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Long-term sensory deprivation prevents dendritic
spine loss in primary somatosensory cortex

Yi Zuo', Guang Yang', Elaine Kwon' & Wen-Biao Gan'

A substantial decrease in the number of synapses occurs in the
mammalian brain from the late postnatal period until the end of
life'>. Although experience plays an important role in modifying
synaptic connectivity®", its effect on this nearly lifelong synapse
loss remains unknown. Here we used transcranial two-photon
microscopy to visualize postsynaptic dendritic spines in layer I of
the barrel cortex in transgenic mice expressing yellow fluorescent
protein. We show that in young adolescent mice, long-term
sensory deprivation through whisker trimming prevents net
spine loss by preferentially reducing the rate of ongoing spine
elimination, not by increasing the rate of spine formation. This
effect of deprivation diminishes as animals mature but still
persists in adulthood. Restoring sensory experience after adoles-
cent deprivation accelerates spine elimination. Similar to sensory
manipulation, the rate of spine elimination decreases after chronic
blockade of NMDA (N-methyl-D-aspartate) receptors with the
antagonist MK801, and accelerates after drug withdrawal. These
studies of spine dynamics in the primary somatosensory cortex
suggest that experience plays an important role in the net loss of
synapses over most of an animal’s lifespan, particularly during
adolescence.

In the cerebral cortex of humans and other mammals, rapid
synaptogenesis during early postnatal life is followed by a substantial
(~50%) loss of synapses that extends through adolescence'™. In
adulthood, the number of synapses continues to decline, but at a
much slower rate'. The mechanisms that underlie this extensive loss
of synapses occurring throughout life are unknown. It is well
established that experience profoundly influences synaptic connec-
tivity and behaviour®''. Although experience or activity-dependent
synaptic plasticity varies with experimental systems and time scales
of manipulation®, it is generally believed that experience leads to an
increase rather than a decrease in the number of synapses®>'”. The
influence of experience on the extensive loss of synapses that occurs
from young childhood until the end of life, however, remains
unknown.

To address this question, we examined the long-term effect of
sensory experience on the rates of dendritic spine formation and
elimination in mouse barrel cortex, a cortical region to which sensory
input can be easily manipulated. Dendritic spines are the post-
synaptic sites of the vast majority of excitatory axo-dendritic
synapses in the brain, and their dynamism therefore serves as a
good indicator of synaptic plasticity'®. We used transcranial two-
photon microscopy and transgenic mice that express yellow
fluorescent protein (YFP) predominantly in layer V pyramidal
neurons*'’ to repeatedly image individual dendritic branches and
spines in layer I of the barrel cortex, after various periods of sensory
deprivation and recovery. At the end of repeated imaging, cyto-
chrome oxidase staining was used to confirm that the imaged area
was located within barrel cortex (Fig. 1a, b).

In control mice at one month of age, we found that the percentage
of spines eliminated over a two-week interval was significantly higher
than the percentage of spines formed (16.9 * 2.5% (mean * s.d.)
elimination versus 6.3 * 2.3% formation; 1,366 spines; # = 5 ani-
mals; P < 0.01) (Fig. 1¢, d, g). Similar results have been found in
other cortical regions at the same age*”, suggesting that a reduction in
total spine number occurs in different cortices during this period of
postnatal life. To determine the effect of sensory experience on spine
turnover, we performed daily trimming of all the whiskers on one
side of the facial pad from weeks 4-6, and examined the percentages
of spines formed or eliminated in the barrel cortex contralateral to
the trimmed side. Trimming whiskers for two weeks significantly
reduced the percentage of spines eliminated compared with that in
control littermates (trimmed: 9.5 = 1.5% elimination; 1,581 spines,
n=>5; P <0.01) (Fig. 1c—g). In contrast, there was no significant
difference in the percentage of spines formed between whisker-
trimmed and control mice (trimmed: 5.4 * 1.0%; P > 0.8)
(Fig. 1g). Furthermore, extending the period of whisker trimming
for an additional two weeks continued to have a significant effect on
spine elimination (trimmed: 7.1 = 2.3%; 550 spines; # = 4; control
(weeks 6-8):10.7 £ 0.8%; 753 spines; n = 5; P < 0.05) but not spine
formation (trimmed 4.3 = 1.5% versus control 5.4 * 0.4%;
P > 0.4). Thus, during the second postnatal month, when extensive
spine loss occurs, sensory deprivation preferentially reduces the rate
of spine elimination but not formation.

Dendrites in the developing cortex contain not only spines but also
filopodia, which are long and thin protrusions without a bulbous
head*>'** (Fig. 1c—f, i). As animals mature, filopodia become less
abundant®® (Fig. 1i). Unlike spines that persist over weeks to months,
filopodia undergo rapid turnover (within hours) and might serve as
precursors of spines*>'®°. In barrel cortex from one-month-old
mice, we found that 9.9 £ 3.5% of dendritic protrusions
were filopodia (5,388 protrusions; 18 animals) (Fig. 1i). Whisker
trimming for two weeks had no significant effect on filopodia
elimination (P > 0.4) or formation (P > 0.8) (Fig. lh), even
though spine elimination was significantly reduced during the
same period (Fig. 1g). These results indicate that filopodia and
spines have very different susceptibilities to manipulation of
experience.

As mice mature into adulthood (>4 months of age), the rate of
spine elimination over a two-week period is significantly reduced
(5.1 £ 1.2%; 707 spines; n = 4) and becomes comparable to that of
spine formation (4.4 = 1.3%; P > 0.4). In contrast to young ado-
lescent animals (1-2 months of age), whisker trimming for two weeks
in adulthood had no significant effect on spine elimination (trimmed
4.9 £ 1.1%; 547 spines; n = 4; P > 0.6) (Fig. 21), suggesting that the
effect of sensory deprivation on spine elimination decreases as
animals reach adulthood. Furthermore, no significant difference in
spine formation was found between control and deprived adult mice
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over two weeks (P > 0.6) (Fig. 2i). However, when the duration of
sensory deprivation was extended from two weeks to two months, we
did find a significant reduction in spine elimination (trimmed:
7.1 = 1.4%; 672 spines; n = 5; control: 10.2 = 1.6%; 907 spines;
n=6; P <0.01) (Fig. 2a-h, j). No significant difference in spine
formation was found between the control and trimmed groups even
after two months of whisker trimming (P > 0.7). Thus, sensory
deprivation continues to affect spine elimination in adulthood, albeit
to a lesser degree than in young adolescence. The same conclusion
can be generalized to all dendritic protrusions (P < 0.05 for elimi-
nation and P > 0.3 for formation), as filopodia represent only
4.2 * 3.3% of total protrusions in adulthood (Fig. 1i; 2,916 protru-
sions, n = 18) and their number is not significantly affected by
long-term deprivation.

Because more spines were eliminated than formed over weeks to
months in the maturing barrel cortex, spine density in one-month-
old barrel cortex (0.47 = 0.04 spinespm™'; 933 spines; 1 = 6) is
~27% higher than that at six months of age (0.37 *
0.03 spines p,mfl; 845 spines; n = 6; P < 0.005). As whisker trim-
ming preferentially reduces spine elimination in young adolescence
and adulthood, we predicted that a higher spine density should be
found in barrel cortex that has been subjected to long-term sensory
deprivation. To test this directly, we trimmed whiskers unilaterally on
a daily basis from 1-6 months of age and compared spine density of
layer V pyramidal cells in layer I of barrel cortex both ipsilateral
and contralateral to the whisker-trimming side. We found that
spine density on the side ipsilateral to deprivation (0.36 =
0.04 spines pm ™~ '; 886 spines; # = 6) is not significantly different
from age-matched, non-deprived control mice (P > 0.4), but
that spine density is ~22% higher on the side contralateral to
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deprivation (Fig. 2k; 0.44 % 0.03spinespm™'; 754 spines;
P < 0.005). These results indicate that long-term sensory depri-
vation from young adolescence to adulthood leads to a significant
reduction in spine loss.

To determine whether the effect of deprivation on spine loss is
reversible upon sensory restoration, we first trimmed whiskers in
one-month-old mice for two weeks and then allowed the whiskers to
re-grow for the next two weeks. We found that during the two-week
recovery period (weeks 6-8), the percentage of spine elimination
exceeded that of age-matched controls, with no significant change
in spine formation (Fig. 3a) (elimination: 14.9 = 1.7% versus
control 10.7 = 0.8%, P < 0.05; formation: 6.6 = 2.0% versus con-
trol 5.4 * 0.4%, P > 0.3). Similar results were also found in mice
whose whiskers were trimmed for four weeks and then allowed to
re-grow in the next two weeks (Fig. 3b) (elimination: 13.5 * 1.6%
versus control 6.7 = 1.1%, P < 0.05; formation: 5.9 & 1.8% versus
control 5.4 = 1.5%, P > 0.8). In both cases, the reduction in total
spine loss due to previous adolescent deprivation was largely
(~80%) compensated for during the subsequent two-week
recovery (Fig. 3c; see Methods for calculation of total spine
number).

To further examine whether sensory restoration can accelerate
spine elimination after animals reach adulthood, we trimmed all the
whiskers on one side of the facial pad in one-month-old mice on a
daily basis for five months. We found that the percentages of spine
elimination and formation over the last two weeks of whisker
trimming (5.9 * 3.1% elimination and 5.4 = 0.8% formation; 297
spines; n = 3) were not significantly different from those in adult
controls (P > 0.8 for both elimination and formation), suggesting
that lack of sensory experience from young adolescence to adulthood
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Figure 1 | Long-term whisker trimming reduces spine elimination in barrel
cortex of young adolescent mice at one month of age. a, A cytochrome-
oxidase stained tangential section indicates that the imaged region (red;
labelled with Dil) is within the barrel cortex. Labels A1-E1 refer to barrels
corresponding to the first rows of the mystacial pad. b, Low-magnification
image of apical dendrites of layer V pyramidal neurons. A higher-
magnification view of a dendritic segment (box in b) is shown in c.

c—f, Repeated imaging of two dendritic branches from 4-6 weeks of age
reveals spine elimination (arrowheads) and formation (large arrows) as well

262

as filopodium turnover (small arrows) in control (¢, d) and whisker-trimmed
mice (e, f). g, Percentage of spines eliminated or formed (number of spines
eliminated or formed divided by the number of pre-existing spines) over two
weeks for control and whisker-trimmed animals. Whisker trimming
preferentially reduces spine elimination (P < 0.01). h, Whisker trimming
for two weeks has no significant effect on filopodium turnover (P > 0.4).
i, Percentages of spines and filopodia as a proportion of total protrusions at
different ages. Data are presented as mean * s.d. Scale bars, 500 pm (a),
10 pm (b), 2 pm (c—f).
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does not prevent spines from reaching adult stability. Notably, when
whiskers were allowed to re-grow and sensory experience was
restored over two months, we found that spine elimination and
formation are not significantly different between control and sensory-
restored mice (Fig. 3d; P > 0.8 for both elimination and formation).
Thus, although the effect of sensory deprivation on spine elimination
can be largely reversed in young adolescence, it cannot be reversed
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Figure 2 | The effect of long-term deprivation on spine elimination
decreases but still exists in adulthood. a-h, Repeated imaging of dendritic
branches from two normal (a—d) and two whisker-trimmed (e-h) adult mice
shows elimination (arrowheads) and formation (arrows) of few spines over
two months. Scale bar for a-h, 2 pm. i, j, Percentage of spines eliminated and
formed over two weeks (i) or two months (j) in control and deprived adults.
Whisker trimming significantly reduces spine elimination over two months
(P < 0.01) but not over two weeks (P > 0.6). k, Spine density in one-
month-old barrel cortex is ~27% higher than that in six-month-old adult
barrel cortex. Unilateral whisker trimming from 1-6 months reduces spine
loss on the side contralateral to deprivation compared with the ipsilateral
side and non-deprived controls (P < 0.005). Data are presented as

mean * s.d.
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once spines are stabilized in adulthood.

Because NMDA receptor activation is essential for synaptic plas-
ticity in a variety of systems®*, we tested the effect of chronic
blockade of these receptors by applying the antagonist MK801 (0.1 or
0.25pgg " ' body weight, twice per day) for two weeks in one-month-
old mice. This blockade resulted in a significant reduction in the rate
of spine elimination (Fig. 4a; P < 0.05 for both dosages). Similar to
the effects of sensory deprivation, the rate of spine formation was not
significantly altered (Fig. 4a; P > 0.5 for both dosages). Furthermore,
two weeks after the withdrawal of MK801 (0.25 pg g~ ' body weight),
spine elimination (15.1 * 2.3%; 682 spines; n = 5) was significantly
increased compared with age-matched controls, and spine formation
was unaffected (Fig. 4b; P < 0.01 for elimination and P > 0.1 for
formation). Finally, no significant effect on either filopodia forma-
tion or elimination was observed upon NMDA receptor blockade
and subsequent removal over two weeks (P > 0.2, for all conditions).
Together, these results suggest that NMDA receptor-dependent
mechanisms are involved in the extensive spine elimination during
adolescence.

Our results indicate that in young adolescence, when the peak of
synaptogenesis is over and synapse elimination dominates', long-
term sensory deprivation reduces the rate of spine elimination but
has no significant effect on spine formation. Furthermore, as spines
become stabilized in adulthood, the effect of sensory deprivation on
spine elimination is substantially reduced but still exists. As a result,
sensory deprivation from 1-6 months of age increases spine density
by ~22% after preventing spines from undergoing naturally occur-
ring elimination (Fig. 2k). These observations underscore the
importance of sensory experience in regulating the extensive loss of
spines from the late postnatal period and throughout adulthood.

Owing to technical limitations, we only imaged dendritic spines of
layer V pyramidal cells in layer I of the barrel cortex. Whether our
results can be generalized to other neuronal types, cortical layers or
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Figure 3 | Restoring sensory experience after previous deprivation
accelerates spine elimination in adolescence but not in adulthood. a, The
percentage of spine elimination, but not formation, is higher over a two-
week recovery period (weeks 6-8) after a previous two-week deprivation
(weeks 4-6) compared with age-matched controls (P < 0.05). b, Similar
results were observed over a two-week recovery period after a previous four-
week deprivation (P < 0.05). ¢, Percentage of total spine number from
weeks 4-10 in control, trimmed and recovered animals. Whisker trimming
reduces total spine loss, and sensory restoration accelerates it. d, Spine
elimination and formation over a two-month interval are not significantly
different between the control and recovered adult mice following previous
deprivation from 1-6 months of age (P > 0.8). Data are presented as
mean * s.d.
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Figure 4 | Spine elimination involves NMDA receptor activation. a, Spine
elimination, but not formation, over two weeks is significantly reduced in
mice treated with MK801 (0.1 pg or 0.25 ugg™ ' body weight, twice a day)
compared with control mice (P < 0.05 for both doses). b, Spine elimination,
but not formation, over two weeks is significantly increased upon MK801
withdrawal after a two-week blockade (0.25 ngg™ ') compared with age-
matched controls (P < 0.01). Data are presented as mean = s.d.

regions remains to be investigated. Activity-dependent competition
and homeostatic regulation are fundamental mechanisms under-
lying synaptic plasticity, and both involve NMDA receptor acti-
vation”®!13212325 - A combination of these mechanisms may be
responsible for the observed effect of sensory deprivation on spine
dynamics. Because of the complexity of cortical connectivity, it is
possible that the effect of sensory experience on spine loss via these
two mechanisms varies with cortical layers and regions. Nevertheless,
as substantial synapse loss (30-50%) occurs in different cortical
regions and layers in various species, including humans'~, our results
raise the possibility that experience-dependent net loss of synapses is
fundamental to the development and plasticity of the brain.

Previous studies have shown that synapse number in sensory
cortices is reduced as a consequence of sensory deprivation during
early postnatal life, and is increased in an enriched environ-
ment'>'*'>72% These and other studies have led to the prevailing
view that experience and/or neuronal activity leads to a gain rather
than a loss of synapses®>'”. However, this view is not easily compat-
ible with our findings that sensory deprivation prevents net synapse
loss in the maturing mammalian brain'~. It is important to note that
experience or activity-dependent modification of synapse number
and strength often varies with experimental systems, synapse types
and time scales of manipulation®'>'*'%>"? (see Supplementary
Information). For example, sensory deprivation during early post-
natal life results in a decrease in the number of excitatory synapses,
whereas prolonged deprivation until adolescence leads to no signifi-
cant changes'*'>**. Our findings indicate that the effect of sensory
experience on synapse number depends on the rates of synapse
formation and elimination at different stages of the animal’s life
(Figs 1 and 2). The significant impact of adolescent deprivation on
spine elimination underscores the fundamental role of childhood
experience on sculpting synaptic connections. Furthermore, our
observation that the effect of sensory deprivation on spine loss can
only be partially reversed during adolescence (Fig. 3c) suggests that
childhood experience has a long-lasting and perhaps permanent
effect on later life. Experience-based pruning of synaptic connections
might continue to serve as an important mechanism in learning and
memory throughout adulthood'"?. As sensory deprivation over
periods of weeks in adulthood does not cause significant modifi-
cation in spine turnover, changes in synaptic strength, but not
number, might be more essential for rapid plasticity and short-
term storage of information'****°. It is worth noting that our results
demonstrate long-term effects of sensory deprivation on spine
dynamics in animals under laboratory housing conditions. The
timescale for modifying synaptic strength and number and the
degree of such modifications in complex environments and learning
tasks will require future studies.
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METHODS

Experimental animals. Mice expressing YFP in layer V pyramidal neurons
(H-line) were purchased from the Jackson Laboratory. Mice were group-housed
and bred in the Skirball animal facilities, and all experiments were done in
accordance with animal protocols. Whisker trimming was performed daily by
cutting the mystacial vibrissae of the right whisker-pad to skin level with a pair of
scissors under a dissecting microscope. Control mice were handled under
identical conditions for the same duration. The NMDA receptor antagonist
MK801 (15pgml™" in saline; 0.1 or 0.25pgg " body weight) was injected
twice a day for two weeks into the peritoneum of mice, starting at four weeks
of age.

Surgical procedure for in vivo transcranial imaging and data quantification.
The procedures of transcranial two-photon imaging and data quantification
have been described previously’. The percentage of spines eliminated or formed
is defined as the number of spines eliminated or formed, divided by the pre-
existing number of spines. The number of spines analysed and the percentage of
spine elimination or formation under various experimental conditions are
summarized in Supplementary Table S1. We calculated changes in total spine
number with age as follows. The total spine number in one-month-old mice was
assumed to be 100%. Percentage change in the total spine number over a given
interval (for example, weeks 6-8) is relative to the animal age at the first view (for
example, week 6) and calculated as the percentage of formation minus the
percentage of elimination measured over that interval. Data throughout the text
is presented as mean =* standard deviation (s.d.). P-values were calculated using
the non-parametric Mann-Whitney U-test. Use of the Student’s f-test also
confirmed all the conclusions.

Determining the location of the imaged region using cytochrome oxidase
staining. At the end of repeated imaging sessions, the imaged region was
identified under a dissecting microscope on the basis of CCD images of blood
vasculature, and was subsequently labelled with a small lipophilic dye (Dil)
crystal using a small needle tip (~100 pm in diameter). The mice were then
perfused with 4% paraformaldehyde. The brains were removed, post-fixed, and
tangentially sectioned into 150 pm slices using a vibratome. Sections were
stained for cytochrome oxidase using a standard method.
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Supplementary Data:

To better understand how different types of sensory experience affect spine dynamics, we
examined spine elimination and formation by trimming every other whisker in a chessboard
pattern on one side of the facial pad. Unlike trimming all the whiskers which deprives all sensory
input, chessboard deprivation removes only half of the sensory inputs and increases the difference
in sensory experience coming from adjacent whiskers. This type of deprivation has been shown
to induce rapid changes of whisker representation in the barrel cortex? and the turnover of
filopodium-like protrusions in barrel cortex’. We compared the effect of 2-week chessboard
deprivation on spine dynamics with those of control and all-whisker trimming (Supplementary
Table S1). In mice at one month of age, we found that the percentage of spine elimination (12.5 +
1.8%) over a 2-week interval is significantly lower than that of the age-matched control (16.9 +
2.5%; P < 0.05) but higher than that of all-whisker trimmed animals (9.5 = 1.5%; P < 0.05). The
percentage of spine formation (5.5 £ 0.9%) is not significantly different from control or all-
whisker trimmed animals (P > 0.8 for both cases). Furthermore, no statistical differences in
filopodial formation and elimination were found among the three groups (P > 0.3 for all groups).
Lastly, as in the case of trimming all whiskers, chessboard trimming over 2 weeks has no
significant impact on spine or filopodial dynamics in adult mice (5.5 £ 0.6% spine elimination
and 4.0 £ 1.1% spine formation; P > 0.6 for both cases; Supplementary Table S1).

These results suggest that similar to all whisker trimming, chessboard trimming over 2 weeks
also preferentially reduces spine elimination during young adolescence. The effect of chessboard
trimming, however, is less robust than that under all whisker trimming. Many lines of evidence
suggest that activity-dependent competition among different inputs leads to synaptic weakening
and elimination*®. As dendrites of layer \V pyramidal cells receive inputs from multiple whiskers
as well as other sources®, activity-dependent competitive mechanisms could be involved in spine
plasticity we observed. If so, chessboard deprivation would prevent competition among trimmed
whisker inputs and increase the competition among trimmed and non-trimmed inputs. If one
assumes each whisker input has a similar chance to compete with others in layer I, one would
predict that chessboard trimming would be similar to partial sensory deprivation and should have
less robust effect on spine dynamics than all whisker trimming.

A previous study examined spine dynamics in adult barrel cortex following 4 days chessboard
deprivation®. Unfortunately, the degree of adult spine stability in that study differs substantially
from that in our study in visual and barrel cortices (~5% spine turnover per month'®*), making
direct comparison of chessboard effects between the two studies difficult. This previous study
showed that in normal adult barrel cortex, ~17% of spines turn over within one day and >40% of
spines turn over within a week, leading to the conclusion that spines are highly plastic in the adult
brain®. The major factors contributing to the dramatically different spine stability in barrel cortex
between the two studies are discussed extensively in our recent publication'*. Briefly, we believe
that very high spine turnover rates in the previous studies® comes from a combination of factors
including 1) the use of young adult animals (6-10 weeks of age) instead of mature adults®; 2)
combining filopodia and spines together in data analysis and interpretation®; and 3) invasiveness
of open skull technique in imaging superficial dendrites in layer I°.

Because the differences in animal ages, data quantification, chessboard deprivation intervals
and methodology, direct comparison of the chessboard trimming effect between the previous
study® and the present one is somewhat difficult. Previous studies tested the effect of 4-day
chesshoard deprivation on spine dynamics®. In this experiment, mice with intact whiskers were



repeatedly imaged on a daily basis for 4 days. Repeated imaging was continued for a further 4
days under chessboard trimming condition. The spine density and dynamics were then analyzed
over each 4-day interval. This study suggested that the density of all dendritic protrusions
(filopodia and spines) was not affected by chessboard deprivation over 4 days in mice at 5-10
weeks of age. Studies from the same group also reported that trimming all the whiskers in young
rats (P8-P16) did not affect the density of filopodia and spines over 2 days'. Thus, these studies
would suggest that either all whisker trimming or chessboard trimming has no significant effect
on the density of spines and filopodia over short-term (2-4 days) in young mice and rats®*2. Our
data suggests that either trimming all the whiskers or chessboard deprivation for 2 weeks prevents
spine loss without affecting spine formation and filopodia density in young adolescent mice.
Furthermore, in adult mice, both types of whisker trimming for 2 weeks would not cause
significant changes in spine density and turnover.

Previous studies also suggested that the motility of filopodia was affected by all whisker
trimming over 2 days during a critical period around postnatal day P11-13 but not afterwards*.
Furthermore, the turnover of filopodia-like protrusions may change within 4-day chessboard
trimming at 5-10 weeks of age®. Consistent with the rapid turnover of filopodia over hours, our
data indicate that after 2 weeks of sensory manipulation, there is no significant long-term effect of
all whisker trimming or chessboard trimming on filopodial elimination and formation.
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Supplementary Table S1

The percentage of spines eliminated and formed (number of spines eliminated or formed/pre-existing
number of spines) over various intervals under different experimental conditions.

Spines # in 1% Formation (%) Elimination (%)
view

4-6 week
Control 1366 6.3+2.3 169+ 25
Trim all whiskers 1581 54+1.0 95+15
Chessboard trim 701 55+0.9 125+1.8
MK801 0.1 ug/g 447 5.0+£0.6 95+1.6
MK®801 0.25 ug/g 748 6.8+1.9 8.1+14
6-8 week
Control 753 54+0.4 10.7+0.8
Continue trimming 550 43+15 7.1+23
Trim 4-6 w, recovery 828 6.6 +2.0 149+17
MK801 0.25 ug/g w4-6, recovery 682 6.3+1.1 15.1+2.3
8-10 week
control 677 54+15 6.7+ 1.1
Trim 4-8w, recovery 646 59+1.8 135+1.6
Adults
Control 2 weeks 707 44+13 51+1.2
Trim all whiskers 2 weeks 547 39+0.7 49+1.1
Chessboard trim 2 weeks 501 40+1.1 55+0.6
Trim 1m-6m, continue trim 2 weeks 297 54+0.8 59431
Control 2 months 907 78+1.7 10.2+1.6
Trim 2 months 672 8.3+21 71+14
Trim m1-m6, recovery 2 months 182 8.1+0.6 9.7+0.7
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