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Preface

Larvae of tiny insects belonging to the family Chironomidae, known as
non-biting midges, chironomids, and bloodworms, are powerful indi-
cators of environmental conditions. Not only do they live all over our
planet, colonizing virtually all types of aquatic ecosystems from the
smallest ponds to the deepest lakes, and have thousands of species with
various ecological requirements, but after they die, their head capsules
remain in lake sediments for thousands of years. After obtaining a sam-
ple of the sediment, their remains can be used to reconstruct the history
of the lake and its surroundings. For reliable paleolimnological recon-
structions, accurate identification of subfossil remains is essential, since
with misidentified subfossil material, even the most comprehensive study
will be meaningless. However, for a long period, reliable identification
of the remains was rather problematic because the existing identifica-
tion literature focused on identification of living insects, which possess
significantly more identification features relative to dramatically worn
down subfossil remains with a minimum of such structures.

The situation changed markedly with the publication of the paleo-
key by Brooks et al. (2007). This comprehensive guide summarized and
illustrated 198 morphotypes from 112 genera of 6 subfamilies taken
from lake sediments mainly deposited all over Europe. Moreover, they
reviewed the knowledge on chironomid taxonomy, ecology, and paleo-
limnology, as well as field and laboratory techniques. It is not an exag-
geration to say that this guide is essential for all “dead head” specialists;
there are plenty of (using Ian Walker’s words) “well-abused, coffee-
stained and dog-eared” copies on laboratory desks all over the world
(including the authors’). Since most of the featured taxa in the guide
are widespread, it is relevant also in other parts of the world. However,
when it comes to other biogeographical regions with a large number of
endemic taxa, such as the Neotropical region, a Palaearctic guide may
have limited applicability.

Paleolimnological investigations using chironomid remains in Central
America and adjacent areas have not been extensive, but lately have
undergone a resurgence of interest with many workers following the suc-
cess of chironomid-based reconstructions in many parts of the world.
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Preface

This highlights the need for a taxonomic guide that will ultimately
be helpful for a thorough analysis of the diversity and distribution of
the taxa encountered to date in the region. In this context, we decided
to publish this identification guide, illustrating the main chironomid
morphotypes found in lake-surface sediments and sediment cores in
Northern Central America. Of the total 64 genera found, it includes 20
endemic ones not listed in Brooks et al. (2007) and many new/different
morphotypes from the listed genera. We hope that this guide will be
useful for people working with subfossil material, not only in Central
America, but in the whole Neotropical region.

Finally, this book is a result of a joint effort of a (paleo)limnologist and
a taxonomist. We are convinced that a reliable subfossil guide cannot be
developed without a thorough taxonomical knowledge of the region’s
recent chironomid fauna. At the same time, using a paleolimnological
approach, it is possible to transmit this information to morphotypes that
can be linked with ecology and, reaching beyond taxonomy and limnol-
ogy, used to reconstruct the past development of nature. After all, paleo-
workers and taxonomists have the same goal: to learn more about these
fascinating insects and, through them, discover the world around us.
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1 Introduction

CHIRONOMIDAE IN A NUTSHELL

Non-biting midges (Diptera, Chironomidae) are the most widely distrib-
uted free-living holometabolous insects, with larvae occurring in most
aquatic and semiaquatic habitats, and to a lesser extent in brackish and
marine waters, and semi-terrestrial and terrestrial ecosystems (Oliver
1971). The range of environmental conditions under which chironomids
are found is more extensive than that of any other family of aquatic
insects (Silva et al. 2018). They often dominate aquatic insect com-
munities in both abundance and species richness (e.g., Cranston 1982;
Ferrington 2008) and compose a significant fraction of the macrozoo-
benthos of most freshwater ecosystems. Oliver (1971) and Armitage
et al. (1995) have provided a sufficient overview of chironomid biology
and ecology. Their great species and habitat diversity, combined with
ecological adaptability, makes these insects an important environmental
indicator for aquatic ecosystems.

The family Chironomidae possibly originated in the middle Triassic,
around 248-210 million years ago (Cranston et al. 2010). The group
includes 11 subfamilies (Aphroteniinae, Buchonomyiinae, Chironominae,
Chilenomyiinae, Diamesinae, Orthocladiinae, Podonominae, Prodia-
mesinae, Tanypodinae, Telmatogetoninae, and Usambaromyiinae) and
comprises at least 10,000 species in more than 400 genera (Armitage
et al. 1995; Seether 2000). This high species diversity has been attributed
to the antiquity of the family, with rather low vagility, leading to isolation
and evolutionary plasticity (Armitage et al. 1995). Approximately 900
species of Chironomidae are recognized from the Neotropical region (M.
Spies, pers. comm.), of which most are assigned to one of the three larg-
est subfamilies: Chironominae, Orthocladiinae, and Tanypodinae. The
remaining subfamilies are, in general, less species-rich and have one or
only few species within one or few genera (Spies et al. 2009).

Compared with other insects, chironomid larvae are well preserved
in lake sediments for a long period due to their chitinized head capsules,
which allow their remains to be used for both limnological and paleo-
limnological studies. As lakes accumulate organic and inorganic remains
constantly since their formation, their sediments represent a continuous
environmental archive that holds information about the past of the lake
and its environment. Moreover, lake-surface sediments, accumulating in
the deepest parts of the lake, can also be important sources of recent dis-
tribution of species, because they contain remains of the contemporary
biota from different parts of the system (Frey 1976). While recent years
have seen increased activity regarding Chironomidae in the Neotropical
region (e.g., Watson and Heyn 1992; Silva and Gessner 2009; Andersen
et al. 2015; Siri 2015; Trivinho-Strixino et al. 2013, 2015; Parise and
Pinho 2016; Silva and Oliveira 2016; Epler 2017; Silva and Ferrington
2018; Dantas et al. 2020), the knowledge of paleoenvironmental archives
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preserved in lake sediments, particularly in Central America and the
Caribbean region, remains fragmentary and limited to only a few stud-
ies (Vinogradova and Riss 2007; Pérez et al. 2010, 2013; Hamerlik et al.
2018a,b; Hamerlik and Silva 2018; Wu et al. 2015, 2017, 2019a,b).

GEOGRAPHICAL RANGE

Central America is a region of particular interest for ecological and
biogeographical studies, because it represents a bridge between two
main biogeographical realms, the Nearctic and the Neotropical regions.
In spite of its reduced area, the equatorial position, complex topog-
raphy, and range of local weather patterns produce numerous micro-
habitats that support one of the largest global biodiversity hotspots, the
Mesoamerican forest, which extends from northern Guatemala to cen-
tral Panama. Although this biome is one of the most endangered ecosys-
tems in the Neotropics (Sdnchez-Azofeifa et al. 2014) due to high rates
of habitat loss and fragmentation (Chacon 2005), there is still consider-
able opportunity for conservation action (Albuquerque et al. 2015). In
this context, lake sediments may be a valuable source of information,
not only of past environmental changes but also of recent distribution
of species, since the sediment accumulating in the deepest part of a lake
represents the mixture of the biological community from different parts
of the lake and its surroundings, as well as accumulation of communities
from different time periods (Hamerlik et al. 2018Db).

Several biogeographic investigations indicate that the Neotropical
region is composed of several subregions with a divergent evolution-
ary history, showing relationships with different continents in the past
(Cione et al. 20135; Silva and Farrell, 2017). Therefore, the biogeographi-
cal coverage here adopts limits to the Neotropical region (sensu Morrone
2014), focusing mainly on Central America. This area does not include
the Neotropical Transition Zone and Andean-Patagonian units, and
their endemic genera are not covered herein.

PURPOSE AND SCOPE

Identification of larval Chironomidae tends to be complicated due to a
lack of diagnostic morphological features to distinguish several genera.
Moreover, identification of some species can only be achieved by individ-
ual rearing of larvae and collecting larval and pupal skins to establish the
associations between life stages (Silva and Wiedenbrug 2014). Therefore,
without larval rearing, genus identification of isolated immature stages
must often be considered as tentative (Spies et al. 2009). Consequently,
a key to living chironomids can be offered here only partly, since many
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records for Central America are based only on adult male specimens. On
the other hand, the key to subfossil chironomids is fully illustrated and
includes all the genera that were examined from sediment samples, from
lakes across Central America (for review, see Hamerlik et al. 2018b,
2020).

Before a chironomid head capsule becomes buried in the sediment, it
is part of a larva of a living individual. The head of a living larva contains
a myriad of minute structures, such as organelles, palps, setae, lamellae,
etc., that are often essential for distinguishing different taxa. When a
larva dies or goes through molting, the hard-sclerotized remains of the
body are buried in the sediment, while the rest of the body disintegrates.
Moreover, due to taphonomical processes and mechanical damage over
time, several fragile structures are lost and the diagnostic characters are
usually reduced to the basic, most robust structures, such as the mentum
and mandibles. Reduced diagnostic characters lead to limited potential
for accurate identification of remains and require specific identifica-
tion keys focusing only on the basic characters. The applicability of this
approach, called parataxonomy, is limited, but in some fields, it can be
the only way to get results on highly important scientific questions (Krell
2004). In surface sediments, both living larva and subfossil remains can
be encountered. Thus, in this book, we provide two identification keys:
(1) to living chironomids, which can be used to identify larvae bearing
all the important diagnostic features and (2) to subfossil chironomids,
which aims to distinguish larval subfossil remains containing only a lim-
ited number of characters.

Paleolimnology is the science that uses the physical, chemical, and
biological information preserved in lake sediments to reconstruct past
environmental changes in inland aquatic ecosystems. This subject area
includes knowledge from a number of diverse fields of study, such as
limnology, geology and ecology, but because of challenges that sepa-
rate researchers from direct knowledge on past lake conditions, the
discipline is multidisciplinary by necessity (Whitmore and Riedinger-
Whitmore 2014). In light of this, we hope this book will be useful for
students, investigators, and other professionals working in Central
America and will bridge the gap between taxonomists, limnologists and
paleolimnologists.





http://taylorandfrancis.com

References

Acosta R, Prat N (2010) Chironomid assemblages in high altitude
streams of the Andean region of Peru. Fundamental and Applied
Limnology 177(1): 57-79.

Albuquerque FS, Benito B, Beier P, Assun¢ido-Albuquerque M]J, Cayuela
L (2015) Supporting underrepresented forests in Mesoamerica.
Natureza e Conservagdo 13(2): 152-158.

Alcocer J, Lugo A, Estrada S, Ubeda M, Escobar E (1993) La macrofauna
benténica de los axalapazcos mexicanos. Actas del Vi Congreso
Espariol de Limnologia 33: 409-4135.

Andersen T, Contreras Ramos A, Spies M (2000) Chironomidae
(Diptera), pp. 581-591. In: Llorente B, Gonzales SJE, Papavero N
(eds). Biodiversidad, Taxonomia y Biogeografia de Artrépodos
de Meéxico: Hacia una Sintesis de Su Conocimiento. Vol. II.
Universidad Nacional Auténoma de México, Mexico City, 676 pp.

Andersen T, Kristoffersen L (1998) New species of Xestochironomus
Sublette and Wirth (Chironomidae: Chironominae) from Chile
and Costa Rica. Journal of the Kansas Entomological Society 71:
296-303.

Andersen T, Mendes HF (2004) Irisobrillia longicosta Oliver, 1985
(Diptera: Chironomidae: Orthocladiinae) taken in south Brazil.
Biota Neotropica 4(2): 1-5.

Andersen T, Mendes HF, Pinho LC (2015) Mariambera, a new genus
of Orthocladiinae from Brazil (Insecta: Diptera, Chironomidae).
Studies on Neotropical Fauna and Environment 50(1): 24-30.

Andersen T, Sether OA, Cranston PS, Epler JH (2013) The larvae of
Orthocladiinae (Diptera: Chironomidae) of the Holarctic region —
Keys and diagnoses. In Andersen T, Cranston PS, Epler JH (eds). The
larvae of Chironomidae (Diptera) of the Holarctic Region — Keys
and diagnoses. Insects Systems Evolution, Suppl. 66: 189-386.

Armitage PD, Cranston PS, Pinder LCV (1995) The Chironomidae:
Biology and Ecology of Non-Biting Midges. Chapman & Hall,
London, Glasgow, Weinheim, New York, Tokyo, Melbourne &
Madras, xii + 572 pp.

Ashe P, Cranston PS (1990) Family Chironomidae, pp. 113-335. In:
So6s A, Papp L (eds). Catalogue of Palaearctic Diptera. Vol. 2.
Psychodidae - Chironomidae. Akadémiai Kiadd, Budapest.

Ashe P, O’Connor JP (2009) A World Catalogue of Chironomidae
(Diptera). Part 1. Buchonomyiinae, Chilenomyiinae, Podonominae,
Aphroteniinae, Tanypodinae, Usambaromyiinae, Diamesinae,
Prodiamesinae and Telmatogetoninae. Irish Biogeographical
Society & National Museum of Ireland, Dublin, Ireland.

5



References

Bitusik P (2000) Handbook for Identification of Chironomid Larvae
(Diptera: Chironomidae) of Slovakia. Part 1. Buchonomyinae,
Diamesinae, Prodiamesinae and Orthocladiinae. Vydavatelstvo
Technickej Univerzity, Zvolen, Slovakia. (in Slovak)

Bitusik P, Hamerlik L (2014) Identification key for Chironomidae Larvae
of Slovakia. Part 2. Tanypodinae. Belianum, Vydavatel'stvo Univerzity
Mateja Bela v Banskej Bystrici, Slovakia, 96 pp. [in Slovak].

Borkent A (1984) The systematics and phylogeny of the Stenochironomus
complex (Xestochironomus, Harrisius, and Stenochironomus).
(Diptera: Chironomidae). The Memoirs of the Entomological
Society of Canada 128: 1-269.

Brooks SJ, Langdon PG, Heiri O (2007) The identification and use of
palaearctic chironomidae larvae in palaeoecology. ORA Technical
Guide No. 10. QRA, London, 276 pp.

Brundin L (1983) The larvae of Podonominae (Diptera: Chironomidae)
of the Holarctic region — Keys and diagnoses. Entomologica
Scandinavica, Suppl. 19: 23-31.

Chacon CM (2005) Fostering conservation of key priority sites and rural
development in Central America: The role of private protected
areas. Parks 15: 39-47.

Cione AL, Gasparini GM, Soibelzon E, Soibelzon LH, Tonni EP (2015)
The Great American Biotic Interchange: A South American
Perspective. Springer Netherlands.

Cranston PS (1982) A Key to the Larvae of the British Orthocladiinae
(Chironomidae). Freshwater Biological Association, Scientific
Publication 45. The Ferry Hause, Ambleside, Cumbria LA22 oLP.
152 pp.

Cranston PS (1995) Introduction to the Chironomidae, pp. 1-7. In:
Armitage PD, Cranston PS, Pinder LCV (eds). The Chironomidae:
The Biology and Ecology of Non-Biting Midges. Chapman &
Hall, New York.

Cranston PS (1995) Morphology, pp. 11-30. In: Armitage PD, Cranston
PS, Pinder LCV (eds). The Chironomidae: The Biology and Ecology
of Non-Biting Midges. Chapman & Hall, London, Glasgow,
Weinheim, New York, Tokyo, Melbourne & Madras, xii + 572 pp.

Cranston PS (2010) Electronic guide to the Chironomidae of Australia.
http://chirokey.skullisland.info/. [30 December 2019].

Cranston PS (2013) The larvae of the Holarctic Chironomidae (Diptera)
—Morphological terminology and keys to subfamilies. In: Andersen
T, Cranston PS, Epler JH (eds). The Larvae of Chironomidae
(Diptera) of the Holarctic Region — Keys and Diagnoses. Insect
Systematics & Evolution, Suppl. 66: 13-23.

Cranston PS, Epler J (2013) The larvae of Tanypodinae (Diptera:
Chironomidae) of the Holarctic region — Keys and diagno-
ses. In: Andersen T, Cranston PS, Epler JH (eds). The Larvae of

6


http://chirokey.skullisland.info/

References

Chironomidae (Diptera) of the Holarctic Region — Keys and
Diagnoses. Insect Systematics and Evolution, Suppl. 66: 39-136.
Lund, Sweden

Cranston PS, Hardy NB, Morse GE (2012) A dated molecular phylog-
eny for the Chironomidae (Diptera). Systematic Entomology 37:
172-188.

Cranston PS, Hardy NB, Morse GE, Puslednik L, McCluen SR (2010)
When molecules and morphology concur: The ‘Gondwanan’
midges (Diptera: Chironomidae). Systematic Entomology 35(4):
636-648.

Cranston PS, Nolte U (1996) Fissimentum, a new genus of drought-
tolerant Chironomini (Diptera: Chironomidae) from the Americas
and Australia. ENT News 107: 1-135.

Cranston PS, Oliver DR, Sether OA (1983) The larvae of Orthocladiinae
(Diptera, Chironomidae) of the Holarctic region — Keys and diag-
noses. Entomologica Scandinavica, Suppl. 19: 149-291.

Cranston PS, Oliver DR, Sether OA (1989) Keys and diagnoses of
the adult males of the subfamily Orthocladiinae (Diptera,
Chironomidae). Entomologica Scandinavica, Suppl. 34:
165-352.

Dantas GPS, Pinheiro MPG, Hamada N (2020) An unusual new species
of Pentaneura Philippi (Diptera: Chironomidae) from northeastern
Brazil, with an emended diagnosis to the genus. Zootaxa 4786 (1):
81-92

Donato M, Paggi AC (2005) A new Neotropical species of the genus
Metriocnemus van der Wulp (Chironomidae: Orthocladiinae) from
Eryngium L. (Apiaceae) phytotelmata. Zootaxa 1050(1): 1-14.

Epler JH (2001) Identification manual for the larval Chironomidae
(Diptera) of North and South Carolina: A guide to the taxon-
omy of the midges of the Southeastern United States, includ-
ing Florida. Special Publication SJ2001-SP13 North Carolina,
Department of Environment and Natural Resources, Raleigh,
NC, and St. Johns River Water Management District, Palatka,
FL, 526 pp.

Epler JH (2014) Identification Guide to the Larvae of the Tribe
Tanytarsini  (Diptera: Chironomidae) in Florida. Florida
Department of Environmental Protection, Tallahassee, 77 pp.

Epler JH (2017) An annotated preliminary list of the Chironomidae
(Diptera) of Zurqui, Costa Rica. Chironomus Journal of
Chironomidae Research 30: 4-18.

Epler JH, Ekrem T, Cranston PS (2013) The larvae of Chironominae
(Diptera: Chironomidae) of the Holarctic region — Keys and diag-
noses. In Andersen T, Cranston PS, Epler JH (eds). The larvae of
Chironomidae (Diptera) of the Holarctic Region — Keys and diag-
noses. Insects Systems Evolution Suppl. 66: 387-556.

7



References

Ferrington LC Jr (2008) Global diversity of non-biting midges
(Chironomidae, Insecta, Diptera) in freshwater. Hydrobiologia
595(1): 447-455.

Ferrington LC Jr, Berg MB, Coffman WP (2008) Chironomidae,
pp. 847-989. In: Merritt RW, Cummins KW, Berg MB (eds). An
Introduction to the Aquatic Insects of North America. Kendall/
Hunt Publishing Co., Dubuque, LA.

Ferrington LC Jr, Buzby KM, Masteller EC (1993) Composition and
temporal abundance of Chironomidae emergence from a tropi-
cal rainforest stream at el Verde, Puerto Rico. Journal of Kansas
Entomological Society 66: 167-180.

Fittkau EJ, Roback SS (1983) The larvae of Tanypodinae (Diptera:
Chironomidae) of the Holarctic region — Keys and diagnoses.
Entomologica Scandinavica, Suppl. 19: 33-110.

Frey DG (1976) Interpretation of Quaternary paleolimnology from
Cladocera and Midges and prognosis regarding usability of other
organisms. Canadian Journal of Zoology 54(12): 2208-2226.

Fusari LM, Roque FDO, Hamada N (2014) Systematics of Oukuriella
Epler, 1986, including a revision of the species associated with
freshwater sponges. Insect Systematics and Evolution 45(2):
117-157.

Hamerlik L, Silva FL (2018) First record of the genus Heterotrissocladius
(Chironomidae: Orthocladiinae) from the Neotropical region.
Chironomus Journal of Chironomidae Research 31(31): 43-46.

Hamerlik L, Silva FL, Jacobsen D (2018a) Chironomidae (Insecta:
Diptera) of Ecuadorian high-altitude streams: A survey and illus-
trated key. Florida Entomologist 101(4): 663-676.

Hamerlik L, Silva FL, Massaferro J. An illustrated guide of subfossil
Chironomidae (Insecta: Diptera) from waterbodies of Central America
and the Yucatan Peninsula. Journal of Paleolimnology (submitted, not
yet accepted).

Hamerlik L, Silva FL, Wojewodka M (2018b) Sub-fossil Chironomidae
(Diptera) from lake sediments in Central America: A preliminary
inventory. Zootaxa 4497(4): 559-572.

Hofmann W (1971) Zur Taxonomie und Palokologie subfossiler
Chironomiden (Dipt.) in Seesedimenten. Archiv fur Hydrobiologie
Beih 6: 1-50.

Janssens De Bisthoven L, Timmermans KR, Ollevier F (1992) The con-
centration of cadmium, lead, copper and zinc in Chironomus gr.
thummi larvae (Diptera: Chironomidae) with deformed versus nor-
mal menta. Hydrobiologia 239(3): 141-149.

Kowalyk HE (1985) The larval cephalic setae in the Tanypodinae
(Diptera: Chironomidae) and their importance in generic determi-
nations. Canadian Entomologist 117(1): 67-106.



References

Krell FT (2004) Parataxonomy vs. taxonomy in biodiversity studies —
Pitfalls and applicability of ‘morphospecies’ sorting. Biodiversity
and Conservation 13(4): 795-812.

Lin XL, Stur E, Ekrem T (2018) Molecular phylogeny and temporal
diversification of Tanytarsus van der Wulp (Diptera: Chironomidae)
support generic synonymies, a new classification and centre of ori-
gin. Systematic Entomology 43(4): 659-677.

Moller Pillot HKM (2009) Chironomidae Larvae of the Netherlands
and Adjacent Lowlands: Biology and Ecology of the Chironomini.
KNNYV Publishing, Zeist, the Netherlands, 174.

Moller Pillot HKM (2013) Chironomidae Larvae of the Netherlands
and Adjacent Lowlands: Biology and Ecology of the Aquatic
Orhocladiinae. KNNV Publishing, Zeist, the Netherlands 314 pp.

Morrone JJ (2014) Cladistic biogeography of the Neotropical region:
Identifying the main events in the diversification of the terrestrial
biota. Cladistics 30(2): 202-214.

Nazarova LB (2000) A point of view on chironomid deformities inves-
tigation. Chironomus Journal of Chironomidae Research 13(14):
7-8.

Oliver DR (1971) Life history of the Chironomidae. Annual Review of
Entomology 12(1): 211-230.

Parise AG, Pinho LC (2016) A new species of Stenochironomus Kieffer,
1919 from the Atlantic Rainforest in southern Brazil (Diptera:
Chironomidae). Aquatic Insects 37(1): 1-7.

Pérez L, Bugja R, Massaferro J, Steeb P, Geldern R, Frenzel P, Brenner
M, Scharf B, Schwalb A (2010) Post-Columbian environmental his-
tory of Lago Petén Itza. Guatemala Revista Mexicana de Ciencias
Geolégicas 27: 490-507.

Pérez L, Lorenschat J, Massaferro J, Pailles C, Sylvestre F, Hollwedel W,
Brandorff G, Brenner M, Gerald I, Lozano S, Scharf B, Schwalb A
(2013) Bioindicators of climate and trophic state in lowland and
highland aquatic ecosystems of the Northern Neotropics. Revista
de Biologia Tropical 61(2): 603-644.

Pinder LCV, Reiss F (1983) The larvae of Chironominae (Diptera:
Chironomidae) of the Holarctic region — Keys and diagnoses.
Entomologica Scandinavica, Suppl. 19: 293-435.

Rieradevall M, Brooks SJ (2001) An identification guide to subfossil
Tanypodinae larvae (Insecta: Diptera: Chrironomidae) based on
cephalic setation. Journal of Paleolimnology 25: 8-99.

Roback SS (1976) The immature chironomids of the Eastern United
States II. Tanypodinae: Tanypodini. Proceedings of the Academy
of Natural Sciences of Philadelphia 128: 55-88.

Roque FO, Siqueira T, Trivinho-Strixino S (2005) Occurrence of chi-
ronomid larvae living inside fallen-fruits in Atlantic Forest streams,
Brasil. Entomologia y Vectores 12(2): 275-282.

9



References

Roque FO, Trivinho-Strixino S (2008) Four new species of Endotribelos
Grodhaus, a common fallen fruit-dwelling chironomid genus in
Brazilian streams (Diptera: Chironomidae: Chironominae). Studies
on Neotropical Fauna and Environment 43(3): 191-207.

Seether OA (1975) Nearctic and Palearctic Heterotrissocladius (Diptera,
Chironomidae). Bulletin of the Fisheries Reseanth Board of Canada
193: 1-67.

Sether OA (1980) Glossary of chironomid morphology terminology
(Diptera: Chironomidae). Entomologica Scandinavica: Supplement
14: 1-51.

Sether OA (1989) Metriocnemus van der Wulp: A New Species and
a Revision of Species Described by Meigen, Zetterstedt, Staeger,
Holmgren Lundstrom and Strenzke (Diptera: Chironomidae).
Entomologica Scandinavica 19: 393-430.

Sether OA (2000) Phylogeny of the subfamilies of Chironomidae
(Diptera). Systematic Entomology 25(3): 393-403.

Sether OA, Wang X (1995) Revision of the genus Paraphaenocladius
Thienemann, 1924 of the world (Diptera: Chironomidae,
Orthocladiinae). Entomologica Scandinavica: Supplement 48:
1-69.

Sanchez-Azofeifa A, Powers JS, Fernandes GW, Quesada M (eds.) (2014)
Tropical Dry Forests in the Americas: Ecology, Conservation, and
Management. CRC Press, Boca Raton, FL.

Schmid PE (1993) A Key to the Larval Chironomidae and Their Instars
from the Austrian Danube Region Streams and Rivers. Part 1.
Diamesinae, Prodiamesinae and Orthocladiinae. Federal Institute
for Water Quality, Wien.

Silva FL, Ekrem T (2016) Phylogenetic relationships of nonbiting midges
in the subfamily Tanypodinae (Diptera: Chironomidae) inferred
from morphology. Systematic Entomology 41(1): 73-92.

Silva FL, Ekrem T, Fonseca-Gessner AA (2015a) Out of South America:
Phylogeny of non-biting midges in the genus Labrundinia (Diptera:
Chironomidae) suggests multiple dispersal events to Central and
North America. Zoologica Scripta 44(1): 59-71.

Silva FL, Farrell BD (2017) Non-biting midges (Diptera: Chironomidae)
research in South America: Subsidizing biogeographic hypotheses.
Annales de Limnologie—International Journal of Limnology 53:
111-128.

Silva FL, Ferrington Jr LC (2018) Systematics of the New World genus
Pentaneura Phillipi (Diptera: Chironomidae: Tanypodinae):
Historical review, new species and phylogeny. Zoologischer
Angeiger 271: 1-31.

10



References

Silva FL, Fonseca-Gessner AA (2009) The immature stages of
Labrundinia tenata (Diptera: Chironomidae: Tanypodinae) and
redescription of the male. Zoologia 26: 541-546.

Silva FL, Fonseca-Gessner AA, Ekrem T (2011) Revision of Labrundinia
maculata Roback, 1971, a new junior synonym of L. longipal-
pis (Goetghebuer, 1921) (Diptera: Chironomidae: Tanypodinae).
Aquatic Insects 33(4): 293-303.

Silva FL, Fonseca-Gessner AA, Ekrem T (2014) A taxonomic revision
of genus Labrundinia Fittkau, 1962 (Diptera: Chironomidae:
Tanypodinae). Zootaxa 3769: 1-185.

Silva FL, Oliveira CSN (2016) Tanypus urszulae, a new Tanypodinae
(Diptera: Chironomidae) from the Neotropical region. Zootaxa
4178(4): 593-600.

Silva FL, Pinho LC (2020) Macropelopia (Macropelopia) patagonica,
a new Tanypodinae (Diptera: Chironomidae) from the Patagonian
Andes. Zootaxa 4731(4): 574-580.

Silva FL, Pinho LC, Wiedenbrug S, Dantas GP, Siri A, Andersen T,
Trivinho-Strixino S (2018) Family Chironomidae, pp. 661-700.
In: Thorp and Covich's Freshwater Invertebrates. Academic Press,
Cambridge, MA.

Silva FL, Wiedenbrug S (2014) Integrating DNA barcodes and morphol-
ogy for species delimitation in the Corynoneura group (Diptera:
Chironomidae). Bulletin of Entomological Research 104(1): 65-78.

Silva FL, Wiedenbrug S, Farrell B (2015b) A preliminary survey of the
non-biting midges (Diptera: Chironomidae) of the Dominican
Republic. Chironomus Journal of Chironomidae Research 28(28):
12-19.

Siri A, Donato M (2015) Phylogenetic analysis of the tribe Macropelopiini
(Chironomidae: Tanypodinae): Adjusting homoplasies. Zoological
Journal of the Linnean Society 174(1): 74-92.

Spies M, Andersen T, Epler JH, Watson CN (2009) Chironomidae
(non-biting midges), pp. 437-480. In: Brown BV, Borkent A,
Cumming JM, Wood DM, Woodley NE, Zumbado M (eds).
Manual of Central American Diptera. NRC Research Press,
Ottawa.

Spies M, Reiss F (1996) Catalog and bibliography of Neotropical and
Mexican Chironomidae. Spixiana: Supplement 22: 61-1109.

Spies M, Sather OA (2013) Fauna europaea: Chironomidae. In: Pape
T, Beuk P (eds). Fauna Europaea: Diptera, Nematocera: Fauna
Europaea Version 2018.08. http://www.faunaeur.or.

Sublette JE, Sasa M (1994) Chironomidae collected in onchocer-
ciasis endemic areas in Guatemala (Insecta, Diptera). Spixiana:
Supplement 20: 1-60.

1


http://www.faunaeur.or

References

Trivinho-Strixino S (2014) Ordem Diptera. Familia Chironomidae. Guia
de identificagao de larvas, pp. 457-660. In: Hamada N, Nessimian
JL, Querino RB (eds). Insetos Aqudtico na Amazoénia Brasileira:
Taxonomia, Biologia e Ecologia, Editora do Instituto Nacional de
Pesquisas Da Amazdnia, Manaus.

Trivinho-Strixino S, Silva FL, Oliveira CSN (2013) Tapajos cristi-
nae n. gen., n. sp. (Diptera: Chironomidae: Chironominae) from
Neotropical region. Zootaxa 3710: 395-399.

Trivinho-Strixino S, Strixino G (2008) A new species of Pelomus Reiss,
1989 (Diptera: Chironomidae from Southeastern Brazil, with the
Description of Immature Stages. Boletim Do Museu Municipal De
Funchal, Suplemento) from southeastern Brazil, with the descrip-
tion of immature stages. Boletim do Museu Municipal de Funchal,
Suplemento 13: 223-231.

Trivinho-Strixino S, Wiedenbrug S, Silva FL (2015) New species of
Tanytarsus van der Wulp (Diptera: Chironomidae: Tanytarsini)
from Brazil. European Journal of Environmental Sciences 5(1):
92-100.

Turcotte P, Harper PP (1982) The macroinvertebrate fauna of a small
Andean stream. Freshwater Biology 12: 411-419.

Vallenduuk H, Lipinski A (2009) Neglected and new characters in
Chironomidae: Tanypodinae (larvae). Lauterbornia 68: 83-93.

Vinogradova EM, Riss HW (2007) Chironomids of the Yucatan
Peninsula. Chironomus Journal of Chironomidae Research 20(20):
32-35.

Warwick WF (1980) Chironomid (Diptera) responses to 2800 years of
cultural influence. A paleolimnogical study with special reference
to sedimentation, eutrophication, and contamination processes.
Canadian Journal of Entomology 112: 1193-1238.

Warwick WF (1985) Morphological abnormalities in Chironomidae
(Diptera) larvae as measures of toxic stress in freshwater ecosystems:
Indexing antennal deformities in Chironomus Meigen. Canadian
Journal of Fisheries and Aquatic Sciences 42(12): 1881-1914.

Watson CN, Heyn MW (1992) A preliminary survey of the
Chironomidae (Diptera) of Costa Rica, with emphasis on the lotic
fauna. Netherland Journal of Aquatic Ecology 26(2—4): 257-262.

Werle SF, Smith DG, Klekowski E (2004) Life in crumbling clay: The biol-
ogy of Axarus species (Diptera: Chironomidae) in the Connecticut
River. Northeastern Naturalist 11(4): 443-459.

Whitmore TJ, Riedinger-Whitmore MA (2014) Topical advances and
recent studies in paleolimnological research. Journal of Limnology
73(s1): 149-160.

12



References

Wu J, Porinchu DF, Campbell NL, Mordecai TM, Alden EC (2019a)
Holocene hydroclimate and environmental change inferred from
a high-resolution multi-proxy record from Lago Ditkebi, Chirripé
National Park, Costa Rica. Palacogeography, Palacoclimatology,
Palaeoecology 518: 172-186.

Wu J, Porinchu DF, Horn SP (2017) A chironomid-based reconstruction
of late-Holocene climate and environmental change for southern
Pacific Costa Rica. Holocene 27(1): 73-84.

Wau J, Porinchu DF, Horn SP (2019b) Late Holocene hydroclimate vari-
ability in Costa Rica: Signature of the terminal classic drought and
the Medieval Climate Anomaly in the northern tropical Americas.
Quaternary Science Reviews 215: 144-159.

Wu ], Porinchu DF, Horn SP, Haberyan KA (2015) The modern distri-
bution of chironomid sub-fossils (Insecta: Diptera) in Costa Rica
and the development of a regional chironomid-based temperature
inference model. Hydrobiologia 742(1): 107-127.

13



	Half Title
	Title Page
	Copyright Page
	Table of Contents
	Preface
	Authors
	Acknowledgments
	Chapter 1 Introduction
	Chironomidae in a Nutshell
	Geographical Range
	Purpose and Scope

	References



