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Abstract Variable retention is an alternative silvicultural
approach to timber forest management, which consist in a
regeneration treatment with different degrees and patterns
of stand retention. It has been proposed to mitigate harmful
effects of harvesting, but effectiveness in insect conserva-
tion remains unknown in southern Patagonian Nothofagus
pumilio forests. Here, the objectives were to: (1) define a
baseline of insect diversity in old-growth forests along a
site quality gradient (high, medium and low, associated to
the forest productivity of each site); (2) evaluate stands
with different retention treatments [aggregated (AR) sur-
rounded by dispersed (DR) retention, and aggregated
retention surrounded by clear-cut (CC)] and to compare
with old-growth unmanaged forests (OGF); and (3) assess
temporal changes during the first 4 years after harvesting
(YAH). In a long term forest research plot, mobile epigean
insect richness and relative abundance were characterized
and classified in seven response type groups, using a wide
spectrum sampling set. Data analyses included parametric
and permutational ANOVAs, multivariate classification
and ordinations. There were found 79 species before har-
vesting, and that richness was not related to site quality.
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After harvesting, 84 new species were added considering
all treatments along the first four sampled YAH, of which
65 % were added to OGF, while in harvested sites richness
and abundance directly diminished with retention degree
(OGF > AR > DR > CC) due to incoming species cannot
compensate the lost of them. However, fluctuations in
diversity were observed along the YAH. Therefore, har-
vesting reduces insect richness in N. pumilio forests inde-
pendently of the treatment, but the original insect
assemblage significantly changes due to loss of sensitive
species and introduction of others from surrounding envi-
ronments. Despite this, inclusion of aggregates greatly
diminished harvesting impacts because insect assemblage
is favoured when structural complexity is preserved, con-
serving richness and abundance at similar levels than in
old-growth forests. However, more studies are necessary to
evaluate effects of different aggregate size, shape and
distribution into harvested forests, as well as their frag-
mentation and connectivity at landscape level.
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Introduction

Insects are widely recognized to play a key role in eco-
system processes; therefore they are frequently used to
evaluate the effects of human activities on biodiversity and
environment quality (Kim 1993; Niemeld 2001; Gerlach
et al. 2013). Their potential as indicators depends of their
sensitiveness to local resource variations, which produce
changes in abundance and richness (Werner and Raffa
2000; Gerlach et al. 2013). Boreal forest insect communi-
ties are rather well-known (Martikainen et al. 2000;
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Niemeld 2001; Matveinen-Huju et al. 2006) in contrast to
the austral forest ecosystems (Lanfranco 1977; Stary 1994,
Spagarino et al. 2001; Lencinas et al. 2008a). In southern
Patagonia, Nothofagus pumilio forests have an endemic
entomofauna, which includes unique, rare and relictual
species (Lanfranco 1977; McQuillan 1993) of great
importance to define biogeographic regions (Niemeld
1990; Massaccesi et al. 2008). Few works analyzed the
impact of timber forest management in the austral tem-
perate forests over insect communities (e.g., Spagarino
et al. 2001 in Tierra del Fuego, and Bashford et al. 2001,
Baker et al. 2004, 2009, 2013, and Grove 2010 in Tas-
mania). Improving our knowledge of insects in the context
of forest management is necessary for an effective con-
servation (Kim 1993).

Variable retention is an alternative silvicultural
approach to timber forest management, which consist in a
regeneration treatment with different degrees and patterns
of stand retention. The degree of retention after harvesting
is crucial to determine the magnitude of impacts on forest
biodiversity and natural ecological cycles (Kohm and
Franklin 1997; Lindenmayer et al. 2012). The impact of
traditional silvicultural practices (e.g., clear-cuts and shel-
terwood cuts) on insect diversity has been world-wide
analyzed (e.g., Michaels and McQuillan 1995; Kaila et al.
1997; Lewis and Whitfield 1999; Werner and Raffa 2000;
Baker 2006; Baker et al. 2004, 2009; Huber and Baum-
garten 2005). Recently, the variable retention approach to
timber harvesting emerged as an alternative silvicultural
management proposal to mitigate harmful effects of tra-
ditional practices on forest ecosystems, where the major
objectives are: create refuges for species and processes
over the regeneration phase; increase structural variation in
managed stands; and enhance connectivity at the landscape
level (Franklin et al. 1997; Gustafsson et al. 2012). Vari-
able retention benefits for insect conservation have been
reported in North American, northern Europe and Austra-
lian temperate forests (Hammond et al. 2004; Lemieux and
Lindgren 2004; Hyvérinen et al. 2005, 2006; Martikainen
et al. 2006; Matveinen-Huju et al. 2006; Baker et al. 2009).
However, there is a lack of information about the effec-
tiveness of variable retention practices to improve insect
conservation in other forest types including Patagonian
forests. Beside this, few studies include medium- and long-
term research to assess variable retention effects (Arnott
and Beese 1997; Hickey et al. 2001; Spence et al. 2002;
Aubry et al. 2004; Martinez Pastur et al. 2010) or compare
diversity structure before and after harvesting (Before-
After-Control-Impact or BACI approach) as a way to
determine the extent of variation in biodiversity prior to the
implementation of silvicultural treatments, especially on
insect diversity (Grove 2010). Consequently, the objectives
of this work were: (1) to define a base-line of insect
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diversity (relative abundance and richness) in unmanaged
old-growth southern Patagonian N. pumilio forests
(Argentina) along a site quality gradient of the stands; (2)
to evaluate insect conservation in variable retention har-
vested stands, compared with old-growth unmanaged for-
ests; and (3) to assess temporal changes over the first
4-years after harvesting. We expect that: (1) greater
diversity occurs at better site quality stands; (2) the inclu-
sion of different retention patterns in harvested stands
improves the conservation of original insect diversity; and
(3) the stability of insect diversity over time is related to
the retention degree in the stands.

Materials and methods
Nothofagus pumilio forests

Tierra del Fuego Island, shared between Chile and
Argentina, is at the austral extreme of South America and
hosts the world’s southernmost forested ecosystems,
which are also found in one of the least disturbed eco-
regions on the planet (Mittermeier et al. 2003). N. pumilio
is the main tree component of these forests. This species
has a wide natural distribution from 36°50" to 55°02'S
(Dimitri 1972). Among the three species of Nothofagus
found in southern Patagonia, N. pumilio forests are mainly
used for timber harvesting activities due to good yield
characteristics (Martinez Pastur et al. 2009). The under-
story of these timber quality stands in southern Patago-
nian N. pumilio forests comprises low vascular plant
diversity (Lencinas et al. 2008b), but a rich bryophyte
flora (Matteri and Schiavone 2002). A number of exotic
plant and mammal species are also present, deliberately or
accidentally introduced (Moore and Goodall 1977; Col-
lantes and Anchorena 1993; Lizarralde and Escobar
2000).

Studied sites and forest structure characterization

The study was conducted in a long-term permanent plot
(61 ha) of pure old-growth N. pumilio forest in San Justo
Ranch (54°06’S, 68°37'W), where variable retention har-
vesting was applied for the first time in Tierra del Fuego,
Argentina (Martinez Pastur et al. 2010; Gustafsson et al.
2012). This forest presented a full range of site qualities
associated to the forest productivity of each site (higher
trees present greater volumes and productivities), for which
the site index at base age of 60 years (Slgo) varied between
less than 9.8-23.2 m height (Martinez Pastur et al. 1997).
Stands growing on high-quality sites (SIgp > 16.5 m) have
total volume (including timber and non timber volume of
trees) over 900 m® ha™' and trees with a total height over
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24 m. On medium-quality sites (Slgp = 13.1-16.5 m),
stands have a total volume of 700-900 m> ha™" and trees
with a total height between 20.5 and 24 m, while stands
growing on low-quality sites (Slgy < 13.1 m) have a total
volume of less than 700 m® ha~' and trees with a total
height less than 20.5 m (Martinez Pastur et al. 2009). These
forests were undisturbed by forestry practices before sil-
vicultural regeneration systems were in place.

The baseline was defined prior to harvesting (2001) and
sampling was conducted during nine summer days in high
(HSQ), medium (MSQ) and low (LSQ) homogeneous site
quality stands. Then, harvesting was conducted at autumn
2001, and at the following 4 years (YAH; 2002-2005),
these treatments were studied: 10.7 ha of a combined
practice, including aggregated retention (AR) and dis-
persed retention (DR), with one aggregate per hectare
(30 m radius) and 10-15 m* ha™' basal area of remaining
trees among them, representing 40-50 % of total reten-
tion; and 18.5 ha of pure aggregated retention surrounded
by clear-cut (CC), with one aggregate per hectare (30 m
radius), representing 28 % of retention. For a control,
8.6 ha of old-growth unmanaged forests (OGF) was left
without harvesting (22.9 m total height, 528 trees ha~!,
40.6 cm diameter at breast height-DBH, 65.0 m? ha~!
basal area-BA and 727.8 m® ha™' total over bark volume-
TOBYV). After harvesting, samples were taken in the
geographic center of two plots during 12 days in each
previously described treatments (AR, DR and CC), as
well as in control stands (OGF). Location of each sam-
pling was obtained from geographic information system
(GIS), and then placed in field by global positioning
system (GPS).

In the study area, climate was measured with two
weather stations (Davis Weather Wizard III and accesso-
ries, USA) placed in old-growth and harvested stands from
2002 to 2005 (Martinez Pastur et al. 2007). Weather con-
ditions were characterized by short, cool summers and
long, snowy and frozen winters. Mean monthly tempera-
tures (2 m above the forest floor) varied from —0.2 to
10.4 °C (extreme minimum and maximum from —9.6 °C
in July to 24.9 °C in February) in the old-growth forest,
while in the harvested stand temperature varied from —1.0
to 10.6 °C (extremes from —11.3 °C in July to 25.9 °C in
February). Only 3 months per year did not have mean
monthly temperatures under 0 °C, and the growing season
was approximately 5 months. Soil temperatures at 30 cm
deep were never below freezing in the old-growth forest,
but soil freezing was observed in the harvested stand (—0.2
to —0.6 °C during June-July). Rainfall including snowfall
(2 m above the forest floor) was 382 mm year™ ' inside the
old-growth forest, while it was 639 mm year ' in the
harvested stand. Annual average wind speed outside forests
was 8 km h™!, reaching up to 100 km h™' during storms.

Insect sampling methodology

Adult mobile insects were collected during the summer
season (January—February) of five consecutive years
(2001-2005), before and after harvesting. The sampling of
the insect assemblage was done using a wide spectrum trap
system with 13 trap types (Lencinas et al. 2008a). This
included pit-fall traps (100 x 15 x 8 cm) to collect at leaf
litter level; and smell ethanol attractive traps (20 cm
diameter), black and white cold fluorescent light traps
(20 cm diameter with 4 W lamps) and coloured pans
(10 x 10 x 5 cm, using yellow, white and sky-blue col-
ours), to collect at the understory (0.20—1.00 m height) and
canopy levels (3/4 total height of tree overstory, which was
16-20 m height). Water was used as a retention agent and
commercial detergent was employed to diminish surface
tension. Traps were active during 1-day (24 h) sampling
periods, which were demonstrated to be appropriated for
sampling of insect communities in Nothofagus forests
(Spagarino et al. 2001; Lencinas et al. 2008a). Collections
were carried out under equivalent climatic conditions,
discarding days of strong winds or heavy rain.

After trapping, individuals were quantified and classified
under a binocular dissecting scope (x 10—x20) at order and
family levels (except for Lepidoptera and Psocoptera),
following the classifications proposed by Richards and
Davies (1984), and Romoser and Stoffolano (1998).
Coleoptera were determined at genus or species level when
possible (Ross 1973; Roig-Jufient 2000; Roig-Jufient and
Dominguez 2001; Marvaldi and Lanteri 2005; Posadas
2012), using standard keys in collaboration with specialists
(see “Acknowledgements”). In those orders for which
species or genus cannot be determined, because Patagonian
insect systematic is still incomplete, the recognizable tax-
onomic unit or morphospecies concept was employed
(Oliver and Beattie 1993; Gerlach et al. 2013). The use of
morphospecies instead of formal taxonomic species may be
sufficiently close to estimate species richness with average
errors below 15 % in assessment of biodiversity invento-
ries, monitoring or preliminary ecological studies (Oliver
and Beattie 1993). Likewise, morphospecies have been
demonstrated to be a good tool for insect diversity studies
in Nothofagus forests (Spagarino et al. 2001; Lencinas
et al. 2008a). For convenience, the term “species” was
used here to refer to both species and morphospecies.
Specimens were deposited in the permanent reference
collection at Centro Austral de Investigaciones Cientificas
(CADIC-CONICET) in Ushuaia, Argentina.

Different functional groups may respond differently to
the presence of residual trees (Matveinen-Huju et al. 2006),
therefore complementary analysis were carry out by sorting
and quantification of species according to pre-defined
functional groups, based in their response to environmental
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change (in this case, harvesting treatments). Two main
response types were identified: detectors, which are sensi-
tive to environmental change and decrease with added
environmental stress, and exploiters, which increase in
abundance in response to environmental stress (Gerlach
et al. 2013). For more detailed analysis, a sub-classification
was utilized, by which detectors were sub-classified as (1)
R-OGF: old growth forest species sensitive to any kind of
harvesting; (2) R-AR: old growth forest species better
conserved in aggregated retention; (3) R-DR: old growth
forest species better conserved in dispersed retention; (4)
S-CC: species exclusively sensitive to clear-cut; (5) S-AR:
species exclusively sensitive to aggregated retention; (6)
S-DR: species exclusively sensitive to dispersed retention.
Likewise, exploiters were sub-classified as (7) H-AR:
species mainly favoured by aggregated retentions; (8)
H-DR: species mainly favoured by dispersed retentions; (9)
H-CC: species mainly favoured by clear-cuts. Moreover,
another category was considered: (10) NS: non-sensitive
species to environmental changes. R-OGF, R-AR and
S-CC corresponded to species affiliated with mature forest
structures, while H-AR, H-DR and H-CC corresponded to
species affiliated with disturbed areas. The assignment of
each species to each category was defined by their average
abundance in the treatments, standardized by the maximum
observed abundance. Thus, a species was considered
R-OGF when their standardized abundance is maximum in
OGF, and lesser than 50 % in the other treatments; R-AR
when standardized abundance was 50 % or greater in AR
than in OGF, and lesser than 50 % in the other treatments;
S-CC: when standardized abundance was lesser than 50 %
in CC and greater than 50 % in the other treatments; H-AR:
when standardized abundance was lesser than 50 % in
OGF stands and have maximum values in AR; H-DR:
when standardized abundance was lesser than 50 % in
OGF stands and have maximum values in DR; H-CC: when
standardized abundance was lesser than 50 % in OGF
stands and have maximum values in CC; and NS: when
standardized abundance was greater than 50 % and similar
between themselves in OGF and CC. The response types
S-AR and S-DR were not detected in this study.

Data analysis

Richness calculations were made at plot, treatment, years
and whole sampling levels. Species accumulation curves
for each treatment were calculated by rarefaction using
EstimateS software (Colwell 2005). Species rarity was
analyzed (Willott 2001; Novotny and Basset 2000) con-
sidering as “common species” to those with abundance
higher than two individuals, and “rare species” to dou-
bletons and singletons. Rare species for the whole catching
were excluded in the following analyses.
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For the baseline characterization, one-way ANOVAs
were conducted with site quality as main factor (three
levels, N = 18). For comparison after harvesting, two-way
ANOVAs were used, with treatments and YAH (four levels
each, N = 48) as main factors. Averages were tested for
significant differences by Tukey test (p < 0.05). The
response variables in all the analyses were average species
richness and abundance per trap system and day (species x
trap system x day and individuals x trap system x day,
respectively), both for the whole sampling and the four
main orders (Diptera, Hymenoptera, Coleoptera and Lepi-
doptera). Statgraphics (Statistical Graphics Corp., USA)
software was used for these analyses.

DCA (detrended correspondence analysis; Hill 1979)
was conducted to evaluate the changing magnitude and
direction of insect community composition among base-
line, first and fourth YAH (Manly 1994). This ordination
utilized species average abundance data of the main insect
orders (excluding rare species), and was developed with
rescaling of axes and without down-weighting for rare
species in PC-Ord software (McCune and Mefford 1999).

Response types were analyzed by DCAs, which were
conducted with abundances averaged by the first four YAH
to represent the relative distribution and affinities of each
response type to the studied treatments. These DCAs were
also developed with rescaling of axes and without down-
weighting for rare species in PC-Ord software. Addition-
ally, representation of response types at different site
quality in the baseline before harvesting, among treatments
and years after harvesting were summarized by ANOVAs
analyzing richness and abundance. Statgraphics software
was used for these analyses. Abundance values (Y) were
log transformed by the equation W = log (Y + 1) prior to
the analyses to achieve normality and homocedasticity
assumptions (Basset 1999; Martikainen et al. 2000), but
non-transformed data are shown.

Results

The whole sampled insect richness was 163 species, of
which 42 species (26 %) were rare (doubletons and sin-
gletons), and 121 species (74 %) were common. In the
baseline, 79 species were found in old-growth forests, of
which only 6 species (8 %) were rare for the whole sam-
pling, 28 species (35 %) were rare only in the baseline (and
totalled more than two individuals after harvesting), and 45
species (57 %) were common species. After harvesting, 84
species were added in the 4 years following harvesting (36
rare and 48 common species).

The 23,236 collected individuals belonged to 11 orders
(Table 1). Diptera, Hymenoptera, Coleoptera and Lepi-
doptera were the best represented orders, with 49, 46, 34
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Table 1 Total and rare insect species richness (D doubletons,
S singletons) classified by order, treatment (OGF old growth forests,
AR aggregated retention, DR dispersed retention, CC clear cuts) and

years-after-harvesting (BL is the baseline before harvesting, and 1-4
are the first years after harvesting) for the samplings in N. pumilio
forests

Order Total richness  Rares Treatments Years-after-harvesting

D S OGF AR DR CcC BL 1 2 3 4
Diptera 49 3 2 47 43 (42) 40 (38) 36 (36) 38 41 (41) 41 (40) 41 (40) 40 (40)
Hymenoptera 46 7 10 33 32 (23) 22 (19) 24 (17) 14 26(11) 24 (20) 22 (19) 31 (25)
Coleoptera 34 4 11 24 22 (14) 15 (11) 14 (12) 9 19(18) 16 (13) 14 (10) 22 (16)
Lepidoptera 21 0 1 20 21 (20) 18 (18) 18 (18) 13 19 (13) 16 (16) 15(14) 19 (19)
Homoptera 5 2 0 3 4(2) 2 (1) 4(2) 2 3 4(2) 2 (1) 4(2)
Hemiptera 2 0 0 1 1 (1) 2 (1) 0 1 2Q@1) 1(1) 0 1(1)
Psocoptera 2 0 0 2 2 (2) 2(2) 1(1) 1 1(1) 2(2) 2(2) 2(2)
Ephemeroptera 1 0 1 1 0 0 0 0 1) 0 0 0
Neuroptera 1 0 0 1 0 1(1) 1(1) 1 1(1) 1(1) 1(1) 0
Plecoptera 1 0 0 1 0 1 (1) 1(1) 0 0 0 0 1 ()
Trichoptera 1 1 0 1 0 0 1(1) 0 0 1 (D) 0 1 (D)
Total 163 17 25 134 125 (104) 103 (92) 100 (89) 79 113 (106) 106 (96) 97 (87) 121 (107)

In old growth forests, BL and samplings after harvesting were considered together. In the years after harvesting, the species shared with old

growth forests and treatments are presented in brackets

125 1
&
@ 100
c
=
]
=
Q
=
3
754
(% - OGF
-2—-AR
—-—DR
——CC
50 4 T T T T 1

T T
0 2 4 8 8 10 12 14 16
Number of samples

Fig. 1 Species accumulation curves based on rarefaction indexes for
old growth forests (OGF), aggregated retention (AR), dispersed
retention (DR) and clear-cuts (CC)

and 21 species respectively. Among these, Hymenoptera
had the maximum quantity of rare species (17 species) and
Lepidoptera the minimum (only one species). Richness
varied along the years and treatments, increasing with time
and reaching to the highest value at the fourth YAH (121
species) and in OGF treatment considering all the years
(134 species). However, the lowest value was recorded
during the third YAH (97 species) and in the CC treatment
considering all the years (100 species). Shared species
between OGF and harvesting treatments varied in time,
diminishing the three first YAH (106-96-87 species,

respectively) and increasing at the fourth YAH (107 spe-
cies). However, shared species with OGF diminished pro-
portionally to the intensity of harvesting treatments (from
104 sp in AR, to 92 in DR, to 89 in CC). Rarefaction
indexes standardized to the same number of samples for
each treatment showed greater similarity of species
between OGF and AR, while DR and CC presented also
similar but lower values (Fig. 1).

In the baseline characterization, significant differences for
insect average richness and abundance per capture were not
detected among different site quality stands, both for total
sampling and for the main four orders (Table 2), with the
exception of Diptera richness, which was significantly
higher in HSQ (17.2 species x trap system x day) than in
LSQ (13.8 species x trap system x day). Total richness for
the baseline including the different site quality stands was
24.3 species x trap system x day, and the average abun-
dance was 178.4 individuals x trap system x day. For the
main orders, the average richness was 2.5 species x trap
system x day for Hymenoptera, 0.7 for Coleoptera and 5.1
for Lepidoptera, while average abundance was 156.2 indi-
viduals x trap system x day for Diptera, 3.2 for Hyme-
noptera, 0.7 for Coleoptera and 18.1 for Lepidoptera.

After harvesting, there were significant differences for
insect average richness and abundance among treatments
and years after harvesting, as well as in the interaction
between the main factors, both for total and the main four
orders (Table 3). Among treatments, differences were found
for Diptera and Lepidoptera richness, and Lepidoptera
abundance, with greater values in OGF (23.6 species x trap
system x day, 9.8 species x trap system x day and 165.1
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Table 2 One-way ANOVAs of average richness and abundance for
insect order along a site quality gradient (HSQ = Slgy > 16.5 m,
MSQ = Slgg between 13.1 and 16.5 m, LSQ = Slgo < 13.1 m) at the

baseline before harvesting in old growth N. pumilio forests, without
considering rare species (doubletons and singletons)

Variable HSQ MSQ LSQ F(p)

Total species Richness 26.8 24.8 21.33 2.94 (0.083)
Abundance 138.8 220.3 176.2 1.94 (0.318)

Diptera Richness 172 b 16.3 ab 13.8 a 4.59 (0.028)
Abundance 114.8 191.5 161.3 1.52 (0.251)

Hymenoptera Richness 32 1.8 2.5 0.75 (0.488)
Abundance 3.8 2.7 3.2 0.67 (0.528)

Coleoptera Richness 1.2 0.3 0.5 3.09 (0.075)
Abundance 1.2 0.3 0.5 2.63 (0.105)

Lepidoptera Richness 5.2 6.2 4.0 1.90 (0.183)
Abundance 18.8 24.7 10.7 2.96 (0.082)

Abundance was log (Y + 1), but means are presented as non-transformed values

F(p) = F test with significance level between parentheses. Values followed by different letters in each row are significantly different by Tukey

test at p < 0.05

individuals x trap system x day, respectively) than in DR
(19.9 species x trap system x day, 6.6 species X trap sys-
tem x day and 50.0 individuals x trap system x day).
Significant differences among YAH were found for total,
Diptera, Hymenoptera and Lepidoptera richness, and for
Coleoptera abundance. Maximum and minimum values
occurred at different YAH for each variable, but trend to
increase with time (36.8-48.5 species x trap system x day
for total 18.0-23.0 species x trap system x day for Dip-
tera, and 5.5-9.4 species x trap system x day for Hyme-
noptera richness), except for Coleoptera abundance that was
higher at the first and the fourth YAH (14.9 and 18.6 indi-
viduals x trap system x day, respectively) than in the
second YAH (4.2 individuals x trap system x day), and for
Lepidoptera richness which was higher at the first YAH
(10.6 species x trap system x day) than at the third YAH
(7.1 species x trap system x day). Interactions were sig-
nificant only for Hymenoptera richness and abundance,
which presented greater values for different treatments in
different years. Particularly, both variables were higher in
OGF than in the other treatments at the first YAH, maximum
in CC at the second YAH, highest and similar in AR and DR
at the third YAH, and greater and similar in OGF and AR
than in DR and CC in the fourth YAH.

In the representation of changing in insect community
composition among the first and the fourth YAH using
multivariate DCA ordination, the greatest changing
magnitudes (Fig. 2) were observed in AR and DR treat-
ments, but changing direction was similar for OGF, AR
and CC while it was different for DR. Moreover, all
treatments slightly differed from the baseline at the first
YAH, but DR presented greater distance from baseline
than the others.
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When response was analyzed (Fig. 3), the exploiter
species, mainly those favoured by dispersed retention (H-
DR, 25 species) included the greatest richness, followed by
old growth forest species sensitive to any kind of har-
vesting (R-OGF, 24 species) and species mainly favoured
by aggregated retentions (H-AR, 22 species). However,
common species observed in the baseline mainly included
non-sensitive species (NS, 11 species), R-OGF (10 species)
and H-AR (8 species); the rare species detected during the
base-line mostly included H-DR (8 species), R-OGF (6
species) and H-AR (5 species); and the species added after
harvesting largely included H-DR (13 species) and species
mainly favoured by clear-cuts (H-CC, 11 species). Like-
wise, almost all response types were observed for the four
main insect orders (Fig. 4).

The relative distribution of species presented in DCAs
(Fig. 5), showed the clear association of response types
with treatments. The R-AR response type was few repre-
sented in both DR and CC treatments, while the central part
of the graphics was mainly occupied by NS and S-CC
species. On the other hand, there were more species shared
between DR and AR (7 species) than between AR and CC
(5 species), as well as there were less species shared
between CC and OGF (4 species) than between DR and
OGF (6 species).

In the ANOV As for response type species distribution at
different site qualities, in the baseline prior to harvesting
(Table 4), significant differences in richness were only
detected in H-CC, with greater values in HSQ (2.0 species
x trap system x day) and minimum ones in MSQ (1.0
species X trap system x day), while LSQ did not present
differences with HSQ and MSQ. Response types with not
significant differences presented at baseline a richness of
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aggregated retention, DR dispersed retention, CC clear cut) and years after harvesting (YAH)

as main factors, and without considering rare species (doubletons and singletons)

Table 3 Two-way ANOVAs of average richness (RIC) and abundance (AB) for insect

communities in N. pumilio forests, considering treatments (OGF old growth forests, AR

Coleoptera Lepidoptera

Hymenoptera

Diptera

Total after harvesting

Source

AB

RIC

AB

RIC

AB

RIC

AB

RIC

AB

RIC

2.7 12.1 9.8b 165.1 b

19.2 ab
243 b

445.8 23.6 a 246.8

44.4

OGF
AR

Treatments

93.0 ab
50.0 a

9.6 ab

6.6 a

15.7

428.0 22.1 a 293.3 8.2

45.0

153
8.8

39

2.5

15.0 ab
10.0 a

328.7

198 a
19.8 a

412.1

38.6

DR

93.1 ab

9.5 ab

6.0

220.9

336.0

38.6

cc

3.81 (0.019)

139.5
126.5
56.1

2.91 (0.050)

1.19 (0.328)

149 b
42 a

1.45 (0.247)

35

2.99 (0.045)
17.7
14.9

1. 93 (0.144)
6.6 ab

6.1 a

55a

0.04 (0.990)

264.1

3.06 (0.042)
21.5 ab
18.0 a
22.7b

0.26 (0.851)

503.7

1.50 (0.234)
43.3 ab
36.2 a

F(p)
1
2
3
4

10.6 b

8.5 ab
7.1a

YAH

1.8
3.1

169.0
381.4

218.4
399.6

16.8 ab
18.6 b

20.8

43.3 ab
482 b

200.1

9.4 ab

23.0b 414.5 94b 30.6 4.6

542.2

2.88 (0.051) 435 (0.011)  3.12 (0.040)  2.87 (0.051)
2.01 (0.071) 1.65 (0.144)

1.27 (0.291)

1.61 (0.206)
3.77 (0.003)

436 (0.011)
3.00 (0.011)

1.19 (0.329)  4.33 (0.011)  1.15 (0.344)
1.84 (0.100)  1.36 (0.247)

1.65 (0.143)

3.25 (0.034)
2.18 (0.051)

F(p)

1.77 (0.114)

F(p)

Treatments x YAH

Abundance was log (Y + 1), but means are presented as non-transformed values

F(p)

F test with significance level between parentheses. Values followed by different letters in each column are significantly different by Tukey test at p < 0.05
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Fig. 2 Changing magnitude and direction in insect composition
obtained by DCA with species average abundances of the main insect
orders in the base-line prior to harvesting (BL), and in the first (1) and
the fourth (4) year after harvesting for each treatment (OGF old
growth forests, AR aggregated retention, DR dispersed retention, CC
clear cuts)

4.3 species x trap system x day for R-OGF, 3.1 for R-AR,
2.5 for S-CC, 6.1 for NS, 3.5 for H-AR and 3.3 for H-DR,
combining the different site quality stands. On the other
hand, significant differences were detected for H-DR and
H-CC abundances. In H-DR, abundance was higher in
MSQ (77.3 individuals x trap system x day) than in the
others (12.1 individuals x trap system x day in average),
while in H-CC abundance was higher in HSQ than in MSQ
(3.7 individuals x trap system x day vs. 1.8 individuals x
trap system x day, respectively) and LSQ did not present
differences. Response types with not significant differences
presented at baseline abundances of 12.2 individuals x trap
system x day for R-OGF, 11.3 for R-AR, 14.9 for S-CC,
96.7 for NS and 7.0 for H-AR.

In the ANOVAs for response type species after har-
vesting, there were found many significant differences for
richness and abundance among treatments and years, as
well as some interaction between the main factors
(Table 5). Among treatments, differences were found for
R-OGF, R-AR, H-AR, H-DR and H-CC richness, and for
R-OGF, R-AR, S-CC, H-AR and H-CC abundances.
Detectors, or response types groups affiliated with mature
forests structures (R-OGF, R-AR and S-CC) presented
lower richness and abundance in DR and CC, while
exploiters or species affiliated with disturbed areas (H-AR,
H-DR and H-CC) showed minimum richness and abun-
dance in OGF. On the other hand, significant differences
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301 | OAdded after harvesting
O Rare in Base-line
B Common in Base-line

25 -

20 1

15 1

10 1

Number of species

0 1 .

R-OGF R-AR $-CC

NS H-AR H-DR H-CC

Species response

Fig. 3 Number of species for each response type discriminated by
the base-line (common and rare) and those added after variable
retention harvesting. Response types: R-OGF old growth forest
species sensitive to harvesting, R-AR old growth forest species
conserved in aggregated retention, S-CC clear-cut sensitive species,

among YAH were found for S-CC, H-AR, H-DR and
H-CC richness, and for R-OGF, H-AR and H-CC abun-
dance, with maximum and minimum values occurred at
different YAH for each response type. Some of them
trended to increase with time (S-CC richness, H-AR and
H-CC richness and abundance), and other trended to
decrease (R-OGF abundance). Interactions were significant
for R-OGF, R-AR and S-CC richness, and for R-AR and
H-CC abundance. In R-OGF richness, lowest values were
observed for CC in YAH 1 and in DR in YAH 2-3-4,
while highest values were observed in OGF in all YAH
except in YAH 3, which had greatest richness in AR.
Similar changes among minimum values in the YAH 1 and
2 were observed for R-AR richness and abundance (lowest
values in CC at YAH 1, and in DR in YAH 2-3). Maxi-
mum values in S-CC richness varied among treatments
along the YAH 4, but always was minima at CC, except in
YAH 3, when was lowest in DR. Finally, interactions in
H-CC abundance are explained by almost the same value in
all treatments for YAH 1, with increasing and consistent
differences in the following YAH (greatest values in CC
compared to the other treatments).

Discussion

Insect communities in N. pumilio forests and baseline
before harvesting

Total richness for insect species during the baseline in the
OGF included only 79 species, despite the wide spectrum

@ Springer

NS non-sensitive species to harvesting, H-AR species favored for
harvesting, mainly predominant in the aggregated retention, H-DR
species favored for harvesting, mainly predominant in the dispersed
retention, H-CC species favored for harvesting, mainly predominant
in clear cuts

system trap employed captures 11 different orders. This
richness is comparable to the observed in other studies in
Nothofagus forests (Lanfranco 1991; Spagarino et al. 2001;
Lencinas et al. 2008a). The general order dominance is
similar among these studies too, as well as to those from
other Patagonian forest types (Coscarén and Wygodzinsky
1962; Pérez et al. 1997), and independently of the trap
system employed. Although there is not possible to com-
pare diversity obtained from different sampling systems,
comparison with richness observed in only one family for
some orders in Northern Hemisphere primary temperate
forests, denotes total baseline richness here is lower than in
other temperate forests, e.g., 200 Carabidae species in
Central Finland (Heliold et al. 2001), or 93 Braconidae
species in US forests (Lewis and Whitfield 1999). Low
insect diversity in Tierra del Fuego forests follows the
pattern of generally poorer faunal diversity in southern
Patagonia (Guzman et al. 1985-1986) compared to north-
ern regions of similar latitudes (Martikainen et al. 2000).
This low diversity is probably related to the short growing
season (Massaccesi et al. 2008), low thermal amplitude
between winter and summer, and low average summer
temperatures (Ferreyra et al. 1998). Differences in richness
compared with other primary Patagonian N. pumilio forests
(55 species in Spagarino et al. 2001), which used similar
broad sampling set, could be explained by latitudinal gra-
dient differences in the study sites (Kusnezov 1957,
Hillebrand 2004).

Rare species (singletons and doubletons) represent 43 %
of richness in the baseline characterization of this study,
but 85 % of rare species totalized more than two
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Fig. 4 Examples of species response types to harvesting treatments
(OGF old growth forests, AR aggregated retention, DR dispersed
retention, CC clear cuts) for the main insect orders, based on average
abundance for the first years after harvesting. Response types: R-OGF
old growth forest species sensitive to harvesting, R-AR old growth
forest species conserved in aggregated retention; S-CC = clear-cut

individuals in the samplings after harvesting. Probably,
rare species in the OGF could be typical species from other
environments that are eventually introduced in closed

cC

m,m_ﬂ, 1 1 [

cC OGF AR DR cC

sensitive species; NS = non-sensitive species to harvesting, H-AR
species favored for harvesting, mainly predominant in the aggregated
retention, H-DR species favored for harvesting, mainly predominant
in the dispersed retention, H-CC species favored for harvesting,
mainly predominant in clear cuts

forests, and after harvesting found better conditions to
establish in disturbed areas. Rare insect species in the
baseline that never were sampled after harvesting were
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Type

0.0290)

Axis 2 (eigenvalue

0.0608)

Axis 2 (eigenvalue

OGF Axis 1 (eigenvalue=0.2369)

Fig. 5 Relative distribution of species for each response types among
treatments (R-OGF old growth forest species sensitive to harvesting,
R-AR old growth forest species conserved in aggregated retention, S-
CC clear-cut sensitive species, NS non-sensitive species to harvesting,

Table 4 One-way ANOVAs of richness and abundance classified for
insect response types (R-OGF old growth forest species sensitive to
harvesting, R-AR old growth forest species conserved in aggregated
retention, S-CC clear-cut sensitive species, NS non-sensitive species
to harvesting, H-AR species favored for harvesting, mainly predom-
inant in the aggregated retention, H-DR species favored for harvest-
ing, mainly predominant in the dispersed retention, H-CC species
favored for harvesting, mainly predominant in clear cuts) along three
site quality stands (HSQ = Slg > 16.5 m, MSQ = Slg, between
13.1 and 16.5 m, LSQ = Slgg < 13.1 m) at the baseline before har-
vesting in N. pumilio forests, without considering rare species (dou-
bletons and singletons)

Variable Response HSQ MSQ LSQ F(p)
types

Richness R-OGF 4.8 4.0 4.2 0.38 (0.688)
R-AR 2.7 35 32 0.53 (0.597)
S-CC 23 2.5 2.8 0.21 (0.812)
NS 6.7 6.8 4.8 2.36 (0.129)
H-AR 4.5 35 2.6 2.81 (0.092)
H-DR 3.7 3.7 25 2.88 (0.087)
H-CC 20b 10a 1.7 ab 5.27 (0.018)

Abundance R-OGF 9.2 10.2 17.2 3.58 (0.053)
R-AR 8.2 153 10.5 0.93 (0.414)
S-CC 9.7 18.3 16.8 3.50 (0.057)
NS 85.7 91.5 113.0 0.19 (0.829)
H-AR 8.7 6.2 6.0 1.42 (0.273)
H-DR 13.7a 773b 10.5a 7.41 (0.006)
H-CC 37b 18a 3.2ab 4.57 (0.028)

Abundance was log (Y + 1), but means are presented as non-trans-
formed values

F(p) = F test with significance level between parentheses. Values
followed by different letters in each row are significantly different by
Tukey test at p < 0.05
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OGF  Axis 1 (eigenvalue=0.1484)

H-AR species favored for harvesting, mainly predominant in the
aggregated retention, H-DR species favored for harvesting, mainly
predominant in the dispersed retention, H-CC species favored for
harvesting, mainly predominant in clear cuts)

only 6 species. Likewise, rare species totalized 42 species
(26 % of total richness) in the whole sampling, including
before and after harvesting studies. Singletons usually
could represent half or more of the richness in insect
inventories (Lewis and Whitfield 1999; Novotny and
Basset 2000). Lower singleton values in this study could be
again related to the relatively low general diversity
observed in Southern Patagonian forests. However, it is
possible that some insect species of the Fuegian forests
were not studied or captured yet, thus currently an under-
estimation of their real diversity likely exists.

In this study, order insect diversity was almost not
correlated with site quality in OGF, contrary to the
expected first hypothesis. The exception was Diptera
richness, which was favoured by high site quality sites.
This could be explained by better moisture conditions in
HSQ than in MSQ and LSQ, likely explained by topogra-
phy (HSQ usually occupy down slope zones in valleys, and
LSQ are in the top of the hills) and presence of microen-
vironments (old decaying logs, accumulation of water in
stumps, pits and mounds, woody debris in the forest floor)
commonly observed in Nothofagus forests (Ramirez et al.
1985; Martinez Pastur et al. 2002). Habitat heterogeneity
increases the variety of available niches for colonization,
and consequently the richness that this could support
(Ozanne et al. 2000). For example, the soil depressions left
by the roots of wind-thrown trees and hollowed trunks can
fill with rain water in timber forests, that makes them
appropriated niches for Chironomidae (Diptera) aquatic
larvae development (Pérez et al. 1997). Positive association
of insect species abundance with site quality has been
observed in other temperate forests (Safranyik 1985; De
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Somviele et al. 2004). In Tierra del Fuego, site quality of
the stands is mainly determined by abiotic factors (e.g., soil
nutrient contents, soil drainage and depth, slope, aspect,
topography and wind exposure) (Martinez Pastur et al.
1997), which could influence both over overstory structure
and understory plant diversity (Martinez Pastur et al.
2002).

The analysis by functional groups based on response
types helped to understand changes in the assemblages of
insect species communities (Matveinen-Huju et al. 2006;
Baker et al. 2009). When response type insect species was
analyzed for the baseline, these were mostly uniformly
represented among different site quality stands. This was
observed for more abundant types (NS, R-OGF and H-AR),
as well as in low represented response types (R-AR and
S-CC). Nonetheless, two response types significantly dif-
fered among site qualities: H-DR was more abundant in
MSQ than in the other site qualities, while H-CC presented
highest richness and abundance in HSQ, probably because
the presence of greater canopy gaps in these stands
(Lencinas et al. 2011) generates similar conditions and
appropriate niches for response groups favored by more
intensive harvesting.

Harvesting impacts on insect diversity

Total insect richness measured in harvested N. pumilio
forests (163 species) was higher than in the baseline
characterization (79 species), showing an increase in total
insect diversity when harvesting occurs. Moreover, total
richness was also higher than in other N. pumilio studies
that only analyzed shelterwood-cuts (104 species, Spaga-
rino et al. 2001), which could be interpreted as greater
entrance of species under variable retention harvesting than
under traditional silvicultural practices. However, greater
richness and abundance were observed for OGF and AR,
than for DR and CC, as was similarly observed by Spa-
garino et al. (2001) for old-growth forests compared with
shelterwood harvested stands along the whole forest cycle.
Therefore, harvesting reduce N. pumilio old-growth forest
insect richness independently of the silvicultural regener-
ation systems applied, and the original insect community
assemblage significantly changed in the harvested forests,
due to the loss of sensitive species and the income of
species from other surrounding environments.

The overall addition of 84 species in N. pumilio forests
during the first post harvesting years occurred not only in
the harvested stands, but also in the unharvested areas
(65 % of the species added after harvesting were only
observed in OGF), probably by the introduction of species
from grasslands, peat-lands and N. antarctica forests,
which possess a different insect species assemblage than
the unharvested stands (Lencinas et al. 2008a), or by the
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eventual increase of rare species population, which allow
their capture after harvesting. Location of sampling set in
different aspects (east vs. west), as well as at relatively low
distances from associated environments (N. antarctica
patches in wetlands or edges), could result in higher pre-
sence of rare or less frequent species, especially when
dispersion is favoured by wind (e.g., winged insect
species).

Income of insect species into the harvested stands (in
our study, 11 species in DR and CC, 21 species in AR) was
also observed for other authors in other temperate forests of
the world, e.g., carabid beetles common to open habitats
increased in abundance after cuttings in US and Finland
forests (Lenski 1982; Niemeld et al. 1988; Werner and
Raffa 2000). The assemblages observed in the first post-
treatment year consist mostly of colonizers and is deter-
mined by the properties of the surrounding forest landscape
(Hyviérinen et al. 2006). Income of insect species from
associated surrounding environments was probably greater
in N. pumilio harvested stands with aggregates, due to
greater availability of microenvironments than in DR or
CC. Old-growth structures (including dead wood, large old
trees and other features) are well preserved in the aggre-
gates, but also new environmental conditions are created in
the edges (inner and outside) of the aggregates. Forest
edges often host more species and individuals of different
taxa than the interiors (Matveinen-Huju et al. 2006). Insect
species introductions into variable retention treatments
were also observed in other retention-harvested forests. For
example, Matveinen-Huju et al. (2006) observed in Finland
forests that individuals of many species of semi and totally
open, and/or medium dry habitats increased over the first
YAH 3 in all retention groups. We know that harvesting
intensity is usually proportional to the changes in micro-
climatic factors and resource availability at the understory
level (e.g., radiation and effective rainfall) (Chen et al.
1993, 1995; Promis et al. 2010; Martinez Pastur et al.
2011). Microsite differences in factors such as local
moisture, humidity, or predation may affect insect catch
(Werner and Raffa 2000). Likewise, light intensity and
moisture are the primary driving factors for arthropod
responses to microclimate changes (Thiele 1964; Huhta
1971). The use of BACI approach (Before-After-Control-
Impact) is highly recommended to control for environ-
mental variation between sites and the year-to-year fluc-
tuation in several environmental conditions (Niemeld
2001), and in this study allowed us to avoid attributing
insect community changes to pre-harvesting differences, as
was criticized by North et al. (1996).

The loss of old-growth forest insect species in harvested
stands is strongly related to harvesting intensity, from 30
species in AR, to 42 species in DR, and to 45 species in CC
(including both common and rare species), and greatly
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affects forest specialist species (Lenski 1982; Niemeld
et al. 1988; Werner and Raffa 2000). Similarly to these
results, many forest species in Finland and/or species
requiring moist habitats decrease over the three first years
after logging in all retention-tree groups (Matveinen-Huju
et al. 2006). Despite this, aggregated retention in N.
pumilio forests conserves richness and abundance at high
and similar levels that old-growth forests have, as observed
by Baker et al. (2009) in Tasmania and in Finland tree-
group retention harvested forests (Matveinen-Huju et al.
2006). Beside this, only common species favoured by more
intensive harvesting (as dispersed retention and clear-cuts)
presented lower richness and abundance in OGF and AR
than in the other treatments. Insect community assemblage
in AR was more similar to OGF than to the other treat-
ments (DR and CC), which were also very similar between
themselves. This result was confirmed by the ANOVAs for
orders, but better highlighted by the ANOV As for response
type insect species, especially in R-OGF, R-AR, S-CC and
H-AR types, which included mainly species associated
with old-growthness of forests. Old-growth forests are less
dynamic, but structurally more complex than harvested
stands. Environmental heterogeneity and interspecific
microhabitat preservation are thus important for the
maintenance of local insect species diversity, not only for
common species but also for infrequent species or func-
tional groups. The low overall loss of OGF species during
the first four YAH (only two rare species) could be
explained by the good performance of aggregated retention
as refuges for N. pumilio insect diversity.

Unexpectedly, richness in old-growth forests varied
after harvesting to higher and lower values than in the
baseline (92-67-60-87 species during the first 4 years after
harvesting). These changes might be attributed to annual
insect population fluctuations among years (Spitzer et al.
1984; Spitzer and Leps 1988; McArdle and Gaston 1992;
Martikainen and Kaila 2004). However, harvesting modi-
fies microclimatic conditions not only inside harvested
areas but also in the surrounding old-growth forests (e.g., in
wind permeability), which facilitate dispersion of winged
species (Grove and Forster 2011; Noreika and Kotze 2012).

The time after the harvesting differently influences
richness and abundance of common species classified by
order, as well as by response type, with greatest values
mainly at the first or at the fourth YAH. This could be
explained mainly by the differences originated for the
annual fluctuations, and also by colonizer population sta-
bility reached in the second and the following years post-
treatment (Hyvérinen et al. 2006). However, a clear
changing trend was observed when the first and the fourth
YAH were compared, which had the same direction for
OGF, AR and CC, but not for DR (as was showed in DCA
at Fig. 2). Also, the facilitation of the introduction of insect

species was directly related to time since disturbance (7,
10, 10 and 14 species introduced from the first to the fourth
YAH). However, the time-span considered in this study
could not produce many detectable changes at the popu-
lation levels for some insect species. A follow-up study
would be needed to determine whether populations of
forest species continue decreasing, and population of open
habitat species continue increasing. Furthermore, some
studies with arthropods demonstrate a time lag in the
response to forest cutting (Huhta 1971; Niemeld et al.
1993; Koivula 2002).

As we stated in the 2nd hypothesis, the inclusion of
retention in N. pumilio harvested stands improves the
conservation of original insect diversity, because aggre-
gates of retention act as insect community reserves (mainly
for close forests and moist habitat insect species), as well
as occurs with understory vegetation (Lencinas et al. 2011),
allowing the survival of species sensitive to canopy open-
ings or habitat loss. Due to the highest impact of clear
cutting over the N. pumilio forest insect communities, the
application of dispersed retention among the aggregates
also contribute to diminish some of the negative impacts of
harvesting. However, the 3rd hypothesis must be refuted, at
least for the short time analyzed in this work, because
stability of insect diversity over time cannot be reached in
the first 4 years after harvesting at any harvesting practice
assayed, although aggregated retention better preserve the
composition, richness and abundance of the original insect
communities (Baker et al. 2009). The real importance of
retention-tree groups can only be assessed after long-term
empirical studies at both stand and landscape level.
Moreover, the biodiversity benefits generated by retention
approach can vary by region, silvicultural system and
taxonomic and functional group (Rosenvald and Léhmus
2008).

Ecosystem management implications of variable
retention

Several silvicultural methods based on natural regeneration
of the natural forests have been proposed for southern
Patagonia (Martinez Pastur et al. 2000, 2009; Martinez
Pastur and Lencinas 2005; Gonzalez et al. 2006; Rosenfeld
et al. 2006). Initially, Nothofagus forests were harvested
using clear-cuts (Gea et al. 2004), and then shelterwood
cuts were recommended to improve re-growth (Martinez
Pastur et al. 2000; Rosenfeld et al. 2006). But, this last
method significantly affects the original diversity of N.
pumilio forests (plants, mosses, birds and mammals)
(Martinez Pastur et al. 2002; Pulido et al. 2000; Deferrari
et al. 2001; Ducid et al. 2005). Specifically in insects,
shelterwood cuts cause a large impact on insect diversity
with one species lost every 11 years during the first
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silviculture cycle, and allow the introduction of species
from other environments that quickly colonize the har-
vested stands (Spagarino et al. 2001). Biodiversity con-
servation in managed landscapes could be improved by
maintaining the associated non-timber-quality stands
(Lencinas et al. 2005, 2008a, b), where species could sur-
vive until the forest structure of the harvested timber-
quality forest will be recovered. Associated environments
or key habitats exclusion from harvesting (Gustafsson et al.
2010) creates retention patches in managed landscapes.
However, this alternative does not offer a solution for
insect conservation at the landscape level in N. pumilio
forests, as we have found that many insect taxa only
inhabited timber-quality stands (Lencinas et al. 2008a).
Moreover, associated environment structural and func-
tional characteristics greatly differ from old-growth timber
quality stands in southern Patagonian forests (Lencinas
et al. 2005, 2008a, b). So, preservation of timber stands as
reserves or inclusion of retention aggregates in harvesting
practices could conserve old-growth qualities and particu-
lar habitat characteristics present in quality stands. Man-
aging landscapes for a greater range of habitat conditions
may, therefore, be essential for some organisms (Mitchell
and Beese 2002).

Alternative silvicultural methods (Franklin et al. 1997)
have been proposed for harvesting N. pumilio forests,
which conserve some of the original heterogeneity of the
old-growth forest. Bava and Lopez Bernal (2005) proposed
to selectively cut groups affecting a small percentage of the
forest area, but there is none evidence of the benefit of this
practice in biodiversity conservation due to this proposal
cutting all the trees along the silviculture cycle. During the
last 10 years, the variable retention approach has been
proposed as a new and more conservative silviculture for
these forests (Gustafsson et al. 2012; Lindenmayer et al.
2012). It has been found to mostly conserve microclimatic
and heterogeneity characteristics of the original forest
structure (Martinez Pastur et al. 2010), while aggregated
retention benefits birds (Lencinas et al. 2009), mosses
(Lencinas et al. 2008c) and understory plants (Lencinas
et al. 2011). The variable retention silvicultural system is
best suited for areas where timber production is desired but
maintenance of the structural complexity and biological
legacies found in older forests is as important as, or even
supersedes, yield and improvement of growing stock
(Mitchell and Beese 2002). Old-growth forest insect
diversity is better favoured when structural complexity is
preserved; therefore, aggregated retention greatly dimin-
ished harvesting impacts on insect communities, although
invasion by other species cannot be prevented. Aggregated
retention are increasingly applied in Tierra del Fuego, and
according to these results must be included in N. pumilio
silvicultural practices to better achieve long-term insect
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diversity conservation, but more studies are necessary to
evaluate effects of different size, shape and distribution of
aggregates into harvested timber forests. Similarly to
implications for understory plant species conservation
(Lencinas et al. 2011), combination of aggregated and
dispersed retention better diminished loss of insect species
compared to the implementation of clear-cuts between the
aggregates. However, dispersed retention alone cannot
provide enough good habitat conditions to prevent the loss
of the most sensitive insect species. On the other hand,
aggregated retention facilitate the introduction of greater
quantity of species, therefore long term studies are neces-
sary to evaluate long term changes in the original com-
munity assemblages preserved inside aggregates.
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