁlcus
4diSJunCtus (trlangles)






F1gure 29 Known d1str1but1on as: represented by locallty

1nformat10n for species of Dytfscus L. &) D. CIPcumerxus,
B) D. thfanshanicus, C) D. Iatr'o D) D. sinensis."

57"

&
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Figure 30. Phylogeny of sbecies of'DyfISCUS L. Filled
circles signify apomorphic states and open circles
;lesiomorphic states.vspeciqs gropps'of'DytISCUS'are,
indicated\by‘vertical lines with a check hark'aeno;ing _
néminaté species. Filled ellipses indicate distribution in
Pélgargtic of Nearctic regions

b .
. S
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Figure 31, Chorological ena phylogenetic relationships of
species of the D. vertical is- and D. hybnidus—groups

: Generalized from Figures 24 and 30. Occurrence of taxa in
a%eas delimited by darker lines is 1nd1cated by symbol in

legend.
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| | | V1taxi
I was born in Guelph Ontarlo on 14 May, 1950, and grew
up in the rural v1llage of leehouse (now Halton Mills),
Ontarid. After public school educatlon I achlevé% Senior
Matr1culat10n (Grade 13) from Acton Dlstr1ct High ‘School. My
unlver51ty educatlon began at the Unlver51ty of Guelph.
Prlor to this time, I can recall-having no specific interest
in insects. However dur1ng my t1me at Guelph my 1nterest
in 1nsects in general and 1n the. d1sc1p11ne of . taxonomy 1n
particular was piqued and encourage by Dr D.H. Pengelly I
. completed my B.Sc. Agr.lln 1974 and began an M Sc. programvr;
under Dr. Pengelly at that tlme - The' subject of thls the51s
.was a revision fo Nearctic spec1es of.. Hydatlcus Leach
(Coleoptera' Dytlsc1dae) Thls‘prOJect was completed 1n'i976
and 1n the same vear, I'began,a‘Ph;D.'program at the P
-University of Alberta., On 18 January, 1982, I was hired at
A551stant Professor li:el by the Unlver51ty of Manltoba to

f
teach and conduct research in the Department of Entomology.

On 13 May,‘1972 I marrled Marsha Lynn McKenzxe, and we‘
now have two chlldrenc Amy Rebecca, born 30- October, 1979,

.in Edmonton, and Katherine Anne, born 28 October 1982, in

‘Winnipegq,
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