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Abstract

The life-history and behaviour of the chironomid 
Metriocnemus (Inermipupa) carmencitabertar-
um was studied for three years and a comparison 
was made between two populations in the Neth-
erlands. Key life-history characteristics are re-
ported, including the number of generations (2-5 
generations) and duration of larval development 
(19-55 days). Life-history characteristics differed 
between the two populations and between genera-
tions within a population. These differences were 
likely related to differences in competitors (mainly 
Chironomus riparius Meigen) and thermal charac-
teristics of the habitat from variations in water vol-
ume and ambient temperature. Results suggested a 
diapause in summer, when water levels dropped, 
and not in winter. A clear seasonal pattern in body 
size was found with pupal length increasing steep-
ly at the beginning of the summer. The increase in 
body size was positively correlated with mean am-
bient temperature during larval development. This 
correlation is in contrast with the Temperature-
Size Rule (TSR) in ectotherms, which postulates 
a negative correlation between temperature and 
adult body size. The chance of ectotherm preda-
tors being present in the habitat is low, which may 
explain this feature. Life history characteristics 
supported a recent northward range expansion for 
M. (I.) carmencitabertarum due to warmer win-
ters. If correct, it is predicted that the species will
be found in Scotland and northern Germany and/or
southern Denmark in the near future.

Introduction

First described from specimens from the northwest 
of the Iberian peninsula (Langton and Cobo 1997), 
M. (I.) carmencitabertarum Langton & Cobo 1997
(Diptera: Chironomidae, subfamily Orthocladii-
nae) has since then been found on two islands from
the Azores archipelago (Murray et al. 2004, Ra-
mos et al. 2010), in England in 2010 (Langton and
Wilson 2012), in The Netherlands in 2011 (Kuper
& Moller Pillot 2012), in Ireland in 2012 (Murray
2012) and in Northern Ireland in 2013 (Langton,

2014; Murray et al. 2014). More northern reports 
of M. (I.) carmencitabertarum for Poland and Es-
tonia (Spies and Sæther 2013) and Spitsbergen 
(Langton and Visser 2003) are probably incorrect, 
as there are no published records (Murray 2012, 
eElurikkus 2015) or are not cited in  recent lists 
(Coulson 2014). 

Larvae of M. (I.) carmencitabertarum were first 
found in granite rock holes filled with rain water 
in northwestern Spain (Langton and Cobo 1997). 
Since then larvae have been reported from similar, 
yet artificial, water-filled habitats such as animal 
drinking troughs, rain-filled water butts and buck-
ets in urban surroundings (Murray et al. 2004, Ra-
mos et al. 2010, Langton and Wilson 2012, Kuper 
& Moller Pillot 2012, Murray 2012, Murray 2013, 
Murray 2016). Besides this, little is known about 
the ecology and life-history. Murray (2013) gives 
some notes on larval behaviour. Kuper (2015) re-
ported biometric measurements to distinguish the 
four larval stages and also presented biometric data 
for pupal exuviae (skins), which revealed a larger 
average size for females. This sexual size differ-
ence was probably already present in fourth instar 
larvae. The finding of new populations of M. (I.) 
carmencitabertarum in The Netherlands gave the 
opportunity to collect empirical life history data 
from two populations during 2012-2014. Here, for 
the first time, the species’ life cycle characteristics 
are presented and indications for a southern origin 
of the Dutch populations  of M. (I.) carmencitaber-
tarum are discussed.

Material and Methods

Study sites

Two populations of M. (I.) carmencitabertarum 
were studied in The Netherlands in 2012 and 2013 
to elucidate the species’ life cycle. One popula-
tion was living in a garden bucket in Appingedam 
(53o19’16.71” N, 6o51’41.49” E, Fig. 1). The sec-
ond population was living in a garden water butt 
in  Nijmegen (51o50’19.73” N, 5o50’33.58” E, Fig. 
1). The bucket (capacity of 15 litres) and the water 
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butt (capacity of 200 litres in 2012 and 100 litres in 
2013) were located under a roof gutter. During rain 
showers, rainwater was washed into the bucket 
and the water butt from the roof. When rain show-
ers were prolonged or heavy water overflowed 
from the bucket and the water butts. Algae grew 
on the bottom and along the sides of the bucket and 
the butts. Much organic debris was present in the 
bucket. The bucket and the butts never dried up, al-
though water volume and level in the butt declined 
significantly at the end of August 2012 (at least 75-
80% reduction in water volume) and in July 2013 
(at least 60% reduction), when water was used for 
gardening purposes. In late spring and summer, 
the bucket and the butts were sun-exposed until ca. 
0900 hrs (CET). During ten days in February 2012, 
when outdoor maximum temperatures were below 
0oC, the bucket was placed indoors at a tempera-
ture of 6-7oC. During the winter of 2012-2013 the 
bucket was left outdoors and the water was pos-
sibly completely frozen for some time. During the 
winters of 2011-2012 and 2012-2013, the 200-liter 
water butt in Nijmegen was partly frozen for some 
time, with probably a central core of water running 
down to the base. In April 2013 the 200 litres butt 
was replaced by a 100 litres butt after the former 
had burst due to ice formation.

Wintering stages

To study the wintering stages of M. (I.) carmen-
citabertarum an outdoor rearing experiment began 
in June 2013 in Appingedam in a glass vase (ca-
pacity of six litres). The vase was closed at the top 
by a plastic lid with four small holes for air cir-
culation. The lid was placed to keep adults inside 
for continuous reproduction and to exclude other 
fauna. The distance between the water layer and 
the lid was 20-25 cm’s, depending on the water 
level. Some organic debris was added. On 7 July, 
2013 algal  growth was observed along the sides of 
the vase and on the organic debris. Then, one egg 
string was collected from the bucket and placed in 
the vase. On 9 February, 2014 the lid was removed 
from the vase to give emerging adults the opportu-
nity to escape. 

In late spring and summer, the vase was sun-ex-
posed until ca. 0900 hrs (CET). During the last 
one and a half weeks of January  until 1 Febru-
ary, 2014 an ice layer 10-15 cm thick  formed on 
top and along the sides.  A central core of water 
remained down to the algae and the larvae. Ice-
formation most probably did not reach the larvae. 
In this period a layer of snow approximately eight 
centimetres thick was deposited on top of the lid. 
The vase was placed in a water-filled bucket to 
prevent it from bursting. On 2 February 2014, the 

Figure 1. Distribution of Metriocnemus (I.) carmencitabertarum in the Netherlands and the location of the two research 
sites Appingedam and Nijmegen.
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vase was taken out of the bucket, when tempera-
tures stayed above 0 oC. Larvae were sampled with 
a sieve by up-whirling the debris and algae on the 
bottom on 29 December 2013 and on 9 February 
2014. In December, larvae were sub-sampled and 
the abundance of the different larval stages was es-
timated while in February larvae were (probably) 
completely sampled and counted. After counting, 
the larvae were replaced in the vase. Sixteen lar-
vae of various sizes were collected and preserved 
in 70% ethanol to verify larval stages. Larvae 
were assigned a larval stage by comparison with 
the collected individuals. Head width (HW) and 
head length (HL) of the collected individuals were 
measured to the nearest 4 µm and 10 µm, depend-
ing on the magnification, with a Zeiss microscope 
at 312.5x and 125x magnification. To assign larval 
stages, results were plotted in a HW-HL graph of 
1st to 4th instar larvae, obtained from Kuper (2015). 

On 21 December 2013, the Appingedam bucket 
was also examined for wintering larvae that were 
collected and scanned under a Wild M3B stereo-
microscope at 64x magnification. Following ex-
amination all larvae, the original water and the 
debris were replaced in the bucket.

Life cycle data collection

Observation period. In Appingedam, the popula-
tion living in the bucket was observed from 24 
March 2012 until 1 December 2013. In 2012 ob-
servations were interrupted from 29 May until 15 
June and from 30 June until 14 July. In 2013 no 
observations were made from 21 July until 9 Au-
gust and from 15 September until 26 September.

The population in Nijmegen was studied from 22 
May 2012 (when it was discovered) until 20 Sep-
tember 2013, when the water butt was removed 
and observations had to be stopped. Observations 
were interrupted in 2012 from 23 May until 17 
June, from 1 July until 16 July, and from 21 Sep-
tember until 29 September. In 2013 no observa-
tions were made between 22 July and 10 August.

Daily observations

Data collection at Appingedam and Nijmegen in 
2012 consisted of establishing the daily number of 
adults and number of egg masses, whereas in 2013 
pupal exuviae were also collected. In 2013 larval 
activity was also observed in Nijmegen.

In Appingedam, midge activity was primarily ob-
served on weekend days. During observation days, 
the bucket was regularly visited, starting at ca. 
0800-0900 hrs (CET) until sunset. In 2012 obser-
vations were made on average during 3.1 days per 
week. In 2013, observations were made during 5.2 

days per week on average until the second week of 
June. Then observation frequency decreased to 2.7 
days per week. In Nijmegen, observations were 
mostly carried out during working days, once per 
day after ca. 1800 hrs (CET). In 2012 observations 
were made on average during 2.3 days per week 
and during 4.9 days per week in 2013.

Adults. At Appingedam the largest number of 
adults that were seen within a radius of ca. 4 me-
tres of the bucket during one observation period 
represented daily number of adult midges. At Ni-
jmegen the daily number of adults was established 
once after 1800 hrs (CET), by counting the num-
ber of adults inside the water butt and on the wall 
of the adjacent shed. A flash light was used when 
it was dark. The observed number of adults prob-
ably did not reflect rate of emergence perfectly as 
individuals could fly away to and arrive from the 
environment. Therefore pupal exuviae were col-
lected in 2013.

Egg strings. The number of egg strings in Ap-
pingedam and Nijmegen were counted around 
sunset or later. A flash light was used when it was 
dark.

Larvae. In Nijmegen larvae were counted well 
after sunset. A flashlight was used to shine at the 
inner sides of the water butt to reveal larval ac-
tivity. Larvae could be observed down to ca. 50 
cm’s beneath the water surface. Larvae were either 
judged to be “large” or “small”. Large larvae were 
presumed to be fourth (possibly third) instar, small 
larvae were presumed to be younger than fourth 
instar. Larvae were not collected to verify the cat-
egories.

Pupal exuviae. In the Appingedam bucket, pu-
pal exuviae were sampled from the beginning of 
July in 2013. In Nijmegen exuviae were collected 
throughout the adult activity period in 2013. The 
exuviae were collected around sunset or later, or 
before 1000 hrs (CET) the next day by sieving the 
water surface with a small net. Exuviae that were 
attached to the sides of the butt or bucket were re-
moved by tweezers. Pupal exuviae from the win-
tering population in the Appingedam vase were 
sampled daily in April and May in 2014. Exuviae 
were stored in 70% alcohol for counting, sexing 
and measuring  the length to the nearest 0.1 mm 
as the distance from the top of the frontal apotome 
to the tip of the anal lobe, at 10x magnification 
(Nikon SMZ645 stereo-microscope).

Generation development time

The emergence period of a generation was defined 
by the observed peak in adult activity (number of 
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adults, number of egg strings laid, number of pupal 
exuviae) between  periods of lower activity. Gen-
eration development time was considered to be the 
number of days between two consecutive peaks of 
adult numbers or, if peaks were in a period without 
observations, by the number of days between date 
of first adult activity at the start of an activity pe-
riod and the date of first adult activity at the start of 
the next activity period.

Temperature data

If not stated otherwise, all ambient temperature 
data for 2012-2014 were obtained from Accu-
Weather.com (2012-2014). Daily temperatures 
only differed in detail between Appingedam and 
Nijmegen in 2012 and 2013.

Statistics

To test if ambient temperature and pupal exuviae 
size were correlated it was assumed that develop-
ment time for each exuviae of a generation was the 
same as was calculated for the generation it be-
longed to. Then, for each exuviae the mean ambi-
ent temperature during development was calculat-
ed by averaging daily temperatures of the number 
of development days prior to the date of emer-
gence. Daily temperature was taken as the mean of 

minimum and maximum temperature of that day. 
Correlation between mean ambient temperatures 
during development and skin size, was tested with 
the model ‘mean ambient temperature during de-
velopment * skin size with sexes distinguished’ in 
an ANOVA, with mean temperature as a second 
order polynomial. Analyses were performed in R 
statistics version 3.0.1 (R-Core-Team, 2013) with 
standard packages.

Results

Wintering population

On 29 December 2013, 40 to 50 larvae were sam-
pled from the Appingedam glass vase and assigned 
larval stages. Approximately 40-50% were 3rd and 
approx. 50-60% were 4th instar. On 9 February, 34 
larvae (32.1%) were in 3rd and 72 larvae (67.9%) 
were in 4th larval stage (Fig. 2). Larvae were free 
living. Larvae of other species were not found. 
From the beginning of April until the end of May, 
adults from the wintering population in the vase 
emerged over a period of almost two months (Fig. 
3). The emergence pattern followed a ‘normally’ 
distributed curve over time. 

Larvae of M .(I.) carmencitabertarum were not 
found in the bucket in Appingedam in December 

Figure 2. Head width and head length of wintering larvae collected in the Appingedam vase in December 2013 and 
February 2014. Results are projected in a HW-HL graph of the four M. (I.) carmencitabertarum instars obtained from 
Kuper (2015) revealing wintering in 3rd and 4th  larval stage in the Appingedam vase.
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2013. On the other hand, 121 4th instar and 6 3rd 

and/or 2nd instar larvae of Chironomus riparius 
(Chironomidae, subfamily Chironominae) were 
counted, as well as 12 4th instar larvae of Zavre-
limyia sp. (Chironomidae, subfamily Tanypodi-
nae). Larvae of M. carmencitabertarum were also 
not found in an earlier study in December 2011   
when larvae of C. riparius and Zavrelimyia sp. 
were also present (Kuper & Moller Pillot 2012). 
From May until October 2013, at least three gener-
ations of C. riparius emerged. A total of 413 pupal 
exuviae were collected, exceeding the 39 M. (I.) 
carmencitabertarum pupal exuviae by far.

Phenology

Data on adult activity in 2012 and 2013 in Ap-
pingedam and Nijmegen and of larval activity in 
2013 in Nijmegen are presented in Fig. 4. The 
initial and final records of adult activity differed 
between years and between sites. The number of 
adult activity peaks, representing emergence of 
different generations, differed between sites, giv-
ing two or perhaps three generations per year in 
Appingedam (Fig. 4 A, B) and five generations in 
Nijmegen (Fig. 4 C, D), including the wintering 
generations that emerged in spring.

In Appingedam the first adult activity in 2012 was 
observed on 28 April, whereas in the following 
year it was three weeks later, on 18 May 2013. 
The final  record of adult activity in 2012 was on 
17 November, the same date as in 2011 (Kuper & 
Moller Pillot 2012). In 2013 however the final re-
cord of adult activity was on 7 September, more 

than two months earlier than other years. Records 
of adult M. (I.) carmencitabertarum in the spring 
of both years, followed by a period of no activity, 
probably depicts the emergence of the wintering 
generation. These individuals must have originat-
ed from the neighbourhood, as larvae did not win-
ter in the bucket. After that, no well-defined peaks 
of adult activity were seen in 2012, which made 
it impossible to distinguish generations. In 2013 
a continuous period of emerging adults (by means 
of the presence of pupal exuviae) was evident from 
the beginning of July up and until the first week 
of September. This might reflect a long period of 
adults emerging from the eggs that were deposited 
in spring. Then two generations would have been 
present in 2013. Yet, within the three weeks obser-
vation gap around the beginning of August, a pe-
riod of no emergence might have occurred, which 
then would suggest the presence of an additional 
generation in August. Then three generations, in-
cluding the wintering generation, emerged.

In Nijmegen the first adult activity in 2012 was ob-
served on 22 May, when the wintering generation 
was presumably at  peak  of emergence, indicated 
by the finding of 30 adults, 20 egg strings, one pu-
pal skin and one pupa. The final  adult activity in 
2012 was recorded on 2 October, one and a half 
months earlier than in Appingedam. This could not 
be linked with ambient temperature differences 
between the two sites. In 2013, the first observa-
tion of adult activity was on 10 June, when the first 
summer generation emerged. No wintering larvae 
were present in the butt as it was newly placed in 

Figure 3. Emergence pattern of the wintering generation from the Appingedam vase in spring 2014 (black dots and solid 
line) and hypothetical emergence pattern when larval development would have been interrupted by a diapause (dotted 
line). Number of pupal exuviae are added up per week.
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Figure 4 A-E. Numbers of adults, egg strings and pupal exuviae of Metriocnemus (Inermipupa) carmencitabetarum 
recorded between April and December in 2012 and 2013 at Appingdam and Nijmegen and of 4th instar larvae at Ni-
jmegen in 2013: 4A number of adults and egg strings at Appingedam, 2012; 4B number of adults and pupal exuviae 
at Appingedam 2013; 4C number of adults and egg strings at Nijmegen 2012; 4D number of adults and pupal exuviae 
at Nijmegen 2013; 4E numbers of 4th instar larvae recorded in the upper 50 cm of the water butt at Nijmegen, 2013. 
Horizontal brackets indicate periods of adult activity of one generation. Periods with no observations are shaded.
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April. Egg deposition by the wintering generation 
(which must have emerged elsewhere in the neigh-
bourhood), presumably in May, was missed. The 
final observation was on 20 September, after which 
the butt was removed and observations had to be 
ended. No other chironomid species were found in 
Nijmegen, except from the middle of September 
2013 when C. riparius started to emerge.

The population in Nijmegen showed well-defined 
peaks of activity in 2012 and 2013, indicating 
emergences of consecutive generations. The start 
of the last emergence bout on 19 and 20 Septem-
ber 2013 was abruptly interrupted by the removal 
of the butt. This emergence bout was accompanied 
by a steep increase of fourth instar larvae moving 
up to the top of the butt as was also seen during the 
emergence of adults in June and July 2013 (Fig. 4 
E). Thus, in both years five generations (including 
the wintering generation) emerged from May until 
September. From 11 August 2013 onwards, a two 
and a half week period with no larval and hardly 
any adult activity was observed. In the second 
half of July up to and including the first week of 
August, 2013, water volume in the butt decreased 
by at least 60% as water was used for gardening 
purposes.  Observations re-commenced on 11 Au-
gust when the butt was filled again with rain water. 
At the end of August the adults of this generation 
emerged in a time frame of seven to ten days, with 
the majority emerging in a period of just four days. 
This emergence was not accompanied by 4th instar 
larval activity along the sides of the butt. In June, 
July and September 4th  instar larval activity was at 
its peak during or just before emergence.

Generation development time

At Appingedam the development time of the (first) 
summer generation was between 31 and 49 days 
in 2012. An exact number of days cannot be given 

because the first activity of the summer generation 
probably took place in a period when no observa-
tions were made and a clear activity peak was not 
observed (Table 1, Fig. 4 A). In 2013 the develop-
ment time of the (first) summer generation was 42 
days (Table 1, Fig. 4 B). At Nijmegen in 2012, the 
development time of summer generations ranged 
from 21 days for the third summer generation in 
August to ca. 30 days for the first summer genera-
tion in June (Table 1, Fig. 4 C). In 2013 the devel-
opment time ranged from 19 days for the second 
summer generation in July up to 55 days for the 
third summer generation at the end of August (Ta-
ble 1, Fig. 4 D). The latter included a diapause of 
at least two and a half weeks (see Phenology). The 
overall, mean development time for a generation 
in the summer period in Nijmegen (excluding the 
generation that probably had a diapause) was 24.2 
± 4.4 days.

Seasonal length differences in pupal exuviae

A seasonal difference in length of male and female 
pupal exuviae was observed in the Nijmegen pop-
ulation during the summer of 2013 (Fig. 5), with a 
sharp increase of pupal skin size at the beginning 
of the summer. The model ‘mean ambient temper-
ature during development * skin size with sexes 
distinguished’ tested highly significant (ANOVA, 
R2 = 0.74, p<0.001). Pupal skin size of males in-
creased clearly less markedly with increasing 
mean temperature during development compared 
to those of females (Fig. 6).

Discussion

Phenology

In Appingedam, over-wintering larvae were absent 
and were not found in two thorough searches in 
December 2011 and 2013. Adults from the neigh-
bourhood recolonised the bucket each spring. The 

Site and year Generation Measuring point Period DT (days)
Appingedam 2012 winter → 1st first adults 28 Apr - 29 May 31 (min)

winter → 1st first adults 28 Apr - 16 Jun 49 (max)
Appingedam 2013 winter → 1st first adults 18 May - 29 Jun 42
Nijmegen 2012 winter → 1st peak adults ~22 May - 21 Jun ~30

1st → 2nd peak adults 21 Jun - 18 Jul 27
2nd → 3rd peak adults 18 Jul - 8 Aug 21
3rd → 4th peak adults 8 Aug - 4 Sep 27

Nijmegen 2013 1st → 2nd peak adults 20 Jun - 9 Jul 19
2nd → 3rd peak adults 9 Jul - 2 Sep 55 (diapause)
3rd → 4th first adults 28 Aug - 18 Sep 21

Table 1. Generation development time in days. The generation concerned is denoted after the arrow under ‘generation’. 
DT is development time of a generation. For Appingedam 2012 only a minimum and maximum for DT could be given.
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Figure 5. Seasonal length differences in male and female pupal exuviae in Nijmegen in 2013, with a binomial fit (left 
y-axis). The two wavy lines represent mean weekly minimum and maximum temperatures from April to October (right 
y-axis).

Figure 6. Correlation between mean ambient temperature during development and skin size for males and females from 
the Nijmegen water butt in 2013.
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first observations of adult activity in 2012 were 
made at the end of April and three weeks later in 
2013, in the middle of May. This three week dif-
ference is most probably caused by a colder period 
from the midst of February until the end of March 
in 2013 compared to 2012. The first observations 
of emergence of the wintering generation in 2012 
in Nijmegen were made on May 22, which was 
presumably a peak in emergence following the 
onset of emergences around the middle of May. 
This was about two to three weeks later compared 
to first observations of adults in Appingedam in 
2012. As the volume of the water butt was large 
(200 litres) it is possible that temperature in the 
butt was increasing more slowly than in the un-
known habitat of the wintering population(s) in 
Appingedam in late winter and spring. The rate of 
development of chironomid larvae generally in-
creases with increasing ambient temperatures (e.g. 
Mackey 1977, Pinder 1986). Differences in winter/
spring temperatures and differences in the warm-
ing up rate of the larval habitat might thus explain 
observed differences in timing of emergence of the 
wintering populations between years and between 
habitats.

The final records  of adult activity  differed mark-
edly between years in Appingedam and between 
Appingedam and Nijmegen. As autumn tempera-
tures did not differ much between years and be-
tween both sites, factors other than temperature 
determined the end of adult activity. 

In Ireland, M. (I.) carmencitabertarum adults were 
active from the end of March until the middle of 
November in 2012 and from the middle of April 
until at least the end of October in 2013 (Murray 
2013). The earlier onset of emergence compared 
to The Netherlands is probably due to the more tem-
perate winter in Ireland compared to The Neth-
erlands, as minimum temperatures rarely reach 
values below zero degrees Celsius, in contrast to 
the Netherlands. The earlier start of the adult ac-
tivity period in 2012 was probably influenced by a 
warmer winter compared to 2013, as was the case 
in the Netherlands.

Diapause

Results suggested that larvae of M. (I.) carmencit-
abertarum did not have a winter diapause. Spring 
emergence of adults from the wintering population 
was not synchronized but had a Gaussian distri-
bution shape (Fig. 3). Emergence took place over 
a period of almost two months. For a winter dia-
pause, a shorter and skewed period of emergence, 
as depicted in Fig. 3, would have been expected, 
because most (or all) larvae would be in a dis-

tinct developmental stage during winter (Godde-
eris 1983, Goddeeris 1986). Also, the presence of 
only 3rd  and 4th  instar larvae, with the latter in a 
small majority in December 2013, suggested that 
larvae were not in diapause. Many species have a 
diapause in the 2nd to 4th instar (Grodhaus 1980, 
Goddeeris 1983). In several Psectrocladius spp. an 
accumulation of 2nd and 3rd instars with almost no 
4th instars was found in autumn while one Psec-
trocladius sp. was found in early 4th instar only. 
These finds suggested a diapause triggered by the 
shortening of days in autumn (Goddeeris 1983, 
Goddeeris 1986, Moller Pillot 2013). Goddeeris in 
Moller Pillot (2013) states that the 3rd larval stage 
would be the most appropriate for  a winter dia-
pause.

A long period of inactivity in August 2013 in the 
Nijmegen butt, followed by a sudden and short 
high-peaked emergence of adults, suggested a 
summer diapause. Emergence peaked in a peri-
od of only four days. No (4th  instar) larvae were 
observed just before or simultaneously with the 
emergence period which was in contrast with 
emergence periods in June, July and September. 
This diapause might have been triggered by a large 
decrease in water volume in the butt at the end of 
July, possibly in combination with high tempera-
tures. To avoid disturbance, no butt bottom sam-
ples were taken. Therefore, although diapause was 
not actually confirmed, it seems the most probable 
explanation for these observations.

Number of generations and generation develop-
ment time

At least two generations were noted in Ap-
pingedam in 2012 and 2013. In Nijmegen five gen-
erations per year were recorded in 2012 and 2013. 
Exact information about number of generations for 
other Metriocnemus species in Western Europe is 
not available but some species  can be found all 
year round, implying that several generations per 
year will develop (Moller Pillot 2013). Some simi-
lar sized Orthocladiinae of stagnant waters, e.g. 
Psectrocladius spp. and Cricotopus spp. (Moller 
Pillot 1984), have two to seven generations per 
year (Moller Pillot 2013).

In Appingedam the development time of a gen-
eration in the summer was about 42 days. Without 
taking the diapause generation into account, aver-
age development time per generation in Nijmegen 
was 24.2 days (19-ca. 30 days) during the sum-
mer. For Psectrocladius spp. and Cricotopus spp., 
development time of a generation is one to four 
months (Moller Pillot 2013). In P. limbatellus, 
mass emergence was found 18-20 days after colo-
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nisation of sand filter beds (Wotton et al. 1992). 
Thus in Nijmegen the summer generations of M. 
(I.) carmencitabertarum developed faster than has 
generally been found in other Orthocladiinae spe-
cies of similar size in natural habitats, and is only 
little longer than was found for the fastest develop-
ment in P. limbatellus, which probably had close to 
optimal growing conditions.

The longer development time in Appingedam with 
only one or two generations in the summer, was 
probably caused by competition from Chironomus 
riparius. Larvae of this species were present year-
round in the Appingedam bucket, by far exceeding 
the number of M. (I.) carmencitabertarum larvae. 
In the Nijmegen butt a generation of C. riparius 
larvae was only present in September 2013, but 
this did not slow down development time of M. (I.) 
carmencitabertarum larvae (table 1). As the Ni-
jmegen butt was much larger than the Appingedam 
bucket, interspecific competition in the butt was 
probably low. In general, high (interspecific) com-
petition pressure slows down development rate, 
thus time for development increases (e.g. Vallen-
duuk and Moller Pillot 2007, Moller Pillot 2013).

Temperature effect on pupal skin length and the 
Temperature-Size Rule

A temperature dependent correlation was found 
for pupal skin length and average temperature dur-
ing development. According to the temperature-
size rule (TSR)  body size in ectotherms decreases 
with increasing, yet not stressful, temperatures, 
although exceptions exist (Atkinson 1994, Atkin-
son 1995). The TSR also applies to chironomids 
(Eggermont and Heiri 2011), as was shown in sev-
eral laboratory experiments (e.g. Frouz et al. 2002, 
Dettinger-Klemm 2003, McKie and Cranston 
2005, Baek et al. 2012). A decrease in length with 
increasing temperatures is the outcome of a more 
accelerated development rate compared to growth 
rate (e.g. Mackey 1977).

M. (I.) carmencitabertarum seems to be one of 
the species to which the TSR does not apply. At-
kinson (1995) poses four possible mechanisms 
to explain exceptions to the TSR. One that seems 
applicable here, is that if ectotherm predators are 
present (in aquatic habitats), it would be advanta-
geous for prey species to be small when tempera-
tures increase, because feeding rates of ectotherm 
predators generally increase with increasing tem-
peratures (Atkinson 1995). In this study ectotherm 
predators were only present in the Appingedam 
bucket in the winter as 4th instar Zavrelimyia lar-
vae. Whether these individuals were responsible 
for M. (I.) carmencitabertarum larvae not being 

present may be questioned. Larvae of Zavrelimyia 
probably feed on small and less mobile prey spe-
cies (see Vallenduuk & Moller Pillot 2007). Up to 
third instar larvae of M. (I.) carmencitabertarum 
are probably small enough but are quite mobile. 
Thus M. (I.) carmencitabertarum larvae may not 
be the preferred prey type for Zavrelimyia larvae. 
In the small-sized, possibly temporary, habitats 
of M. (I.) carmencitabertarum the chance of ec-
totherm predators being present, is probably low. 
Thus for M. (I.) carmencitabertarum there is a low 
pressure to grow small when temperatures are high 
to decrease chance of predation.

Northward bound?

Murray (2013) suggested that M. (I.) carmencit-
abertarum had recently arrived in Ireland as the 
species was not present in his extensive 50-years 
collection from Ireland. Moreover, because the 
pupal exuviae are very characteristic and easy to 
identify (see also Murray 2016) and the species is 
found in anthropogenic habitats, the chance that 
the species has been overlooked until recently 
seems very unlikely. Therefore, the recent finds of 
M. (I.) carmencitabertarum in England and Ire-
land and in The Netherlands in a short time frame 
indeed suggest an expansion of the species´ range. 
Could this expansion be from southern origin? 
There are some indications  that this might be the 
case. More northern reports of M. (I.) carmen-
citabertarum were not confirmed, indicating that 
the species is probably not present in Poland and 
Estonia and  certainly not in Spitsbergen. Thus, it 
does not seem likely that M. (I.) carmencitaber-
tarum is migrating from northern or northeastern 
directions. The species does not have a diapause in 
winter to overcome freezing conditions nor do the 
larvae build cocoons when temperatures are near 
freezing point (see e.g. Oliver 1971, Frouz et al. 
2003, Specziár 2008). To the south of The Neth-
erlands winters are milder. For example, winter 
temperatures in north-western Spain almost never 
reach sub-zero values, with no freezing up of M. 
(I.) carmencitabertarum habitats. Here, adjust-
ments to overcome low temperatures are therefore 
not needed. According to Hellmann’s formula to 
describe winter temperatures, twelve winters were 
‘mild’, ‘very mild’ or ‘extraordinary mild’ while 
seven winters were ‘average’ after 1997 until 2017 
in The Netherlands (KNMI 2017). Although frost 
periods were present, winters in general were ap-
parently mild enough for M. (I.) carmencitabertar-
um populations to survive since its first discovery 
in August 2011.

If the conclusion is justified that M. (I.) carmen-
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citabertarum has recently shifted its range north-
wards, then it is predicted that the species will be 
found in Scotland and in the north of Germany 
and/or in the south of Denmark in the near future.
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