
insects

Communication

External Morphology of Larvae of Belgica antarctica Jacobs,
1900 (Diptera, Chironomidae) Obtained from Two Locations in
Maritime Antarctica

Paraskeva Michailova 1, Julia Ilkova 1, Pavlo A. Kovalenko 2,* , Volodymyr A. Gorobchyshyn 2 ,
Iryna A. Kozeretska 3 and Peter Convey 4,5

����������
�������

Citation: Michailova, P.; Ilkova, J.;

Kovalenko, P.A.; Gorobchyshyn, V.A.;

Kozeretska, I.A.; Convey, P. External

Morphology of Larvae of Belgica

antarctica Jacobs, 1900 (Diptera,

Chironomidae) Obtained from Two

Locations in Maritime Antarctica.

Insects 2021, 12, 792. https://doi.org/

10.3390/insects12090792

Academic Editor: Mark I. Stevens

Received: 29 July 2021

Accepted: 30 August 2021

Published: 3 September 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences, 1 Tzar Osvoboditel b.,
1000 Sofia, Bulgaria; pmichailova@yahoo.com (P.M.); juliailkova@yahoo.com (J.I.)

2 State Institution Institute for Evolutionary Ecology, National Academy of Sciences of Ukraine,
37 Lebedeva Str., 03143 Kyiv, Ukraine; medziboz@yahoo.com

3 National Antarctic Scientific Center of Ukraine, 16 Taras Shevchenko b., 01601 Kyiv, Ukraine;
iryna.kozeretska@gmail.com

4 British Antarctic Survey, NERC, High Cross, Madingley Road, Cambridge CB3 0ET, UK; pcon@bas.ac.uk
5 Department of Zoology, University of Johannesburg, P.O. Box 524, Auckland Park,

Johannesburg 2006, South Africa
* Correspondence: ilovebiofack@gmail.com

Simple Summary: The chironomid midge Belgica antarctica Jacobs is endemic to the western Antarctic
Peninsula and South Shetland Islands. We provide the first detailed photomicrographic images of the
fourth-instar larval head capsule and posterior parapods. We assessed variation in the morphology
of larvae from two different collection locations off the coast of the western Antarctic Peninsula and
compared it with that available in the literature. A number of differences were identified relating to
the size of the larvae, the number of teeth on the mandibles, the number of antennal segments and
the length of the antennal blade. Malformations of the mandible and mentum are reported for the
first time in this species.

Abstract: The external morphology of the fourth-instar larva of the Antarctic endemic chironomid
midge Belgica antarctica is described. Larvae were collected from Jougla Point (Wiencke Island) and
an un-named island close to Enterprise Island, off the coast of the western Antarctic Peninsula. Light
microscopy was used to examine and document photographically the structures of the mouthparts
(mandible, mentum, premandible, labrum), antennae, pecten epipharyngis, clypeus, frontal apotome
and posterior parapods. Measurements of the mouthparts are presented. The data obtained are
compared with that available in the literature. A number of differences were identified relating to the
size of the larvae, the number of teeth on the mandibles, the number of antennal segments and the
length of the antennal blade. Malformations of the mandible and mentum are reported for the first
time in this species. Features of larvae of taxonomic value that can be used to determine the species
in larval stages are presented. These are of utility in using the larvae to reveal relationships with
other species. Larvae are also important in ecological and genotoxicological studies, which require
accurate species level identification.

Keywords: antennae; mouthparts; clypeus; pecten epipharyngis; posterior parapods

1. Introduction

The brachypterous chironomid midge Belgica antarctica Jacobs is endemic to the west-
ern Antarctic Peninsula and South Shetland Islands. Its biology has been the subject
of research by ecologists, physiologists, geneticists and taxonomists [1–7]. Recent de-
velopments in understanding of this insect’s ontogenesis (some stages of which can be
studied in vitro) and the large body of studies now available make it an attractive model
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to study the effects of extreme conditions on biological processes at multiple levels of
organization [7].

The adult midge was first described in 1900 based on material collected during the
‘Belgica’ Expedition [8]. The larvae were first described by Rübsaamen (1906) [9], with
further information given by Roubard (1907) and Keilin (1912, 1913) [10–12]. They were
re-described by Torres (1953) (as cited by Usher and Edwards (1984) [13], who stated that
the findings were difficult to interpret with the unusual and outdated terminology used).
Wirth and Gressitt (1967) published a short description of the larva including a general, but
not detailed, illustration [14]. Peckham (1971) illustrated the larval head capsule [15], while
Atchley and Hilburn (1979) studied morphological variation in the capsule in relation to
environmental conditions, but did not include illustrations [16]. Sugg et al. (1983) studied
the four larval instars, providing an illustration of the fourth instar [17]. Usher and Edwards
(1984) also provided a detailed, illustrated, description of the fourth-instar larva and drew
connections with important taxonomic characters of the subfamily Orthocladiinae [13].

In this study, we provide detailed photomicrographic images of significant elements
of the larval morphology, comparing these with information presented in the existing
literature. We also assessed variation in the morphology of larvae from two different
collection locations off the coast of the western Antarctic Peninsula.

2. Materials and Methods

Larvae were collected in February 2020 during the 25th Ukrainian Antarctic expedition.
All specimens were preserved in 3:1 ethanol–acetic acid fixative for cytogenetic analysis [18].
The samples were held at −20 ◦C and transported to Ukraine. Upon arrival, the ethyl
ethanol–acetic acid fixative was changed.

We analyzed B. antarctica collections obtained from terraces covered by carpets of the
moss Sanionia sp. from two locations (Figure 1): Jougla Point, Wiencke Island, 500 m south-
west of Port Lockroy (03.02.2020; 64.82907◦ S, 63.48868◦ W, 32 m a.s.l.) and an un-named
island close to Enterprise Island (01.02.2020; 64.55345◦ S, 61.99451◦ W, 3 m a.s.l.).
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The external morphology of ten fourth-instar larvae obtained from the un-named
island and eleven from Jougla Point (instar determined according to Wülker and Götz
(1968) [19]) was examined. Before mounting on slides, individual larvae were placed in
10% KOH for 3–4 h. They were then successively transferred to glacial acetic acid and
96% ethanol for 3 min each. Finally, each specimen was mounted in Euparal (a resin
that is used to make reference preparations of different chironomid stages [20]), where
the front and back elements of the head capsule were separated. Observations were
performed using a Zeiss Axio Scope A1 microscope at magnification of 40× and 100×.
Measurements were made at 20× magnification and are given in µm. The magnification
indicated in the photographs was obtained by photographing an object micrometer at
the same magnification at which the photographs were taken. We used a built-in Zeiss
Axio Scope A1 microscope camera. The contrast and size of the photographs have been
corrected using Adobe Photoshop. Morphological terminology and abbreviations follow
Sæther (1980) [21]. The slides prepared are deposited in the Institute of Biodiversity and
Ecosystem Research, Bulgarian Academy of Sciences, Sofia.

3. Results
Morphology of Belgica antarctica Fourth-Instar Larva

Measurement data for individuals from Jougla Point are presented in Table 1 and
Figures 2–4, and for individuals from the un-named island near Enterprise Island in Table 2
and Figure 5.

Table 1. Morphology of 5 of the 11 Belgica antarctica fourth-instar larvae collected from Jougla Point.
Measurements (in µm) are presented of: Vm.W—width of ventromentum, including the middle
tooth + two teeth on both sides, M.W—width of mentum; H. of mand.—height of the mandible; W.
of mand—width of mandible; D1—distance between setae of mentum; D2—distance from base to
the RO of the first antennal segment; L1 and L2—length of antennal segments 1 and 2.

Vm.W M.W H. of Mand. W. of Mand. D1 D2 L1 L2

54 92 106 32 65 9 27 8

65 92 107 32 65 9 26 7

60 96 106 32 61 8 27 5

60 92 110 31 68 9 28 8

62 92 110 27 68 9 29 6

60.2 ±
4.0249 *

92.8 ±
1.7888 *

107.8 ±
2.0494 *

30.8 ±
2.1678 *

65.4 ±
2.8809 *

8.8 ±
0.4472 *

27.4 ±
1.402 *

6.8 ±
1.3038 *

* The average values ± SD.
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Figure 2. Larva morphology of Belgica antarctica (Jougla Point). (a) Mandible with four teeth; (b) 
Mandible with five teeth; (c) Mentum; (d) Mentum with malformation and clearly visible ventro-
mental plate (vm. p). Scale bar 10 µm. 

 

Figure 2. Larva morphology of Belgica antarctica (Jougla Point). (a) Mandible with four teeth;
(b) Mandible with five teeth; (c) Mentum; (d) Mentum with malformation and clearly visible ventro-
mental plate (vm. p). Scale bar 10 µm.
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Figure 3. Larval morphology of Belgica antarctica (Jougla Point). (a) Antenna—blade (bl); Ring Organ
(RO); Lauterborn—organ (LO); (b) Ungula (U); premandibles (prem.) and basal sclerite (BS); (c)
Premandible (prem.); (d) Pecten epipharyngis (p.e.) and posterior seta (SII) + larger peg of bisensillum
(SIV), S1 and S2 of the clypeus; Scale bar 10 µm.
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Figure 4. Larval morphology of Belgica antarctica (Jougla Point). (a) Anterior Seta (SI), posterior seta (SII) and small seta
(SIII); (b) Clypeus + frontoclypeal area with setae S2, S3, S4, and S5; (c) Caudal part of larva with anal setae (as); (d) Caudal
part of larva with supra-anal setae (ss). Scale bar 10 µm.
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Table 2. Morphology of 10 Belgica antarctica fourth-instar larvae collected from the un-named
island near Enterprise Island. Measurements (in µm) are presented of: Vm.W—width of ventro-
mentum, including the middle tooth + two teeth on both sides; M.W.—width of mentum; H. of
mand.—height of the mandible; W. of mand.—width of mandible; D1—distance between setae of
mentum; D2—distance from base to the RO of the first antennal segment; L1 and L2—length of
antennal segments 1 and 2.

Vm.W
n = 7

M.W
n = 7

H. of Mand.
n = 10

W. of Mand.
n = 10

D1
n = 7

D2
n = 9

L1
n = 9

L2
n = 9

65 104 104 41 66 9 22 6

60 100 109 46 65 12 21 6

62 96 111 39 63 10 21 7

62 101 99 44 57 8 21 8

60 98 103 35 67 6 23 6

- - 107 39 67 7 21 6

- - 111 43 - 7 19 6

56 96 123 47 - 6 23 5

57 95 105 36 62 - - -

- - 112 43 - 9 20 6

60.2 ±
3.0938 *

98.6 ±
3.2587 *

108.4 ±
6.5862 *

41.3 ±
4.0291 *

63.9 ±
3.5790 *

8.2 ±
1.9861 *

21.2 ±
1.3017 *

6.2 ±
0.8333 *

* The average values ± SD.

Antenna (Figures 3a and 5b): four-segmented, lengths of segments 1 and 2 (L1 and
L2) given in Tables 1 and 2. Segment 1 with Ring Organ (RO) located at about mid length
and composed of two discs, one of which is indistinct; segment 2 with blade (bl), reaching
the fourth segment, sometimes larger than it (Figure 5b); Lauterborn Organ very well
developed, appearing as a segment (Figures 3a and 5b).

Labrum (Figures 3d and 4a) with four setae, SI well developed, plumose type (Figure 4a),
SII long, simple (Figure 3d), SIII between two SII, smaller than SII (Figure 4a); SIV very
small and dark (Figure 3d).

Fourth-instar larva: About 7–8 mm in length. All segments darker dorsally and paler
ventrally. General coloration: head dark brown in colour, frontal apotome, mentum with
dark brown teeth, mandible with brown to dark brown teeth.

Mandible (Figures 2a,b and 5a): mandible size data are given in Tables 1 and 2. Mandible
has five dark teeth, under the last of which is a very pale tooth (Figures 2a,b and 5a). Seta
subdentalis long and sharpened to the apex, reaching the last posterior dark tooth; seta
interna consists of 6–7 strong and conspicuous branches. Some individuals (19%) had only
four mandibular teeth (Figure 2a).

Mentum (Figures 2c,d and 5a): median tooth large, with central cleft, five lateral teeth
sharply pointed and decreasing in size. Width (W) of median tooth 92–96 µm in individuals
from Jougla Point (Table 1), 95–104 µm in individuals from un-named island (Table 2).
Ventromental plates poorly developed in individuals from Jougla Point (Figure 2d) and
well developed in individuals from the un-named island (Figure 5a). The ventromental
plates are not well seen in all Jougla Point specimens studied; seta submenti not branched;
distance between setae submenti given in Tables 1 and 2. A high percentage (23.8%) of the
studied individuals from both locations showed mal-formation (Figure 2d) affecting the
mentum and the range and asymmetry in level of development and number of lateral teeth.
Morphological abnormalities affecting the mentum included underdeveloped middle tooth
and underdevelopment of the lateral two teeth, which were often fused.

Premandible (Figures 3c,d and 5c,d): Each premandible with four visible teeth: two
large teeth apically and two small rounded teeth in inner part, not clearly visible in all
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studied specimens. In some individuals from the un-named island one of the rounded
teeth was slightly developed (Figure 5c).
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Figure 5. Larva morphology of Belgica antarctica (un-named island near Enterprise Island). (a) Mentum and mandibles,
clearly visible ventromental plate (vm. P.); (b) Antenna—blade (bl.); Ring Organ (RO); Lauterborn Organ (LO); (c) Clypeus
and frontoclypeus with setae (S1–S5), premandible (prem.) and ungula (U.); (d) Pecten epipharyngis (p.e); Chaetulae
laterales, I-II (ch.1. I-II); premandible (prem). Scale bar 10 µm.

Clypeus, frontal apotome shown in Figures 3d, 4b and 5c. Clypeus trapezoidal, with two
simple setae S1 and S2; setae 3–5 simple, located in frontal apotome (Figures 4b and 5c); seta
S1 located close to the anterior margin; seta S2 inserted medio-laterally (Figures 3d and 5c).
S3 close to the anterior margin of frontal apotome, S4 antero-medially, S5 in median area
(Figures 4b and 5c).

Pecten epipharyngis (Figures 3d and 5d): consists of three parts. Ungula clearly
visible, U-shaped, rounded and sclerotized (Figures 3b,d and 5d). Basal sclerite (BS)



Insects 2021, 12, 792 8 of 11

(Figure 3b,d) attached to ungula posteriorly, consists of two triangular parts. Two chaetulae
visible, ch.l I and ch.l II (Figure 5d).

Posterior parapods (Figure 4c,d): anal seta (as) single, about 49 µm long, supra-anal
setae (ss) consists of two groups of strong setae, about 109 µm; ventral tubules absent.

4. Discussion

Wirth and Gressitt (1967) and Usher and Edwards (1984) provided detailed data on
the morphology of B. antarctica larvae [13,14]. Our data are compared with these studies
in Table 3. Usher and Edwards (1984) noted differences in the length of the head capsule
of individuals obtained from two different Antarctic locations, and suggested that these
may relate to the sex of the studied larvae or environmental differences [13]. Our data
show differences in the fourth-instar larval length both from the two locations studied
here and in comparison with the data of Wirth and Gressitt (1967) and Usher and Edwards
(1984) [13,14]. The number of teeth on the mandibles also differed between the three studies.
In the present study, we also noted that some larvae had one mandible with five teeth
and the other four teeth. Warwick (1990), Wise et al. (2001), Al-Shami (2010), and Youbi
et al. (2020) also reported this type of malformation in the genus Chironomus [22–25]. The
number of branches in seta interna documented in our study overlapped with that reported
by Usher and Edwards (1984) [13]. The number of teeth in the mentum did not differ across
the three studies, which indicates the adequacy of our analysis [26]. However, we noted
further malformations in these teeth, affecting the middle and some lateral teeth.

Table 3. Comparative analysis of morphological features of larvae of Belgica antarctica assessed in
the current study and previously reported by Wirth and Gressitt (1967) [14] and Usher and Edwards
(1984) [13].

Larval Feature Current Study Wirth and Gressitt
1967

Usher and Edwards
1984

Length 7–8 mm 4.5–5 mm 6–7 mm

Mandible—number
of teeth 5; 19% with 4 teeth 5 5

Mentum—number of
lateral teeth 5 5 5

Antenna—number of
segments 4 5 5

Antennal blade

Jougla
Point—reached the

fourth segment;
un-named island
near Enterprise

Island—exceeded the
last segment

exceeded the last
segment

exceeded the last
segment

Our data indicated that a different number of antennal segments were present com-
pared to the reports of both Wirth and Gressitt (1967) [14] and Usher and Edwards
(1984) [13]. Here, we suggest that the very well developed Lauterborn Organ which
typifies the subfamily Orthocladiinae [21], located above the second segment, may have
been considered to be a separate segment in the previous studies. The blade of the antenna
in individuals collected from Jougla Point reached the end of the last segment while, in our
specimens from the un-named island and those studied by Wirth and Gressitt (1967) [14]
and Usher and Edwards (1984) [13], the blade extended beyond the last segment. Morpho-
logical deformities of antennae may be induced by environmental factors as reported by
Bhattacharyay et al. (2005) [27] and Reynolds et al. (2002) [28], possibly explaining why our
results differ from previously published data, especially given trace element accumulation
in terrestrial ecosystems in the Antarctic Peninsula region [29].
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The malformations affected the number and appearance of teeth of the mentum, the
number of teeth of the mandibles and the length of the antennal blade. The deformities
observed here may suggest that the larvae are particularly sensitive to environmental
contamination [22]. They appear to be capable of responding to very low levels of contami-
nants, and have the potential to provide an excellent early warning signal for detecting
contaminants in the environment. However, the tendency for deformities to arise in re-
sponse to contamination varies greatly among chironomid taxa [30], as well as with time
of the year [30]. Our previous study of genetic variability in chironomid larvae from
contaminated areas showed that the polytene chromosomes of the species were much more
sensitive to various contaminants than were morphological structures [31]. The detailed
morphological characteristics documented here help ensure the exact determination of
the species even in larval stages, which can make a valuable contribution to taxonomic,
evolutionary and ecological studies.

Differences were observed in the sizes of some of morphological structures assessed
in the current study in specimens from the two sampling locations, including in the length
of L1 and L2, width of mentum, distance between setae of mentum, and distance from
base to the RO of the first antennal segment (see Tables 1 and 2). These differences might
be due to the different larval environments sampled or be related to sexual dimorphism.
Adult female B. antarctica are larger than males [16], which is very likely to be reflected
also in differences in larval size. Our data provide initial evidence for the existence of
differentiation in the external morphology of larvae from populations in different parts
of the species’ distribution (as suggested by M. Lebouvier and Y. Delettre, cited as pers.
comm. by Allegrucci et al. (2012) [3]). Future research on the nuclear and mitochondrial
DNA of individuals from different locations will contribute to resolving the genetic basis
of any such differentiation.

5. Conclusions

Photomicrographs of some body parts of the fourth-instar larvae of the Antarctic
endemic chironomid midge Belgica antarctica are presented for the first time. We identify
differences relating to the size of the larvae, the number of teeth on the mandibles, the
number of antennal segments and the length of the antennal blade. Malformations of the
mandible and mentum are reported for the first time for this species.

Individual larvae represent the basic units of biological communities. They integrate
molecular, cellular, and organ levels of organization into a single entity and form the
building blocks for higher levels of organization (population, community, and ecosystem).
In the context of assessing pollution using biomarkers (e.g., morphological deformities
and genomic alterations), larval stages of Chironomidae have been identified as important
bio-monitoring models for eco-toxicological studies.

Author Contributions: Conceptualization, I.A.K. and P.M.; Methodology, P.M., J.I. and V.A.G.;
Validation, P.M., J.I., V.A.G., I.A.K. and P.C.; Formal Analysis, J.I. and P.M.; Investigation, P.M., J.I.
and P.A.K.; Resources, I.A.K., P.M. and P.A.K.; Data Curation, P.M., J.I., P.A.K., V.A.G. and I.A.K.;
Writing—Original Draft Preparation, P.M. and I.A.K.; Writing—Review & Editing, P.M., J.I., P.A.K.,
V.A.G., I.A.K. and P.C.; Visualization, P.M., J.I. and P.A.K.; Supervision, P.M. and I.A.K.; Project
Administration, I.A.K.; Funding Acquisition, I.A.K. and P.C. All authors have read and agreed to the
published version of the manuscript.

Funding: This study was carried out in the framework of the Ukrainian State Special-Purpose
Research Program in Antarctica for 2011–2023 (Grant Number: Resolution No 1002 of the Cabinet of
Ministers of Ukraine, from 3 November 2010). Peter Convey is supported by NERC core funding to
the BAS ‘Biodiversity, Evolution and Adaptation’ Team.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data can be found within the article.



Insects 2021, 12, 792 10 of 11

Acknowledgments: We gratefully thank Artem Dzhulaj, National Antarctic Scientific Center of
Ukraine, for sample collection, and three anonymous reviewers for constructive comments.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Convey, P.; Block, W. Antarctic Diptera: Ecology, physiology and distribution. Eur. J. Entomol. 1996, 93, 1–13.
2. Allegrucci, G.; Carchini, G.; Todisco, V.; Convey, P.; Sbordoni, V. A molecular phylogeny of Antarctic Chironomidae and its

implications for biogeographical history. Polar Biol. 2006, 29, 320–326. [CrossRef]
3. Allegrucci, G.; Carchini, G.; Convey, P.; Sbordoni, V. Evolutionary geographic relationships among orthocladine chironomid

midges from maritime Antarctic and sub-Antarctic islands. Biol. J. Linn. Soc. 2012, 106, 258–274. [CrossRef]
4. Chown, S.L.; Convey, P. Antarctic Entomology. Annu. Rev. Entomol. 2016, 61, 119–137. [CrossRef] [PubMed]
5. Finch, G.; Nandyal, S.; Perretta, C.; Davies, B.; Rosendale, A.J.; Holmes, C.J.; Gantz, J.D.; Spacht, D.E.; Bailey, S.T.; Chen, X.; et al.

Multi-level analysis of reproduction in an Antarctic midge identifies female and male accessory gland products that are altered
by larval stress and impact progeny viability. Sci. Rep. 2020, 10, 19791. [CrossRef] [PubMed]

6. Teets, N.M.; Dalrymple, E.G.; Hillis, M.H.; Gantz, J.D.; Spacht, D.E.; Lee, J.R.E.; Denlinger, D.L. Changes in energy reserves and
gene expression elicited by freezing and supercooling in the Antarctic midge, Belgica antarctica. Insects 2020, 11, 18. [CrossRef]

7. Kozeretska, I.; Serga, S.; Kovalenko, P.; Gorobchyshyn, V.; Convey, P. Belgica antarctica—A key natural model organism for extreme
environments. Insect Sci. 2021. [CrossRef]

8. Jacobs, J.C. Diagnoses d’insectes recueillis par l’expedition antarctique Belge (parte Chironomidae). Ann. Société Entomol. Belg.
1900, 44, 107–108.

9. Rübsaamen, E.H. Chironomidae. In Résultats du Voyage du S.Y. Belgica en 1897–1898–1899: Sous le Commandement de A. de Gerlache
de Gomery. Rapports Scientifiques Publiés aux Frais du Gouvernement Belge, sous la Direction de la Commission de la Belgica; de Gomery,
G., Ed.; Buschmann: Antwerp, Belgium, 1906; Volume R30-A50: Zoologie Insectes; pp. 75–85. (In French)

10. Roubard, M.E. Diptères. In Expédition Antarctique Francaise (1903–1905); Charcot, J., Ed.; Masson: Paris, France, 1907; pp. 11–12.
(In French)

11. Keilin, D. Sur I’anatomie et Ie dkveloppement de Bclgica antarctica Jacobs, Chironomide antarctique a ailes rkduites. Comptes
Rendus Acad. Sci. 1912, 154, 723–725. (In French)

12. Keilin, D. Diptères. Belgica antarctica Jacobs. In Deuxième Expédition Antarctique Francaise (1908–1910). Sciences Naturalles:
Documents Scientifiques; Charcot, J., Ed.; Masson: Paris, France, 1913; pp. 217–231. (In French)

13. Usher, M.; Edwards, M. A dipteran fauna south of the Antarctic Circle: Belgica antarctica (Chironomidae) with a description of its
larva. Biol. J. Linn. Soc. 1984, 23, 19–31. [CrossRef]

14. Wirth, W.W.; Gressitt, J.L. Diptera: Chironomidae (Midges). Antarct. Res. Ser. 1967, 10, 197–203.
15. Peckham, V. Notes on the chironomid midge Belgica antarctica. Pac. Insects Monogr. 1971, 25, 145–166.
16. Atchley, W.; Hilburn, L. Morphometric variability in larvae of the Antarctic fly, Belgica antarctica (Diptera: Chironomidae). Can. J.

Zool. 1979, 57, 2311–2318. [CrossRef]
17. Sugg, P.; Edwards, J.S.; Baust, J. Phenology and life history of Belgica antarctica, an Antarctic midge (Diptera: Chironomidae). Ecol.

Entomol. 1983, 8, 105–113. [CrossRef]
18. Michailova, P.; Ilkova, J.; Kovalenko, P.A.; Dzhulai, A.; Kozeretska, I.A. Long-term retainment of some chromosomal inversions

in a local population of Belgica antarctica Jacobs (Diptera, Chironomidae). Czech Polar Rep. 2021, 11, 16–24. [CrossRef]
19. Wülker, W.; Götz, G. Die Vervendung der Imaginalscheiben des Entwicklunszustndes von Chironomus Larven. Z. Morphol. Tiere

1968, 62, 363–388. (In German) [CrossRef]
20. Pinder, L.C.V. A key of the adult males of the British Chironomidae (Diptera). Freshwater Biol. Assoc. Publ. 1978, 37, 1–169.
21. Sæther, O.A. Glossary of chironomid morphology terminology (Diptera: Chironomidae). Entomol. Scand. Suppl. 1980, 14, 1–51.
22. Warwick, W.F. The use of morphological deformities in chironomid larvae for biological effects monitoring. Inland Water

Directorate Sci. Ser. 1990, 173, 1–34.
23. Wise, R.R.; Pierstorff, C.A.; Nelson, S.L.; Bursek, R.M.; Plude, J.L.; McNello, M.; Hein, J. Morphological Deformities in Chironomus

(Chironomidae: Diptera) larvae as indicators of pollution in Lake Winnebago, Wisconsin. J. Great Lakes Res. 2001, 27, 503–509.
[CrossRef]

24. Al-Shami, S.; Salmah, M.; Siti-Azizah, M.; Hassan, A.; Ali, A. Morphological deformities in Chironomus spp. (Diptera: Chironomi-
dae) larvae as a tool for impact assessment of anthropogenic and environmental stresses on three rivers in the Juru River system,
Penang, Malaysia. Environ. Entomol. 2010, 39, 210–222. [CrossRef] [PubMed]

25. Youbi, A.; Zerguine, K.; Houilia, A.; Farfar, K.; Soumati, B.; Berrebbah, H.; Djebar, M.R.; Souiki, L. Potential use of morphological
deformities in Chironomus (Diptera: Chironomidae) as a bioindicator of heavy metals pollution in North-East Algeria. Environ.
Sci. Pollut. Res. 2020, 27, 8611–8620. [CrossRef]

26. Salmelin, J.; Vuori, K.M.; Hämäläinen, H. Inconsistency in the analysis of morphological deformities in chironomidae (Insecta:
Diptera) larvae. Environ. Toxicol. Chem. 2015, 34, 1891–1898. [CrossRef] [PubMed]

27. Bhattacharyay, G.; Sadhu, A.K.; Mazumdar, A.; Chaudhuri, P.K. Antennal deformities of chironomid larvae and their use in
biomonitoring of heavy metal pollutants in the river Damodar of West Bengal, India. Environ. Monit. Assess. 2005, 108, 67–84.
[CrossRef] [PubMed]

http://doi.org/10.1007/s00300-005-0056-7
http://doi.org/10.1111/j.1095-8312.2012.01864.x
http://doi.org/10.1146/annurev-ento-010715-023537
http://www.ncbi.nlm.nih.gov/pubmed/26982437
http://doi.org/10.1038/s41598-020-76139-6
http://www.ncbi.nlm.nih.gov/pubmed/33188214
http://doi.org/10.3390/insects11010018
http://doi.org/10.1111/1744-7917.12925
http://doi.org/10.1111/j.1095-8312.1984.tb00803.x
http://doi.org/10.1139/z79-300
http://doi.org/10.1111/j.1365-2311.1983.tb00487.x
http://doi.org/10.5817/CPR2021-1-3
http://doi.org/10.1007/BF00401562
http://doi.org/10.1016/S0380-1330(01)70663-6
http://doi.org/10.1603/EN09109
http://www.ncbi.nlm.nih.gov/pubmed/20146859
http://doi.org/10.1007/s11356-019-07459-y
http://doi.org/10.1002/etc.3010
http://www.ncbi.nlm.nih.gov/pubmed/26061223
http://doi.org/10.1007/s10661-005-3963-8
http://www.ncbi.nlm.nih.gov/pubmed/16160779


Insects 2021, 12, 792 11 of 11

28. Reynolds, S.; Ferrington, L. Differential morphological responses of chironomid larvae to severe heavy metal exposure (Diptera:
Chironomidae). J. Kans. Entomol. Soc. 2002, 75, 172–184.

29. Parnikoza, I.; Abakumov, E.; Korsun, S.; Klymenko, I.; Netsyk, M.; Kudinova, A.; Kozeretska, I. Soils of the Argentine Islands,
Antarctica: Diversity and characteristics. Polarforschung 2017, 86, 83–96. [CrossRef]

30. Servia, M.; Cobro, F.; Gonzalez, M. Seasonal and interannual variation in the frequency and severity of deformities in larvae of
Chironomus riparius (Meigen, 1804) and Prodiamesa olivacea (Meigen, 1818) (Diptera, Chironomidae) collected in a polluted site.
Environ. Monit. Assess. 2000, 64, 617–626. [CrossRef]

31. Michailova, P.; Sella, G.; Petrova, N. Chironomids (Diptera) and their salivary gland chromosomes as indicators of trace metal
genotoxicology. Ital. J. Zool. (Modena) 2012, 79, 218–230. [CrossRef]

http://doi.org/10.2312/polarforschung.86.2.83
http://doi.org/10.1023/A:1006333808107
http://doi.org/10.1080/11250003.2011.622084

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

