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Abstract

Selective logging in Sarawak continues to rely on a fixed cutting cycle; however, the biological adequacy
of this interval for major commercial timber taxa remains uncertain. This study provides a species-specific
empirical test of whether a policy-relevant cutting cycle is biologically compatible with harvestable
diameter at breast height (DBH) attainment across multiple timber taxa and localities. Age and DBH data
from 4,466 trees representing eight timber taxa across three localities in Sarawak were compiled from
archived records and supported by field verification of tree identity and measurements, where possible.
Species-specific negative exponential models were fitted to estimate the age at which trees attained a
harvestable DBH, and analysis of covariance was used to test the effects of locality for taxa represented
at more than one site. The predicted ages to harvestable diameter exceeded 25 years for all taxa
examined. The shortest estimate was 52.3 years for Shorea parvifolia in Mujong Melinau, whereas
Dipterocarpus kunstleri required 154.3 years; most other taxa required more than 70 years to attain a
harvestable size. Locality significantly influenced the growth of Shorea parvifolia and Shorea angustifolia,
indicating that growth trajectories were also sensitive to site conditions. These findings show that a
uniform 25 years re-entry interval is biologically misaligned with the observed growth trajectories of the
studied taxa. More broadly, the results challenge fixed-cycle selective-logging assumptions in tropical
production forests and support species-specific, locality-sensitive cutting cycle planning rather than
reliance on a single uniform schedule.

Keywords: species-specific growth models, harvestable age, cutting cycle policy, Sarawak tropical forests, sustainable forest
management

1. Introduction

Selective logging remains one of the dominant forms of tropical forest use, and its long-term
sustainability depends not only on reducing immediate harvesting damage but also on
whether commercially valuable trees can biologically recover within the interval between
successive harvesting entries. Although selectively logged tropical forests can retain
important biodiversity and carbon values, timber stocks, and forest structure, they often do
not recover to pre-disturbance conditions within short operational harvest intervals,
especially where extraction intensity is high and residual stand damage is substantial [1].
Consequently, claims of sustained yield in tropical production forests depend heavily on
whether cutting cycles are biologically aligned with the growth trajectories of target timber
taxa, rather than being based only on administrative scheduling or minimum diameter rules
[1-4].

Sarawak, the largest state in Malaysia, located on Borneo Island, represents part of a broader
Malaysian forest research context in which forest ecosystems are recognized for their
ecological, management, and societal importance [5]. In this state, selective logging in mixed
dipterocarp forests is generally regulated through a fixed re-entry system together with
minimum cutting diameter thresholds that determine harvest eligibility [6]. In this context,
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the cutting cycle refers to the interval between successive harvesting entries into the same
managed forest area, whereas the minimum cutting diameter is the tree-level threshold used
to determine whether an individual stem can be legally felled. This distinction is important
because a cutting cycle may be operationally convenient, yet still ecologically inadequate if
trees do not regain a harves Shorea parvifolia diameter within that interval. Evidence from
the Sarawak and Bornean forests shows that logged forest structures and recovery can
remain incomplete decades after harvesting, indicating that short fixed cycles may not reflect
the biological pace of recovery in these systems [1].

Despite the policy importance of cutting cycle length, the key biological question remains
insufficiently addressed at the species level in Sarawak: Do major commercial timber taxa
actually attain a harvestable diameter within the currently applied 25 years re-entry interval?
Existing studies have largely focused on logged forest recovery, stand structure, carbon
consequences, or general management sustainability [1-4], but these do not directly test
whether individual target taxa can regain a harvestable diameter at breast height (DBH)
within the policy-relevant time frame. This is an important gap because tree growth is not
uniform across taxa, and site conditions can further alter the growth trajectories. Therefore,
a uniform cutting cycle may mask substantial biological variation among species and
localities, leading to harvest schedules that are administratively simple but ecologically
unrealistic. The novelty of the present study lies in directly linking species-specific age to DBH
relationships with a policy-relevant cutting cycle, rather than discussing recovery only in
broad stand-level terms.

Accordingly, this study evaluated whether the observed growth trajectories of eight timber
taxa in Sarawak were compatible with a 25-years cutting cycle by modelling the age required
to attain a harvestable DBH. We also tested whether locality significantly influenced DBH
development in taxa represented across more than one site to determine whether a single
growth expectation could reasonably be applied across localities. By combining species-
specific growth modelling with locality testing, this study provides an empirical assessment
of whether a uniform re-entry interval is biologically defensible for the taxa examined or
whether species-specific and locality-sensitive cutting cycle planning is more appropriate.

2. Materials and Methods
2.1. Study Sites

This study was based on data from three forest localities in Sarawak: The Gerenai Forest
Management Unit (FMU), the Mujong Melinau FMU, and Lambir within the Lambir Hills
National Park (Figure 1). Gerenai and Mujong Melinau were treated as managed production
forest systems, whereas Lambir served as a protected forest reference site. The Gerenai FMU
is situated in the Miri Division, within an approximate extent of 114°40’ to 115°10’E and 2°50’
to 3°20'N, and ranges in elevation from 152 to 1,716 m above sea level. The area is dominated
by the Kapit soil series, with Meluan and Merit series also present. Its vegetation is composed
mainly of hill mixed dipterocarp forest, together with submontane and kerangas forests. The
site is a managed logged-over forest, and most mixed dipterocarp stands have reportedly
undergone at least one harvesting cycle.

The Mujong Melinau FMU lies between Sungai Mujong and Sungai Melinau in the Kapit
Division, within an approximate extent of 113°25' to 113°40'E and 1°55’ to 2°10'N. It is a
logged-over re-entry forest managed under a framework that follows the original 1998 felling
plan [6,7]. The forest contains low, medium, and high-density mixed dipterocarp canopy
classes, with medium-density stands occupying the largest area. Lambir, located within
Lambir Hills National Park near Miri, was included as a contrasting near-natural forest site. It
is centered at approximately 4°12’'N and 114°02'E and represents a largely intact old-growth
lowland dipterocarp forest. The area extends from approximately 20 to 470 m above sea level
and is associated with clay and sandy loam soils.
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Figure 1. Map of study locations across Sarawak (Gerenai, Mujong-Melinau, and Lambir FMUs).

2.2. Taxon Selection

A total of eight timber taxa were analyzed, comprising four dipterocarp species, namely S.
parvifolia, S. angustifolia, D. kunstleri, and Dryobalanops oblongifolia, and four non-
dipterocarp groups, namely Syzygium chloranthum, Xanthophyllum discolor, Lauraceae, and
Myristicaceae. The analytical dataset was restricted to taxa for which paired age and DBH
records were available from at least one locality. Lauraceae and Myristicaceae were retained
at the family level because species level identification was not consistently available across
the archived records and field verification records. Therefore, these two groups were
analyzed at the family level to preserve taxonomic consistency within the dataset.

2.3. Data Collection and Preparation

The data were compiled from two sources. First, archived tree inventory records containing
age and DBH information were obtained from the Forest Department Sarawak (FDS)
database. In these records, age was originally assigned based on the known planting year for
tagged planted individuals or based on the year in which a naturally established seedling was
first discovered, tagged, and recorded in the inventory system, with the first recorded year
treated as year 1. In the present study, these archived age values were used as recorded by
the FDS and were not re-estimated during field verification. Second, field verification was
conducted using tagged tree inventory records to confirm tree identity and obtain current
DBH measurements where verification was possible. The DBH was measured 1.3 m above
the ground, and GPS coordinates were recorded for verified trees.

A total of 4,466 trees were retained in the final dataset across eight taxa. Only trees with
usable paired age and DBH information were included in the analysis. Trees without usable
age data were excluded from the study. Records that could not be matched confidently
during field verification or that were affected by measurement conditions that prevented
reliable DBH assessment were also excluded. The field measurement workflow is shown in
Figure 2.
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Figure 2. Field sampling and DBH measurements performed.

2.4 Growth Modelling

Species-specific DBH growth was modelled using a negative exponential growth function as
shown in Equation 1.

DBH = a x (1— e~bx49¢) (1)

Where DBH is the diameter at breast height (cm), Age is the tree age (years), and a and b are
fitted parameters representing the asymptotic diameter and growth rate constant,
respectively. The negative exponential form was selected because it provides a biologically
interpretable non-linear growth curve in which the diameter increases rapidly at earlier ages
and then decelerates progressively toward an asymptote. This form was considered
appropriate for the present analysis because the objective was not to simulate full stand
development but to estimate the age at which individual trees would attain the harvestable
DBH threshold under an observed age-diameter relationship [8,9].

Models were fitted using non-linear regression in SPSS version 25. Separate models were
fitted for each taxon separately. For taxa represented in more than one locality, the localities
were first evaluated statistically, as described below. Taxa showing a significant locality effect
were modelled separately by locality, whereas taxa showing no significant locality effect were
modelled using pooled data from the relevant localities. Taxa represented at only one locality
were modelled using data from that locality only [10-14].

Harvestable DBH thresholds were defined as 50 cm for dipterocarps and 45 cm for non-
dipterocarps, consistent with the minimum cutting diameter thresholds used in this study.
The predicted harvestable age was obtained by solving Equation 1 for the age at the relevant
harvestable DBH threshold for each fitted model.

2.5 Statistical Analysis

The effect of locality on DBH growth was evaluated using analysis of covariance (ANCOVA)
for taxa represented in more than one locality. In each ANCOVA, DBH was treated as the
dependent variable, age as the covariate, and locality as a fixed factor. Homogeneity of
regression slopes was assessed before interpretation by testing the age and locality
interaction [8,9]. Where the slope assumption was satisfied, the main effect of locality was
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interpreted to determine whether DBH differed significantly among localities after adjusting
for age.

A mixed-effects model was not adopted as the primary framework because the present
analysis was conducted separately by taxon and involved only a small number of locality
levels per taxon, with highly unbalanced representation among localities and several taxa
represented at a single site [8,9]. In addition, locality was of direct inferential interest as a
named study condition rather than a random sample of sites from a broader population
sample. Under these conditions, modelling locality as a fixed effect provided a more
transparent and interpretable basis for testing site-related differences before fitting locality-
specific or pooled non-linear growth models.

Model validation was conducted using a hold-out approach. Within each modelling unit,
defined as each taxon locality dataset for taxa fitted separately by locality or each pooled
taxon dataset where locality was not modelled separately, records were randomly
partitioned into calibration (70%) and validation (30%) subsets in SPSS version 25.
Randomization was performed without replacement by generating a random number for
each record, sorting the cases by that value, and assigning the first 70% of cases to the
calibration subset and the remaining 30% to the validation subset [13,14].

The calibration and validation assignment was generated once in SPSS version 25 and saved
before model fitting, so that all subsequent analyses were based on the same, fixed data
partition. Models were fitted using the calibration subset, and predictive performance was
then evaluated using the validation subset based on the mean absolute error (MAE),
calculated as the mean absolute difference between observed and model-predicted DBH
values. Residual plots from the calibration models were also inspected to assess the residual
distribution and homoscedasticity. Model fit was summarized using R? for the fitted model
and MAE for the hold-out predictive error. This two-stage procedure allowed locality to be
evaluated first as a potential source of growth variation and then incorporated directly into
taxon-specific modelling only where statistically justified by the data.

3. Results and Discussion
3.1. Results

3.1.1. Sample Distribution and Species Composition

Based on the species totals reported in Table 1, the analytical dataset comprised 4,466 trees
representing eight timber taxa across three study locations. Shorea parvifolia was the most
abundant taxon overall (n = 2,018) and was strongly concentrated in Lambir (n = 1,972), with
only 46 records from Mujong Melinau. Shorea angustifolia (n = 585) was the only dipterocarp
species represented across all three localities. Dipterocarpus kunstleri (n = 375) and S.
chloranthum (n = 162) were recorded only in Lambir, whereas D. oblongifolia (n = 128) was
recorded only in Mujong-Melinau. Lauraceae (n = 902), Myristicaceae (n = 216), and X.
discolor (n = 80) were represented only in Gerenai and Mujong-Melinau.

Overall, the dataset showed a marked imbalance in both taxon abundance and locality
representation. This was especially evident for S. parvifolia, which was overwhelmingly
dominated by Lambir records, and for several taxa restricted to a single locality. These
distribution patterns limit the strength of cross-site comparisons for some taxa and should
be considered when interpreting locality-specific estimates and generalizing the results
beyond the sampled localities. Figure 3 and Figure 4 present exploratory scatterplots of the
observed age-DBH patterns across taxa, whereas the fitted nonlinear growth models used
for harvestable age estimation are summarized in Table 4.
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Figure 3. Observed age-DBH scatterplots for dipterocarp taxa analyzed in this study. The panels show

(A) Shorea parvifolia, (B) Shorea angustifolia, (C) Dipterocarpus kunstleri, and (D) Dryobalanops
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Figure 4. Observed age—DBH scatterplots for the non-dipterocarp taxa analyzed in this study. The

panels show (A) Syzygium chloranthum, (B) Lauraceae, (C) Myristicaceae, and (D) Xanthophyllum

discolor.
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Table 1. Distribution of eight timber taxa across three Forest Management Units (FMUs) in Sarawak
(Mujong-Melinau, Gerenai, and Lambir), showing variations in sample size and site representation.

No. Species Mujong Gerenai Lambir Total

1 Shorea angustifolia 366 88 131 585
2 Shorea parvifolia 46 0 1972 2018
3 Dipterocarpus kunstleri 0 0 375 375
4 Syzygium chloranthum 0 0 162 162
5 Lauraceae 344 558 0 902
6 Myristicaceae 130 86 0 216
7 Xanthophyllum discolor 42 38 0 80
8 Dryobalanops oblongifolia 128 0 0 128

3.1.2. Descriptive Growth Patterns by Species

The mean age and mean DBH varied substantially among the taxa (Table 2). The largest mean
DBH values were recorded for X. discolor (21.70 £1.13 cm), S. angustifolia (21.41 £0.64 cm),
and D. oblongifolia (21.21 £1.09 cm). In contrast, the lowest mean DBH values were recorded
for S. chloranthum (7.60 £0.68 cm) and D. kunstleri (7.67 £0.53 cm). The mean age ranged
from 17.77 £2.21 years in S. chloranthum to 40.09 +1.24 years in S. angustifolia. Lauraceae
and X. discolor also showed relatively high mean ages, at 38.15 +1.22 and 38.50 +2.25 years,
respectively. These descriptive patterns indicate that the analyzed taxa differed not only in
current size but also in age structure, suggesting that growth trajectories were unlikely to be
uniform across taxa.

Table 2. The mean age and diameter at breast height (DBH) of eight timber taxa highlighted the
interspecific variability in growth across sites.

No. Species N Age (Mean t SE) DBH (Mean + SE)

1 Shorea parvifolia 2018 19.72 +0.59 16.59 +0.44
2 Shorea angustifolia 585 40.09 £1.24 21.41 +0.64
3 Dipterocarpus kunstleri 375 18.81+1.7 7.67 £0.53
4 Dryobalanops oblongifolia 128 17.80+1.49 21.21+1.09
5 Syzygium chloranthum 162 17.77 £2.21 7.60 +£0.68
6 Lauraceae 902 38.15+1.22 18.69 +0.43
7 Myristicaceae 216 28.33+1.37 16.79 +0.68
8 Xanthophyllum discolor 80 38.50+£2.25 21.70+1.13

Note: N = number of samples, SE = Standard Error.

3.1.3. Effects of Locality on Growth

Table 3 shows the ANCOVA findings, where after adjusting for age, locality was found to have
a statistically significant effect on DBH in S. parvifolia (F = 28.10, p < .001, partial n? = 0.014)
and S. angustifolia (F = 8.24, p < .001, partial n2 = 0.028). In contrast, locality effects were not
significant for Lauraceae (F = 1.86, p = .173, par tial n? = 0.002), Myristicaceae (F = 3.66, p =
.057, partial n? = 0.017), or X. discolor (F = 3.16, p = .079, partial n? = 0.039). Dipterocarpus
kunstleri and D. oblongifolia were not evaluated for locality effects because each was
represented by a single locality. Across the tested taxa, the ANCOVA model R? values ranged
from 0.769 to 0.996. Although the locality effects were statistically significant for the two
Shorea taxa, the associated effect sizes were modest. This indicates that age remained the
dominant predictor of DBH, but locality sufficiently modified growth to justify separate
locality-specific modelling for these taxa. For Lauraceae, Myristicaceae, and X. discolor, the
absence of significant locality effects supported pooled modelling across the available sites
in the present study.

3.1.4. Species-Specific Growth Models and Estimated Cutting Age

The fitted nonlinear models showed variable but generally strong performance across taxa
and model units, with R? values ranging from 0.612 to 0.996 (Table 4). Among dipterocarps,
the predicted age required to reach a 50 cm DBH ranged from 52.3 years in S. parvifolia at
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Mujong-Melinau to 154.3 years in D. kunstleri at Lambir. For S. angustifolia, the predicted
harvestable age varied among localities, from 75.4 years in Lambir to 85.0 years in Gerenai,
whereas D. oblongifolia was predicted to reach 50 cm DBH at 77.7 years. Among non-
dipterocarps, the predicted age required to reach 45 cm DBH ranged from 85.9 years in X.
discolor to 173.3 years in S. chloranthum, with intermediate values of 89.1 years for
Myristicaceae and 119.3 years for Lauraceae species. No modelled taxon approached the
currently referenced 25-years cutting cycle.

Table 3. Results of ANCOVA testing the effect of locality on DBH for taxa represented in more than

one locality.

. ) . p-value* Partial n?
Species N R F (Age) F (Locality) (Locality) (Locality)
Shorea parvifolia 2018 0.858 12,022.78 28.10 <.001 0.014
shorea 585  0.933 7,608.65 8.24 <.001 0.028
angustifolia
Lauraceae 902 0.769 2,974.98 1.86 0.173 0.002
Myristicaceae 216 0.979 9,710.93 3.66 0.057 0.017
Xanthophyllum 80  0.99 19,056.42 3.16 0.079 0.039
discolor

Note: Dryobalanops oblongifolia and Dipterocarpus kunstleri were sampled from a single locality; therefore, the locality effect is not
applicable, N = sample size, R? = coefficient of determination, *p-value < .05 indicates significant difference.

The validation error, expressed as the MAE in DBH prediction, also varied among the taxa.
Among dipterocarps, MAE ranged from 0.53 +0.11 cm in S. angustifolia at Gerenai to 4.84
+0.52 cm in D. oblongifolia at Mujong Melinau. Among non-dipterocarps, MAE ranged from
0.72 £0.06 cm in X. discolor to 3.95 £0.21 cm in Lauraceae species. These results indicate that
model accuracy differed among taxa and localities, but the MAE values remain interpretable
only as DBH prediction errors and not as uncertainty in the predicted age.

Taken together, the model outputs showed two clear patterns. First, harvestable DBH
attainment was strongly species-dependent, with some taxa requiring more than a century
to reach the harvest threshold. Second, locality affected growth trajectories in at least some
commercially important taxa, especially the two Shorea species. The overall implication is
that a fixed 25 years re-entry interval is not supported by the observed taxon-level growth
patterns reported in this dataset.

3.2. Discussion

Taken together, the findings reveal three linked patterns that are central to interpreting the
management relevance of this study. First, substantial variability was observed among taxa
in the time required to attain a harvestable DBH, indicating that commercially important
timber taxa cannot be treated as biologically interchangeable under a single recovery
schedule. Second, locality significantly influenced DBH development in some taxa,
particularly S. parvifolia and S. angustifolia, showing that site conditions can modify growth
trajectories, even when age remains the dominant predictor. Third, these species and site-
level differences collectively expose a policy mismatch in which a uniform 25-years cutting
cycle does not reflect the biological realities of tree growth for the examined taxa. In practical
terms, the results suggest that a fixed re-entry interval risks oversimplifying recovery
dynamics and may overestimate the capacity of logged forests to replenish harvestable stems
within a single operational time frame.

3.2.1. Fixed Cutting Cycles and Biological Realities

This study estimated the time required for individual trees to re-attain the minimum
harvestable diameter rather than full stand-level recovery. Even at this narrower level, the
modelled growth trajectories were not aligned with 25-years cutting cycle. The fastest
predicted age in the dataset was 52.3 years for S. parvifolia in Mujong-Melinau, whereas
several taxa required substantially longer periods, including 154.3 years for D. kunstleri and
173.3 years for S. chloranthum. The implication is straightforward: If trees do not regain legal
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harvest size within the re-entry interval, repeated harvesting becomes structurally biased
toward removing the remaining large stems, rather than drawing on biologically replenished
cohorts.

Table 4. Summary of species-specific growth model performance, predicted age to harvestable DBH,
and validation error across taxa and localities.

Harvestable Predicted age

Validation

H 2
Growth group Taxon Model unit N DBH threshold R to harvestable MAE (cm)
(cm) DBH (years)
Dipterocarp Shorea parvifolia Lambir 1972 50 0.858 70.3 4.44 +0.13
Dipterocarp Shorea parvifolia Mujong-Melinau 46 50 0.992 52.3 0.76 +0.10
Dipterocarp Shorea angustifolia  Gerenai 88 50 0.996 85 0.53+0.11
Dipterocarp Shorea angustifolia  Lambir 131 50 0.924 75.4 2.48 £t0.48
Dipterocarp Shorea angustifolia  Mujong-Melinau 366 50 0.894 78.5 1.45 +0.17
Dipterocarp Dipterocarpus Lambir 375 50 0.93 154.3 1.50 0.12
kunstleri
Dipterocarp Dryobalanops Mujong-Melinau 128 50 0.612 77.7 4.84 +0.52
oblongifolia
Non- ;
on Syzygium Lambir 162 45 0.957 173.3 1.39 £0.09
dipterocarp chloranthum
Non- Combined
. Lauraceae (Gerenai + 902 45 0.667 119.3 3.95+0.21
dipterocarp . .
Mujong-Melinau)
Non- Combined
. Myristicaceae (Gerenai + 216 45 0.961 89.1 1.27 +0.10
dipterocarp . .
Mujong-Melinau)
Combined
Non- Xanthophyll
on anthopaytum (Gerenai + 80 45 0.992 85.9 0.72 0.06
dipterocarp discolor

Mujong-Melinau)

Note: N = sample size, R? = coefficient of determination; DBH = diameter at breast height; MAE = mean absolute error.

This is important because large trees contribute disproportionately to stand structure and
biomass storage. When re-entry occurs before replacement cohorts attain comparable size,
the likely outcome is progressive structural simplification and slower recovery of timber-
dominant forest structure rather than simple short-term yield fluctuation [15,16]. Evidence
from Sarawak further shows that the growth performance and predicted harvesting age of S.
angustifolia vary with soil fertility across sites, indicating that biologically realistic harvest
planning cannot be reduced to a single uniform interval [15].

This interpretation is consistent with the broader evidence from Borneo. In Sarawak,
selectively logged forest structures have been reported to remain incompletely recovered
even 37 years after logging, indicating that a 25-years harvesting cycle is insufficient for full
structural recovery. A Bornean case study further showed that the effects of logging on forest
carbon stocks remained perceptible 16 years after logging, and that higher logging intensity
was associated with lower total carbon stocks than low-intensity logged or unmanaged
forests [17]. Therefore, the present results do not demonstrate stand collapse, but they do
show that the currently referenced 25-years interval is biologically too short for the taxa
examined to re-attain a harvestable DBH in a consistent manner [18].

3.2.2. Comparison with Other Tropical Forest Studies

The mismatch between a uniform short cutting cycle and the observed growth trajectories
was consistent with the literature on tropical forests. Selective logging outcomes are known
to remain highly sensitive to harvest intensity, collateral damage, re-entry timing, and local
ecological conditions. Therefore, the present results fit a broader regional pattern in which
operational harvesting schedules may be shorter than the biological recovery horizon implied
by tree growth, especially when commercial taxa with contrasting growth rates are managed
under a single schedule.
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The exceptionally long estimate for D. kunstleri deserves a separate interpretation. The
present dataset does not allow for the direct identification of the mechanism, but the results
are biologically plausible. Experimental studies have shown that dipterocarp species differ
markedly in their growth responses across light environments, that diameter growth
generally increases under higher light, and that species performance can shift substantially
across light gradients [17,18]. Seedling survival in Bornean dipterocarps is also influenced by
canopy openness and varies among species [18]. More broadly, dipterocarp taxa include both
faster and more light-responsive species and slower and more shade-tolerant groups [19—
22].

Within this framework, the slow growth of D. kunstleri in the present dataset is consistent
with a conservative life-history strategy in which canopy accession and diameter increment
may be limited under shaded or competitive conditions. A species with such a strategy would
not be expected to track the recovery pace of faster commercial taxa under a short, uniform
re-entry schedule. However, because this study did not directly measure crown position, light
availability, competition, or physiological traits, shade tolerance, canopy stratification, and
life-history strategy should be interpreted as plausible explanations rather than
demonstrated causal mechanisms [23,24].

3.2.3. Site-Specific Growth Variability

Locality significantly affected DBH in S. parvifolia and S. angustifolia, although the associated
effect sizes were modest relative to the dominant effect of stand age. This does not make the
locality biologically trivial. When harvestable age is projected from non-linear growth models,
even moderate locality differences can shift the estimated time required to reach threshold
DBH by decades [25-28], as shown by the separately modelled ages for both Shorea taxa in
the present study. In practical terms, locality modified growth expectations for some taxa,
even when it did not replace age as the primary determinant of diameter development.

Simultaneously, the non-significant locality effects for Lauraceae, Myristicaceae, and X.
discolor should not be interpreted as proof of universal site independence. These analyses
relied on pooled or limited cross-site representation, and two groups were analyzed only at
the family level. A more defensible interpretation is that locality effects were taxon-specific
and detectable where the data structure allowed them to be tested adequately [28]. This
supports locality-sensitive planning, where taxon-specific evidence is available, while
avoiding overgeneralization, where it is not.

3.2.4. Implications for Species Prioritisation and Cutting Cycle Planning

The modelled ages provide a practical biological range for interpreting cutting cycle planning,
but do not support a single replacement interval for all taxa. For the faster-growing subset,
the lowest estimates fell between 52.3 and 77.7 years, whereas several other taxa required
substantially longer horizons, including more than 100 years for Lauraceae, D. kunstleri, and
S. chloranthum species. Therefore, the management implication is not simply to replace 25
years with another uniform number. Rather, the data support a differentiated framework in
which faster-growing taxa define the shortest plausible re-entry window, whereas slower-
growing taxa are treated more conservatively in terms of yield expectations and harvest
scheduling [16].

In practical terms, species that require much longer to regain a harvestable DBH should not
be assumed to be equally available at every entry under a short-fixed cycle. More defensible
planning would combine species- and locality-sensitive scheduling with conservative harvest
intensity, retention of future crop trees, and systematic post-harvest monitoring of residual
structures and growth [25-32]. Management should also avoid treating logged forests solely
as future timber stocks because Sarawak forests support a wider range of culturally and
medicinally important plant resources used by indigenous and local communities. Recent
ethnobotanical studies in Sarawak show that forest plants remain important to community
health practices and conservation value, reinforcing the need for harvesting regimes that
maintain broader floristic integrity rather than focusing only on commercial timber recovery
[5,30-32].
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The present data do not justify a blanket exclusion rule for slower-growing taxa, but they do
show that treating all commercial taxa as biologically interchangeable under a short-cycle
system would overstate the recoverable timber and understate the vulnerability of the
slower-growing group.

3.2.5. Study Limitations

However, these interpretations remain constrained by the structure of the dataset. Because
the archived age data were inventory-based rather than independently re-aged in this study,
age should be interpreted as record-based age rather than the exact biological age. Records
with missing or unusable age data were excluded. However, the study could not
independently verify the original age assignment for all trees.

Lauraceae and Myristicaceae were analysed at the family level, which reduced species-level
resolution and may have obscured within-group variation. Geographic representation also
differed among taxa, with several taxa represented at a single locality only, limiting broader
inferences on locality effects.

Accordingly, the present estimates are the strongest comparative evidence that harvestable
DBH attainment differs markedly among taxa and that a uniform 25-years cutting cycle is not
aligned with these differences. They should not be read as stand-level proof of complete
recovery failure or as fixed scheduling prescriptions without complementary data on
regeneration, residual stocking, and post-harvest stand dynamics.

4. Conclusion

This study shows that a uniform 25-years cutting cycle is biologically unsupported for the
eight timber taxa examined in Sarawak. All modelled taxa required substantially longer
periods to attain a harvestable DBH, and locality effects in key Shorea taxa further show that
a single re-entry interval cannot adequately represent site-specific growth realities. The
implication is clear, is to fixed short-cycle scheduling risks overstating sustainable timber
recovery and underestimating depletion risk for slower-growing taxa. Although the analysis
is constrained by archive-derived age records, uneven locality representation, and family
level grouping for some taxa, the evidence supports a shift toward species-specific and
locality-sensitive cutting cycle planning.
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