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Abstract

Background: There is limited knowledge about the breeding strategies of birds inhabiting in South American
temperate forests. This is particularly true for open-cup forest passerines breeding at high latitudes (> 42°).

To better understand the ecology of these species, in this study we described and compared the breeding strategies
(ie, nest dimensions, nest height from the ground, egg laying rhythm, clutch size, length of the developmental
periods, breeding phenology, and diversity of nesting substrate) of five passerine birds that inhabit sub-Antarctic
ecosystems.

Methods: During three breeding seasons (2014-2017), we monitored 103 nests of the five most abundant open-cup
forest-dwelling passerines (Phrygilus patagonicus, Anairetes parulus, Turdus falcklandii, Elaenia albiceps, and Zonotrichia
capensis) on Navarino Island (55°S), Cape Horn Biosphere Reserve, southern Chile. Additionally, we compared the
breeding strategies of T. falcklandii to another population breeding at lower latitude (39°9).

Results: Most of the species started laying eggs the last week of September; only E. albiceps started 2 months later.
During the breeding season of 2016-2017 both E. albiceps and Z. capensis started laying eggs earlier than the previous
year. Anairetes parulus and Z. capensis were the most specialized in terms of nesting substrate. Turdus falcklandii had
larger clutch sizes and nested closer to the ground on Navarino Island compared to the northern population, which
might put this and other ground nesting species of this island at a higher risk of predation by the recently introduced
American mink (Neovison vison).

Conclusions: Our five study species breed exclusively in open-cups (not in cavities) in sub-Antarctic forests, and some of
them built their nests closer to the ground compared to populations breeding at lower latitudes. This may be associated
with the lack of terrestrial predators on Navarino Island. Our study opens further questions about the mechanisms driving
differences in breeding strategies among populations.

Keywords: Anairetes parulus, Elaenia albiceps, Latitude, Nesting, Phrygilus patagonicus, Turdus falcklandii, Zonotrichia
capensis

* Correspondence: RocioJara@my.unt.edu

1Department of Biological Sciences, University of North Texas, 1511 W
Sycamore, Denton, TX, USA

2Sub-Antarctic Biocultural Conservation Program, University of North Texas,
1155 Union Circle, Denton, TX, USA

Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40693-019-0082-4&domain=pdf
http://orcid.org/0000-0001-7896-7885
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:RocioJara@my.unt.edu

Jara et al. Revista Chilena de Historia Natural (2019) 92:2

Background

Despite important advances in understanding avian life
history traits for many biomes, current knowledge about
the breeding strategies of forest birds from southwestern
South America (35°-56°S) is still very limited. Existing
information for many species is based on the few studies
that have been conducted in the northern section of this
biome (35-42°S) [1-5] and/or mostly on cavity nesters
[6-9]. In this work we investigate bird reproduction of
open-cup nesters at high latitudes, to provide the foun-
dation for future hypothesis testing about breeding strat-
egies that might affect fitness.

The southernmost forested archipelagoes of the
sub-Antarctic Magellanic ecoregion are embedded in the
Cape Horn Biosphere Reserve (CHBR) [10]. Navarino Is-
land (55°S) is the main island in this protected area, and
its forests provide breeding and/or foraging habitat for ap-
proximately 24—28 species of birds [11, 12]. In these for-
ests, the lack of herpetofauna and limited number of
terrestrial mammals makes birds the dominant terrestrial
vertebrates [13]. The most common open-cup nesting
species are the Patagonian Sierra-Finch (Phrygilus patago-
nicus), Tufted Tit-Tyrant (Anairetes parulus), Austral
Thrush (Turdus falcklandii), White-crested Elaenia (Elae-
nia albiceps), and Rufous-collared Sparrow (Zonotrichia
capensis) [13]. Despite being locally abundant, little is
known about the ecology and breeding strategies of these
passerines inhabiting sub-Antarctic forests.

In Chile, these five species have extensive breeding
ranges from Cape Horn (56°S) to the following northern-
most latitudinal limits: P. patagonicus to 35°S, A. parulus
to 25°S, T. falcklandii to 27°S, E. albiceps to 29°S, and Z.
capensis to 33°S [14]. Passerines breeding in sub-Antarctic
forests are exposed to different abiotic and biotic condi-
tions, which could result in different breeding strategies
from those breeding at lower latitudes of South American
temperate forests (35-42°S). For example, mean
temperature during the breeding season (September—Feb-
ruary) does not exceed 8°C in the Sub-Antarctic forests,
whereas in northern sections mean temperature can reach
up to 18°C [15]. In addition, at latitudes higher than 47°S,
the forest understory is much sparser and open, and lacks
the dense growth of native and abundant bamboo species
of Chusquea spp., which characterizes the understory of
temperate forests north of 45°S [16]. The different environ-
mental conditions may affect the breeding strategies of
these species, expressed as different breeding phenologies
and different resource specializations from those reported
in northern habitats [17]. Furthermore, studying the breed-
ing phenology of these species could aid the understanding
of how these species could respond to global and local
changes in the long-term.

In addition, until the recent introduction of the
American mink (Neovison vison) [18], most forested
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islands south of Tierra del Fuego lacked mammalian
predators [19]. Therefore, forest avifauna has evolved
free of this predation pressure, leaving diurnal and noc-
turnal raptors as the top predators in this ecosystem.
This creates an opportunity to investigate how birds
have responded to the lack of ground predation pressure
as compared to northern mainland populations where
they evolved with a myriad of predators [20, 21].

Here, we studied the breeding strategies of P. patago-
nicus, A. parulus, T. falcklandii, E. albiceps, and Z.
capensis in the sub-Antarctic forests on Navarino Is-
land, investigating three general goals, and two ques-
tions focused on T. falklandii. (1) We characterized
and compared the breeding strategies of the five species
by describing their (a) nest dimensions, (b) nest height
from the ground, (c) egg laying rhythm, (d) clutch size,
and (e) length of the developmental periods. (2) We
characterized their breeding phenology, including
inter-annual variations, by recording egg-laying dates of
species and conducting comparisons between two
breeding seasons. Given that E. albiceps arrives at the
breeding ground considerably later [13], we predicted it
to start laying eggs later in the season compared to the
other species. (3) We characterized the breeding habitat
by quantifying breadth of nesting substrate. We ex-
pected to find differences given that anecdotal informa-
tion available for these species has described some as
habitat generalists, while others as more habitat spe-
cialists [4, 17]. (4) We tested if T. falcklandii places its
nests closer to the ground on Navarino Island as com-
pared to mainland populations. Given the absence of
native mammal predators on Navarino Island [13], we
predicted that T. falcklandii would place their nests
closer to the ground compared to mainland popula-
tions. Finally, (5) we tested for differences in clutch size
between Navarino Island and mainland populations of
T. falcklandii. Following the pattern of larger clutch
size towards higher latitudes [22-24], we expected lar-
ger clutch sizes for T. falcklandii breeding on Navarino
Island than farther north.

Methods

Study area

We conducted our study on the northern coast of Navarino
Island (55°S; Fig. 1). There, the forests are composed of a
mixture of evergreen and deciduous species, and an under-
story of low shrubs, herbs, and diverse mosses [25]. The
elevational gradient in this area is characterized by sharp
slopes, with the tree line at about 600 m.a.s.l. [10]. The cli-
mate of the region is oceanic, with mild summers and win-
ters, and with average temperatures of 10.8°C and 1.9°C,
respectively. The annual rainfall of 467 mm is equally
distributed throughout the year [25].
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Fig. 1 Map showing the study sites. Navarino Island was the main study area, and we also present data from La Araucania Region for
Turdus falcklandii
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Data collection

Our study included three breeding seasons between 2014
and 2017. During the first breeding season (2014—2015), we
made exploratory observations from the end of November
until early January. During the second (2015-2016) and
third (2016-2017) seasons we included the whole breeding
period, conducting observations from early October
through mid- February and January, respectively. We lo-
cated active nests (i.e., having at least one egg or nestling)
in the forest based on the observation of breeding or nest-
ing behavior of adults (i.e., we followed adults to their nest,
wherever the nests were placed). We also used a thermal
imaging device (FLIR One, 2014© FLIR® Systems, Inc.) to
scan the vegetation where we thought there could be a nest
based on adult behavior. After a nest was located, we de-
ployed a camera trap (Bushnell Trophy Cam: Bushnell
Corp., Overland Park, KS, USA) in front of it at varying dis-
tances depending on the habitat around the nest, but

setting it at least 1 m away. We set cameras to take three
pictures per detection with 1 minute delay. When a nest
was located during the laying period, we delayed the de-
ployment of the camera trap until the second half of the in-
cubation period to avoid nest abandonment.

We typically checked nests every other day. During each
nest visit, we first looked around to verify that no potential
predators were nearby (particularly raptors perched) that
could see our activity and could later prey on the nest. If a
potential predator was present, we did not approach the
nest at that time. After nest failure or fledging, we mea-
sured the nest (i.e., cup diameter, cup depth, nest diameter,
and nest depth), height from the ground (measured to the
rim of the nest), and recorded the substrate species (i.e., the
plant species where the nest was located). For ground nests,
we considered the substrate as the plant species that pro-
vided the most concealment within 30 cm of the nest [26].
We determined nesting stage (ie., laying, incubating, or
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nestling) and the duration of these stages based on the data
from visits and pictures from the camera trap. For example,
when a change in stage occurred between visits, we used
pictures from the camera trap to determine when this
change happened, based on adult behavior (i.e., a change
from adult sitting on nest to adult bringing food to the nest
indicated that eggs have hatched). For cases in which nests
were located after the day the first egg was laid, we esti-
mated this date by subtracting the average incubation and
nestling period length (both determined for our region),
and clutch size (assuming one egg was laid per day) [26].
We estimated egg-laying rhythm as (# days between 1st
and last egg laid)/(# of eggs laid), and report the minimum
# of days required per egg. During the laying period, 90% of
the visits occurred between 9:30 am and 2:30 pm, and nests
were visited only once per day.

Statistical analyses

We report nest dimensions (mean * standard error [SE])
for all the species including nest diameter, nest depth, cup
diameter, and cup depth. We also estimated a ratio (nest
diameter/depth) for every species to describe the shape of
the nest. In addition, we report the mean and SE for nest
height from the ground, clutch size, and length of develop-
mental periods.

We compared mean egg-laying date among species as a
function of breeding season, species, and their interactions,
using the non-parametric two-way ANOVA Scheirer-
Ray-Hare (H) test. For post hoc pairwise comparisons we
used a Nemenyi test with a Chi-squared approach [27]. We
compared the distribution of egg-laying dates between
breeding seasons for each species using a two-sample
Kolmogorov-Smirnov (D) test. We plotted the distribution
of egg-laying date over time for each breeding season using
the beanplot [28]. Our statistical comparison did not in-
clude the first season (2014—2015) because our data did not
represent a full breeding season. We considered p < 0.05 as
significant for all statistical tests.
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As an indicator of the degree of nesting-habitat
specialization, for each species we quantified the breadth of
nesting substrate with the standardized Levins' niche
breadth index B, [29]. The equation is B = ﬁ, where B

is Levins’ measure of substrate breadth and p; is the propor-
tion of nests found on substrate i for a particular species.
We standardized B as B, = %, where 7 is the total number
of substrates used by the species of interest [30]. This index
ranges from O to 1, with 1 indicating the broadest niche in
terms of substrate used by a species. All analyses were per-
formed with the R programing software (version 3.4.1) [31].

Comparison to other populations of T. falcklandii

We compared the breeding strategies of T. falcklandii
that breeds on Navarino Island to those breeding in La
Araucania Region (39°S), Chile (Fig. 1). The study site in
La Araucania Region is also within the temperate forests
of southern South America. Unlike Navarino Island, this
region is inhabited by several ground predators of bird
nests including carnivores and reptiles [2, 20, 21, 32, 33].
As part of a different study in La Araucania Region,
nests of T. falcklandii were located by adult behavior
(i.e., individuals exhibiting breeding behavior were
followed). Data on these particular nests have not been
published, but for more details on the methodology see
[34]. Using a Wilcoxon test (W) with continuity correc-
tion we compared the nest height from the ground and
clutch size between T. falcklandii from Navarino Island
and La Araucania populations.

Results

On Navarino Island, we found 103 nests during the three
seasons (P. patagonicus n =17, A. parulus n = 16, T. falck-
landii n = 8, E. albiceps n =28, and Z. capensis n = 34).
Most nests were found during the last two seasons (2015—
2016 =51, 2016-2017 =42). Additional information on
sample size per species by breeding season can be found
in Additional file 1. All nests were open cups (Table 1).

Table 1 Nest height from ground, and nest and cavity dimensions (cm) of five forest-nesting bird species

Nest dimensions® Height from ground Nest diameter

P. patagonicus (n=17) 745+ 10.5 (0-140; 90) 127 +06
T. falcklandii (n = 8) 36.5+19.9 (0-133; 10) 166+12
A. parulus (n=16) 130.1 +45.5 (43-800; 78) 84+03

E. albiceps (n=28) 121.0£14.1 (40-355; 99) 102+04
Z. capensis (n = 34) 3.7+22 (0-55; 0) 140+10

Cavity dimensions®
T. falcklandii (n =12)

Height from ground

3886+783 (81-1120; 319) 132+23

Entrance diameter

Nest depth Nest diam/depth ratio  Cup diameter ~ Cup depth
78+06 1.6 7504 60£16
84+25 20 90+12 50+£0.7
69+04 1.2 41+03 37+04
69+05 15 54+02 34+02
59+06 24 6.6+04 40+03
Entrance height  Interior depth Interior height ~ DCH®
39+34 342+24 220+ 44 56.1 4.1

Data are expressed as means +1 standard error (SE). In addition, for height from the ground, we report range and median in parenthesis

“Measurements of nests found on Navarino Island

PMeasurements of the cavities used for nesting by T. falcklandii in La Araucania Region

“DCH Diameter of the trunk at the cavity height
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Table 2 Clutch size and duration of incubation and nestling For the nests for which we were able to monitor the

periods laying period, we estimated that the egg-laying rhythm

Clutch size Incubation (days)  Nestling (days)  for P. patagonicus was at least 1.1 days/egg (n = 2), for A.

P. patagonicus ~ 35+03(11)  134+10 (5 155 +09 (5) parulus was at least 2.25 days/egg (n = 1), for E. albiceps

A parulus 30402 (7) 155425 (2) 16,1+ 04 (4) was at least 1.5 days/egg (n=2), and for Z. capensis was

T falcklandi® 32£02) - 165205 () 1 da}.//egg (n=2). Clutch size was three eggs for‘ three

_ species (A. parulus, T. falcklandii, and Z. capensis), be-

E. albiceps 22£01(8  145£09 () 1614046 tween three and four eggs for P. patagonicus and two
Z. capensis 30£0.1(23) 113£03(2) 12302 (6)

eggs for E. albiceps (Table 2). Length of development
Data are expressed as means +1 SE with sample size in parenthesis. *We were periods (i.e., incubation and nestling) are shown in Table
not abl.e to fietermﬁne the‘exact incul?ation period because all the nests found 2. When Combining incubation and nestling periods, A
were either in the incubation or nestling period
parulus had the longest developmental period (up to 32
Regarding dimensions and the shape of the nests, two spe-  days) and Z. capensis the shortest (22 days), assuming in-
cies built flat nests in which the diameter/depth ratio was  cubation starts when the last egg was laid. However, this
2 (T. falcklandii) or > 2 (Z. capensis). In contrast, the other ~ might not necessarily be the case for every individual/
three species built rounded nests in which the diameter/  species as we recorded one case of delayed incubation in
depth ratio were 1.2 for A. parulus, 1.6 for P. patagonicus  Z. capensis (see Additional file 2).
and 1.5 for E. albiceps (Table 1). Additional information Most species started laying eggs in September (Fig. 2).
on nest building behavior is found in Additional file 2. However, egg-laying date varied significantly among spe-
One species, Z. capensis, built its nest most often on the  cies (H, =43.0, p < 0.001). Elaenia albiceps started breed-
ground, or very close (<5cm) to it (Table 1). Two other ing later (last week of November) than all other species
species, T. falcklandii and P. patagonicus, built their nests  (p < 0.002) except P. patagonicus (p =0.344). Interest-
occasionally on the ground, and on average at heights less  ingly, we found annual differences in egg-laying date be-
than 1 meter above the ground. Only the two smallest tween the last two breeding seasons (H; = 5.3, p = 0.022),
species did not build nests on the ground and placed them  but no significant interaction between seasons and
on average above a meter off the ground, reaching species was found (H;=1.7, p=0.791). Specifically, E.
branches as high as up to 8 m (A. parulus) or 3.5m (E.  albiceps (D =0.8, p=0.035) and Z. capensis (D=0.7, p =

albiceps) above the ground. 0.001) started breeding earlier in the 2016-2017 season
O 2015-16
. W 2016-17
P. patagonicus -

!

A. parulus

|

T
T. falcklandii —————

E. albiceps

{

Z. capensis v—' *%

| [ ! I ! !

1 Sept 1 Oct 1 Nov 1 Dec 1 Jan 1 Feb

Date
Fig. 2 Egg-laying date for five open-cup forest-nesting birds that breed on Navarino Island, southern Chile. Sample sizes per season are as
follows: P. patagonicus 2015-16 =7 and 2016-17 =9, A. parulus 2015-16 =5 and 2016-17 =9, T. falcklandii 2O 5-16=4and 2016-17 =3, E
albiceps 2015-16 =15 and 2016-17 =5, and Z capensis 2015-16=17 and 2016-17 = 15. **=0.001 < P< 0.01, *=0.01 < P < 0.05 for the difference
between seasons assessed with a two-sample Kolmogorov-Smirnov test
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than in the previous season (Fig. 2). For the other
species, we did not find statistical support for annual
differences.

A total of 15 different substrates were used for nesting
(Fig. 3). Of the five species studied here, A. parulus
(standardized Levins' index B,;=0.31) and Z. capensis
(Bg = 0.38) were the most specialized in terms of nesting
substrate, with the former preferring Berberis micro-
phylla (Magellan Barberry) and the latter forbs and
grasses (Fig. 3). By contrast, the most generalist species
were T. falcklandii (B; = 0.87) and E. albiceps (B;=0.71),
which used up to six and eight different substrates,
respectively, without selecting a particular one (Fig. 3).

Comparison to other populations of T. falcklandii

In La Araucania Region we found 12 nests of T. falck-
landii. In contrast to the nests found on Navarino
Island (all open-cup), all these nests were in non-exca-
vated tree cavities (Table 1). Mean nest height from the
ground was ten times higher for the population

Page 6 of 10

breeding in La Araucania Region (mean = 389 cm) com-
pared to Navarino Island (37cm, n=8; W=94, p<
0.001; Fig. 4a; Table 1). Clutch size on Navarino Island
(3.2 £ 0.2 eggs, n=5) was larger than that in La Araucania
Region (2.4 + 0.2 eggs, n=9; W=38, p=0.034; Fig. 4b).

Discussion

We report the first data on the breeding biology of the
five most abundant open-cup forest-dwelling birds in
their breeding grounds at the southernmost forests of
the world. Although most of these species are facultative
cavity nesters in other localities [34, 35], we found they
exclusively built open cup nests on Navarino Island. It is
noteworthy that we found differences in nesting strat-
egies of T. falcklandii breeding at different latitudes.

In general, the relative nest abundances for each spe-
cies parallels their frequency of capture in the study area
during the breeding season [36]. The main exception is
P. patagonicus, which was the most frequently captured
bird [36], but represented only 17% of the nests we

Phrygilus patagonicus
(n=17)

B,=0.58

Anairetes parulus
(n=15)

B.=0.31

Turdus falcklandii
(n=8)

B.=0.87

Elaenia albiceps
(n=28)

B=0.71

Zonotrichia capensis
(n=34)

B.=0.38

Berberis ilicifolia

Berberis microphylla
Chiliotrichum diffusum
Drimys winteri
Embothrium coccineum
Gaultheria mucronata
Marsippospermum grandiflorum
Maytenus magellanica
Misodendrum punctulatum
Nothofagus antarctica
Nothofagus betuloides
Nothofagus pumilio

Ribes magellanicum

Dead trunk

Forbs and grasses

Fig. 3 Substrates used for nesting by five open-cup forest-nesting passerines that breed on Navarino Island (55°S), Cape Horn Biosphere Reserve,
Chile. Sample sizes are in parentheses. B; represents the standardized Levins' niche breadth index
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Clutch size of Turdus falcklandii
N
|

La Araucania Region Navarino Island

T

600 —

500 —

400 —

300 —

200 —

100 — *

Nest height from ground (cm) of T. falckiandii

La Araucania Region Navarino Island

Fig. 4 Comparison of nesting strategies of Turdus falcklandii between
different populations. a Nest height (cm from the ground) for La Araucania
Region (n=12) and Navarino Island (n=8) breeding populations. b Clutch
size for La Araucania Region (n = 9) and Navarino Island (n=5). Bar heights
represent mean value, and vertical bars represent 95% Confidence Intervals.
* represents statistical difference compared to La Araucania Region

found. A possible explanation for this difference could
be due to the difficulties in locating nests for this spe-
cies. One cue we used to find nests was observing birds
flushing from a nest. Unlike the other species, P. patago-
nicus did not flush from nests, even when we were less
than 1 m away.

The observed nest characteristics for each species in
our study generally agreed with those described in other
locations [37-40]. However, farther north, four of our
species have also been described nesting in cavities [34,
35]. Specifically, T. falcklandii has been described as a
facultative cavity nester (10.1-90.0% of nests in tree cav-
ities), P. patagonicus as a marginal cavity nester (1-10%
of nests in cavities), and both E. albiceps and Z. capensis
as incidental cavity nesters (< 1% of nests in cavities) [34,
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35]. We did not find any active cavity nests for these
species. This finding could be a response to the relatively
low number of potential predators in the study area, as
it is traditionally accepted that cavities confer protection
from predators [41, 42].

The fastest egg laying rhythm was for Z. capensis that
laid daily, and the slowest was A. parulus, which sepa-
rated eggs by more than 2 days. Only two previous
studies reported this breeding trait, both referring to Z.
capensis, indicating the same daily laying rhythm that
we report here [43, 44]. If a nest was located after the
first egg had been laid, then egg laying rhythm was
taken into consideration when we estimated nest initi-
ation date. In general, when this information is not
available, authors assume one egg is laid per day (as we
did in this study) [26, 43, 45]. However, as our records
suggest, this does not necessarily apply to every passer-
ine species. Given that some species, such as A. parulus
and E. albiceps, might lay less than one egg per day,
this assumption may bias estimation of egg laying date
towards later in the season.

The present study is the first that reports developmental
periods (i.e., incubation and nestling periods) for P. patago-
nicus, which lasted approximately 1 month from the start
of incubation until chicks fledged (Table 2). Duration of
these periods for T. falcklandii and Z. capensis were similar
to those that have been described previously [38, 43, 44, 46,
47]. The only records for A. parulus are from [38] who re-
ports, without specifying the region, that incubation lasts
12 days and nestling 13 days. For this species, we observed
longer developmental periods on Navarino Island (incuba-
tion = 15.5days [n=2], nestling=16.1 [n=4]). Based on
only one observation in an unknown location, [38] also de-
scribed the incubation and nestling period of E. albiceps as
12 and 13 days, respectively. On Navarino Island we ob-
served somewhat longer developmental periods for this
species (incubation = 14.5 days [z = 3], nestling =16.1 days
[n = 6]). Our observations agree with the developmental pe-
riods of E. albiceps on Chiloé Island, Chile, where incuba-
tion lasts 14—15 days and nestling 14—17 days [47].

As predicted, we found that E. albiceps breeds later
compared to most of the other species. This is the only
long-distance forest migratory species that breeds on
Navarino Island [48, 49] and is the last to arrive on the
breeding ground (in October). The other migratory spe-
cies, Z. capensis, arrives in August from central Chile
[36]. The same pattern occurs in central Chile, where
E. albiceps breeds later than other sympatric species
[5]; it arrives in September but it starts breeding in No-
vember, with its peak of breeding activity in December
[4]. Interestingly, over 3500 km south on Navarino Is-
land, E. albiceps also starts breeding in November, with
its peak of breeding activity also in December, even
though it arrives to the island in mid-October, a month
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later than the northern population. Therefore, on Nava-
rino Island E. albiceps starts breeding considerably
sooner (1 month) after arrival compared to lower lati-
tude populations. This raises evolutionary questions
about adaptive behaviors for a small bird worth study-
ing along the latitudinal breeding range.

Both E. albiceps and Z. capensis started breeding
earlier during the last breeding season. Coincidently,
spring temperatures during the 2016-2017 breeding
season were higher than the previous season. In
September, the mean temperature in 2015 was 1.83°C
(SE =0.51) and in 2016 it was 5.33°C (SE = 0.34) [15].
Given our limited data, we were not able to test
whether there is an effect of spring temperature on
egg-laying date. However, we urge scientists to imple-
ment a long-term monitoring program on the breed-
ing phenology of these species on Navarino Island to
assess whether climate change may be affecting local
species. Contrastingly to these two species, we did
not find annual differences in laying dates for the
resident species; nevertheless, this result should be
taken with caution given the limited sample size. In
addition, there seems to be only one brood per spe-
cies per season (Fig. 2).

As predicted, species differed in substrate used for nest-
ing, but overall, they were generalists. The substrates used
by the five species on Navarino Island coincided with re-
ports from other locations [38, 39, 43]; however, no previ-
ous study has reported a substrate diversity index. We
found that E. albiceps had one of the highest diversity in-
dexes, suggesting that this species may be more adaptable
to potential changes in its environment. Noteworthy, E.
albiceps uses exotic pine plantations as a substrate for
nesting in central Chile [4]. In contrast, a less substrate-
generalist species such as A. parulus, might not be able to
respond to the rapid landscape changes that are currently
taking place on Navarino Island.

As predicted, and possibly associated with the lack of
terrestrial predators on Navarino Island [18], we found
that two of the five birds in our study area were primar-
ily ground nesters, and the other three placed nests on
average less than 1.5 m from the ground. Interestingly,
E. albiceps and T. falcklandii on Navarino Island nested
closer to the ground than populations farther north. In
our study area, E. albiceps nested between 0.4 m and
3.6 m from the ground, with 50% of them under 1 m.
This only partially corresponds to what has been de-
scribed for this species in a study conducted in central
Chile (35°S), where this species nested between 0.5 and
15m above the ground [4]. Additionally, [38] described
three nests for this species, all at least 2m above the
ground. Turdus falcklandii also nested very close to the
ground (median = 10 cm) on Navarino Island, which dif-
fers from what we found in La Araucania Region
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(median = 319 cm) and with previous studies that have re-
ported this species building its nests at least a few meters
from the ground. In our study area, the average canopy
height was about 15 m, but we did not find nests near that
height for either E. albiceps or T. falcklandii, even though
these birds often feed in the canopy. Unlike the forest
community in La Araucania Region, which includes
ground predators such as wild cats and foxes [20, 21], on
Navarino Island birds evolved in the absence of ground
mammalian predators. It could be that by placing their
nests closer to the ground on this island, birds avoid nest
depredation by native raptors [50, 51]. Today, this behav-
ior could, however, put Navarino birds at a higher risk of
predation by recently introduced ground predators, par-
ticularly the American mink (N. vison) [18, 52]. Similar
naivety to mink predation given the lack of coevolution
was suggested for small rodents on this island [53]. How-
ever, because previous reports [38, 39], as well as our ana-
lysis, are based on a limited sample size, these
comparisons should be taken with caution. Furthermore,
placing nests closer to the ground could be a response to
different biotic and abiotic factors, such as understory
structure, temperature, and/or wind speed.

We found no major differences when comparing
clutch sizes for the five passerines from Navarino Island
to the descriptions available in the literature [2, 3, 5,
37-39, 43-46, 54—61]. However, when we made this
comparison based on our data the difference in clutch
size was clear. As predicted, the clutch size for 7. falck-
landii on Navarino Island (3-4 eggs) was statistically
higher than La Araucania Region (2-3 eggs). This cor-
responds with the frequently described pattern of larger
clutch size at higher latitudes [22, 23, 41, 62]. It also
corresponds with the pattern of larger clutch size for
species nesting on islands compared to continents [63].
Finally, it could also be that a larger clutch size of T.
falcklandii on Navarino Island is an interaction be-
tween latitude and island habitat [63].

Conclusions

This study represents the first extensive description of
breeding strategies for the five most abundant forest
passerine species of the sub-Antarctic forests. All of
them breed exclusively in open-cups (not in cavities),
and some of them built their nests closer to the ground
compared to populations breeding at lower latitudes.
This may be associated with the lack of terrestrial pred-
ators on Navarino Island. Our results suggest that pop-
ulations of bird species with extensive breeding ranges
exhibit changes along latitudinal gradients in terms of
nest placement and other aspects of their breeding biol-
ogy. This study opens further questions regarding the
mechanisms driving differences in breeding strategies
among populations.
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