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ABSTRACT
We reared field-collected egg masses of the caddisflies Phylloicus amazonas (n = 2) and Phylloicus elektoros (n = 7) to adulthood.
First instar larvae of both species hatched up to five days after field collection. Median development time from first larval
instar to adult was 229 days for P. amazonas and 275 for P. elektoros, including the pupal development time (median of 13.5
and 16 days, respectively). Shredder organisms have been used frequently in studies related to organic matter processing in
freshwater ecosystems. The biological information reported in here may be useful for the design of experimental studies in
the field or under laboratory conditions.
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Ciclo de vida em laboratório de imaturos de Phylloicus elektoros e
Phylloicus amazonas (Trichoptera: Calamoceratidae) de um igarapé da
Amazônia Central
RESUMO
Nós criamos massas de ovos dos tricópteros Phylloicus amazonas (n = 2) e Phylloicus elektoros (n = 7) coletadas no campo até a fase
adulta. A mediana do tempo de desenvolvimento do primeiro instar larval ao adulto foi de 229 dias para P. amazonas e 275 dias
para P. elektoros, incluindo o tempo de desenvolvimento pupal (mediana de 13.5 e 16 dias, respectivamente). Fragmentadores
têm sido frequentemente usados em estudos relacionados ao processamento de matéria orgânica em ecossistemas aquáticos.
As informações biológicas fornecidas neste estudo podem ser úteis para o planejamento de estudos experimentais em campo
ou em condições de laboratório.
PALAVRAS-CHAVE: insetos aquáticos, tempo de desenvolvimento, fases de vida, matéria orgânica, fragmentadores

Trichoptera is one of the most diverse aquatic insect
orders with 16,267 extant species (Morse et al. 2020). The
adults are terrestrial and, in general, the remaining life stages
live in aquatic environments (Pes et al. 2019). Species in this
order can be classified into different functional feeding groups
(e.g., collector-filterers, scrapers, shredders and predators)
and play an important role in the food chain of aquatic
environments (Morse et al. 2019). For example, shredders
transform coarse particulate organic matter (e.g., leaves)
into smaller fractions (Vannote et al. 1980), making food
available to other invertebrates and vertebrates through the
decomposition process (González and Graça 2003). Phylloicus
Müller, 1880 (Trichoptera: Calamoceratidae) species are
fundamental shredders in low-order Neotropical streams

(Martins et al. 2015; Souza-Holanda et al. 2020). Due to
their importance in the decomposition of organic matter in
aquatic environments, Phylloicus larvae have been used in
several laboratory experiments (e.g., Martins et al. 2017a,b;
Martins et al. 2020; Rezende et al. 2020; Sena et al. 2020).
Currently, 62 species of Phylloicus are known from Central,
North and South America (Morse 2020). Approximately
42% of these have been recorded in Brazil (Calor and Santos
2020). However, little is known worldwide about the biology
of species in this genus. Life history information is provided
only for three species: Phylloicus elegans Hogue & Denning,
Phylloicus ornatus (Banks) from Costa Rica (Jackson and
Sweeney 1995) and U.S.A. (Norwood and Stewart 2002), and
Phylloicus pulchrus Flint from Puerto Rico (Reyes-Torres and
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Ramírez 2018). Considering the relevance of Phylloicus larvae
in the processing of organic matter in Amazonian aquatic
environments, it is important to have regionally-specific
information regarding the biology of this shredder because
the development time may differ among species, geographic
regions, and laboratory rearing modes (Jacobsen et al. 2008).
Here we provide information about the life cycle of two
central Amazonian species, Phylloicus amazonas Prather and
Phylloicus elektoros Prather, to support future laboratory and
field experiments related to organic matter decomposition
in streams.
We collected Phylloicus egg masses in August and
November 2015 in the forest reserve “Reserva Florestal
Ducke” (RFD; 02º55’-03º01’S, 59º53-59º59’W), Manaus,
Amazonas state, Brazil. The RFD has about 100 km2 of dense
rainforest, relative humidity above 75% and annual rainfall
of 1750 to 2500 mm (Ferreira et al. 2012). Collections
occurred in Igarapé Barro Branco, a whitewater stream with
dense riparian vegetation, acidic water (pH = 4.6 ± 0.1),
low electrical conductivity (10.7 ± 0.4 µS cm-1) and mean
temperature and dissolved oxygen of 24.5 ± 0.5 °C and 6.6
± 0.1 mg l-1, respectively (Martins et al. 2014). Egg masses
were located above the water surface, in the vegetation close
to the stream banks. In total, 17 egg masses were collected
manually, seven in August and 10 in November. At least three
Phylloicus species occur in the RFD (P. amazonas, P. elektoros
and Phylloicus fenestratus Flint; Souza-Holanda et al. 2020).
The egg masses of the three species have similar morphological
appearance which makes it impossible to distinguish among
species in the field. To morphologically distinguish imatures
and adults of these three species see Campos (2019) and
Souza-Holanda et al. (2020). The egg masses were taken to
the laboratory where they remained at constant temperature
(22 ºC) in individual polystyrene boxes containing water
from the stream and leaf discs of Goupia glabra Aubl., and
covered with mesh. The leaf discs served as food and for case
construction by the larvae. The leaf discs were incubated for 14
days in fine-mesh (0.5 mm) litter bags to leach water-soluble
compounds and for conditioning by microorganisms (Gessner
et al. 1999). During rearing, a photoperiod of 12 h light: 12 h
dark was maintained. We changed the water in the boxes every
two days. Bryophytes were inserted in the boxes to reduce the
proliferation of microorganisms (Ferreira and Rafael 2006).
We recorded the survival of eggs and immatures daily.
In eight of the 17 collected egg masses, all individuals
died in the larval stage making species-level identification
impossible. We obtained adults from the remaining nine
egg masses, of which two belonged to Phylloicus amazonas
and seven to P. elektoros. For both species, we calculated the
median time for development and the number of specimens
in each stage (larva, pupa and adult), except for the egg. For
each species, we deposited two speciems in the invertebrate
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collection of Instituto Nacional de Pesquisas da Amazônia
(INPA), Manaus, Brazil.
The eggs of P. amazonas and P. elektoros are circular and
immersed in spumaline (a gelatinous-like mass, Morse et
al. 2019). Since eggs were not collected at the moment of
oviposition, it was not possible to determine the exact time
required for incubation time. First-instar larvae hatched five
days after collection in the field, indicating this period as the
minimum time for embryo development.
Larvae of P. amazonas left the egg mass after four days of
hatching. The median number of first-instar larvae emerging
from the two egg masses was 51.5 (range 46 – 57), yet only
seven individuals reached the pupal stage, and two (one
male and one female) reached the adult stage. The median
development time from first instar to adult was 229 days
(range 209 – 249), median larval development took 215.5
days (range 202 – 229) and median pupal developmental
time was 13.5 days (range 7 – 20; n = 7 pupae).
For P. elektoros, larvae left the egg mass after three days
(median value), varying from one to four days. We recorded
median values of 67 first-instar larvae per egg mass (range
26 – 97), 1 pupa (range 1 – 2) and 1 adult (range 1 – 1). In
total, only 10 pupae and seven adults (five males and two
females) were obtained. Median developmental time from
first instar to adult was 275 days (range 245 – 321), median
larval-stage development time was 251 days (range 238 – 302),
and median pupal development time was 16 days (range 7 –
20, n = 10 pupae).
The eggs of P. amazonas and P. elektoros are similar to what
was observed for other species of Phylloicus (e.g., Norwood
and Stewart 2002; Bentes et al. 2019). Larvae of P. elegans, P.
ornatus, and Phylloicus nr. ornatus left the egg masses 10 to
16 days after oviposition, but no information was provided
on the time larvae remained inside the egg masses after the
first-instars hatched (Jackson and Sweeney 1995).
A high larval mortality rate was observed for both species
in our study, with less than 2% of hatched larvae reaching
adulthood. In general, studies on Phylloicus biology have not
indicated the mortality rate. However, for P. fenestratus, from
120 larvae hatched, only seven individuals reached adulthood
(Souza-Holanda et al. 2020), and, during one year of collection
in a stream, 1347 larvae and only 49 adults of P. pulchrus were
sampled, indicating a high mortality rate (Reyes-Torres and
Ramírez 2018). In contrast, under laboratory conditions,
Jackson and Sweeney (1995) recorded a high number of adults
for P. ornatus (35 egg masses and 1404 adults) and Phylloicus
nr. ornatus (five egg masses and 386 adults) from egg masses
oviposited by field-collected gravid females.
The median time from first instar to adult reported in the
literature was 72 days for P. elegans in Costa Rica (Jackson
and Sweeney 1995), 122 days for P. pulchrus in Puerto Rico
(Reyes-Torres and Ramírez 2018) and 110 and 115.5 days
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for P. ornatus in Costa Rica and U.S.A., respectively (Jackson
and Sweeney 1995; Norwood and Stewart 2002). For P.
fenestratus from Amazonia, larval development varied from
120 to 135 days, and adults emerged after 7 to 10 days of
pupation (Souza-Holanda et al. 2020). Thus, the development
time from first instar to adult of P. amazonas and P. elektoros
in our study was up to 3.8 times longer than that known for
other species of Phylloicus. We reared Phylloicus specimens
at a constant temperature of 22 ºC, similar to the studies
cited above (constant temperatures between 20 and 23 oC;
Jackson and Sweeney 1995; Reyes-Torres and Ramírez 2018).
Our rearing temperature was 2.5 ºC below the temperature
of the stream water at the collection site of the eggs masses
(Martins et al. 2014). We believe that temperature was not
the main factor influencing the longer development time of
P. amazonas and P. elektoros. Although we provided more food
than the larvae demanded, we cannot discard the effects of
laboratory conditions on our results. For example, the use of
only one plant species (G. glabra), although previously used
in other studies (Martins et al. 2017a), may have limited the
supply of nutrients to individuals, since the riparian forest
along the stream where the eggs were collected containes a
large number of different plant species (62 species within 10
× 100 m; Tonin et al. 2017).
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