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The indicator value of a debated orchid: can Goodyera repens predict forests 
of high conservation potential?
Victor Johansson, Charlotte Erbs and Karl-Olof Bergman

Department of Physics, Chemistry and Biology (IFM), Linköping University, Linköping, Sweden

ABSTRACT  
Indicator species require empirical validation for reliable conservation assessment. We evaluated 
the effectiveness of Goodyera repens, a threatened and legally protected orchid in Sweden, as 
an indicator of forests with high conservation potential. We surveyed conifer-dominated stands: 
40 containing G. repens, 20 similar-aged stands without it (“old stands” 88–171 years), and 20 
randomly selected stands of various ages in Östergötland, southeastern Sweden. We measured 
habitat heterogeneity scores (HHS), dead wood volumes, tree diameters, stand age, and 
presence of conservation concern species. Stands with G. repens contained significantly more 
species of conservation concern (mean 2.9) than old stands (1.85) and random stands (0.55), 
and showed higher habitat heterogeneity and dead wood volumes. Habitat heterogeneity was 
the strongest predictor of species richness, while stand age best predicted red-listed species 
occurrence. G. repens abundance showed no correlation with conservation species richness at 
stand level but correlated significantly at plot level (50 × 50 m), making the species potentially 
useful for identifying retention areas during logging. While G. repens can indicate forests with 
conservation value, direct assessments of habitat heterogeneity and stand age provide more 
reliable biodiversity predictions. We recommend combining species-based indicators with 
structural habitat measurements for more effective identification of high-value forests in 
human-dominated landscapes.
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Introduction

Current species extinction rates are estimated to be 100– 
1000 times higher than natural background rates, with 
habitat degradation and land-use changes serving as 
primary drivers (Maxwell et al. 2016; IPBES 2019). 
Forest ecosystems, which harbour approximately 80% 
of terrestrial biodiversity, are particularly affected by 
anthropogenic activities (FAO 2020). This impact is 
especially pronounced in boreal forests, which represent 
nearly one-third of global forest cover and provide 
essential ecosystem services, including climate regu
lation, carbon sequestration, and biodiversity mainten
ance (Bradshaw et al. 2009 Gauthier et al. 2015). 
Intensive forestry practices have substantially simplified 
these once-heterogeneous landscapes into structurally 
uniform stands with reduced habitat complexity, result
ing in altered microclimates and diminished refuges for 
species sensitive to environmental change (Halpern 
1989; Heithecker and Halpern 2007; Gustafsson and 
Perhans 2010; Paillet et al. 2010).

The identification and protection of forests with high 
conservation value has emerged as a critical strategy for 
biodiversity conservation in managed forest landscapes 
(Lindenmayer et al. 2006). Various approaches have been 
developed to assess forest conservation value, including 
the quantification of important habitat structures such as 
dead wood volume, large living trees, and structural het
erogeneity (Tikkanen et al. 2006; Gao et al. 2015; Hekkala 
et al. 2023). Recent research has shown that habitat hetero
geneity is a particularly strong predictor of red-listed 
species abundance in southern boreal regions (Hekkala 
et al. 2023). Additionally, indicator species have been 
widely employed to signal the presence of other species 
of conservation concern and reflect ecosystem conditions 
that are otherwise difficult or impractical to measure 
(Niemi and McDonald 2004; Lindenmayer and Likens 
2011; Siddig et al. 2016). Indicator species remain widely 
used as cost-effective, field-based cues about hard-to- 
measure ecosystem attributes, yet their reliability must 
be rigorously evaluated before implementation in 
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conservation planning, as their predictive power can vary 
across different contexts and scales (Jonsson and Jonsell 
1999 Lõhmus 2016; Siddig et al. 2016).

In Fennoscandian boreal forests, intensive forestry 
practices have led to significant declines in old-growth 
forests and associated biodiversity (Kouki et al. 2001; 
Löfman and Kouki 2001 Kuuluvainen et al. 2015). In 
Sweden, where production forestry dominates the land
scape, more than 10% of forest-associated species are 
now red-listed, with many populations declining and 
becoming increasingly fragmented (Hansen et al. 
2014). Previous studies have demonstrated that 
logging negatively affects various taxonomic groups, 
including vascular plants, bryophytes, lichens, and 
fungi (Dahlberg et al. 2001; Lõhmus and Kull 2011 Hylan
der and Weibull 2012; Johansson et al. 2018). To identify 
remaining forests of high biodiversity the Forestry 
Agency have established long lists of indicator species.

One species that has gained particular attention in 
Swedish forestry debates is Goodyera repens, a small 
orchid classified as vulnerable on the national Red List. 
This species is legally protected under the Species Pro
tection Ordinance (Naturvårdsverket 2007), and its pres
ence can halt planned logging operations, making it a 
contentious topic in forest management debates (Wide
nfalk and Weslien 2009 Johnson 2014). G. repens is 
reported to be associated with old-growth coniferous 
forests and demonstrate high sensitivity to environ
mental changes, particularly those caused by clear- 
cutting (Lõhmus and Kull 2011). Its reliance on stable 
habitats and mycorrhizal fungi suggests that its pres
ence might indicate forests of high ecological continuity 
and value (Nordén et al. 2014). However, despite its sig
nificant influence on forestry operations and widespread 
use as an indicator of valuable forest habitats, empirical 
evidence regarding its effectiveness as a predictor of 
other threatened species remains limited.

The aim of this study was to evaluate the effective
ness of G. repens as an indicator species, assessing its 
ability to predict the presence of other species of conser
vation concern. Moreover, we examined how well its 
occurrence relates to overall structural heterogeneity 
(Hekkala et al. 2023) and to deadwood volume, tree 
dimensions, and stand age, and how these variables in 
turn relate to the richness of other species of conserva
tion concern. Additionally, we explored whether the 
indicator value of G. repens improves as the number of 
observed rosettes increases. Our findings will offer evi
dence-based insights that can guide conservation plan
ning and promote sustainable forest management in 
boreal landscapes, thereby contributing to a more 
balanced integration of production goals with biodiver
sity conservation (Mori et al. 2017; Felton et al. 2020).

Methods

Study species

Goodyera repens (L.) R. Br. (Figure 1) is an orchid in the 
family Orchidaceae, that is found across northern 
Europe, Asia, and North America, primarily in coniferous 
forests. This evergreen, rhizomatous species disperses 
both vegetatively and by seeds, and depends on mycor
rhizal fungi for nutrient uptake during early life stages 
(Cameron et al., 2006). It is associated with old-growth 
forests in late successional (Widenfalk & Weslien, 2009, 
Lõhmus & Kull, 2011, Ståhl, 2012, Johnson, 2014).

In Sweden, G. repens is listed as Vulnerable (VU) on 
the Swedish Red List (SLU ArtDatabanken 2020), 
though it is categorized as Least Concern (LC) at the 
European level (Bilz et al., 2011). Protected under the 
Swedish Species Protection Ordinance (SFS 2007:845), 
which prohibits damaging or removing plants, its legal 
status can halt clear-cutting operations, sparking 
debate in the forestry sector. However, knowledge 
about its habitat requirements and its reliability as an 
indicator of high-conservation forests with other threa
tened species remains limited.

Study site, stand selection and sampling

The study was conducted in 2024 in south-eastern 
Sweden, Östergötland county (58.0°N, 15.7°E, Figure 1). 
Study forest stands were selected from the stand register 
of the forest company Boxholms Skogar. A total of 40 
stands were chosen where Goodyera repens had pre
viously been recorded, along with 20 stands of the 
same age as the G. repens stands (randomly selected, 
aged between 88 and 171 years), and 20 stands randomly 
selected from the entire database (0–358 years) of Box
holms Skogar. All selected stands were conifer dominated 
(mean > 90%). Within each of the selected stands, with no 
previous record of G. repens, three sampling points were 
randomly allocated. In the stands with G. repens, one 
point was centred on a previous G. repens record, while 
the other two were placed at random. To reduce edge 
effects, all sampling points were located at least 10 m 
from the stand boundary.

At each sampling point, plots of three different sizes 
(20 × 20 m, 50 × 50 m, and 50 × 100 m) were established. 
In the 20 × 20 m plots, all living trees were measured, 
with species and diameter recorded. In the 50 × 50 m 
plots, all indicator species (including red-listed species) 
of mosses, lichens, fungi, vascular plants, and beetles 
were recorded (Nitare 2019). Deadwood with a diameter 
>10 cm was also measured within the 50 × 50 m plots, 
following the methodology of Wijk (2016). We recorded 
diameter at breast height (1.3 m), length (for lying 
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deadwood), height (for standing deadwood), and top 
circumference (if the tree was not intact). In the 50 ×  
100 m plots, different habitat structures were documen
ted based on the protocol outlined in Swedish by Dra
kenberg and Lindhe (1999) and translated to English 
by Hekkala et al. (2023). In short, it includes site charac
teristics (topography, soil conditions, water features), 
disturbance processes (fire signs, natural regeneration), 
habitat structures (age distribution, dead wood, tree 
microhabitats), and vegetation features (ground cover, 
tree composition, structural diversity). According to the 
developers, the method can be used in any type of 
forest to measure its conservation value based on struc
tures without having specialized species knowledge. The 
number of structures was summarized at the stand level 
in the field (i.e. from all three plots together covering 1.5 
ha in total) to get a stand level “Habitat Heterogeneity 
Score” (HHS, Hekkala et al. 2023).

Statistics

All statistical analyses were conducted using R version 
4.2.2. To compare stand types when it comes to 
habitat heterogeneity score (HHS), dead wood 

volumes, stand age and dbh we used ANOVAs with 
Tukey’s post hoc-test for pair-wise comparisons 
between stand categories. To analyse the number of 
species of conservation concern in relation to stand cat
egory, HHS, dead wood volumes, and mean tree diam
eter we used generalized linear models (GLM) with a 
Poisson distribution and log-link. For pair-wise differ
ence between stand categories we used the “glht func
tion” from the R package multcomp (Bretz et al., 2010). 
To assess the relative importance of explanatory vari
ables, we employed a systematic variable selection 
approach using AIC comparison. Starting with a null 
model (intercept only), we individually added each of 
the four explanatory variables to create separate 
single-predictor models. We then compared the AIC 
values of these models to identify which variable pro
vided the greatest improvement in model fit (lowest 
AIC) relative to the null model. The occurrence prob
ability of red-listed species in relation to the explanatory 
variables above was analysed using GLMs with a bino
mial distribution and logit link function (logistic 
regression). Neither the number of species of conserva
tion concern nor red-listed species occurrence exhibited 
significant spatial autocorrelation (Moran’s I, p > 0.18). To 

Figure 1. The study area in south-eastern Sweden with the 80 sampled stands (black polygons) and the study species Goodyera repens 
(with evergreen leaf rosettes and flowering inflorescences). Photo: Victor Johansson.
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test the relation between the number of G. repens 
rosettes and the number of species of conservation 
concern we used Spearman rank correlation both at 
the stand and the plot level.

Results

In total there were 26 nature value indicator species 
(other than Goodyera repens) found across all stands, of 
which six were red-listed (as NT), see Supplementary 
material, Table S1. Apart from the 40 stands selected 
based on the occurrence of G. repens, the species was 
also found in two of the old stands, while it was not 
found in the random stands from the entire age distri
bution. The total count of leaf rosettes was 2512, 
ranging from 3 to 240 at the stand level and 1–188 at 
the plot level (50 × 50 m plots). Dead-wood volumes 
ranged 0.39–121.77 (mean = 27.83) m3/ha and the 
number of alive trees ranged 17–136 (mean = 74.7). 
Stand age ranged from 1 to 171 years (mean 106.6 
years).

The habitat heterogeneity score (HHS) differed signifi
cantly between all three stand types, with the highest 
HHS in G. repens stands, followed by old and random 
stands. Dead wood volumes were significantly higher 
in G. repens stands, while old and random stands did 
not differ. The mean diameter was significantly larger 
in G. repens compared to the random stands, but not 
compared to old stands. Stand ages did not differ 
between G. repens stands and old, while the age of 
random stands was significantly lower (Figure 2). There 
were strong correlations between the HHS, dead wood 
volumes, and stand age (rho between 0.60 and 0.82), 
while mean tree diameter was less correlated to the 
other variables (rho between 0.16 and 0.34).

The number of nature value indicator species differed 
significantly between the three stand types. On average 
2.9 (SE = 0.24) species of conservation concern was 
found in stands with Goodyera repens, 1.85 (SE = 0.29) in 
old stands, and 0.55 (SE = 0.17) in the randomly selected 
stands (Figure 3). The number of species increased signifi
cantly with increasing HHS, total dead wood volume and 
stand age (Figure 3), but there was no significant relation
ship with mean tree diameter. Based on AIC, species rich
ness was best explained by HHS (AIC = 252.5), followed by 
stand age (AIC = 254.2), stand category (AIC = 256.4), and 
dead wood volumes (AIC = 260.2).

No red-listed species were found in the random 
stands. There was no significant difference in the occur
rence probability of red-listed species between the two 
other stand categories (p = 0.14), and there were no sig
nificant relationships with mean tree diameter and dead 
wood volumes. However, the occurrence probability 

significantly increased with the habitat heterogeneity 
score and stand age (Figure 4), where the latter had 
the best explanatory power based on AIC, 88.3 com
pared to 90.0.

Among stands with G. repens there was a statistically 
significant correlation between rosette abundance of 
G. repens and the number of species of conservation 
concern (rho = 0.21, p = 0.021) at the plot level. 
However, we found no significant correlation between 
rosette abundance and the number of species of conser
vation concern at the stand level (p = 0.22). Rosette 
abundance showed significant correlations with both 
habitat heterogeneity score (HHS) (r = 0.39, p = 0.011) 
and dead wood volumes (r = 0.38, p = 0.013), while no 
significant relationship was detected with mean tree 
diameter.

Discussion

Our study evaluated the effectiveness of Goodyera 
repens as an indicator species for forests of high conser
vation value in boreal landscapes. The results confirmed 
that G. repens can function as a useful indicator  – stands 
containing this species harboured more species of con
servation concern and exhibited significantly higher 
habitat heterogeneity scores (HHS) and greater dead 
wood volumes compared to randomly selected stands. 
This effectiveness as an indicator is consistent with its 
association to old forests and known sensitivity to dis
turbances like clear-cutting, which remove the canopy 
and moss layers it depends on (Widenfalk & Weslien, 
2009, Lõhmus & Kull, 2011, Ståhl, 2012, Johnson, 2014, 
Kirillova et al., 2023). However, even if single species 
have been shown to be good indicators of general bio
diversity (Nilsson et al. 1995), there is caution that single 
species rarely capture the full complexity of a habitat 
(Lindenmayer and Likens 2011). This concern is sup
ported by multiple studies showing that groups of coex
isting ancient forest species are more reliable indicators 
of high species diversity and forest biodiversity hotspots 
than individual species (Stefańska-Krzaczek et al., 2016; 
Hofmeister et al., 2019). Our analyses support this 
more nuanced view, showing that habitat heterogeneity 
and stand age are stronger predictors of biodiversity 
value than the presence of G. repens alone.

Habitat heterogeneity emerged as the strongest pre
dictor of overall species richness (lowest AIC value), 
while stand age was the best predictor for red-listed 
species occurrence. This aligns with Hekkala et al. 
(2023), who found that habitat heterogeneity strongly 
predicts red-listed species abundance in southern 
boreal regions, and with Tikkanen et al. (2006), who 
demonstrated the importance of structural complexity 
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for biodiversity conservation. Heterogeneity of the forest 
structure has also been shown to affect the composition 
of forest specialist species (Smyčková et al. 2024). The 
strong correlations between HHS, dead wood volumes, 
and stand age reflect their interdependence in forest 
ecosystems, where time allows the natural development 
of structural complexity and resource accumulation criti
cal for biodiversity (Bergeron and Harper, 2009, Angel
stam et al., 2011). These findings support the concept 
of ecological continuity, where temporal stability 
allows for the accumulation of specialized species and 
complex forest structures (Nordén et al., 2014). Conver
sely, mean tree diameter showed weaker correlations, 
indicating that diameter alone is insufficient for asses
sing forest conservation value, a finding consistent 
with previous research showing that structural diversity 
is more important than tree size for many forest-dwell
ing organisms (Paillet et al., 2010, Lindenmayer et al., 
2011).

The abundance of G. repens (number of rosettes) 
showed no correlation with the number of conservation 
species at the stand level, suggesting that stands where 
G. repens thrives are not necessarily of higher conserva
tion value than stands with only a few rosettes. This con
tradicts assumptions that higher abundance indicates 

better habitat quality across entire stands (Siddig et al. 
2016). However, at a smaller scale (here the plot level) 
within stands, the abundance of G. repens correlated 
with other species, suggesting that it can be used to pin
point parts of stands with higher values. This finding 
could have implications for conservation planning, as it 
suggests that while G. repens presence can indicate valu
able stands, abundance provides a compass for prioritiz
ing retention within stands during logging operations 
(Gustafsson et al., 2012, Fedrowitz et al., 2014).

Our results have significant implications for forest 
conservation and management. While the legal protec
tion of G. repens under the Swedish Species Protection 
Ordinance appears justified from a biodiversity perspec
tive, relying solely on this species as an indicator is 
insufficient (Lindenmayer et al., 2011, Siddig et al. 
2016). Conservation strategies would benefit from inte
grating standardized assessments of habitat heterogen
eity, dead wood volumes, and stand age into decision- 
making processes (Moning and Müller, 2009, Gao et al., 
2015). Such a combined approach – using both 
species-based indicators and direct habitat measure
ments – would provide a more comprehensive basis 
for identifying forests of high conservation potential, a 
strategy supported by multiple studies on biodiversity 

Figure 2. The distribution of the (a) Habitat heterogeneity score (HHS), (b) total volume of dead wood, (c) mean tree diameter, (d) and 
stand age in Goodyera repens stands, old stands, and random aged stands. Letters above boxplots indicate statistical differences.

SCANDINAVIAN JOURNAL OF FOREST RESEARCH 277



Figure 3. The number of species of conservation concern in relation to (a) stand category, (b) habitat heterogeneity score, (c) dead 
wood volume and (d) stand age. Letters above boxplots in (a) indicate statistical differences and lines in (b, d) represent model pre
dictions with 95% confidence intervals. Points are raw data.

Figure 4. The occurrence probability of red-listed species in relation with (a) the habitat heterogeneity score and (b) stand age. Lines 
represent model predictions with 95% confidence intervals and points are raw data (with a small scatter to improve visualization).
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assessment in managed landscapes (Lindenmayer et al., 
2006, Kuuluvainen, 2009). This is what was done in 
Sweden’s Woodland Key Habitat inventory, conducted 
from 1992 to 2021, which systematically documented 
ecologically valuable areas before logging operations 
(Ericsson et al. 2005). With this protocol now discontin
ued, the presence of Goodyera repens has become one 
of the few remaining legal mechanisms conservationists 
can utilize to protect biologically significant forests. This 
has transformed the orchid into a focal point of intense 
debate between forestry economic interests and 
environmental advocates.

Even though we demonstrate that G. repens corre
lates with habitat structures important for biodiversity, 
our study does not delve deeply into the species’ 
ecology and long-term population dynamics, which is 
necessary to fully understand its habitat preferences 
and population dynamics for effective conservation. 
Future research should also explore whether its indi
cator value hold across broader geographical ranges, 
different management regimes, and longer time 
scales, as recommended by Lõhmus (2016) for indicator 
species validation. Additionally, investigating how 
G. repens relates to specific taxonomic groups could 
reveal more nuanced patterns of association – an 
approach that has proven valuable for understanding 
the complementarity of different indicator taxa 
(Jonsson and Jonsell, 1999, Juutinen and Mönkkönen, 
2004).

In conclusion, our study supports the value of 
G. repens as one component in assessing forest conser
vation value, but emphasizes that habitat heterogen
eity and stand age may be more reliable predictors of 
biodiversity. The most effective approach to forest con
servation planning likely combines species-based indi
cators with direct measurements of habitat structures, 
particularly in increasingly human-dominated land
scapes where efficient identification of high-value con
servation areas is critical (Mori et al., 2017, Felton et al., 
2020). We advocate for the reintroduction of the Wood
land Key Habitat inventory or similar assessments to 
ensure legally secure and systematic identification of 
ecologically valuable areas deserving conservation 
protection.
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