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Abstract: Aim: The aquatic larvae of the Phylloicus (Trichoptera: Calamoceratidae) caddisflies are
typical shredders. However, the trophic classification of Phylloicus has been based on the morphology
and behaviour of the larvae. The aim of this study was to investigate the diet of caddisfly larvae
Phylloicus in streams. Methods: In order to provide a more reliable classification of Phylloicus diet,
we analyzed the stomach contents of 185 larvae collected, sampled with D-frame entomological net
from 18 streams located in the tropical forests of western Pard, Brazil. We compared the stomach
contents between the larval stages, seasons (dry and rainy), and substrates (i.e., sand, leaf litter, roots,
clay and mixed substrates). Results: We identified the stomach contents as fine particulate organic
matter (FPOM), coarse particulate organic matter (CPOM) and plant tissue. The diet of the Phylloicus
larvae was composed basically of FPOM, independent of the larval stage (90,4%), was a higher
consumption of FPOM in the dry season and there were no significant differences in food resource
between substrates. Conclusions: These findings indicate that the classification of Phylloicus as a
shredder may in fact be based on the processing of leaves for the building of larval cases, rather than
the diet, which is in fact detritivorous, enjoying the availability of FPOM in the streams. The great
quantity of FPOM consumed by caddisfly larvae Phylloicus highlight the importance of this food
resource for macroinvertebrate communities from tropical streams. Therefore, regional studies of
feeding habits are needed for accurate classification trophic of Phylloicus.

Keywords: aquatic insects; tropical streams; trophic ecology; substrates.

Resumo: Objetivo: Phylloicus (Trichoptera: Calamoceratidae) ¢ um género de inseto aqudtico cujas
larvas sao consideradas fragmentadoras tipicas. Porém, a classificacio tréfica de Phylloicus tem sido
baseada na morfologia e comportamento das larvas. O objetivo deste estudo foi investigar a dieta de
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larvas de Phylloicus em riachos. Métodos: Assim, para estabelecer a correta dieta alimentar de Phylloicus
analisamos o contetdo estomacal de 185 larvas coletadas, amostradas com rede entomoldgica D em
18 riachos de floresta tropical no Oeste do Pard, Brasil. Comparamos o contetido estomacal entre
os estddios larvais, periodos sazonais (seco e chuvoso) e substratos (e.g. areia, folhico, raiz, substrato
misto). Resultados: Identificamos os contetidos estomacais como matéria organica particulada fina
(MOPF), matéria organica particulada grossa (MOPG) e tecido vegetal. Independentemente do estidio
larval, a dieta de Phylloicus foi composta basicamente MOPF (90,4%), houve maior consumo de
MOPF no periodo seco e nao houve diferengas significativas no consumo de recursos alimentares entre
substratos. Conclusées: Esses resultados indicam que a classificagio de Phylloicus como fragmentador
deve ser associada somente 4 quebra de folhas para a construcio de abrigos e nio a sua dieta, que ¢
detritivora, aproveitando a disponibilidade de MOPF nos riachos. A grande quantidade de FPOM
consumida por larvas de Phylloicus destaca a importancia desse recurso alimentar para comunidades
de macroinvertebrados de riachos tropicais. Portanto, estudos regionais de hdbitos alimentares sao

necessdrios para uma classificacdo precisa tréfica de Phylloicus.

Palavras-chave: insetos aqudticos; riachos tropicais; ecologia tréfica; substratos.

1. Introduction

Aquatic macroinvertebrates can be classified in
five basic Functional Feeding Groups (FFGs) (i.c.,
shredders, grazers (scrapers), collectors, filterers,
and predators) based on the substrate occupied,
morphological adaptations, and feeding behavior
(Cummins, 2016). Shredders have mouthparts
adapted for the cutting and grinding of large
particles of organic material, such as leaves that fall
into streams from the riparian vegetation (Cushing
& Allan, 2001; Cobo, 2005). As they feed, aquatic
macroinvertebrates shredders reduce the coarse
particulate organic matter (CPOM) into increasingly
smaller fragments (fine particulate organic matter,
FPOM), enabling the transfer of nutrients and
energy to other components of the trophic web
(Allan & Castillo, 2007; Boyero etal., 2011). In turn,
these insects also constitute prey for fish and other
vertebrates, and are thus considered to be a key group
in the ecological processes that sustain the ecosystem
functioning of lower order streams (Merritt &
Cummins, 1996; Merritt et al., 2008).

The classification of FFGs provides an important
research tool that has been used widely and refined
progressively over the past 50 years (Cummins,
2016), permitting the evaluation of environments
through the relative proportions of the different
FFGs, which also provide important insights
into habitat quality (e.g., Couceiro et al., 2011).
Despite its analytical value, the classification of
FFGs should be treated with caution when applied
to the assessment of habitat quality or the trophic
structure of ecosystems in tropical regions, in order
to avoid biased interpretations. This is because
a number of studies have shown that the diet of
macroinvertebrates may vary also with life instar
(Malas & Wallace, 1977; Casas, 1996; Merritt et al.,
2014), and would thus not belong to a single FFG

Acta Limnologica Brasiliensia, 2020, vol. 32, e13

(Tomanova et al., 2006; Silveira-Manzotti et al.,
2016; Tierno de Figueroa et al., 2019). In most
cases, this would result in a considerable reduction
in the number of typical shredders found in
tropical streams (Buss et al., 2002; Biasi et al.,
2013; Mesa et al., 2013; Gongalves Junior et al.,
2014; Graga et al., 2015; Ferreira et al., 2015;
Aguiar et al., 2018). This omnivorous behavior
reflects the trophic flexibility of these taxa, with
the composition of the diet being adjusted to the
availability of food resource (Dudgeon, 2000;
Tamaris-Turizo etal., 2020). In other words, a given
taxon may be assigned to different FFGs, depending
on the sampling period (Camacho et al., 2009),
because in some parts of the tropics, there is stronger
scasonal variation in rainfall and subsequent runoff,
which transports leaf litter and debris from riparian
areas to streams (Allan & Castillo, 2007).

Given this, it may be difficult to apply the FFG
approach reliably in many tropical streams, where
few data are available on the functional composition
of the macroinvertebrate community (Boyero et al.,
2009). The approach has been used successfully
for some taxa, where stable isotope analysis has
recently proved to be a useful tool for determining
the importance of food resources for consumers,
architecture and dynamics of food networks in
streams (Neres-Lima et al., 2016; Parreira de
Castro et al., 2016), although not all related species
(congeners in tropical and temperate areas) share the
same diet (Cheshire et al., 2005; Tomanova et al.,
2006; Chara-Serna et al., 2012; Ferreira et al., 2015).
This has led to an expansion of research on the trophic
classification of macroinvertebrates in tropical areas
(e.g., Cummins et al., 2005; Tomanova et al., 2007;
Principe etal., 2010; Uwadiae, 2010; Figueroa et al.,
2011), although a regional approach must also be
developed (Ferreira et al., 2015).
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In this context, we investigated the diet of
caddisfly larvae Phylloicus Miiller, 1880 (Trichoptera:
Calamoceratidae) in some streams of central
Amazonia. This genus of aquatic insects is widely
distributed in the streams of South America, and its
larvae are considered to be typical leaf shredders, using
leaves not only for their nutrients, but also as the raw
material for the construction of their cases (Wantzen
& Wagner, 2006). However, research suggest that
Phylloicus larvae have shown plasticity in their dietary
behavior (Ferreira et al., 2015; Tamaris-Turizo et al.,
2020). Therefore, the present study considered the
developmental instar of the larvae, the season (dry or
rainy), and the relationship between the larvae and
the substrate for the evaluation of dietary patterns
contributing to the dataset on their trophic ecology
and feeding behavior in tropical streams.

2. Material and Methods
2.1. Study area

The present study was conducted in 18 streams
in western Pard (Brazil), streams are first and
second order watercourses located within terra
firme (unflooded) forest, distributed equally
(9 in each case) in two areas— (i) the Alter do
Chio Environmental Protection Area (EPA), and

A

(ii) the Tapajés National Forest (Figure 1). The Alter
do Chiao EPA is located in the municipalities
of Santarém and Belterra, and covers a total
area of ~16 thousand hectares, limited to the north
and west by the right margin of the Tapajés River,
to the south by the Aramanai EPA and Jurutui
stream, and to the west by the Mojui dos Campos
land concession (Carvalho Junior et al., 2008;
Vasconcelos et al., 2008). The Tapajés National
Forest (549 thousand hectares) includes parts of
the municipalities of Belterra, Aveiro, Placas, and
Rurépolis. This protected area is limited to the south
by the Cupari River, to the west by the Tapajds
River, to the east by the BR-163 federal highway
and to the north, by a latitudinal parallel that links
km 50 of the BR-163 highway to the Tapajés River
(Santarém-Cuiabd) (Silva, 2009; ICMBio, 2019).
This area is dominated by dense tropical rainforest
(Figure 1).

The region’s climate is of the Ami type in
the Képpen classification, with mean annual
temperatures of between 25 °C and 26 °C,
relative humidity of over 80% throughout the

year, and mean annual precipitation of
approximately 2000 mm (Silva et al., 2012).
The dry season (monthly precipitation of less
than 60 mm) lasts four months.
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Figure 1. Location of the study streams in which the Phylloicus populations were surveyed in western Pard, Brazil.
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2.2. Sampling

Data were collected during the dry season
(July-September) of 2013, and the subsequent rainy
season, in April and May 2014. A 50-meter transect
was demarcated in each stream, with five collecting
points distributed at 50-m intervals. At each point,
a D-frame entomological net (30 cm wide, 500 pm
mesh) was dragged three times across the bottom
over a distance of one meter, from the center of the
stream to the margin, to sample different substrates,
such as sand, roots, submerged leaf litter, clay
and mixed substrates. All samples were preserved
individually, and taken to the laboratory in plastic
bags filled with 96% ethanol.

2.3. Abiotic variables

Abiotic variables were measured at the first, third,
and fifth sampling points in each stream transect.
The current speed (m.s") was measured by the floater
method, which consists of timing the displacement
of a floating object over a known distance. Stream
width and depth were measured using a surveyor’s
tape or meter ruler. The main discharge (m®.s?)
was obtained from the formula: discharge = stream
depth x stream width x current speed. Water
temperature and dissolved oxygen were measured
using a portable Oakton DO 110 oximeter, while
the pH and electrical conductivity were measured
buy a portable Oakton pH/con 10 m waterproof
potentiometer-conductivity meter.

The opening of the canopy above each stream
was estimated from photographs taken with a
Canon Lens digital camera. The photographs
were taken with the camera facing skywards at
approximately 70 cm above the surface of the water.
In the laboratory, the photographs were converted
into black-and-white using the /imiar function in
Adobe Photoshop CS4. The percentage canopy
opening was estimated from the number of white
pixels in each photograph.

2.4. Processing and analysis of the stomach contents

In the laboratory, the samples were processed
using a stereoscopic microscope, Petri dishes, and
entomological tweezers. The Phylloicus larvae were
counted for each stream and substrate, and then
stored for the analysis of the stomach contents.
The stomach contents were extracted from each
specimen using entomological tweezers and pins,
and analyzed under an optical microscope using
the transparency method (Tomanova et al., 2006).
The proportion of each item in the stomach contents
was estimated based on the relative area occupied
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by the particles at 10 points chosen randomly
on cach slide (Zeiss Stemi 2000, magnification
of 100 x or 400 x). The proportion of each item
observed at the 10 points was calculated and divided
by 100. Five categories of food items — modified
from Tomanova et al. (2006) — were used (codes
within parentheses): fine debris < 1 mm (FPOM),
plant tissue < 1 mm (veg), coarse debris > 1 mm
(CPOM), algae (alg) and invertebrates (inv).

2.5. Data analysis

2.5.1. Determination of the larval instar of
Phylloicus

The width of the cephalic capsule (the distance
between the two most external points) was measured
to determine the larval instar (Ferreira et al., 2015).
The larval instars were defined by compiling a
table of width intervals for the measurements
of the cephalic capsules of the Phylloicus larvae.
The validity of the instars determined from the
distribution of these intervals was tested using a
one-way Analysis of Variance (ANOVA), with a
post hoc Tukey’s test. Overall, cephalic capsule
measures and stomach contents were obtained
for 185 Phylloicus larvae, including 95 during the
dry season and 90 during the rainy season.

2.5.2. Variation of stomach contents between
instars and between substrates

To assess difference in the composition in diet
of Phylloicus between the larval instars (proportion
of each item in each size instar) and difference in
diet between substrates, we conducted a one-way

ANOVA, followed by a post-hoc Tukey’s test.

2.5.3. Variation of abiotic variables, food resource

and Phylloicus larvae

To determine whether the abiotic variables, as
well as the quantities of FPOM, CPOM and leaf
mactter in the stomach contents was significantly
different between seasons, were applied a paired
t-test.

Pearson correlation coefficients were used to
evaluate the relationships between the abiotic
variables and the abundance of Phylloicus larvae.

All the analyses were run in STATISTICA (v. 10.0).

3. Results
3.1. Abiotic variables

The study streams had low pH (4.83) and
electrical conductivity (17.42 pS.cm™) and moderate
concentrations of dissolved oxygen (5 mg. L). Only
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three (stream depth, width, and current speed) of the
eight abiotic variables analyzed varied significantly
between seasons, and all returned higher values
during the rainy season. (Table 1).

3.2. Phylloicus and stomach contents

The cephalic capsules of the Phylloicus
larvae varied in width from 0.25 to 2.63 mm
(mean 0.96 mm + 0.42). The larvae were distributed in
five larval instars (ANOVAFM’ 150=379.85,p< 0.01),
with 53 larvae in instar I (0.25-0.73 mm), 86 in instar
11 (0.74-1.22 mm), 39 in instar III (1.23-1.71 mm),
five in instar IV (1.72-2.20 mm), and two in instar
V (22.21 mm).

The FPOM was the predominant item in the
stomach contents of the Phylloicus larvae irrespective
of the larval instar, but no significant variation was
found (F(4, o = 128, p = 0.28). Even if only the
fraction of plant tissue is included in the analysis,
no significant variation was found among the
different larval instars (Fy g = 115, p = 0.33).
The CPOM was found in the stomach contents of
only four specimens (2% of the larvae). However,
the quantity of CPOM varied significantly among
the different larval instars (F , | '=6.37, p <0.01;
Figure 2), being significantly more abundant in
the final instar, albeit with reduced abundance.
Based on these findings, Phylloicus was classified as

Table 1. Comparison of the abiotic variables recorded between the dry (07-09/2013) and rainy (04-05/2014) seasons.

e . Season Statistic

Abiotic variables Dry Rainy t b of
pH 4.81+0.40 4.86 £0.35 -1.41 0.17 17
Water temperature (°C) 25.61+1.13 25.74 £ 0.97 -0.85 0.40 17
Electrical conductivity (uS.cm™)  17.66 + 4.81 17.19+4.73 1.49 0.15 17
Dissolved Oxygen (mg.L") 4.75+1.44 5.26 + 1.06 1.32 0.1 17
Current speed (m.s™) 0.20+0.12 0.33+£0.09 -3.84 0.01* 17
Depth (m) 0.26 £0.13 1.99 £ 1.01 -7.56 <0.01* 17
Width (m) 1.77£1.34 0.25+0.20 5.16 <0.01* 17
Discharge (m® .s™") 0.12+£0.21 0.22 £0.39 -1.22 0.23 17
Canopy opening (%) 9.77 + 2.57 9.70 +2.23 0.09 0.92 17

The asterisks (*) indicate significant differences (p < 0.05) for analyses of paired t-test; t-test (t); p-value (p); degrees

of freedom (df).
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Figure 2. Variation in the proportion of fine particulate organic matter (FPOM) (a), plant tissue (b) and coarse
particulate organic matter (CPOM) (c) ingested by the different larval instars of Phylloicus collected from forest

streams in western Pard, Brazil.
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a detritivore, even though it is classified as a typical
shredder in the current literature.

The abundance of Phylloicus was related
significantly to the sites with low current speeds and
lower concentrations of dissolved oxygen (Table 2),
as found in the calm backwaters of the streams, where
larger quantities of leaf litter tend to accumulate.
Despite the greater abundance of Phylloicus in this
type of environment, the ingestion of FPOM varied
little among substrates (F, . = 1.98, p = 0.09;
Figure 3). The ingestion of plant tissue was also
similar among the different substrates, including

those with no leaf litter (F(z,, 50 = 201, p= 0.09).
There was also little variation among substrates in the
consumption of CPOM (F, = 1.58, p = 0.18).
Significantly larger quantities of FPOM were ingested
during the dry season in comparison with the rainy
season (t = 4.95, p= < 0.01, df = 183), although no
significant seasonal variation was observed in the
ingestion of CPOM (t = 0.95, p = 0.34, df = 183).
However, the ingestion of plant tissue, which is
a component of the CPOM, was significantly
higher during the rainy season (t=-5.11, p < 0.01,
df = 183).

Table 2. Pearson correlations between the abiotic variables and the abundance of Phylloicus larvae in the streams in

western Pard, Brazil.

Abiotic variables Seasons
Dry Rainy
pH r=0.01 p=0.96 =-0.14 p=0.58
Water temperature (°C) r=-0.11 p= 0.67 r=-0.22 p= 0.37
Electrical conductivity (uS.cm™) r=-0.00 p=0.99 r=0.23 p=0.35
Dissolved Oxygen (mg.L™) r=0.17 p=0.49 r=-0.61 p=0.01*
Current speed (m.s™) r=-0.58 p=0.01* r=0.03 p=0.90
Depth (m) r=-0.14 p= 0.57 r=-0.19 p= 0.44
Width (m) r=-0.30 p= 0.22 r=-0.36 p=0.13
Discharge (m?® .s") =-0.40 p= 0.09 =-0.31 p=0.21
Canopy opening (%) r=0.27 p=0.27 r=0.31 p=0.19

The asterisks (*) indicate significant differences (p < 0.05); r= Pearson correlation coefficient.

115 ra T ]
S e | } ]
oR [ E ]
O~ g85¢ . [] E ]
70 C . . .
mixed leaf litter sand root clay
Substrates
g 25fp ' ' ' '
€% 10Ff = E
e : ¢ }
gl : : : :
mixed leaf litter sand root clay
Substrates
_c ] ! j -
s __10°F [ ]
S8 o5f - [} } E ]
&} § 1
-2.0 s . ;
mixed leaf litter sand root clay
Substrates

Figure 3. Variation among substrates in the proportion of fine particulate organic matter (FPOM) (a), plant tissue
(b) and coarse particulate organic matter (CPOM) (c) found in the stomach contents of the Phylloicus larvae collected
from forest streams in western Para, Brazil.
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4. Discussion

The classification of Phylloicus as a shredder is
based on the morphology of the mouthparts and the
behavior of the larvae of this genus. Phylloicuslarvae
cut pieces of leaves with their masticatory apparatus
to build their cases (Merritt & Cummins, 1996;
Merritt et al., 2008). The association of these larvae
with banks of leaf litter is probably advantageous
in terms of protection from predators by providing
camouflage and cover, but does not necessarily
imply the consumption of CPOM. In this case, the
shredding behavior of these larvae would represent
a behavioral (predator avoidance) strategy, rather
than a feeding adaptation (Cerezer et al., 2016).

A number of studies have shown that the
composition of the diet of aquatic invertebrates
varies among the different larval instars (Casas,
1996; Merritt et al., 2014). In the present study,
FPOM was the predominant item in the stomach
contents of the Phylloicus specimens, irrespective
of the larval instar, which is consistent with the
findings of Ferreira et al. (2015). Ecosystems such
as streams receive the input of large quantities of
particulate organic matter from the erosion of the
margins. The vegetation that falls into tropical
streams is decomposed into fine detritus very
rapidly (Mathuriau & Chauvet, 2002; Gongalves
Junior et al., 2012), and continuously throughout
the year. In this case, the presence of FPOM (detritus)
in the stomach contents of the Phylloicus larvae
may be related primarily to the availability of this
material in the habitat (Henriques-Oliveira et al.,
2003; Chari-Serna et al., 2012). This reinforces
the importance of this food resource in tropical
freshwater ecosystems (Palmer et al., 1993; Motta
& Uieda., 2004; Ceneviva-Bastos & Casatti, 2014;
Silveira-Manzotti et al., 2016), related to microbial
activity, which accelerates decomposition, increasing
the nutritional quality of this detritus for these
invertebrates (Robinson et al., 1998; Graga, 2001).

Abiotic factors, such as the type of substrate or
current speed influence the distribution of aquatic
insects (Fidelis et al., 2008) and the exploitation of
food resource (Ferreira et al., 2015). These abiotic
characteristics may thus be considered predictors of
the foraging behavior of aquatic macroinvertebrates.
Tomanova et al. (20006), for example, suggested that
the feeding behavior of typical shredders may shift
to detritivore (collector behavior) as current speeds
increase, leading to a growth in the decomposition
of the leaf litter, caused by the rise in the physical
abrasion of the leaves, leading to their mechanical

fragmentation (Abelho, 2001), which probably

Acta Limnologica Brasiliensia, 2020, vol. 32, e13

imposes energetic restrictions for the harvesting of
CPOM, and an increase in the availability of fine
detritus.

In the present study, the abundance of
Phylloicus was related significantly to areas with
the lower current speeds and lower dissolved
oxygen concentrations that characterize backwater
environments. This provides indirect evidence that
the preference for FPOM is not influenced by any
increase in current speed, but rather to other factors,
such as the reduced nutritional quality of the leaves
(Boyero et al., 2011) and their rigidity, which may
influence the exploitation of CPOM more than the
abiotic variables measured in the study.

The type of substrate has also been used as
a predictor of the abundance and diversity of
macroinvertebrates (Minshall, 1984). Fidelis et al.
(2008) confirmed that many taxa were more
abundant in given types of substrate than others, a
pattern related to the characteristics of the substrate
and the type of feeding resource it contains. In the
present study, however, the Phylloicus larvae ingested
similar amounts of FPOM in practically all the
substrates. In this case, the preference of the larvae
for a given substrate may be more closely related to
the availability of materials for building their cases,
given that the large banks of leaf litter found in first
order streams are appropriate for the development
of Phylloicus larvae (Landeiro et al., 2010).

The FPOM was ingested in significantly larger
quantities during the dry season in comparison
with the rainy season, although the ingestion of
CPOM did not increase during the rainy season.
This may reflect the difficulties faced by the larvae
for the acquisition of nutrients during a period
when the environment is less stable, with the rains
lead to an increase in stream depth and width, and
current speeds, all of which result in the removal
of food resource (Silva et al., 2009). While the
ingestion of CPOM was low in both seasons, the
ingestion of leaf tissue increased during the rainy
season, which may be related to an increase in the
input of allochthonous resources, such as fragments
of plants, which are transferred to the streams by
the rain (Allan & Castillo, 2007; Uieda & Motta,
2007; Carvalho & Uieda, 2009; Lisboa et al.,
2015). This increase in plant material implies thata
greater diversity of plant species becomes available,
increasing the probability that palatable items will
be encountered (Lima & Gongalves, 2015), with
their exploitation by the larvae accelerating the
decomposition of the material into fine detritus, as
mentioned above.
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Analyzes of stomach contents and stable isotopes
in a number of tropical streams have shown that,
despite the presence of dense riparian forest and
the large amounts of organic material derived
from the forest, the resident invertebrates satisfy
most of their energetic requirements through
the exploitation of autochthonous resources
(Brito etal., 2006; Lau et al., 2008; Dudgeon et al.,
2010; Neres-Lima et al., 2016). Given this, some
authors have suggested that Neotropical shredders
are more generalist than the species found in
temperate zones (Wantzen & Wagner, 20006). It is
also important to remember that many aquatic
insects are not restricted to a single functional
feeding group, as in the case of the chironomid larvae
(Nessimian & Carvalho, 1998; Nessimian et al.,
1999; Henriques-Oliveira et al., 2003) or shredders
in general (Mihuc & Mihuc, 1995; Rosi-Marshall
& Wallace, 2002; Ferreira et al., 2015). These
studies have emphasized the importance of stomach
contents analyzes for the reliable classification of
functional feeding groups, which are classified based
solely on their morphological and behavioral traits.

The results of the present study reinforce the
importance of data on the stomach contents of
aquatic macroinvertebrates, not only in the Amazon
basin, but in all tropical aquatic ecosystems, for
the reliable characterization of the role of the taxa
in the trophic ecology of streams. These data will
provide a much more systematic understanding of
the structure and trophic dynamics of these aquatic
ecosystems.
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