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The role of chemical communication among competitors in streams
is virtually unknown, especially in tropical streams. In this study, we experi-
mentally examined the ability of four tropical invertebrate shredders (Aniso-
centropus kirramus Neboiss 1980, Lectrides varians Mosely 1953, Triplec-
tides gonetalus Moser & Neboiss 1982 and Atalophlebia sp.) to detect and
respond to chemical cues from competitors of the same species (conspe-
cifics) or other species (heterospecifics — the other three species plus the
crayfish Cherax cairnsensis Riek 1969). Behavioural trials indicated a short-
term response (a reduction in activity) to the addition of conspecific chem-
ical cues but not to those of heterospecifics, including the crayfish. Litter
breakdown experiments showed no mid-term effects of chemical cues from
conspecifics or heterospecifics on breakdown rates. Our results indicate that
chemical communication among tropical stream shredders is weak, suggest-
ing that hydrodynamic cues and physical contact may be primary mecha-
nisms mediating competitive interactions among these organisms.

KEY WORDS: chemical cues, biotic interactions, competition, leaf litter
breakdown, shredders, tropical streams.

INTRODUCTION

Stream communities have been traditionally seen as shaped by envi-
ronmental forces, while biotic interactions have been considered second-
ary and have thus received little attention (MCAULIFFE 1984). Processes
that facilitate biotic interactions (e.g. behavioural strategies and responses)
remain largely unknown or poorly understood in streams (KOHLER 1992). As
visual and auditory senses often prove less effective in aquatic environments,
chemical communication usually plays an important role in the recognition
of predators, alarm signals, food, conspecifics and migration (BRONMARK &
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HANssoN 2000, BUurks & LopGE 2002, PoLLocK & CHIVERS 2004). Respons-
es of aquatic invertebrates to chemical cues from other organisms include
changes in foraging behaviour and movement (KUHARA et al. 2000, McIN-
TOSH et al. 2004), altered life history traits (PECKARSKY et al. 2001, 2002) and
altered drift behaviour (McINTOSH et al. 1999).

The majority of research on chemical communication in streams
has investigated predator/prey interactions (e.g. SHORT & HoLomuzK1 1992,
TURNER et al. 2000, PECKARSKY et al. 2002, Miyasaka et al. 2003, McINTOSH
et al. 2004), while research on the role of chemical cues in competitive inter-
and intra-specific interactions is scarce. It has been suggested that most
chemical cues operating in freshwaters occur between species rather than
among individuals of the same species (BURKS & LoDpGE 2002). Evidence
exists of recognition of conspecific alarm cues among freshwater biota, but
these cues are usually related to predation risk rather than competition
(e.g. SCRIMGEOUR et al. 1994, HURYN & CHIVERS 1999, McCARTHY & FISHER
2000). Furthermore, the majority of research on competitive interactions
has focused on grazers or collectors (e.g. MCAULIFFE 1984, HEMPHILL 1988,
KoHLER 1992, HARDING 1997, KUHARA et al. 2000, CrRoss & BENKE 2002),
while studies on detritus-based food webs are scarce. Interactions between
and within species operating in detritus-based systems may well be different
from those operating in other systems due to differences in the type and use
of resources, as occurs for predator-prey interactions (BoYERO et al. 2008).

In headwater forest streams, where riparian vegetation is dense and
primary production limited, leaf litter and woody debris are the basis of the
food web (PEARSON & ToBIN 1989). Detritivores (particularly shredders) play
a key role in the energy and nutrient transfer in such streams in the temper-
ate zones (GRAGA 2001). While some studies suggest that shredders are scarce
in tropical streams (e.g. DOBSON et al. 2002), they are common in streams of
the Australian wet tropics (CHESHIRE et al. 2005) — they can be locally very
dense (e.g., many individuals of more than one species per leaf (unpubl. data)
and show strong intraspecific interactions (BoYERO & PEARSON 2006). These
streams therefore offer an ideal opportunity to examine the role of chemical
communication on species interactions and its consequences on ecosystem
functioning in detritus-based tropical systems. Moreover, studies on tropical
streams are particularly desirable because most of our knowledge of stream
macroinvertebrate ecology comes from temperate studies (BoYERO et al. 2009).

The objectives of this study were to determine: (1) if shredder species
are able to detect and respond behaviourally to chemical cues from conspe-
cifics and heterospecifics (other shredders); and (2) if detection and response
to these chemical cues has an effect on their rates of leaf breakdown.

METHODS

Shredder species and study area

We collected experimental animals at Birthday Creek (18°59’S, 146°10'E) and
Camp Creek (also called Little Birthday Creek; 18°58’S, 146°10’E), within the Palu-
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ma Range National Park, north-eastern Queensland, Australia. The streams are third
order, upland rainforest streams (~ 800 m a.s.l.) and display seasonal flow and tem-
perature regimes, like other streams in the region (PEARSON et al. 1986).

We investigated interactions among the four most common shredder species
in these streams: Anisocentropus kirramus Neboiss 1980 (Trichoptera Calamocera-
tidae), Lectrides varians Mosely 1953, Triplectides gonetalus Morse & Neboiss 1982
(Trichoptera Leptoceridae), and Atalophlebia sp. (Ephemeroptera Leptophlebiidae). A
previous study showed the existence of intraspecific competitive interactions in these
species, with increased densities of individuals causing a decrease in individual leaf
breakdown rates (BoYERO & PEARSON 2006). In addition, these shredders were found
to reduce their activity in response to chemical cues from predatory fish (BoYERO et
al. 2008). In this study, we examined the response of these species to the presence
of chemical cues from individuals of the same species or from any of the other three
shredder species. Additionally, we examined the effect of the presence of chemical
cues from the crayfish Cherax cairnsensis Riek 1969 (Parastacidae), which is another
important shredder and also a potential predator of insect shredders in these streams
(CHESHIRE et al. 2005, BOYERO et al. 2006).

We collected approximately 150 individuals (late instars) of each species from
litter patches in pools and riffles during the late wet season (March-April, 2005) when
stream flow was low and water temperature ranged between 18 and 20 °C. Individuals
were placed in containers with stream water and leaf litter and, once in the labora-
tory, they were acclimated for a few days in containers filled with commercial spring
water and fed with Apodytes brachystylis Mueller 1875 (Icacinaceae) leaves collected
from the riparian zone of Birthday and Camp Creeks.

Behavioural experiment

We placed each experimental individual in a plastic container (25 x 11 cm)
filled with 200 ml of commercial spring water and allowed it to acclimate for 5 min.
Then we observed the individual for 3 min and measured the time (in seconds) that
the animal was active — crawling, swimming (only mayflies) or moving its legs. We
then added 5 ml of water with chemical cues (see below) and immediately quantified
the activity of the individual for another 3 min. We subjected 10 individuals of each
species to each of 6 treatments (chemical cues from A. kirramus, L. varians, T. goneta-
lus, Atalophlebia sp, crayfish; and controls — water only, with no chemical cues), so
60 individuals of each species were tested in total.

To obtain the chemical cues, we kept 20-30 individuals of each insect shredder
species (or 1 crayfish) in a container with commercial spring water and leaves of A. bra-
chystylis. Control containers had leaves but no animals. If animals pupated or died they
were removed immediately from the containers. Temperature was maintained at 20 °C
and a 12:12 hr light-dark photoperiod was simulated to reflect natural conditions.

The addition of water with chemical cues may introduce some disturbance due
to visual or hydrodynamic cues, causing a reduction in activity. However, no animals
were detached from the substrate during this process, and the controls underwent the
same level of disturbance.

Leaf breakdown experiment

We placed each experimental individual in a plastic container filled with 150 ml
of commercial spring water and one leaf of A. brachystylis, previously air-dried and
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weighed. Once a day, we added 5 ml of water with chemical cues from A. kirramus,
L. varians, T. gonetalus, Atalophlebia sp., crayfish, or without chemical cues (controls),
obtained as described above. After 7 days, leaves and animals were oven-dried for
48 hr and weighed to the nearest mg. The total number of replicates per species per
treatment was 4-10, depending on availability of animals (with a total of 283 animals
tested: 72 A. kirramus, 78 L. varians, 69 T. gonetalus and 64 Atalophlebia sp.).

Statistical analysis

For the behavioural experiment, we analyzed the activity of individuals, mea-
sured as the time (in seconds) the animal was active. We compared activity before
and after the addition of chemical cues, among species, and between treatments and
controls. We considered 3 treatments: conspecifics (chemical cues from individuals
of the same species); heterospecifics (chemical cues from individuals of the other 3
insect species); and crayfish (chemical cues from individuals of C. cairnsensis). We
performed three 3-way ANOVAs, followed by post-hoc Tukey tests, each comparing
one of the three treatments with controls.

For the leaf breakdown experiment, we analyzed the leaf mass loss (LML) (ini-
tial minus final leaf mass, in mg) per mg of shredder. We examined variation of LML
per mg of shredder (log-transformed) among species and between treatment and con-
trols, as above, by 2-way ANOVAs, followed by post-hoc Tukey tests.

RESULTS

Activity was always higher before than after the addition of water with
chemical cues (without cues in the case of controls), although this reduction
in activity varied among species (Table 1), being higher in T. gonetalus and
A. kirramus and lower in the other two species (Fig. 1). Differences among
species were also significant (Table 1), with activity highest in L. varians, fol-
lowed by A. kirramus and T. gonetalus (which were not significantly different
from each other), being Atalophlebia sp. the least active species (Fig. 1). The
reduction in activity after the addition of chemical cues from conspecifics
was higher than the reduction in activity after adding water in controls, but
the reduction in activity after adding chemical cues from heterospecifics or
crayfish did not differ from controls (Table 1, Fig. 1).

Leaf mass loss (LML) per mg of shredder varied among species (Table
2), being highest in L. varians followed by A. kirramus, T. gonetalus, and Ata-
lophlebia sp. (Fig. 2). There were no differences in LML per mg of shredder
between controls and treatments in any case (Table 2).

DISCUSSION

Our results show that insect shredders are able to detect chemical cues
from conspecifics and respond to them by immediately reducing their activ-
ity. Moreover, Fig. 1 suggests that this difference is greater in the most active
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Table 1.

Results of ANOVA on the variation in activity of shredders (time in seconds that the animal

is crawling, swimming or moving its legs) before/after the addition of chemical cues (B/A);

between controls and treatment (addition of chemical cues from conspecifics, heterospecif-

ics, or crayfish); and among species (Anisocentropus kirramus, Lectrides varians, Triplectides
gonetalus and Atalophlebia sp.).

df SS F P

Controls/Conspecifics
B/A 1 32376.1 17.53 <0.0001
Treatment 1 8732.0 4.73 0.0313
Sp. 3 150634.8 27.19 <0.0001
B/A x Treatment 1 2016.4 1.09 0.2978
B/A x Sp. 3 15528.1 2.80 0.0420
Treatment x Sp. 3 6942.2 1.25 0.2928
B/A x Treatment x Sp. 3 1503.6 0.27 0.8459
Error 144 265902.6

Controls/Heterospecifics
B/A 1 30702.3 16.38 <0.0001
Treatment 1 4195.2 2.24 0.1357
Sp. 3 231150.8 41.11 <0.0001
B/A x Treatment 1 100.6 0.05 0.8170
B/A x Sp. 3 12609.5 2.24 0.0834
Treatment x Sp. 3 3178.0 0.57 0.6383
B/A x Treatment x Sp. 3 1988.9 0.35 0.7865
Error 144 566019.5

Controls/Crayfish
B/A 1 30277.5 13.64 0.0003
Treatment 1 1045.5 0.47 0.4937
Sp. 3 155436.8 23.33 <0.0001
B/A x Treatment 1 1519.1 0.68 0.4095
B/A x Sp. 3 3033.3 0.46 0.7139
Treatment x Sp. 3 2892.7 0.43 0.7288
B/A x Treatment x Sp. 3 7474.1 1.12 0.3423
Error 144 319744.5

species A. kirramus and L. varians (BOYERO et al. 2006a), which supports
JonssoN & MaLmavisT’s (2003) finding of stronger intraspecific competition
in more active shredder species in temperate streams.

This reduction in activity was, however, not reflected in the rates of
shredding, which were similar in the presence or absence of chemical cues
from conspecifics over a 1-week experiment. A previous study showed that
leaf breakdown rates per capita in the four species studied here decreased
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Fig. 1. — Activity of shredders: difference in time (seconds + SE) the animal is moving in a

3-min period before and after the addition of water with chemical cues from conspecifics,
heterospecifics (other insect shredder species) or crayfish; in controls, only water was added.

exponentially when other individuals of the same species were present
(BOYERO & PEARSON 2006). The combined results of both experiments sug-
gest that, although shredders are able to detect conspecifics chemically, their
shredding efficiency is not affected unless there are visual interactions or,
more likely, tactile encounters. Interference competition by physical encoun-
ters has previously been reported among species of collectors and grazers
(McAULIFFE 1984, HEMPHILL 1988), and it is likely to occur in A. kirramus
and L. varians, individuals of which have been observed to interact with
each other in the laboratory, even feeding on each other’s cases despite being
provided with leaves, and many individuals of both species have frequently
been observed in the field feeding on a single leaf (BoYERO & PEARSON 2006).

Another explanation for the absence of a medium-term effect of con-
specific chemical cues on leaf breakdown rates is that individuals get used
to the presence of chemical cues linked to the physical absence of conspecif-
ics, and any immediate effect of these cues in animal activity is diluted over
the time of the experiment. Although there is evidence of a learned respon-
siveness of aquatic macroinvertebrates to chemical stimuli from predators
(CHIVERS et al. 1996), a learned responsiveness to chemical cues from con-
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Table 2.

Variation in leaf mass loss per mg of shredder between controls and treatment (addition of
chemical cues from conspecifics, heterospecifics, or crayfish) and among species (Anisocen-
tropus kirramus, Lectrides varians, Triplectides gonetalus and Atalophlebia sp.).

df SS F P

Controls/Conspecifics
Treatment 1 0.01 0.24 0.6258
Sp. 3 6.34 52.99 <0.0001
Treatment x Sp. 3 0.06 0.53 0.6671
Error 62 2.47

Controls/Heterospecifics
Treatment 1 <0.01 0.26 0.6113
Sp. 3 9.31 51.01 <0.0001
Treatment x Sp. 3 0.15 0.81 0.4919
Error 62 9.18

Controls/Crayfish
Treatment 1 0.06 1.41 0.2395
Sp. 3 6.57 54.00 <0.0001
Treatment x Sp. 3 0.11 0.90 0.4440
Error 62 2.92

specifics has not been described, other than the response to alarm cues from
injured conspecifics (e.g. PuaNowsKkA & KOwALCZEWSKI 1997).

In contrast to the immediate reaction to chemical cues from conspecif-
ics, shredders did not seem to detect or respond to cues from other shredder
species, even from the crayfish Cherax cairnsensis, which is also considered
a potential predator (CHESHIRE et al. 2005). Benthic crustaceans, including
crayfish, have been reported in several studies as senders of chemical cues
(BUrRks & LoDpGE 2002). In our experiment, chemical cues of C. cairnsensis
elicited no response from insect shredders, and thus it was not chemically
recognized as a competitor or as a predator. This contrasts with previous
results with the predatory fish Melanotaenia splendida (Peters 1866), which
induced a dramatic reduction in the activity of the same shredder species
(BoYERO et al. 2008). Although experimental conditions could have affect-
ed the nature or concentration of crayfish chemicals (e.g. because of a diet
restricted to leaves or reduced mobility), our results suggest that C. cairnsen-
sis does not predate on shredders. This could be due to the protective case of
these shredders (see BOYERO et al. 2006b), especially 7. gonetalus, whose case
is a hollow stick up to 10 times greater than its body size (pers. obs.). A. kir-
ramus makes its case from two leaf pieces, usually cut from a tough and non-
palatable species that might be also avoided by the crayfish. The case of L.
varians, in contrast, is made of soft leaves, and individuals are smaller than
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Fig. 2. — Leaf mass loss (LML) per mg of shredder in a 1-week experiment where chemi-

cal cues from conspecifics, heterospecifics (other insect shredder species) or crayfish were
added daily. In controls, only water was added.

those of the other species, which makes it more likely to be preyed upon by
the crayfish. L. varians was the only species that tended to reduce its activity
with crayfish chemical cues compared to controls (Fig. 1), and this reduction
was significant if this species was analyzed separately (results not shown).

Some caution is needed in translating laboratory results (particularly
involving single chemicals) to natural conditions (KoHLER 1992). Concentration
of chemical cues in experiments is likely to be higher than those existing in the
field, except perhaps under very low flow conditions, when densities of animals
may be high and habitat availability low (HEARNDEN & PEARSON 1991). Under
natural conditions, complex mixes of diverse chemical cues with patchy distribu-
tions arise due to varied physical environments, stimuli, biota and spatial and
temporal flow dynamics (BRONNMARK & HANSsON 2000). However, shredders are
found mostly in pools, which may represent a less complex habitat compared
with riffles, where concentrations and movement of chemicals are diluted and
diverted by water flow and substrate structure (Burks & LODGE 2002).

This preliminary study suggests that it would be useful to explore fur-
ther the possible medium- to long-term effects of chemical cues, using a lon-
ger experiment with a range of concentrations and different frequencies of
introduction of cues.
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