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Abstract: Bryophytes are one of the main resources for bird nest construction; however, studies are
limited and have been oriented to preliminary species lists. We evaluated for the first time in Ecuador
the changes in the richness and composition of bryophytes in 17 nests of the species Myadestes ralloides
and Catharus fuscater, of the family Turdidae. The presence/absence of bryophytes was recorded in
each nest. A total of 25 bryophyte species were recorded (13 mosses and 12 liverworts). The most
frequent species in the nests of the two species were the mosses Thuidium tomentosum and Meteoridium
remotifolium and the liverworts Trichocolea flaccida and Frullania peruviana. The results indicated that
bryophyte species’ richness and composition did not differ between the nests of the two studied
bird species, because they select similar bryophyte species for nest elaboration. In general, our study
showed that for the two species of birds of the family Turdidae, mosses and liverworts are key
components in the elaboration of nests both internally and externally. On the other hand, we would
suggest that further investigations should focus on analyzing the relation between bird nests and
bryophyte phytochemistry, as well as the functional traits of bryophytes.

Keywords: liverworts; mosses; nest; diversity; Turdidae

1. Introduction

The functioning and structure of communities depend on ecological interactions, as
they play a crucial role in the generation and preservation of biodiversity [1]. In this
case, a large number of birds globally use plant material to build their nests to allow the
reproduction and development of nestlings [2,3]. Most bird species build their nests with
vegetation, such as vascular species (e.g., ferns), bryophytes, and lichens [4–7]. Bryophytes
increase water retention, thermal insulation, and antimicrobial activity [3,8,9]. There are
many studies on nests constructed with vascular plants, but few on nests constructed with
bryophytes [7,10].

In Chile, the species Sephanoides sephaniodes, selects scales from the leaves of the fern
Lophosoria quadripinnata and moss species (Ancistrodes genuflexa, Weymouthia mollis, and
Weymouthia cochlearifolia) for nest building [6,11]. In Brazil, 57 bryophyte species have been
reported associated with 21 nests of different species [10]. Likewise, 22 bryophyte species
(16 mosses and 6 liverworts) were cited in nests of two bird species (Sephanoides sephaniodes
and Oreotrochilus leucopleurus) in Argentina [4]. Despite this, our knowledge of the diversity
of bryophytes associated with bird nests in Ecuador has not been documented to date.
Therefore, the construction of bird nests with the available bryophyte species in tropical
forests remains largely unexplored.

Myadestes ralloides and Catharus fuscater are two species of blackbirds (Turdidae) com-
monly distributed in Ecuador [12], where most studies have focused on understanding their
reproductive biology [13–15]. The nests of these species are typically built using mosses and
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fern scales [13,14]. Nevertheless, there is a lack of comprehensive information regarding the
bryophyte species found in bird nests, despite the high diversity of bryophytes in Ecuador
with 1600 species, of which 900 are mosses and 700 are liverworts and hornworts [16–18].
Most studies have used bryophytes as bioindicators of air pollution [19] and forest dis-
turbance [20,21]. On the other hand, more than 1700 bird species have been reported [22];
however, currently there is a lack of information regarding the species of bryophytes used
by different birds when constructing their nests. Under this background, the main objective
of this research is to determine changes in the richness and composition of bryophytes
associated with two bird species of the family Turdidae in Ecuador.

2. Materials and Methods
2.1. Study Area

The study was conducted at the Yanayacu Biological Station (Figure 1), located 5 km
from Cosanga in Napo province between 1950 and 2010 m elevation [13]. The vegetation
formation corresponds to low montane evergreen forest of the northern part of the Eastern
Cordillera of the Andes.
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2.2. Design and Data Collection

A survey of 10 abandoned nests of Myadestes ralloides and 7 of Catharus fuscater was
conducted. The nests were dried at room temperature to prevent damage of bryophyte
samples. Each nest was carefully examined both internally and externally to visualize the
presence of bryophytes. In each nest, the presence/absence of bryophytes associated with
each species was recorded. Finally, the identification of bryophyte species was carried out
by utilizing both general and specialized keys [18,23,24].

Myadestes ralloides
M. ralloides (Figure 2) is known as the Andean solitaire; it is distributed from north-

western Venezuela to southern Bolivia, and inhabits the interior and edges of humid forests
between 800 and 2700 m elevation [25]. Their nests are thick, open cups composed predom-
inantly of mosses, with a layer of fern scales covering the inside. They are located in varied
sites such as the trunks of large trees and in ravines. The subspecies found in the study area
is Myadestes ralloides subs venezuelensis [12], and nests mainly during rainy seasons [13].
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Figure 2. Nest in the field of Myadestes ralloides at the Yanayacu Biological Station.

Catharus fuscater
A non-migratory species, C. fuscater (Figure 3) is distributed from Costa Rica to Bolivia,

in humid forests between 800 and 2600 m elevation [25]. Its nests are very similar to those
of M. ralloides, but the inner chamber is composed of fine, pale fibers instead of fern scales.
The subspecies C. fuscater is found in our study area [12] and nests throughout the year, but
mainly during dry periods [14,15].
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2.3. Analysis of Data

To visualize changes in species richness as a function of the two bird species, we
performed a violin plot. To analyze the relationship between species richness and the
two bird species we performed a Student’s t-test, because the data presented a normal
distribution according to the Shapiro–Wilk test (p-value = 0.7414).
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A non-metric multidimensional scaling analysis (NMDS) was performed to visualize
the similarity between the bryophyte species composition in the nests of the two bird
species, using the Bray–Curtis distance and 999 Monte Carlo permutations. Finally, to
analyze the effect of the two bird species on bryophyte species composition in the nest,
a permutational multivariate analysis of variance (PERMANOVA) was performed. All
analyses were performed with the R software and the statistical package “vegan” [26].

3. Results and Discussion

A total of 25 species of bryophytes associated with the nests of the two bird species were
recorded, of which 13 were mosses and 12 were liverworts (Table 1). Nineteen species were
recorded for Myadestes ralloides and seventeen for Catharus fuscater (Table 1). The number of
bryophytes cited in our study (25 species) is higher than the 22 species [4], 7 species [6], and
15 species [27] reported in previous studies. Supporting our results, Calvelo et al. [4] have
shown that mosses and liverwort are the dominant components in nest construction. However,
De Almeida et al. [10] report a higher number, with 57 species of bryophytes in 21 birds’ nests,
but the bird’s nest does not contain any information regarding the specific species of bird
responsible for constructing it. Thus, the researchers point out that liverworts present a higher
number of species; however, mosses are the structural elements of nest building.

Table 1. Bryophyte species associated with Myadestes ralloides and Catharus fuscater nests. Numbers
represent the frequency of bryophyte species in each nest of the two species.

Myadestes ralloides Catharus fuscater

Liverworts

Lepidoziaceae Bazzania hookeri (Lindenb.) Trevis. 3 3
Frullaniaceae Frullania peruviana Gottsche 4 2
Lejeuneaceae Lejeunea sp.1 0 2
Lejeuneaceae Lejeunea sp.2 1 1
Metzgeriaceae Metzgeria leptoneura Spruce 4 2
Monocleaceae Monoclea gottschei Lindb. 1 0
Lejeuneaceae Omphalanthus filiformis (Sw.) Nees 3 2
Plagiochilaceae Plagiochila sp.1 8 5
Plagiochilaceae Plagiochila sp.2 3 0
Pallaviciniaceae Symphyogyna aspera F.A.McCormick 1 0
Trichocoleaceae Trichocolea flaccida (Spruce) Spruce 5 5
Trichocoleaceae Trichocolea paraphyllina (Spruce) Steph. 4 0

Mosses

Dicranaceae Campylopus sp. 0 1
Hookeriaceae Hypnella pilifera (Hook. F. and Wilson) A. Jaeger 0 2
Bartramiaceae Leiomela bartramioides (Hook.) Paris 1 0
Bartramiaceae Leiomela deciduifolia Herzog 1 0
Meteoriaceae Meteoridium remotifolium (Müll. Hal.) Manuel 8 5
Phyllogoniaceae Phyllogonium viscosum (P. Beauv.) Mitt. 0 1
Lembophyllaceae Porotrichodendron lindigii (Hampe) W.R. Buck 0 1
Neckeraceae Porotrichum mutabile Hampe 3 3
Prionodontaceae Prionodon densus (Sw. ex Hedw.) Müll. Hal. 5 1
Racopilaceae Racopilum intermedium Hampe 1 0
Meteoriaceae Squamidium nigricans (Hook.) Broth. 0 4
Thuidiaceae Thuidium tomentosum Schimp. 10 5
Pilotrichaceae Trachyxiphium guadalupense (Brid.) W.R. Buck 1 0

The most frequent species in the nests of the two species were the mosses Thuidium
tomentosum, Meteoridium remotifolium, Porotrichum mutabile, and Squamidium nigricans. In
accordance, in a study conducted by Rydgren et al. [27], it was found that there are
15 species of mosses (e.g., Pleurozium schreberi (Willd. ex Brid.) Mitt., Rhytidiadelphus
squarrosus, and Sanionia uncinata) used as nest materials. In the same line, Andreas [28] has
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shown that Carolina chickadees (Poecile carolinensis) utilized ten different types of mosses
such as Platygyrium repens (Brid.) Schimp. for nest construction, where these species were
not randomly selected, because all taxa were epiphytes. Finally, in the tropical zone, De
Almeida et al. [10] report that the commonest moss species were Floribundaria flaccida (Mitt.)
Broth., Squamidium brasiliense (Hornsch.) Broth., and Zelometeorium patulum (Hedw.) Man.

As for liverworts, Plagiochila sp1, Trichocolea flaccida and Frullania peruviana, Bazzania
hookeri, and Metzgeria leptoneurawere were the most abundant (Table 1). In accordance, Breil
and Moyle’s [29] study found corticolous species of Frullania genera. Similarly, Andreas [10]
reports that the commonest liverwort species were Frullania eboracensis Gottsche and Porella
platyphylla (Linneaus) Pfeiffer. In the same line, liverwort genera Frullania, Plagiochila, and
Metzgeria were found in birds’ nests in Brazil [10] and Argentina [4].

The violin plot shows a higher trend of species richness for Myadestes ralloides com-
pared to Catharus fuscater, but the t-test indicated that there is no significant difference
between the species richness of bryophytes associated with the nests of the two bird species
(Figure 4).
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On the other hand, the NMDS indicated that the bryophyte composition is similar for
the two bird species (Figure 5).

Corroborating these results, the PERMANOVA indicated that there is no effect of
bird species on bryophyte species composition (F = 1.740, p-value = 0.126). In accordance,
Glądalski et al. [30] have shown that the bryophyte species’ composition of the nests seems
to be affected by forest composition (urban vs. forest) rather than the bird species. Thus,
other important factors related with forest vegetation and structure [30], the phytochemistry
of bryophytes (e.g., antimicrobial, antifungal, antiseptic) [31], and bryophyte traits (e.g.,
size) are clearly understudied in temperate and tropical zones. For example, several birds
use moss species partially as a function of the size of the tree cavity they use for nesting [7].

There are several limitations of this study, which may be improved in the future
studies. Firstly, this study used a small sample size of bird nests (n = 10 and n = 7) and bird
species. Due to the limitations of our data set, this study only used two bird species, which
may not comprehensively reflect the relation between bryophyte diversity and bird nest
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building. Secondly, a more precise resolution and detailed data set are needed. The current
study does not include a data set with the microclimatic factors, which is relatively coarse
and limits the discussion of other important drivers at local scales. Thirdly, future studies
should try to predict the effects of bryophyte traits and forest vegetation and structure on
bird nest building, which may inform conservation strategies.
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4. Conclusions

We registered a high diversity of bryophytes (25 species) associated with the bird
species Myadestes ralloides and Catharus fuscater, where the mosses Thuidium tomentosum
and Meteoridium remotifolium and liverworts of the family Plagiochilaceae (Plagiochila sp1),
Trichocolea flaccida, and Frullania peruviana were the main components of the nests build-
ing. In addition, we documented for the first time that two bird species selected similar
bryophyte species for nest building in the tropical zone. Therefore, we would suggest that
further investigations should focus on analyzing the relationship between bird nests and
phytochemistry, and the functional traits of bryophytes (e.g., size, growth form).
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