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Abstract. Variable retention is an alternative harvesting system that could
be implemented instead the more traditional ones (e.g. shelterwood cut for
N. pumilio forests in southern Patagonia), because it was designed not only
for timber purpose, but also for conservation. However, the impact of dif-
ferent retention types on diversity is not clear, e.g. stenotopic and eurytopic
bird species. The objective of this work was to analyse the habitats (inside,
edge or outside of aggregated retention) and the use of strata (canopy, stem,
debris and floor) for different bird species under two different variable re-
tention harvesting types (aggregated + dispersed retentions, or aggregated
retention + clear-cuts). We analysed four years of bird observation data in
variable retention harvested and unharvested forest permanent plots located
in Tierra del Fuego province (Argentina) belonging to PEBANPA (Parcelas
de Ecologia y Biodiversidad de Ambientes Naturales en Patagonia Austral)
network, also with understory and crown cover data. Statistical analysis
included uni- and multivariate tests, and comparisons with unharvested for-
ests. We inventoried nine bird species, six of which showed significantly
different habitat preference in variable retention types (Carduelis barbata,
Phrygilus patagonicus and Tachycineta leucopyga in aggregated + dispersed
retentions, and Enicognathus ferrugineus, P. patagonicus, T. leucopyga,
Troglodytes aedon and Zonotrichia capensis in aggregated retention + clear-
cuts). Likewise, all evaluated species presented differential use of strata,
and some species changed comparing harvested and unharvested forests.
DCA (Detrended Corresponded Analysis) highlighted association between
species and habitats (e.g. P. patagonicus is more related to outside aggre-
gated retentions) as well as differences between variable retention types,
showing that bird species move toward edges when clear-cuts were carried
out, among aggregated retention, instead of dispersed retention. These re-
sults support the effectiveness of the variable retention to conserve habitat
of bird species inside managed forests, which satisfy both stenotopic and
eurytopic species requirements.
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Introduction

Biodiversity includes all living organisms that
inhabitat an ecosystem, as well as ecosystem
diversity, and is crucial for ecosistem servic-
es supply, since regulates ecosistem processes
and functions, and could be considered eco-
system services in itself (MEA 2005). Ecosys-
tem services are those provided by the flows
of materials, energy and information from nat-
ural capital stocks, which combined with man-
ufactured and human capital services, produce
human welfare sorted in four categories: pro-
visioning, regulating, supporting and cultural
services. Currently, forest management is un-
der publicly scrutined concerning its impact in
non-timber values (e.g. biodiversity). There-
fore, biodiversity conservation becomes one
important goal of forestry, including the provi-
sion of habitat for forest species. Biodiversity
assemblages in natural ecosystems vary across
landscape (French & Picozzi 2002), even with-
in a single vegetation type or region (Gossner
et al. 2014, Martinez Pastur et al. 2016, Zolo-
tarjova et al. 2016) following different envi-
ronmental gradients (e.g., climatic, latitudinal,
longitudinal, altitudinal). This was observed in
vascular plants and arthropods of Nothofagus
pumilio Poepp. & Endl. Patagonian forests
(Lencinas et al. 2017). Birds are not an ex-
emption (Martinez Pastur et al. 2015), being
necessary to develop land-sharing strategies to
promote conservation in managed ecosystems
to safeguard their particularities (in richness,
community composition and assemblage pat-
terns) along the whole range of distribution of
the species.

Birds are the most abundant and diverse
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vertebrates in several temperate forests (Vuil-
leumier 1985). They occupy many ecological
niches and key roles, such as seed dispersers,
pollinators, pest controllers, soil creators, nu-
trient cyclers, predators and scavengers (Sek-
ercioglu 2006), providing important ecosys-
tem services (Whelan et al. 2008). For birds,
habitat is the place where they are active for
feeding, nesting, singing, roosting/perching
and covering/sheltering. Some species (eury-
topic) are adapted to different habitats (e.g.
could eat several types of food, available in
different habitats), while other species (sten-
otopic) require specific habitat (e.g. could eat
only one type of food, available in a unique
habitat). Forest strata provide different habitat
features for bird activities (French & Picozzi
2002). Therefore, bird distribution and densi-
ty could be associated with forest strata and
structural features, like presence of canopy
emergent trees, snags, logs and different un-
derstory cover (e.g. Berg et al. 1994, Diaz et
al. 2005), most of which could persist in dis-
turbed ecosystems as biological legacies (Per-
ry & Amaranthus 1997). The lack of suitable
strata may threaten the conservation of bird
species or communities. The knowledge about
bird species habitat requirements improve the
effectiveness in the design of conservation
strategies (Franklin et al. 1997). Ecosystems
with marked temporal and spatial variability
in resources usually condition the presence
of stenotopic or specialist species, which are
usually the more sensitive to changes in habi-
tat features (Devictor et al. 2008). In contrast,
more homogeneous ecosystems in space and
time are more appropriated for less specialized
(and less sensitive) eurytopic or generalist bird
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species (Carrara et al. 2015), less relevant for
conservation-oriented management priorities
at landscape scale (Becerra Serial & Grigera
2005, Lencinas et al. 2005, 2009).

Variable retention was proposed as an alter-
native to achieve both timber and conserva-
tion purposes in the management of temperate
forests (Franklin et al. 1997). Variable reten-
tion differs from other harvesting systems,
because it proposes to maintain permanently
mature trees, snags and multiple crown and
size classes at stand level to preserve both
species and structural diversity (Rodewald &
Yahner 2000). Among temperate woodlands,
N. pumilio forests of southern Patagonia could
be successfully managed with this strategy
(Martinez Pastur et al. 2009). The variable re-
tention system in N. pumilio forests allows to
maintain some of the original biodiversity in
managed stands (e.g. Soler et al. 2015), of vas-
cular plants (Lencinas et al. 2011), arthropods
(Lencinas et al. 2014) and birds (Lencinas et al.
2009). Specifically, variable retention appears
to have a great potential for bird conservation
in southern Patagonian forests. In a previous
work in these forests, Lencinas et al. (2009)
found that variable retention allows the estab-
lishment of early-succession birds in harvested
areas with dispersed retention and clear-cuts,
while conserves in the aggregated retentions
birds typical of primary unharvested forests.
Contrary, Deferrari et al. (2001) found in V.
pumilio forests that shelterwood cut reduce di-
versity at landscape scale decreasing presence
and abundance of unharvested forest specialist
bird species, which was also stated by King &
DeGraaf (2000) in New Hampshire, USA for-
est. Similarly, clear-cuts usually only favored
early-successional birds and this could lead
to a complete replacement of the original bird
community (Costello et al. 2000). However, it
is not clear which is the impact in the use of
habitat and strata caused by different variable
retention harvesting types on bird species, both
for specialist/sensitive (typical inhabitants of
forests) or eurytopic species that usually reach
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harvested forests from open-lands, as shrub-
lands, grasslands and peat-bogs (Lencinas et
al. 2009).

Therefore, the objectives of this work were:
(1) to evaluate the effect of different types of
variable retention harvesting in the use of dif-
ferent habitats generated in harvested areas
(inside aggregates, edges and outside aggre-
gates) by bird species; (ii) to analyse the use
of strata (canopy, stem, debris, and floor) with-
in variable retention harvestings types, and to
compare them with unharvested forests. We
complemented these analyses with other avail-
able information (bare soil and debris cover,
vegetation biomass, crown cover) as possi-
ble explanations for differences in the habitat
proportional abundances. The studied types
of variable retention were those applied in a
long term-plot of the PEBANPA (Parcelas de
Ecologia y Biodiversidad de Ambientes Na-
turales en Patagonia Austral) network (Peri et
al. 2016), including aggregates in a matrix of
dispersed retention, and aggregates within a
clear-cut. Through this study, we expected to
understand better the role of variable retention
harvesting to promote the conservation of na-
tive bird species with different habitat require-
ments.

Materials and methods

Study sites, forest structure and understory
characterization

We conducted this study in San Justo Ranch
(54°06’ S, 68°37° W), where variable retention
harvesting on pure (monospecific) unharvest-
ed N. pumilio forest was applied in 2001 for
the first time in Tierra del Fuego, Argentina.
Harvested forests are in a long-term permanent
surveyed area of 61 ha (Martinez Pastur et al.
2010, Gustafsson et al. 2012), where the full
range of site qualities is represented (Martinez
Pastur et al. 1997). Therefore, it comprise from
high productive stands, with more than 900 m?
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ha'! of total (timber and non-timber) tree vol-
ume and more than 24 m height, to low pro-
ductive stands with less than 700 m* ha'! total
tree volume and less than 20 m height (Marti-
nez Pastur et al. 2009). Sampling was carried
out in two types of variable retention harvest-
ing included in this area: (i) combination of
aggregated and dispersed retention (AR+DR),
applied on 10.7 ha, with one aggregate (30 m
radius) per hectare and 10-15 m? ha' basal
area of remaining trees among them (40-50%
of total retention); (ii) aggregated retention
surrounded by clear-cut (AR+CC), applied on
18.5 ha, also with one aggregate (30 m radius)
per hectare (28% of total retention). Sampling
was also performed in remnant unharvested
forests as control (C), occupying 8.6 ha, with
528 trees ha'! density and 65.0 m? ha' basal
area. We evaluated these areas as adequate for
biodiversity studies using BACI (Before and
After Control Impact) approach, as was al-
ready published in Lencinas et al. (2005, 2009,
2014, 2017). For the analyses proposed in this
study, habitats generated by variable retention
were inside aggregates, edges and outside
aggregates. In AR+DR, outside aggregates
corresponded to dispersed retention; while in
AR+CC, outside aggregates corresponded to
clear-cut.

Forest structure was evaluated in the three
forest conditions by random circular plots of
500 m? each. Complete description of forest
structure sampling methodology and general
results could be found in Martinez Pastur et al.
(2009). Crown cover was extracted from those
data for the habitats analysed in this study (in-
side aggregates, edges and outside aggregates).
It was estimated using a spherical crown densi-
ometer (Lemmon 1957) in each plot.

Climate in the study area presents short cool
summers and long snowy and frozen winters
(Martinez Pastur et al. 2007). The mean month-
ly temperatures vary from -0.2°C to 10.4°C
(with -9.6°C minimum extreme in July, and
24.9°C maximum in February) in unharvest-
ed forests, and from -1.0°C to 10.6°C (-11.3°C
minimum extreme in July to 25.9°C maximum
150
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in February) in harvested forests. The growing
season is short (approximately five months)
due to mean monthly temperatures over 0°C
occurs only three months per year. However,
soil temperatures in unharvested stands are
never below 0°C, although soil freezing oc-
curs in harvested stand (-0.2 to -0.6°C during
June-July). Rainfall that reach the forest floor,
including snowfall, is around 600 mm yr' in
the harvested stands, but lesser (300-400 mm
yr') inside unharvested forests due to canopy
interception. Winds have an annual average
speed of 8 km h™' outside forests, reaching up
to 100 km h™!' during storms.

Vascular plant diversity in N. pumilio forest
understory is usually scarce, with low develop-
ment in height (less than 1.00 m) and without
shrubs or sub-canopy components (Lencinas et
al. 2008a), but with a rich bryophyte compo-
nent (Lencinas et al. 2008b). We characterized
vegetation of harvested and unharvested for-
ests by ten randomly located plots (1 m? each)
in each, following the methodology described
in Lencinas et al. (2011). We evaluated cov-
er and biomass for the studied habitats (inside
aggregates, edges and outside aggregates). The
covers (%) of woody debris and bare soil or lit-
ter without vegetation were estimated by inter-
ception method in each plot (Mueller-Dombois
& Ellenberg 1974). The monocot, dicot and
total dry biomass (kg ha') were obtained by
drying in oven at 70°C (Catchpole & Wheeler
1992). Total dry biomass included monocot,
dicot and bryophyte biomass.

Bird sampling

Bird sampling was performed by point-count
sampling method with unlimited distances
(Deferrari et al. 2001, Lencinas et al. 2005,
2009) during the summer season (February)
of the first four years after harvesting (2002-
2005) in the three described forest conditions.
Sampling was conducted when major social
and feeding bird activity occurs (4-h period
following sunrise), and under equivalent cli-
matic conditions, discarding foggy, strong
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windy or rainy days. We randomly established
six sampling points in each forest condition
(at least 100 m apart one from other), clearly
identified in the field, which were visited five
times during each summer, reaching 360 total
counts. Sampling point order was changed dai-
ly to balance the effect of day-time on bird ob-
servations (Shields 1977). Each count consist-
ed in 10-minute observation period, including
2-minute period of habituation (time taken by
birds to return to their normal activities) and
8-minute period of effective counting (direct
sighting recognition of each individual with
binoculars). During observation, we registered
taxonomy, habitat (inside aggregates, edg-
es or outside aggregates) and strata or tier of
the forests where each individual is observed
(canopy, stem, debris and floor), as was sug-
gested by O’Donnell & Dilks (1988). Moreo-
ver, we measured the horizontal distance (m)
between each bird or groups and the center of
the point, using a TruPulse laser rangefinder
(Laser Technology, USA), to calculate density.
Lencinas et al. (2009) published the analyses
for richness and density.

Strata in our study area were defined based
on an adaptation of the strata levels proposed
by Pearson (1971). Canopy stratum occupied
the upper 1/4 of the total height of the over-
story tree (approximately 16 m-24 m height),
and include disperse and uncommon emergent
trees. Stem stratum occupied from the floor
level to 3/4 total height, and comprised the
trunk or main branches of the overstory tree.
Debris stratum occupied from the floor level to
approximately 1.50 m height, and included the
crown and branches of harvested trees (only
logs are productively used). Floor stratum was
less than 0.50 m height, and included bare soil
or litter without vegetation, and understory.
Bird taxonomy followed Narosky & Yzurieta
(1987) as presented in the Supporting Informa-
tion.

Data analyses

The abundance of each bird species per hab-
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itat and strata was relativized to the total
abundance of the species in variable retention
harvested forests, obtaining a proportional
abundance (%) for each sampled year (repli-
cas). We only evaluated species observed in
more than one sampling year. The proportion-
al abundance was analysed by univariate and
multivariate statistic. For the characterization
of bird species behaviour in harvested forests,
we performed two-way ANOVAs, considering
habitats (inside aggregates, edges and outside
aggregates) and strata (canopy, stem, debris
and floor) as main factors (N = 4§), in both
AR+DR and AR+CC variable retention har-
vestings. Likewise, we performed one-way
ANOVAs for understory biomass and cover,
as well as for crown cover, considering hab-
itats (inside aggregates, edges and outside
aggregates) as main factor. Biomass was log
transformed by log(Y+1) to achieve normality
(Kolmogorov-Smirnov test) and homoscedas-
ticity (Levene test) assumptions, but non-trans-
formed data are shown. Averages were tested
for significant differences by Tukey test (p <
0.05) in all these analyses. Moreover, we per-
formed non-parametric analyses of variance
by Kruskal-Wallis test to compare among stra-
ta for each bird species in unharvested forests.
We used Statgraphics (Statistical Graphics
Corp., USA) software for all the analyses.

Complementary, we conducted a detrended
correspondence analysis (DCA - Hill 1979) to
evaluate the change in direction and magnitude
of bird species behaviour between AR+DR and
AR+CC variable retention harvestings. This
ordination utilized species average proportion-
al abundance data and was developed with res-
caling of axes and without down-weighting for
rare species in PC-Ord software (McCune &
Meftford 1999).

Results

We analysed nine bird species for variable re-
tention harvestings, most belonging to Passer-
iforms (four resident and/or partial migratory
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and four migratory) and only one Psittaciform
(resident) (Supp. Info.).

In AR+DR (table 1), three species (Cardue-
lis barbata, Phrygilus patagonicus and Tachy-
cineta leucopyga) presented significantly dif-
ferent proportional abundance in the habitats
(F>4.34, p <0.020), with significantly higher
abundance (61% to 94%) in dispersed reten-
tion among aggregates than inside aggregates
(0% to 11%). Edges showed intermediate
values (6% to 28%), which cannot be differ-
entiated of inside aggregates for P. patagoni-
cus, and inside and outside aggregates for C.
barbata and T. leucopyga. Regarding strata,
almost all species preferred one or two strata
instead of other strata (F > 3.78, p < 0.019),
except Zonotrichia capensis (F = 142, p =
0.254) that did not show any preference. The
species that preferred canopy instead of o-
ther strata were C. barbata, Elaenia albiceps,
Enicognathus ferrugineus and T. leucopyga,
with 50% to 96% preference. Two species pre-
ferred floor (P. patagonicus and Troglodytes
aedon, with 65% to 82% preference), and oth-
er two species occupied canopy and floor with
similar frequency (Aphrastura spinicauda,

Research article / INCDS85

with 32% in floor and 36% in canopy, and Tur-
dus falklandii, with 26% in canopy and 57% in
floor). However, significant interactions were
detected for P. patagonicus and T. leucopyga
(F > 4.13, p < 0.003), where the first species
showed very low proportional abundance (less
than 5%) in all strata, in edges and inside ag-
gregates, while in dispersed retention reached
a maximum in floor (65%), intermediate val-
ues in canopy (20%), and low values in debris
and stems. On the other hand, the significant
interaction for 7. leucopyga occurred by se-
lecting mainly canopy in dispersed retention
(60%), compared with edges and aggregates
(approximately 20% vs. less than 2%, respec-
tively).

In AR+CC (table 2), five species (E. fe-
rrugineus, P. patagonicus, T. leucopyga, T.
aedon and Z. capensis) presented significan-
tly different proportional abundance between
habitats (F > 3.28, p < 0.049): four of them
with significantly higher abundance (66%
to 80%) in clear-cut among aggregates than
inside aggregates (1% to 4%), while E. fer-
rugineus was more significantly frequently
observed in edges (56%). On the other hand,

Table 1 Proportional abundance (%) of bird species in harvested Nothofagus pumilio forests, where vari-

able retention type includes aggregated and dispersed retention. Habitats and strata were the main

factors to evaluate preferences by two-way ANOVAs. Codes for the species are in Supp. Info.

Factor APSP CABA ELAL ENFE PHPA TALE TRAE TUFA ZOCA
) Inside aggregates 39.2  8.3% 364 460 0.0 10.9° 14.8 262 74
Hébi- Edges 250 19.6* 454 302 5.9° 28.2% 272 29.5 134
tats  Dispersed retention 35.8  72.1° 182 238 94.1° 60.9° 58.0 443 792
1.01 535 0.74 0.14 2554 4.34 1.29 0.40  2.44
(p) (0.373) (0.009) (0.487) (0.872) (<0.001) (0.020) (0.287) (0.670) (0.102)
Canopy 358> 493> 955> 93.6° 235 945 370 26.2% 22.8
Stem 19.9® 1.7# 45 32¢  0.0° 3.9 0.0° 33 20
St.rata Debris 11.9¢  1.5¢ 0.0°  0.0* 11.8 0.0° 14.8° 13.1* 524
Floor 32.4% 4.7 0.00  32¢  64.7° 1.6 81.5*  57.4° 228
F 378 11.81 644 6.75 11.25 2144 138 463 142
() (0.019) (<0.001) (0.002) (0.001) (<0.001) (<0.001) (<0.001) (0 008) (0 254)
F 2.15 1.89 0.74  0.67 9.75 4.13 0.87 1.90 0.
AxB ) (0.071) (0.109) (0.626) (0.673) (<0.001) (0.003) (0.526) (0.107) (0.897)

Note. F(p) - Fisher statistic with probability between parentheses. Different letters in each column show differences by

Tukey test at p < 0.05.
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Table 2 Proportional abundance (%) of bird species in harvested Nothofagus pumilio forests, where varia-
ble retention type includes aggregates surrounded by clear-cut. Habitats and strata were the main
factors to evaluate preferences by two-way ANOVAs. Codes for the species are in the Supp. Info.

Factor APSP CABA ELAL ENFE PHPA TALE TRAE TUFA ZOCA
Inside aggregates 8.3 4.2 30.5 20.8*  1.1* 3.6 3.6 169 1.5*

A: Edges 39.1 246 565 558> 19.1* 437 264® 477  32.4®

Habitats Clear-cut 526 712 13.0 234° 798 52.7°  70.0° 354  66.1°
F 1.85 183 1.52 352 730 545 328 146 3.38
() (0.172) (0.175) (0.233)  (0.040) (0.002) (0.008) (0.049) (0.245) (0.045)
Canopy 179 456 87.0°  76.6° 45 928  27* 185 930
Stem 115 05 0.0 0.0°  0.0° 0.6 0.0 1.5* 120

Strata  Debris 385 162 0.0° 0.0°  46.1® 1.8 37.3% 92+ 398
Floor 321 377 13.00  23.4% 494> 4.8 60.0° 70.8° 49.7°
F 1.5] 250 865 9.00 467 2112 612 618 547
() (0.228) (0.075) (<0.001) (0.001) (0.007) (<0.001) (0.002) (0.002) (0.003)

axp T 160 127 300 441 404 336 160 076 157
(v) (0.176) (0.294) (0.017) (0.002) (0.003) (0.009) (0.176) (0.609) (0.184)

seven species showed strong preferences for
some strata (F > 4.67, p < 0.007); 4. spinicau-
da and C. barbata being the exceptions (F <
2.50, p > 0.075). Among the preferred strata,
three species were more associated with can-
opy (E. albiceps, E. ferrugineus and T. leuco-
pyvea, with 77% to 93% preference). The other
four (P. patagonicus, T. aedon, T. falklandii
and Z. capensis) were more associated to the
floor (49% to 70%), with intermediate values
for three of them (P, patagonicus, T. aedon and
Z. capensis) in debris (37% to 46%, without
statistical significance between floor and cano-
py). In these analyses, we observed significant
interactions. For E. albiceps and E. ferrugi-
neus, these occurred due to lower values for all
strata in dispersed retention (less than 10%),
but significantly higher in the other habitats in
canopy, with edges similar to aggregates for
E. albiceps (30% and 50%, respectively), and
aggregates lower than edges for E. ferrugineus
(20% and 60%, respectively). For T. leuco-
pyga, proportional abundance was greater in
canopy than other strata in all the habitats, but
with significant differences among them (edge
> dispersed retention > aggregates), varying
among 10% and 55% approximately. The in-
teractions for P. patagonicus occurred due to

very low proportional abundance in all stra-
ta for aggregates and edges, but significantly
high proportional abundance in floor in dis-
persed retention.

DCA (fig. 1) showed changes in direction
and magnitude of bird species preference be-
tween habitats of AR+DR and AR+CC var-
iable retention harvestings. Six species (E.
albiceps, E. ferrugineus, P. patagonicus, T.
leucopyga, T. falklandii and Z. capensis) en-
larged the use of edges when clear-cut was
applied, two species increased the use of out-
side aggregates (4. spinicauda and T. aedon),
and C. barbata almost did not change from
AR+DR to AR+CC.

Use of strata in unharvested forests (fig. 2)
was analysed in nine bird species (seven Pas-
seriforms, one Psittaciform and one Falconi-
form) of the 14 observed bird species. Eight
species showed significant preferences of stra-
ta (K-W>9.77, p <0.0206): most of them (4.
spinicauda, C. barbata, E. albiceps, E. ferru-
gineus, P. patagonicus and Z. capensis) strong-
ly preferred canopy (more than 66% of the
observations); 7. aedon was the only one that
preferred floor (67%); and T. falklandii was
the only with similar and high use of canopy
and floor (48% and 50%, respectively) than
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other strata. The Falconiform species (Milva-
go chimango) was exclusively observed in the
canopy stratum.

Finally, complementary analysis on vege-
tation of AR+DR (table 3) showed significant
differences among habitats for bare soil cover,
dicot and total biomass, and crown cover (F >
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5.18, p < 0.032). Bare soil and crown covers
were significantly greater in aggregates (41%
and 82%, respectively) than in dispersed reten-
tion (18% and 24%, respectively), with inter-
mediate values for edges (58%). Meanwhile,
dicots and total biomass were significantly
higher in edges and dispersed retention (837.2

Dispersed/Clear-cut
e s AR+DR
pira > AR+CC
]
PHPA & / ZOCA
CABA| /,mCABA
= | rRaE f*
s}
—|zocAac TALE
T TRAE
E] APSP
g o © TUFA
5 TALE
=) APSP.
)
o™ 1
o TUFA ENFE
Z n
o Aggregated
ENFE / ELAT ® ggreg:
o
ELAL
Edge
[ ]
Axis 1 (eigenvalue=0.1518)
K-W=14.49 (p=0.002)
APSP Ofloor
K-W=13.03 (p=0.005) Odebris
CABA
Estem
CIPA Mcanopy
K-W=16.80 (p=0.001)
ELAL
K-W=16.80 (p=0.001)
ENFE
K-W=7.00 (p=0.072)
MICH
PYAL
K-W=11.00 (p=0.012)
PHPA
POPL
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THCA
E K-W=10.36 (=0.016)
TRAE I
1 K-W=9.77 (p=0.021)
TUFA I
K-W=10.89 (p=0.012)
ZOCA

0% 20% 40% 60% 30% 100%

kg ha' in average for dicots, and
1368.8 kg ha' for total biomass)
than in aggregates (107.0 and
428.1 kg ha', respectively). On
the other hand, analysis on vege-
tation of AR+CC (table 3) showed
a similar pattern than in AR+DR.
We observed significant differ-
ences among habitats for bare soil
cover, dicot and total biomass, and
crown cover (F > 9.90, p < 0.005),
with greater differences for bare

Figure 1

Detrended Correspondence Analysis
(DCA) for the proportional abundance
(%) of bird species in the three habitats
(inside aggregates, edges and outside
aggregates), in Nothofagus pumilio
variable retention harvested forests
where aggregated and dispersed re-
tention were combined (AR+DR) and
where aggregates were surrounded by
clear-cut (AR+CC). Arrows pointed the
changes of the bird species behaviour
between harvesting treatments. Codes
for the species are in the Supp. Info.

Figure 2

Differences in strata use by bird species
of Nothofagus pumilio unharvested for-
ests, based on their proportional abun-
dance (%). Codes for the species are in
the Appendix. K-W - Kruskal-Wallis
non-parametric analysis of variance; p
- probability of the statistical test. Spe-
cies without test information have not
enough replicas for calculations.
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Table 2 One-way ANOVA results for understory cover (bare soil or litter without vegetation and woody
debris), biomass (monocots, dicots and total), and crown cover in Nothofagus pumilio variable
retention harvested forests, where aggregated and dispersed retention were combined (AR+DR)
and where aggregates were surrounded by clear-cut (AR+CC), considering environments (inside
aggregates, edges and outside aggregates) as the main factor.

Varial?le Factor Woody debris Bare soil Monocots* Dicots* Total biomass* Crown cover
retention (%) (%) (kgha')  (kgha') (kgha) (%)
Aggregates 343 41.2° 39.8 107.0*  428.1° 82.3¢
Edges 27.5 25.8% 33.8 889.9°  1680.3° 58.1°
AR+DR  Dispersed 55 1816 1292 784.6°  1057.3° 24.00
retention
F 0.84 5.18 1.27 15.71 10.83 107.12
(p) (0.462) (0.032)  (0.331) (0.001)  (0.004) (<0.001)
Aggregates 253 48.3° 48.1 102.6*  518.0° 87.8°
Edges 345 18.1° 150.1 860.7° 1442.3° 30.3°
AR+CC  Clear-cuts 414 17.3 315.6 918.5°  1486.1° 4.0
F 2.04 13.29 1.38 9.90 12.57 432.19
() (0.186) (0.002)  (0.306) (0.005)  (0.002) (<0.001)

Note. Abbreviations: * - variables log(Y+1) transformed prior to the analyses to accomplish ANOVA assumptions.
Not transformed means are presented in the table. F(p) - Fisher statistic with probability between parentheses.
Different letters in each column show differences by Tukey test at p < 0.05.

soil cover between clear-cuts or edges (17%
to 18% cover, respectively) vs. aggregates
(48%). Meanwhile, the crown cover gradi-
ent in AR+CC was similar to the observed in
AR+DR (CC < edges < AR), but with lower
values in edges (30%) and outside aggregates
(4%). Dicots and total biomass repeated the
trend (edges = CC <AR), with 889.6 kg ha! in
average between edges and clear-cuts for di-
cots, and 1464.2 kg ha'' for total biomass) than
in aggregates (102.6 and 518.0 kg ha’!, respec-
tively).

Discussion

The nine native bird species analysed in this
work were those better in harvested N. pu-
milio forests (Deferrari et al. 2001, Lencinas
et al. 2009). Resident birds dominated the as-
semblage in unharvested forests, as other au-
thors found in the region (Pizarro et al. 2012,
Martinez Pastur et al. 2015). However, migrant
and resident/partial migratory birds composed

equally the complete assemblage. It may indi-
cates more favourable conditions for migrant
birds in harvested forests, concerning to com-
petition for resources such as food, refuge, and
nesting sites, demonstrating the importance of
harvested areas for migrant birds. The species
observed in harvested forests were also abun-
dant in other N. pumilio forests of Tierra del
Fuego (Schlatter 1995, Venegas 2000, Defer-
rari et al. 2001), and are widely distributed in
Argentina and Chile (Humphrey et al. 1970,
Clark 1986).

Structural heterogeneity in the landscape
is an important determinant of bird diversity,
where both homogeneous and heterogeneous
landscape types have special value for dif-
ferent functional groups (French & Picozzi
2002). The habitat features were more homo-
geneous in AR+DR, since less species present-
ed significantly different use of habitats than
in AR+CC. This last retention type was more
heterogeneous in forest and understory veg-
etation structure (table 3). Monocot biomass
causes the main differences, because it was
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more than two fold greater in AR+CC than in
AR+DR (table 3). In this context, the euryto-
pic species P. patagonicus and T. leucopyga
showed similar preferences patterns in both
variable retention types (outside>edges>inside
aggregates). This result differed from the ex-
pected according to the habitat-use guild clas-
sification proposed by Diaz et al. (2005) for
Chilean temperate rainforests. P. patagonicus
is a vertical-profile generalist for these authors,
associated with profuse branching and canopy
foliage, but we mainly observed this species
outside aggregates probably due to less food
offer along the vertical profile in our forests.
On the other hand, 7. leucopyga is categorized
as large-tree user (Diaz et al. 2005), probably
by their dependence on cavities to nesting (Al-
tamirano et al. 2012), which are more common
in large trees. However, we observed this spe-
cies more frequently flying, feeding or roosting
in open spaces among aggregates instead in the
aggregates where they should have their nests,
showing that both habitats may be important
for this species. Moreover, we rarely observed
T. leucopyga in unharvested forests, probably
because closed and shaded forests limit their
flight and insect catch.

Openings attracted three eurytopic species
(C. barbata, T. aedon and Z. capensis) in both
retention types, while stenotopic E. ferrugi-
neus moved more to the edges in AR+CC, but
remain inside aggregates in AR+DR. Accord-
ing to Diaz et al. (2005), C. barbata and T. ae-
don are shrub-users that are common in shrub
patches and piles of woody debris (this last
more abundant outside aggregates). The same
is likely similar for Z. capensis. Meanwhile,
E. ferrugineus is a cavity nester (Altamirano
et al. 2012) associated with large trees that has
low predation risk due to their relatively big
size. Therefore, it has no need to be hidden and
protected inside closed forests. DCA analysis
highlighted differences in the use of habitats
generated by retentions.

Concerning to the use of strata, many sten-
otopic and eurytopic species maintain this
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similar in harvested and unharvested forests
(C. barbata, E. albiceps, E. ferrugineus and T.
leucopyga in canopy, and 7. aedon in floor).
Several authors stated that species grouping in
canopy is mainly based on their foraging pat-
tern (e.g. French & Picozzi 2002), more than
in the space needed to fly (Partasasmita et al.
2017). In this sense, both C. barbata and E.
albiceps feed indistinctly from grains, fruits,
buds and insects (Humphrey et al. 1970, Smith
Ramirez & Armesto 1998, Brown et al. 2007),
which are all abundant in the crown of N. pu-
milio trees (Lencinas et al. 2008c, 2014;
Martinez Pastur et al. 2008). Similarly, E. fe-
rrugineus feeds mainly pollen, flowers, fruits
and buds (Diaz & Kitzberger 2006), located
mainly in the extreme of branches in the upper
canopy layer (Martinez Pastur et al. 2008). On
the other hand, T aedon prefer floor stratum
probably due to this offer more protection,
cover and shelter from predators (mainly Fal-
coniforms and Strigiforms) than other strata.
The risk of predation at ground level is low
in fuegian Archipelago because native terres-
trial predators are almost absent (Rozzi et al.
2010), contrary to Northern Hemisphere (e.g.
Canis lupus L., Spaulding et al. 1998; Alopex
lagopus L., Liebezeit & Zack 2008). Recent
exotic species introduction in Tierra del Fuego
(e.g. Neovison vison) can be a threatening for
species with this behaviour (Jaksic et al. 2002).

Contrary, there are birds that varied their
strata preferences comparing to those observed
in unharvested forests. Some are independent
of the variable retention type, as P. patagoni-
cus that only occurred in the canopy in unhar-
vested forests, but preferred floor in AR+DR
and AR+CC. While T falcklandii equally pre-
ferred canopy and floor in unharvested forest,
but moved to the floor in harvested stands. On
the other hand, some other species changed
their strata preferences according to the varia-
ble retention type, as A. spinicauda and Z. ca-
pensis that used mainly canopy in unharvested
forests. However, the first one almost equally
chose canopy, floor and debris in AR+DR (ta-
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ble 1), but debris in AR+CC (table 2). Mean-
while, the use of debris was maxima for Z
capensis in AR+DR, but they preferred floor
in AR+CC. The preference of floor stratum by
P. patagonicus, T. falcklandii and Z. capensis
could be related to their trophic status (mainly
granivorous) and the high abundance of mono-
cots in the understory. Likewise, large size
woody debris provides perch sites for singing
and other male courtship displays, as well as
arthropods that are a significant part of their
breeding season diet (DeGraaf & Yamasaki
2001). Likewise, fine woody debris can offer
a nesting substrate and cover for some species,
as was described for Z. albicollis by Falls &
Kopachena (2010).

Summarizing, our results suggest that both
types of variable retention harvesting (AR+DR
and AR+CC) provide different habitats to sat-
isfy the requirements of common stenotopic
and eurytopic native bird species in N. pumilio
forests, contrary to other traditional harvest-
ing systems, as shelterwood cut, that produce
homogenization of forest habitats (Gea et al.
2004). Simplification of forest structure and
loss of biological legacies, if generalized, will
lead to a sharp decline in regional bird species
richness and abundance, particularly of some
stenotopic, sensitive or specialist species such
as large-tree users, but can also affect other
use guilds as vertical-profile users (Diaz et al.
2005). On the other hand, generalization of
more intense harvesting as clear-cuts, could
eliminate some habitats or strata that are im-
portant or irreplaceable to ensure the continu-
ity of the life cycle for very specific migratory
and resident bird species (Pressey et al. 2007),
as E. albiceps and E. ferrugineous. The spe-
cific prescription of management guidelines
for bird species, such as those developed for
several bird species in temperate forests of the
world (e.g. Corace 2018, Weiss et al. 2018), re-
quires a detailed knowledge of the autoecolo-
gy of each species, which is undoubtedly com-
plex in widely distributed and not well-known
forests. Active forest management is neces-
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sary for the conservation of forest-dependent
bird species, but affects other landscape and
stand-level biodiversity elements (Corace
2018). For example, it would be recommend-
able the preservation of some forest habitat
features as large canopy trees, snags, logs and
specific understory covers (Diaz et al. 2005).
However, and although it can be easily iden-
tified in southern-temperate forests, the prac-
tical preservation of these structural features
inside harvested areas is difficult. Therefore,
alternative harvesting practices that preserve
these biological legacies (such as aggregated
retentions) could facilitate the design of man-
agement plans that enhance bird conservation,
while supported goals and objectives are mul-
tiple. However, more studies are needed to
evaluate the probability of increase the risk of
predation, availability of sites for nesting and
modifications in the food offer, which could
affect the survival of native bird species, com-
promising their conservation.

Conclusions

These results support the effectiveness of the
variable retention to conserve bird species. The
generation of different habitats inside managed
forests satisfy both stenotopic and eurytopic
species requirements, although some species
changed their strata preferences according to
the different habitat features provided by vari-
able retention harvesting.
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