
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Biotic interactions enhance survival and fitness in the caddisfly Micropterna
sequax (Trichoptera: Limnephilidae)

Westveer, J.J.; Verdonschot, P.F.M.; Verdonschot, R.C.M.
DOI
10.1007/s10750-017-3493-8
Publication date
2018
Document Version
Final published version
Published in
Hydrobiologia
License
CC BY

Link to publication

Citation for published version (APA):
Westveer, J. J., Verdonschot, P. F. M., & Verdonschot, R. C. M. (2018). Biotic interactions
enhance survival and fitness in the caddisfly Micropterna sequax (Trichoptera:
Limnephilidae). Hydrobiologia, 818(1), 31-41. https://doi.org/10.1007/s10750-017-3493-8

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://doi.org/10.1007/s10750-017-3493-8
https://dare.uva.nl/personal/pure/en/publications/biotic-interactions-enhance-survival-and-fitness-in-the-caddisfly-micropterna-sequax-trichoptera-limnephilidae(26ceb429-5fd7-427e-b2de-84b7927a6793).html
https://doi.org/10.1007/s10750-017-3493-8


PRIMARY RESEARCH PAPER

Biotic interactions enhance survival and fitness
in the caddisfly Micropterna sequax (Trichoptera:
Limnephilidae)

Judith J. Westveer . Piet F. M. Verdonschot . Ralf C. M. Verdonschot

Received: 3 March 2017 / Revised: 5 December 2017 / Accepted: 23 December 2017 / Published online: 13 January 2018

� The Author(s) 2018. This article is an open access publication

Abstract Patches of coarse particulate organic mat-

ter in lowland streams are inhabited by many different

macroinvertebrate species, yet knowledge of interac-

tions among the members of these assemblages is

scarce. In a mesocosm experiment we aimed to

determine the effect of interspecific interactions on

species survival and fitness of two caddisfly species. It

was hypothesized that, as a result of positive interac-

tions, mixed species populations would yield higher

survival and fitness than single species populations.

Larvae of two caddisfly species, Micropterna sequax

and Potamophylax rotundipennis, were reared in

single species and mixed species populations. Emer-

gence rate was recorded and adult fitness was

measured in terms of wingspan and biomass. We

found that in mixed populations, emergence rate, wing

length and biomass of M. sequax were higher than in

single species populations. P. rotundipennis was only

significantly, yet negatively, affected in terms of

biomass of the male individuals. This study showed

that occurring together with other species holds

advantages for M. sequax, and emphasizes the impor-

tance of species diversity in streams. Furthermore, the

observed positive effects on survival and fecundity

might influence population sizes of the interacting

species, in turn affecting macroinvertebrate-mediated

ecosystem processes such as leaf litter decomposition.

Keywords Macroinvertebrates � Interspecific
facilitation � Niche complementarity � Ecosystem
functioning � Biodiversity

Introduction

High-flow-induced within-stream habitat fragmenta-

tion results in isolated patches of preferred substrate

for many macroinvertebrate species (Tolkamp, 1980;

Lake, 2000; Jähnig et al., 2009; Schröder et al., 2013).

In lowland streams these patches consist of coarse

particulate organic material (leaves, leaf fragments,

twigs) embedded in a matrix of sand, and are an

important resource in terms of, amongst others, food

and shelter (Egglishaw, 1964; Lancaster & Hildrew,

1993). As consumers of leaf material aggregated in

these patches, shredders play an important role in the

decomposition process (Anderson et al., 1978; Mal-

mqvist & Oberle, 1995; Mermillod-Blondin et al.,

2002). With many different species inhabiting these
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patches, intra- and interspecific interactions are

expected to be frequent. Nonetheless, knowledge on

biotic interactions among macroinvertebrates per-

forming the same functional role is scarce.

Biotic interactions can be positive (mutualism and

commensalism; Milbrink, 1993; Tokeshi, 1993) and/

or negative (competition, parasitism, amensalism;

Burkholder, 1952; Connel, 1983; Didham et al.,

1996) for one or both species. The positive effect of

an interaction, also known as facilitation, is seen as a

key mechanism in which species diversity positively

affects ecosystem processes and functioning (Mulder

et al., 2001; Stachowicz & Byrnes, 2006; Bulleri et al.,

2016). A study by Cardinale et al. (2002) showed that

multiple species from the same functional feeding

guild (aquatic suspension-feeders) enhanced each

other’s feeding success by decelerating the flow from

upstream to downstream neighbours. This example

shows that it is well possible that changes in species

assemblages alter the likelihood of positive species

interactions. While Cardinale et al.’s study is valuable

for a better understanding of biotic interactions and

resource partitioning, it remains unknown how biotic

interactions affect species survival and development,

and with that the long-term effect on future

populations.

Species belonging to the same functional guild

within a community could hypothetically become

functionally redundant, with several species occupy-

ing the same ecological niche and consequently

competing for resources (Walker, 1992; Duffy et al.,

2001; Dolédec & Bonada, 2013). However, studies

across terrestrial, marine and freshwater ecosystems

suggest that species within the same functional guild

often have niches that do not overlap, causing

functional complementarity instead of redundancy

(Fargione et al., 2007; Rudolf et al., 2014; Kelly et al.,

2016). Functional or niche complementarity results in

greater resource uptake efficiency and faster ecosys-

tem process rates (Loreau, 2000; Loreau & Hector,

2001; Fox, 2005; Leibold et al., 2016). Considering

the organic patches as rather isolated streambed

microhabitats, inhabited by a set of species with

similar feeding strategies, it is probable that these

species have adapted to cope with frequent biotic

interactions, and may even benefit from them. In other

words, the high organic patch species diversity

observed in lowland streams might be the result of

niche complementarity.

In this study we investigated the effects of

interspecific interactions in leaf-shredding caddisfly

(Trichoptera) larvae. Caddisflies were selected as

model organisms because of their abundance and

species richness in lowland streams (Giller &

Malmqvist, 1998), and their vital role as shredders

within the macroinvertebrate community involved in

decomposition of leaf litter (Malmqvist & Oberle,

1995). Micropterna sequax McLachlan, 1875 and

Potamophylax rotundipennis (Brauer, 1857) belong to

the shredder functional feeding guild and are charac-

teristic of and abundant in northwestern European

low-gradient streams with a streambed dominated by

sand and patches of organic material. Both species

belong to the family Limnephilidae, subfamily Lim-

nephilinae. Studying two almost taxonomically and

functionally similar species will stress the importance

of biotic interactions when differences are found.

Biologically,M. sequax differs from P. rotundipen-

nis in terms of a longer period of emergence and a

larger wing span (Higler, 2008; Graf et al., 2015).

Ecologically, M. sequax displays more sedentary

behaviour when positioned at its preferred substratum

than P. rotundipennis, which is more ubiquitous

(Verdonschot et al., 2012). It is known that both

species occur on similar habitat patches spatially and

temporally, but differ slightly in their preferred

microhabitat within the patch (Westveer et al.,

2017). This behaviour could be a consequence of

interspecific interaction, which caused us to use these

two species for this experiment.

We tested the effects of their interaction on adult

fitness correlates related to emergence, growth and

fecundity, by studying single species and mixed

populations in leaf patches differing in the degree of

patchiness. In a mesocosm experiment we tested: (1) if

habitat isolation increases interspecific interactions

among species, and (2) how these interactions affected

emergence and fitness in the individual species. We

hypothesized that mixed species populations yielded a

higher emergence rate and fitness as a result of

adaptations to living in dense multi-species aggrega-

tions and that this effect was more evident under

increased interaction pressure resulting from patch

isolation.
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Materials and methods

Collection of specimens

The fifth-instar larvae were hand-collected from

natural streams in the first half of March. P.

rotundipennis was collected at Rode Beek near

Roermond, whileM. sequaxwas collected at Seelbeek

near Heveadorp, the Netherlands. While both species

have similar distribution patterns throughout the

Netherlands, each species occurred in largest abun-

dance at different locations within the watershed. This

provided the opportunity to efficiently collect many

individuals from the same instar at the same time. All

individuals were acclimatized before being released in

the mesocosms. Fifth-instar larvae were used because

the larvae spend the largest part of developmental time

in this life stage (Hickin, 1967). Resources are

acquired during this stage for the remainder of their

lifespan (Boggs, 2009; Jannot, 2009). Adults may take

up some additional food after emergence but individ-

uals will not continue their growth and nutrients

required for adult body parts (e.g. wings, abdomen,

eggs and sperm) must derive from feeding during

larval stage (Boggs, 1981).

Stream mesocosm setup

Tests were carried out between March and November

2015. In the experiment we used six indoor stream

mesocosms, each consisting of four artificial recircu-

lating channels. Each channel was divided into two

compartments, from now on referred to as ‘experi-

mental units’ (Fig. 1A). Each experimental unit con-

tained 20 individuals of either Micropterna sequax or

Potamophylax rotundipennis (single species popula-

tion) or ten individuals of both species (mixed species

population). This setup allowed us to incorporate both

species, while population pressure was kept similar

across all experimental units. Larvae were similar

sized (fifth instar, n = 28), with a mean head width of

1.737 mm for M. sequax and 1.834 mm for P.

rotundipennis.

Each experimental unit contained a 5-cm-thick

stream bottom consisting of sand (grain size 1–3 mm)

and patches of leaves (abscised oak; Quercus robur).

Water depth was 10 cm. Leaf patches were offered in

three different spatial arrangements, differing in the

number of patches and individual patch size (Fig. 1B).

Total patch size and biomass of leaves were kept

constant in all experimental units. Per unit 10 g of leaf

material was distributed equally across all leaf

patches. To keep patch configuration intact during

the experiment and especially to prevent mixing of the

substrates, PVC slots were placed between the patches

of sand and leaves. To prevent downstream transport

of the leaves by the current, patches were covered by a

1 9 2.2 cm mesh (Fig. 1C). Each unit was covered

with a perspex plate to prevent the escape of emerged

caddisflies.

With three population composition types and three

spatial leaf patch configurations, this resulted in nine

different treatments. Each treatment was replicated

five times and randomly distributed across 45 exper-

imental units.

Current velocity was kept constant at 10 cm/s in all

units and fell within the preferred flow preference

range described for both species (Dolédec et al., 2007;

de Brouwer et al., 2017). The water inside the units

was constantly aerated and recirculated from a 600-L

reservoir and consisted of preconditioned water (pre-

conditioning time was 2 weeks, water consisted of a

mixture of 550 L of tap water and 50 L of filtered

water from a nearby stream). Light regime followed

natural seasonal conditions. Water temperature was

kept constant at 12 �C, air temperature at 16 �C.
To prevent food availability to become a limiting

factor, 5 g of extra leaf material was added per unit

halfway through the experiment. This resource addi-

tion mimics a natural situation in which Q. robur

leaves, a very slow decomposing litter type (Swift

et al., 1979), are occasionally distributed across the

stream bottom in forested areas throughout the year

(Minshall, 1967). Furthermore, additional food in the

form of one cube (2 g) of frozen Tubifex oligochaetes

(Dutch Select Food Tubifex; crude protein 6.2%,

crude fat 2.6%, crude fibre 0.6%, ash 0.5%) was

supplied every 2 weeks in each compartment to

prevent cannibalism or predation in species which

supplement their diet with (dead) invertebrates (Wis-

singer et al., 2004). These extra food sources were

added to ensure that all potential components of the

caddisflies diet were available and, therefore, would

not limit survival and growth during the experiment.
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Data collection and statistical analyses

After emergence, adults were collected within 48 h

and frozen at - 18 �C until further processing.

Number of emerged males and females (sex ratio)

was identified and counted (Malicky, 2004). Left

forewing length was measured using a microscope

with an eyepiece micrometre to the nearest 0.1 mm.

To determine adult abdomen dry mass, the caddisflies

were dried to a constant weight at 60 �C for 48 h and

weighted on a microbalance to the nearest 0.0001 g

(minimum measured weight = 0.0020 g). Wing span

and biomass were used as fitness correlates because of

their effect on, respectively, dispersal capacity (Hoff-

sten, 2004) and fecundity (Honěk, 1993).

Results regarding fitness do not include drowned,

nor deformed individuals (Table 1). Drowned indi-

viduals were regarded as dead, while deformed

individuals were regarded as alive and counted for

emergence rate, yet their deformities were so severe

that it potentially compromised their reproductive

success. Therefore, these individuals were disregarded

in the fitness analysis. Since male and female caddis-

flies differ in wing span and body weight, they were

analysed separately.

The number of emerged individuals per experi-

mental unit was expressed as ratios, where 1 equals

emergence of 20 individuals in the single species

populations and 10 individuals in the mixed species

populations. All individuals were considered

Fig. 1 A Outline of a mesocosm with four stream channels.

Each channel was divided into two compartments with mesh

(1 9 1 mm) to keep water flowing (direction of arrow) but

prevent exchange between compartments. Six identical stream

mesocosms were used, with a total of 48 compartments/exper-

imental units. B Top-down view of three different patch

configurations. One configuration per experimental unit, with

increasing patch isolation and subsequent biotic interaction

frequency potential. I = low-frequency interaction, II = inter-

mediate-frequency interaction, III = high-frequency interac-

tion. C Side view of bottom substrate of the experimental

compartments

Table 1 Overview of species’ overall development time and emergence rate

Species Adult emergence Development time (days)

Total Drowned Deformed Male:female Mean Min–max

M. sequax 310 (68.9%) 1 (0.3%) 20 (6.4%) 1:1.7 111.3 55–221

P. rotundipennis 415 (92.2%) 41 (9.9%) 37 (8.9%) 1:0.63 131.7 63–195

Percentage of total emerged adults is calculated by number of fully developed adults that were found in the experimental units

divided by 450 individuals that were introduced into the experiment as larvae (Corbet, 1964). Percentages of drowned and deformed

adults are calculated by dividing the observed number of drowned/deformed adults by the amount of emerged adults. It is unknown

what caused drowning or the development of deformations
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pseudoreplicates within their experimental unit.

Therefore, mean values and standard deviations for

emergence rate and fitness correlates were calculated

per experimental unit (n = 5) and subsequently tested

for mesocosm effects (mesocosm number as indepen-

dent factor). No significant effects of mesocosm were

found (Independent t test, n = 6, P = 0.715 (M.

sequax), P = 0.116 (P. rotundipennis)). All data were

tested for normal distribution (Shapiro–Wilk). All

normally distributed data were analysed with one-way

ANOVAs to test for the effect of population type

(single or mixed species) on fitness, and two-way

ANOVAs with spatial configuration (I, II, III) and

population type as fixed factors, followed by Tukey’s

HSD post hoc procedures. Non-normal data were

analysed using Kruskal–Wallis non-parametric ANO-

VAs. Statistical tests were conducted in IBM SPSS

Statistics (version 22.0/IBM Corp, Armonk, NY,

USA).

Results

The emergence rate of the species differed, with a

higher emergence rate in P. rotundipennis in compar-

ison toM. sequax. The mean development time (post-

winter larval development till emerged adult) of M.

sequax was shorter than that of P. rotundipennis

(respectively, 111.3 and 131.7 days). However, vari-

ation in development time was larger in M. sequax,

with individuals emerging over a period of 166 days

(Table 1). Treatments with mixed species populations

had interspecific interaction potential throughout the

vast majority (87%) of the experiment. On average,

both species were present together in the experimental

unit for 146.2 days before emergence, after which an

average of 18.7 days remained with only one species

in the unit. Thus, in the final stages of the experiment

some mixed population units had low interaction

potential; however, this stage was spent while pupat-

ing and, therefore, no biotic interactions would have

been expected.

Effects of patch configuration on biotic

interactions

All responses, in terms of emergence rate, effects of

biotic interactions and of spatial configuration,

appeared to be species specific. M. sequax showed a

higher emergence rate in mixed populations in all

spatial configurations (Fig. 2A, two-way ANOVA

F(1, 2) = 12.05, P = 0.002). Additionally,M. sequax

showed a significant decrease in emergence rate in the

habitat with a high patch isolation (F(1, 2) = 9.087,

P = 0.001). However, a two-way ANOVA showed

that combining both factors (interaction population

type and spatial configuration) did not cause an

additional effect (F(2, 24) = 0.707, P = 0.503), indi-

cating M. sequax did not respond differently to patch

configuration when reared with P. rotundipennis. This

means that patch configuration influences emergence,

but the uniform direction of change from single to

Fig. 2 Boxplots of the emergence rates of A M. sequax and

B P. rotundipennis with median, 25–75th percentiles in box,

10–90th percentiles as error bars and dots indicating outliers, in

single and mixed populations across three spatial configurations

range from low patch isolation and low interaction potential

(I) to high patch isolation and high interaction potential (III).

Different letters indicate significant differences between groups.

(Two-way ANOVA, Tukey post hoc test P\ 0.05)
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mixed populations indicate the effect of an interspeci-

fic interaction.

Potamophylax rotundipennis was unaffected by

both biotic interactions with M. sequax (two-way

ANOVA: F(1, 2) = 0.136, P = 0.716) and spatial

configuration (F(1, 2) = 0.181, P = 0.835) in terms

of survival rate (Fig. 2B). This species showed overall

high emergence rates, regardless of the population in

which the larvae developed or the level of patch

isolation and subsequent interaction frequency poten-

tial. Once more, no interaction effect was found

between the two independent factors (F(2,

24) = 1.630, P = 0.217).

Due to the non-significant interaction effect of

spatial configuration and population type, all spatial

configurations were pooled and data were grouped into

either single species population or mixed species

population for analysis of biotic interaction effects on

emergence and fitness rates.

Effects of biotic interactions on survival and fitness

In M. sequax more individuals emerged from the

experimental units with a mixed species population

((Fig. 3A; independent samples t test, t(28) = - 2.78,

P = 0.010). Potamophylax rotundipennis showed

overall high emergence rates, while no significant

difference was found between single species- and

mixed populations (independent samples t test,

t(28) = - 0.3, P = 0.731) (Fig. 3B).

M. sequax females developed larger forewings in

mixed populations (F(1, 182) = 14.4, P\ 0.001) and

had higher abdomen dry weights (Kruskal–Wallis

X2(1) = 20.28, P = 0.000, Fig. 4, panel A and B).

Similar results were found for M. sequax males

(Fig. 4, panel C and D) with larger forewings (F(1,

103) = 25.5, P\ 0.001) and abdomen dry weight

(F(1, 103 = 34.5, P\ 0.001).

Potamophylax rotundipennis females did not show

any significant responses to biotic interactions during

developmental stages in terms of wing length (F(1,

135) = 1.01, P = 0.3) and abdomen dry weight (F(1,

135) = 1.43, P = 0.2) (Fig. 5, panels A and B).

Potamophylax rotundipennis males showed no signif-

icant response for wing length (F(1, 197) = 3.15,

P = 0.078), but did show significantly lower abdomen

weight (Kruskal–Wallis X2(1) = 11.4, P = 0.001) in

the mixed populations (Fig. 5, panels C and D).

Discussion

Effects of patch configuration on biotic

interactions

Patch configuration did not affect the outcome of the

biotic interactions among M. sequax and P.

rotundipennis. A positive effect of occurring in mixed

populations in the leaf patches was observed in each of

the three spatial configurations offered to the larvae.

The observed negative effects on M. sequax in the

least patchy most isolated configuration where com-

parable in both single and mixed populations, and

might be related to the species’ microhabitat prefer-

ence and/or behaviour: being an inhabitant of the edge

of organic substrate patches (organic–sand interface)

and displaying relatively sedentary behaviour, this

configuration might have been less suitable for this

species (Higler, 1975; Schmera, 2002; Urbanič et al.,

2005, Verdonschot et al. 2012), resulting in a

decreased emergence rate regardless of interspecific

interaction occurrence.

Positive effects of biotic interactions

Our study showed that M. sequax performed better in

the presence of P. rotundipennis in the leaf patches

Fig. 3 Boxplots of the emergence rates of single and mixedM.

sequax and P. rotundipennis populations with median, 25–75th

percentiles in box, 10–90th percentiles as error bars and dots

indicating outliers (independent t tests P\ 0.05). Asterisk

indicates significant difference
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than in the presence of conspecifics. On the contrary,

P. rotundipennis did not appear to be affected by the

presence of M. sequax in a different way than the

presence of its conspecifics. Differences in the fitness

of M. sequax arising from these altered biotic inter-

actions included a larger wingspan and a higher

abdomen biomass. With wing size being an important

determinant for dispersal capacity in caddisflies

(Hoffsten, 2004), and abdomen biomass being directly

correlated to adult fecundity (Honěk, 1993), it is well

possible that in our mixed species populations the

fitness of M.sequax was increased by the presence of

P. rotundipennis.

Our experimental setup allowed us to unravel the

influence of increased inter- and intraspecific interac-

tions. By limiting the number of favourable habitat

patches (patch figuration III, Fig. 1B) we increased the

number of potential encounters between individuals.

This was done for single species populations and

mixed species populations. The results show that M.

sequax has a lower emergence rate and fitness with

increased number of interactions, but has a signifi-

cantly higher emergence rate when this interaction is

interspecific instead of intraspecific. However, a future

experimental treatment which includes a lower density

of conspecifics and no additional individuals of other

species to differentiate positive effects from reduced

negative effects would be valuable to elucidate this

effect even more.

One of the mechanisms through which one of these

species might enhance the other’s realized niche could

be their foraging strategy. It is possible that both

species prefer different food particle size ranges, in

this case leaf fragments colonized by microorganisms.

Fig. 4 Boxplots of the fitness correlates of M. sequax in single

species and mixed populations. A Forewing length (mm) of

females, B abdomen dry mass (mg) of females (n = 113 for

single species population, n = 71 for mixed population),

C forewing length (mm) of males, D abdomen dry mass (mg)

of males (n = 73 for single species population, n = 32 for

mixed species population) with median, 25–75th percentiles in

box, 10–90th percentiles as error bars and dots indicating

outliers. Asterisk indicates significant differences (Tukey post

hoc tests P\ 0.05)
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This concept has also been described as ‘selective

feeding’ by Cummins & Klug (1979). Selective

feeding is defined as the ingestion of only certain

particles from a range of those that are equally

available to the feeding insect. This feeding strategy

involves no mechanical interference and, therefore,

excludes some of the materials that need a morpho-

logical–behavioural specialization of the insect (Cum-

mins, 1973). Thus, insects do not have to invest in

specialized ways to make food available for ingestion,

but selectively feed on appropriate food particles due

to food partitioning with a similar species. In this case,

P. rotundipennis potentially cuts leaf fragments into

its preferred particle size, after which M. sequax

forages on the smaller sized remains.

An alternative explanation could be that M. sequax

feeds on the faeces of P. rotundipennis. A study by

Milbrink (1993) showed a mutualistic interaction in

freshwater oligochaete communities, where two

species of oligochaetes feed on the bacteria that

colonize each other’s faecal pallets. Even though both

species appear to be very similar in their functional

traits (Higler, 2005; Graf et al., 2015) they showed

species-specific responses. It is known that M. sequax

is a specialized species when it comes to substrate

preference (Rumbos et al., 2010) but unfortunately

there is no literature on preferred food particle size.

It has been hypothesized that a shift in feeding

ecology from omnivorous shredding to epilithic

grazing, and corresponding mandible adaptations to

do so, has caused the diversification within the

Limnephilidae (Pauls et al., 2008; Waringer et al.,

2013). Within this family, evolutionary adaptations

have led to spoon-shaped mandibles, toothed mand-

ible edges and mandibles lacking any type of serration.

Both M. sequax and P. rotundipennis have mandibles

with teeth which they use for shredding as well as

grazing, yet there can be subtle differences in the

morphology of the mandibles that lead to a difference

in food processing. Future research on food preference

and mandible morphology could elucidate this issue.

Neutral and negative effects of biotic interactions

The presence ofM. sequax did not affect the measured

fitness correlates in P. rotundipennis females and the

wing length in P. rotundipennismales. In line with this

finding, Cardinale et al. (2002) showed that one out of

Fig. 5 Boxplots of the

fitness correlates of P.

rotundipennis in single

species and mixed

populations. A Forewing

length (mm) of females,

B abdomen dry mass (mg) of

females (n = 101 for single

species population, n = 37

for mixed species

population), C forewing

length (mm) of males,

D abdomen dry mass (mg)

of males (n = 135 for single

species population, n = 64

for mixed species

population). Asterisk

indicates significant

differences (Tukey post hoc

tests P\ 0.05)
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three species of suspension feeding Trichoptera did

not show significant differences in resource uptake in a

mixed population, while the other two species did.

This demonstrates the one-way facilitating direction,

termed ‘commensalism’, that an interspecific interac-

tion can have (Connell, 1983). It has been found that

Chironomidae often display commensalistic interac-

tions to increase their feeding opportunity, mobility,

protection from disturbance and reduce predation risk

(Tokeshi, 1993; Callisto et al., 2006), but this entails

interactions with other orders of aquatic invertebrates.

Within-class commensalism has not been found or

described for many aquatic invertebrates, yet could

have a large explanatory value when it comes to niche

expansion and range shifts (Bulleri et al., 2016).

A negative effect of being reared in mixed popu-

lations was found for the abdomen biomass of P.

rotundipennis males. Biotic interactions in which one

species benefits at the expense of the other are referred

to as antagonistic interactions. Negative effects on

fitness correlates could be explained with develop-

mental trade-offs arising under specific conditions

(Stevens et al., 1999, 2000). For example, while larvae

develop into pupae, strategic allocation of resources

could favour wing span, and thereby dispersal capac-

ity, over fecundity. However, the lower abdomen

biomass did not cause an increased wing span for the

males of P. rotundipennis, it merely developed equal

wing lengths compared to individuals from the single

species population. Allocating resources at the

expense of fecundity could also be a response to the

difference in intraspecific population density. In the

mixed species populations both species were present

with 10 individuals, while in the single species

populations 20 individuals of one of the species was

present. Lower sperm competition risk in populations

with fewer females of their own species (Gage, 1995;

McNamara et al., 2010) could lead to a decreased

investment of resources in fecundity. Without mea-

suring the precise allocation of energy, we cannot

conclude that a developmental trade-off is apparent in

this case, neither is it clear why only P. rotundipennis

males were affected.

Conclusion

In our study we demonstrated that biotic interactions

take place between caddisfly species inhabiting

patches of coarse organic material, resulting in

positive effects on M. sequax and neutral to negative

effects on fitness correlates in P. rotundipennis.

Whether these reflect synergistic interactions, or

simply a reduction of negative intraspecific interac-

tions at lowered population densities of M. sequax

cannot be determined. Changes in fitness of individual

members of macroinvertebrate assemblages resulting

from interspecific interactions could affect future

population sizes and species distributions, and with

that are an important determinant of stream macroin-

vertebrate community composition. By linking the

enhanced survival and fitness of members of the

community to the ecosystem processes performed by

these species, the presence of positive interactions is

likely to influence ecosystem processes. In this case,

decomposition rates in patches of organic material, an

essential process in temperate lowland streams. We

show that biotic interactions have an impact on

population level and thereby, when viewed at a larger

scale, might influence stream ecosystem functioning.

It is likely that biotic interactions comparable to those

we observed occur in lowland stream ecosystemsmore

generally. Gaining a greater understanding of the

extent of such interactions should be a theme in future

research.
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