
Vol.:(0123456789)

Neotropical Entomology           (2026) 55:15  
https://doi.org/10.1007/s13744-026-01361-2

ECOLOGY, BEHAVIOR AND BIONOMICS

Preference by the Nymphs of Americabaetis alphus Lugo-Ortiz & 
McCafferty, 1996 (Baetidae: Ephemeroptera) for Feeding substrate 
and Food Size Under Laboratory Conditions

Bárbara Oleinski1   · Thais Carneiro1   · Laís Olivera das Neves2   · Mikael Luiz Pereira Morales2,3   · 
Edélti Faria Albertoni1 

Received: 2 June 2025 / Accepted: 7 January 2026 
© The Author(s) 2026

Abstract
Feeding by mayflies is influenced by resource availability, and their feeding preferences can vary acrossdevelopment stages. 
Studies assessing food preferences can therefore provide insights into the functional role of a species. The aim of this study 
was to evaluate the feeding preferences of Americabaetis alphus nymphs on periphyton growing two different substrates 
and two sizes of particulate organic matter. Experimental units were composed of acrylic and stainless steel substrates; 
the control contained no nymphs. The substrate preference was determined by the presence or absence of nymphs on the 
substrates. Bacterial density and chlorophyll-a concentration were measured to evaluate food intake, and the frequency of 
microbial taxa adhering to the substrates was calculated. Salix humboldtiana leaves were processed into two categories, 
fine particulate organic matter (FPOM) and coarse particulate organic matter (CPOM). In each experimental unit, 25 mg 
of FPOM and 25 mg of CPOM were provided. Food intake was estimated by the difference between the initial and final 
weights of FPOM and CPOM. The highest bacterial and chlorophyll-a intake was observed on the stainless steel substrates. 
The taxonomic composition differed between the substrates, with stainless steel showing a higher frequency of diatoms. In 
the second experiment, the weights of FPOM and CPOM were reduced after the feeding period, with a greater reduction 
observed in FPOM. It is important to evaluate resource preferences in a combined manner, as well as to assess other Baetidae 
species, given the scarcity of information on the topic for the family.
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Introduction

The mayflies (Ephemeroptera) are widely distributed geo-
graphically (Da-Silva and Salles 2024), colonizing diverse 
freshwater environments (lentic or lotic) and brackish waters 
(Sartori and Brittain 2015). The variability of morphologi-
cal, physiological, and behavioral functional traits among 
species within this order allows a wide distribution of organ-
isms across these systems (Jacobus et al. 2019). Ephemerop-
teran nymphs are mainly herbivorous or detritivores (Sartori 
and Brittain 2015), with their main food resources being 
fine particulate organic matter (FPOM), coarse particulate 
organic matter (CPOM), and periphytic, epilithic, and fila-
mentous algae (Domínguez et al. 2023), however, filter-
ing and predatory species also occur (Merritt & Cummins 
1996). Nymphs play a role in nutrient cycling by process-
ing organic matter, and they are considered good biological 
indicators, as some species are sensitive and intolerant to 
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environmental changes (Da-Silva and Salles 2024). They 
also serve as prey for other organisms (e.g., fish, amphibians, 
and insects) (Domínguez et al. 2006).

Among the families of Ephemeroptera, Baetidae is one 
of the most representative in terms of number of species 
(Edmunds et al. 1976). The family is cosmopolitan, with 
the exception ofAntarctica and New Zealand (Kaltenbach 
and Gattolliat 2019). The genus Americabaetis is present 
in several South American countries (including Brazil, 
Argentina, Chile, Colombia, Paraguay) (Salles et al. 2003; 
Gutiérrez and Llano 2015; Salinas-Jimenez et al. 2025). In 
Brazil, species in the genus inhabit intermittent and perma-
nent wetlands in Rio Grande do Sul (Maltchik et al. 2009), 
as well as lotic environments (Salles et al. 2010) in different 
regions of the country. Americabaetis alphus Lugo-Ortiz 
& McCafferty, 1996 is one of the most abundant species 
of Ephemeroptera in Brazil. It is associated with substrates 
such as leaf litter and marginal vegetation (Salles et al. 2010) 
and colonizes backwater zones (Salles et al. 2003) as well 
as rapids.

The diet of nymphal mayflies can be influenced by the 
availability of food resources, and preference for specific 
food types can vary depending on the developmental 
stage of the organism (Shimano et al. 2012). One of the 
food resources consumed by nymphs is periphyton formed 
through a successional process that occurs on artificial 
(e.g., acrylic and stainless steel) and natural substrates (e.g., 
leaves, rocks, and shells) submerged in aquatic environments 
(Agostini et al.2018). The process begins with the adhe-
sion of autotrophic and heterotrophic bacteria that secrete an 
extracellular polymeric matrix and form a biofilm (Martín-
Rodríguez et al. 2015; Agostini et al.2018). Subsequently, 
other microorganisms, such as protozoa, fungi, green algae, 
diatoms, adhere to the biofilm, forming the periphyton 
(França et al. 2011; Agostini et al.2018).

Zinc-based substrates, such as stainless steel, may be 
more attractive for bacterial biofilm formation, since zinc 
is an essential element in bacterial metabolism (Bong et al. 
2010; Agostini et al. 2019). However, zinc at high concentra-
tions can cause toxic effects (Eisler 1998). On plastic sub-
strates, the biological community of the periphyton is more 
diverse and distinct than that of the surrounding environment 
(e.g., water and sediment) (Vannini et al. 2021). Thus, plas-
tic surfaces can be more attractive in meeting the nymphal 
demand for food resources.

In the process of decomposition of particulate organic 
matter (POM), coarse particulate organic matter (CPOM) is 
converted into fine particulate organic matter (FPOM) (Gon-
çalves et al. 2014), a process that occurs through leaching, 
microbial conditioning, and colonisation by invertebrates 
(Graça et al. 2005). In aquatic environments, the availabil-
ity of particle sizes (FPOM and CPOM) varies over time 
and is differentially ingested by organisms with specifically 

adapted mouthparts (Shepard and Minshall 1984). Studies 
have shown that other genera of Ephemeroptera (scrapers 
and collector-scavengers) exhibit dietary preferences for 
particle sizes and algal types (Hamilton and Hugh 1983; 
McShaffrey and McCafferty 1991; Chuang et  al. 2014; 
Banegas et al. 2020). In general, the type of material con-
sumed is related to its availability in the microhabitat where 
nymphs are feeding (Hamilton and Hugh 1983).

Studies involving food preferences Americabaetis and A. 
alphus are scarce in literature. Some studies have shown 
that scrapers in a community associated with decomposing 
debris in freshwater environments can accelerate the decom-
position process, contributing to the degradation of organic 
matter (Tonin et al. 2018; Marks 2019; Bao et al. 2023). 
Assessing feeding behaviors will help to understand the 
role of these organisms in the ecological processes of mat-
ter cycling in freshwater ecosystems (Jacobus et al. 2019).

The objective of this study was to evaluate the feeding 
preferences of A. alphus nymphs for periphyton developed 
on two substrates (stainless steel and acrylic) and for two 
sizes of particulate organic matter (FPOM and CPOM). This 
approach was based on the previous evidence indicating that 
substrate type influences periphyton composition, potentially 
affecting food availability for grazing invertebrates, and that 
plastic substrates often support more diverse biological com-
munities than metal substrates. Additionally, particle size 
is known to influence ingestion by Ephemeroptera nymphs 
due to differences in mouthpart morphology and feeding 
strategies. Therefore, we tested the following hypotheses: 
(1) A. alphus nymphs would preferentially feed on peri-
phyton adhering to acrylic rather than stainless steel when 
offered simultaneously; and (2) A. alphus nymphs would 
preferentially consume FPOM rather than CPOM when both 
particle sizes are simultaneously available. Understanding 
the feeding preferences of A. alphus nymphs in relation to 
substrate type and organic matter size provides insights into 
the trophic role of this species in freshwater ecosystems.

Material and methods

Sampling and acclimatization of nymphs

Nymphs of A. alphus were collected in May 2024 from an 
urban temporary puddle at the Carreiros Campus of the 
Federal University of Rio Grande (FURG), located in the 
municipality of Rio Grande, Rio Grande do Sul, Brazil 
(32°04′20.3" S 52°09′38.2" W). The organisms were identi-
fied using literature specific to South American Ephemerop-
tera (Domínguez et al. 2006), and specimens were deposited 
in the Limnology Laboratory of the Institute of Biological 
Sciences at the same university. The nymphs were captured 
with a 68-μm mesh net until the sample size necessary for 
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the experiments (n = 50 per experiment) was reached. In 
the laboratory, nymphs measuring 3–4 mm in length at an 
intermediate nymphal stage were selected (adapted from 
Banegas et al. 2020). The individuals were kept in plastic 
containers in the incubation laboratory with a photoperiod 
of 12 h light and 12 h dark and a controlled temperature 
of 25 ± 0.1ºC. The containers were filled with continuously 
aerated distilled water, and the nymphs were fed ad libitum 
with a commercial fish feed (Alcon Basic; Alcon Pet), for-
mulated from dehydrated spirulina, fish meal, and soybean 
meal. The water in the containers was changed 24 h prior 
to performing to the experiments, and the organisms were 
subsequently starved.

Experimental design

Experiment 1: Acrylic and stainless steel 
substrates

Rectangular acrylic and stainless steel substrates (plates) 
with an area of 12.5 cm2 were placed in the water column 
of an urban lake using ropes and buoys. The substrates were 
exposed for one month to allow for periphyton development. 
The substrates were collected 24 h prior to use in the experi-
ment, stored in plastic containers with lake water, and kept 

in the laboratory under a photoperiod of 12 h light and 12 h 
dark and a controlled temperature of 25 ± 0.1ºC.

Five substrates of each type were selected to determine 
the initial parameters of bacterial biomass, chlorophyll-
a concentration, and frequency (%) of adhering taxa. The 
experiment consisted of a treatment and a control with five 
replicates each (Fig. 1A). Each experimental unit of the 
treatment was composed of 2 L of continuously aerated dis-
tilled water, a 10-cm tall artificial plant, one acrylic and one 
stainless-steel substrate, and 10 nymphs of A. alphus. The 
control had the same composition except for the absence of 
nymphs. The incubation room was kept at a controlled tem-
perature of 25 ± 0.16 ºC, and the experiment lasted for 24 h. 
The preference for substrate type was assessed by counting 
the number of nymphs present on the underside of each sub-
strate at 1, 2, 4, and 24 h.

Immediately after counting nymphs at 24 h, the acrylic 
and stainless steel substrates from the treatment and the 
control were washed three times with sterile distilled water 
(autoclaved and filtered) to eliminate possible planktonic 
organisms (Agostini et al. 2021) and stored individually in 
50-mL Falcon tubes containing sterile distilled water. For 
the detachment of the periphyton and suspended biological 
material, the substrates were individually scraped with ster-
ile microbiological loops and agitated in a vortex for 1 min. 
Subsequently, the substrates were placed in an ultrasonic 
bath (40 kHz) for 2 min and vortexed for 1 min (adapted 

Fig. 1   Experimental design scheme. A) Experiment 1 – Feeding preference on periphyton adhered to acrylic and stainless-steel substrates. B) 
Experiment 2 – Feeding preference between fine particulate organic matter (FPOM) and coarse particulate organic matter (CPOM)
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from Agostini et al. 2021). This procedure was performed 
for both the treatment and control substrates.

From each replicate, three aliquots of 1 mL each were 
removed from each Falcon tube and used to determine 
planktonic bacterial biomass (Fig. 1A) using a spectropho-
tometer at 630 nm (Morales et al. 2024). The use of the 
spectrophotometer in this analysis is based on the principle 
of turbidimetry and the linear relationship between bacterial 
biomass and optical density. The values for each replicate 
and substrate type were expressed as absorbance. We con-
sidered the final control reading to be 100% and calculated 
the bacterial consumption according to the formula:

where BC = bacterial consumption, FR = final reading, 
AFR = average final reading.

To analyze the concentrations and consumption of chlo-
rophyll-a, aliquots of 5 mL were removed from each Falcon 
tube and centrifuged at 4000 rpm for 10 min; the supernatant 
was discarded (Morales et al. 2024). Then, 4 mL of metha-
nol (99.99%) was added to each tube, and the samples were 
kept in the dark under refrigeration. The samples were later 
centrifuged again, and the optical density was measured in 
a spectrophotometer at 663 and 750 nm (Mackinney 1941). 
The consumption of chlorophyll-a was determined using the 
formula described above for BC (%), with the optical density 
values replacing the absorbance readings.

A 1-mL aliquot from each Falcon tube was transferred to 
an Eppendorf tube containing 200 μL of 4% formaldehyde 
to fix the samples and halt the growth of the microorgan-
isms (Morales et al. 2024) and to determine the taxa present. 
Three temporary slides were made from each sample and 
viewed under an Olympus CX41 microscope at 100X mag-
nification with immersion oil. On each slide, 10 randomly 
selected points were used to determine the taxa frequency 
(%) (adapted from Boyero et al. 2020) of green algae, bac-
teria, cyanobacteria, and diatoms. Bacteria were identified 
by visualizing their morphotypes (e.g., cocci, rods, among 
others) (adapted from Liu et al. 2001; Smeda-Pienaar et al. 
2017), and the other taxa were identified based on Lopretto 
& Tell (1995). Frequency was determined for each plate and 
treatment.

Experiment 2: Particulate Organic Matter 
(POM)

Salix humboldtiana Willd. (Salicaceae) was selected 
to investigate the food preference of A. alphus nymphs 
between fine particulate organic matter (FPOM) and coarse 
particulate organic matter (CPOM), the plant species was 
chosen based on its wide distribution in the region and its 

BC (%) = 100 − ((FR ∗ 100)∕AFR)

role in the entry of organic matter into aquatic environ-
ments (Telöken et al. 2011). To obtain FPOM and CPOM, 
the leaves of S. humboldtiana were washed, brushed, and 
stored in an oven at 60 ºC until dry biomass was obtained. 
Subsequently, the leaves were cut into specific sizes to 
obtain FPOM ranging from 500 and 1000 μm and CPOM 
larger than 1000 μm. At 24 h prior to the experiment, the 
FPOM and CPOM were hydrated separately with distilled 
water according to the protocol described by Banegas et al. 
(2020) with modifications. Soaking in water softens the 
tissues and causes the particles to settle at the bottom, 
making them available to the nymphs.

The experiment consisted of a treatment and a control 
with five replicates each (Fig. 1B). Each replicate of the 
treatment consisted of 2 L of distilled water, a 10-cm tall 
artificial plant, 25 mg of FPOM and 25 mg of CPOM, and 10 
A. alphus nymphs. The control replicates had the same com-
position except for the absence of nymphs. All experimental 
units were continuously aerated and kept in an incubation 
laboratory with a photoperiod of 12 h light and 12 h dark 
at a controlled temperature of 25 ± 0.32 ºC. The exposure 
time lasted 48 h, after which the nymphs were counted and 
collected. The FPOM was collected with a Pasteur pipette 
(Banegas et al. 2020) and filtered through a previously dried 
and weighed filter according to Paranhos (1996). The CPOM 
was collected with tweezers and deposited in Petri dishes. 
The samples were dried in an oven at 60 ºC and weighed. 
The consumption of FPOM and CPOM was determined by 
the difference: Fw – Iw, onde: Fw = Final weight; Iw = Initial 
weight (Banegas et al. 2020).

Data analysis

To detect significant differences between the treatment and 
the control or among observation times, the generalised 
linear model was used with a binomial distribution for the 
preference data (number of choice frequencies) by substrate 
type, as this variable is discrete, that is, the count of choices 
(successes – preference) in relation to the total number of 
observations (trials). Because bacterial biomass, chloro-
phyll-a concentration, and weight of FPOM and CPOM are 
continuous variables, the normality and homoscedasticity 
of the residues were verified by the Shapiro–Wilk and Lev-
ene tests, respectively. With the acceptance of the premises, 
a two-way ANOVAwas used. When the significant effect 
of a variable was detected, a post-hoc Tukey comparison 
was performed to detect significant differences between 
the levels of the factors. The t-test was used to detect any 
significant difference in consumption of FPOM and CPOM 
between the treatment and the control, as well as for bacte-
rial and chlorophyll consumption. The statistical analyses 
were performed using the GraphPad Prism 8.4 software.
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Results

Experiment 1: Acrylic and stainless steel substrates

The nymphs of A. alphus showed a feeding preference 
for periphyton on the stainless steel substrate (SSS) at 
1 (p = 0.008, q = 3.05), 2 (p = 0.003, q = 3.66), and 4 h 
(p = 0.008, q = 2.94) of observation (Fig. 2). At 24 h, no 
nymphs were observed under the acrylic substrate (AS), 
therefore, it was not possible to statistically compare this 
time with the other observation times or with the SSS 

(Fig. 2). When comparing only the observation times (with-
out considering the different substrates), the preference was 
equal at 1 (p = 0.990, q = 0.69) and 4 (p = 0.990, q = 0.75), 
with a significant difference only at 2 h (1 vs 2—p = 0.044, 
q = 2.54; 2 vs 4—p = 0.048, q = 2.81) (Fig. 2).

The SSS had significantly higher (p = 0.0001, q = 15.96) 
bacterial biomass than the AS at the initial time (T0) in the 
control (no exposure to individuals) and the treatment (with 
exposure to individuals) (Fig. 3A). SSS showed significantly 
lower bacterial biomass compared to the initial biomass 
(p = 0.0001, q = 25.99) and the control biomass (p = 0.0001, 
q = 20.42) (Fig. 3A). The same pattern was found for the 
biomass of the AS with the control (p = 0.001, q = 5.22) and 
the initial biomass (p = 0.0001, q = 7.46) (Fig. 3A). Bacterial 
consumption was higher on the SSS (57.5 ± 7.9%) than on 
the AS (30.2 ± 8.4%) (p = 0.0001, t = 8.81) (Fig. 3B).

The initial concentration of chlorophyll-a was signifi-
cantly higher (p = 0.0001, q = 17.95) on the SSS than on the 
AS (Fig. 4A). The concentrations of chlorophyll-a on the AS 
were similar at T0 (p = 0.4920, q = 1.64) and at the end of 
24 h (p = 0.7687, q = 0.99) in the control and the treatment 
(p = 0.8887, q = 0.66) (Fig. 4A). There was a significant 

decrease in the concentration of chlorophyll-a on the SSS in 
the control (p = 0.0001, q = 15.62) and treatment (p = 0.0001, 
q = 20.27) after 24 h compared to T0 (p = 0.0122, q = 4.64) 
(Fig. 4A). The consumption of chlorophyll-a was higher 
on the stainless steel (45.1 ± 8.3%) than on the acrylic 
(4.6 ± 4,2%) (p = 0.0011, t = 5.00) (Fig. 4B).

At T0 on the acrylic, bacteria were the most frequent 
(50.0%), while cyanobacteria were the least frequent (12.0%) 
(Fig. 5A). On the stainless steel at T0, diatoms were more 
frequent (43.3%) and cyanobacteria less (20.0%) (Fig. 5A). 
On the acrylic at 24 h, a high frequency of bacteria in the 

Fig. 2   Mean ± SD preference (%) of nymphal Americabaetis alphus 
on acrylic and stainless steel substrates at different times (h) of obser-
vation. Means with different letters within each observation time are 
significantly different between substrates (p < 0.05). Means with dif-
ferent letters within each time interval (dotted line) are significantly 
different among observation times (p < 0.05)

Fig. 3   Mean ± SD of bacte-
rial biomass (A) and bacterial 
consumption (B) on acrylic 
and stainless steel substrates 
exposed to nymphs of Ameri-
cabaetis alphus. In "A": Differ-
ent letters within each substrate 
– shows statistical difference 
between treatment and control, 
and time (p < 0.05); Different 
letters for each substrate (dot-
ted stroke) – shows statistical 
difference between substrates 
(p < 0.05). In B, * = significant 
difference between substrates 
(p < 0.05)
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control and the treatment (52.0 and 56.0%, respectively) and 
a low frequency of cyanobacteria in the control (12.0%) and 
diatoms in the treatment (2.0%) were observed (Fig. 5B). 
The exclusive occurrence of green algae on the acrylic was 
observed at T0 and at 24 h in the control (Fig. 5A, B). Dia-
toms were exclusively present on the stainless steel at T0 and 
24 h in the control and the treatment (Fig. 5A, B).

Experiment 2: Particulate Organic Matter 
(POM)

The weights of FPOM and CPOM were equal in the control 
and the treatment at T0 T0 (p = 0.99, p = 0; p = 0.99, q = 0) 
(Figs. 6A, 6B). The decrease in the weight of FPOM from 
T0 to 48 h in treatment was significantly greater (p = 0.0001, 
q = 21.5) than the CPOM weight decrease (p = 0.0001, 
q = 20.02) (Fig. 6A, B). The final mean weight of CPOM 

was 23.6 ± 0.25 mg, whereas it was 22.1 ± 0.37 mg for 
FPOM (Fig. 6A, B). Consumption of FPOM (11.5 ± 1.51%) 
was significantly higher (p = 0.0001, t = 6.85) than consump-
tion of CPOM (5.2 ± 1.02%) (Fig. 7).

Discussion

The nymphs of A. alphus showed a preference for feeding 
on SSS rather than AS, as well as a preference for FPOM 
(smaller size) over CPOM (larger size) of S. humboldtiana. 
These results reject the hypothesis that A. alphus nymphs 
have a feeding preference under AS, but confirm the hypoth-
esis that they prefer FPOM.

Studies involving experimental feeding approaches 
with Ephemeroptera associated with substrates of different 
types of material types are still scarce. Many of the previ-
ous records of Ephemeroptera feeding preference are based 

Fig. 4   Mean ± SD of chloro-
phyll-a concentration (A) and 
chlorophyll-a consumption (B) 
on acrylic and stainless steel 
substrates exposed to nymphs 
of Americabaetis alphus. In 
A, means with different let-
ters within each substrate are 
significantly different (p < 0.05) 
between treatment and control 
and among observation times; 
Different letters for each 
substrate (dotted line) – shows 
statistical difference between 
substrates (p < 0.05); NS = no 
significant difference (p > 0.05). 
In B, * = significant difference 
between substrates (p < 0.05)

Fig. 5   Frequency (%) of taxa 
in the periphyton on acrylic 
and stainless-steel substrates 
exposed to nymphs of Ameri-
cabaetis alphus. A) At initial 
time of exposure; B) At 24 h 
after with exposure. AC = unex-
posed acrylic in the control; 
AT = exposed acrylic in the 
treatment; IC = unexposed 
stainless steel in the control; 
IT = exposed stainless steel in 
the treatment
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on "water-based cultures", e.g., feeding preference between 
diatoms and detritus by Ephemerella ignita (Ephemerelli-
dae) (Rosillon 1988), preference between leaves, fecal mate-
rial from other insects, and debris by Drunella grandis and 
Ephemerella inermis (both Ephemerellidae) (Shepard and 
Minshall 1984), preference between green algae and leaves 
of Typha sp. by Cloeon dipterum (Baetidae) (Šupina et al. 
2016), and FPOM and CPOM preference by C. dipterum 
(Banegas et al. 2020).

The preference found for the SSS can be attributed to 
several factors. Stainless steel is a good conductor of heat, 
which promotes more stable conditions for periphyton devel-
opment, particularly bacterial colonization (Palmer et al. 
2007). In our study, the SSS exhibited higher bacterial bio-
mass and chlorophyll-a concentration than AS. Metal sub-
strates, such as stainless steel, enhance microbial adhesion, 
resulting in a denser and more diverse periphyton (Flem-
ming and Wingender 2010). This greater adhesion occurs 
due to substrate surface roughness (Agostini et al.2018), 
which facilitates the adsorption and absorption of organic 
and inorganic particles (Patil and Anil 2005).

Another factor that may influence adhesion to the stain-
less steel is the presence of zinc. Zinc is an essential ele-
ment in the metabolism of bacteria, acting in the growth 
and enzymatic activity of heterotrophic bacteria (Bong et al. 
2010). The role of this element favors the development of 
bacterial biofilm (Agostini et al. 2019), thereby promoting 
greater bacterial adhesion and the formation of richer and 
more complex biofilms. Thus, this results in greater avail-
ability of food resources for the nymphs of A. alphus. In 
addition, bacteria are the first organisms to establish them-
selves during biofouling, influencing the adhesion of other 
microorganisms (e.g., algae, fungi, and protozoa) (Agostini 
et al.2018). This explains the high bacterial biomass on SSS, 
resulting in a higher concentration of chlorophyll-a than on 
AS, and making SSS a food source with a denser and more 
nutritious biofilm. Despite the high diversity of periphyton 

on plastic surfaces (Vannini et al. 2021), its overall density 
can be relatively low when compared to other surfaces.

The preference for SSS is also explained by the high 
frequency of diatoms on this material and the exclusive 
of green algae onAS. Diatoms rapidly colonize surfaces 
in freshwater, forming a dense periphyton community that 
supports herbivore populations, while green algae do not 
have the same degree of abundance in benthic substrates 
(Bothwell et al. 1996; Felisberto and Rodrigues 2012). Addi-
tionally, diatoms are known to be more nutritious than green 

Fig. 6   Mean ± SD of weight 
(mg) of coarse particulate 
organic matter (CPOM) (A) and 
fine particulate organic matter 
(FPOM) (B) after 48-h exposure 
to nymphs of Americabaetis 
alphus. Means with different 
letters within each time—sta-
tistical difference between 
treatment (with nymphs) and 
control (no nymphs) (p < 0.05); 
Different letters for each time 
(dotted stroke) – statistical 
difference between the times 
(p < 0.05); NS = no significant 
difference (p > 0.05)

Fig. 7   Percentage (%) consumption of fine particulate organic matter 
(FPOM) and coarse particulate organic matter (POM) by nymphs of 
Americabaetis alphus in 48 h. * = significant difference (p < 0.05)
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algae, as they have high levels of polyunsaturated fatty acids, 
which are essential for the development and growth of many 
aquatic organisms (Brett and Müller‐Navarra 1997). Their 
cell walls are composed of silica, which, despite being rigid, 
are more easily degraded than the cellulose-rich cell walls 
of green algae (Cattaneo and Mousseau 1995). Thus, the 
presence of diatoms provides higher nutritional value and 
greater ease of digestion, making the SSS more attractive 
to A. alphus nymphs. Finally, in a field study, Hamilton and 
Hugh (1983) reported that, apart from debris, diatoms are 
the only resource with relative importance in the diet of spe-
cies of Baetidae.

Although artificial substrates do not fully reproduce the 
structural complexity and physicochemical properties of nat-
ural benthic substrates, they are widely used as standardized 
tools to assess periphyton development and the responses of 
aquatic consumers (Cattaneo and Amireault 1992; Larned 
2010). In addition, artificial substrates, including plastics, 
can support high biological diversity when compared with 
other environmental compartments (e.g., rocks, water, and 
sediment) (Vanini et al. 2021). In natural freshwater envi-
ronments, despite the heterogeneity of available substrates, 
diatoms are consistently among the dominant components 
of periphyton, especially in lotic systems, due to their rapid 
colonization and high attachment capacity (Bothwell et al. 
1996; Felisberto & Rodrigues 2012). Thus, the preference 
of A. alphus nymphs for substrates supporting diatom-domi-
nated periphyton, observed under laboratory conditions, may 
reflect feeding patterns that also occur in natural habitats, 
supporting the use of artificial substrates as functional ana-
logues of natural hard substrates.

The finding of A. alphus preferring ingests FPOM was 
expected and corroborates the results obtained by Banegas 
et al. (2020) for C. dipterum. In an experimental approach, 
the authors found a higher rate of consumption of FPOM 
consumption than of CPOM. Another approach used by 
Banegas et al. (2020) aimed to analyze the stomach con-
tents of nymphs of C. dipterum collected in the field. When 
examining stomach contents and identifying eight categories 
of food resources, FPOM represented the highest frequency 
of occurrence. Other frequently occurring resources in the 
stomach contents of C. dipterum nymphs were green algae 
and diatoms. When comparing these results with those of 
our study, both species prefer the smaller FPOM. However, 
A. alphus prefers a substrate with the presence of diatoms, 
while in C. dipterum there is a higher frequency of green 
algae in the stomach contents.

The dietary preference for FPOM is well recognized in 
the literature. Smaller particles are easier to ingest and pro-
cess (Cresswell and Van Hengstum 2021) and require less 
capture effort for A. alphus. In addition, FPOM is commonly 
composed of a higher proportion of fatty acids and proteins, 
making it more nutritious and attractive to organisms (Wotton 

2020). This combination of ease of ingestion and higher nutri-
tional value makes nymphs generally prefer FPOM, although 
they also feed on CPOM (Banegas et al. 2020) using special-
ized mouthparts (Jacobus et al. 2019).

The results of our study demonstrated that A. alphus 
nymphs exhibit a clear feeding preference for periphyton 
adhering to SSS and for a finer size of particulate organic 
matter from S. humboldtiana. However, the study evaluated 
the feeding preferences in two distinct experiments conducted 
separately, to verify the potential of these resources in the 
diet of the nymphs. In this sense, the outcomes of this study 
raise new questions to be addressed. Studies with this type of 
approach are important to clarify the functional role of species 
of Ephemeroptera in aquatic ecosystems and to understand 
their distribution that is mainly related to their preference for 
substrate type and sensitivity to environmental factors (Arim-
oro and Muller 2010; Mebarki et al. 2017). Thus, we recom-
mend evaluating feeding preferences integrated experimental 
designs that combine different substrates and distinct classes 
of particulate organic matter, in order to better understand the 
primary and secondary roles of functional feeding groups. We 
also highlight the need to experimentally evaluate other Baeti-
dae species, given the scarcity of information, which is largely 
concentrated Ephemerellidae species.
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