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 ABSTRACT

A preliminary cytotaxonomic study of the common Chironomidae
in a series of saline waters in the southern interior of British
Columbia has been undertaken. The banding pattern of the salivary
gland chromosomes, once it had been described, was used as a
taxonomic criterion and as an indicator of the relationships
between the groups involved. In order to obtain associated stages
in the life cycle, the larvae were reared in individual vials.

The polytene chromosome analysis revealed seven well
defined larval épecies. The subsequent morphological analysis
showed that five of these larval specieé could usually be separated
by their external morphology. However, two cytologically distinct
species are morphologically indistinguishable.

Recent work on sibling species in Drosophila and Chircnomus

(Diptera) has shown that sibling species have salivary gland
chromosomes with an identical banding pattern but, differ from one
another in the frequency of inversions. The present study suggests
fhat the morphologically identical larvae mentioned above are sibling
species in larval morphology but are clearly separable by chromosome
analysis. The fact that they occur together in the same lake tends
to eliminate the view that they are distinct populations of a single
species. That theré may be more than one species involved in those

here considered to be a single taxa, should however not be forgotten.
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INTRODUCTION

Chironomid larvae, like all Diptera, have striking polytene
chromosomes which are enormously enlarged and have a banding pattern
which has been shown (Beermann, 1956) to be constant within different
larval tissues. In addition, the banding patterans of larvae from a
single interbreeding population asre often found to differ from one
individual to another. These differences may consist of translocations,
and perhaps duplications, but are most often inversions. An inversion
is a chromosome aberration in which a segment exists in reverse
relationship to the rest of its chromosome. It results when the
chromosome arm breaks twice and the chromosome piece becomes inverted,
end to end, before the breakage points rejoin. An inversion does not
normally arise as the result of chromosome breaks in the somatic
tissue (eg. salivary gland) but instead arises usually in germ cells
(Wallace, 1966). Such inversions are assumed to be of great
evolutionary significance since they cause the fixation of wvarious
gene combinations permanently. The polytene chromosomes allow
one to easily recognize these features and to assess with extreme
accuracy, differences between populations and species.

The banding pattern of the giant chromosomes, once it has
been described, may be used as a taxonomic criterion and at the same
time, in favourable cases, as an indication of the relationships
between groups, either species, races or populations. Work in this
latter category has been done using Drosophils (see Dobzhansky, 1951;

Patterson and Stone, 1940), but very little has been reported outside



this taxon, and even in this genus,while different wild populations
are often found to differ, in most cases the selective advantage of
various genotypes in their habitats is not understood since nothing
is known on the larval biology.

The Holarctic species of Chironomid, Chironomus tentans

Fabricius, has proved to be an extremely interesting species for
population studies in the wild. Acton (1959) has demonstrated that
the banding patterns in European populations differ from those in
North America, yet interbreeding between flies from the two regions
is possible. Similarly ., he has shown great variation between
populations of C. tentans in Great Britain (Acton, 1956). This
however, is the only species on which extensive data 1s available.

It is desirable to extend our knowledge of the forces which
act on populations in order to understand the process of evolution
in detail. The Chironomidae appear to be ideal material for these
studies since the larval biology can be accurately studied and their
habitats are frequently quite distinct and easily defined. Further,
British Columbia seems a particularly favourable area which to
undertake a study of this sort, since it offers a wide range of
aquatic habitats (Northcote and Larkin, 1963).

Recent studies on the inland waters of Southern British
Columbia (Scudder, unpub.) show a considerable range of salinity
and have revealed that a great part of the benthic fauna,in many,
is made up of larval Chironomidae. In some lakes, the population
density of such larvae may attain a figure of 5000 per square

meter: they contribute the bulk of the biomass within most lakes.



The majority of the chironomid larvae of these lakes are red ones,
but to date the species have not been identified. Complete and
accurate identification is a prerequisite for any ecological study
and certainly for one which is concerned with the study of closely
related species and populations within these.

The identification of chironémid larvae in general is rather
difficult and this is true for the British Columbia fauna. The best
known keys to the North American Chironomidae are those of Townes
(1945) and Johannsen and Townes (1952), but these are both concerned
with the adults. Besides the fact that parts of these are also now
out of date due to the work of Sublette (1960;196La;196L4b) 3 they
are purely descriptive and do not contain data on the larvae. The
only keys available to the larvae are by Johannsen (19372;193Tb) and
Roback (1957) which deal mainly with material collected east of the
Rocky'Moﬁntains. As a result, many British Columbia species are
not included in these works (Hamilton, 1965).

The European literature on larval classification is more
complete and several keys have been wiitten (Lipina, 1928; Thienemann,
1924;1929; Chernovskii, 1949; Bryce, 1960) using morphological
features, in particular the head capsule. In 1956, it was shown by
Acton that cytological features can be used in conjunction with
important external characters to accurately identify certain larvae
of Chironomus. Since then, a comprehensive cytotaxonomic key to the
Buropean species of Chironomus has been compiled by Keyl (1959), using
methods first suggested by Bauer (1945). The banding patterns of the

polytene chromosomes of the salivary glands are inherited directly



and are not affected by enviromment, endogenous activitf, or the age
of the larvae. They are therefore, a particularly reliable and
useful character for the identification of the larvae.

The present study is thus concerned with the accurate
identification of the most common red larval Chironomidae in the
series of interior saline waters mentioned earlier. Due to their
lreliability in delimiting species, particular attention was given
to the compilation of maps of the larvae salivary gland chromosomes.
The species once recognized by these chromosomes, then can be
separated by coincident morphological features. 1In this way, a key
to the larvae has been compiled. Such a key, permitting a reliable
and rapid separation of the red Chironomidae larvae, will make
possible further detailed study on the fauna of selected lakes,
which in time will unravel some of the factors governing the

distribution and evolution of these taxa.



MATERTALS AND METHODS

Larvae were collected , at various intervals extending over
a period of 12 months, from a series of saline lakes and water
bodies in the southern interior of British Columbia (Table 2).
These larvae were separated from the bottom mud with a fine mésh net
and transferred to large thermos jugs of lake water. In thé
laboratory a random sample was taken for squashes and the others
were reared at 20° C. in large plastic trays. The larvae were fed
on powdered nettle leaves.
In order to obtain associated stages in the life cycle, laté
fourth instars with enlarged prothoracic segments were transferred
to individual large shell vials containing about 3/4 inch of lake
water. Most adults emerged within two weeks when this technique was
employed. The males were killed with:ethyl acetate vapour a few
hours after emergence and pinned or preserved with their larval and
pupal exuviae in 70 % ethyl alcohol. The preserved material was
mafle into slide mounts following the method suggested by Schlee (1966).
To prepare the polytene chromosomes, the salivary glands were
dissected out on a slide and hydrolyzed in 1 N HC1l at room temperature.
They were stained in warm 1 % synthetic aceto-orcein for T to 10
minutes. After squashing, the dry ice technique (Conger and Fairchild,
1963) was employed to make permanent preparations, with Euparal as
the mounting medium. To identify the nucleolar regions either acridine
orange (MacInnis and Uretz, 1966) or Feulgen-Fast Green (Semmens and

Bhaduri, 19%1) stain was used. The latter was the best method;_



. especially when the glands were pre-fixed in formol-acetic-alcohol
( see Basrur, 1957 ).

A large number of squashes were made of each species (Table 2).
The reared adults were always preserved with their larval and pupal
exuviae. Likewise, the larval head and abdominal segments were kept
in numbered vials after the salivary glands were removed for staining.
In this manner, an implicit association between larvae and adults of
the same species was always assured.

A series of idiograms was prépared to show the standard
chromosome complement of each species. The relative lengths of the
chromosomes and the distances between banding landmarks are shown in
percentage total complement length (% T.C.L.). The % T.C.L. was
averaged from measurements of caméra lucida sketches of 2 nuclear
complements from 3 different larvae. The chromosomes are numbered
I to IV or I to III in decreasing order of length. The other
morphological aspects of the salivary gland chromosomes are shown
in composite photographs.

When possible, the larvae were sexed and the head capsule gnd
posterior abdominal segments preserved in 3:1 alcohol/acetic acid
fixative. To bbserve the gonads, the contents of the eight posterior
segments were squeezed out énto the slide by firm pressure along the
integument. The larvae were classified as males if thé gonads were
small, spheroid bodies with a smooth non-granular appearance. In
females, the gonads were large sausage-shaped bodies with a granular
texture. In the early instars, the reproductive organs are essentially

similiar in the male and female and no separation was possible.



The external morphology of the larval head capsules and
posterior abdominal segments was recorded by photomicrography and
camera iucida drawings. The preserved adults were sent to Dr. D.R.

Oliverl and Dr. J.E. Sublette2 for final identification.

lEntomol_ogy Research Institute, Room 1004, K.W. Neatby Bldg.,
Ottawa, Ontario, Canada

2Associate Dean, School of Graduate Studies, Eastern New
Mexico University, Portales, New Mexico, 88130



RESULTS

A. Cytology

a. General Features of the Polytene Chromosomes

For the cytological analysis, the standard arrangement of
each chromosome was determined and a series of composite photographs
were made (Plates 1 to /7). 1In addition, a series of camera lucida
maps was prepared to show the distinguishing features and prominant
landmarks in their respective places on each chromosome (Figs. 1 toT).
Some regions (eg. the chromosome tips), were more completely mapped
than others. The positions of landmarks and prominant banding
sequences are shown by numbered arrows. The approximate distances
between these arrows and the comparative lengths of chromosome arms
were measured from camera lucida drawings and converted into percentage
T.C.L. (see materials and methods). For example, on chromosome I of
Species II, there is a "centromere" at arrow 4 (Sp. ITI-I-4). This
point is 1.9 T.C.L. units from the nucleolus and 16.8 (5.6+9.3%1.9)
units from the left tip. Finally, a cytological summary of each
species is given in the form of an idiogram (Fig. 8), along with a
gross chromosome description. Table 1 explains the conventions and
abbreviations used in constructing the maps and idiograms.

The chromosomes of each species are orientated in the
equatorial plane with the short arm facing left. This arrangement

was arbitrary as gonial mitosis was not studied. Chromosomes are also



arranged according to their length, the longest béing at the top.
No attempt has been made to describe inversions or changes from the
standard form.

A number of specific terms have been used in this section to
describe certain features of the chromosomes. Certain loci on
chromosome IV always appear puffed or greatly expanded into a large
loop around the chromosome (ie. Sp.II-IV-2; Sp.VII-IV-2). These
constant large puffs are called Balbiani rings (see Beermann and
Clever, 196Lk). After staining with aceto-orcein, chromosomes T to ITT
frequently have large clear protrusions which are constant for the
species (ie. Sp.II-I-3; Sp.II-III-6; Sp.III-III-3). These areas
stain green with Feulgen-Fast Green and fluoresce red after staining
with Acridine-Orange. On the basis of these results, these loci are
called the nucleolar organizers. Species IT,ITI,V, and VI have
large hetérochromatic swellings at specific sites along their
chromosome arms. In Sp. V these regions remain attached even after
squashing. . Assuming these areas may be analgous to the chromocenters
of Drosophila polytene chromosomes, they will be called "centromeres".
Baver (1936) has called these régions heterochromomeres. Gonial
mitosis has revealed that if the centromeres are not within these
heterochromatic swellings, they must be very close to them. These
terms and assumptions will be expanded upon in the discussion which
follows this section.

Three additional points need to be mentioned. First, all the
chromosomes are shown in the homozygous condition, such that the

homologues are intimately paired. In some species, small inversion
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loops were observed. The significance of these inversions is
explained in the discussion. Second, no gross differences betwéen male
and female banding patterns were observed. It is not suggestéd that
they do not occur but rather that their detection would be extrémely
difficult and of léttle practical value in a study of this type.
Third, a large number of figures have been prepared to accompany the
relatively brief text. It was felt that a simple diagram could best
describe some of the complex thsical drrangements of the chromosome
parts. Some references are referred to many times throughout the
text; consequently, all figures and plates have been gathered
together for ooﬁvenience in a single section at the end of the

thesis.
b. Description of Standard Chromosome Complements

. Species I

The general aspect of the four standard chromosomes of Sp. I
is shown in Plate 1. Chromosomes I and IT eaéh have a prominent
nucleolar organizer near the center. ,Séparation-of'thése two
chromosomes is best achieved by comparison of the banding sequences
near these nucleoli (Sp.I-I-3; Sp.I-II-3) and the tips.

Chromosome III is shorter, but like I and IT appéars to be
metacentric. The nucleolus of chromosome IIT is not obvious but
the banding sequence at III-2 on the left arm sérVes as a good
reference.

Chromosome IV has three large Balbiani rings. It is also
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recognized by its short relative length, and the presence of two
deep heterochromatic patches directly to the left of points IV-3 and
Tv-k.

The chromosomes are free of one another; there is no
conclusive morphological evidence on the positibn*of the centromeres.
Thé gross banding pattern is shown in figure 1.

- Species II

The general aspect of the four standard chromOsOmés is shown
in Plate 2. Two pictures of chromosome ITT were needed to show the
complete banding pattern of both arms.

The three long metacentric chromosomes have a large
heterochromatic swelling near their centers. These sites aré
generally referred to as the "centromeres" (see Basrur, 1957), or
heterochromomeres (see Bauer, 1936).

Chromosomes I and II have a nucleolar region néar their
"centroméres", while chromosome III carries the nucleolus near the
right end. An adequate separation of chromosomes I and II can be
achieved by following the major banding sequence in relation to the
"centromere" and nucleolus. Chromosome III can be identified by the
position of the nucleolus and from the banding landmarks.

The short acrocentric chromosome IV is easily recognizéd by
its short length. It has a darkly staining "centromere” on the left
tip and a Balbiani ring and nucleolus on the'right'sidé (Fig.-2).
Two heterochromatic bands aré also characteristic of this chromosome
(Plate 2-IV-1-2).

Some intact nuclei suggest weak ectopic pairing occurs between



the four "centromeres" but this is usually lost when the nucleus
rupturés. The other important banding sequences aré best learnéd from
the chromosome map (Fig. 2).
' SEéCieS'III

Speciés'III has only three chromosomes (Plate :3). This aspéct
aloné allows rapid separation from.the'other‘speciés studied (Fig. 8).
A1l three chromosomes are metacentric and have a small heterochromatic .

' near their center.

"centromere'

Chromosome I can always be recognized. by the three pairs of
hetérochromatic bands near the free end of the left arm. Thé’middlé
pair of these bands is shown at point I-2 on plate 3.

The position of the nucleolar organizer allows for a good
separation of chromosomes II and III. The standard map (Fig. 3)
shows other points which can be used for identification.

Generally, the salivary gland chromosomes of this species
appear much larger, both in length and width, than the other
species studiéd. The chromosoﬁes'are always frée of oné another.
Speculation on the incorporation of chromosome IV is impeded by the’
scarcity of puffing in the chromosomes. If chromosome IV was
incorporated into the other chromosomes, one should be able to
observe the large Balbiani rings which are so characteristic of this
chromoéome. However, the broken pairing between regions III-L and
III-5 suggests parts of chromosome IV may be within this segment.

" 'Species TV
The gross features of the four chromosomes of this speciés

are shown in Plate 4. The standard banding sequence between regions
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III-3 and IIT-4 is partially covered by an inversion.

Chromosome I has a nucleolus near its center. The right side
of this nucleolus always has a repeating 1-2-2-1 bandihg_sequence (Fig.
L-T-4). The nucleoclus is located near the left end on chromosomeII.
Three heterochromatic bands separate the nucleolus from the £ip
region (Fig. 4-II-2). The nucleolar region on chromosome III is
bocated near the base of the left arm. It is relatively easy to
locate the left arm of this chromosome because it always has " 3
heavy . groups" adjacent to the tip. Each heavy group is inturn
composed of 3 dark heterochromatic bands (Plate 4-ITI-1-2).

Chromosome IV is considerably shorter than the others, and has
two prominent Balbiani rings. The right end of this chromosome
appears to have a nucleolar swelling but this may be an artifact due
to deterioration of the larvae before squashing.

The chromosomes are always free of one another. The position
of the "centromeres'" could not be determined.

' ‘Species V

The salient features of the polytene chromosomes of Sp. V
are shown in Plate 5. Apart from the relative lengths of the
chromosome arms and the presence of heteroéhromatic "centromeres", the
most striking feature is the extensive ectopic pairing between the
"centromerés”. This association is not broken by squashing.

There is no distinet expanded nucleolar region in chromosome I.
There are, howévér, two distinct banding areas on the long right arm
which allow one to orientate the chromosome (Plate 5-I-3). The

nucleolus is on the right arm of chromosome II, near the "centromere'.
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Chromosome III has the nucleolus near the tip of the short arm. In
many slides, a "gap" area appears just to the right of the "centromeré".
These features and the obvious banding sequence allow rapid
identification of these metacentric chromosomes.

Chromosome IV begins with an extensive heterochromatic
"centromere" (Fig. 5-IV-1). The single prominent Balbiani ring is
always followed by a deep heterochromatic patch. The distinct
subterminal swelling at the right end of this chromosome suggests
puffing also occurs in this region.

To emphasize the ectopic binding which exists between these
chromosomes, the "centromeres'" are shown attached in the idiogram
(Fig. 8).

Species VI

The general aspect of the four standard chromosomes of this
species is shown in Plate 6. All four chromosomes have conspicuous
heterochromatic "centromeres" but only chromosome II has a definite
nucleolar region.

Chromosome I has a distinctive heterochromatic band in the
flared end of its short arm. The banding sequence near the right
tip also serves as a reference. The right end of chromosome IT has a
thin dark band followed by two dark reverse "C" shaped bands (Fig. 6-
II-5). A shorter left arm and an easily recogﬁized banding sequence
near the '"centromere" are characteristic of chromosome ITI. Standard
chromosome IV is short and acrocentric, with a large heterochromatic
"centromere" on the left tip. The first Balbiani ring (IV-3) is

always associated with a wide heterochromatic band. The other
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Balbiani ring is typically located near the right tip.

The threé long chromosomes are metacentric. The_ banding
landmarks are much more distinctive on the longest chromosomes
T and II. There is not evidence of ectopic pairing between the
"centromeres".

SpécieS'VII'

The largé salivary glands of Sp. VII gave excéllent squashes
with good separation of the chromosomes. The morphology of
chromosomes I to IV is shown in Plate 7. Two pictﬁreS'of chromosome
IV are provided to demonstrate the full banding sequencé aftér the
right Balbiani ring (IV-4). The "centromeres" are not heterochromatic
and could not.bé located.

Chromosomes I and II have a distinctive nucleolar region near
their centers. Chromosome II is distinguished from the formér by a
banding arrangement on the right tip (Fig. 7-IT-6). The landmarks
on chromosome ITIT are best located with the help of the map.

Chromcsome IV has three Balbiani rings. The two closély
associatéd rings on thé left arm are séparated by a simplé doublé
band. The rélatively tong piece between region IV-2 and IV-U4 has a
specific pattern and is terminated by a large Balbiani ring and
heterochromatic patch (Fig. 7-IV).

The large discrete chromosomes which characterize this

species, never show morphological evidence of ectopic pairing.



Chromosome Key to the Fourth Instar Larvae of Chironomidae in the
Southern Interior of British Columbia

. Salivary gland nuclel with 3 polytene chromosomes
(Fig. 8-3; Fig. 3; Plate 3).cui.c.... e reeeaeeeaea ...8pecies IIT

Salivary gland nuclei with 4 polytene chromosomes
(Fig. 8-1 to 7 ; Plates 1,2,4,5,6,T)ceeeerecennen. veal?2

. Chromosomes with dark heterochromatic "centrocmeres'

(Fig. 8-2,5,63 Plates 2,5,6)ceeeeceeccancnns Ceeeeeeaa. 3

Chromosomes without dark heterochromatic
"centromeres"; (Fig. 8-1,4,T)eeieeiiiinrieieiernrnneeasd

Chromosome I with distinct nucleolar organizer very
close to "centromere" (Fig. 8-2); chromosome IITI with
distinct nucleolar organizer close to the right end

(Fig. 2-TIII; Plate 2)ueeeeveneeecnnseaeaasesaensesssssSpecies  II

Chromosome I without distinct nucleolar organizer close
to "centromere"(Fig. 8-5,6)........ Ceereeaa P

Chromosomes always atiached by theilr heterochromatic
"centromeres"(Fig. 8<5); with nucleolar organizer

on left arm of chromosome ITI(Fig. 5-IIT)¢....c.......Species ~ V

Chromosomes never attached by their heterochromatic
"centromeres" (Fig. 8-6); without nucleolar

organizer on left arm of chromosome III (Fig. 6)......Species’ VI

. Chromosome IIT with distinct nucleolar organizer near

its center (Fig. 8-=4);with distinct nucleolar

organizer near end of chromosome II(Fig. 4-II)........Species IV

Chromosome IIT without distinct nucleolar organizer
near its center (Fig. 8-1,7).ciceieennnnn e reteeaaeaas 6

. Chromosome IT with 3 distinct dark bands at the right

tip and with a dark pair of bands to the right of the
nucleolar organizer(Fig. T);chromosome IV without
overlapping Balbiani on left arm (Fig. T);left arms of

chromosome I and II with distinet pattern(Plate 7)....Species VII

Chromosome IT without 3 distinct dark bands at the
right tip and without a dark pair of bands to the
right of the nucleolar organizer(Fig. 1); chromosome
IV withooverlapping Balbiani on left arm (Fig. 1);
left arms of chromosomes I and IT with different

banding patterns then above (Plate 1)..........0v....:8pecies I

16
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B. External Morphology
a. General Features of the Larvae

The following account is intended only to supplement the
cytological section. When full grown, the larvae of the species
examined were from 10 to 25 mm. long, cylindrical and blood red in
colour. The prognathous head capsule was ovoid in transverse
section in all the larvae except Sp. ITIT. 1In this species the
mid-posterior caudal margin of the head was wide and gave tﬂe head
capsule a "pear-shaped" appearance (Fig. 9c). The pigmentation on
the head capsule was generally constant within each species studied.
More will be said on this feature in a later section.

The two eyespots were always separated from one another and
never reniform. In Sp. IT and VIT, the ventral eyespots were
weakly bilobed (Fig. 11b,g).

Striated paralabial plates were a constant feature; only
the shape and the degree of overlap over the labial plate changed
from species to species. The labial plate was pigmented and had
‘numerous teeth along its anterior border. The shape, size and
number of teeth vary between the species. The lateral teeth and
accessory tooth of the mandible are also different in each species
(Fig. 11 a to g).

The antennae have a large, thickened basal segment, an
upper segmented flagellum and a blade (Fig. 11-ii). The basal

segment has a ring organ (companiform sensillum) at its proximal
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third. Only species IIT has a distinet Lauterborn organ on the
upper segments (Fig. llc-ii). The antennal ratio of each species
is found in Table 3.

The distinguishing aspects of the anal segments are shown
in Figure 10. Species II has one pair of short abdominal gills
extending down from the junction of segments 10 and 11. Species
IV, V and VIT have two pairs of long abdominal gills on the 10 th.
segment and one pair of short lateral appendages extending along
from the border of the 9 th. segment. All species have 4 anal gills
and a pair of pseudopods (posterior prolegs) on the last segment.
The shape of the anal gills varies very slightly between species.
Species T has a pair of anél papillae, each with a brush of 7
setae. The other groups have a single papilla with 6 to 8 long
setae. A general separation of all the prominant features is given

in Table 3.
b. Head Capsule Pigmentation

The distribution of pigment on the upper and lower surfaces
of the head capsule was different in each species studied. The
pigment appears concentrated into definite patches, in between
which the head capsule is either colourless or significantly paler
in colour than the pigmented areas. A complete separation of each
species is best achieved by direct comparison with the drawings in
Figure 9 (a. to g) and the morphological key at the end of this

section. The drawings were made from larvae with swollen prothoracic



19

segments and must be considered as the fourth instar stage.

In most species the patches were regular and only the density
of the pigment changed within the group. This change is particularly
striking on the ventral aspect of the parietal plates in Sp. IV
and Sp. V (Fig. 9d, e). Species VI has a characteristic dorsal
"fenestra" on the anterior face of the fronto-clypeus. In Sp. III,

the ventral suture of the parietals is not evident.

c. Morphological Key to the Fourth Instar Larvae of Chironomidae
in the Southern Interior of British Columbia

1. Larvae without abdominal gills (Fig. 10a,c,f)eceeenn.. 2
Larvae with abdominal gills (Fig. 10b,d,e,8)cceceecna. L4

2. Distinct Lauterborn organ present on antennae (Fig.
1lc); body of 13 segments; ventral aspect of head
(parietals) without median longitudinal suture
(Fig. 9¢c); head capsule "pear-shaped" (Fig.9c)....... .Species IIT

Distinct Lauterborn organ absent (Fig.11l); body of 12
segments; ventral aspect of head (parietals) with a
median longitudinal suture (Fig. 1llc,f); head capsule
ovoid (Fig. 9a,b,3,€,Ty8) cecerccnrancoocanas Ceeieaaaa. 3

3. Head capsule with dorsal fenestra (Fig. 9f); with .-
single anal papilla (Fig. 10f); mandible with 4 dark
coloured teeth (Fig. 11f); labium with one medio-
lateral and 10 lateral teeth (Fig. 11f)..... veseeee...Species VI

Head capsule without a dorsal fenestra (Fig. 9a);
with two anal papillae (Fig. 10a); mandible with 3
pale coloured teeth (Fig. 1la); labium with 2 median

and 12 lateral teeth (Fig. 11la)....cecueens Cecaeeeaes Species I
. Larvae with one pair of abdominal gills (Fig.1l0b)..... Species II

Larvae with two pairs of abdominal gills (Fig.10d)....5



5. Head capsule with a black wedge-shaped mark mid-

dorsally (Fig. 9g); antennal ratio 13:1k:7:7:3
(Fig. 118)eeeerene.

........ tecssssesssessooopecies VIT

Head capsule without black wedge-shaped mark mid- -
dorsally Fig. 9d,e); Antennal ratio 30:11:4:3

(Pig. 11 d,e) cveeuen. seessscacnssssssseesss.SOpecies IV
Ceceenan ..Species V¥V
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DISCUSSION

In many taxonomic problems, particularly those concerned with
the evolutionary trends within small groups (ie. species-groups or

genera), it is often difficult, using conventional methods, to make

decisions as to which are the best characters to utilize. Presumably

it is the best procedure to select a character which changes very

2l

little, and is constant for a species. It is argued that the polytene

chromosomes are a valid and reliable criterion by which to judge
speciation and evolutionary relationships.

The composite photographs which accémpany this study show the
chromosomes in the predominant homozygous condition. Although each
chromosome appears to be a single structure, it is actually two
chromosomes tightly paired throughout their entire length.

Bridges (1935) was able to represent the paired strands separately

for the chromosomes of D. melanogaster. Since the chromosome bands

appear as a single structure, it can be assumed that pairing results
from a band—to;band attraction. Tt would follow therefore, that if
the chromosome banding patterns of the parents are identical, the
offspring should have chromosomes that are intimately paired
throughout their lengths. Each band on the paternal chromosome
would pair exactly with the homologous band on the maternal
chromosome. The next step would be to associate this fundamental
chromosome banding pattern with a given larval form and then with

a given adult. This has been done in this thesis on larval

identification.
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It is perhaps appropriate at this point to return to a
basic difficulty which exists in relating life stages. The removal
of the salivary glands always terminates the life of the larva.
Since the adults do not posséss polytene chromosomes, it is
impossible to have a giant chromosome(slide that corresponds
directly with a given adult. The association between larva and
adult can only be inferred.

In this present study, the possibility of error in relating
life stages is almost negligible in view of the large number of
comparisons made and the method of rearing the adults. Each adult
was reared separately in a large shell vial. The larval exuviae
from all the individually reared males were always compared to
corresponding larvae that were preserved after salivary gland
removal. A further precaution was exercised in assigning the
cytological species numbers (I to VII) rather than generic names.

Throughout this report, the "fundamental Pattern" is
interpreted as that banding arrangement which is most common within
the species: it was determined in relation to the total number of
slides that were analyzed. Since chromosome rearrangements
(eg. inversions) always arise from pre-existing patterns, variations
can always be related back to the fundameﬁtal arrangement.

Perhaps it is relevant to mention here a specific example
from the present study. In 3 of the slides of Sp. VII, an inversion
loop was observed on the left end of chromosome I. The uninverted

region in this loop was easily identified and corresponded to a
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homologous region in the fundamental pattern (VII-I-2). Since this
arrangement occurred in only a small number of larvae (3 in 99), the
alternate pattern is regarded as fundamental.

The present study has shown that the red Chironomidae in the
lakes mentioned previously is composed of seven cytologically
distinct species. The idiograms (Fig. 8) are graphic representations
of the gross featureé of ﬁhe polytene chromosome complements of the
seven species. There is little doubt that five of these seven
larval species are distinct species as they differ in the ordinary
taxonomic criteria as well as their cytological features. For
example, one species (Sp. III) has only three chromosomes while
other species have four. The latter are also distinguished by
large heterochromatic "centromeres" on the chromosomes (eg. Sp. II
and Sp. VI). Thus, distinct chromosome types are easily recognized
by their morphology, the three chromosome type for example having
a distinct Lauterborn organ on the antenna and 13 segments on the
body (see Tablé 3). However, two cytologically distinct species
(Sp. IV and Sp. V), cannot be separated as yet by their larval
morphology. Except for small variations in head capsule pigmentation,
these species are morphologically indistinguishable as larvae: the
adults may or may not prove morphologically distinet.

The traditional approach to the systematics of the chironomids,
the approach used by Meigen (1803), Thienemann (1929), Townes (1945),
and others, is based solely on the external morphology of the adult
form. This follows from the general finding that adults show a

greater degree of differentiation than the larvae, and consequently



2L

their characters are likely to remain more important for species
determination. As a result in many families the knéwledge of the
larval form is still very limited (Gordon, 1955).

Hamilton (1966) recently completed a survey of the Chironomidae
in Marion Lake, British Columbia. In this study, 31 of 51 identified
species were "definitely" or "almost definitely" associated with
their larval forms. The larval key presented with Hamilton's work
is based on the examination of only two or three larvae from each
species. Larvae from populations outside the lake were not
compared. It should have been apparent that identification on the
basis of only a few isolated samples sometimes can lead to erroneous
criteria for a species. The limitations which must be imposed on
such a key could nullify its use on other populations and other
species.

Two species in the present study serve to emphasize this
point. Species IV and V cannot be separated by larval external
morphology (see Key I, p. 19). A taxonomist working only on these
larvae would therefore call them one species. However, cytological
examination reveals quite readily that we are dealing with two
distinect species (see Fig.'8). Perhaps if several hundred of these
larvae were carefully observed, a morphological difference could be
found. The chance of finding reliable characters by examination of
only a few larvae would be very small.

The pigmentation of the head capsule has received little
attention in the larval keys mentioned above. Pigmentation appears.

to develope first in places to which muscles are attached and later
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in areas of mechanical stress ( Chernovskii, 1949). Acton (1956)
has indicated that pigmentation of the head capsule may be of value
in separating at least some species of Chironomus.

In the seven species studied, the appearance of pigment on the
head is constant within each species. Moreover, a general
separation can be accomplished using this feature with other
accessory criteria. The one possible exception is between Sp. IV
and Sp. V which have almost identical head capsule pigmentation
(see Fig. 9d,e).

Most of the other morphological characters referred to in this
work are in general use as taxonomic indicators in larval keys.

Bryce (1960), for example, makes extensive use of the features of the
antennae and hypostomal (labial) plate. Hamilton (1965) separates

the subfamily Tanypodinae by the retractability of the antennae and
the eyespot separation. Johannsen (1952) also uses the retractability
of the antennae, but Chernovskii (1949) uses neither of these features
for the initial separation of the European Tanypodinae .

For the sake of simplicity in separating the broad groups,
only the gross features of the head and posterior body segments are
shown. It was felt that these features can be used in the field to
readily separate the larvae into appropriate groups. In a thorough
morphological survey, these criteria could probably be supplemented
by a number of less obvious but also reliable characters.

In the present investigation, an attempt has been made to
employ techniques of which the above criticism cannot be made. The

polytene chromosomes are a basic character and give an accurate
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identification of each larval species. These enormously enlarged
chromosomes have an intricate series of cross-striations along their
lengths. Dobzhansky (1951) suggest that these striations are

composed of "stainable discs" which may or may not correspond each

to a single gene. The constant pattern that they form may reflect

the gene arrangement in the chromosomes. Because of the precision
with which these chromosomes are replicated, it is possible to
construct a "chromosome map" using the bands as referencerpoints.
Painter (193L4) and Bridges (1935) were among the first workers to
publish maps of the salivary glénd chromosomes of Drosophila.

Since that time many detailed linkage maps have been prepared to

show the sequence and locations of the genes for a number of mutant and
normal:characters in Drosophila (ef. Bridges et al, 1936; Dobzhansky
and Sturtevant, 1938; Wharton, 1942). The salivary gland chromosome
banding patterns of many other Diptera have also been determined.

For example, Basrur (1959,1962) and Dunbar (1959) have done extensive
work on the Simuliidae, and Bates (1940) has worked with the Culicidae.
A great store of information has also been amassed for the Chironomidae.
(eg. Beermann, 1952; Rothfels and Fairlie, 1957; Keyl and Keyl, 1959).
Thus it can be said with some confidence, that the salivary gland
chromosomes are an important tool for species analysis.

The precise replication of chromosomal material is further
demonstrated by comparing the giant chromosomes of two different
larval tissues.- Pavan and Breuer (1952) showed that the banding
pattern of salivary chromosomes and malphigian tubule chromosomes

are nearly identical in the fungus fly (Rhynchosciara). The
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differences that occur in the chromosomes bf these two tissues concern
the frequency and position of the "puffs". These puffs or expanded
regions have recently been evaluated by Beermann and Clever (1964).
The puffed regions appear to be actively engaged in RNA production,
and are controlled either directly or indirectly by the internal
hormone balance. At any one time, different tissues have different
puffs, but cells of one tissue will have only one particular pattern.
It may be well to consider at this poiht another application
of chromosome banding patterns as a criterion for a species,
especially groups of sibling species. Such sibling species occur in

" Chironomus (eg. C. tentans and C. pallidivittatus) and in Drosophila

(eg. D. pseudoobscura and D. persimilis; D. melanogaster and D.

simulans). These sibling species have salivary gland chromosomes
with an identical banding pattern but differ from one another in the
frequency of their inversions. It could be argued that these small
chromosome changes are not significant enough to nécéssitate the
separation of these populations into two species. However, breeding
experiments can provide evidence for such a separation.

Beermann (1953) found that it was possible to mate C. tentans

and C. pallidivittatus in the laboratory but, the viability of the

eggs was greatly reduced. Later, Acton (1956) found this greatly
reduced interfertility was characteristic of natural populations and
only a few viable hybrids occur when these two species are found in
the same pond.

Similarly in Drosophila, Lancefield (1929) has found that

crosses between the sibling species D. pseudoobscura and D. persimilis




give F. hybrids that are sterile as males, but fertile as females.

1
The sterility is due to a profound modification of the process of
spermatogenesis such that the spermatids degenerate. Dobzhansky and
Sturtevant (1938) demonstrated that natural populations of the above
spe;ies are mixtures of individuals with different gene arrangements
in their chromosomes. In chromosome III for example, sixteen
different arrangements are found in natural populations. All the
arrangements appear to be related by overlapping inversions. The
complete collection of arrangements, however, is never found in any
one natural population of each species.

One might ask whether two species are indeed '"good" species
if a viable hybrid can be formed between them. The simplest and
most consistant explanation for hybrids is common descent. Wallace
(1966) suggests that the amount of chromosomal pairing in a hybrid
fly is roughly correlated with the similiarity of the parental
species. The above problem is best approached by using the Hardy-
Weinberg Law (see Li, 1955). If the flies mate at random with
respect to chromosome types, the frequencies of the banding patterns
or gene frequencies will in the absence of strong selection, remain
constant from generation to generation. Suppose for example, an
inversion heterozygote (Aa) occurs in only 1% of the population and
the corresponding homozygotes occur regularly with freguencies

AA/50 : Aa/l : aa/Lk9. If these frequencies are maintained in

28

succeeding generations we can assume the homozygotes are interbreeding

freely (separate species) and the heterozygotes can only be

maintained by chance matings or rare back-crosses. On the other
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hand, if the frequencies had been AA/25 : Aa/50 : aa/25 , the
heterozygotes would be difficult to explain on the assumption that

AA and aa belonged to different species. This latter example is
obviously aniexample of inversion combinations within a single
interbreeding group, whose frequencies agree with the Hardy=Weinberg
Law. Nevertheless, it is still difficult to predict at what point

two closely related populations will actually become true species,

but by applying the Hardy-Weinberg Law to the frequencies of the
banding patterns, it is possible to objectively decide the significance
of hybrid formation between two closely related species.

The present study suggests that the species here called Sp. IV
and Sp. V are sibling species in larval morphology, but are clearly
separable on chromosome ididgrams. The sibling species studied
to date by previous authors (see Lancefield, 1929; Bates, 1940;
Rizki, 1951; Dobzhansky, 1951) show virtually identical banding
patterns in the polytene chromosomes. And further, the studies on
these genera show that one species does not have two fundamentally
different chromosome banding patterns.

Hence, these Chironomids must represent two distinct species
or two distinct populations of a simgle species. The fact that
they occur together in the same lake tends to eliminate the second
choice and so we must assume them to be two separate taxa. Of
course, only a program of breeding can unquestionably decide their
status.

The fact that the larvae are morphologically indistinguishable

may merely represent a stage of evolutionary conservationism.
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Dobzhansky (1951) suggests it may be possible that in some groups
the external morphology has reached so high an adaptive level that
changes which might be expected are discriminated against by natural
selection. Finally, it cannot be ruled out that a small genetic
difference within a species may be reflected as more than one
morphological pattern: many cases of morphological polymorphism

are known. As such, only chromosomal analysis could be used to
identify the species.

In summary, seven distinet species are recognized in the lakes
studied; five of them clearly on both chromosome and larval morphology,
two of them on chromosome patterns alone. That there may be more
than one species involved in those here considered to be a single

taxa, should however not be forgotten.



" Table 1 :

abg
ag

ap

bs
fe
la

lo

1p

plp

bp

ro
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Abbreviations Used

antenna

abdominal gill
anal gill

anal papillae
blade

basal segment
fronto-clypeus
lateral appendage
Lauterborn organ
labial plate
mandible

parietal sclerite
paralabial plate
posterior proleg

ring organ
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- -TABLE 2 :

*LOCATTONS :

Collection Data and Slides Prepared

Series A - Springhouse Area

-Westwick IKk.
-Rush Ik.
-Boitano Ik.
-Sorenson Lk.

Series B - Riske Creek Area

-Box 17
-Box 89
-N.Op.Box b
-N.Op.Cres.
-Op.Box b
-Phalarope
-Racetrack
-Rock

Series C - Gang Ranch Area

-Long Lk.

-Long E. #2
-Long E. #k
-Long E. #5

Series D - Kamloops Area

-Lac du Bois
-Lac .du Bois #1
-Kamloops #1 °



SLIDES TOTAL
SPECIES COLLECTION LOCATION *¥ MADE STIDES
Day/Mon/Yr A B C
9/ 6 /66 X el
1/ 8 /66 X P
16/10 /66 X 9 H
3/ 5 /67 X 6
9/ 6 /66 | X X Ly
1/ 8 /66 X X 78
” 5/ 8 /66 X 2 175
16/10 /66 | X X 26
3/.5 /67 | X X 22
| 9/ 6 /66 X X p)
8/ T _/66 3
1/ 8 /66 X X 23
N [sre /e X . 60
23/ 8 /66 2
16/10 /66 | X X 12
3/ 5 /61 | X X 11
9/ 6 /66 X 3
1/ 8 /66 X X 27
|\ 23/ 8 /66 12
16/10 /66 X 13 76
3/5 /67T | X X 21
9/ 6 /66 | X 6
8/ 7 /66 22
1/ 8 /66 X X 27
\/ 5/ 8 /66 X b1 168
23/ 8 /66 32
16/10 /66 X 12
3/ 5 /67 | X | X 28
9/ 6 /66 X X o1
1/ 8 /66 X X 5
VI 23/ 8 /66 L 88
16/10 /66 | X 4
3/5 /67| x | X 2k
9/ 6 /66 | X X 6
1/ 8 /66| x L
\/” 5/ 8 /66 X 14 99
16/10 /66 X 19
3/5 /671 X | X 16

Table 2
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‘Table 3 : Some Morphological Features of the Seven Larval Species

ABBREVIATIONS N
Abd. Gills = Abdominal Gills (see Fig. 10)
Access. Tooth = Accessory Tooth (mandible)
Ant. Ratio = Antennal Ratio
Col. = Colour
Dist. Laut. Or. = Distinct Lauterborn Organ
Dk. Red =Dark Red '
Lat. = Lateral Teeth (labial plate)
Lat. Append. = Lateral Appendages (see Fig. 10)
Mand. Teeth = Mandible Teeth
Med. = Median Tooth (labial plate)
Minute = Small Teeth on Median (labial plate)
mm. = Millimeters
pr. = Pair



5 . Segments Length Head - Ant. Dist. Labial Mand. Access. Abd. Lat. Col
pecies en mm, Size mm. | Ratio Laut .Or. |Teeth Teeth Tooth Gills Append. '
12 8-10 A5x.59 [ib:k:2 No 2 Med. 3 Light - No No No Red
' 12 Lat. Yes
'l‘ 12 18-20 .69x.95 [37:12:8: Yo 1 Med. 3 Dark Yes 1 pr. No Dk .
5:2 12 Lat. |1 Light Red
1 13 20-24  |.75x1.17 [27:10:10:] Yes |1 Lt.Med.|3 Dark No No No  Med.
' 2 10 Lat. Red.
o 1 Lt.Med.
l 12 15-17 .73x83. [30:11:k: No 2 Minute |3 Dark Yes 2 pr. Yes Red
V : 12 Lat.
3
‘ 1 Lt .Med.
\ 12 15-17 .72x.82 [30:11:bL: No 2 Minute |3 Dark Yes 2 pr. Yes  Red
V/ 12 Lat.
i 3
12 15-17 .65x.73 27:8:3:3: No B Lt.Med.|L Dark Yes No No Red
VI il 10 Lat.
1 Dk.Med.!] .
12 2426 +85%.95. {35:1k:7: No > Minute |3 Dark Yes 2 pr. Yes Red
\/l' 7.3 12 Lat.

Table 3.

s€



‘Table 4 : Tentative Identification of the Seven Species ¥

Sp

Sp.
Sp.
Sp.

Sp.

Sp

Sp

. I
iT
ITT

Iv

. VI

. VIT

" 'Polypedilum sp.

‘Glyptotendipes barbipes (Staeger)

Procladius sp.

" Chironomus sp.. (plumosus group)

Chironomus sp. (plumosus group)

N

‘Macropelopia sp.

‘Chironomus tentans Fabricius

¥ 811 reared material with associated larvae and

pupal exuviae has been turned over to the

University of British Columbia, Entomology

Museum for complete and final identification.

- 36
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‘Figures 1 to T : Salivary Gland Polytene Chromosome Maps

Symbols
I = Left Arm
R = Right Arm
B = Balbiani Ring
C = Centromere

N = ©Nucleolar Organizer
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‘Figure 8 : Comparison Idiograms of the Polytene Chromosomes

Symbols:

O

Nucleolus

>

Heterochromatic "centromere"

<
I

Balbiani Ring

1..8p. I
. 2. 5p. 1T
. 3. Sp. ITI

L, Sp. IV

6. Sp. VI

7. Sp. VII
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‘FTigure 9 : Head Capsule Pigmentation Patterns

i = general ventral aspect
ii = general dorsal aspect
ia = 1light extreme of ventral aspect
ib = dark extreme of ventral asﬁect

(see Table 1 for abbreviations used)

A. Sp. I

B. Sp. IT

C. Sp. III ‘
D. Sp. IV

E. Sp. V

F. ©Sp. VI

G. Sp. VII
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" Figure 10 : Terminal Abdominal Segments of the Larvae (4 th. Instar)

(see Table 1 for abbreviations used)

A. Sp. I (x100)
B. Sp. II (x T70)
¢. Sp. ITII (x T0)
D. Sp. IV (x 60)
E. Sp. V (x 60)
F. Sp. VI (x 80)

G. Sp. VII (x 60)
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‘Figure 11 : Some Morphological Features of the Head Capsules in

the Seven Larvae ( 4 th. Instar )

i = eyespots
ii = antenna
iii = mandible, labial plate, paralabial plate

(see Table 1 for abbreviations used)

A. = Bp. 1T
B. = Sp. II
C. = Sp. III
D. = 9Sp. IV
E. = Sp. V
F. = Bp. VI

G. = Sp. VII
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Plates 1 to T : Composite Photographs of the Fundamental
Patterns of the Salivary Gland Chromosomes

in the Seven Species Studied

i..Sp. I
2. Sp. II
3. Sp: IIT
L, Sp. IV
5. Sp. V
6. Sp. VI

T. Sp. VII
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