
Introduction

With worldwide over 118 000 species, the group of
the Diptera represents one of the richest orders of in-
sects next to the Coleoptera and Lepidoptera (Wes-
theide & Rieger 1996). Most Diptera are terrestrial,
with aquatic habitats only inhabited by a small fraction
of species.
Within aquatic ecosystems however, Diptera play an
important role: more than half of the recorded aquatic
insects are Diptera (see Illies 1978). They colonise
practically all kind of freshwater systems and in many
cases they are the most abundant taxa. This last aspect
is clearly be shown on a data set from 95 macroinver-
tebrate samples from a national survey in Germany
(Haase et al. 2004a). In this project samples were taken
from 18 different stream types (Pottgiesser & Sommer-
haeuser 2003) representing four ecoregions (Illies
1978) (Tab. 1). All samples were taken following the
standardised sampling and sorting protocol of Haase et
al. (2004b). This protocol ensures that samples are

treated equally and that the invertebrates are determi-
ned to a defined taxonomic level so that samples are
comparable concerning number of individuals and
number of taxa.

Figure A shows the number of taxa and individuals
from different taxonomic groups recorded in the study.
With respect to number of individuals the Diptera pre-
sent the largest group (U-Test p<0.00; Statistica 6.1
(Statsoft 2002)). The number of taxa in Diptera found
in the samples was also higher than those of other taxo-
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nomic groups. However, the significance of this result
was not tested because of different taxonomic resolu-
tion in these groups. But it seems obvious that differen-
ces would be even more pronounced if all taxa were
identified at species level. 

Besides their importance with respect to number of
taxa and abundance, Diptera occur in all kinds of fresh-
water ecosystems and unlike other taxonomic groups
in both pristine and degraded systems. Some species
are able to tolerate harsh or poor ecological conditions
(e.g. water pollution or structural perturbations) and
are often the only taxa which still survive in extremely
degraded sites. This makes them a very important
group for bio-indication in freshwater systems. 

General situation of the determination of
Diptera larvae

Unfortunately the determination of Diptera larvae
is often not easy. This is mainly for the following rea-
sons: A large number of Diptera larvae are still unk-
nown or undescribed and the identification of many
genera and species is only possible with a considera-
ble preparatory effort. Even then, determinations can
be difficult and often require expert knowledge.

Another problem arises from the available determina-
tion literature: Presently available keys can generally
be considered to belong to one of two groups: 1) clas-
sical taxonomic-systematic works and 2) simpler
keys for less taxonomically or systematically oriented
users. For the Diptera, there is a problem with respect
to the first group of keys: due to its size and the in-
complete taxonomic knowledge of the group, the ne-
cessary information is divided among many different
keys. Many of these keys are incomplete and often
written in different languages. In the second group of
keys, simplification often comes at the cost of taxono-
mic detail and consequently mistakes in determina-
tions are common. The present work combines the ad-
vantages of these two common approaches, while mi-
nimising their weaknesses.

To date, determinations were primarily based on the
works of Nilsson (1997), Smith (1989), Rivosecchi
(1984) and Rozkosny (1980), which cover the geo-
graphic regions of northern Europe, Italy and sou-
theastern Europe, respectively. The latter two works
are written in Italian and Czech, limiting their appli-
cability outside their immediate region. Due to the
fact that Nilsson (1997) and Smith (1989) only cover
the region of northern Europe, for central Europe no
comprehensive key containing all the relevant taxa
and written in a language widely comprehensible was
previously available.

Another difficulty is that Nilsson (1997) and Smith
(1989) are using an unduly technical  feature right at
the beginning of their keys in order to separate the
two (three) groups of Brachycera/Cyclorrhapha and
Nematocera. According to their keys, the first group
have mandibles which move in a vertical plane whe-
reas the mandibles of the latter move in a horizontal
plane. Independent of the fact that the mandibles of
the Diptera larvae are often hard to see, some excep-
tions result in mismatching certain taxa to their cor-
responding taxonomical group (e.g. Pilaria sp. (Li-
moniidae) or the family of Syrphidae). In the case of
Syrphidae, strongly reduced mandibles make it im-

Fig. A. Number of individuals and taxa in different taxonomic groups.
Box Plots: ■■ indicates median; box indicates 25-75th percentile
range; ●● indicate outliers; + indicate extreme values. N = 95
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possible to categorize this group either to Nematocera
or Brachycera/Cyclorrhapha.

The deficiency in taxonomic knowledge and the ina-
dequacy of keys have caused water managers to lar-
gely ignore or underestimate the importance of Dip-
tera, thus limiting their value in water management
practice. With the implementation of the EU-WFD
this aspect became a serious problem.

Development of a key for the larvae of
aquatic Diptera

In order to facilitate the integration of aquatic Dip-
tera into water management practice, the aim of the
present work was to develop a key which meets the
requirements of water managers. Within this context,
the present key should also close the gap of a missing,
comprehensive key for central Europe. Moreover the
structure of the present work differs from already
available keys. The most significant difference is that
the unduly technical character, the working direction
of the mandibles, is not addressed right at the begin-
ning of the key. So the key presented here is an at-
tempt to compile a comprehensive key for central Eu-
rope, which meets the requirements of water mana-
gers, but maintains a high level of taxonomic-syste-
matic exactness. 

Using the Key

The basis for the key is the operational taxa list
(Haase et al. 2006), which presently contains 67 taxa
in the larval stages that are relevant for water mana-
gement practices and represents the taxonomic basis
for implementation of the EU WFD in Germany. By
gearing the key at determining the taxa from the ope-
rational taxa list, the key becomes relevant for pro-
cessing all macroinvertebrate samples taken from
streams, which are meant for assessment or monito-
ring in the implementation of the EU WFD.

For practical reasons, only those taxa were included
in the operational taxa list – and thus in this key –
which occur in running waters relevant to EU WFD
assessment and monitoring. Very rare semi-aquatic or
semi-terrestrial taxa do not feature in the key. Deter-
mining such taxa is not possible with the presented
key. However, by comparing specimens with the nu-
merous figures given in the key, misidentifications
can easily be avoided. A slight risk of misinterpreta-
tions is taken into account for routine assessment pro-

tocols, because the work effort would greatly increase
if a more comprehensive key is used.

The key can be used in Germany and Scandinavia
(Denmark, Finland, Norway, and Sweden), Great Bri-
tain and the Benelux States (Netherlands, Luxem-
bourg and Belgium). At the family level, the key can
also be used in standing water bodies. In comparison
to previously available keys (Nilsson 1997 & Smith
1989) the benefit of the present work is the simplicity
and the user-friendliness, so that the Diptera larvae
can easily determined with a minimal expenditure of
time. The nomenclature follows Schumann et al.
(1999).

Structure of the key

The first part of the key addresses the differentia-
tion of individual families. Exceptions are the fami-
lies Ceratopogonidae and Muscidae. Taxa of these fa-
milies and one species of the Limoniidae are determi-
ned to higher levels in the first section of the key for
practical reasons.

The operational taxa list suggests more detailed deter-
mination of specimens from single families. Keys to
the genera and some species of these families are gi-
ven in the second part of the key.

Sizes in the drawings are given as a general orienta-
tion. In speciose families, like the Chironomidae, the
sizes between species can vary considerably. This
size variance could not be accounted for in detail.

Additional literature for further determi-
nation of certain families

In the present key determination of certain families
is limited to those taxonomic levels which are listed
in the operational taxalist for running waters in Ger-
many. However, the operational taxalist does not res-
trict the level of determination. In fact, further deter-
mination is preferred even though it is not necessary
in terms of assessing running waters in Germany. Ne-
vertheless the following literature may be helpful for
further determination of certain families: Nilsson
(1997), Papp & Darvas (1997, 1998, 2000), Disney
(1999) and Bass (1998). For Chaoboridae, Thauma-
leidae, Stratiomyidae, Tabanidae and Sciomyzidae ra-
ther good keys exist (Saether 2002, Wagner 2002,
Rozkosny 2000, 2002, Kniepert 2000). Theses keys
cover the region of Central Europe, but they are writ-
ten in German.



64 A. SUNDERMANN, S. LOHSE, L.A. BECK, P. HAASE (4)

Key to the families for the last instar larvae

1 Habitus as in Figs. 1a, b. Three or four adhesive
ventral discs on each segment, gills head-on, lamelli-
form. Colour dark brown to black. ..............................Pupae 
of the Blephariceridae; further determination with 
Frutiger & Jolidon (2000) 

1* Habitus not as in Figs. 1a, b. ........................................ 2

2 Head capsule almost completely sclerotised (euce-
phal), see Figs 2a-e (Exception: Larvae of Blepharice-
ridae, see Fig. 1c). Head capsule normally not retracta-
ble into the thorax. .......................................................................... 3

2* Sclerotisation of head capsule incomplete (hemi-
cephal) or sclerotised segments reduced to a hypopha-
ryngeal sceleton (acephal) (Figs 3a-d). Head normally
at least partly retractable into the thorax. .......................16

3 A row of adhesive discs on the ventral side of the
body (Fig. 1c), only six body segments. ................Larvae 
of the Blephariceridae; further determination with 
Frutiger & Jolidon (2000).

3* Adhesive discs are missing or arranged otherwise,
number of body segments ≥ 9. ............................................... 4

4 Pseudopodia (with an apical row of hooks) on tho-
rax- and/or abdominal segments (Figs 2a- c, 3a, c-d,
4c-d). Sometimes the pseudopodia are retracted into
the body, in the majority of these cases the hooks are 
silhouetted against the brighter body. ................................ 5

4* Pseudopodia are missing (Figs 2 d-e, 3 b). ...... 11

5 Pseudopodia only on abdominal segments............. 6

5* Pseudopodia only on thoracic segments or on tho-
racic and abdominal segments. .............................................. 7

6 Pseudopodia on abdominal segments 1 and 2, cha-
racteristic habitus (Fig. 2 c). Ventral side of some abdo-
minal segments with a row of hooks. ....................Dixidae 
(further determination on page 70)

Fig. 1. Blephariceridae. Pupae in dorsal (a) and ventral (b) view. (c)
Larvae in ventral view.

Fig. 3. Examples of larvae with hemi- or acephale (partly sclerotised)
head capsule. (a) Empididae, Chelifera Macquart, 1823, (b) Limo-
niidae, Antocha Osten-Sacken, 1860, (c) Empididae, Clinoceri-
nae, (d) Athericidae, Atherix ibis (Fabricius, 1798).

Fig. 2. Examples of larvae with an eucephale (completely sclerotised) head capsule. 
(a) Simuliidae, (b) Chironomidae, (c) Dixidae, (d) Psychodidae, (e) Ptychopteridae,
Ptychoptera Meigen, 1803.
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6* Pseudopodia (unpaired) on the last abdominal seg-
ment are retractable and flexible, and have long hooks
(Figs 4 c-d). Sometimes the pseudopodia are retracted
into the body (see comment under 4). .......Dasyheleinae
(Ceratopogonidae)

7 Pseudopodia (unpaired) on the first segment of the
thorax. Posterior part of the body is broadest. The last
abdominal segment with a circle of hooks (adhesive
disc). Habitus as in Fig. 2 a...................................Simuliidae 
(further determination on page 70)

7* Characters different, habitus not as in Fig. 2 a. ...8

8 Body with numerous lateral appendages and/or
long setae. The latter are inflexible, dark brown and di-
rected backwards, habitus as in Figs 4 a-b, e. Body is
partially dorso-ventrally flattened. ....................................... 9

8* Body without long appendages. If setae are 
present, then more flexible and not as described 
above.......................................................................................................10

9 Body with long lateral appendages, normally
dorso-ventrally flattened. Habitus as in Figs 4 b,e.
..............Atrichopogon Kieffer, 1906, (Ceratopogonidae)

9* Body cylindrical with long setae, habitus as 
in Fig. 4 a. ..................................Forcipomyia Meigen, 1818, 
(Ceratopogonidae)

10 Thorax and abdominal segments are dorsally in-
tensely sclerotised. The dorsal side of the body is the-
refore much darker than the ventral side. Last abdomi-
nal segment with a cremaster (a cluster of spines at tip).
Spiracles on the lateral side of the first thoracal and the
eighth abdominal segment (Fig. 5 a). ......Thaumaleidae

10* No intense sclerotisation of thoracal and abdo-
minal segments. Dorsal side of the body is not darker
than the ventral side. The last abdominal segment with
paired pseudopodia. Without spiracles. Habitus as in
Fig. 2 b........................................................................Chironomidae
(further determination on page 69)

11 Thoracic segments fused to one segment, broader
than the other segments. .......................................................... 12

11* Thoracic segments can be distinguished as three
separate units. ................................................................................. 13

12 Antennae used as a prehensile organ, seventh 
abdominal segment normally with paired (pigmented)
tracheal vesicles (Fig. 5 b). ............................. Chaoboridae

12* Antennae not used as a prehensile organ, paired
(pigmented) tracheal vesicles are missing, habitus as in
Fig. 5 c. ............................................................................... Culicidae

13 Visible pseudosegmentation (apparently 26 body
segments) (Fig. 6 a). The majority with sclerotised 
plates on most of the pseudosegments, sometimes 
theses sclerotised segments are greatly reduced.
.............Psychodidae (further determination on page 70)

13* No pseudosegmentation, less than 26 visible
body segments. .............................................................................. 14

Fig. 4. Ceratopogonidae. (a) Forcipomyia, Meigen, 1818, (b) Atrichopogon Kieffer,
1906, (c) Dasyheleinae, (d) Dasyheleinae, pseudopodia on the last abdominal segment,
modified according to Hennig (1950), (e) Atrichopogon.

Fig. 5. (a) Thaumaleidae, (b) Chaoboridae, (c) Culicidae.
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14 Surface of body completely sclerotised, looks
granulose and firm. Abdominal segments normally
dorso-ventrally flattened (Fig. 6 b-c).......Stratiomyidae
(further determination on page 71)

14* Surface of body not completely sclerotised. Ab-
dominal segments cylindrical, long and slender. ......15

15 With an extendable respiratory tube at the end of
the abdomen (Fig. 2 e). ....................Ptychoptera Meigen, 
1803, (Ptychopteridae)

15* Without an extendable respiratory tube at the
end of the abdomen. Habitus needle-shaped and cylin-
drical (Fig. 6 d). .........Ceratopogoninae / Palpomyiinae 
(Ceratopogonidae)

16 An unpaired extendable repiratory tube at the end
of the abdomen. ..............................................................................17

16* An unpaired extendable repiratory tube at the
end of the abdomen is missing. ............................................18

17 Triplet

17* The last segment of the respiratory tube is divi-
ded into two branches (Fig. 7 a) mandibles are nor-
mally developed. .......................................................Ephydridae

Fig. 6. (a) Psychodidae, (b) Stratiomyidae, (c) Ceratopogoninae, 
(d) Cylindrotomidae, modified according to Hennig (1950).

Fig. 7. (a) Ephydridae, (b) Syrphidae, modified according to Hennig
(1952). 

Fig. 8. Syrphidae.

Fig. 10. Tipulidae, Tipula Linnaeus, 1758. (a) Habitus, (b-d) spiracu-
lar field at the last abdominal segment (b) with 6 lobes (1-6), in
addition with 3 pairs of anal papillae (see arrow), (c) spiracular
field at the last abdominal segment with partly reduced lobes.

Fig. 11. Tabanidae.
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17** The respiratory tube is as long or even longer
than the larvae (Fig. 7 b) and mandibles are highly re-
duced. .........................................................Eristalinae Syrphidae

17*** Habitus as in Fig. 8.....................other Syrphidae 

18 Mandibles move against each other on a horizon-
tal plane (Fig. 9 a-c). ....................................................................19

18* Mandibles move parallel to each other on a ver-
tical plane (Fig. 9 d-f). ................................................................21

19 Abdominal segments (dorsal) with divided or too-
thed appendages, reaching a length of at least half of
the width of the body (Fig. 6 e). ...........Cylindrotomidae 
(further determination on page 70)

19* Abdominal segments with short or without ap-
pendages. Appendages are clearly shorter than half of
the width of the body. ..................................................................20

20 Spiracular field (last abdominal segment) with 6
appendages (Figs 10 b-d), lobes cylindrical or flatte-
ned, reduced to some extent (Fig. 10 d), habitus as in
Fig. 10 a. ...............................................................................Tipulidae 
(further determination on page 72)

20* Spiracular field surrounded by ≤ 5 lobes.
.......................................................................Limoniidae/Pediciidae 
(further determination on page 72)

21 Three or four pairs of pseudopodia on each abdo-
minal segment (Fig. 11). ...........................................Tabanidae 
(further determination on page 71)

21* At most one pair of pseudopodia or creeping
welts on each abdominal segment. Creeping welts are
situated at the border of two segments and normally
have a transverse row of small hooks. .............................22

22 Abdominal segments dorsal and/or lateral with
long appendages, habitus as in Fig. 3 d or Fig. 15 a-b.
................................................................................................Athericidae 
(further determination on page 68)

22* Abdominal segments without long appen-
dages. .....................................................................................................23

23 Pseudopodia visible (Fig. 3 a, c). .........Empididae
(further determination on page 70)

23* Pseudopodia are missing. Creeping welts may
be present. ...........................................................................................24

24 Ventral appendages on the last abdominal seg-
ment with long, golden hairs. Ventral lobes with a cha-
racteristic pattern (Fig. 12 f). Habitus as in Fig. 12 c.
......................................Pilaria Sintensis, 1889 (Limoniidae)

Fig. 9. Cephalopharyngeal skeletons or head capsules in ventral view. (a-c) Limonii-
dae/Pediciidae, (a) Antocha Osten-Sacken, 1860, (b) Dicranota Zetterstedt, 1838, (c)
Eloeophila Rondani,1856, mandibles move in a horizontal plane. (d-e) Athericidae,
Atherix ibis (Fabricius, 1798), (f) Limoniidae, Pilaria Sintensis, 1889, mandibles
move in a vertical plane.
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24* Last abdominal segment not as described above,
without long, golden hairs. ......................................................25

25 Four conical or cone-shaped appendages on the
last abdominal segment (Figs 12 d-e). Habitus like in
Figs 12 a-b. ........................................................................................26

25* Last abdominal segment different, not as in 
Figs 12 d-e. ........................................................................................27

26 Dorsal and ventral appendages on the last 
abdominal segment are of equal length (Fig. 12 d).
.......................Chrysopilus Macquart, 1826 (Rhagionidae)

26* Dorsal and ventral appendages on the last abdo-
minal segment are different in length (Fig. 12 e).
......................................................................................Dolichopodidae

27 The last abdominal segment with four divergent
appendages. Appendages are directed forward or out-
ward, stiff and barely movable. Habitus as in Fig. 13 a.
.....Limnophora Robineau-Desvoidy, 1830, (Muscidae)

27* Habitus not as in Fig. 13 a, appendages not di-
vergent. .................................................................................................28

28 Abdominal segments without any appendages,
only with two prominent spiracular fields (Fig. 13 c).
Habitus as in Fig. 13 b......................Lispe Latreille, 1796, 
(Muscidae)

28* Spiracular field on the last abdominal segment
surrounded by several appendages (Fig. 14 b). Habitus
as in Fig. 14 a. ...........................................................Sciomyzidae

Key for further determination of selected
families:

Athericidae:

1 Abdominal segments 6-8 with long filamentous ap-
pendages, which can reach a length equivalent to half
of the body length (Fig. 15 a). ........Atrichops crassipes
(Meigen, 1820)

1* Abdominal segments 6-8 without such long ap-
pendages. ................................................................................................2

2 The hooks of the outer and middle rows on the
pseudopodia are of equal length (Fig. 15 d). Dorsal and
lateral abdominal appendages are more or less of equal
length (Fig. 15 b). ..Ibisia marginata (Fabricius, 1781)

2* The hooks of the outer and middle rows on the
pseudopodia are different in length, outer row is shor-
ter than the middle row (Fig. 15 c). The abdominal seg-
ments with dorsal appendages are shorter than the late-
ral ones (Fig. 3 d). ............Atherix ibis (Fabricius, 1798)

Fig. 12. (a) Rhagionidae, Chrysopilus Macquart, 1826, (b) Dolicho-
podidae, (c) Pilaria Sintenis, 1889. (d-f) last abdominal segment
from dorsal view, (d) Chrysopilus, (e) Dolichopodidae, (f) Pilaria.

Fig. 13. (a) Muscidae, Limnophora Robineau-Desvoidy, 1830, (b-c)
Muscidae, Lispe Latreille, 1796, (b) habitus, (c) last abdominal
segment with spiracular field.

Fig. 14. (a-b) Sciomyzidae, (a) habitus, (b) last abdominal segment.

Fig. 15. Athericidae. (a) Atrichops crassipes (Meigen1820), (b) Ibi-
sia marginata (Fabricius, 1781), (c-d) row of hooks on the pseu-
dopodia, (c) Atherix ibis (Fabricius, 1798), (d) Ibisia marginata.
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Fig. 16. Head capsules of chironomidae. (a) Tanypodinae, lateral view, (b) Tanytar-
sini, lateral view, (c) Orthocladiinae, lateral view, (d) Orthocladiinae, ventral view
(e) Prodiamesa olivacea (Meigen, 1818), ventral view, (f) Chironomini, ventral
view, (g) Tanytarsini, ventral view.

Chironomidae: 
1 Head capsule oval (Fig.16 a) or egg-shaped, with

canals into which the antennae can be retracted. Anten-
nae often retracted to a different degree, i.e. right and
left antenna appear to be different in length. (Fig. 16 a).
.............................................................................................Tanypodinae

1* Head capsule round. Antenna can not be retrac-
ted. ..............................................................................................................2

2 Characteristic pattern on the ventral site of the head
capsule (Fig. 16 e). Ventromental plates with long
hairs. .......................Prodiamesa olivacea (Meigen, 1818)

2* Characteristic pattern (Fig. 16 e) not in combina-
tion with long hairs on the ventromental plates. ..........3

3 Eyes are arranged above each other in a vertical
plane. In most cases, there are two independent 
eyespots (Fig. 16 b). Ventromental plates on the ventral
side of the head capsule (see arrow in Figs 16 f-g).
..................................................................................4 (Chironominae)

3* Eyes are arranged behind on another in a horizon-
tal plane or if eyes are arranged in a vertical plane,
there are no ventromental plates on the ventral side of
the head capsule (Fig. 16 d). Eyespots can be close to-
gether, often appearing like a comma (Fig. 16 c).
........................................................Chironomidae Gen. sp. (p.p.)

4 Antennae often shorter than half of the lenght of the
head capsule. Ventromental plattes appear triangular,
they are widely separated from each other. (Fig. 16 f).
.............................................................................................Chironomini

4* Antennae often as long or longer than half of the
lenght of the head capsule. Antennae based on a pedes-
tal, which is longer than wide (see arrow in Fig. 16 b).
Space between ventromental plates is in most cases
shorter than the width of the median mental tooth.
Shape of the ventromental plates is often long and slen-
der (Fig. 16 g). .............................................................Tanytarsini
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Cylindrotomidae:

1 Appendages on the thorax and abdomen divided
into two branches, habitus as in Fig. 6 e. .......Phalacro-
cera replicata (Linnaeus, 1758)

1’ Appendages on thorax and abdomen not divided
into two branches, but they are serrate. (Fig. 17). Habi-
tus is similar to Fig. 6 e..........................Triogma trisulcata
(Schummel, 1829)

Dixidae:

1 Cremaster (a circle of spinules) (Fig. 18) on the
dorsal side of five or more abdominal segments. Habi-
tus as in Fig. 2 c. ......................................Dixa Meigen, 1818

1* Abdominal segments without a dorsal cremaster.
Habitus similar to Fig. 2 c. ..........................Dixella Dyar & 
Shannon, 1924

Empididae:

1 Seven pairs of pseudopodia (Fig. 3 a). ......................2

1* Eight pairs of pseudopodia (Fig. 3 c). (Dorso-late-
ral appendages on the last abdominal segment are nor-
mally long, Fig. 19 b). .........................................Clinocerinae

2 Last abdominal segment rounded, with small
warts. Each wart has two or three long hairs. (Fig. 3 a).
.............................................................. Chelifera Macquart, 1823

2* Dorso-lateral appendages on the last abdominal
segment really short, apical appendages are long 
(Fig. 19 a). ............................Hemerodromia Meigen, 1823

Psychodidae: 

1 Larvae look pale, weak sclerotisation between the
tergites, scleroticed plates on the tergites are in part re-
markably reduced in size (Fig. 20 b-c). ..........Psychoda, 
Tinearia & Jungiella (p.p.)

1* Larvae look dark, intensive sclerotisation bet-
ween the tergites. (Fig. 20 a). .....Psychodidae Gen. sp.

Simuliidae:

1 Head fan is missing, the anal sclerite is y-shaped
(Figs 21 d, i). .............Twinnia hydroides (Novák, 1956)

1* Head fan is present, the anal sclerite is x-shaped
(Fig. 21 a, j). ........................................................................................2

2 The widest part of the cephalic apotome is just be-
hind the centre; width of the postgenal cleft on the ven-
tral side of the head capsule exceeds its depth. Cervical
sclerites are fused to the head capsule, central tooth of

Fig. 17. Triogma trisulcata (Schummel, 1829), serrate appendages.

Fig. 19. Empididae, last abdominal segment in dorsal view. (a) 
Hemerodromia Meigen, 1823, (b) Clinocerinae.

Fig. 20. (a) Psychodidae, (b-c) Psychoda, Tinearia & Jungiella, 
Psychodidae.

Fig. 18. Dixa Meigen, 1818, detail drawing of a cremaster on the ab-
dominal segment, dorsal view.
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the hypostomium is tripartite (Figs 21 b, e, l). ......Prosi-
mulium Roubaud, 1906

2* The widest part of the cephalic apotome is at its
base; width of the postgenal cleft does not exceed 
its depth. Cervical sclerites separated from the head
capsule, hypostomium with single central tooth (Figs
21 c, f, k). ...............................................................................................3

3 Lobes of the gill spot are thick and running parallel
to one another (Fig. 21 h). Circle of hooks on the last
abdominal segment bearing more hooks on the dorsal
side than on the ventral side.Simulium (Wilhelmia) En-
derlein, 1921

3* Lobes of the gill spot are thin and coiled (Fig. 21
g) or not yet visible (earlier instars)....................Simulium
Latreille, 1802

Stratiomyidae:

1 Last abdominal segment rounded and with a hairy
fringe (Figs 22, a-b), habitus as in Fig. 6 b. ....................2

1* Last abdominal segment looks different (Fig. 6 c).
........................................................................................................................3

2 Hairy fringe along posterior edge of the abdominal
segment interrupted by a central gap (Fig. 22 b).
..........................................................Beris vallata (Forster, 1771)

2* Uninterrupted hairy fringe on the anal segment
(Fig. 22 a). .......................Beris clavipes (Linnaeus, 1767)

3 Indentation on the basis of the last abdominal seg-
ment (Fig. 22 c). .......................Nemotelus Geoffroy, 1762

3* Last abdominal segment is elongated, round or
right-angled, but always without a hairy fringe and ne-
ver constricted (Fig. 6 c, 22 d); last abdominal segment
not as in Figs. 22 a-c. .......Stratiomyidae Gen. sp. (p.p.)

Tabanidae:

1 Four pairs of pseudopodia on each abdominal seg-
ment (Fig. 23 a). .........................Tabanidae Gen. sp. (p.p.)

1* Three pairs of pseudopodia on each abdominal
segment (Fig. 23 b). ....................Chrysops Meigen, 1803

Fig. 21. Simuliidae. (a) Head in lateral view, (b) Prosimulium Roubaud, 1906, dorsal view,
(c) Simulium Latreille, 1802, dorsal view, (d) Twinnia hydroides (Novák, 1956), lateral
view, (e) Prosimulium, part of head capsule, ventral view, (f) Simulium, part of head cap-
sule, ventral view, (g) Simulium, gill spot, (h) Simulium (Wilhelmia) Enderlein, 1921, gill
spot, (i) Twinnia hydroides, anal sclerite, (j) Simuliidae, anal sclerite, (k) Simulium, hypo-
stomium, (l) Prosimulium, hypostomium. Explanations: cs = cervical sclerite; pg = post-
genal cleft.
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Tipulidae:

1 Dorsal lobes of the spiracular field on the last 
abdominal segment are narrowed, two pairs of anal 
papillae (Fig. 24). .................................Dolichopeza albipes
(Ström, 1768)

1* Dorsal lobes of the spiracular field not conspi-
cuously narrowed, lobes cylindrical or flattened, some-
times reduced (Figs 10 b-d). Two to four pairs of anal
papillae, sometimes inconspicuous. ...Tipula Linnaeus,
1758

Limoniidae/Pediciidae:
1 Spiracular field with only two lobes (Figs 25 c, e). 

........................................................................................................................2

1* Spiracular field with more than two lobes. ..........5

2 Creeping welts on the dorsal and ventral side of ab-
dominal segments 2-7. (Fig. 3 b and 25 f). Spiracles on
the last abdominal segment are missing. ............Antocha
Osten-Sacken, 1860

2* Pseudopodia or creeping welts are only on the
ventral side of the abdominal segments. Last abdomi-
nal segment with spiracles. ........................................................3

3 Lobes short, spiracular field large (Fig. 25 e). Ab-
dominal segments with creeping welts. ......Tricyphona
Zetterstedt, 1837

3* Lobes longer, spiracular field small (Fig. 25 c).
Abdominal segments with pseudopodia or protuberan-
ces. ..............................................................................................................4

4 Abdominal segments with paired pseudopodia with
hooks on the apical end of each pseudopodium (Fig. 
25 b). ............................................Dicranota Zetterstedt, 1838

4* Abdominal segments with paired wart-like protu-
berances on the ventral site. Protuberances without
hooks. (Fig. 25 d).............................Pedicia Latreille, 1809

Fig. 22. Stratiomyidae, last abdominal segments, ventral view. (a)
Beris clavipes (Linnaeus, 1767), (b) Beris vallata (Forster, 1771),
(c) Nemotelus Geoffroy, 1762, (d) Stratiomyidae.

Fig. 23. Schematic cross section of an abdominal segment. (a) Taba-
nidae, (b) Chrysops Meigen, 1803, Tabanidae.

Fig. 24. Dolichopeza albipes (Ström, 1768) (Tipulidae), spiracular
field. Modified according to Theowald (1967).
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Fig. 25. Limoniidae. (a-c) Dicranota Zetterstedt, 1838, (a) habitus (b) pseudopodia, late-
ral view (c) last abdominal segment, dorsal view, (d) Pedicia Latreille, 1809, wart-like
protuberances, (e) Tricyphona Zetterstedt, 1837, last abdominal segment, dorsal view,
(f) Antocha Osten-Sacken, 1860, creeping welt.

Fig. 26. Limoniidae. (a) Eloeophila Rondani,1856, (b) Scleroprocta Edwards, 1938, (c)
Rhypholophus Kolenati, 1860, (d-e) last abdominal segment, dorsal view, (d) Eloeophila,
(e) Hexatoma Latreille, 1809, (f-g) spiracular field, (f) Scleroprocta, (g) Rhypholophus 

5 Spiracular field with 5 lobes. ...........................................6

5* Spiracular field with ≤ 4 lobes. ....................................8

6 Five lobes which are extensively pigmented black,
spatulately shaped with an lightly serrated edge (Fig.
26 f). (Abdominal segments without creeping welts.
Habitus as in Fig. 26 b.) .......................................Scleroprocta
Edwards, 1938

6* Lobes not as in Fig. 26 f. .................................................7

7 Five cylindrical lobes, dark brown, with a charate-
ristic fringe of hairs (Fig. 26 g). Habitus as in Fig. 26 c.
.......................................................Rhypholophus Kolenati, 1860

7* Lobes different than described above.
..............................................................Limoniidae Gen. sp. (p.p.)

8 Triplet

8* Four lobes, all of equal length, slender and finger-
shaped (Fig. 26 d). Abdominal segments without cree-
ping welts, habitus as in Fig. 26 a. ...................Eloeophila
Rondani,1856

8** Four lobes, dorsal lobes slightly shorter than the
ventral lobes. Lobes with prominent hair fringes and a
characteristic pigmentation (Fig. 26 e). ..........Hexatoma
Latreille, 1809

8*** Lobes and spiracular field not as in Fig. 26 d or
e, combination of characters not as described above;
sometimes less than four lobes. Creeping welts can be
developed on ventral side or additionally on dorsal side
of the body. ..................................Limoniidae Gen. sp. (p.p.)
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