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of C. vitellinus as C. javanus. Even if Tokunaga 
was aware of Freeman’s description of C. vitelli-
nus just 2 years previously, he very likely would 
not have recognized that it was a different species 
as Freeman did not illustrate the tergite IX setae, 
which are the most easily recognizable character 
for distinguishing the two species. Subsequently, 
any specimens with the arrangement of TIX setae 
figured by Tokunaga were identified as C. javanus. 
It will be shown that this is not correct as the seta-
tion in the two species is quite different.

When these factors are taken into consideration, 
it becomes clear that most descriptions attributed 
to C. javanus in fact refer to C. vitellinus which is 
very broadly distributed, with individuals reported 
from Malawi, Africa to Japan, the Melanesian Is-
lands of the Pacific Ocean and, as reported here, to 
Florida, U.S.A. and Puerto Rico. C. javanus, rath-
er than being very broadly distributed, appears to 
have a restricted distribution in India and Peninsu-
lar Malaysia. The morphological, cytological and 
mitochondrial COI characters that separate these 
two species are outlined below.

Material and Methods

Material examined has included larvae, pupae, and 
adults from various localities including: 

Chironomus javanus from Bukit Merah Agricul-
tural Experimental Station (BMAES) Permatang 
Pauh, (Dr. S.A. Al-Sharmi) and Mendang, Penang 
(Warrin Ebau), with other information drawn from 
published works (Kieffer 1924, Johannsen 1932, 
and Chaudhuri et al. 1992). 

Chironomus vitellinus from Mareeba, Sarina and 
Townsville in Queensland, Australia; a paratype 
male from Mafulu (Natural History Museum, 
London) and larvae from Sogeri, Central Prov-
ince, Papua New Guinea (N.V. Dobrotworsky); 
Bukit Merah Agricultural Experimental Station 
(BMAES) Permatang Pauh, Penang (Dr. S.A. Al-
Sharmi); Labasa, Vanua Levu and Nadi, Viti Levu, 
Fiji; Laboratory colony from Shizuoka, Shizuoka 
Prefecture, Honshu, Japan (Prof. H. Hashimoto); 
Blantyre, Malawi, Central Africa (Dr. A.J. McLa-

Abstract

The status of the closely related species Chirono-
mus javanus Kieffer, 1924 and C. vitellinus Free-
man, 1961 has been largely confused and C. vi-
tellinus even considered to be a junior synonym 
of a very widely distributed C. javanus. However, 
a comparison of the available mitochondrial COI 
barcode sequences reveals that there are two 
groups of sequences with consistent differences 
between them. Further, the geographic origins of 
these sequences indicates that C. vitellinus is much 
more widely distributed than C. javanus. This in-
terpretation is confirmed from the details of vari-
ous descriptions, with differences particularly in 
the male hypopygium and the larval premandible.
Chironomus vitellinus is also found in the New 
World in Florida and Puerto Rico, indicating that 
the species is probably distributed through most of 
the tropical region. However, C. sp. “Florida” of 
Epler (2001), known only as a larva, and with a 
multi-toothed premandible has been determined to 
be a separate species. 

Introduction 

Current literature on Chironomus javanus suggests 
that it is a widespread species in tropical regions 
from Central Africa to the islands of Micronesia in 
the Pacific. On the other hand C. vitellinus is either 
not considered or regarded as a synonym of C. ja-
vanus (Chaudhuri et al. 1992, Martin 2022). A re-
assessment of the literature, along with additional 
specimens and, particularly, a comparison of the 
available DNA barcode sequences as advocated 
by Desalle et al. (2005), reveals that this picture 
is highly flawed. Rather, as will be outlined below, 
C. javanus and C. vitellinus are closely related spe-
cies with relatively different distributions that ap-
parently only overlap in a small area of India and
the Malaysian Peninsula. It is not the purpose of
this paper to re-describe these species but rather
to provide the evidence relevant to confirming that
they are distinct species and to correct the data
on their respective distributions. The confusion
seems to have arisen accidentally from Tokunaga
(1964) who described the Micronesian populations
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chlan); Alachua, Charlotte and Wakulla Counties, 
Florida, U.S.A., and Puerto Rico (J.H. Epler); 
with other information from numerous published 
works, mostly as C. javanus (Freeman 1961, 
Tokunaga 1964, Hashimoto et al. 1981, Sasa and 
Hasegawa 1983, Hashimoto 1984, Cranston 2007, 
Al-Sharmi et al. 2012, Pramual et al. 2016).

Morphological terminology follows Sæther 
(1980), Webb and Scholl (1985) and Vallenduuk 
and Moller Pillot (1997). Abbreviations include 
JM – Jon Martin; JHE – John H. Epler; NA - North 
America.

Chromosome preparation techniques and the iden-
tification of chromosome arms are as previously 
described (e.g. Martin et al. 2006).

MtCOI sequence was obtained from ethanol/ace-
tic acid fixed specimens (mostly larvae) for the 
conventional mitochondrial cytochrome c oxidase 
subunit I (COI) fragment using the Folmer et al. 
(1994) primers: LCO1490 (5′-GGTCAACAAAT-
CATAAAGATATTGG-3′) and HCO2198 
(5′-TAAACTTCAGGGTGACCAAAAAAT-
CA-3′). In some cases the condition of the speci-
mens was such that the barcode region had to be 
amplified in two sections, using the reverse primer 
COI-Na-2 (5’- AGATAAAGGKGGATAAACW-
GTTCA-3’) for the 5’ section (Martin, 2023), and 
the forward primer of Carew et al. (2013) (5’- 
CCHCGAATAAATAATATAAGWTTYTG-3’) 
for the 3’ section, with PCR products sent to Mac-
rogen Inc. Seoul, Republic of Korea for sequenc-
ing.

The resulting sequences were compared to se-
quences identified as C. javanus in the Bar-
code of Life Data Systems (BOLD) database 
(BIOUG21394-A08, BIOUG26140-B05, GM-
BCA5882-15 (all Bangladesh); ATISA8024-16, 
BIOUG-G04, MYP3811, MYA, MYA2 and 
MYA3, P_W02_132, P_W06_145 (all Malaysia), 
DIQTB182-10 (Australia), GMBCA5882-15, 
Mr-23 (China) and in GenBank (DQ648203 (Ja-
pan); KF408077 (India); KP462106 (Singapore); 
KT212984, KT212989, KM013379, KM013380, 
KM013385 (all Thailand); JF412082, JF412083, 
JF412084 and JF412085 (all Korea), JN298748 
(Australia); MW201293 (China) along with se-
quences that have been lodged in GenBank as C. 
vitellinus: (OR367025 and OR486048 (both Ma-
laysia); OR367026 (Papua New Guinea).

Results

An examination of the published figures of the 
male hypopygium of supposed C. javanus speci-
mens subsequent to that of Johannsen (1932) 

shows that only those of the Indian specimens of 
Chaudhuri et al. (1992) are equivalent with a nar-
row tubular anal point and no patch of setae on ter-
gite IX (TIX). All others are identical to that of the 
C. javanus of Tokunaga (1964) in having a small
expansion at the end of the anal point (as in Free-
man’s original figure) and a patch of about 5-17
setae in individual pale patches on TIX which,
although not shown in Freeman’s original figure,
were observed on the paratype male from Mafulu,
Papua New Guinea (Fig. 1). This was the first clue
that C. vitellinus was actually quite widely distrib-
uted.

Figure 1. Terminal abdomen of paratype male from 
Papua New Guinea showing the TIX setae (at left) and 
narrow anal point.

There are also identification features for C. java-
nus in the larva: the central teeth of the mentum do 
not arise below the level of the other teeth as they 
do in C. vitellinus (Fig. 6) and the premandible 
which has multiple teeth and for which Peter Cran-
ston (pers. comm.) determined that, if examined 
closely, there are 6 teeth in C. javanus and 7 teeth 
in C. vitellinus. Cranston (2007) illustrates a C. vi-
tellinus premandible which clearly has 7 teeth but 
is labelled as C. javanus because at that stage he 
had not recognised the difference between the two 
species. Hashimoto (1984) claimed to have stud-
ied C. javanus but his figures indicate he actually 
had C. vitellinus. He states that the premandible 
has 6 teeth but does not provide a figure to confirm 
this count since the 7th tooth is small and easy to 
overlook if the premandible does not lie in an op-
timal orientation. However, the Central American 
samples available to us also have only 6 teeth, sug-
gesting that there may be polymorphism for tooth 
number in C. vitellinus. One possibility is that the 
U.S. and Puerto Rico specimens actually arose by 
human transport from Japan – a situation recog-
nised previously for a number of species in South 
America and southern U.S. (e.g. C. striatipennis 
Kieffer which is suggested to have originated in 
China or perhaps Japan – see Amora et al. 2015).

Dr. Al-Sharmi provided larvae and adults from his 
samples collected in rice paddies in Pulau Pinang, 
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Malaysia. These samples contained both C. vitel-
linus (most common and the species described 
by Al-Sharmi et al., 2012) and C. javanus. It also 
included a small number of slide mounted adult 
males, most of which were C. vitellinus, but one 
rather distorted specimen fitted the description of 
C. javanus and agreed with the characters of adult
males from previous descriptions except of Jo-
hannsen (1932) and Chaudhuri et al. (1992 in that
there were two rows of long setae, an anterior one
of 7 setae and a more posterior row of 6 setae (Fig.
2) on TIX. This specimen had simply been cleared
and then mounted whole on a slide. This suggests
that these setae may commonly be lost in prepara-
tion of specimens for slide mounting.

Figure 2. TIX of Chironomus javanus showing the long 
setae.

Figure 3. Alignment of the COI barcode base pairs that differ between C. vitellinus (above) and C. javanus (below).

Barcode sequence was obtained from some larvae 
of this sample and produced some very informa-
tive results (discussed below). Consequently an 
analysis was made of the available sequence for 
C. javanus in the BOLD, where all samples were
in the same Bin (BOLD:AAG6924) as our sam-
ples of C. vitellinus, or GenBank databases. The
sequences were aligned so that the actual base
sequence could be analysed as recommended by
DeSalle et al. (2005). The samples could be sepa-
rated into two groups which differed at 47 sites, 3
of which were polymorphic in C. vitellinus (Fig.
3), and mostly in the 5’ region. The largest group
(23 specimens) included my C. vitellinus samples,
while the smaller group of 4 specimens included
the C. javanus specimens from Malaysia along
with two other Malaysian samples from the BOLD
database. These results clarified that C. vitellinus
was a distinct species and not a synonym of C. ja-
vanus.

Attempts to examine the polytene chromosomes of 
these species were only partly successful. Speci-

mens of C. vitellinus from Australia reared in the 
laboratory at 20oC produced chromosomes from 
which it was possible to determine that there were 
four chromosomes with the thummi-chromosome 
arm combination (AB, CD, EF, G) with a nucleo-
lus subterminal on arm G and a Balbiani ring about 
a third from the other end (Fig. 4). For C. javanus 
it was only possible to determine that there were 
four polytene chromosomes, possibly with the 
same arm combination as C. vitellinus.

Figure 4. Arm G of Chironomus vitellinus: N- nucleolus; 
BR – Balbiani ring.

Discussion

Chironomus javanus and C. vitellinus

It is clear that all but three of the previous publica-
tions on C. javanus have in fact dealt with C. vitel-
linus. The problem appears to have arisen from the 
important publication on the Chironomidae of Mi-
cronesia by Tokunaga (1964), who may not have 
been aware of the recent description of C. vitel-
linus by Freeman (1962), as he does not cite this 
paper. However, since Freeman did not illustrate 
or mention the TIX setae in his description, Toku-
naga as well as some other authors who did cite 
the Freeman paper, would not have immediately 
recognized it as a different species because only 
the small expansion of the end of the anal point 
of C. vitellinus is shown. Hashimoto et al. (1981) 
quote the paper but not in relation to C. vitellinus 
and Sasa and Hasagawa (1983) cite Freeman in 
their references but do not actually refer to it in 
the text. Al Shami et al. (2012) quote Johannsen 
(1932) and identify their specimens as C. javanus. 
However, they clearly state that the larvae had 7 
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teeth on the premandible and illustrate the patch of 
setae on TIX of the adult male, so have clearly ac-
tually re-described C. vitellinus. They apparently 
did not recognize the small number of true C. java-
nus in their samples but the adult sent to JM was so 
deformed they may not have been able to identify 
it. The larvae would not have appeared different 
if the premandibles were not lying in optimal ori-
entation, and other recognized differences are mi-
nor differences in the relative sizes of the anal and 
ventral tubules (dorsal pair of anal tubules (AT) 
longer and ventral tubules (VT) of equal length in 
C. vitellinus, ventral pair of AT longer and thinner
and anterior pair of VT longer with the two pairs of
VT arising close together (Chaudhuri et al. 1992)
in C. javanus; other characters may differ in mean
values but with considerable overlap of individual
ranges.

These results clearly indicate that the prevailing 
view that C. javanus is a widely distributed species 
and C. vitellinus a possible synonym is incorrect. 
Instead they are separate, but closely related spe-
cies, with C. vitellinus widely distributed at least 
from Africa eastward to Micronesia and in new 
records reported here, southeastern North America 
and in Puerto Rico (Fig. 5), while C. javanus ap-
pears to be restricted to a small area around India 
and Malaysia, often in common with C. vitellinus. 
In this regard it can be noted that C. daitocedius 
Sasa and Suzuki (2001) is a synonym of C. vitel-
linus, not C. javanus as stated by Yamamoto and 
Yamamoto (2018).

Chironomus vitellinus has a short development 
time: Reyes-Maldonado et al. (2021) reared the 

Figure 5. Male hypopygium (left) and anal point (right) of Florida specimen of Chironomus vitellinus.

larvae at 27OC and found that adult males emerged 
after 10 days and females about 2 days later. In 
the wild, the species breeds in a number of differ-
ent habitats – commonly in rice paddies (e.g. – in 
Asia (Al Sharmi et al., 2012), Australia and Papua 
New Guinea); in tsunami-affected coastal pools 
in Thailand (Cranston 2007); as well as artificial 
containers such as a 44 gallon drum (Papua New 
Guinea) or dark colored containers, bird baths and 
water troughs in Puerto Rico (Reyes-Maldonado et 
al., 2021). The short development time would be 
advantageous in completing development before a 
temporary habitat dried out, as has also been re-
ported for other species utilising such habitats (e.g. 
McLachlan and Cantrell, 1980; Nolte 1995).

There are some minor differences between speci-
mens from different locations, probably reflect-
ing times of separation and differential selection 
pressures, particularly in the Americas where there 
other species with similar ecology. The most nota-
ble difference is the coloration of the male abdo-
men, which is usually yellowish or greenish and 
lacking dark markings, while Florida and Puerto 
Rico specimens have a green abdomen with a light 
quadrilateral patch on tergites II-VI, with TVIII 
totally dark. In view of the suggestion that these 
populations may have derived from Japan, it may 
be noted that the Japanese specimens have a green 
abdomen, although lacking dark markings (Hashi-
moto 1984).

Chironomus sp. “Florida”

Epler (2001) keyed and illustrated an unusual Chi-
ronomus larva with a multitoothed premandible 
from Florida, calling it Chironomus sp. “Florida”. 
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When he reared Chironomus larvae from a bird-
bath at his house in northern Florida in 2013 and 
2017, he noted that the larvae had multitoothed 
premandibles and thought he had reared C. sp. 
“Florida” larvae. However, lengthy correspond-
ence between the authors resulted in an identifi-
cation of Chironomus vitellinus for these birdbath 
larvae, as well as those reared from birdbaths and 
other outdoor containers by Bob Rutter in Port 
Charlotte, FL, Doug Strom in Gainesville, FL, and 
Alonzo Ramirez from several localities in Puerto 
Rico.

As well, in 2018, Alonzo Ramirez contacted JHE 
to identify the Chironomus he was breeding in a 
lab culture, collected from various sites in Puer-
to Rico. JHE examined larvae, pupae and adults 
and determined they were the same species he 
had reared from his birdbaths, but at this stage he 
still thought his birdbath larvae represented C. sp. 
“Florida”, and provided this incorrect identifica-
tion that was subsequently used in Reyes-Mal-
donado et al. (2021). As noted above, it was after 
this that the identity of the birdbath larvae was re-
vealed to be C. vitellinus.

Thus one mystery was cleared up – but what about 

C. sp. “Florida”? This taxon was initially known 
from the single larva described by Epler (2001) but 
was a bit different from the new birdbath larvae, 
perhaps due to a worn mentum and premandibles.

With the exception of the unusual mentum and 
premandible, C. sp. “Florida” is a rather typical 
Chironomus larva, including the presence of fur-
rows at the base of the mandible. The single, ap-
parently mature, larva in JHE’s collection is about 
12 mm long, and has two pairs of long, straight 
ventral tubules and a pair of long lateral tubules, 
i.e. a melanotus-type larva (Proulx et al. 2013). No 
other life stages are known.

Larvae of C. vitellinus and C. sp. “Florida” are 
easily separated by the mentum and premandibles 
(Figs 6-7). Chironomus vitellinus has a typical 
Chironomus mentum with a trifid median tooth 
(Hashimoto 1984 and Fig. 6) arising lower than the 
lateral teeth; the mentum of C. sp. “Florida” has a 
simple rounded median tooth (all the teeth of the 
mentum are rounded) and arise at the same level as 
the other teeth (Fig. 7).

At first glance, the mentum of C. sp. “Florida” 
(Fig. 7) looks more like that of some Polypedilum 
(e.g. Fig. 10.58 of Pinder and Reiss (1983).

Figure 6.  Mentum with lowered central trifid tooth (left) and premandibles with 6 teeth (right) of Florida Chironomus 
vitellinus.

Figure 7. Mentum and ventromental plate (left) and premandible with 5 teeth (right) of Chironomus sp. “Florida”.
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The premandible of C. vitellinus usually has 6 well 
defined teeth (Fig. 6) with a 7th tooth barely indi-
cated in most populations, while the premandible 
of C. sp. “Florida” has 5 teeth (Fig. 7). The pre-
mandibular teeth of C. vitellinus are more wide-
spread and fan-like in most mounts, with 6 long 
teeth, very similar to those of Kiefferulus Goetghe-
buer species; those of C. sp. “Florida” are shorter 
and wider, and quickly become progressively 
shorter (Fig. 7). An early instar larva of C. sp. 
“Florida” appears to have only 4 premandibular 
teeth.

The original C. sp. “Florida” larvae that Epler 
(2001) examined were collected in south Florida 
by Bob Rutter; he found larvae in burrows made in 
the water lily Nuphar Sm. (Nymphaeceae) by the 
aquatic larva of the noctuid moth Bellura Walker. 
More recently, Doug Strom (pers. comm.) looked 
at Nuphar from two Florida lakes and collected 
several larvae but was unsuccessful in rearing 
them. Perhaps the unusual mentum is an adapta-
tion to life within aquatic moth larvae tunnels. The 
taxon remains an enigma.

Chironomus vitellinus and C. sp. “Florida” are not 
unique among Chironomus in having premandi-
bles with multiple teeth as C. okinawanus Hasega-
wa & Sasa 1987 is widespread in China (Hongqu 
Tang, pers. comm.) and several species occur in 
South America (Reiss, 1974; Correia and Trivin-
ho-Strixino, 2007). However these species are not 
conspecific with C. vitellinus or C. sp. “Florida” 
as they differ in adult and/or larval morphology, 
including the morphology and tooth number of the 
larval premandible.
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Amora, G., Hamada, N., Lívia Maria Fusari, L.M. 
and Andrade-Souza, V. 2015. An Asiatic chi-
ronomid in Brazil: morphology, DNA barcode 
and bionomics. - ZooKeys 514: 129-144. DOI: 
http://dx.doi.org/10.3897/zookeys.514.9925

Carew, M. E., Pettigrove, V. J., Metzeling, L. and 
Hoffmann, A. A. 2013. Environmental moni-
toring using next generation sequencing: rapid 
identification of macroinvertebrate bioindica-
tor species. - Frontiers in Zoology 10: 45. DOI: 
https://doi.org/10.1186/1742-9994-10-45

Chaudhuri, P. K., Das, S. K. and Sublette, J. E. 
1992. Indian species of the genus Chironomus 
Meigen (Diptera; Chironomidae). - Zoologis-
ches Jahrbuch Systematik 119: 1-51.

Correia, L.C.S and Trivinho-Strixino, S. 2007. 
New species of Chironomus Meigen (Diptera: 
Chironomidae: Chironominae) from Brazil.  
- Zootaxa 1504: 53–68.

Cranston, P. S. 2007. The Chironomidae larvae as-
sociated with the tsunami-impacted waterbod-
ies of the coastal plain of southwestern Thai-
land. - Raffles Bulletin Zoology 55: 231-244.

Desalle, R., Egan, M.G. and Siddall, M. 2005. The 
unholy trinity: taxonomy, species delimitation 
and DNA barcoding. - Philosophical Transac-
tions of the Royal Society 360B: 1905-1916.

Epler, J.H. 2001. Identification manual for the 
larval Chironomidae (Diptera) of North and 
South Carolina. A guide to the taxonomy of 
the midges of the southeastern United States, 
including Florida. Special Publication SJ2001-
SP13. North Carolina Department of Environ-
ment and Natural Resources, Raleigh, NC, and 
St. Johns River Water Management District, 
Palatka, FL. 526 pp.

Folmer, O., Black, M., Hoeh, W., Lutz, R., and 
Vrijenhoek, R. 1994. DNA primers for amplifi-
cation of mitochondrial cytochrome c oxidase 
subunit I from diverse metazoan invertebrates. 
- Molecular Marine Biology and Biotechnol-
ogy 3: 294-299.

Freeman, P. 1961. The Chironomidae (Diptera) of 
Australia. - Australian Journal of Zoology 9: 
611-737.

19



Article submitted 04. March 2024, accepted by Peter H. Langton 21. March 2024, published 23. July 2024.

Hasagawa, H. and Sasa, M. 1987. Taxonomical 
notes on the chironomid midges of the tribe 
Chironomini collected from the Ryukyu Is-
lands, Japan, with description of their imma-
ture stages. - Japanese Journal of Sanitary Zo-
ology 38: 273-295.

Hashimoto, H. 1984.  Notes on Chironomus java-
nus Kieffer from Japan. -   Proceedings Japa-
nese Society of Systematic Zoology 29: 24-29.

Hashimoto, H., Wongsiri, T., Wongsiri, N., Ti-
rawat, C., Lewvanich, A., and Yasumatsu, K. 
1981. Chironomidae from rice fields of Thai-
land with descriptions of 7 new species. - Tax-
onomy Branch, Entomology and Zoology Di-
vision, Department of Agriculture, Bangkok, 
Technical Bulletin 007: 1-47.

Johannsen, O.A. 1932. Chironominae of the Ma-
layan subregion of the Dutch East Indies.  
- Archiv für Hydrobiologie Supplement 11:
503-552.

Kieffer, J.J. 1924. Chironomides non piqueurs de 
Java. - Annales de la Société Scientifique de 
Bruxelles 43: 255-261.

Martin, J. 2022. The Chironomus species studied 
by Letha Karunakaran in Singapore, with a re-
view of the status of selected South-east Asian 
Chironomus. - Chironomus Journal of Chi-
ronomidae Research 35: 44-49.

Martin, J., Andreeva, E.N., Kiknadze, I.I., and 
Wülker, W.F. 2006. Polytene chromosomes 
and phylogenetic relationships of Chirono-
mus atrella (Diptera: Chironomidae) in North 
America. - Genome 49: 1384-1392. DOI: 
http://dx.doi.org/10.1139/g06-095

McLachlan, A.J. and Cantrell, M.A. 1980. Surviv-
al strategies in tropical rain pools. - Oecologia 
47: 344-351.

Nolte, U. 1995. From egg to imago in less than 
seven days: Apedilum elachistus (Chironomi-
dae), In Cranston, P.S. (ed) Chironomidae from 
genes to ecosystems, pp. 177-184. CSIRO, East 
Melbourne, Australia.

Pinder, L.C.V. and Reiss, F. 1983. 10. The larvae 
of Chironominae (Diptera: Chironomidae) of 
the Holarctiic region. – Keys and diagnoses. 
- Entomologica Scandinavica Supplement 19:
293-435, Lund, Sweden.

Pramual, P., Simwisat, K. and Martin, J. 2016. 
Identification and reassessment of the specif-
ic status of some tropical freshwater midges 
(Diptera: Chironomidae) using DNA barcode 
data. - Zootaxa 4702: 39-60. DOI: http://doi.
org/10.11646/zootaxa.4072.1.2

Proulx, I., Martin, J., Carew, M. and Hare, L. 
2013. Using various lines of evidence to iden-
tify Chironomus species in eastern Canadian 
lakes. - Zootaxa 3741: 401-458. DOI: http://
doi.org/10.11646/zootaxa.3741.4.1

Reyes-Maldonado, R., Marle, B. and Ramirez, A. 
2021. Rearing methods and life cycle charac-
teristics of Chironomus sp. Florida (Chirono-
midae: Diptera): A rapidly developing species 
for laboratory studies. - PLoS ONE 16(2): 
e0247382. DOI: https://doi.org/10.1371/jour-
nal.pone.0247382.1

Sæther, O.A. 1980. Glossary of chironomid mor-
phology terminology (Diptera: Chironomidae). 
- Entomologica scandinavica Supplement 14:  
1-51.

Sasa, M. and Hasegawa, H. 1983. Chironomid 
midges of the tribe Chironomini collected from 
sewage ditches, eutrophicated ponds, and some 
clean streams in the Ryukyu Islands, southern 
Japan. - Japanese Journal of Sanitary Zoology 
34: 305-341.

Sasa, M. and Suzuki, H. 2001. Studies on the spe-
cies of family Chironomidae (Diptera) collect-
ed on Minamidaito Island, Okinawa, southern 
Japan. Part 1. - Tropical Medicine 43: 61-92.

Tokunaga, M. 1964. Chironomidae. - Insects of 
Micronesia 12(5): 485-628.

Vallenduuk, H.J. and Moller Pillot, H.K.M. 1997. 
Key to the larvae of Chironomus in Western 
Europe. - RIZA Rapport 97.053: 1-13 + appen-
dices.

Webb, C.J. and Scholl, A. 1985. Identification of 
larvae of European species of Chironomus 
Meigen (Diptera: Chironomidae) by morpho-
logical characters. - Systematic Entomology 
10: 353-372.

Yamamoto, N., and Yamamoto, M. 2018. Taxo-
nomic information on some Japanese Chi-
ronomidae (Diptera) described by Dr. M. Sasa. 
- Zootaxa 4514: 516-528. DOI: https://doi.
org/10.11646/zootaxa4514.4.5

20




