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Life cycle characteristics in Tanytarsus sylvaticus (van der Wuip, 
1859) (Chironomidae, Diptera) 

B.R. Goddeerisi 

Keywords : Chironomidae, life cycle, diapause, imaginai dises. 

The life cycle of Tanytarsus sylvaîicus (van der Wulp, 1859) has been analysed in two quite different sites in Belgium 
(Mirwart, Ardennes and Diksmuide, West-Flanders). T. sylvaticus is stricdy univoltine ; its single emergence period occurs 
in early spring. A summer diapause in the 3rd instar is typical of this species. The synchronization of the emergence 
period, however, seems to depend, on a second diapause, this time in the 4th instar, during winter. 

Caractéristiques du cycle de vie chez Tanytarsus syJvaticus (van der Wulp) (Chironomidae, Diptera) 

Mots clés : Chironomidae, cycle de vie, diapause, disques imaginaux. 

Le cycle de vie de Tanytarsus sylvaticus (van der Wulp, 1859) a été analysé dans deux régions fort différentes de la 
Belgique (Mirwart, Ardennes et Diksmuide, Flandre Occidentale). T. sylvaticus est strictement univoltine et ia seule période 
de vol se situe au début du printemps. Une diapause d'été dans le 3ème stade larvaire est typique pour cette espèce. 
La synchronisation de la période de vol semble dépendre d'une seconde diapause, cette fois dans le 4ème stade et en hiver. 

1. Introduction 

Many chironomid species have more or less dis
tinct emergence periods (Mundie 1957, Reiss 1968, 
Laville 1971). The season (s) in which such periods 
occur are species dependent . These observations are 
supported mainly by investigations on adults by 
means of emergence t raps . Analyses of the life cycle 
by moni tor ing the larval populat ions, however, are 
far less common , and this is especially true for mul-
tivoltine species. One could nevertheless expect that 
such emergence periods are also reflected in the lar
val populat ions . Fur thermore , larval stages are in 
fact the growth phase in the life history of a species 
and adult chi ronomids do not take up energy from 
the environment . Therefore, an analysis of the Hfe 
cycle of a species by moni tor ing the larval popula
tion is a recommendable way to tackle life history 
studies. 

1. B.R. Goddeeris, Koninklijk Belgisch Instituut voor Natuur-
wetenschappen, Zoetwaterbiologie, Vautierstraat 29, B-1040Brus-
sel, Belgium. 

In order to reveal the main characteristics of the 
life cycle of a number of chironomid species, two 
trout-ponds at Mirwart (Belgian Ardennes) were stu
died over a two-year period (May 1976-May 1978) 
(Goddeeris 1983). From these investigations, it could 
be concluded that diapause phenomena are impor
tant in life cycle strategies in chironomids. This was 
especially t rue for the genus Tanytarsus (Goddeeris 
1986, 1987). 

It appeared from the Mirwart data that Tanytar
sus sylvaticus has a highly specialized life cycle, i.e. 
it is characterized by a summer diapause in the 3rd 
instar stage. Unfortunately, the Mirwart data of 
autumn and winter were insufficient and so the win
ter aaivity in this species could not be elucidated. The
refore, and also to confirm the life cycle pattern obser
ved at Mirwart, a larval population of T. sylvaticus 
from a different region was monitored, this time in 
the Blankaart reservoir at Diksmuide (West-Flanders, 
Belgium), from February 1985 to AprQ 1986. 

This paper is a synthesis of our investigations on 
T sylvaticus at Mirwart and Diksmuide. It is the 
first of a series of life cycle analyses in Tanytarsus-
species. 

Article available at http://www.limnology-journal.org
 or http://dx.doi.org/10.1051/limn/1990007
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http://dx.doi.org/10.1051/limn/1990007
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2 . Material and Methods 

2 .1 . The trout-ponds at Mirwart 

For an extensive description of this locality, see 
Marl ier & Watt iez {1977). The ponds are situated 
in the Belgian Ardennes at an alt i tude of abou t 
300 m. a .s . l . ; app rox ima te coordinates : 50" 2 ' N , 
5° 14' E . They or iginated from a series of dams in 
the valley of the Marsau ifig. 1 ). These waters have 
been used as nurse-ponds for trout (Salmo trutta 
fario). They receive their waters from the Marsan 
b rook , which is poor in nutr ients . In order to 
increase the fish product ion , some of the ponds are 
fertilized. P o n d IV, however, was left in its origi
nal s ta te , in an a t t empt t o reveal the effect of ferti
l ization on fish product ion . Therefore, the inlet 
system of the p o n d s separates pond IV from the 
o thers . As a resuh, p o n d III is rather eut rophic and 
pond IV ol igotrophic . Chironomids were studied in 
p o n d s III and IV only. Pond 111 is rectangular 
(3 567 m^) and has an average depth of 1.5 m (max. 
2.1 m) . P o n d IV is subtr iangular (3 152 mO and has 
an average dep th of 1.2 m (max. 1.7 m) . The mud-
layer, with a mineral fraction consisting p redomi
nantly of silt, covers 90 of the bo t tom in p o n d 
III and 83 % in p o n d IV ; the remainder consists 
of s tones and boulders . 

W a t e r b looms were observed only in pond III , 
where half of the bo t tom surface was covered with 
Aphanolhece stagnina. Macrophyte growth in the 
p o n d s was restr icted, bo th a round the margins and 
in the open water in the period 1986-77. In p o n d IV 
there was only a dense bed of Glyceria near the inlet, 
a n d a few Ranunculus flammula-slands in the open 
water . 

Each year, a r o u n d mid-October , the ponds were 
drained. They remained empty until mid-December. 
However , there were still puddles left and the 

sediment remained wet as water filtered in from the 
Marsau . This drainage did not seem to influence 
growth of the chironomid larvae but rather, as can 
be expected, their mortali ty. 

Each pond was well mixed. Dissolved oxygen con
centrat ion close to the bo t tom fluctuated a round 
saturat ion in both ponds . Water tempera ture was 
measured two to four times each month ; measure
ments at 30 cm depth are given in fig 2A-B. 

2.2. The Blankaart reservoir al Diksmuide 

The Blankaart reservoir at Woumen-Diksmuide 
is situated in the polders of West-Flanders near the 
river Y s e r ( ± 3.5 m a.s.l . ; 50° 59 ' 15 " N, 2° 50 ' 
E). It is an entirely artificial reservoir and serves as 
a supply of drinking water. It has a regular octogo
nal shape (60 ha) lined by vertical concrete wall^ 
(fig. 3). The reservoir is half crossed by a central 
wall for water circulation purposes. The whole reser
voir is situated above the ground level. 

50m 

Fig. 1. Map of the t rout-ponds at Mirwart (Ardennes) : pond 
III and IV indicated by an asterisk. 

Fig. 3. Map of the Blankaart reservoir at Diksmuide (West-
Flanders). 

The Blankaart reservoir is in constant use and the
refore has a strongly fluctuating water level. The 
maximum depth of 5 m is reached in spring, depen
ding on the quality of the inlet water during the input 
period. A minimum of about 1 m is left by winter. 
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Fig. 2. Surface water temperatures in Mirwart pond III (A) and IV (B) ; bot tom water temperatures in the Blankaart reservoir (C) 
in situ (full dots) , from outlet water (open dots) and continuous measurement (full line), asterisks in C = ice cover. 

The bo t tom of the reservoir is also mainly artifi
cial. The floor consists of welded polyethylene 
sheets, covered by a sand-layer of 20 cm. Since the 
reservoir became operat ional in 1973, a fine sedi
ment from the inlet water has settled down upon the 
sand. In 1986, this mud-layer did not exceed 5 cm 
over more than half the surface of the reservoir ; 
maxima of 20-25 cm were measured in some places 
in the south-western part of the reservoir. There 
were no macrophytes . The simple and rather uni
form characteristics of the bo t tom, combined with 

a rich chironomid fauna, were decisive in the choice 
of the Blankaart reservoir for this,study on larval 
populat ion dynamics. 

The Blankaart reservoir is a euthrophic water 
(Van Damme el al. 1987). Algal blooms of Cyclo-
tella and Stephanodiscus were observed dur ing 
1985-86. Oxygen concentrat ion usually fluctuated 
between 80-120 % saturat ion, and rarely were bot 
tom waters depleted (a single minimum of 58 % was 
measured on 18th March 1986). The figure 2 .C 
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illustrates fluctuations in water temperature in the 
Blankaar t reservoir dur ing this investigation. 

2.3. Methods 

A survey of the methodology used in this investi
gat ion is given in Goddeeris (1989). However, it 
should be stressed that the analyses of the larval 
populat ion structure of Tanylarsus sylvaticus at Mir
wart ( t rout -ponds) and at Diksmuide (Blankaart 
reservoir) were made by using different methods. In 
o rder to obta in growth and productivity da ta for a 
compar ison with other Tany(arsus-s'ç>çc\QS, the Mir
war t popula t ion was investigated by using a length 
frequency analysis. The main goals of the analysis 
of the Blankaar t popula t ion , however, were to 
ob ta in a cont ro l of the conclusions about summer 
development reached at Mirwart (diapause in the 
thi rd instar) and to investigate the unknown winter 
development in this species. Therefore, the develop
ment of larvae in the Blankaart reservoir was moni
tored by instar and imaginai disc analysis only. 

The subdivision of the fourth instar stage into nine 
substages is based on imaginai disc development des
cribed by Wulker & G o t z (1968) and Ineichen et al. 
(1983) in species of the genus Chironomus. T o esta
blish the nine substages in T. sylvaticus, the deve
lopment of the leg discs was used, as they display 
a convenient homology with those of Chironomus. 
In T. sylvaticus males, the sexual appara tus also 
seems to develop in a similar way as described for 
Chironomus thummi by Wulker & Gotz (I.e.). The 
development of the sexual appara tus of female 
Tanytarsus, however, differs from that in Chirono
mus, and is therefore difficult to homologize. Also 
quite different is the development of the thoracic 
ho rn , a l though this feature remains useful for iden
tification once the substages are estabhshed for a 
given species. 

T h e figure 4 illustrates the development of the 
thoracic discs in T. sylvaticus and the subdivision 
of the 4th instar stage into nine substages (IVI to 
IV9). Fu r the rmore , it was possible and even useful 
to distinguish an early and a late phase in each subs-
tage e.g. IV7a and IV7b respectively. 

As was already mentioned in the literature (Inei
chen et a l . , 1983), the determinat ion of the substa-
ges in imaginai disc development of individual lar
vae is not s t ra ight forward . The main possible error 
factors are : (1) deformat ion due to fixation, (2) 

phase differences in the development of the diffe
rent discs, (3) different interpretations of individual 
investigators. 

Tanytarsini-larvae are known to be difficult to 
identify down to the species. However, the larvae 
of T. sylvaticus, even the youngest instars, are easily 
recognizable by the short and rounded anal tubules 
(Goddeeris 1985). 

3 . Results 

3 . 1 . The Mirwart data 

The length frequency distributions from the 
Mirwart-ponds are presented in Plate I. The abscissa 
is divided in length classes of 0.25 mm. The instar 
analysis is incorporated in the histograms by the use 
of a symbol for each stage. Prepupating larvae are 
also indicated ; they correspond to the substages 
IV8-IV9 in the imaginai disc subdivision. 

The life cycle of T. sylvaticus appears most 
straightforward from the data from pond III, where 
it is a common species. The data from pond IV con
firm our observations in pond III. 

T. sylvaticus overwinters in the 4th instar stage, 
but not as prepupating larvae. Prepupat ing larvae 
were only observed from mid-March onwards. 
However, densities of larvae in spring were too low 
(probably due to the drainage of the ponds in the 
preceeding autumn) and sampling was probably too 
infrequent to obtain reliable information about win
ter activity and emergence conditions. Nevertheless, 
it is obvious that February-March is still a period 
of larval growth and development, and that the win
ter cohort emerges in early spring, from mid-March 
to mid-April. 

First instars of a new cohort also appear in April. 
In all probability, they are the descendants of the 
first cohort emerged just before and constitute the
refore a new generation. Growth and development 
of the larvae of this second cohort seem to be regu
lar and continuous in the beginning : development 
up to the 3rd instar stage required less than one and 
a half months . In the 3rd instar stage, growth and 
development come to an arrest : not a single larva 
moulted to the 4th instar stage during the whole of 
summer, although fullgrown 3rd instars were pre
sent all the lime. Only from mid-September onwards 
are the first 4th instars observed. It should be noted, 
however, that the majority of the 3rd instars 
have a length of 3-3.5 mm in summer and are 
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3a 

Fig. 4. Tanytarsus sylvaticus : thorax in right lateral view showing imaginai discs in the I Vth instar stage : subdivision in the n ine subs-
tages, each with an early (a) and late (b) phase ; h = halter, 1, = foreleg, I2 = middle leg, I3 = hind leg, th = thoracic horn, 
w = wing. 
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PLATE I 
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therefore not fullgrown. The length of moulting 3rd 
instars is notably superior, i.e. about 4 mm. 

From mid-September onwards, a new period of 
growth and development starts. In mid-October, about 
half of the population has already moulted to the 4th 
instar stage. Despite the drainage of the pond in the 
second half of October, the remainder of the 3rd ins-
tars are observed the following year. This cohort over
winters and will emerge in spring as the single gene
ration of T. sylxalicus. 

3.2. The Blankaart data 

The frequency distributions of the larval stages from 
the Blankaart reservoir are presented in Plate II. The 
larval instar stages 1-IV are indicated in the abscissa, 
with a subdivision for the nine imaginai disc substa-
ges and their early and late phases. The instar stages 
I-IIl are represented by the same symbols as used for 
the Mirwart data in Plate 1. The imaginai disc deve
lopment is rendered more readable in the histograms 
by the use of a progressive shadowing in the presen
tation of the substages. The proportion male/female 
larvae is indicated in the circles below, from substage 
1V3 onwards : black for males, white for females. 

In late winter (12.2.85) the entire population forms 
a narrow cohort in the 4th instar stage : only larvae 
between the substages IV5a - IV8a are observed. Three 
weeks later (7.3.85), this cohort has become even nar
rower, the IV5a-b larvae being scarcely present. It is 
also obvious that the histogram has become skewed 
to the left by a displacement of the mode from subs-
tage IV6b to IV7b and by the ab.sence of lV8b-larvae. 

One fortnight later (25.3.85) the structure of the 
overwintering cohort has changed completely : nearly 
all larvae are prepupating and some of them are 
already in the pupal stage. The whole cohort emerges 
within three weeks and has completely disappeared 
from the sediment by mid-April. 

As in Mirwart, the 1st instars of a new cohort start 
to appear towards the end of April. This period of 
natality lasts less than six weeks. The nataUty peak 
is situated in the first half of May and by 20th May, 
1985, the majority of the larvae have already moul
ted to the 2nd instar stage. 

Should development be continuous, then one could 
expect 4th instars at least from mid-June onwards. 
However, only in mid-Septembre (9.9.85) are the first 
4th instars observed. During summer, the whole of 
the population is settled in the 3rd instar stage ; 

the few 2nd instars still present in the beginning of 
July (1.7.851 have moulted to the 3rd instar stage only 
by August. 

Moulting to the 4th instar stage never occurs 
before autumn. During winter, the cohort becomes 
progressively narrower. On 27th January, 1986, only 
substages IV6b to lV8a are observed and their distri
bution is fairly skewed to the left. 

Due to ice coverage, no sampling was done in 
February-early March 1986. However, by inid-March, 
the whole population had moved into the prepupa
ting substages IV8-1V9 or even into the pupal stage. 
The first adult males of T. sylvaticus were observed 
around the Blankaart reservoir on 17th March, 1986 
(see below). One fortnight later (1.4.86), nearly the 
entire population had emerged. 

Males in chironomids frequently emerge somewhat 
earlier than females (Oliver 1971), but there is always 
an important overlap of the emergence periods. The 
differences in development of the larvae of both sexes 
have not been analysed in detail in the Blankaart . 
However, there is a clear tendency in the male larvae 
to be somewhat further developed than the female 
before the onset of the actual emergence period (cf. 
7.3.85 and 27.1.86). The few larvae and pupae obser
ved at the end of the emergence period are always 
female (cf. 9.4.85 and 1.4.86). 

The emergence of T. sylvaticus in spring 1986 is 
confirmed by collecting adult males with a Malaise 
t rap near the reservoir ifig. 5). The first adults were 

N 

a l l mil 
17 20 24 27 1 3 7 11 

March April 1986 

Fig. 5. Tanylarsus sylvaticus C3.plvae^ with a Malaise trap at the edge 
of the Blankaart reservoir in 1986 ; N = absolute numbers of 
males divided over the time between the sampling dates ; sam
ples were partially lost by storm between 21.3 - 24.3 and 29.3 
- 1.4.1986. 
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PLATE n 
Tanytarsus sylvaticus 
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caught on 17ih March , 1986, the t rap being control
led in the morning (empty) and in the evening (2 spe
cimens). The last males were caught between 7ih and 
IHh April. It should fur thermore be noted that 
Malaise t raps are not very useful for the analysis of 
emergence of males versus females, as the t rap is 
probably selective for the more active males. The
refore, and because of identification difficulties, the 
captured females have not been analysed here. 

4. Discussion 

4.1. Literature 

Tanytarsus sylvaticus is considered as univoltine 
early spring species. At temperate latitudes in 
Europe , adults have been captured mainly between 
mid-March and mid-April (Birkett 1976, Goetghe-
buer 1921, Langton 1984, Mothes 1966, van der 
Wulp , 1859). In more nor thern regions or at higher 
alt i tudes, where spring starts later, emergences are 
delayed ; the most nor thern captures were even 
made in the second half of May (Brundin 1949 sub 
r . lacleipennis, Reiss 1968, Shilova 1986). 

According to Hirvenoja (1963), T. sylvaticus {sub 
T. aptus) is one of the earliest species in southern 
Finland. This reference, however, needs to be inter
preted with care as it is based on laboratory cultu
res of samples taken under ice in early April . The 
fact that imagines emerged four days after sampling 
only suggests that ma tu re larvae were present. 

Only few studies report on emergence data in rela
tion to temperature. In two reservoirs near London, 
T. sylvaticus emerged from late March till mid-
April . Emergence s tar ted at 5 .5°C, with a peak at 
6.5°C (Mundie 1957). In a reservoir in South Wales, 
emergence already started in February, but also 
ended in April ; the mean water temperature in 
February was 5 .5°C (Pot ter & Learner 1974). 

Two references d o not cor robora te the early 
spring emergence of T. sylvaticus and should the
refore be critically re-examined. Goetghebuer (1950) 
mentioned captures of adults from Belgium in sum
mer : Heusden , 31 .8 .1942, and Vinderhaute , 
16.8.1942. However , the specimens of these locali
ties in the collection Goetghebuer (K.B. I .N. , Brus
sels) a r e l abe l led 19 .3 .1941 and 25 .3 .1921 
respectively. 

Learner & Potter (1974) mentioned a trivoltine T. 
sylvaticus population in South England, emerging 
in April-early May, in June-July and in August . Not 
even this first emergence period fits the l i terature 
data, and it occurs later than expected at mean water 
temperatures of 6°C in March and of 10°C in April . 
Unfortunately, the material is no longer available 
for identification control (Learner, pers. com. ) . 

Both cases are discarded in the present s tudy. 

4 .2 . Present results 

Tanytarsus sylvaticus is a strictly univoltine spe
cies : the single emergence period in early spring is 
confirmed both at Mirwart and in the Blankaart 
reservoir. The year cycle pattern of larval growth 
and development described above is fairly constant 
and offers a causal explanation for the scattered 
observations on adults in literature. A summer arrest 
in the 3rd instar stage delays growth and develop
ment in the 4th stage untill a u t u m n , but a winter 
development stop, well stressed in substage IV7, pre
vents pupat ion until early spring. 

4 .2 .1 . S U M M E R D I A P A U S E 

The fact that the development and growth arrest 
in summer is linked to a distinct development stage 
and occurs in the same period in both ponds and 
during the two years of study at Mirwart as well as 
in the Blankaart reservoir, indicates a summer dia
pause in the 3rd instar stage in T. sylvaticus. 

It is possible that a few 2nd instars are also in dia
pause. However, the diapause in the 2nd instar stage 
does not seem as prominent as in the 3rd stage : only 
in pond III at Mirwart 1977, were 2nd instars obser
ved till September. 

Photoper iodism is known to govern diapause in 
chironomids (a .o . Shilova & Zelentsov 1972, Inei-
chen et al. 1979). But other factors, such as tempe
rature, may also influence the diapause. It has been 
mentioned for some chironomid species that low 
temperatures (Fisher 1974) or high temperatures 
(Paris & Jenner 1959) are favourable to d iapause in 
short day (winter) and long day (summer) conditions 
respectively. The influence of the photoperiod, lin
ked to temperature , on larval development has been 
particularly demonstrated in Chironomus plumosus 
and Ch. nuditarsis (Rychen Baganter & Fischer 
1989). 
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F r o m the Mirwart and Blankaart da ta , it appears 
qui te difficult to elucidate the environmenta l fac
tors which regulate the summer diapause in T. sylva
ticus. T h e onset of this diapause coincides with the 
longest-day condi t ion in a year (second half of 
June ) , but also with temperature conditions a round 
15°C or more . Al the t ime of the release of the sum
mer d iapause , i .e. in late September - early Octo
ber, the photoper iod reaches au tumn conditions, but 
t empe ra tu r e d rops beneath 15°C during the same 
period. However, after a closer examination of these 
da ta , it appears that tempera ture is not the single 
d iapause regulat ing factor. It is even doubtful whe
ther t empera tu re has any influence at all . Indeed, 
in spite of the fact that at Mirwart the a u t u m n 
t e m p e r a t u r e - d r o p in pond III starts already in Sep
t ember , which is a m o n t h earlier than in the Blan
kaar t 1985, the release of the summer d iapause has 
exactly the same pat tern in both these waters and 
the same relative propor t ions of instars are obser
ved in mid-October (50 % 3rd instars - 50 % 4th 
ins tars) . 

F o o d availability o r quality have been excluded 
as regulating factors for the summer diapause of T. 
sylvaticus. Similar summer diapause pa t te rns are 
observed in waters of different trophic regimes, with 
Mirwart pond IV being oligotrophic, pond 111 rather 
slightly eutrophic and the Blankaart reservoir eutro
ph ic . F u t h e r m o r e , dur ing this d iapause , o ther 
Tanytarsus-specie^ with a supposedly similar detr i -
t ivorous regime, are highly product ive : e.g. two 
generat ions of T. debilis have developed at Mirwar t 
in the per iod from June to August (Goddeer is , in 
p r e p . ) . 

This extremely constant period within which the 
s u m m e r d iapause occurs, indicates an extremely 
cons tan t regulat ing factor as the photoper iodic i ty . 
Long days are thought to induce a summer diapause 
in the 3rd instar stage, while the role of tempera
tu re is p robably secondary, a l though high tempe
ra tu res (i .e. above 15°C) could work to mainta in 
d i apause . 

4 . 2 . 2 . W I N T E R D I A P A U S E 

T h e development within the 4th instar stage obser
ved in the Blankaart reservoir indicates a second dia
pause , this t ime dur ing the winter. 

Bo th h is tograms of November 1985 are skewed 
to the left. This is probably not caused by a n asym

metrical release of the 3rd instar stage, in spite of 
the impor tan t t empera tu re -d rop in October-
November (from 18°Cto 1°C). On the contrary, the 
moult to the 4th instar stage appears to be symme
trical in time : it lasts two months , from mid-
September till mid-November with the peak in mid-
October . A progressive development arrest from 
substage 1V5 onwards , and with an absolute stop 
at the limit lV7-8a, seems to prevent the substages 
from being normally distributed in late au tumn and 
in winter. Nearly all larvae have settled in the subs-
tages IV5-IV7 by î2th December, 1985. The fre
quency distribution has even become quite narrow 
and skewed to the left by 27th January , 1986, but 
the limit iV7b-8a was hardly overstepped and no lar
vae were prepupat ing. 

The development of the larvae in winter 1984-1985 
is only partially known. However , the winter dia
pause with an absolute development arrest at the 
limit lV7b-8a is also confirmed by this cohor t . On 
12th February, 1985, the frequency distribution is 
rather normal , with a peak in substage IV6b. The 
distribution has become narrower and skewed to the 
left by 7th March, and the development arrest is 
again stressed at the limit between lV7b-8a. 

However, some caution is necessary for the inter
pretation of small differences in the skewness of the 
frequency distr ibutions. The subdivision of the 4th 
instar stage sensu Wulker & Gotz (1968) may be 
based on substages of similar durat ion and a uni
form distribution over the substages may be obser
ved in Tanytarsus debilis \n conditions which allow 
continuous development (Goddeeris , in prep.) , but 
small differences in durat ion between the substages 
remain possible. A somewhat longer development 
in one substage results in a weak accumulation of 
larvae in that substage and could alter the frequency 
distributions. 

The identification difficulties of the various subs-
tages (see 2 .3 . Methods) are of course more pro
nounced at the substage limits ; these, too , can 
influence the frequency distributions. Nevertheless, 
the hmit between substage IV7b and IV8a is quite 
clear, as it is indicated by the onset of the outgrow 
of the thoracic horn {fig. 4 ) . All substage IV8a ins-
tars observed in the Blankaart during the winter (till 
early March) are at this limit. 

Photoper iod and tempera ture are probably the 
regulating factors in the winter diapause of T. syl-
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vaticus. Short daylengths and low temperatures 
would maintain the diapause, but the role of the 
temperature appears secondary in full winter, when 
daylengths are shortes t . The settlement of the lar
vae in substage IV7 was very pronounced in Decem
ber 1985 - January 1986 and not a single larva began 
to prepupate . However , the temperature was much 
higher then than in February - March 1986, when 
the larvae began t o prepupate . Photoper iod is 
always shorter in December - January than at the 
emergence of T. sylvaticus in March . 

Tempera ture may become more impor tant in the 
regulation of the diapause in early spring. Over its 
entire geographical range, T. sylvaticus seems to 
depend on early spring temperatures for emergence 
rather than on a specific daylength. Temperatures 
of about 5.5°C were mentioned in Hterature for the 
onset of emergence and have been confirmed both 
in the Mirwart ponds and in the Blankaart reservoir. 
The release of the winter diapause in T. sylvaticus 
is indeed linked t o emergence of this species, as is 
illustrated in the Blankaar t in March 1985. On 7th 
March not a single iarva was prepupat ing (all the 
IV8a-iarvae were at the limit IV7a-8a}, but a fort
night later nearly the entire populat ion was prepu
pating and the emergence had already started. 
Perhaps a certain threshold temperature must be 
exceeded to leave the diapause , once the daylength 
becomes diapause-releasing in February - March : 
e.g. 3.5.°C in early March, as indicated by the Blan
kaart da ta . 

However, the relat ion between photoper iod and 
temperature may not be so simple, and various other 
factors might have t o be taken in considerat ion. In 
the Blankaar t , the differences between the popula
tion structures of the diapausing larvae in February 
1985 and in J anua ry 1986 (the 1986-cohort being 
more synchronized) remain to be explained. 

4,2 .3 . E M E R G E N C E 

The emergence of T. sylvaticus is well synchroni
zed and lasts three to four weeks only. Specific thres
hold temperatures or optimal temperatures for emer
gence have often been suggested to explain the dis
tinct emergence periods observed in chironomids 
(Brundin 1949, Sandberg 1969, Laville 1971). 

However, a simple threshold temperature for the 
emergence, not to ment ion its synchronizing effect, 
has not been observed in T. sylvaticus. The first 

emergences in the Blankaart are observed at about 
5°C (25.3.1985 ; 17.3.1986) with an op t imum at 
about 7 ° C , but the larvae entered the prepupat ing 
substages at much lower temperatures several days 
before, and their further development did not 
appear blocked by temperature. Furthermore, when 
the larvae entered the prepupat ing subslages, they 
had already been synchronized by the winter dia
pause, strongly pronounced in the substage 1V7 and 
possibly governed by the photoperiodicity of 
December-January. This synchronized winter cohort 
of nearly mature larvae is indeed expected to pupate 
and emerge within a short period in spring. 

The release of the winter diapause in T. sylvati
cus, and the consequent onset of the emergence in 
March, seem primarily determined by a prepupating 
threshold temperature of ± 3.5''C {see 4.2.2.) rather 
than by an emergence temperature limit. However , 
the synchronizing effect of this prepupating tempe
rature threshold on the actual emergence of T. sylva
ticus remains unclear. The importance of the pho 
toper iod, i.e. short daylengths as a supposed 
diapause-maintaining factor in winter, is completely 
disappearing in February-March, with the lengthe
ning of the days. Pot ter & Learner (1974) ment io
ned T. sylvaticus emergence already in February, but 
this at a mean water temperature of 5.5°C. As long 
as the water tempera ture does not exceed the pre-
pupa t ion threshold temperature in early spr ing, the 
emergence of the adults appears delayed and the 
synchronization of the larval cohort could even be 
accentuated, this time by this temperature threshold. 
On the other hand , the emergence may be desynch-
ronized when water temperature fluctuates a r o u n d 
the prepupat ing threshold in spring, with a conse
quent irregular release of the diapause by the larvae. 

The summer diapause is deemed to be of secon
dary importance for the synchronization of the 
emergence period, which is restricted to three weeks 
the next spring : the moulting to the 4th instar stage 
at the release of the summer diapause in a u t u m n 
takes more than two months and appears to be 
desynchronized. 

4.2.4. G R O W T H 

Informat ion about growth in T. sylvaticus was 
obta ined through an analysis of the displacement of 
the mean length of the larvae or the mode in the 
length frequency distributions in relation to tempe-
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Table I. T. sylvaticus : mean lengths (x) or modes (m) in the length frequency distributions at Mirwart used for the calculation ol 
growth in relation to temperature. 

pond ; dates length or mode interval growth rate mean temp. 

(mm) (days) (mm/day) ( ' C) 

III ; I 9 -5 / I5 - 6-76 1.98(m)/3.11(x) 27 0.42 15.26 
III ; 22-9/I8-I0-76 3.43 (x)/4.2S(X) 26 0.033 14.7 

III ; 10-2/15- 3-77 6.55 (x)/7.68(x) 33 0.034 6.15 
IV ; 25-5/ 7- 6-77 I .5I(m)/I .87(x) 13 0.028 15.8 
III ; 7-6/21- 6-77 1.99 (x)/2.29(x) 14 0.021 14.4 
IV ; 7-6/21- 6-77 1.87 (x)/2.35(x) 14 0.034 15.35 
III ; 13-9/27- 9-77 3.28 (x)/3.56(x) 14 0.020 12.9 

III i 27-9/II-10-77 3.56(x)/4.14(x) 14 0.041 11.5 

rature (Goddeeris 1989). However, the results of this 
m e t h o d are greatly influenced bo th by the natali ty 
and emergence period and also by the summer and 
winter diapauses typical of T. sylvaticus. Periods of 
unl imited growth are indeed limited in t ime. Table 
1 presents the da t a retained at Mirwart for the cal
cula t ion of length growth in periods ouside the dia
pause a n d natal i ty and mortality al terat ions. 

It is obvious t ha t the growth equat ion A L / A t = 
0.0316 + 0.00 T is only an approximative one : 
g rowth at the lowest temperatures is only based on 
a single measurement . However, impor tan t growth 
at low tempera tures in T. sylvaticus is confirmed by 
its life cycle characteristics : an impor tan t par t of 
length growth in the 4th instar (and an even more 
impor t an t increase in weight) occurs in late au tumn 
and winter . 

5. Conclus ions 

The life cycle of T. sylvaticus has a constant 
annual pattern. Data on adult emergence, both from 
the l i terature and from the present s tudy on larval 
g rowth and development , indicate that T. syivati-
cus is a strictly univoltine species, the single emer
gence period occurring in early spring. This Ufe cycle 
is mainly determined by two larval diapauses : a 
s u m m e r diapause in the 3rd instar stage (some lar
vae in the 2nd instar) and a winter diapause as late 
4th ins tars , just before prepupat ion. The figure 6 
i l lustrates the cons tant annual pa t tern in the life 
cycle o f T. sylvaticus. 

Photoperiodism in relation to temperature is 
known to govern diapause phenomena in chirono
mids. However, it has been impossible to elucidate 
the causal factors of the diapauses in T. sylvaticus 
from our field data . Long daylength (together with 
temperatures above 15°C ?) is supposed to induce 
summer diapause. The winter diapause of T. sylva
ticus, on the other hand, is thougth to be mainly 
governed by the short daylengths of December-
January. Nevertheless, the release of this diapause 
(and consequently the onset of emergence) appears 
to be linked to the crossing of a temperature bar
rier in early spring i.e. a prepupation threshold tem
perature of c.3.5°C in T. sylvaticus. The summer 
and winter diapauses of T. sylvaticus are both 
important synchronizing factors and restrict growth 
and production mainly to late au tumn and winter. 
This species focuses its growth on « bad » seasons, 
which constitutes an important and specific niche 
differentiation of T. sylvaticus (cf. Goddeeris 1987). 
Furthermore, the synchronization caused by the win
ter diapause induces the really short emergence 
period in early spring. 
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I ig. 6. The annual pattern in the life cycle of Tanytarsus sylvaticus. This life cycle is characterised by a summer diapause in ihe 3rd 
instar stage and a winter diapause as late 4th instar. The single emergence period occurs in early spring. 
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