
Department of Physics, Chemistry and Biology 

 

Examensarbete 16 hp, engelsk version 

 

Do Trichoptera in running water fly upstream? 

Malin Larsson 

LiTH-IFM- Ex--15/3026--SE 

 

Supervisor: Per Milberg, Linköping University 

Examiner: Anders Hargeby Linköping University 

 

Department of Physics, Chemistry and Biology 

Linköpings universitet 

SE-581 83 Linköping, Sweden 



  

Rapporttyp 
Report category 

 
Examensarbete 

D-uppsats 

Språk/Language 

Engelska/English 

Titel/Title: 

Do Trichoptera in running water fly upstream? 

Författare/Author: 

Malin Larsson 

Sammanfattning/Abstract: 

Drift moves aquatic insects downstream, risking depopulation of upstream reaches. However, the necessity and exist-

ence of an upstream flight to compensate for drift has not been undisputed. I analysed a sample of approximately 70 

000 Trichoptera from a stream in northern Sweden collected during one season in 1974. The overall flight direction 

was upstream. Females had a stronger upstream flight than males and species varied in both flight direction and 

strength of the preference. Flight direction was not affected by wind or trap type. Upstream flight varied during the 

season and with different larval behaviours. Upstream flight increased with the size of the imago and with the abun-

dance in flight. A colonisation cycle might be in effect but even though upstream flight occurs, it might not be neces-

sary to sustain populations in upstream reaches.  

ISBN 

LITH-IFM-A-EX—15/3026—SE 

__________________________________________________ 

ISRN 
__________________________________________________ 

 

 

Serietitel och serienummer                  ISSN 

Title of series, numbering                     

 

Handledare/Supervisor Per Milberg 

 

Ort/Location: Linköping 

Nyckelord/Keyword: 

Trichoptera, drift, colonisation cycle, upstream flight, 

Datum/Date 

 

2015-06-10 

URL för elektronisk version 

      

Institutionen för fysik, kemi och biologi 

Department of Physics, Chemistry and 

Biology 

 

Avdelningen för biologi 

Instutitionen för fysik och mätteknik 



 

Content 

1 Abstract ............................................................................................... 3 

2 Introduction ......................................................................................... 3 

2.1 Drift, insects and Trichoptera ...................................................... 3 

2.2 Aim and limitations ...................................................................... 5 

2.3 Questions and hypothesis ............................................................. 6 

3 Material and methods .......................................................................... 6 

3.1 Sampling and study sites .............................................................. 6 

3.2 Statistics ....................................................................................... 8 

3.3 Analyses ....................................................................................... 9 

4 Results ............................................................................................... 10 

4.1 Overall preference for upstream flight ....................................... 10 

4.2 Influence of sex .......................................................................... 11 

4.3 Influence of collection method .................................................. 12 

4.4 Species variation ........................................................................ 13 

4.4.1 Size ......................................................................................... 15 

4.4.2 Seasonal variation ................................................................... 15 

4.4.3 Larvae nesting behaviour........................................................ 16 

4.4.4 Larvae feeding style ................................................................ 17 

4.5 Influence of wind ....................................................................... 18 

4.6 Influence of abundance .............................................................. 18 

5 Discussion ......................................................................................... 19 

5.1 Trichoptera and upstream flight ................................................. 19 



 2 

5.1.1 Is there an overall upstream flight? ........................................ 20 

5.1.2 Is there a difference in upstream flight between sexes? ......... 22 

5.1.3 Does flight direction vary with species? ................................ 22 

5.1.4 Does upstream flight increase with increasing size? .............. 25 

5.1.5 Does upstream flight vary during the season? ........................ 25 

5.1.6 Does larvae nesting behaviour influence adult upstream flight?

 26 

5.1.7 Does larvae feeding style influence adult upstream flight? ... 27 

5.1.8 Is upstream flight due to wind direction? ............................... 29 

5.1.9 Does upstream flight vary with abundance of flying 

individuals? ....................................................................................... 29 

5.2 Societal and ethical considerations ............................................ 29 

5.3 Conclusions ................................................................................ 30 

6 Acknowledgement ............................................................................ 30 

7 References ......................................................................................... 31 

8 Appendix 1 ........................................................................................ 34 

9 Appendix 2 ........................................................................................ 37 

10 Appendix 3 ........................................................................................ 38 

11 Appendix 4 ........................................................................................ 40 

  



 3 

1 Abstract 

Drift moves aquatic insects downstream, risking depopulation of up-

stream reaches. However, the necessity and existence of an upstream 

flight to compensate for drift has not been undisputed. I analysed a 

sample of approximately 70 000 Trichoptera from a stream in northern 

Sweden collected during one season in 1974. The overall flight direction 

was upstream. Females had a stronger upstream flight than males and 

species varied in both flight direction and strength of the preference. 

Flight direction was not affected by wind or trap type. Upstream flight 

varied during the season and with different larval behaviours. Upstream 

flight increased with the size of the imago and with the abundance in 

flight. A colonisation cycle might be in effect but even though upstream 

flight occurs, it might not be necessary to sustain populations in upstream 

reaches.  

2 Introduction 

2.1 Drift, insects and Trichoptera 

Water courses flow in one main direction. Anything that gets dislodged, 

voluntarily or not, will drift along with the current whether it consists of 

plant material, fish or insects (Allan 1995). This organic drift can be a 

consequence of disturbances and forceful competition or it can be a way 

to acquire food, find new habitats and avoid predation (Allan 1995). 

Müller (1954) proposed a colonisation cycle where drift needs to be 

compensated for by upstream migration or the population upstream will 

go extinct. Some authors consider drift to be a dispersal mechanism 

which occurs in response to crowding, and that it does not risk depopula-

tion of upstream reaches (Waters 1961, Elliot 1967, Anholt 1995).  

Even if drift would not lead to a complete depopulation, upstream flight 

might exist. A large presence in drift could be beneficial to the individ-

ual’s fitness. Drift regulates population density by sweeping individuals 

downstream which allow upstream larvae more food and space (Waters 

1961, Otto & Svensson 1976). Drift is not affected by food per capita 

ratio: it is the absolute food supply that influences drift (Herschey et al. 

1993). So despite lower density upstream, drift rate should be the same as 

downstream – as long as upstream reaches do not have larger food supply 

than downstream – and thus perpetuating the lower density. After a 

depletion experiment recolonized larvae had a higher survival rate (Otto 

& Svensson 1976) and natural reduction due to disturbances is assumed 

to increase growth rates by facilitating high food quality (Huryn & 

Wallace 2000).  
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Aquatic insects are present in drift (Elliot 1967) and if populations are 

replenished by upstream flight, pollution from downstream could affect 

and be detected in upstream reaches (Herschey et al. 1993). Caddisflies, 

Trichoptera, are insects exposed to drift (Allan 1995). Many species in 

this order are adapted to specific habitats, have high demands on water 

quality, and are thus sensitive to changes (Sandhall et al. 1977). Caddis-

flies are holometabolous with complete transformation. The adult – or 

imago – is a flying insect with a forewing length of 2-30 mm (Sandhall et 

al. 1977). The flight ability differs between species (Lancaster & Downes 

2013). Larvae of many species build intricate houses from leaves, twigs 

and grains of sand, while others are free-living or spin nets to catch food. 

Larvae go through five changes before pupation (Sandhall et al. 1977), so 

called instars. They have a variable diet: some are shredders that break 

down dead material and others are predators (Sandhall et al. 1977). The 

filter-feeders among Trichoptera are vital for stream productivity (Huryn 

& Wallace 2000). Adults have reduced mouth parts but can live for 

several weeks on their storage of fatty tissues from their larval stage 

(Lancaster & Downes 2013).  

Many investigations of Trichoptera upstream flight have been done (only 

a few are referred to here) but with different set-ups (Table 1). In most 

studies, upstream flight dominated (Roos 1957, Pearson & Kramer 1972, 

Svensson 1974, Winterbourn & Crowe 2001). Elliot (1967) did not find 

any upstream flight. Roos (1957), Svensson (1974), and Bird & Hynes 

(1981a) found differences between species. Some studies show that 

females are more prone to fly upstream than males (Bird & Hynes 1981a) 

but the largest study (Svensson 1974) did not detect any difference 

between sexes. 
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Table 1. Studies on flight direction in Trichoptera, including their 
sampling method. The table describes the number of individuals 
and species caught and also whether a flight direction was 
detected and whether this varied between species and between 
sexes. Lastly it describes the sampling period for each study. 

Author 
Trap 
type 

No. of 
ind. 

No. of 
species 

Pref-
erence 

Species 
var. 

Sex 
diff Period 

Roos 1957 N, M 1 481 29 Up Yes F 
few d/  

2 y 

Elliot 1967 M 316 - None - 
 

3d/month 
for 1 y 

Pearson & Kramer 
1972 DS, N 348 - Up - (F) 

1/month 
for 2 m/2 y 

Svensson 1974 L, M, W 37 030 110 Up Yes None 4 y 

Bird & Hynes 1981a S 1 025 - None Yes F 6 d 

Winterbourn & Crowe 
2001 S 19 000 33 Up Yes  - 

1/month 
for 1 y 

L = light trap, M = Malaise trap, N = nets, DS = drift sampler, W = window trap, S = sticky trap. F = 

female, (F) = maybe female, h = hours, d = days, y = years,  

Upstream flight is by no means limited to Trichoptera. The same kind of 

studies has been done on Ephemeroptera (Lingdell & Müller 1979) 

and/or Plecoptera (Madsen et al. 1973, Wagner 2003). As with 

Trichoptera, some of these studies showed upstream flight and others 

failed to do so. 

With almost twice as large material as the largest study so far (Svensson 

1974) I hoped to clarify the feature of upstream flight. This was done by 

analysing differences between sexes and species, and influence of larval 

behaviour. The results should enhance the knowledge of Trichoptera life 

history and evolution as well as illuminate factors that can be crucial to 

tracking ecological status of running water. 

2.2 Aim and limitations 

The aim was to analyse preference for upstream flight and assess how 

this varies among species and with sex, trap type, size, seasonal variation, 

larvae nesting behaviour, larvae feeding style, wind and abundance. The 

analyses were performed on approximately 70 000 adult caddis flies of 65 

species. 
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2.3 Questions and hypothesis 

The hypothesis was that caddis flies in general fly upstream but that this 

preference would be most pronounced in females and it would vary 

between species. 

It was also believed that large species would have a stronger upstream 

flight than small-sized species as size influence the flight ability (Müller-

Peddinghaus & Hering 2013). Species with more active and less 

stationary larvae would drift more and thus the imagines would have 

stronger upstream flight. The flight preference would be stronger during 

days when many individuals are flying as insects then feel more inclined 

to disperse due to safety-in-numbers strategy (Matthysen 2012). Another 

question raised but with no presupposed hypothesis was if the upstream 

flight varied during the season. 

3 Material and methods 

3.1 Sampling and study sites 

The material was collected June - October 1974 by Anders Göthberg at 

Kaltisjokk, Messaure, SE of Jokkmokk in northern Sweden. Kaltisjokk is 

a tributary to the river Stora Lule älv. The study site encompassed a few 

hundred metres of the fast flowing Kaltisjokk not far below some water-

falls. The stream ran through a landscape with pines, spruce and birches. 

Large and small boulders covered the slopes and the bottom of the 

stream. The stream consisted mostly of riffles with few and small 

sections of slow flowing water and one large pool in the upper part of the 

study area (Figure 1). 
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Figure 1. Photograph of Kaltisjokk in 1974. Trap Å can be seen in 
the background. Photo: Anders Göthberg 

Kaltisjokk, that has since been drained and channelled into Messaure dam 

for hydro electrical power, ran approximately from east to west in the 

studied area (Figure 2). There were tree light traps (cf Olsson 1971) with 

net arms to one side, three small window traps made from Plexiglas and 

five large window traps made of glass. The area of the window traps were 

estimated from photographs. The small window trap had an approximate 

area of 0.4 m
2
 and the large one an approximate area of 0.9 m

2
. The traps 

had separate trays for downstream and upstream flight. During periods 

with low flow, a vertical net under the window traps prevented insects to 

pass under the traps without being caught. Catches from short periods 

with more or less flooded traps (mainly July 16
th

-19
th

 and August 6
th

-18
th
) 

are excluded from analyses.  
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Figure 2. The study sites in 1974 along the stream Kaltisjokk near 
Messaure in northern Sweden. 

All individuals were preserved in 70% alcohol and identified to species 

and sex. The traps were emptied once a day until July 10
th
 and later once 

every few days. As the most abundant Trichoptera species (Philopotamus 

montanus) in June has flight peak in late afternoon, the traps were 

emptied at midnight during the first month. For the remaining months 

they were emptied during the day. 

3.2 Statistics 

The statistical methods used were odds, odds ratio and proportion with 

95% confidence interval (CI). The odds ratio analysed sex by dividing the 

odds for a female specimen being in upstream flight with the correspond-

ing odds for male specimens. CI for the odds ratio was calculated as:  
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 ln (
𝐹𝑜𝑑𝑑𝑠

𝑀𝑜𝑑𝑑𝑠
) ±  1.96 × SE          (1) 

𝐹𝑜𝑑𝑑𝑠 =
∑ 𝑢𝑝

∑ 𝑑𝑜𝑤𝑛
𝑓𝑜𝑟 𝑓𝑒𝑚𝑎𝑙𝑒𝑠 

𝑀𝑜𝑑𝑑𝑠 =
∑ 𝑢𝑝

∑ 𝑑𝑜𝑤𝑛
𝑓𝑜𝑟 𝑚𝑎𝑙𝑒𝑠 

𝑆𝐸 =  √
1

𝐹𝑢𝑝

+
1

𝐹𝑑𝑜𝑤𝑛

+
1

𝑀𝑢𝑝

+
1

𝑀𝑑𝑜𝑤𝑛

 

The proportion was calculated with upstream flight divided with the total 

for both flight directions, using Wald’s formula when n > 100 and Wald’s 

adjusted formula when n ≤ 100. When the proportion was 0 or 1, the CI 

was calculated as if it was one-sided. 

The proportion (event rate) in upstream flight was calculated in the com-

prehensive meta-analysis software (www.meta-analysis.com) to analyse 

groups of species according to their nesting habit, feeding style, taxo-

nomic family and forewing length (size). The software calculated event 

rate and CI95% for random factors. Effect of size on upstream flight was 

evaluated through fixed effect meta-regression. 

3.3 Analyses 

The influence of size was analysed on female forewing length (± 1 mm) 

calculated to the nearest mm taken as an average from Malicky (2010). If 

no size was given for females, the male size was used as size differences 

between sexes are rarely large (Malicky 2010).  

The seasonal variation was analysed per week and species for abundance 

and odds. It was affected by exclusion of catches from traps which were 

periodically flooded. Of the total catches (i.e. traps x days), 15% were not 

used due to flooding. The analysis was thus modified with the existing 

average per trap/day extrapolated to the whole week. 

The analyses for larvae nesting and feeding behaviour were based on 

species with classification per taxonomic family. Nesting classification is 

from Williams & Feltmate (1992) and feeding style is according to 

Cummins (1973). Some taxa feed in several styles simultaneously, hence 

the coupled feeding groups of shredders/scrapers, shredders/predators and 

collectors/predators. The taxonomic families differ in number of genus 

and species (Appendix 2). Weighting of the data was done in the compre-

hensive meta-analysis software.  
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The effect of abundance on upstream flight was analysed using species 

with a long flight period and a rather uniform distribution across their 

flight period. The only two species fitting this pattern was Rhyacophila 

nubila and Philopotamus montanus. These were also the most abundant 

species in the sample, correlating to 70% of the total female abundance. 

The total abundance (females + males) was used to evaluate the effect on 

upstream flight. The upstream flight was compared to the number of 

flying individuals for that specific species. An effect is not assumed to 

stem only from females as Trichoptera females do not seem to avoid each 

other, for example they do not avoid laying eggs in proximity to collec-

tions of egg (Peckarsky et al. 2000, Lancaster et al. 2010). 

For the analysis of wind influence, direction against upstream flight was 

analysed through the angle between the wind and the traps. The wind and 

trap direction was classified to eight general directions: N, NE, E, SE, S, 

SW, W and NW. Based on analysis of a scatterplot it was estimated that a 

wind speed of 4.5 m s
-1

 affected the total abundance of Trichoptera in 

flight. Only days with wind speed equal or higher than 4.5 m s
-1

 were 

used in the analysis. Wind direction and wind speed was from the Pålkem 

weather station from the SMHI open data online (SMHI 2015). Pålkem 

weather station is approximately 70 km southeast of Messaure. 

4 Results 

During 18 weeks of sampling and after removal of flooded traps, 69 867 

specimens were caught from a total of 65 species. Of these approximately 

70 000 specimens, 53% were female. Philopotamus montanus and 

Rhyacophila nubila made up 78% of the specimens and 20 species were 

represented by more than 100 specimens. Many species were rare in the 

data and 43% of the species had less than ten specimens. The largest 

catch for any one day was 4614 individuals (June 20
th
). Adjusting to 

number of traps of each type and the different area of the window traps, 

the small window traps caught 8%, light traps 37% and large window 

traps 55% of total number of specimens. The largest nesting behaviours 

were net spinning (56%) and free-living larvae (37%) and the largest 

feeding behaviours were predators (39%), collectors (34%), and collec-

tors/predators (20%).  

4.1 Overall preference for upstream flight 

There was a significant upstream flight with a 76.3 % proportion of the 

specimens flying upstream (Table 2).  
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Table 2. Total number of Trichoptera with proportion for upstream 
flight. CI above 0.5 indicated significant upstream flight. Kaltisjokk 
1974. 

Down Up Total Proportion Proportion CI95% 

16 493 53 374 69 867 0.7639 0.7608 – 0.7671 

4.2 Influence of sex 

For the majority of the species, females had stronger upstream flight than 

males (Figure 3) with significant CI95% for twelve species. 26 species had 

wide CI95% and insignificant values but most likely due to small sample 

sizes. Males of Rhyacophila fasciata had a stronger upstream flight than 

females. Using male data in the analyses could influence the result 

despite that theoretically only female flight is vital for colonisation. 

Therefore analyses of variation among species, wind and abundance will 

concern female specimens only. 

For some species, only males or only females were caught but only 

species with both males and females captured were analysed for sex 

influence. 
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Figure 3. Sex influence on upstream flight in Trichoptera with ln 
(odds ratio) with CI95%. If CI was above 0 females had stronger up-
stream flight. If it was below 0 males had a stronger upstream 
flight. Sample size for each species is given in Appendix 1 and 
exact odds ratios in Appendix 4. Kaltisjokk 1974. 

4.3 Influence of collection method 

The results show that none of the traps altered the ratio between upstream 

and downstream travel (Figure 4) even though some species were rela-
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tively more common in the light traps. For example 88% of Lepidostoma 

hirtum was trapped in the light traps compared to 15% of Philopotamus 

montanus. At light traps and at the small window traps it is also easier for 

the insects to fly around the trap and possibly end up in the tray on the 

wrong side. Thus sampling method was analysed to clarify any potential 

bias in the data. All traps showed an upstream flight albeit small window 

traps had a weaker upstream flight than the rest. In small window traps 

one specimen was found of a species not captured in any of the other trap 

types, and in total, only about 1800 specimens was captured in this trap 

type. Thus, despite differences in strength of upstream flight, no reasons 

have been identified which would validate a removal of the data from the 

analyses. Light traps did not deviate from the overall proportion, despite 

the preference for light in some species. Thus all traps are included in the 

analyses. 

 

Figure 4. Proportion of Trichoptera specimens caught in upstream 
flight in different trap types. Bars indicated CI95%. CI above 0.5 was 
significant and upstream. Kaltisjokk 1974. 

4.4 Species variation 

Females of seventeen species showed a significant upstream flight 

(Figure 5) based on CI95%. Four species had more than 100 females and 

27 species had ten or more.  
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Figure 5. Proportion of Trichoptera females flying upstream. Bars 
indicated CI95%. CI above 0.5 was significant and upstream. Abso-
lute sample sizes per species can be found in appendix 1 and 
exact proportions in appendix 3. Kaltisjokk 1974. 

An examination of the proportion for each species showed that 39 of 51 

species had an upstream flight. Species with significant proportion flew 

upstream in 17 of 18 cases, with only Oxyethira frici showing a down-

stream flight. For species with more than 100 females only Silo pallipes 

showed insignificant flight preference at a proportion of 0.52. The narrow 

CI95% suggested that this is a confident estimate of flight in both 
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directions in equal degrees. For species with more than ten females 

sampled, 21 of 23 had an upstream flight and 16 of those had significant 

CI95%. Most species were rare which can make it difficult to draw conclu-

sions. However, five of 42 species with small to modest sample sizes (9-

94 females) had a statistical significant upstream flight (CI95%). A sample 

size of less than hundred individuals can thus still give a good indication 

on the flight direction of the species. 

4.4.1 Size 

Upstream flight increased with imago size (wing length) of the species. 

The point estimate for slope was 0.107 (CI95%: 0.0957-0.119) for the 

meta-regression. The meta-regression analysis does not allow any 

interpretation for how much a certain increase in size would change 

upstream flight. 

4.4.2 Seasonal variation 

The abundance and the odds for female upstream flight varied over the 

season for the four most abundant species: Hydropsyche saxonica, 

Hydropsyche siltalai, Rhyacophila nubila and Philopotamus montanus 

(Figure 6). The variation differed between species. For Hydropsyche 

siltalai and Philopotamus montanus, the odds varied throughout their 

flight period, while for Hydropsyche saxonica the odds for upstream 

flight was higher at the end of its flight period and for Rhyacophila nubila 

the odds for upstream flight was stronger in the beginning of its flight 

period. 
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Figure 6. Weekly upstream and downstream catches (primary 
axis) and upstream odds (secondary axis) of females of the most 
abundant Trichoptera in Kaltisjokk 1974. 

Hydropsyche saxonica, Hydropsyche siltalai and Philopotamus montanus 

were most abundant in early summer while Rhyacophila nubila was more 

common in the middle and toward the end. The flight period for the two 

Hydropsyche-species was only a few weeks while Philopotamus 

montanus was flying the whole summer. Rhyacophila nubila started to fly 

a few weeks later than Philopotamus montanus but were found until 

October. 

4.4.3 Larvae nesting behaviour 

Adult upstream flight differed between larvae nesting behaviour for the 

species. Upstream flight was identified in tube-case building, net spinning 

and saddle-case building species but not for purse-case building or free-

living species (Figure 7). 

 

Figure 7. Female upstream flight for Trichoptera with different 
types of larvae nesting behaviour based on random model with 
weighted mean. Bars indicated CI95%. CI above 0.5 was significant 
and upstream. Kaltisjokk 1974. 
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Adults with net spinning larvae had the strongest upstream flight while 

purse-case building species seemed to have no flight preference in either 

direction. Only three species with free-living larvae (Rhyacophilidae) 

were captured. Rhyacophila nubila strongly dominated and had a strong 

upstream flight whereas the others had no significant flight direction and 

were rare in the sample. This made generalisations for the free-living 

group ambiguous, but the proportion of 64% indicated an upstream flight. 

In conclusion, both tube-case building and net spinning species, which 

should not be prone to drift due to their nesting strategy, generally had an 

upstream flight as adults. 

4.4.4 Larvae feeding style 

The upstream flight as adults differed slightly between groups with 

different larvae feeding style. The flight was directed upstream among 

shredders/scrapers, shredders, collectors/predators, collectors and 

predators but not among shredders/predators, scrapers, and the group with 

unknown feeding style (Figure 8). The larvae with unknown feeding style 

consisted of only one species (Sericostoma personatum) of the family 

Sericostomatidae. 

 

Figure 8. Female upstream flight for Trichoptera with different 
types of larva feeding style based on random proportion. Bars 
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indicated CI95%. CI above 0.5 was significant and upstream. 
Kaltisjokk 1974. 

In conclusion, shredders and predators which should be highly active and 

thus more prone to drift and needing an upstream compensatory flight 

generally had an upstream flight as adults, while the more sedentary 

feeding styles had no specific flight preference. 

4.5 Influence of wind 

Wind direction did not affect upstream flight of female Trichoptera. 

Regardless if they flew downwind or against headwind or had a side 

wind, a higher proportion of females flew upstream (Figure 9). Hence, 

even if there was a strong wind against the upstream flight direction, any 

wind influence remains undetectable in the data. 

 

Figure 9. Effect of strong wind (≥4.5 m s-1) on Trichoptera female 
upstream flight, measured in proportion. CI95% above 0.5 indicated 
significant and upstream flight. Kaltisjokk 1974. 

4.6  Influence of abundance 

The odds for female upstream flight of Rhyacophila nubila (Figure 10a) 

and Philopotamus montanus (Figure 10b) increased with abundance 

(males + females). The increase was stronger for Rhyacophila nubila than 
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for Philopotamus montanus. 

 

  

Figure 10. Regression of female odds for upstream flight on the 
abundance of both sexes for a) Rhyacophila nubila and b) 
Philopotamus montanus. Kaltisjokk 1974.  

5 Discussion 

5.1 Trichoptera and upstream flight 

Trichoptera had an upstream flight which was stronger for females than 

for males and was species-specific. Size of the species had a positive 

influence on the upstream flight. The larvae nesting and feeding style had 

some effect on upstream flight while wind direction had no influence. 
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5.1.1 Is there an overall upstream flight? 

76% of almost 70 000 Trichoptera were flying upstream when they were 

intercepted by a trap. The result is significant and agrees with studies as 

early as 1957 (Roos 1957, Pearson & Kramer 1972, Svensson 1974, 

Winterbourn & Crowe 2001) but still in 1981 the existence of upstream 

flight for Trichoptera was questioned (Bird & Hynes 1981a). Upstream 

flight has been debated since Müller first proposed the colonization cycle 

in 1954. A recurring counterargument is that upstream flight is not neces-

sary because there is no depopulation due to drift (Elliot 1967, Huryn & 

Wallace 2000). The lack of depopulation is explained by the brief, local 

nature of drift (Elliot 1967), that adults emerge in stream sources (Elliot 

1967), and because population is maintained by females laying eggs near 

their emergence site (Otto & Svensson 1976, Bunn & Hughes 1997). As 

drift is local, it is proposed to be compensated larval upstream movement 

(Elliot 1967, Ulfstrand et al. 1971). Larvae of water insects are positively 

rheotactic which means that they travel against the current (Ulfstrand et 

al. 1971). Williams & Feltmate (1992) proposed that there is no need for 

upstream flight because the adults compensate for the drift by random 

flight that can sustain the population at all sites in a stream. This line of 

argument is supported by the fact that a site can be repopulated with 3-12 

females as they usually lay 200-2000 eggs (Anholt 1995, Bunn & Hughes 

1997, Peckarsky et al. 2000). Furthermore, low egg mortality (Peckarsky 

et al. 2000) with a high egg-hatching success of 70-90% (Huryn & 

Wallace 2000) further strengthens the claim that a few successful ovi-

positions are sufficient. However, this and other studies show that 

upstream flight exists which could indicate that local recruitment and 

larval movement might only be applied to a smaller set of species or is 

counteracted by other selective forces.  

In direct contrast to high hatching success of eggs, predators leave only a 

small surplus of larvae to survive to emergence and adult mortality is so 

high that 95% of females die before egg-laying (Huryn & Wallace 2000). 

Müller (1954) agreed that many aquatic organisms actively move up-

stream, but he thought it difficult or impossible to crawl against a strong 

current. In contrast to Müller but still supportive of the unlikeliness of 

larval compensation, Bird & Hynes (1981b) found that larval upstream 

movement was of the same scale as side movements and concluded that 

larval movements were random. Laboratory experiments are likely to 

over-estimate the importance of crawling, swimming, hyporheic move-

ment and drift (Bunn & Hughes 1997) and in an experimentally depleted 

stream, no upstream movement of larvae was detected (Otto & Svensson 

1976).  
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Observed upstream flight is perhaps not needed to sustain the population, 

but it can be beneficial to the individual’s fitness. This is supported by 

Anholt’s (1995) model, in which random dispersers went extinct in the 

presence of individuals flying upstream but the population persisted even 

for simulations with an overall downstream flight as long as random 

dispersal existed. Upstream flight might have developed as an answer to 

behavioural and hydrological constraints on oviposition (Peckarsky et al. 

2000) and would thus be a response to increase individual fitness. Natural 

selection should favour upstream flight in case of reduced density of up-

stream populations (Winterbourn & Crowe 2001). In conclusion, an up-

stream flight can exist even if there is no risk for depopulation of 

upstream reaches.  

The observed upstream flight is also supported by indirect studies of adult 

migration. After removal of pupae, immigrant females were responsible 

for about half the recruitment every season (Otto & Svensson 1976). 

Herschey et al. (1993) observed that larval abundance in upstream 

reaches was lower in late summer than early in the season. The recovery 

from this low abundance could be explained by upstream oviposition 

(Herschey et al. 1993). An isotope enrichment experiment showed that 

upstream flight must occur because adults at any point were a mix of 

locally emerged adults and adults from other sites downstream (Herschey 

et al. 1993). In their study, one third to one half of adults preferred an up-

stream flight, and their flight distance was about 1.6-1.9 km. In a study by 

Peckarsky et al (2000) egg recruitment was not a function of locally 

emerged adults and the number of adults was not dependent on local egg 

recruitment. Eggs appeared before any adults emerged in the same area, 

indicating that dispersed females from other sites had laid these eggs. 

Thus, dispersal of adults does occur beyond local reaches, and in my 

study this dispersal was significantly directed upstream. 

All dispersal does not necessarily occur along the natal stream. For 

example, some species in Svensson’s study (1974) were not present as 

larvae in the studied stream, indicating that they arrived from nearby 

ponds, lakes, and rivers. As it is unknown which of the species in the 

current study that were present as larvae in Kaltisjokk, such immigration 

could confuse my results. However, flight from other waters is expected 

to be in random directions and specimens should be intercepted equally at 

both sides of the traps. Hence, if such flight prevails, estimates of 

abundance would be underestimated. 



 22 

5.1.2 Is there a difference in upstream flight between sexes? 

Females had stronger upstream flight than males which is supported by 

findings of Madsen et al. (1973). Madsen et al. (1973) also found more 

females than males contrary to Svensson (1974) who found more males 

than females but the proportion flying upstream was the same for both 

sexes. My study found equal number of females and males (53%), so 

both mentioned studies deviate from mine. Svensson’s results also 

contradict my results that there was a stronger upstream flight in females. 

However, Svensson’s (1974) and Roos (1957) data varied between 

species which is also the case in my study. In Svensson’s (1974) study, 

females had stronger upstream flight in eight species, and males had 

stronger upstream flight in seven species. For species present in both 

studies, males had stronger upstream flight in Plectronemia conspersa, 

Potamophylax cingulatus, and Rhyacophila fasciata. Females of Halesus 

digitatus had stronger upstream flight than males in both studies. In 

Roos’ (1957) study, females had stronger upstream flight in nine species, 

and males had stronger upstream flight in four. For the species which oc-

curred in both my study and Roos’ (1957), females had a stronger up-

stream flight for Hydropsyche siltalai, and Lepidostoma hirtum. Males of 

Ithytrichia lamellaris had stronger upstream flight than females in both 

studies.  

Males and females can respond differently to local density, group size 

and habitat quality (Matthysen 2012) which can explain the differences in 

their flight direction. Stronger upstream flight of females support the 

existence of a colonisation cycle in which females oviposit upstream to 

compensate the downstream drift of larvae 

5.1.3 Does flight direction vary with species? 

Both flight direction and its strength differed between species, a result 

supported by Svensson’s (1974) study. Why do not all species have the 

same flight direction? Different species prefer different habitats 

(Svensson 1974) which can influence their flight direction depending on 

where the best habitat lies in relation to their emergence place. Four 

species with significant upstream flight prefer habitats with slow flowing 

or standing waters and one of these, Lepidostoma hirtum, had the strong-

est upstream flight of all species. The sample points in Kaltisjokk were 

distributed along a uniform area of riffles but with one large pool 

upstream. Could this pool induce an upstream flight for the individuals 

that drifted out of it? Elliot (1967) found that drift out of optimal habitats 

is more prevalent from riffles to pools, so the existence of a pool up-

stream might not have any larger impact on upstream flight. Yet, drift can 
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be large from pools as well (Elliot 1967). It has not yet been analysed if 

these four species had stronger upstream flight from stations below the 

pool than from those above the pool. Roos (1957) also found upstream 

flight for females of Lepidostoma hirtum, this shows that its upstream 

flight is not just a local phenomenon in Kaltisjokk. However, even if the 

pool could explain the upstream flight of Lepidostoma hirtum, it would 

not explain the strong, significant upstream flight of Rhyacophila nubila. 

This was the second most abundant species in the sample. Their larvae 

are highly dependent on stony bottoms in rapids and can only survive a 

few hours in standing water (Roos 1957). Pools and lakes act as catching 

basins for the habitats immediately upstream (Elliot 1967) and thus pose 

a threat for Rhyacophila nubila when in drift. Roos (1957) did not find a 

directed flight in the females of this species, maybe because he did not 

caught as many specimens. In my sample, Rhyacophila nubila was 

strongly attracted to light traps, and Roos did not use this trap type. 

Another habitat preference – this among net spinners and passive feeders 

– is strong currents (Müller 1982). Species of this type are for example 

the Hydropsychidae and Polycentropus flavomaculatus. In my study all 

five species of Hydropsychidae showed upstream flight, three of them 

significantly so. Also Polycentropus flavomaculatus had a significant 

upstream flight. Both species of genus Hydropsyche and Polycentropus 

flavomaculatus had upstream flight in the study by Roos (1957) and 

Hydropsychidae had upstream flight in Hynes & Bird (1981a). As these 

species benefit from rapids, they should tend to disperse to areas with 

high current. However, water levels risk being lower upstream due to the 

fact that small streams have higher risk of drying out than larger ones 

(Peckarsky et al. 2000). If there are lower water levels, the current should 

decrease. Lower water levels upstream would mean that an upstream 

flight could reduce the fitness of Hydropsychidae and Polycentropus 

flavomaculatus. However, the lower water levels would be temporary and 

there are generally stronger currents in upstream reaches. 

As drift lower larval density upstream and can accidentally remove larvae 

from their optimal habitats, upstream flight should be stronger in species 

more often present in drift (Madsen et al. 1973) and it has been shown 

that drift varies with taxa (Waters 1961, Herschey et al. 1993). This cor-

responds with my results with different degree of upstream flight between 

species. For example, Oxyethira frici had a significant downstream flight. 

Oxyethira frici is a small Hydroptilidae with shredder/predator feeding 

behaviour in its larval stage and its fifth instar larva has a purse-case 

shaped house. These behaviours could influence its presence in drift and 

is elaborated upon in the discussions on larval behaviour. The effect of 
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size is another species-specific factor influencing flight direction (see the 

discussion on size influence). 

Oviposition behaviour is another factor that could cause the difference in 

flight behaviour between species. It affects the activity levels, and thus 

the presence in drift. In fact, the main function of first instars in many 

organisms is dispersal while later instars’ main concern is growth (Huryn 

& Wallace 2000). During this dispersal there is an increased risk of 

ending up in the drift. The initial dispersal is important as the eggs are not 

always laid in optimal places (Huryn & Wallace 2000). Some species 

(Rhyacophila dorsalis and Polycentropus flavomaculatus) oviposit on 

optimal sites for the first instars while Hydropsyche siltalai do not, which 

requires their larvae to immediately disperse to better sites (Lancaster et 

al. 2010). Early instars of Hydropsychidae can thus be abundant in drift 

(Lancaster et al. 2010). In my and Roos (1957) studies, both 

Polycentropus flavomaculatus and Hydropsyche siltalai had a significant 

upstream flight despite their opposite egg laying behaviour. This can 

indicate that oviposition behaviour is not important for the species var-

iation of upstream flight. However, the latter species had a stronger 

upstream flight, which could be due to the early dispersal of its first 

instars. Among the Ephemeroptera, species require different water levels 

to oviposit. Some need emergent rocks while others are more apt at 

swimming (Peckarsky et al. 2000). Females emerging before optimal 

sites are available for local oviposition must disperse to better sites. This 

might explain upstream flight as the upstream reaches might have low 

enough water levels to expose rocks suitable for egg laying (Peckarsky et 

al. 2000).  

Hydropsychidae is as mentioned a taxon which showed an overall up-

stream flight. Their reason for flying upstream to oviposit could be to 

avoid predation as their pupae are heavily predated upon by larvae of 

Chironomidae (Huryn & Wallace 2000). The predation on larvae differs 

between upstream and downstream reaches. Survival is higher and 

offspring will be larger and more fecund upstream early in summer due to 

lack of predation (Peckarsky et al. 2000) and there are fewer predatory 

invertebrates in upstream reaches (Herschey et al. 1993). This would 

mean that organisms that suffer greatly from predation from other insects 

would have higher success rate upstream and thus a higher fitness if an 

upstream flight exists. 

Lastly, species-specific flight behaviour can affect the capture in this type 

of study. Some species, especially in the family Limnephilidae, seem to 

exhibit lateral flight into nearby landscape rather than along the stream 

(Göthberg 1973, Svensson 1974). In my results, only one of four abun-
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dant species of Limnephilidae had a significant, upstream flight. 

Svensson (1974) identified a similar pattern, with one species of 

Limnephilidae showing upstream flight while the other two did not. Roos 

(1957) captured too few specimens for a clear pattern. When flying away 

from the stream, species with lateral flight will not be sampled to the 

same degree as other species as traps were placed across the stream in my 

study.  

5.1.4 Does upstream flight increase with increasing size? 

Species size was positively correlated to upstream flight. Size can 

improve upstream flight as wing length is an important factor affecting 

flight ability (Müller-Peddinghaus & Hering 2013). Wingedness, navi-

gation ability, size, and endurance are innate variations affecting dispersal 

behaviour (Matthysen 2012). Size affects the larvae as well. For 

Ephemeroptera, larger larvae often drift from riffles and accumulate in 

pools while small larvae remain in the riffles (Huryn & Wallace 2000). 

A caveat with the current trapping method is that small-sized Trichoptera 

might not fall into the trap to the same extent as larger species; instead, 

they had a tendency to crawl on the glass
1
 which could then lead to them 

taking off or even crawl over the edge and fall into the wrong tray. This 

source of error should underestimate the catch but not incur a bias on 

flight direction. Very large specimens can fly with such a force that they 

bounce back from the glass and miss the tray but no Trichoptera species 

have such high flight velocity. 

5.1.5 Does upstream flight vary during the season? 

There is a seasonal variation in upstream flight. Weeks with strong up-

stream flight alternated with weeks with inconclusive upstream flight. 

Several studies on Trichoptera have used intermittent sampling with large 

intervals (Roos 1957, Elliot 1967, Pearson & Kramer 1972, Bird & 

Hynes 1981a, Winterbourn & Crowe 2001). If the upstream flight hap-

pened to be low during the brief sampling period of their studies, it could 

explain why they did not find the same level of upstream flight. It is not 

known if the seasonal pattern is similar every year, but it is likely that a 

long, uninterrupted sampling detects a directional flight. 

Due to problems with flooding of the traps, the data for a few weeks were 

extrapolated. This had little effect on species of the genus Hydropsyche 

which flew for only a few weeks in early summer. The result on 

                                           

1
 Pers. comm., Anders Göthberg 
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Rhyacophila nubila also fared better, as they were strongly attracted to 

light traps which collectively were not as badly hit by the flooding and 

could thus be more easily extrapolated (even though light trap V was the 

most affected trap). The end-of-summer values for Philopotamus 

montanus might have been more affected by the extrapolation and should 

be used with caution. 

5.1.6 Does larvae nesting behaviour influence adult upstream flight? 

Larvae nesting behaviour did seem to influence adult upstream flight. 

Larval behaviour has previously not been investigated in relation to the 

adult upstream flight. It has, however, been studied in drift, which should 

– as mentioned – influence upstream flight of adults.  

Tube-case builders had a significant upstream flight. Larvae with cases of 

heavy material are less abundant in drift (Elliot 1967, Sandhall et al. 

1977). In laboratory experiments, chiefly stone-cased and net-spinning 

Trichoptera were not washed out (Elliot 1967) indicating that these types 

are more resistant to drift. In my study, ten species of Limnephilidae, a 

tube-case building taxon, flew upstream, but only one had a significant 

upstream flight. Five had no preference and for several species no 

females were captured. Elliot (1967) thought that small larvae of 

Limnephilidae are not present in drift while later instars occurred, 

probably because they changed from vegetable cases to stony cases. Their 

change of material could explain upstream flight as they would be 

resistant to drift as late instars only. Some Trichoptera drift as their first 

instar larvae, others as last instar (Ulfstrand et al. 1971). Therefore 

upstream flight in this group can be due to its initial instars with light and 

less stream-lined houses. Saddle-case building larvae have stony cases 

with an arched top and flat bottom (West Virginia DEP 2015) and they 

had a nearly significant upstream flight, supporting Elliot’s (1967) 

results. 

Purse-case building species use silk with a variety of additions (West 

Virginia DEP 2015) and they had no preference in flight direction as 

adults. Their nesting material is neither particularly heavy nor anchored 

to the substrate and they would thus be exposed to drift and have up-

stream flight. Oxyethira frici in this group was the only species with a 

significant downstream flight. All purse-case building larvae are 

Hydroptilidae, which does not build a case until their fifth and last instar 

(Barnard 2011) and thus are free-living until this point in time. As such, 

they should be more prone to drift and thus, within the hypothesis, have 

an upstream flight as adults. As mentioned, they did not. Members of 

Hydroptilidae are very small. Small species does not drift out of riffles to 
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the same degree as larger ones (see discussion of size influence) and their 

weak upstream flight might be due to flight ability.  

Net spinning species had a significant upstream flight. They build nets 

and stay within them, eating the food that gets caught and are thus seden-

tary. According to Waters (1961) drift is composed principally of free-

ranging larvae and weak swimmers with few strongly sedentary forms 

(Hydropsyche) and strong swimmers. However, there is considerable 

competition for space in the net spinning species Hydropsyche siltalai 

which cause high number of dislodgements (Englund 1993). Neureclipsis 

bimaculata also showed high intraspecific aggression in laboratory exper-

iments (Statzner 1977). Both species had a significant upstream flight, in 

both my study and Roos’ (1957). Net spinning species also prefer rapid 

currents and a high velocity increases drift (Waters 1961, Svensson 1974, 

Herschey et al. 1993). Their sedentary life style might therefore not be 

the only factor affecting their upstream flight. Also, their movement 

along the net to reach entangled food particles could theoretically expose 

them to drift despite the sedentary appearance in larger aspects.  

Due to large variation between species, no generalization can be drawn 

for the flight direction of the free-living group. Rhyacophila nubila, the 

second most abundant species in the sample, has free living larvae and 

had a highly significant upstream flight. In this species at least, the risk of 

drift for free-living larvae might enhance the upstream flight. In the study 

by Svensson (1974), Rhyacophila fasciata was found in larger numbers 

and his sample would have been significantly upstream in my analysis. 

This supports an interpretation that species with free-living larvae have a 

strong upstream flight. 

In conclusion, groups with nesting behaviour which should not expose 

them to drift had strong upstream flight as adults. That was the opposite 

result of what was expected in the hypothesis; that upstream flight should 

not prevail among species less exposed to drift. 

5.1.7 Does larvae feeding style influence adult upstream flight? 

As with nesting behaviour, no previous study seems to have been per-

formed on this. Feeding style influenced less than nesting behaviour. It 

had an overall upstream flight but less clear differences between groups. 

The feeding behaviour was analysed based on the presumption that the 

activity level of the organisms will affect the larva’s exposure to drift 

(Elliot 1967). Random movements by organisms are considered food for-

aging and peaks in drift coincide with these peaks in activity (Elliot 

1967). 
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Shredders would need to move around to find food and they had signifi-

cant upstream flight. However, that was not true for shredders/predators 

which had no flight direction preference. Predators should also need to 

move around considerably to capture their prey so the group of shred-

ders/predators should then be considered very active and present in drift. 

Shredders/predators consisted only of the Hydroptilidae which are, as 

mentioned, small. As have been mentioned before, small larvae drift less 

out of the riffles, at least for Ephemeroptera, and small adults seem to 

have a weaker upstream flight in general. The flight direction of 

Hydroptilidae might thus be more affected by size than feeding style. 

There was an upstream flight for both shredders/scrapers and pure 

scrapers. Scrapers move along a surface to acquire food but might not 

need to travel longer distances. They could thus be considered more sed-

entary than predators and shredders but still active enough to be exposed 

to drift. Their upstream flight, especially for the group consisting of both 

shredders and scrapers, supported the hypothesis that heightened larval 

drift induce upstream flight. This group of species might thus have a 

higher fitness benefit from upstream flight than less active ones. 

Predators and collectors/predators both had upstream flight. Predators 

should be more active and thus more present in drift. Also, the density of 

predatory invertebrates is lower in upstream reaches (Herschey et al. 

1993). As a low density increases high food quality and this increases 

fitness, the fitness should increase for larvae with predatory feeding style 

if there is an upstream flight.  

Less active larvae such as collectors should be less present in drift and 

therefore less probable to have an upstream flight, but the collectors 

group had significant upstream flight. Hydropsychidae dominated among 

the collectors and the complexity of this group has already been dis-

cussed. Also the net spinning Philopotamidae were collectors with sig-

nificant upstream flight. Possibly they are influenced by the same factors 

as Hydropsychidae. Insects with sedentary offspring – such as collectors 

and net spinners – seem more inclined to oviposit in areas with high food 

quality (Peckarsky et al. 2000). They could therefore fly upstream not 

because of their presence in drift but because their fitness increases when 

oviposition occurs in upstream reaches, which generally have a higher 

food quality.  

To conclude, both groups with low and high activity level in their feeding 

behaviour showed upstream flight as adults which does not support the 

hypothesis. 
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5.1.8 Is upstream flight due to wind direction? 

Wind had no effect on upstream flight. Weak winds did not affect number 

of individuals in flight and stronger winds did not affect the direction of 

those on their wings. This contradicts Elliot (1967) and Madsen et al. 

(1973) who proposed that flight occurs in the same direction as prevalent 

wind. As an aberration in his results, Elliot (1967) found a few instances 

when Trichoptera flew upstream against weak winds.  

In this study wind was not measured at the stream itself but at an official 

weather station some distance away. It is possible that local properties 

changed the apparent wind direction close to the stream. Wind direction 

and strength at water surface and in vegetation can be very different from 

that measured (Roos 1957). Wind can also influence the results when 

poor fliers get pushed downstream and end up in the upstream tray which 

could give the appearance of downstream flight, and vice versa (Madsen 

et al. 1973). This could be the case for the small species Oxyethira frici 

which then give the effect of downstream flight. 

5.1.9 Does upstream flight vary with abundance of flying individu-

als? 

Upstream flight of females was most pronounced on days when there 

were many individuals in flight, an observation not previously recorded. 

Hence, flight preference is not only species-specific but also density de-

pendent. I interpret this as a way to increase mating, or in finding oviposi-

tion sites not yet crowded. High density and large groups can also 

enhance dispersal in general as it is beneficial from a safety perspective 

(Matthysen 2012). 

Moreover, it would be interesting to see future studies of differences in 

flight direction and abundance of females depending on the traps’ posi-

tions to each other. Svensson (1974) found more females than males in 

the most upstream traps but I did not analyse that in this study. 

5.2 Societal and ethical considerations 

Research on Trichoptera can give us knowledge about the reproduction 

and dispersal of insects which can be vital for conservation purposes. 

Certain species can indicate biodiversity while yet others indicate envi-

ronmental quality (Samways 1994), among them are several species in 

the Trichoptera order. Knowing the flight patterns of Trichoptera, a taxon 

also well known among fly fishers, would thus help identifying sources 

and spread of pollution in running waters.  
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Invertebrates are not encompassed in laws regulating animal trials, and 

thus require no ethical trials. Still, it should be considered that a large 

amount of animals was collected (and killed) during one single season. 

This could affect the ecosystem and population at least on a short-term 

basis. However, Herschey et al (1993) showed that species in running 

waters generally fly 2 km upstream and drift as far downstream as larvae. 

The sampled stretch was only a few hundred metres. Insects emerging 

from farther downstream and larvae drifting from upstream would thus be 

able to disperse to the sampled stretch during later seasons. A mass col-

lection as this study could capture and maybe further threaten already en-

dangered species, but no red-listed Trichoptera was caught. Some years 

later (unknown at the time of sampling), the stream was redirected 

through a tunnel to a hydro electrical power station. Thus, this lower part 

of Kaltisjokk no longer exists. This industrial exploitation has an enor-

mously larger impact than a mere collection of specimens. 

5.3 Conclusions 

Flight direction is a complex matter with many factors weighing in such 

as optimal habitat and species behaviour. The upstream flight seen in 

many species in this study is likely due to benefits to individual fitness 

when a considerable presence in drift sweeps organisms downstream, 

away from their optimal habitats. My results support that a colonisation 

cycle might be present in some species. To conclude, there is a general 

upstream flight for Trichoptera, but it is not shared among all species. 

The strength of this preference differs between sexes, with females 

having a stronger upstream flight, and between species, with larger 

species having a stronger upstream flight. Furthermore, the upstream 

flight was shown to be density dependent for some species. 
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8 Appendix 1 

Trichoptera species (nomenclature after Gullefors 2002) at Kaltisjokk, 

northern Sweden in 1974. Total number of individuals and flight 

direction for males and females are given.  

Species 
Down 

(M) 

Down 

(F) 

Up 

(M) 

Up 

(F) 
Total Nesting Feeding 

Philopotamus montanus 

(Donovan, 1813) 5 617 2 441 11 784 9 919 29 761 N C 

Rhyacophila nubila 

(Zetterstedt, 1840) 1 762 1 470 9 180 12 211 24 623 F P 

Hydropsyche saxonica 

McLachlan, 1884 308 1 575 274 3 969 6 126 N C/P 

Hydropsyche siltalai  

Döhler, 1963 63 318 58 1 550 1 989 N C/P 

Polycentropus flavomaculatus 

(Pictet, 1834) 660 225 665 406 1 956 N P 

Lepidostoma hirtum 

(Fabricius, 1775) 8 78 29 707 822 T Sh 

Hydroptila tineoides  

Dalman, 1819 202 182 139 245 768 P Sh/P 

Wormaldia subnigra 

McLachlan, 1865 267 24 382 42 715 N C 

Halesus digitatus  

(Schrank, 1781) 54 105 65 154 378 T Sh 

Silo pallipes  

(Fabricius, 1781) 15 145 5 159 324 T Sc 

Hydroptila simulans  

Mosely, 1920 57 80 39 123 299 P Sh/P 

Plectrocnemia conspersa 

(Curtis, 1834) 44 33 101 71 249 N P 

Polycentropus irroratus 

(Curtis, 1835) 74 28 87 37 226 N P 

Oxyethira frici  

Klapálek, 1891 42 89 23 64 218 P Sh/P 

Athripsodes commutatus 

(Rostock, 1874) 26 38 27 78 169 T Sh/Sc 

Ceraclea annulicornis 

(Stephens, 1836) 30 28 28 73 159 T Sh/Sc 

Halesus tesselatus  

(Rambur, 1842) 15 24 52 33 124 T Sh 

Anabolia concentrica 

(Zetterstedt, 1840) 31 0 87 0 118 F P 

Ithytrichia lamellaris  

Eaton, 1873 29 20 41 18 108 P Sh/P 

Rhyacophila obliterata 

McLachlan, 1863 38 0 66 1 105 P Sh/P 

Neureclipsis bimaculata 

(Linnaeus, 1758) 1 28 4 66 99 N P 

Potamophylax latipennis 

(Curtis, 1834) 11 24 14 38 87 T Sh 

Lype phaeopa  

(Stephens, 1836) 33 4 15 6 58 N C 
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Potamophylax cingulatus 

(Stephens, 1837) 8 12 17 21 58 T Sh 

Apatania stigmatella 

(Zetterstedt, 1840) 9 1 25 12 47 T Sh 

Sericostoma personatum 

(Spence in Kirby & Spence, 

1826) 8 9 6 10 33 T - 

Hydatophylax infumatus 

(McLachlan, 1865) 12 3 13 3 31 T C 

Asynarchus lapponicus 

(Zetterstedt,1840) 11 0 10 0 21 F P 

Chaetopteryx sahlbergi 

Mclachlan, 1876 9 3 6 3 21 T Sh 

Halesus radiatus  

(Curtis, 1834) 4 0 10 2 16 T Sh 

Micrasema gelidum 

McLachlan, 1876 0 4 8 3 15 T Sh 

Ceraclea dissimilis  

(Stephens, 1836) 1 1 4 8 14 T Sh/Sc 

Glossosoma intermedium 

(Klapálek, 1892) 0 3 0 10 13 S Sc 

Ceratopsyche silfvenii  

(Ulmer, 1906) 0 0 0 12 12 N C/P 

Ceratopsyche nevae  

(Kolenati, 1858) 2 3 0 7 12 N C/P 

Oxyethira mirabilis  

Morton, 1904 1 2 4 4 11 T Sh/Sc 

Molannodes tinctus 

(Zetterstedt, 1840) 3 0 7 0 10 T Sh 

Mystacides azurea  

(Linnaeus, 1761) 1 3 1 4 9 P Sh/P 

Limnephilus coenosus  

Curtis, 1834 3 0 5 0 8 P Sh/P 

Rhyacophila fasciata  

Hagen, 1859 1 2 4 0 7 T Sh 

Limnephilus borealis 

(Zetterstedt, 1840) 2 1 2 1 6 T Sh 

Hydroptila sp. 1 4 0 1 6 - - 

Potamophylax nigricornis 

(Pictet, 1834) 1 1 0 1 3 S Sc 

Limnephilus fenestratus 

(Zetterstedt, 1840) 2 0 1 0 3 T Sh 

Micropterna sequax 

McLachlan, 1875 3 0 0 0 3 T Sh 

Ceraclea nigronervosa 

(Retzius, 1783) 2 0 0 1 3 T Sh 

Limnephilus nigriceps 

(Zetterstedt, 1840) 0 0 1 1 2 T C 

Holocentropus insignis 

Martynov, 1924 1 0 1 0 2 N P 

Oligostomis reticulata 

(Linnaeus, 1761) 1 0 1 0 2 N P 

Annitella obscurata 

(McLachlan, 1876) 2 0 0 0 2 T Sh 
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Brachypsyche sibirica 

(Martynov, 1924) 0 0 0 1 1 N C/P 

Oxyethira tristella  

Klapálek, 1895 0 1 0 0 1 T Sc 

Hydroptila cornuta  

Mosely, 1922 0 1 0 0 1 T Sh 

Hydroptila forcipata  

(Eaton, 1873) 0 0 1 0 1 T Sh 

Limnephilus politus 

McLachlan, 1874 0 0 1 0 1 T Sh 

Limnephilus rhombicus 

(Linnaeus, 1758) 0 1 0 0 1 T Sh 

Limnephilus sericeus  

(Say, 1824) 1 0 0 0 1 T Sh 

Phryganea bipunctata  

Retzius, 1783 0 1 0 0 1 T Sh 

Rhadicoleptus alpestris 

(Kolenati, 1848) 1 0 0 0 1 T Sh 

Agapetus ochripes  

Curtis, 1834 0 0 0 1 1 T Sh 

Hydropsyche contubernalis 

McLachlan, 1865 0 0 0 1 1 T Sh 

Limnephilus externus  

Hagen, 1861 0 0 0 1 1 T Sh 

Limnephilus fuscicornis 

Rambur, 1842 0 0 0 1 1 T Sh 

Limnephilus stigma  

Curtis, 1834 0 0 0 1 1 T Sh 

Holocentropus dubius 

(Rambur, 1842) 1 0 0 0 1 P Sh/P 

Brachycentrus subnubilus 

Curtis, 1834 0 0 0 1 1 T Sh/Sc 

(F) = female, (M) = male. F = free-living, N = net spinning, P = purse-case building, S = saddle-case 

building, T = tube-case building. C = collectors, P = predators, Sc = scrapers, Sh = shredders.  
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9 Appendix 2  

Number of genera, species, female, and male specimens based 
on Trichoptera families. Kaltisjokk 1974. 

Family 
No of 

genera 
No of 

species 
No of 

females 
No of 
males 

Nesting Feeding 

Brachycentridae 2 2 8 8 T C 

Glossosomatidae 2 2 14 0 S Sc 

Goeridae 1 1 304 20 T Sc 

Hydropsychidae 2 5 7 435 705 N C/P 

Hydroptilidae 3 8 834 579 P Sh/P 

Lepidostomatidae 1 1 785 37 T Sh 

Leptoceridae 3 5 234 120 T Sh/Sc 

Limnephilidae 12 25 448 488 T Sh 

Molannidae 1 1 0 10 T Sc 

Philopotamidae 2 2 12 426 18 050 N C 

Phryganeidae 2 2 1 2 T Sh 

Polycentropodidae 4 6 894 1 639 N P 

Psychomyiidae 1 1 10 48 N C 

Rhyacophilidae 1 3 13 684 11 051 F P 

Sericostomatidae 1 1 19 14 T Unknown 

F = free-living, N = net spinning, P = purse-case building, S = saddle-case building, T = tube-case 

building. C = collectors, P = predators, Sc = scrapers, Sh = shredders. 
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10 Appendix 3 

Proportion of Trichoptera females flying upstream. CI above 0.5 
was significantly upstream. See also Figure 5. Kaltisjokk 1974. 

Species Abbreviation 
Prop 
(adj)  

Lower CI Upper CI 
Sig? 
95% 

Preference 

Rhyacophila fasciata RHYA FAS 0.2875 0.0000 0.6307 NO none 

Hydroptila simulans HYDI SIM 0.3303 0.0203 0.6404 NO none 

Limnephilus rhombicus LIMN RHO 0.3651 0.0000 0.7765 NO none 

Oxyethira tristella OXYE TRI 0.3651 0.0000 0.7765 NO none 

Phryganea bipunctata PHRY BIP 0.3651 0.0000 0.7765 NO none 

Oxyethira frici OXYE FRI 0.4203 0.3401 0.4965 YES Downstream 

Micrasema gelidum MICM GEL 0.4539 0.1575 0.7502 NO none 

Ithytrichia lamellaris ITHY LAM 0.4761 0.3248 0.6274 NO none 

Chaetopteryx sahlbergi CHAE SAH 0.5000 0.1876 0.8124 NO none 

Hydatophylax infumatus HYDA INF 0.5000 0.1876 0.8124 NO none 

Limnephilus borealis LIMN BOR 0.5000 0.0945 0.9055 NO none 

Potamophylax nigricornis POTA NIG 0.5000 0.0945 0.9055 NO none 

Sericostoma personatum SERI PER 0.5219 0.3170 0.7267 NO none 

Silo pallipes SILO PAL 0.5227 0.4669 0.5792 NO none 

Mystacides azurea MYST AZU 0.5461 0.2498 0.8425 NO none 

Polycentropus irroratus POLY IRR 0.5654 0.4483 0.6825 NO none 

Lype phaeopa LYPE PHA 0.5722 0.3116 0.8329 NO none 

Hydroptila tineoides HYDI TIN 0.5731 0.5269 0.6207 YES Upstream 

Halesus tesselatus HALE TES 0.5740 0.4497 0.6982 NO none 

Halesus digitatus HALE DIG 0.5932 0.5348 0.6544 YES Upstream 

Oxyethira mirabilis OXYE MIR 0.6016 0.2957 0.9075 NO none 

Hydroptila forcipata HYDI FOR 0.6039 0.5387 0.6731 YES Upstream 

Potamophylax latipennis POTA LAT 0.6063 0.4883 0.7243 NO none 

Potamophylax cingulatus POTA CIN 0.6221 0.4656 0.7787 NO none 

Wormaldia subnigra WORM SUB 0.6289 0.5156 0.7422 YES Upstream 

Agapetus ochripes AGAP OCH 0.6349 0.2235 1.0000 NO none 

Brachycentrus subnubilus BRAC SUB 0.6349 0.2235 1.0000 NO none 

Brachypsyche sibirica BRAC SIB 0.6349 0.2235 1.0000 NO none 

Ceraclea nigronervosa CERC NIG 0.6349 0.2235 1.0000 NO none 

Hydropsyche contubernalis HYDE CON 0.6349 0.2235 1.0000 NO none 

Limnephilus externus LIMN EXT 0.6349 0.2235 1.0000 NO none 

Limnephilus fuscicornis LIMN FUS 0.6349 0.2235 1.0000 NO none 

Limnephilus nigriceps LIMN NIG 0.6349 0.2235 1.0000 NO none 

Limnephilus stigma LIMN STI 0.6349 0.2235 1.0000 NO none 

Rhyacophila obliterata RHYA OBL 0.6349 0.2235 1.0000 NO none 

Polycentropus flavomaculatus POLY FLA 0.6426 0.6061 0.6808 YES Upstream 

Ceratopsyche nevae CERE NEV 0.6445 0.3923 0.8967 NO none 

Athripsodes commutatus ATHR COM 0.6669 0.5870 0.7578 YES Upstream 

Plectrocnemia conspersa PLEC CON 0.6762 0.5932 0.7721 YES Upstream 

Neureclipsis bimaculata NEUR BIM 0.6942 0.6029 0.7855 YES Upstream 

Glossosoma intermedium GLOS INT 0.7078 0.4906 0.9250 NO none 

Halesus radiatus HALE RAD 0.7125 0.3693 1.0000 NO none 

Ceraclea annulicornis CERC ANN 0.7146 0.6355 0.8101 YES Upstream 

Hydropsyche saxonica HYDE SAX 0.7158 0.7040 0.7278 YES Upstream 

Ceraclea dissimilis CERC DIS 0.7726 0.5433 1.0000 YES Upstream 

Philopotamus montanus PHIL MON 0.8024 0.7955 0.8095 YES Upstream 



 39 

Apatania stigmatella APAT STI 0.8266 0.6458 1.0000 YES Upstream 

Hydropsyche siltalai HYDE SIT 0.8291 0.8127 0.8468 YES Upstream 

Rhyacophila nubila RHYA NUB 0.8924 0.8874 0.8977 YES Upstream 

Lepidostoma hirtum LEPI HIR 0.8987 0.8797 0.9216 YES Upstream 

Ceratopsyche silfvenii CERE SIL 0.9080 0.7840 1.0000 YES Upstream 
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11 Appendix 4 

Sex differences in upstream flight of Trichoptera with ln (odds 
ratio) with CI95%. If CI was above 0 females had stronger upstream 
flight. If it is below 0 males had a stronger upstream flight. See 
also Figure 3. Kaltisjokk 1974. 

Species Abbreviation Odds (M) Odds (F) LN(OR) 
Lower CI 
LN(OR) 

Upper CI 
LN(OR) 

Sig? 
95% 

Micrasema gelidum MICM GEL 17.0000 0.7500 -3.1209 -6.2968 0.0550 NO 

Rhyacophila fasciata RHYA FAS 3.0000 0.2000 -2.7081 -6.2626 0.8465 NO 

Halesus tesselatus HALE TES 3.4667 1.3750 -0.9247 -1.7035 -0.1460 YES 

Oxyethira mirabilis OXYE MIR 4.0000 2.0000 -0.6931 -3.4650 2.0787 NO 

Neureclipsis bimaculata NEUR BIM 4.0000 2.3571 -0.5288 -2.7643 1.7066 NO 

Ithytrichia lamellaris ITHY LAM 1.4138 0.9000 -0.4516 -1.2464 0.3431 NO 

Potamophylax cingulatus POTA CIN 2.1250 1.7500 -0.1942 -1.2938 0.9055 NO 

Hydatophylax infumatus HYDA INF 1.0833 1.0000 -0.0800 -1.8624 1.7023 NO 

Plectrocnemia conspersa PLEC CON 2.2955 2.1515 -0.0648 -0.6087 0.4792 NO 

Limnephilus nigriceps LIMN NIG 3.0000 3.0000 0.0000 -4.5264 4.5264 NO 

Limnephilus borealis LIMN BOR 1.0000 1.0000 0.0000 -3.3948 3.3948 NO 

Hydroptila simulans HYDI SIM 0.3333 0.3333 0.0000 -3.6958 3.6958 NO 

Polycentropus irroratus POLY IRR 1.1757 1.3214 0.1169 -0.4637 0.6975 NO 

Halesus digitatus HALE DIG 1.2037 1.4667 0.1976 -0.2403 0.6355 NO 

Wormaldia subnigra WORM SUB 1.4307 1.7500 0.2014 -0.3239 0.7268 NO 

Potamophylax latipennis POTA LAT 1.2727 1.5833 0.2184 -0.7223 1.1590 NO 

Oxyethira frici OXYE FRI 0.5476 0.7191 0.2724 -0.3290 0.8738 NO 

Mystacides azurea MYST AZU 1.0000 1.3333 0.2877 -2.8626 3.4379 NO 

Sericostoma personatum SERI PER 0.7500 1.1111 0.3930 -0.9967 1.7828 NO 

Chaetopteryx sahlbergi CHAE SAH 0.6667 1.0000 0.4055 -1.4993 2.3102 NO 

Rhyacophila nubila RHYA NUB 5.2100 8.3068 0.4665 0.3922 0.5408 YES 

Rhyacophila obliterata RHYA OBL 1.7273 3.0000 0.5521 -2.6731 3.7773 NO 

Polycentropus flavomaculatus POLY FLA 1.0076 1.8044 0.5827 0.3874 0.7780 YES 

Philopotamus montanus PHIL MON 2.0979 4.0635 0.6611 0.6066 0.7156 YES 

Hydroptila tineoides HYDI TIN 0.6881 1.3462 0.6710 0.3822 0.9599 YES 

Athripsodes commutatus ATHR COM 1.0385 2.0526 0.6814 0.0178 1.3450 YES 

Ceraclea dissimilis CERC DIS 4.0000 8.0000 0.6931 -2.3274 3.7137 NO 

Halesus radiatus HALE RAD 2.3333 5.0000 0.7621 -2.4689 3.9931 NO 

Hydroptila forcipata HYDI FOR 0.6842 1.5375 0.8096 0.3145 1.3048 YES 

Lepidostoma hirtum LEPI HIR 3.6250 9.0641 0.9165 0.0996 1.7334 YES 

Ceraclea annulicornis CERC ANN 0.9333 2.6071 1.0272 0.3527 1.7018 YES 

Hydropsyche saxonica HYDE SAX 0.8896 2.5200 1.0412 0.8683 1.2141 YES 

Potamophylax nigricornis POTA NIG 0.3333 1.0000 1.0986 -2.8214 5.0186 NO 

Silo pallipes SILO PAL 0.3333 1.0966 1.1908 0.1539 2.2276 YES 

Lype phaeopa LYPE PHA 0.4545 1.5000 1.1939 -0.2108 2.5986 NO 

Apatania stigmatella APAT STI 2.7778 12.0000 1.4633 -0.7144 3.6409 NO 

Hydropsyche siltalai HYDE SIT 0.9206 4.8742 1.6667 1.2901 2.0432 YES 

Ceratopsyche nevae CERE NEV 0.2000 2.1429 2.3716 -0.9193 5.6624 NO 

Ceraclea nigronervosa CERC NIG 0.2000 3.0000 2.7081 -1.7038 7.1199 NO 

 

 


