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ABSTRACT 

Chironomus stigmaterus Say, although having the arm 
combination of the thummi-<:omplex, does not appear to be closely 
related to any of the previously studied species. The banding sequences 
suggest some r~lationship to Chironomus aberratU'J Key!. 

Inversion polymorphism occurs in arms A, C, F, and G in 
some populations but further data are required from other areas before 
the extent of polymorphism in Chironomus stigmaterus can be fully 
evaluated. 

The Cytology of Chironomus stigmaterus Say 

by 

Jon MartinI and W. Wiilker2 

INTRODUCTION 

Chironomus stigmaterus Say is a common species in the 
southern United States and has a range extending as far north as New 
York State. At least in the southern and western United States the 
species commonly occurs in sewage treatment lagoons (Grodhaus 
1967). Although the immature stages have been described on a number 
of occasions (Grodhaus 1967, Bath and Anderson 1969), there has been 
no published report of the polytene chromosomes. 

MATERIALS AND METHODS 

The materials examined came from a number of localities 
mainly in the southwestern United States. The localities and th~ 
number of specimens from each are given here to provide an indication 
of the reliability of the data given on inversion frequencies : 

1. 	 Genetics Department, University of Melbourne, Parkville, Victoria. 

3052, Australia. 

2. 	 Biologisches Institllt der UniversiHft, (Zoologie) 78 Freiburg West 
Germany, 
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CALIFORNIA 
Alameda Co. 

71 larvae, Hayward, I 6-VlI-68 , G. Grodhaus and E.W. Martinson 
of the California Departmen t 'of Public Health . 

Napa Co. 
I 6 larva, Napa , I I-VII-67, G. Grodhaus. 4 larvae, I mi . S Napa, 
IO-IV-68, G. Grodhaus. 

Riverside Co. 
97 larvae (samples 16-1 to 16-6), Riverside, I to 8-XlI-65 . 

Solano Co. 
22 larvae, Dolwig Lake, Vallejo (no date) , R.E. Darby. 

FLORIDA 
Leon Co. 

I larva, Lake Miccos uckee (no date). 
NEW MEXICO 
Roosevelt Co. 

I'i', 226 and 12 un sexed larvae, from sewage treatment lagoon, 
6 mi . SW of Portales, 29-X-70, M. Beard. 

Guadalupe Co. 
I larva , fish hatchery at Santa Rosa, (no date) . 

TEXAS 
Travis Co. 

II 'i' and 6 6 larvae , 23-VIJ-67; and 24 'i' and 11 6 larvae, 23-X-70, 
Austin (both samples from wading pools used for fish breeding at 
th e Brackenridge Experimental Station, University of Texas), J. 
Martin . 

We wish to thank Dr. G.L. Bush for his ass istance in 
ob taining the Austin samples. Because these populations are broken up 
into numerous discrete subdivisions in the separate wading pools, the 
differences which appeared in some inversion frequencies must be 
treated with caution because they could reflect sampling error if each 
pool were co lonised by only a small number of females . The quality o f 
the chromosomes, particularly in the second collection, was poor, with 
the ch ro mosomes being exceedingly short with poor banding. 
Therefore, full scoring of many individuals was not possible. 

Squashes were made by the usual techniques (Wiilker el at. 
1971 ). Many of the preparations were made by Mary F. Sublette, 
whose assistance is greatfully acknowledged. 
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CYTOLOGY 

There are four sa livary gland ch romosomes as is usual in 
the genus Chironomus .. The arm combination is the thummi-complex, 
I.e., AB , CD, EF, and G (see Keyl 1962). The centromeres are distinct 
and show some degree of heterochromatinization . The chrom osomes 
are shown in Fig. I . 

Arm A has bands which cannot be identified with 
comple te certainty. The bands of group 3g-6a are obvious near the 
centre of the arm, with groups 3-2h on One side of them, and 12-10 and 
14-1 6 on the other side. Doubt arises as to the identity of some of the 
bands proximal and di sta l to these groups. Two sequences of this arm 
occur in C. stigmaterus but neither appears to be closely related to any 
of those previously described in 0 ther species. 

The sequences , differing by an inversion from 2d-15 , 
appear to be : 1...11'4 

C. stigmaterus I 

a-g r-a k-h a i-g a·d b-e e-h
I 2 189 133 2 6543 1211101415J1617 6 717 18-19 

C. stigmaterus 1I I 
t7dI ~-c 'I S 1410 II 12 §-I 4 5 ~ ~-k ~.I 13 9 8 ~-d 116 ~-e 7 g 18.1 9 

Other interpretations of the banding sequence are possible. 
Al can be derived from Chironomus pseudothummi Strenzke by four 
hypothetical steps, but in view of the grea tly changed sequence such a 
relationship must be tentative . Indeed, one cannot be certain at present 
wh ether or not Al o r A2 is the phylogenetically older sequence. 

. A2 was the most common sequence in the populations 
studIed; A2 is homozygous in California but polymorphic in New 
MeX ICO and Texas. At Portales, New MeXICO, A I was present with a 
frequ ency of 6% and a srngle specImen from Santa Rosa, New Mexico 
was AI / AI ' The two samples from Austin, Texas differed marked ly in 
frequency: 2 1% Al in July 1967 and 71 % A l in October 1970. It 
cannot be deternuned whether this difference reflects a seasonal 
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change, long term change, or simply random . drift due to the 
subdivision of the larval habitat (see above). The smgle speCimen from 
Florida was A /A2. The heterozygous configuration is shown in F,g. 

2
2a. 

Arm B is characterised by a Balbiani ring just distal to the 
four characteristic bands. A puff is usually developed abou t one quarter 
of the distance from the distal end, with a group of dark bands 
immediately dista l to the puff. 

Arm C has constrictions bordered by dark bands which 
break the arm into three approximately equal segment s. The more 
distal of these constrictions is bordered on the centromere sIde by the 
bands a -a as denoted by Keyl (1957). Bands al-a2 remam at the 
distal egd ~f the arm as in Chironom"s piger Strenz1ce (F,g. I). An 
inversion proximal to the centre of this arm (Fig. 2b ) occurs m low 
frequency in populaticns in New Mexico and Texas. The frequen cy.of 
C is 7% at Portales, New Mexico and perhaps as hIgh as 16% at Austm, 

2Texas. However, the sequen ce was not found in the July 1967 sample 
from Austin but was present at a frequency of 16% in October 1970. 
As with the inversion in arm A, the reason fo r this variation has not 
been determined. . 

Arm D has a large nucleolus just distal to the mIddle of the 
arm. No inversion polymorphism is known in this arm. . 

Arm E differs fro m that of the European speCieS 
Chironomus abeTTatus Keyl, amongst others, by a short 111verSlOn 8-5.It 
is therefore identical in sequence with the North Amencan specIes 
Ch. ironomus matur"s Johannsen (Wi.ilker and Martin 1974), but dIffers 
from it by the thicker bands 8h-i . 

C ab erratus, etc. 

ab f e-g 
I 2 3 5 6 7 8 9 10 4 3 IO II 12 13 a-e 

C stigmaterus 

C maturus 


ab f e-g
a-e 
5 3 II 12 13I 2 3 8 7 6 9 10 4 10 
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Arm F occurs in three sequences. F I differs fro m the 
European C abeTTatus through a short inversion 11-15. F2 then is 
derived from F I by a very short inversion 5-6a. In the heterozygotes an 
additional band is inserted between 4d and 6a. This band often appears 
heterochromatic or is somewhat puffed (Fig. 2c). The third sequence, 
F 3' has only been observed once in a single individual from Ontario, 
California (Fig_ 2d), which was also heterozygous for F I /F 2. The break 
points of F 3 could not be determined with accuracy , but they appear 
to be near the division of groups 16 and 17 at one end and near the 
division between groups 14 and IS at the other end. It could not be 
determined whether or not F 3 was on the same chromosome as F I or 
F 2. Because th e two inversions are completely independent, 
crossing-over should be possible between them; therefore, it is 
theoretically possible for F3 to occur with either sequence of the other 
inversion. 

C ab errat"s 

I 2 3 4 5 6 7 8 9 10 17 16 IS 14 13 12 11 18-23 

C stigmaterus I 

I 2 10 17 16 II 12 13 14 15 18-23 

C stigmaterus II 

3 '1' eo 
a b-e 

I 2 3 4 6 5 6 789 10 17 11 6 II 12 13 14 115 18·23 

C stigmatems III I 
b-e I 

I 2 3 4 ? 6 7 8 9 10 17114 13 12 II 16' 15 18·23 

Because of the very small segment involved in the 
polymorphism of F I and F 2' homozygotes can only be scored in the 
very best specimens. It was, therefore, not practicable to attempt a 
complete study of the population dynamics of this inversion_ However, 
certain features were noted, in particular that the frequency of 
heterozygotes was at least 50% in all popUlations sampled. In those 

http:frequency.of
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cases where larvae had been sexed, fema les were homozygous and males 
were heterozygous. This suggests that region 5-6a is either close to, Or 
actually includes, sex determining loci. F 2, with its additional band , 
would then represent a recognizable Y -chromosome similar to that 
reported in a rm F of Chironomus rempeti Thienemann (Rempel et at. 
1962). If F2 is a Y-chromosome, F2/F2 homo zygotes will not be 
expected to occur and no such individuals have been found amongst 
those speci mens where arm F is clear enough to permit definite 
identification. Further sexed material is necessary to confirm these 
findings. 

Arm G is found with four different sequences in vario us 
populations. Sequence G I ' which is the only one present in Ca liforn ia, 
has two Balbiani rings; one is about a third of the distance from th e left 
hand end, immediately followed by a constriction and a swelling with 
two thick dark bands; the other, close to the right end of the arm. G2 
differs fro m sequ ence G I by a large inversion of th e righ t end of the 
arm. In addition , the left hand Balbiani ring is not developed . G3 , 
which is at the left end of arm , is a much smaller inversion than G2· G3
overlaps· with the end of G2 and inverts the ·regi on around th e left hand 
Balbiani ring. G4 is a further inversion of G2. Like G3, G4 IS at the left 
hand end, but is closer to the end and smaller than G3. As in G2, the 
right hand Balbiani ring is not developed . 

The latter three sequences were found only in the New 
Mexico and Texas sa mples. G2 had a frequency of 57% at Portales and 
54% at Austin; G3 was 12.5% at Portales and 15% at Au stin ; G4 was 
18% at Portales but did not occur at Austin . An individual homozygous 
G4 /G4 was found at Santa Rosa but no G3/G3 individual has been 
found . The single specimen from Florida was G I /G I· 

The various heterozygous configurations are shown in Fig. 3. 

DISCUSSION 

Chironomus stigmaterus does not appear to be closely 
related to any of the previously studied species of North America or 
Europe. Arms E and F indicate a relationship t o C. aberratus (Fig. 4), 
but the very changed sequence of Arm A, which is not easily derived 
from C. aberratus suggests the relationship is somewhat distant. The 
possession of an arm E identical to that of C. maturu)" raises an 
interesting problem. If the sequence indicates a common ancestor of 
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these two species, then for the same sequence to occur in both the 
thumm i- and maturus-complexes, the inversion must have occurred 
prior to the whole arm translocation which separates these groups. If 
this is correct, other species may be found carrying th is sequence, 
wh Ich must then be of considerable antiqu ity. However, there are two 
other possible explanations viz: (I) an independent occurrence of a 
similar inversion in each of the species concerned , or (2) hybridiza tion 
between the sympatric populations of C. stigmaterus and C. maturus , 
whIch could have allowed transfer of the sequence from one species to 
the other and its subsequent fixa tion in bo th. In the case of the latter 
explana tion , there is no way of knowing which would have been the 
donor and which the recipient species. . 

Relative ly little can be concluded with rega rd to the 
inversion polymo rphism in C. stigmatems. With the exception of the 
po ssible sex-linked inversion of arm F , which occurred in all 
populations sampled, the other inversions appear to have a limited 
distribution in New Mexico and Texas. However, these resu lt s simply 
indicate the need fo r further samples to fill in th e gaps in the 
di stribution of the species. In particular, the ex tent to which the species 
extends so uth· into Mexico and Central America would be of interest. 
One previous record exists for Mexico (Townes 1945). Possibly, the 
polymorphism is more widespread through Mexico and Central America 
and to date on ly the very edges of the polymorphic popu lations have 
been sa mpled . 
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Fig. I 	 Chromosome arms A-G of Chironomus stigmaterus Say. 
Centromeres (arrows) are· on the right side of the 
photographs. Banding groups (following Keyl 1962) are 
indicated be low the chromosome. Breakpoints of 
inversions are indica ted above the chromosome. B-Balbiani 
ring; P-puff; N-nucleo lu s. 
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Fig. 2.a-d 	 HeterozygouS configurations of inversion polymorphisms 
in Chironomus stigmaterus. 

Note the puff developed in F2 (P). d) F I/F3. 

• 
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Fig. 3.a-d Heterozygous configurations of the arm G sequences in 
Chironomus stigmaterus. 

• 
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Fig. 4. 
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Cladogra m 0 f t he po ~s i bl e relat ioAships between 
Chiron o mus sligmaterus, Chirono mus aberralus , a nd 
Chironomus mlllurus. 

a. Arm E: Inversion 5-8 , Inversion 5- IOb still 
present. 

b. Arm F : (nversion 17-11. 
c. Arm E: fix ation of Ulversion 5-1 Ob. 
d. Arm A: multiple changes. Arm E: fixati on of 

Inversi on 5-8. Arm F. Inve rsion 15-1 I . 
e. Recipro ca l translocation to give AF, 

BE. Arm E: fixation of Inversion 5-8 
Arm F : Inversion 3-15e. 
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