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Global forest ecosystems are experiencing increasingly frequent and severe insect outbreaks, driven by complex
interactions among climate change, land-use alterations, and shifting species distributions. Species that are
morphologically indistinguishable — often referred to as cryptic species — can differ significantly in distribution,
host use, and susceptibility to natural enemies and might thereby differ in outbreak dynamics. Yet, the contri-
bution of cryptic species to temporal changes in the frequency and severity of insect outbreak dynamics remains
poorly understood. Motivated by recent defoliation events in northern European oak forests, we investigated an
emerging leaf-miner outbreak in Sweden. Through targeted surveys, rearing from 22 sites and Malaise trapping
at 34 sites (56 sites total), we identified a pronounced spatial clustering of outbreaks at higher latitudes. The
newly recognised cryptic species Acrocercops andreneli was strongly associated with these outbreaks, whereas
sites with only Acrocercops brongniardella never showed outbreaks. Host-parasitoid networks related to the two
cryptic moth species were strikingly similar. Our findings demonstrate the importance of cryptic species for
outbreak dynamics and their consequences for host plant health in ways that are easily overlooked by traditional
taxonomy. Moreover, such outbreak dynamics cannot always be linked to a lack of top-down control by natural
enemies.

1. Introduction

Recent shifts in climate and land use are altering ecological com-
munities, potentially triggering an increase in the frequency and severity
of species outbreaks (Dale et al., 2001; Nyman et al., 2022). These
changes pose significant challenges for forest ecosystem management,
particularly as outbreak dynamics become more complex and less pre-
dictable (Kuuluvainen, 2009; Mina et al., 2022). At the same time, the
application of molecular tools has revolutionised our understanding of
species diversity, revealing species that are morphologically (nearly)
indistinguishable — often referred to as cryptic species. These cryptic
species may play crucial roles in triggering and maintaining outbreak
dynamics (Fiser et al., 2018). While molecular surveys have shed light
on biodiversity and geographic variation in species distributions

(Lavergne et al., 2010; Wang, 2024), it remains unclear whether and
how cryptic species contribute to outbreak dynamics, leaving a vital gap
in our ability to anticipate and manage emerging forest pests.

The prevalence of cryptic species poses a fundamental challenge for
our understanding of outbreak dynamics in forest ecosystems. Cryptic
species often exhibit distinct ecological characteristics, and recent evi-
dence suggests that species within cryptic species complexes can differ
in their host preferences, competitive abilities, and susceptibility to
natural enemies (Gorayeb et al., 2021; Xu et al., 2021). Importantly,
even subtle differences in life-history strategies and resource use be-
tween cryptic species are known to have a major influence on population
and outbreak dynamics (Turchin, 2013; Wolz et al., 2024).

Parasitoid communities play a crucial role in regulating herbivore
populations, but their interactions with cryptic species can be
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remarkably complex, as DNA barcoding studies have revealed. For
instance, (Smith et al., 2007) found that 15 apparently generalist
parasitoid species actually comprised at least 73 distinct mtDNA line-
ages, many specialised on specific host caterpillars. Recent research has
revealed that morphologically similar but genetically different host
species often support distinct parasitoid assemblages, leading to
species-specific patterns of top-down control (Grégoire and Gould,
2023). These differential interactions between parasitoids and cryptic
hosts can significantly influence local population dynamics and ulti-
mately affect outbreak trajectories. For example, if one of the cryptic
species is invasive, it might have left its parasitoids behind (i.e. natural
enemy release; Liu and Stiling, 2006; Roy et al., 2011). As another
example, one of the cryptic species might have parasitoid interactions
that result in higher amplitude oscillations (Turchin, 1999). Moreover,
as environmental conditions shift, the strength and specificity of these
parasitoid-host relationships may be altered, with important implica-
tions for biological control (Jervis et al., 2023).

Recent severe defoliation events in oak forests across the Western
Palearctic have provided a compelling natural experiment to examine
how cryptic species influence outbreak dynamics and interact with their
parasitoid communities (Lyubenova et al., 2024). For decades, these
defoliations were attributed to a single blotch leaf miner, Acrocercops
brongniardella (Ekholm et al., 2019). However, the recent discovery of a
cryptic species, A. andreneli, initially described outside oak forests (Nel
et al., 2023), has challenged this assumption and raised new questions
about the actual drivers of these outbreaks. Here, we focus on the
distributional range of oak in Sweden to address four key questions: (1)
What are the spatial patterns of the outbreaks and the two cryptic leaf
miner species? (2) What is the relationship between their relative
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abundances and infestation levels? (3) What is the diversity and struc-
ture of the parasitoid community of the two cryptic species? And (4)
how parasitoid diversity and parasitism rate relate to infestation levels.
By investigating these aspects, we reveal how cryptic diversity shapes
outbreak dynamics, offering insights for understanding and managing
forest pest outbreaks under changing environmental conditions.

2. Materials and methods
2.1. Study system and area

Our study was conducted across the range of oak (Quercus spp.) in
Sweden (latitude 55° to 61°) (Fig. 1). The study focused on two cryptic
species within the leaf-mining moth genus Acrocercops: A. brongniardella
and A. andreneli (Lepidoptera: Gracillariidae). These species represent a
cryptic species complex, defined here as morphologically indistin-
guishable species that can only be reliably separated through molecular
analysis or detailed examination of genitalia structures (Hending, 2024).
Based on external morphology, adults of both species exhibit identical
characteristics, including a wingspan of 8-10 mm and distinctive
brownish, white, and black patterned forewings (Fig. 1). This morpho-
logical similarity led to their treatment as a single species until a detailed
examination revealed two distinct species (Nel et al., 2023). Following
the description of A. andreneli as a new species, the species was quickly
reported from Sweden (Bengtsson, 2024) where it is both common and
widespread in major parts of the country (Iwaszkiewicz-Eggebrecht,
2024; Miraldo, 2024).

Acrocercops brongniardella exhibits a univoltine life cycle tightly
synchronised with oak phenology. Adults emerge from overwintering
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Fig. 1. Overview of the study system, infestation levels, and distribution of two cryptic Acrocercops species across the range of oak (Quercus) in Sweden. (a, b)
Relative abundances of A. brongniardella (white) and A. andreneli (red) across sampling sites based on reared leaf mines. The inset figure in (b) shows the number of
sites occupied by each species and method. (c) Infestation severity at each site, with circle size proportional to the infestation score (none, minor, moderate, heavy, or
extreme). The inset in (c) shows the frequency distribution of infestation severity scores. (d) A Malaise trap used for capturing adult moths, (e) a leaf mine of
Acrocercops on Quercus robur (illustration by Marc Hauber), and (f) an adult Acrocercops moth. The yellow rectangle in the map inset (top-left) indicates the study

region within Sweden.
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diapause coinciding with oak leaf expansion and remain active until
May. Females oviposit single eggs along leaf veins on the upper leaf
surface, with typically 5-6 eggs per leaf, though up to 25 eggs per leaf
have been recorded. Larval development spans approximately one
month, during which first instars create characteristic serpentine mines
that often merge into larger communal blotch mines as larvae develop.
Upon completing development, larvae exit their mines and descend via
silk threads to pupate in flat cocoons on substrates beneath host trees,
with adult emergence occurring after approximately 20 days (Bengtsson
et al., 2011). These moths serve as important indicators of forest health
and contribute to oak ecosystem dynamics through the effects of her-
bivory on carbon dynamics and as prey for natural enemies (Ekholm
et al., 2019). In contrast, the life history of the recently described
A. andreneli (Nel et al., 2023) remains largely unknown, highlighting a
significant knowledge gap in understanding the ecological differences
between these cryptic species. The primary natural enemies of Acroce-
rcops species are parasitoid wasps from the families Braconidae and
Eulophidae (Ermolaev, 2024; Shaw and Askew, 1976), which are key
regulators of leaf-miner populations (Muraleedharan et al., 1988).

2.2. Field sampling and targeted rearing

To examine the distributions and relative abundances of the two
cryptic leaf miners, A. brongniardella and A. andreneli (Fig. 1), we
employed two complementary sampling approaches: (1) leaf collection
of infested leaves for rearing (Figs. 1 and 2) Malaise trap monitoring
(Fig. 1). Leaf collection for rearing occurred at 22 sites from May 20 to
June 10 2023, where oak leaves were collected and stored in muslin
bags under refrigeration until laboratory processing. At each site, a
standardised search protocol was implemented, with a minimum survey
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time of 45 min per location. The number of leaves collected was natu-
rally dependent on infestation levels and ranged from 3 to 414 leaves per
site. In the laboratory, leaves were placed into clear cylindrical plastic
containers (118 mm diameter x 150 mm height) with tight-fitting lids.
To standardise rearing conditions, we put three leaves per container.
The containers were maintained in an unheated facility and monitored
weekly for adult emergence. Successful emergence occurred in 441 out
of 480 rearing containers, with considerable variation across sites
(range: 1-138 containers per site; mean: 19; median: 7), and a total of
632 moths emerged. To identify the Acrocercops species present at a
given location, we barcoded individual moths from each site (mean:
6.41, median: 5, range 1-16). Barcoding of the 118 individuals identi-
fied 63 A. andreneli and 55 A. brongniardella (Fig. S1). For each site, we
calculated the proportion of Acrocercops species based on single-
specimen barcoding data by dividing the number of individuals of
each Acrocercops species by the total specimens sequenced. Malaise traps
were established at 34 locations as part of a broader biodiversity
monitoring programme investigating oak-associated insects in southern
Sweden (Forsman et al., 2024). These traps operated continuously from
May 2022 to November 2023, with collection intervals of 5-30 days. All
samples were preserved in 96 % ethanol at 4°C until they were pro-
cessed for DNA metabarcoding. For each site, we calculated the pro-
portion of Acrocercops species based on metabarcoding by dividing the
number of sequence read counts of each Acrocercops species by the total
number of sequence read counts of both specimens combined. To link
the relative abundance of each species to infestation levels, we surveyed
all 56 oak stands between August 14-18, 2023. At each site, ten trees
were examined for approximately two minutes each using binoculars
from each cardinal direction to assess the entire canopy. Across the 56
study sites, infestation levels were classified using an ordinal scoring
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Fig. 2. Latitudinal patterns of Acrocercops infestation severity in relation to species presence across the distribution of oak (Quercus) in Sweden. Each point represents
a site, with colour indicating A. andreneli presence (green = absent, orange = present) and shape indicating A. brongniardella presence (circle = absent, triangle =
present). The two lines (green and orange) show the predicted infestation severity, with 95 % confidence intervals shaded in grey.
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system from no infestation (n = 18 sites, 32.1 % of all sites), minor
(<1 % leaves infested, n = 31, 81.6 %), moderate (1-10 %, n = 0),
heavy (10-30 %, n = 2, 5.3 %), and extreme (>30 %, n = 5, 13.2 %).

To assess parasitoid community structure, we conducted systematic
leaf rearings across study sites (see above). All emerging parasitoids
were collected and subjected to DNA sequencing to ensure accurate
species delineation. Based on single-specimen barcoding, we con-
structed host-parasitoid networks, estimated site-specific parasitoid
species richness, and calculated parasitism rates as the ratio of emerged
parasitoids to total moth emergence (combined counts of A. andreneli
and A. brongniardella, which were always > 0). Pearson’s correlation
between parasitoid species richness and moth count revealed a strong
positive association (r=0.86, 95% CI: 0.66-0.95, t(16)=6.72,
p < 0.001), indicating confounding with sample size. Consequently, our
data do not permit a meaningful exploration of parasitoid species rich-
ness patterns related to our fourth research question.

2.3. Molecular analysis

To establish the identity of both leaf miners and parasitoids, we
employed two complementary molecular approaches: metabarcoding of
Malaise trap bulk samples and single-specimen barcoding of hatched
adults from the rearing programme individuals. DNA extraction,
amplification and sequencing of the bulk samples and single specimens
were performed at the Canadian Centre for DNA Barcoding using their
standard protocols. For metabarcoding, we amplified the cytochrome c
oxidase I (COI) gene using the BF3 +BR2 primer pair (Elbrecht et al.,
2019), with three PCR replicates per sample as well as positive and
negative controls. Libraries were sequenced on an Illumina NovaSeq
(2 x 250 bp).

Raw reads were received as paired-end merged demultiplexed fastq
files. Primers were trimmed using cutadapt v4.4 (Martin, 2011). Se-
quences were then processed using APSCALE v1.6.3 (Buchner et al.,
2022) using default parameters. The bioinformatics workflow included
quality filtering (418 + 10 bp, maximum expected error = 1), OTU
clustering at 97 % similarity, and taxonomic assignment using the
MIDORI 2 database v GB257 (Hleap et al., 2021). We applied hierar-
chical identity thresholds (species >98 %, genus >95 %, family >90 %,
order >85 %) and conservative abundance filtering (0.005 % minimum
read abundance) with control-sample subtraction (Keck et al., 2023).

For single-specimen analysis, we processed up to 15 moths per site,
and all emerged parasitoids. The COI gene was amplified using the
LCO1490 and HCO2198 primers (Folmer et al, 1994), and
bi-directional Sanger sequencing was performed on an ABI 3730
sequencer (Applied Biosystems), yielding 118 high-quality, barcode--
compliant sequences. Multiple sequence alignment was conducted with
MUSCLE v.5.1 under automatic algorithm selection, producing a final
alignment of 559 bp, including 46 variable sites (8.2 %) and a GC con-
tent of 29 %. Model selection in Modeltest-NG 0.1.6 identified TrN+I as
the best-fit evolutionary model according to AICc and BIC.

Genetic distance estimates in MEGA v.11.0.16 using the K2P model
indicated a clear separation between the two Acrocercops species.
Intraspecific distances ranged from 0 % to 2.4 % for A. brongniardella
and 0-0.7 % for A. andreneli, whereas interspecific distances spanned
4.6-7.0 %. Analysis in Fabox v. 1.61 identified 28 distinct haplotypes: 8
in A. andreneli (63 specimens) and 20 in A. brongniardella (55 speci-
mens). These relationships were visualised as a TCS haplotype network
in popART (Fig. S1).

Species assignments from metabarcoding and single-specimen data
were cross-validated against the BOLD database and GenBank, paying
particular attention to distinguishing between the two Acrocercops spe-
cies and identifying parasitoid taxa. The observed genetic divergence
(>4.6 %) provided a robust framework for assigning metabarcoding
OTUs to either species, provided that sequence similarity surpassed the
98 % threshold.
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2.4. Statistical analyses

All statistical analyses were performed in R version 4.4.2 (R Core
Team, 2024). Spatial maps were created to visualise species occurrences
using ArcGIS Pro 3.3.0 (ESRI).

2.4.1. Spatial patterns of the outbreaks and the two cryptic leaf miner
species

To explore spatial patterns in outbreak severity, we modelled the
infestation score (scale 0-4) of each of the 56 oak sites as a function of
latitude (continuous) using glmmTMB (version 1.1.10) (Brooks et al.,
2017) as it can handle spatial structuring with negative binomial dis-
tribution to account for overdispersion in the infestation score. Spatial
autocorrelation in model residuals was evaluated using Moran’s I test
with a k-nearest neighbour approach (k = 4) implemented in the spdep
package version 1.3-8 (Bivand et al., 2017).

2.4.2. Relationship between relative abundances of the two cryptic species
and infestation levels

To examine how the two Acrocercops species relate to infestation
severity, we modelled the infestation score (ordinal scale 0-4) at each
site as a function of the presence of A. brongniardella (binary: present/
absent), A. andreneli (binary: present/absent) and latitude at the 56 sites.
Ordinal logistic regression was implemented using the polr function
from the MASS package (version 7.3-64) (Ripley et al., 2013) to account
for the ordered nature of the infestation scores, although the spatial
structure can’t be included in ordinal regressions. In a complementary
analysis, to further examine how the two Acrocercops species relate to
infestation severity, we investigated the proportion of A. andreneli in the
local Acrocercops population and latitude using multinomial logistic
regression (as the ordinal regression did not converge). For this purpose,
infestation severity was reclassified into three categories based on the
percentage of affected oak leaves: none (0 %), minor (<1 %), and severe
(>10 %), with the original heavy (10-30 %) and extreme (>30 %)
categories grouped. These models were implemented using the nnet
package version 7.3-20 (Ripley et al., 2016).

2.4.3. The structure of the parasitoid community of the two cryptic species

To describe the parasitoid community, we focused on parasitoid
species richness and host-parasitoid network metrics. For the subset of
sites with rearing data (n = 22), parasitoid species richness was quan-
tified. In our study system—with only two host species—the use of
detailed network metrics (e.g. connectance) risks obscuring the central
pattern of parasitoid sharing. Instead, we present an aggregated bipar-
tite food web using the bipartite package version 2.20 (Dormann, 2008)
from data pooled across all sites, which clearly visualises host-parasitoid
interactions.

3. Results

3.1. Spatial patterns of the outbreaks and the two cryptic leaf miner
species

Acrocercops infestation was detected at 67.9 % (38 of 56) of surveyed
sites (Fig. 1a,b). Among these sites, the proportion of A. andreneli ranged
from O to 1 (median = 0.109, mean = 0.394). Across all 56 sites, 18 had
neither A. brongniardella nor A. andreneli, 18 had only A. brongniardella,
6 had only A. andreneli, and 14 had both species (Fig. 1a,b). Infestation
severity was highly structured in space, shown by Moran’s I = 0.347,
p < 0.0001, and infestation severity increased significantly with lat-
itude—with the most severe cases occurring above 59°N (Fig. 1la,
Table S1).
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3.2. Relationship between relative abundances of the two cryptic species
and infestation levels

Latitude and both species showed significant positive associations
with infestation severity (Fig. 2, Table 1). Sites where A. andreneli was
present had dramatically higher infestation levels, and outbreaks were
exclusively observed at these sites with an extreme infestation (Fig. 2,
Table 1). In contrast, while A. brongniardella presence was also a sig-
nificant predictor, its effect was considerably less pronounced (Fig. 2,
Table 1). Additionally, each one-degree increase in latitude was asso-
ciated with a 2.12-fold increase in the odds of higher infestation severity
(Fig. 2, Table 1). The multinomial regression confirmed that increasing
latitude and a higher proportion of A. andreneli were significantly
associated with elevated odds of severe infestation (Table S2).

3.3. The structure of the parasitoid community of the two cryptic species

A total of 72 parasitoid specimens representing 20 taxa from six
families were reared from 18 sites. The community comprised Eulo-
phidae (38 individuals, nine species), Braconidae (19 individuals, five
species), Pteromalidae (eight individuals, three species), Ichneumonidae
(three individuals, one species), Tachinidae (three individuals, one
species) and Cynipidae (one individual, one species). Site-specific
parasitoid richness ranged from O to 6 taxa (mean + SE: 2.36 + 0.42,
n = 22). Both moth species supported diverse parasitoid assemblages,
with A. brongniardella hosting 17 taxa and A. andreneli 18 taxa and
parasitoids found in low numbers exhibited host specificity, as expected
by chance (Fig. 3).

4. Discussion

Species overlooked by traditional taxonomy may alter community
dynamics and outbreak trajectories. New molecular methods now allow
the resolution of such taxa and, thus, a dissection of their ecological
roles. Focusing on a newly discovered cryptic species, A. andreneli, and
its traditionally recognised sibling species, A. brongniardella, we found
that the cryptic taxon actually caused the most severe outbreaks on oaks.
The strong spatial autocorrelation in infestation patterns indicates that
outbreak severity is geographically structured, with neighbouring sites
showing more similar infestation levels than would be expected by
chance. This spatial clustering, combined with the pronounced lat-
itudinal gradient in infestation severity, suggests that A. andreneli may
be particularly well-adapted to conditions in eastern Sweden (Table S1).
This spatial pattern could reflect underlying environmental gradients or
resource availability in northern oak forests (Hagen et al., 2007).

4.1. Cryptic species and invasion dynamics

One of the most striking results of this study is that A. andreneli was
present at every site experiencing heavy or extreme infestation (Fig. 2).
This precise correspondence with severe (>10 % leaf area) oak damage
calls for a re-evaluation of the previous framing of A. brongniardella as

Table 1

Factors influencing oak leaf infestation severity across 56 sites across the
distributional range of oak (Quercus) in Sweden. Results from ordinal logistic
regression examining the effects of species presence and latitude on infestation
severity. Model fit: AIC = 74.75, Residual deviance = 62.75. Shown are coeffi-
cient estimates, odds ratios (exp(Estimate)), standard errors (SE), y* values (df =
1) and P values.

Parameter Estimate  Oddsratio SE x> P-value

A. brongniardella 2.37 10.70 0.777 11.57 < 0.001
presence

A. andreneli presence 12.62 302000 0.005 11.18 < 0.001

Latitude 0.75 2.12 0.400 4.25 0.039
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the primary driver of outbreaks (Kirichenko, 2023; Musolin, 2022). That
a species causes outbreaks almost everywhere where present is rare in
forest pest systems (Shorohova et al., 2009) — and this pattern would
have remained hidden unless the presence of A. andreneli had been
resolved by molecular tools. Thus, our results underscore how cryptic
congenerics can dramatically reshape our understanding of outbreak
dynamics (Ghelardini et al., 2016; Nahrung et al., 2023). The dispro-
portionate impact of A. andreneli aligns with growing evidence that
morphologically similar species can exhibit markedly different ecolog-
ical effects (Bickford et al., 2007). The pattern suggests underlying
physiological or behavioural adaptations that enhance the competitive
ability of A. andreneli. These patterns emphasise the critical importance
of molecular diagnostic tools, such as COI barcoding, for accurate pest
surveillance and species delimitation (Ekholm et al., 2019; Hebert et al.,
2003).

What has been documented as Acrocercops brongniardella - which
may, in some cases, represent A. andreneli due to potential historical
misidentification - is currently undergoing well-documented range
expansion in Russia, with recent records from both northern European
Russia and Western Siberia (Ermolaev, 2024). First records from Omsk
(2013), Yekaterinburg (2016), and St Petersburg (2018) demonstrate its
spread into novel territories, while the species complex has historically
caused outbreaks in other regions such as Kyiv (Ermolaev, 2024). In
European Russia, the expansion has progressed through the Leningrad
Oblast, with subsequent records from Gatchina and Sestroretsk (Musolin
et al., 2022), while in Western Siberia, established populations now
occur in both Omsk and Tyumen Oblasts, where the species is consid-
ered non-native and has produced notable outbreaks. While the spatial
distribution pattern of this Acrocercops species complex in Russia is
well-documented, its historical presence, current status, and precise
species identity in other regions, such as Sweden, requires further
investigation. Based on patterns observed in documented range expan-
sions, we can only speculate that distribution likely results from a
combination of natural dispersal and human-mediated movement.
Although adult moths can disperse naturally through flight (Chapman
et al., 2002), the discontinuous nature of new populations suggests
anthropogenic dispersal mechanisms may be important, potentially
facilitated by oak nursery trade and plant transport (Roques et al., 2014;
Stenlid and Oliva, 2016). This multi-modal dispersal strategy would
parallel patterns observed in other significant forest pests, including
emerald ash borer and horse chestnut leaf miner (Grabenweger et al.,
2010; Herms and McCullough, 2014). The successful establishment and
subsequent high infestation rates of this Acrocercops species in newly
documented areas emphasise the importance of comprehensive moni-
toring programs. Examination of historical specimens in regional col-
lections across its potential range, including Sweden, could help
elucidate not only distribution patterns and colonisation history but also
clarify the historical and current species composition (Elith, 2017). Field
observations by amateur lepidopterists in Stockholm suggest increasing
severity of infestations as well as increased dominance of A. andreneli
over A. brongniardella since the year 2000, though comprehensive
quantitative surveys are needed to verify this (Hellberg pers. comm.).

4.2. Parasitoid community structure and biological control potential

The parasitoid communities reared from A. andreneli and
A. brongniardella were largely shared between the two species, offering
limited evidence of host specialisation. Although some parasitoid line-
ages appeared only in one host species (potential specialists), these cases
were typically singletons and thus likely represent random occurrences
rather than true host specialisation. This limited specialisation presents
an interesting contrast to established host-parasitoid coevolutionary
theory (Grégoire and Gould, 2023). Overlapping parasitoid assemblages
between these cryptic moths suggest limited host discrimination by their
natural enemies at present. However, parasitoid-host interactions can
shift over time following species establishments, as demonstrated in
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Fig. 3. Host—parasitoid network structure for two cryptic Acrocercops leaf-mining moths (A. brongniardella and A. andreneli) across eighteen Swedish oak forests. The
two host species are shown in orange at the bottom of the network, while the parasitoid taxa at the top are colour-coded by family. Specifically, Eulophidae are
represented in dark green, Pteromalidae in purple, Braconidae in blue, Cynipidae in yellow, Tachinidae in light green, and Ichneumonidae in orange. Grey bars

indicate attack frequencies, with bar width proportional to interaction strength.

nettle-feeding butterflies (Audusseau et al., 2021). This temporal dy-
namic suggests that current parasitoid community composition may
represent an early stage of interaction, with potential for divergence as
natural enemies adapt to newly established or detected host pop-
ulations. Nonetheless, widespread sharing of parasitoid species among
leaf-miner species in even different genera and families has been pre-
viously demonstrated by (Blanchet et al., 2018; Kaartinen et al., 2010;
Tack et al., 2011). Hence, it may come as no surprise that two hosts,
almost indistinguishable to the eye, share a large part of their parasitoid
complements. These findings have implications for biological control
approaches targeting cryptic pest complexes, as they suggest that cryptic
species may be part of more generalist parasitoid communities than
previously anticipated (Panzavolta et al., 2021). A. andreneli seems to be
attacked by parasitoid species emerging from A. brongniardella , which
should - in theory — cause both apparent competition between the
species and bring them both under parasitoid control (Godfray, 1994;
Tack et al., 2009). Only longitudinal studies of host-parasitoid dynamics
will resolve this conundrum.

4.3. Future research directions and management implications

Although we aimed to explore the relationships among parasitoid
species richness, parasitism rate, and infestation levels, our sampling
approach did not permit adequate control for confounding variables
inherent in the simultaneous sampling of hosts and parasitoids.

Consequently, it was not possible to disentangle the effects of sampling
effort from biological variation, precluding robust conclusions regarding
the regulatory role of parasitoid communities. Further research
employing sampling strategies that explicitly account for these con-
founders is required.

As anthropogenic pressures intensify through factors such as nursery
trade and climate change, detecting and monitoring cryptic diversity
becomes crucial for effective forest management (Mina et al. 2022). Our
results suggest that integrating molecular diagnostics with traditional
surveillance methods could significantly improve early detection of
emerging pest threats (Hebert et al., 2003). Understanding the temporal
dynamics of this system presents another critical research direction.
Historical collections could provide valuable insights into whether
Acrocercops has maintained a long-term presence in the region or rep-
resents a recent introduction. Longitudinal studies of both host and
parasitoid community dynamics will also be needed to understand the
overall scope of parasitoids in controlling host abundances. Such tem-
poral analyses would help distinguish between invasion-driven outbreak
dynamics and responses to environmental change (Wang, 2024). This
historical perspective will enhance our ability to predict outbreaks and
develop targeted management strategies. As the first step, we need to
adequately identify the taxa causing the outbreaks, the enemies
attacking them and the patterns in these communities. Our study makes
a key contribution to this.
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