- I O T m |25
. { 13
: == wihki I2.2 A .
. E———— S N
. w B
S Fu ol
' w v
| III ]. :‘: ' ‘
o ———— 18 . . .
Ve
. R <~
H : ) -
» hd N
= == ==
B s
_MICROCOPY RESOLUTION TEST CHART
- . . " NATIONAL BUREAU OF STANDARDS , .
‘ STANDARD REFERENC'E MATERIAL 40t0a '
B (ANSI| and ISO TEST CHART No 2)
A ' 4
. ] \ ~ '
S F . . '
¢ /- ' ¢ . .
. * “
@ - . . a N .
T » *
! <
3 o ' 4 I )
. . .
-8 ,
3
- 13
. . ' -
o




National Library ’ Mme nationale
of Canada . Canada
1 \/
Canadian Theses Service Services des théses canadlenne%
Ottawa, Canada
~ K1ADON4
~— J

CANADIAN THESES .

NOTICE

The quality of this microfiche is heavily dependent upon the

quality of the onginal thesis submitted for microfilming Every ~

effort has beegw‘nade to ensure the highest quality of reproduc-

tion possible:, >

if ﬁages are missing, contact the university which granted the

degree.

Some pages may have indistinct print especially if the original
pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy.

Previously copyrighted materials (journal articles, pubhshed
tests, etc.) are not fiimed.

Reproduction in full or in part of this film is governed by the
Canadian Copyright Act, R.S.C 1970, ¢ C-30..

®

THIS DISSERTATION ®
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED -

NL~-339 (r 86/08)

- THESES CANADIENNES

AVIS

La quahté de cette microfiche dépend grandement de la qualité
de la thése soumise au microfiimage Nous avons tou! fait pour
assurer une qualité supérieure de reproduction

S'il manque des pages, veuillez communiquer avec I'univer-
sité qui-a contéré le grade '

La qualité d'ipapression de certaines pages peut laisser a
désiref, surtout si les pages originales ont été dactylographiées
a f'aide d'un ruban usé ou si I'université nous a fait parvenir
une photocopie de qualité inférieure

Les documents qui font déja 'objet d'un droit d'auteur (articles
de revue, examens publiés, etc ) ne sont pas microfiimeés.

La reproduction, meme_par'tlelle, de ce microfilm est soumise
a la Loi canadienne sur le droit d'auteur, SRC 1970, ¢ C-30.

- LA THESE A ETE
_MICROFILMEE TELLE QUE.
NOUS L'AVONS REGUE ;

| .Canadﬁ




[k 2y

\

o

e

A REVISION @ THE NEARCTIC SPECIES OF.

© ————DRTHOCLADIUS (ORTHOCLADIUS) VAN DER WULP (KIEFFER)
(DIPTERA:CHIRONOMIDAE) . . g

.'by

s

. ANNELLE R. §,0P0N1§, M. Sc.

A thesis submitted to the Faculty of
Graduate Studies in partial fulfilment
of the }equirements for the degree of

Doctor of Philosophy

‘of

-Carleton University
© "Ottawa, Ontario
4 - November, 1974




1

‘

.Permission has been granted
to the National Library of

“Canada to microfilm this
thesis and 'to lend or sell
copies of the film,, :

_ The author (copyright owner)

has reserved other
publication rights, and
neither the thesis nor

extensive extracts ‘from it

may be printed or otherwise
reproduced without his/her
written permission.

t

. +

ISBN 9-315-33386-3 .

-

L'autorisation a &t8& accordé&e

a la Biblioth&que nationale’

du Canada de microfilmer
cette th&se et. de préter ou
de vendre. des exemplaires du
film. )

Iy

. N
L'auteur (titulaire du droit
d'auteur) se ré&serve les
autres droits de publication;
ni- la th3se ni de 'longs
extraits de <celle-ci ne
doivent @&tre 1imprim&s ou
autrement reproduits sans son
autorisation ®¥crite.

.

.
:
) -

o

- <



A .

The Jndersigned hereby recommend to the Faculty of -

, Graduate Studies acceptance of this thesis, submitted by Anneltle

3 R. Soponis, M. Sc., in partial fulfilment of the requirements for

o

the degree of Doctor of Philosophy.

4

° N p
‘ -
1 ‘ P
N
\\
. ( 7 /
_ Chairﬁ:n: epar of Biology
>, . , R .
7 i
. h Supervisor
* / / 7”
. : (/7_ ('?\,‘r((.\
- \ " 4 ) ,'/
Advisor
) ) Q'.l ) ¢ i f’)/_ )

v ’ d : {f/ ’77" ‘ / ~
’ ' - .. /TA .. /.‘ A RN SN
. External Examiner

5 x
>
AN




ABSTRACT

The nearctic subgenus Orthocladiue {Orthocladius) is

revised; keys to' species for males, females, pupae and larvae are
given; variations and correlations of characters in the adult male
are analyzed; and keys to the subgenera and diagnoses of the

subgenera of Orthocladius for males, females, pupae, and larvae

are provided. Redescriptions of 17 previously-known species and
descriptions ‘of 10 new species are presented. The new species are:

0. charensis, 0. clarkei, 0. cooki, 0. hazensis, 0. knuthi,

0. oliveri, 0. paradecpratus, 0. robacki, 0. subletti, and

0. tryoni. Orthocladiys paradorenus (Robabk) is considered a

synonym of 0. obumbratus Johannsen; 0. nanseni Kieffer and

0. sordens Johannsen are considered as nomina dubia; 0. bifasciatus

A

Malloch and 0. clepsydrus Coquillett are placed in incertae sedis;
0. decoratus (Hol@bren) and 0. currani Sublette are reviewed but
qpf assigned to-a subgenus. Lectotypes are designated for 0.

lapponicus Goethghebuer, 0. obumbratus Johannsen and 0. trigonolabis

" Edwards. The holotype of 0. oblfdens is figured and described.
The results of this study indicate that species

identification in Orthocladius (Orthocladius) must rely primarily

on the structures of male genitalia, supported by characters found
in the larva and pupa. An attempt is made to choose suijtable terms

for structures used in.chironomid taxonomy.

-
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INTRODUCT1ON

s
e

Adults of the subgenus Orthocladius (Orthocladius) are

small to medium-sized, dark chironomids. Many species ‘in North
America emerge in earl}'spr1ng,'though a few species are collegted
in summer and fall. ‘The larvae of most species have a green bodyfo,.
wh1le a few are white, with a yellow he}égihpsule the larvae live ‘
in tubes. Larvae are usually found associated with p]ants in cold
waters of lakes, streams, and rivers, although records from Florida

suggest that certain'specfes havefadapted to warmer waters.”

Prior to the present study, twenty species of Orthocladius

(Orthocladius) were recorded from Nqrth America “and 1dent1f1cat1ons

were made by referring to scattered descriptions (Brundin 1956,
Roback 1957a; Sublette 1966, 1967a. 1967b, 1970; Saether 1969)
which were not always adequate. No key to a11 twenty species had
ever been available, and.gdentificat1ons of immature stages and
adult females were next to impossible. .

Many species occurring in North America have been placed
in the'genas Orthocladiys by Sublette and Sublette (1965) These
names were not assigned to subgenera, and further studies are needed
before this can be accomplished for all species, o

The primary object of his study was to work out the

taxonomy of Orthocladius (Orthdcladiusi occurring ih North America.

It has long been recognized (Malloch 1915; Edwards 1929) that the

“adults of Orthocladius are so similar morphologically in different,

species that assignment of specimens to a particu1ar species is

.

sometimes difficult. Therefore, sixty -five characters of the adult

_male were analyzed to obtain. insight- into variation of adu1t
© . . o
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sthuctures. The mean, range, and variance for each character are

given in a table following the species description of the adult.

.male. These data should be cons%dered in 1dentffyfng the species.

An analysis of the variations and correlations based on these data
is a{so given. N

As pointed out by Brundin (1956), a study based on the
pupae and larvae, as well as the adults, should provide a more
accurate classification of chironomids. Therefore, with this in
mind, characters of the immature étages were investigated.

In the course of this study, it has become increasingly
evident that the terminology of various structures used in the
chironomid taxonomy has been confused, two or more terms havind
S;en applied to one and thg same structure. &%ﬁattempf'is therefore

made to choose the most suitable terms for structures, by referring

. to the morphological works by Saether (1971), Hansen (1Q73), and

T

others.
The results of this work indicate that species identifi-

cation in Orthocladius (Orthocladius) must rely primarily on the

structure of the male genitalia, supported by characters found in
the larval and pupal stages. Keys to species in all known stages

are given for Orthocladius (Orthocladfus). In this subgenus,

twenty-eight species are recognized as valid, and twenty-seven
species are descrfbed and figured. Of these, ten ;becies are new,
and two speéies are recorded for the first time in North Ameriéa.
One'gyeciés fs synonymized (0. paradorenus (Roback)), two species

are cansidered as nomina dubia (0. nanseni Kieffer, 0. sordens

Johannsen), and two species are placed in incertae sedis (0.




T {fasciatus Malloch, 0. clepsydrus Coquillett). Two species

previously placed in the subgenus Orthocladius are reviewed (0.

décoratus (Holhgren),.g, currani Sublette), but can not be
definitely assigned ﬁntil the type material and additional North
American material are examined. Lectotypes are designated for
three species (0. !aggonicus Goethghebuer, 0. obumbratus Johannsen,

and 0. trigonolabis Edwards). An application is being made to the

International Commission on Zoologfca1 Nomenclature for the

acceptance of QOrthocladius oblidens {Walker) as the type species

of the genus Orthocladius. The holotype of Orthocladius oblidens:

(Walker) is described and figured.

The separation of the subgenus Orthocladius from other

members of the genus is sometimes difficult, and n% keys to the
‘subgenera occutrrijng in North America are available. Therefore,

- ' . . )
keys to the subgenera and diagnoses of the subgenera of Orthocladius

4

are given in all stages.
. o !

v, p)
I feel morg studies on the world fauna of Orthocladius

L]

(Orthocladius) are neces;ary beforg one may obtain definite ideas

-about their phylogeny and zoogeography. At the present time,

records bf Orthocladtus~{Qrthoctadius) in parts of the world, other

thah North America and Europe, are scarce (Freeman 1956; Hardy

1960) .
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MATERIAL AND METHODS
General i
Thjs study was based on an examination of approximately

2000 specimens, mostly adult males, representing 27 species of the

pubgenus Orthocladius (Orthocladius). The subgenug, as treated
~ here, comprises those species occurring in North America north of
Mexico, and Greenland.

Many specimens were borrowed frgm Qarious museums and
individuals, as.indicated in the acknowledgments; others were
collected in the field by the author, .Borrowedlspecimens were
e%ther pinned, preserved in $1cohol, or slide-mounted. Specimens
collected in the field were preserved in 70% ethanol (ETOH) .
Specimens not on slides were slide—méunted by the author in the
prdcedure outlined be]owh Type materialxwas mounted in Canada
balsam by M.E. Roussel employing a modification of the technique

_developed by Leo Forster, outlined in Saether (1969).

Adults-in swarms were collected at dusk. -Adults in
copula were captured either in swarms or by searching for fhem on
a substrate, 9ften'thé top of a car. Pupal éXUviae were collected
by washing accumulated f]oat%ng debris through:a,Thienemann_sieve.
Larvae and pupae{as well as some adults, were collected by placing
Brundin nets in rivers and streéms, \

:Live larvae were co]]éctéd by washing aduatic vegetation
through a Thienemann sieve. Rearing of fourth instar. larvae to
adults was about 50% success?u]. The larvae were;placéd in |
individual rearing vials which were kept cool with running tap

water; the vials were checked daily for emergenée. After the adult

’
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emerged, it was allowed to mature‘for a period of 24 hours, or
- until the body became hardened and the antennae5(male) became

-

. plumose. The 'specimens were then preserved in 70% ETOH.
Specimens selected for study.;;;e mounted on slides.
This was carried out under 15x magnification. An adult midge was
placed in 4 drop of disti]]ed watér on a depression slide, and
dissected in the fo]iowing manner: wings, head, and abdomen were
‘cut off with a scalpel; -3 legs on the left side were pulled off
‘by applying a watchmaker's forceps to the coxae; pedicels and

L)

flagelTomeres were rolled off from the scape with a fine needle.

ke )
»

The wings, legs, and antennae we;e placed directly into 95% ETOH.
The rest of the body Qas placed into IOi KOH solution, and heated
for 2 minutes or untii the specimen was cleared. Heated parts were
th;n placed into a bath of each of the following for a period of
2-5 minutes, or untjl the desired effect was reached: distilled
water, glaéia] acetic acid, and 95% ETOK. Al paéts were mounted.
di%ectly from 95% ET6H iqto a drop of euparol.on tﬁe labelled-slide,
and then covered with a co;erslip (#0).' T0‘prevg%t #e collapse of
fragile specimens, the parts were placq& into a mixture of 95% ETOH

=~ ) .
and euparol prior to mounting in eyparo]. The appearance of the

)',’,finished slide is giveﬁ ih Fig. 1. Slides wére.dried 16 an oven at
| 450C £ 10C for a period of 2 weeks beforé—counts angjmeasurements |
‘were taken. |
', Pupae were mounted according to the same procedure és that
for adults. The cephalothorax was cut off from the abdomen with'a K

scalpel, and mounted laterally. fhe abdomen was mounted with the

— dor;a] side up. Undissected pupal exuyiae were mounted diréctly




from 95% ETOH into euparel, and placed with the dorsal side up.

Larvae were mounted dirétily from 95% BTOH. 'Tﬁe‘head
b was. cut off from the body w}th a‘séalpél, and p1Zced with the
“ventral sidé up. The body was mounted laterally. So%etimes it
was necessary to clear the larval body in hot 10% KOH sotution,
qné the’procedure followed thatlused for the adults. Larval
-exuviae weré mounted with the ventraT side up.

The importance of good slide-making cannot be over-
emphasized. In adults of 0. (Orthocladius), the reCogn1t1on of ~

_ -
many‘ﬁpecies relies on genitalic features. It is very difficult

to-identify the specimens in which the genitalia is badly distorted.
To ove;come the dorsoantra] éohpression that occurs during ste~
ﬁaking, the genita]igléhould be allowed to dry in a drep of
mounting medium ¥or sevgral hoqrs béfore the cove:s1ip is added.
Exémp]eSvdf:vhriafions bro&uced.in,the male genité]ia dué‘to‘slide
. making, are provided in Figs. 34,741, 47.
\ Descr1pt1ons of several s]1de making techn1ques for
ch1ronom1ds are available (Schlee 1966 Wirth and Marston 1968,
,He11entha1 (1n prep.}; Hansen’ 1973), An qdvantage of using® euparol
is that it dries quickly, and there are relatively few steps ‘
involved 'in the procedure.. Thé advaﬁtage of using Canada balsam is
ihat there is minimal co]]apsg of f}agile specimens, and the slide
-has a long life. éhiropomids mounted in euparol have lasted 10;2

years in good'COndition ih the Canadian National Collection (D.R.

Oliver, pers. comm,).

. >

. Figures were drawn from slide-mounted specimens with the -

aid ‘of a Wild drawing tube, adapted to fit the Nikon compound

‘//—“ |




“are used in this work.

10
microscope.’ Steroscan micrographs were taken by the Carleton
University Jeol U-3 scanning electron microscope. Specimens
preserved in alcohol were washed in several baths of 95% ETOH, air

dried, and secuted to a brass plug witp Scotch Ruban doub]eiface
tape. Specimens w;re then coated with a-layer of gold and éarbon
(400-500 R thick) in a vacuum evaporator, and then photographed by
use of the SEM. For histological examinati&n of the thorax in 0.
oliveri, both preserved specimens from 70% ETOH and fresh specimens
fixed in 2.5% gluteraldehyde were dehydrated with ETOH, passed
through 2 changés of propylene oxide,land embedded in plastic
(Spurr. 1969). Semi-thin C0.5-1.5,mu)_seci10ns were.cut on an
ultramicrotome using glass knives. The sectjons were dried-sqto
glass slides, stained with methylene blue 1% in 1% aqueous borax)
and mounted in immersion oil. ) | v\;ﬁ
(For the anaiys{s of variation and correlation, a total
of sixty—five characters were studied in more than five hundred
adult males. The mean, variance, and correlation coefficient were

calculated -by the standard computer program of the Statistical

Research Service (Agriculture Canada).

Measurements and Ratios .
Most of the methods of measuring characters and of

calculating ratios published in Schlee (1966) and Saether (1969)

In'my experience, 1t is better to measure the maximum
length of each leg segment (Hansen 1973) than measuring the med{an
axis (Schiee 1966). In order to measure the median axis of the leg -

segment, the investigator is faced with the problem of determining
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where the median axis lies. This is time consuming, and it increases
the chance of {nterpretation. Measurements'shoq]d Qg taken'quickly
to avoid interpﬁstation, as pointéd out by LinQpbgrg (1967, p. 51).

To avoid error as much as'posgible, [ measured a maximum
of ten s]idés per day. All measutements and counts were taken
gonsistent]y in the'same manner and in as short a3 time as possible.
A1l measurements §nd counts are my own. It is not'surprﬁsing that
my values diffef sTightly from those of other authors for the same
specimen, since no two people measure exactly the same.

Measurements and counts given for adults, pup;e and larvae
represent those taken_dn_thevright side of ‘the specimen'(unless
~darhaged). Total ceunts are given for such unpaired.structures as
the clypeus. Counts for the abdominal setae‘and muscle marks
represent those taken on a single pupal §pecimen, although comparisons
were made with other specimens.

ATl measurements were made on a Nikon model S-Ke II
compound microscope, and converted to microny;DTth\Lhe.aid of a
calibrated ocular micrometer. The mggnification under which each Q
paéticular measurémgnt was taken is indicated in parentheses wfth e
the description of the measurement given below. COunts’were Tade
genera]]y(at magnifications of 200x for adults and.pupae, ‘and
1000x for 1$rVae. Wing punctation was détermined at 200x. -

_ Measurements and ratios were calcul;ted by a standard computer
program of the Statistical Research Service (Agriculture Qanada)
for large samples. Values for 1nd1vidu$l specimens not calculated

there were calculated by the author .at least twice on an Olivetti-

.Underwood 24 electric calculator or Wang electric table calculator.

*microns = my




Measurements

Adults. _
"s%ay size: sum of thoracic apd‘abdominal lengths (40x);
Figs. 2-4
N Eye width: interocular distance (200x); Figs..6, 7
Pa]pa]_lengths: length of each segment (200x); Figs. 6, 7 .
Antennal lengths: length of each flagellomere (female, 200x;
Fig. 9); total lengths of flagellomeres 1 to 12 and length
of 13 (male, 100x; Fig. 8)
Wing length: distance from‘arcu]us to tip (40x); Fig. l4a o
Wing width: wiﬁest distance between margins- (40x); Fig. 14a

° Leg lengths: median axis length of each segment (40x); Fig. 15a

Anapleural suture length: maximum length (100x); Fig. 2

N " Gonocoxite length: maximum length (100x); Fig. 19
>4 Gonostylus length: maximum length (100x); Fig. 19
Pupal Exuviae. i

Body length: sum of ceﬁha]othoracic and abdominalvlengths
.(20x); Figs. 79,92 -
\ Thoracic horn length: maximum length (100x); Fig. 80a
Anal lobe length: length from ante}ior margin to tip, not -
including spurs (}OOX); Fig. 92 . <
Anal seta length: maximum ltength (100x)
R Larvae. -
Antennal lengths: maximum fength of each segment (IOOOx);
, Fig. 111d
~ Labial plate width:. widest distance between 6th laterals

(1000x); Fig. 110 %
e




Ratios
Adults. : \
‘ A.R.-antemnal rpiio-(Edwards 1929):' length of 1pst flagellomere/
total length of flagellomeres 1-12 (ma1e)'or flagellomeres
1-4 (female) “
V.R.-venarum ratio (Fittkau 1954): 1length of arculus t6
’ f—mllength of archlys to fCu 7
_ L/ﬁ:R.-wing length to wing wjdth ratio: length Qf wing/h1dth
| // : of wing '
/ L.R.-Teg ratio (Edwards 1929): length of first tarsal
‘segment/length of tibia
B.V.-(Beinverhéltnis) (Pagast 1947): total. length of femur,,
tibia, and first tarsal segment/total iéngth of tarsal
segments 2 to 5 '
S.V.-(Beinverhaltnis) (Pq?ast 1947): total length of femur
and tfbia/length of first tarsal segment .
H.R.—hypopygiup ratio (Saether 1967): 'length of gonocoxite/
length of gonosiylus ’
H.V.-hypopygium value (Saether 1967): 1length of bq?y/]ength
of gonostylus X 10 '

Pupal Exuviae.

~anal lobe ratio: length of longest anal seta/length
of aﬁa ‘ oBe |

Larvae. .
A.R.-antennal ratio (Fittkau 1962 as modified by Schlee 1966):

length of basal segment/total length of terminal segments: -



STRUCTURE AND TERMINOLOGY

MALES

~

Color. The adult males of 0. (Orthocladius) are

uniformly black, brown, and occasionally yellow. Many discussions
;egarding the value of color as a taxonomic character for
chironomids have appeared in the 11tera£0re,(Edwards 1929, Townes
1945, Oliver 1959, Fittkau 1962, Moeller 1964, 1966, Schlee 1966,
Hashimoto 1968, Hirvenoja 1973). In general, color is not
considered as a diaghostic chgra;ter,_although patterns are
distinctive for certain groups {cf. Hirvenoja 1973). The color of
an adult chironomid depends on' its.age, sex, preservation,
'geographjcal origin, and seasonal emergence; as well as the
environmental conditions durings its development. Rinned material
retains its color, but alcohol and cleared material becomes lidhter
(Schlee 1966). Early dipterists included a detailed account of
color in their species descﬁiptiéns, based, with few exceptions,
on ﬁinned adults. The color deséription given .in this work was
based on preserved or slide-mounted material.

The'taxonoﬁic value of the scutal stripes (Freeman 1955,
fig. 2), wﬁether or not they merge posteriorly, was discussed by
Edwards (1929, p. i83): According to him, this character varies-
not only with the sex and age of the 1ndi;1dual, but it also varies
seasonally and 1pd1v1duaily in many species of chifonomids. He
pointed out that pinned specimens with a Tightly sclerotized thorax
may appear to have scutal stripes because of the underiying thoracic
muscles. Freeman (1955, p. 16) noted that the scutad St;ipes were

subject to color variation, both in shade and thé degree of fusion
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in dark colored species. Hansen (1973) noted that cleared adults

of Diamesa often have no scutal stripes. These findings agree

with my obserVations_on mates of 0. (Orthocladius).

Antennae. The antenna of a chironomid, as pointed out
by Hanéen (1975, p. 22), consists of three true segments: the
scape, pedicel, and a multiannulated flagellum (Fig. 8). Males

of 0. (Orthocladius) typically have a flagellum which is composed

of. thirteen flagellomeres.

Head. The eyes are bare, i.e. they lack microtrichia or
other setae between the ommatidia. The two groups of cepha]ic
setae that were studied here are the clypeal setae~aﬁd the temporal
setae. The clypeus is rectangular and sMae are always present.
"The temporal setae (Fig. 6) occur on the vertex* of the head, and
extend from the midline of the head around to the back of the éye.
- Saether (1971) and Hansen (1973)-d§vide& the temporal setae into
hree groups: the inner verticals, the outer verticals, and the
'postorbifals (= postoculars). Hansen distinguished the inner e
verticals from the outer verticals in some Diamesa by the more o
robust dévelopment of the outer verticals. 'T?eruter‘vertica1s
are more robust1yldeveloped than the inner verticals in 0.

(Orthocladius); however, the setae are often absent in slide

. mounted material, and [ have not found a satisfactory criterion
(cf. Saether 1971) for the separation of these two a}oups of
vertical setae. Therefore, I have {ncluded both groups of setae

1h the counts of the vertical setae. .

*vertex: the area above the levels of the antennal sockets and

the foramen magnum.




The postorbital setae are situated behind the eye, and
are separated by a distinct‘éap from the vertical setae. fn some
species, the gap is not large, so that this distinction is sometimes
difficult to make. However, I E%ve been'able to count the
postorbital setae in most specimens without difficulty. Hirvenoja
(1973) was unable to separate the vertical setae from the
postorbital setee in the Cricotopus-group, in which no gap occurs
between these two tyees of setae. He regarded the postorbital
setae only as-those located behind the eye. He suggested that this
character is probably sexually dimorphic, as I have'found.

Early dipterists, with the exception of Malloch (1915)
'ane Tokunaga (1936) considered the‘palps of chironomids as 4-
segmented.‘ However, recent workers (Saether 1971, Hansen 1973,

Hirvenoja 1973) have recognitred five palpal segments. The first

palpal segment of 0. (Orthocladius) is clearly delimited from the

second (Fig. 6), and palpal segments 2 to 4 are typically armed
with robust setae. The proportion of one palpal segment to another

is variable within and between species (Freeman 1955), and this

tendency generally holds true in 0. (Orthocladius}. The proportion
of *paTpal seggﬁnt three to four is a reliable species character for

adults of gf tryoni.
’ :

. »

\.  Thorax. The terminélogy of the thoracic structures -

follows that of Saether (1971) ahd Hansen (1973).

I have considered five setalsgrqusAof the thorax (Fig. 11)

which include the lateral antepronotals, acrostichélé, dorsocentrals,

L . .
prealars, and scutellars. Males of 0. (Orthocladius) have a small

»

group of lateral antepronotals on the lateral part of each

antepronotal lobe. The acrostichal setae (Dorsomediane Borsten of
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Brundin 1956) are located on the midline of the scutum, and
anteriorly begin within the area immediately behind the antepronotum.
They are alwa}s present except in 0. appersoni. The acrostichals
are weakly to robustly developed, and often lost in handling the
specimens, so that in many instances I have had to count the sockets
from which the setae arise. The dorsocentral setae (Dorsolaterale
Borsten of Brundin"1956) are weakly to robustly developed;, and lie
lateral to the acrosticha]s,-just posterior tosthe humeral pit.

The dorsocentrals are usually uniserial in arrangement, except in

0. smolandicus, in which they are biserial to multiserial. The
prealar setae lie dorsal and anterﬁor to the wing base: The
prealars include one anterior seta{and a posterior group“of three

to five setae, separated by a gap from the former. The number or
érrangement of the prea]ars do not provide species characters.
Occasionally I have seen a s1ngl!rseta on the sternum II in a few
isolated individuals, and th1s has been reported in Diamesa (Hansen
1973, p. 56). The scutellar setae occur in a uniserial or biserial
arrangement on the median part of the scuteflum. Within the genus

Orthocladius, I have arbitrarily distinguished these arrangements

of setae: wuniserial, if less than three setae are out of line with
each other  (Fig. 10a}; biserial, if at least three setae are out of
line with each other (Fig. 10b); multiserial, if at least three
rows of setae can be distinguished (Fig. 10c).

A mesonotal pit (Figs. 5a, 11) occurs in some species

of 0. (Orthocladius)< and this structure is discussed in detail ,

under 0. oliveri.

Wings. The terminology of the wing veins follows the
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Comstock-Needhaﬁ system used by Edwards (1929) and Brundin (1956)
(Fig. 12).

In males of'Orthocladiusv,some importéﬁce has been
placed on the extension (productiog) of the costal vein beyond the

apex of the vein R4+5. 1 have divided the area of ‘extension into
three states: not extended (Fig. 14c), slightly exfended (Fig.
14d), and well extended (Fig. 14b). This character varies within

the species as well as in the two wings of the samé individual.

Therefore,'this character is not reliable in 0. (Okthocladius). -
The shape of the anal Tobe of the wing has been used by
chironomid workers, and I find that this is a reliable species
character. Edwards (1929, pP. 284) characterized six different «__
shapes for the anal lobe: produced% right-angled, rounded, obtuse,

obsolete, and absent. The anal lobe in all males of Q. (Orthocladius)

is rounded. I consider the anal lobe produced if it is curved
towards .the wing base (Figs. 14f, q), and not produced if it is
curved towards the wing apex (Fig. 1de).

Males have setae on the.stem vein (rem%gium of Hansen
1973) and the R vein of the wiﬁg. Setae occur consistently)on
vein R4+5 in males of 0. charensis, and leséf?;;ahently iﬁ males
of 0. knuthi. The squama always hés a setal fringe, and two
camﬁaniform sensilla (stigmal sensilla of Saether 1971) are
present, one on the R vein and the other on crossvein r:m:near
vein R2+3 (Fig. 12).

In 0. (Orthocladius), the wings are bare; i.e. no

macrotrichia occurs. The wings are scarcely to moderately

punctate, due to the presence of microtrichia. The punctation of
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the wings has been used as a specific and generic character in
chironomid taxonomy. Edwards (1929) thought that the microtrichia

were absent -in his Group C (=0. (Orthocladius)). However, Brundin

(1956, p. 1§)ibointed out that all Orthocladiinge have microtrichia
on the wjnbgi?QIhe size of the dots on the wings are, in fact, the
pores (sgckets) of the micgotrichia, and Brundin suggested that the
size of ‘the pores are directly correlated with thewize of the

microtrichia. Edwards (1929, p. 336) recognized four colors of the

wing that are produced through reflection of the microsculpture of

the wing in pinned adults of Spaniotoma (Orthocladius),
| The color of the halteres has been used in distinguishing

the spedies of ©. (Orthocladius). In pinned specimens,. the halteres

of some ‘species appear to be brown or black (cf. 0. nigritus).
Howéver{ on sT?He-mounted spggimens, the halteres appear to be
golden Qith a fine cover of me(otrichia.u I have used slide-
mounted material, and therefore I héve been unable to use this
character. Hansen (1973) reported that the color of the halteres
in malesfof Diamesa appears to be quite variable.

Legs. The-fore tibia bears a single Ibhg spur (Fig. 1%5a);

the mid leg bears two shorter spurs of subequal lTength (except for N

the spurs in 0. trigonolabis, Figs. 15d, e); the hind tibia bears

a comb and two spurs,'the outer one about twice as long as the

inner one (Fig. 15¢). Spines are absen; on the tarsi of the fore

leg, and a pair of’'spines are found on the first and/or second
tarsal segments of the mid and hind legs (except in 0. hellenthali).
Pulvilli are absent, the empodium is siender and fringed, and the

claws have toothed'apices.
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Hypopygium. The terminology of the genitalia follows
that of Saether (1971) and Hanseé (1973), 4 ‘

‘ The males have a haired anal point and a characteristically

shaped basal lobe af the gonocoxite (Fig. 16b). The basal lobe is,
in turn, divided into the dorsal (Basallobus of Hirvenoja 1978; and
the ventral parts (laterale Paramere, Anhdnge 2? of Hirvenoja 1973).
The shape of the dorsal part is of diagnostic importance for

separation of species in Q. (Ortbocladius). 1 have used Zhe

following words to describe the different shapes: 1long and narrow
. ¢
(fig. 46), noselike (Figs. 31,36), square (Fig. 40), and pinched

(Fig. 38). At the basal median part of the gonocoxite there is a

'pair of freely hanging haired lobes (intermediane Paramere, Anhange

1? of Hirvenoja 1973) which are either collarlike (Fig. 16a) or

_ triangular’ in shape (Fig. 19). I call these Tobes simply the basal

median lobes, since the-homology of this structure is not g}ear

(bers. comm. D.M. Wood). 1 have used the shape of the median

margins (Fig. 29) as a specific character.

1 propose to use the term virga* (Snodgrass, 1935, p.
%22: defined as a terminal rnallic spine, qsua]ly arising from
the endophallus) for the group of spines attached to the distal
end of the endophallus (penis cavity? of Saether 1969, fig. 9c, 3p).

. gn:g; (Orthocladius), the virga occurs in most species, but not in

all. In 0. nigritus and 0. cooki the virga may be absent’in some

*Tuxen (1970, p. 357) recorded the virga for the orders Dic;yobtera,
Plecoptera, Dermaptera, Lepidoptera, Sibhonaptera, Pthiraptera, and
Heteroptera. The yirga probably a;ose independently in many orders,

and hence it is prpbpbly,nbt‘homologous throughout the class Insecta

(pers. comm. R. Matsuda).

&
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individuals. When thg endophallus is(;yertéh (Figs. 18, 19), the
virga‘can be seen-as a cluster of spines. When the endophallus is
in a restihg’position (the usual condition in slides), the virga

is located dorsal aqd ?osterior to the basal median lobes of the
gonocoxite (Fig. 16)...Sometimes the virga is found out. of position
(Fig. 45), and often“tﬁe virga is\ﬁeduced in size. The virga occurs

in two distinct arrangements: spines are well spaced within the

.

cluster (Figs. 45-56), or the sgines are compactly arranged within
the cluster (Figs. 30-32). '

The gonostyius is a simple structure with a single 4dpical
tooth (peg). I have followed Brundin's {1956) terminology for
naming the various surfaces of the gonostylus (Fig. 17), i.e.
inner area, dorsal edge, ventral .edge, and dorsal side. Thé males

of 0. trigonolabis” (Figs. 16, 33) and 0. dentifer (Fig. 30) have a

protubefance or bump on the gonostylus.

I have figured the strﬁts of the hypopygium (Figs. 16, 19)
but [ have been unable to use them as-‘a specific charécter. although
Schlee (1968a) used thé\§truts successfully for males of Corznoneufa-
The dorsal strut has been referred to as the sternapodeme (Saéther
1971; Hansen 1973), or the Bogenspanger(Schlee 1968a), and the
‘ventral strut has been called the‘ph;llapodeme (Saether‘1971; Hansen
1973). ‘ : N
FEMALES

Structure and terminology are as in the malg‘/g;EEp{\for
the following structures:‘

‘ Color. In some species, the female is lighter than the

A

male.
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Antennae. The fladel]um consists of f{ve flagellomeres,
and there is no strong apicaf seta on the.1ast f1dgellpmere (Fig.
9). A pair of sensory setae occur. at the apex of.the first four
flageltomeres, and many occur on the last flagellomere. Edwards
(1929, p. 183) pointed out that these setae e%e‘thin, hollow,
membranous extensions of the cuticle, and they are not articulated
. at the base as are other setae. These setae are difficult to éee,'
and are sometimes lost. | _

Head. The compound eyes are larger than those id the
male, and their dorsa] margins are widely separated and are not
extended medially (Fig. 9). . Fewer temporal setae are present in
the female; consequently, the delimitation of the postorbital setae

is difficult to recognize. When .postorbital setae are present ]n

the male of the species, they are usually present also in the female.
’ Thorax. The female has a more robust thorax than the

male. |

Wings. The wing (Fig. 13) is broader and sometimes longer
than that of the male, The veins are thicker and darker fhan the
correspond1ng ve1ns Ain the male, and the space between the veins M
and Cu is larger. Setat1on is more complete in the female, occurr1ng
on veins R,.R1, R4+3, and the stemyein. The anal lobe is similar in
all species. It is stra1ght proximally, then slightly rounded
distally, and-it is not produced. The setae lining the margin of
the anal lobe begin in the middle of the lobe.

Legs.. The claws end in a single sharp point.

Genitalia. The terminology of the genitalia follows that
of Reiss (1971). ‘




23
&

' There are a pair of dark brown, pear-shaped §permathecae.
and each has a short, stra%ght spermathecal duct (Fig. 57). Tergite
IX consists of two parts (hemitergites), each part is usual]j‘harrow
and b}and]ike‘ (Figs. 57, 63), and in a few species, it is wide.and

» platelike (Fig. 61). Species %haracte:g are found in the shape and
setation of the lateral sternite IX. %he cerci are simi]af in shape »
throughout the gpecies, ahd the size appears to vary with the size
and species of the individual.'

"PUPAL EXUVIAE - :

The termino]ogyiof the pupal structures follows that bf
Hirvenoja (1973).

Color. The equiae are golden or brown. The results of
severdgl investigations (Krbge? 1938, Wulker 1956, Lindeberg 1967)
have revealed that seasonal variations of color occur within a
specieél and that temperature and‘water huality‘are two of tﬁe
ecologlcal factors that: affect "the' color In ex;mining'muﬁeum
specimens, the posswbi11ty of color'change due to microbial
breakdown- (cf. Coffman 1973) should be taken into cons1deration{

Cepbalothorai; The thoracic horn (respiratofy apparatus)\
occurs in a variety of tubelike forms (Fig. 90); .They are- usually
covered with spines, although they are bare in a few species. Two
d1fferent types of spines are found on the thoracic horn; they are
either flat and scalelike (Figs 91a, b), or small and p01nted N
(Figs. 91¢c, d). Only one type of sp1nes occurs within the same.

species except -for 0. aggon1cus (Fig. 903), 1in whjch the two f;pesw

occur together. The spineés occur in varying densities, depending

on the species and the condition of the exuviae. The size of the







