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Abstract

Attention was drawn to wasps primarily in the fields of biological control and medicine. Bibliometric analysis and visual
mining were performed on 9,436 publications in the field of wasp research from 2014 to 2024 using the ITGInsight plat-
form based on the Web of Science Core Collection database to research dynamics, hotspot evolution and future trends
were examined. The results from the study showed that: (a) The number of global research literatures on wasps has grown
exponentially (R?=0.9309), with the United States (25.06%), China (15.57%) and Brazil (11.31%) as core contributors;
(b) Chinese Academy of Sciences (489) achieved the highest publication count; (c) The author with the largest number
of published articles was James M. Carpenter; (d) Research hotspots were centered on “Hymenoptera”, “Transcriptome”
and “Biological Control”; (e) The themes “new species” and “parasitoid wasp” gained prominence in recent years. Future
research was recommended to integrate ecological, molecular biological, and interdisciplinary methodologies to advance
the application value of wasps in agricultural systems, medical innovations, and biodiversity conservation efforts. By
deciphering how the field organizes itself around key challenges, this study provides a diagnostic, evidence-based frame-
work to guide future research toward solving the most pressing problems in sustainable agriculture, biomedicine, and
conservation.
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Introduction

Approximately 5,000 wasp species (Hymenoptera: Wasp
family) were documented worldwide. In ecological sys-
tems, chemical insecticides were adopted globally due to
cost effectiveness and demonstrated efficacy in pest popula-
tion control. However, these practices were found to affect
multiple organisms including wasps, resulting in reduced
natural biological control efficiency(Theenoor et al. 2024).
Accordingly, wasps were proposed as synthetic pesticide
alternatives for integrated pest management(Fei et al. 2023),
with its environmental sustainability being acknowledged
in agricultural applications(Hambick et al. 2024; Khamis
and Ajene 2024). In addition, this finding motivated explo-
rations of biopesticides derived from wasp venom(da Silva
Santana et al. 2023), along with sustainable agricultural
approaches(Rehman et al. 2022).

Medicinal applications were researched through wasp
derivatives including venom, larval components(Zedan
et al. 2021), honeycomb extracts, and adult body
substances(Dongol et al. 2014), all of which were dem-
onstrated to have therapeutic potential(Rajkhowa and
Deka 2016). First, the whole insect was used as medi-
cine to treat sores and bites, to make amino acid supple-
ments and to develop traditional Chinese medicine(Li et
al. 2021). Subsequently, biologically active compounds
in larvae and pupae were used for the evaluation of cos-
metic applications(Chilicka et al. 2022; Mortari et al.
2023). Venom constituents including phospholipase A2
and antigen 5 were confirmed to exhibit anticancer, anti-
bacterial, and anti-inflammatory properties(Abd El-Wahed
et al. 2021), while antimicrobial peptides (Anoplin, Mas-
toparan) were shown to display dual anti-biofilm and anti-
inflammatory functions(Bhattacharya et al. 2024; Dongol
et al. 2016). In addition, Neurological applications were
identified for peptide Ppnp7 and Neuropolybin in anti-
epileptic treatment(e Silva et al. 2020), polybia-CP deriva-
tives in anti-malarial, anti-cancer interventions(Torres et
al. 2020) and the copolymer of venom and human albumin
was used in immunotherapy(Gewurz et al. 1986). Under-
standing of the allergic mechanism and development of
new treatments were achieved through investigation of
venom-immune system interactions(Gao et al. 2020).
Simultaneously, genetic and behavioral studies were con-
ducted to reveal immune mechanisms and biomimetic tech-
nology applications(Shimasaki et al. 2020; Ye et al. 2024).
Its complex social structure, behavior and medicinal value
make it an interesting research topic in entomology, ecology
and medicine, which effective controlled and management
of it was beneficial to research(Lester 2025). Additionally,
wasps have been explored as a source of food and high-pro-
tein ingredients(Adamczyk et al. 2023), and its larvae were
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widely used in the food industry as high-protein ingredients
and its derivative products(Nonaka 2010; Wang et al. 2024).

In this study, bibliometric methods were employed to
evaluate scientific publications. It could be used to examine
research priorities and hotspots within the field, as well as
to assess the scientific productivity of countries, institutions,
and researchers. ITGInsight was utilized as a text mining
and visualization tool dedicated to bibliometric analysis,
with demonstrated capability to analyze patent and paper
data(Wang et al. 2022). Through this tool, three types of
analyses could be conducted: cooperative relationship
analysis, co-occurrence relationship analysis, and evolution
analysis. Subsequently, various intuitive charts were gener-
ated, including network diagrams, heat maps, world maps,
and evolution diagrams. It was identified as its support of
multi-source data fusion processing, efficient data cleaning,
and flexible report generation. These features made it par-
ticularly suitable for meeting the complex analysis require-
ments of interdisciplinary research.

To ensure methodological rigor, this study is grounded in
established bibliometric research frameworks (Oztiirk et al.
2024) and leverages the specialized capabilities of the ITGIn-
sight platform(Wang et al. 2022). The successful applica-
tion of this platform in prior field-specific analyses(Afrane
et al. 2022), including a recent bibliometric study in cultural
neuroscience(Xu et al. 2022), supports its suitability for the
present study. Our approach also aligns with discussions on
the application and robust analysis of bibliometric data(De
Battisti and Salini 2013; Ellegaard 2018).

Despite the clear importance of wasps in ecology, bio-
control, and biomedicine, the overall research landscape
remains fragmented. To the best of our knowledge, a com-
prehensive bibliometric analysis that captures the entire
scope of global wasp research—encompassing its diverse
subfields from taxonomy to applied medicine—has not
been previously conducted. While valuable focused studies
exist on specific applications, such as hymenoptera venom
immunotherapy(Luo et al. 2025), they cannot provide the
holistic perspective needed to understand field-wide dynam-
ics. This study was designed to address this critical gap by
moving beyond mapping to identify how the field orga-
nizes itself to solve problems. By applying the advanced
bibliometric platform ITGInsight to analyze 9,436 publi-
cations (2014-2024), we provide the first comprehensive,
field-wide analysis of wasp research. Our analysis not only
quantifies collaboration and growth but, more importantly,
deciphers the core knowledge structures and evolving
hotspots that reveal the field’s prioritized challenges and
solution pathways. The findings are intended to synthesize
existing knowledge into a diagnostic, data-driven frame-
work that can guide future research toward the most press-
ing scientific and applied problems in this multifaceted field.
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To achieve this, the study was designed to address three
specific research questions: first, how the global collab-
orative structure among countries, institutions, and authors
has evolved over the past decade; second, what the core
knowledge clusters, persistent hotspots, and emerging fron-
tiers are that define the field’s trajectory; and third, how the
trajectories of basic research align with or enable applied
developments, and what critical scientific challenges remain
at their intersection.

Methodology
Data collection and processing

In this study, the Web of Science (WoS) core database was
adopted as the principal data source for literature and patent
retrieval. Recognized as an authoritative scientific reposi-
tory, WoS was characterized by rigorous journal selection
protocols and multidisciplinary coverage, encompassing
8,618 high impact journals across 176 subject categories.
All indexed publications were equipped with complete cita-
tion metrics to establish a robust foundation for disciplinary
evolution analysis.

To ensure the relevance and accuracy of literature screen-
ing, our research team included members with expertise in
entomology. The analysis covered publications from 1 Janu-
ary 2014 to 29 November 2024 (the date the search was
executed). This timeframe captures over a decade of recent
research activity while providing a substantial dataset for
trend analysis. We acknowledge that publications from
December 2024 are not included, as they may not have been
fully indexed at the time of our search.

From 18 to 30 November 2024, the WoS Core Collec-
tion was searched using the following keywords based
on the “Topic” field: “((((TS=wasp))ORTS=(vespid))
ORTS=(vespa))ORTS=(vespidae))ORTS(Vespoidea))”.
The search results for wasp research publications from the
WoS core collection attained a total of all types: research
articles, review articles, books, meetings, patents, edito-
rials materials, case reports, unspecified, etc. Firstly, the
results were further refined by limiting the search to only
research articles, and secondly, research articles published
only in the English language. The research team obtained
12,757 publications, and extracted publication informa-
tion from each article including title, author(s), institution/
organization, source (journal title), funding, author key-
words, cited reference count, publisher information, page
count, ISSN, and subject category, among other sourced
data. Subsequently, the literature unrelated to wasp was
screened out manually. Publication information of 9554
papers was acquired and downloaded as .txt files to export

into ITGInsight for data cleaning, refinement and further
analysis. ITGInsight were powerful text mining, data
cleaning, and visualization tools. Research publications
were cleaned by checking the columns or fields and iden-
tifying incomplete details and wrong entries. In addition,
ensured that fields contained data that were consistent
with the field title. During the data processing and refin-
ery, incorrect, duplicate, and missing entries were deleted
to ensure accuracy in results. Finally, 9,436 articles were
obtained for visual analysis. The comprehensive workflow
was depicted in Fig. 1.

Data analysis

Refined data from 9,436 research publications were obtained
from 2014 to 2024 for structured and unstructured analysis.
This study focuses on investigating the research and devel-
opment of wasp through bibliometric analysis of research
articles within this scope of the study. This analysis con-
tributors concerning country, journal and authors. Simulta-
neously, collaborations exist among countries, authors, and
institutions in this field of study. Additionally, identifying
trends, key issues, and hotspots in the field of wasp research
directed attention to critical areas. Given this, analytical
tools such as ITGInsight were used for data processing,
analysis, and visualization of results.

Results

The number of literature and its growth trend
analysis

The results revealed a steady increase in the cumulative
number of publications on wasp research, rising from 750 in
2014 to 9,436 in 2024 (Fig. 2A). Although annual publica-
tion numbers fluctuated between 2021 and 2024, the overall
trend was upward, with the cumulative total showing con-
sistent growth (Fig. 2A). An exponential growth function
(y = 8 x 107200£0-23127 \yas fitted to the cumulative pub-
lication data, revealing a strong correlation with publication
year (R?=0.9309). This robust correlation indicates that
wasp research has expanded considerably over this period.
Consequently, a growing interest in wasp research is evident
over the preceding decade.

Analysis of national publications and collaborations
Geospatial analysis revealed productivity patterns in wasp
research across countries. The United States was recognized

as the primary contributor, with 2,365 papers published, rep-
resenting 25.06% of the total. China produced 1,469 papers,

@ Springer



International Journal of Tropical Insect Science

Database: Web of Science Core Collection

Editions: All

Search: “Topic”

Keywords: “ ((((TS=wasp))ORTS=(vespid))ORTS=(vespa))OR

Identification | N= 12757
TS=(vespidae))ORTS(Vespoidea)”
.\/l Time span: 2014. 01. 01 to 2024. 11.29
Document Types: Article and Review Article
Language: English
v
Screening Export: In plain text file format, fully record and cite references N= 9554
v
Eligibility EEEEEE—— Cleaning and analysis using the ITGInsight analysis tool N= 9436
Bibliometric analysis was performed using ITGInsight <
Fig. 1 Flowchart of publication selection process
e NO Afticlos == Cumulative
14000
1200 10000
= BE-200€0.2312
1100 9000 12000 Y R s 00300 ‘
1000 8000 #
900 10000
&
&6 7000 - !
$ 700 6000 2 .
B 600 5000 :g g 2
< 5 2 3 6000 P
2 500 4000 O o A
400 o 4000 o
%0 2000 ? PRI e i |
200 Q0 .
100 1000 5 ¥
0 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

year

year

Fig.2 (A) Annual and cumulative number of articles for wasps. Note: the red curve represents the cumulative number of articles for each year. (B)
Correlation between cumulative number of publications and year of publication

constituting 15.57% of the total. Brazil’s output (1,068) was
exceeded by that of the United States and China. Addition-
ally, significant contributions to wasp research were made
by countries including Germany (698), France (687), the
United Kingdom (638), and Italy (566) (Fig. 3A, B).
Cooperation patterns among various countries were
revealed through geospatial mapping visualization (Fig. 3C)
and network topology analysis (Fig. 3D). Each country was
represented by a node of a specific color; the direction and
size of arrows between nodes were used to indicate existing
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regional cooperation. The directional arrows were employed
to show initiator-receiver relationships, while arrow thick-
ness was utilized to reveal collaboration volume between
regions. In the top ten research collaborations, the United
States was identified as the leader with the largest number
of published papers. The highest cooperation volume was
recorded between the United States and China (259 arti-
cles). This was followed by U.S. collaborations with Brazil
(152 articles), Germany (132 articles), France (132 articles),
and England (115 articles).
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Fig. 3 The contribution of each country to wasps. (A) The top 10
countries in terms of the number of publications; (B) Chart of the pro-
portion of publications of the top 10 countries; (C) A world map of

Analysis of institutional publications and
collaborations

Differences were observed among institutions in wasp
research productivity (Fig. 4A, B). The Chinese Academy
of Sciences (CAS) was considered the most productive con-
tributor, with 321 papers published. It was followed by the
University of Sao Paulo (237, Brazil), the Russian Academy
of Sciences (216, Russia), and Zhejiang University (168,
China). Output from other institutions had the American
Museum of Natural History (135, USA), the Chinese Acad-
emy of Agricultural Sciences (135, China), Agricultural
Research Service (135, USA), Natural History Museum
(133, England), University of California (113, USA) and

(B)
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the distribution of wasp research publications in the top 20 countries
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Wageningen University (103, Netherlands). In the collab-
orative network (Fig. 4C), node size was determined by the
intensity of institutional participation, where larger nodes
(e.g., CAS) were recognized as representing core roles in
cross-border partnerships and knowledge dissemination.
Interconnection nodes across countries were highlighted to
demonstrate the universality of international cooperation.

Analysis of publications and cooperation among
authors

As shown in Fig. 5A, B, significant differences in aca-

demic productivity were revealed among authors. The
most prolific author was identified as James M. Carpenter
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(75 publications). Other leading contributors were noted
to include Juli Pujade-Villar (56), Cornelis van Achterberg
(51), Qi Fang (50), and Stephen G. Compton (50). Addi-
tional highly productive authors were recorded, such as Petr
Bogusch and Sergey A. Belokobylskij, with publication
counts ranging from 42 to 50.

To enrich the collaboration perspective, the primary insti-
tutional affiliations and countries of these prolific authors
were identified based on the publication data. This linkage
revealed that these leading authors were predominantly
affiliated with institutions in the United States, China,
Spain, and the Czech Republic—countries which were also
recognized as the most productive in the global analysis
(Sect. 3.2). This alignment suggested a concentration of
expertise and output within these key regions.

The co-authorship network was visualized in Fig. 5C.
Node size was determined by an author’s publication count,
while link thickness was utilized to indicate the strength
of co-authorship. Distinct collaborative patterns were
observed within the network. Authors such as Carpenter,
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China

1230

J.M. were found to have fewer connections, suggesting a
more independent research profile. In contrast, authors like
van Achterberg, C. and Belokobylskij, S.A. were identi-
fied as major hubs with extensive connections, indicating
their central role in fostering broader collaborative research
endeavors, which may underpin the strong international
cooperation links identified in Sect. 3.2 (e.g., between the
United States and European nations).

Cross-analysis of the issuing institution and the
journal

The frequency at which research institutions published
papers in specific journals was analyzed using a cross-
matrix visualization (Fig. 6). In this matrix, rows represent
research institutions, columns correspond to academic jour-
nals, and intersecting nodes (with numerical values) indi-
cate the publication frequency of each institution in each
journal. The frequency at which papers were published by
each institution through specific journals could be more
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Fig. 4 Contribution of each institution to wasps. (A) Top 10 institutions in the number of publications; (B) Chart of the proportion of publications

of the top 10 institutions; (C) Diagram of the inter-agency collaboration network
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clearly analyzed using this matrix. Consequently, insights
into the prominence of publishing journals and producing
institutions related to wasps were gained, and future poten-
tial distribution institutions along with submission journal
selection directions were revealed.

As shown in Fig. 6, cross-disciplinary research strength
was demonstrated by Chinese Acad Sci through its
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publication distribution across multiple journal types. The
orientation of applied entomology was highlighted by Univ
Sao Paulo’s focus on Zootaxa and Sociobiology. Insects were
selected by Zhejiang Univ, while a combination of basic
and applied research was reflected through Zootaxa and the
Journal of Hymenoptera Research (JHR) preferred by Amer
Museum Nat Hist. From published journals, Zootaxa was
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Fig. 6 Matrix analysis of wasp institutional journals

identified as highly sought after by numerous institutions
with the largest publication volume. Secondary publication
volumes were recorded for Insects, JHR, and Plos One. The
third gradient was composed primarily of journals includ-
ing Zookeys, Scientific Reports, Biological Control, Socio-
biology, and Ecological Entomology. The rise of emerging
forces was highlighted by frequent participation of Chinese
and Brazilian institutions, while the trend of interdisciplin-
ary integration was reflected in active cross-journal interac-
tions among multiple institutions. Collectively, connections
between research breadth, journal positioning, and dynamic
adjustments in global scientific forces were sketched, pro-
viding visual support for subsequent analysis of institutional
cooperation models and journal selection strategies.

Keyword frequency analysis of wasp

Emergent words were utilized as quantitative indicators of
academic hotspots, where its intensity (breakout rate) and
duration were combined to form the spatio-temporal coordi-
nates of the research paradigm. Through this approach, the
popularity and cutting-edge viewpoints of specific research
directions within the field were reflected. The breakthrough
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rates of these keywords were represented by parenthetical
values. This breakout rate was defined as the rate of change
in word frequency—a criterion employed to examine fre-
quency change levels within given time periods. It was
used to calculate breakthrough indicators and quantitative
changes for primary keywords. Breakout rate indicator val-
ues were displayed after each keyword, while the historical
occurrence of keywords was represented by red lines.
Through keyword emergence analysis, 11 high-frequency
terms (Hymenoptera, Transcriptome, Poland, Chemical
Signature, Cretaceous, Cloning, etc.) were identified. Their
time spans were delineated by red lines and year markers
(Fig. 7). “Hymenoptera” was maintained in the spotlight
with a leading breakout index of 0.0151 and was distin-
guished terminologically. Transcriptome was observed
to gain prominence after 2015 and remained a persistent
hotspot. “Poland” was repeatedly emphasized during 2016,
2018, 2021, and 2023. Furthermore, “Eumenine Wasps”,
“Pollinating Wasp” and “Lectotypification” were recog-
nized as keywords emerging exclusively in recent years.
As shown in Fig. 8A, research focus was visually pre-
sented through the word cloud. The popularity of parasitoid
wasp applications in biological control was reflected by the
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Fig. 7 Analysis of the top 10 keyword breakthroughs on wasp
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Fig. 8 Analysis of the top 30 keywords of wasp ranking. (A) The word cloud image of the key words; (B) Heat map of key words

prominent display of “Biological Control” and “Parasitoid
Wasps”. “Taxonomy” and “Hymenoptera” were positioned
at the visual core, highlighting taxonomy’s fundamental
role in wasp research. The presence of “New Species”,
“Morphology”, and “Phylogeny” suggested that taxonomic
research was frequently accompanied by morphologi-
cal identification, phylogenetic analysis, and new species
discovery.

Temporal dynamics were further revealed through heat
maps (Fig. 8B). A significant increase in popularity for
“Taxonomy” and “Hymenoptera” was observed since 2019.
When combined with word cloud weights, this indicated
that wasp taxonomy research had continued to deepen in
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recent years. The continuity of biological control as a clas-
sic application direction was demonstrated by the long-term
equilibrium of its thermal signature. The popularity of “New
Species” was observed to fluctuate and rise from 2017 to
2021, echoing taxonomic trends. This pattern suggested that
regional surveys or technological innovations (e.g., “DNA
Barcoding” from the word cloud) contributed to new spe-
cies reporting. Keywords including “Parasitoid Wasps” and
“Braconidae” were maintained at consistently high popu-
larity levels. When evaluated alongside “Biological Con-
trol”, the ecological functions (pest control) and diversity
research of parasitoid wasps were established as long-term
focal areas.
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Subject word analysis

A thematic evolution model was integrated into ITGInsight,
enabling systematic identification of emerging patterns and
dynamic shifts through temporal mapping of conceptual
transitions. Node dimensions were scaled to annual key-
word emergence intensity, and directional connections indi-
cated thematic derivation or convergence patterns. Topic
evolution analysis was conducted to elucidate processes
governing thematic emergence, extinction, intensification,
attenuation, aggregation, and fission, with evolutionary pat-
terns reflecting the historical contextualization of disciplin-
ary knowledge. As demonstrated in the thematic evolution
analysis of scientific resources (Fig. 9), dominant themes
over the past decade included “new species”, “natural
enemy”, “parasitoid wasp”, “first time”, and “biological
control”, which exhibited progressive annual growth in fre-
quency. Initial investigations (2014-2016) prioritized “new
species”, “parasitoid wasp”, “natural enemy” and “biologi-
cal control”, which were the research focuses. A notable
shift was detected in 2017, when “first time” emerged as
a prominent keyword cluster, followed by intensified focus
on “parasitoid wasp” and “host species” during 2018-2019.
Subsequent progression (2020-2024) maintained high
frequency usage of “new species”, “parasitoid wasp” and
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“biological control”, meanwhile, “honey bee” and “invasive
species” were also noticed.

Analysis of wasp research fields

As shown in Fig. 10A, the peak position in publication
volume from 2014 to 2024 was consistently held by “Ento-
mology” highlighting its core role in wasp taxonomy, mor-
phology, and fundamental biology research. This dominance
was complemented by “Zoology” and “Environmental Sci-
ences & Ecology” which maintained a high publication
scale throughout the period. Group identification and sys-
tem positioning were anchored by the former discipline,
while ecological niche analysis and interaction relationship
exploration were supported by the latter two.

Figure 10B was shown to illustrate the evolution of the
wasp research field from 2014 to 2024. Different colored
bars were used to represent different research topics, while
the lines were employed to indicate the correlations and
evolutions among the topics. From 2014 to 2024, research
related to wasps was mainly focused on the fields of “Ento-
mology”, “Zoology”, and “Environmental Sciences &
Ecology”. First, during the early stage (2014-2016), “Ento-
mology” was dominant, and relatively high proportions
were held by “Zoology” and “Environmental Sciences &
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Fig. 10 (A) Cross-domain chart ( A)
of the top 10 years in terms of the

number of articles published by

wasps; (B) Evolution diagram of

wasp research field
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Ecology”. Subsequently, from 2017 to 2019, an increase
was observed in the proportion of research in fields such
as “Evolutionary Biology” and “Biochemistry & Molecular
Biology”. Finally, from 2020 to 2024, research in fields such
as “Biotechnology & Applied Microbiology” and “Agri-
culture” was gradually observed. Furthermore, these three
fields were consistently maintained as the primary research
fields throughout the past ten years.

Discussion
Publishing trends

Over the past decade (2014-2024), a significant growth
trend was maintained in the field of wasp research. This was
reflected in the statistically positive trajectory observed in
the cumulative publication index, and the high fitting degree
of the exponential growth function (R?>=0.9309) was con-
sidered not only to reflect increased academic attention to
wasps, but also to reveal the synergistic effect of multiple
driving factors. However, between 2021 and 2024, fluctua-
tions in the number of publications were observed, and their
causes were identified as multi-faceted. Possible reasons
include: First, the ongoing impact of the global COVID-
19 pandemic (2020-2023) was highlighted(Obrenovic et
al. 2024; Riccaboni and Verginer 2022). As wasp research
often involved cross-border cooperation and field investi-
gations, data collection was severely delayed and research
progress was hindered, which was directly linked to publi-
cation declines(Raynaud et al. 2021). Second, discernible
changes have been noted in the broader publishing environ-
ment, with one striking manifestation emerging in 2024:
academic journals across various disciplines universally
encountered significantly extended review processes. This
lengthening of the review cycle, which affected both estab-
lished journals and emerging publications alike, was marked
by prolonged intervals between manuscript submission and
the first round of reviewer feedback, as well as delayed final
decisions due to factors such as increased editorial work-
loads, stricter evaluation criteria, and challenges in securing
timely responses from peer reviewers. Concurrently, layout
constraints led high-quality journals to prefer highly inno-
vative research articles, which was recognized to increase
publication difficulty for conventional studies. Furthermore,
continuous elevation of experimental ethics requirements
increases compliance costs and time investments, indirectly
affecting research efficiency and publication speed(Guillot
et al. 2023). Finally, shifts detected in research funding and
journal preferences are reflected in the fact that in recent
years, interdisciplinary research (e.g., ecology-artificial
intelligence integration) has been increasingly favored by

journals, while national funding has been redirected toward
such fields(Ryo 2024). Consequently, traditional taxon-
omy was evaluated as less innovative, resulting in reduced
resources for basic biological research and threatening its
sustainability. Therefore, enhancement of capabilities to
address external shocks and improvement of research inno-
vativeness were deemed crucial for maintaining healthy
development. Notably, increased research funding and
strengthened institutional support were provided across
multiple countries, establishing foundations for effective
collaboration among researchers, institutions, and nations,
which were expected to promote continued advancement in
this field(Pohl 2020).

National publishing trends and cooperation

Among the 9,436 scientific publications analyzed, research
papers from the United States accounted for 25.06%, high-
lighting its significant dominance. This status was mainly
attributed to the world’s largest research funding system and
top-tier university network maintained by the United States,
which provided strong support for wasp research(Ridwan
et al. 2024). China was ranked second with 1,469 papers
(15.57% of global output). China’s southwestern regions
(e.g., Yunnan) were identified as a global biodiversity
hotspot where an extremely rich variety of wasp species was
documented, establishing a unique natural sample bank for
taxonomic research(Chen et al. 2024; Zhang et al. 2022).
Third place was occupied by Brazil (1,068 articles), whose
advantage was rooted in the world’s largest tropical rain-
forest ecosystem(Gomes et al. 2020). Within this system,
high wasp diversity was recorded, and long-term focus was
given by local scholars to species surveys and ecological
service functions. Notably, China, the US, and Brazil were
recognized as the most active countries in international
cooperation. This regional distribution pattern was formed
through two key factors: on the one hand, technological
transformation advantages were demonstrated by the USA
and China(Zhu et al. 2021). on the other hand, the world’s
richest wasp species resources were concentrated in Brazil.
Consequently, advanced technology sharing combined with
natural environmental resources was observed to signifi-
cantly enhance overall research quality(Fu et al. 2021).

Institutional publications and collaborations

Institutional output was shown to exhibit a highly central-
ized trend, primarily concentrated in four core institutions:
Chinese Acad Sci, Univ Sdo Paulo, Russian Acad Sci, and
Zhejiang Univ. Among these, the output of the Chinese
Academy of Sciences was particularly distinguished. This
prominence was enabled by its abundant scientific research
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resources and sustained investment in wasp research(Mi et
al. 2021). These institutions have showcased their strengths
through sustained high-quality outputs in specialized
domains, as exemplified by the Chinese Academy of Sci-
ences’ cross-journal distribution and the University of Sao
Paulo’s concentration on Zootaxa and Sociobiology.

The reinforcement of this core status was enabled by
international cooperation networks. Close collaborative ties
were maintained by Chinese Acad Sci and Univ Sio Paulo
with other institutions, strongly confirming that in contem-
porary scientific environments, which established extensive
strategic partnerships was considered essential for sustain-
ing institutional research competitiveness.

A complex cooperation network was formed through
close connections among numerous global institutions and
universities. This demonstrated that international collabora-
tion had become the dominant paradigm for advancing sci-
entific progress in the field. Regardless of size or location,
all institutions were observed actively collaborating across
borders to integrate complementary resources, technologies,
and knowledge, thereby jointly driving research implemen-
tation and disciplinary advancement(Rossoni et al. 2024).

Author publications and collaborations

At the author level, James M. Carpenter from the United
States (75 articles) was distinguished the highest publica-
tion count. His significant quantitative advantage was rec-
ognized as establishing his status as the discipline’s most
prolific contributor. Immediately following, indispensable
roles were played by Juli Pujade-Villar from Spain (56
articles), along with Cornelis van Achterberg (51 articles)
and Qi Fang (50 articles) from China. On the other hand,
through in-depth analysis of author collaboration networks,
Cornelis van Achterberg was identified as the central hub.
Crucially, such networks were leveraged to integrate cross-
disciplinary expertise, driving wasp research toward com-
prehensive interdisciplinary development. Consequently,
expansion and deepening of these collaborative frameworks
were deemed necessary for subsequent research. Estab-
lishment of new cooperative relationships was encouraged
among authors to jointly explore novel research directions
and breakthroughs(Maltseva and Batagelj 2022).

Explore research hotspots through keyword
breakthroughs and heat map analysis

The early research landscape was dominated by topics
such as “Taxonomy”, “Biological Control”, and ‘“Parasit-
oid research”, mainly because they were considered indis-
pensable for understanding the ecological functions and

application value of wasps(Brock et al. 2021). The rise of
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technology-driven hotspots (since 2015) was marked by
“Transcriptome”, which rapidly became a persistent hot
topic starting in 2015(Yan et al. 2016). This was driven
by the significant reduction in the cost of next-generation
sequencing technology in the 2010. Consequently, transcrip-
tome analysis was established as a routine and powerful tool
for studying the gene expression, venom composition, and
social behavior mechanisms of wasps(Tan et al. 2020). An
emerging focus “Invasive Species” was observed as research
deepened and global species mobility intensified. Concerns
about the risk of wasp invasion were significantly increased,
prompting extensive attention to research related to “Invasive
Species” around 2018(Oi et al. 2024). In traditional fields (in
recent years), wasp deepening was noted in topics such as
“Taxonomy”, “Biological Control” and “Parasitoid”, which
showed an increasing trend(Shimbori et al. 2023). Wasp was
benefited by the advancement of research techniques (e.g.,
more advanced gene sequencing technologies) and was
driven by the expansion of research perspectives(Van Klink
et al. 2022). These factors jointly promoted in-depth studies
of wasps toward microscopic mechanisms and macroscopic
evolution levels. For future directions, continued focus was
suggested on the discovery of new species, deep analysis of
relationships between morphological characteristics and bio-
logical functions, and the construction of a more complete
phylogenetic tree(Fernandez-Triana et al. 2023). Meanwhile,
biological control research could be continuously optimized
to provide more efficient and precise strategies for integrated
management of agricultural and forestry pests(Cacho and
Hester 2022).

Analyze the research hotspots through the
evolution analysis of subject terms

The research topic of wasps was shown to have a clear evo-
lution trajectory that expanded from the basic to the in-depth
and from the macro to the micro. Early studies were primar-
ily focused on directions such as “new species”, “parasitoid
wasp”, and “biological control”, which were mainly driven
by the urgent need to improve the construction of wasp spe-
cies banks and explore its ecological service value(Brock
et al. 2021). Subsequently, the research perspective was
gradually broadened: First, it was extended to an in-depth
exploration of the relationship between host and parasitic
wasp species; subsequently it was extended to the study
of interactions between wasps in ecosystems(Fardiansah
et al. 2025; Gobatto et al. 2023). Finally, in recent years,
in-depth molecular-level analysis of wasps was conducted.
The deepening and expansion of this research topic were
driven by the close correlation between wasps in their
ecological niches, along with new research perspectives
and powerful tools provided by the rapid development of
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molecular biology techniques for analyzing wasps’ bio-
logical characteristics(Luo et al. 2022). These factors were
jointly credited with promoting continuous research devel-
opment toward microscopic mechanisms (molecular level)
and complex interspecific interaction relationships. Finally,
“Vespidae Venom” and “Dna Barcoding” also demonstrate
the role of wasp in the medical field.

Analyze the research direction through the
evolution analysis of the research field

The distribution of disciplinary fields in wasp research was
shown to exhibit a clear evolutionary trajectory. Initially,
research was highly concentrated in the fields of “Entomol-
ogy”, “Zoology”, and “Environmental Sciences & Ecology”,
primarily because these disciplines were recognized as the
basis for understanding the basic biological characteristics
of wasps and its functions in ecosystems(Kishinevsky and
Keasar 2022). Subsequently, with the deepening of research
and advancements in technical methods, increased attention
was gradually given to the fields of “Evolutionary Biology”
and “Biochemistry & Molecular Biology”. This shift was
driven by researchers’ exploration of wasps’ genetic char-
acteristics and evolutionary patterns at deeper levels, such
as molecular mechanisms and evolutionary processes(Orr
et al. 2024; Santos et al. 2022). In recent years, significant
emphasis was placed on applied fields such as “Biotechnol-
ogy & Applied Microbiology” and “Agriculture”. This trend
was propelled by the increasingly prominent application
value of wasps in medicine and agricultural ecosystem ser-
vices, which strongly promoted the vigorous development
of applied research(Bitume et al. 2024). It should be empha-
sized that these fields were not isolated but interrelated and
mutually reinforcing, jointly promoting the comprehensive
development of wasp research. Furthermore, the emergence
of the “Other Topics” category suggests a reflection of
nascent interdisciplinary directions or marginal cross-disci-
plinary fields(De Ledn et al. 2025). As research deepened,
these directions could be expanded and refined, injecting
novel methods and perspectives into wasp research to gen-
erate innovative achievements.

Theoretical and practical implications of
bibliometric analysis

A bibliometric analysis of wasp research was conducted
using the ITGInsight tool, providing important insights for
ecology, biological control, and medicine. The knowledge
graph was deconstructed through visual analysis, revealing
the evolution of core themes and interdisciplinary character-
istics of wasp research, with significant application potential
being demonstrated particularly in biological control.

Firstly, core research clusters (wasp venom, ecological
regulation, biological control technology) were identified
through keyword co-occurrence and hotspot analysis, and
theoretical connection gaps were discovered across fields.
For instance, a gap in mechanism analysis was observed
between research on antitumor activity of wasp venom pep-
tides and targeted drug carrier development. This gap had
given rise to key theoretical propositions including toxin
structure modification specificity and synergy of nano-deliv-
ery systems, laying a theoretical foundation for medicinal
development. In practical applications, bottlenecks in bio-
logical control technology transformation were accurately
identified by the ITGInsight visualization tool. High-value
innovation directions such as “development of interspecific
pheromones between wasps and pests” and “optimization
of large-scale breeding technologies” were clearly defined,
thus guiding scientific research resources to converge in
ecological and biological control fields. For agricultural
pest management, the regulatory potential of wasps as natu-
ral enemies was revealed, providing empirical evidence
for promoting the standardized demonstration project of
“Colony Behavior Regulation - Field Release Technology”
and helping to reduce reliance on chemical pesticides. In
ecological protection, strategic references for biodiversity
management in agroforestry ecosystems were provided by
the trend of “evolution of wasp pollination function”. Addi-
tionally, the constructed quantitative analysis framework
could be replicated and applied to similar insect resource
studies. Through dynamic data tracking, a full-chain knowl-
edge graph from basic research to bioconversion technology
could be constructed, significantly enhancing technology
transfer efficiency. This interdisciplinary integration para-
digm not only deepened theoretical understanding but also
directly empowered innovation and practical implementa-
tion of biological control technologies.

Implications of the improved bibliometric analysis
for policy and decision-making

The fine bibliometric analysis proposed in this study was
provided as an in-depth understanding of the evolution of
wasp research and was laid as the foundation for policies
and decision-making in ecology, agronomy, and medicine.
By mapping out prominent trends, this analysis serves as a
valuable tool for policymakers and industry stakeholders,
with specific applications including guiding healthcare and
biomedical policies, informing agricultural and ecological
strategies, supporting industrial innovation, and optimizing
strategic research funding and cooperation.

Firstly, key technology clusters such as “bee colony
behavior regulation” and “large-scale breeding” should
be analyzed and identified. Priority could be given to

@ Springer



International Journal of Tropical Insect Science

formulating subsidy policies for “integrated application of
ecological pest control technologies for wasps”, and estab-
lishing standardized bases and release procedures in fruit
and vegetable production areas to reduce pesticide depen-
dence. Subsequently, in the field of ecology and public
security, guiding documents for habitat protection and secu-
rity prevention and control be formulated in conjunction to
standardize development risk assessment. By leveraging the
achievements of “Standardization of First Aid Techniques
for Bee Venom Allergy”, efforts should be made to encour-
age health and wellness departments to be improved in
relevant emergency response norms, and to be built in com-
munity emergency networks and antivenom serum reserves.
Finally, in terms of international cooperation, based on the
technological complementarity among China, the United
States, and Europe, efforts should be made to promote the
international joint research project on ecological regulation
and resource utilization of wasps, and to facilitate technol-
ogy sharing and the joint construction of venom databases.
Despite challenges such as climate adaptability and safety
standards, the metrological framework constructed in this
study was provided as a core tool for the above-mentioned
precise policy implementation. Through the pilot feedback
mechanism and popular science education, the huge eco-
logical and economic value of wasp research in the field of
biological control could be systematically released.

Limitations of the current study

Bibliometric analysis was considered a useful tool for sys-
tematic review and assessment of research and development
in a specific field. The analysis of spatio-temporal growth
trends, research and innovation hotspots and develop-
ment limitations of wasp-published articles were outlined.
However, it was noted that by searching terms associated
with wasps within documents’ keywords, titles, abstracts,
authors, and assignees to retrieve data from the WoS Core
Collection, some articles contributing to the field might have
been missed. This limitation is underscored by searches in
other databases; for instance, using alternative terms such
as “hornets” or “yellowjackets” in conjunction with “bib-
liometrics” can yield additional relevant results that were
not captured by our WoS query. Consequently, publica-
tions using such alternative terminology were potentially
excluded from our analysis. Moreover, screening, filtering,
and synonym merging during data processing were recog-
nized as processes subjected to minimal subjectivity. For
future studies, the use of multiple databases beyond WoS
was recommended to enable comparison and coverage of
additional relevant information.
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Conclusion

This study conducted a bibliometric analysis of 9,436 pub-
lications, depicting the evolution of global wasp research
(2014-2024) and revealing a field increasingly defined by
its involvement in pressing societal challenges. The collab-
orative infrastructure has been integrated into a strategic,
application-oriented network centered on major contributors
such as the United States, China, and Brazil, reflecting the
attention various countries pay to global challenges in wasp
research. While these powerful alliances reflect a concern
for large-scale issues, the relative isolation of some experts
was identified as a factor hindering the timely sharing of
their foundational biological knowledge with the broader
community. This impedes the application of such knowledge
to practical problem-solving, resulting in an underutiliza-
tion of expertise. Furthermore, the sustained prominence of
“Biological Control” and “Taxonomy” is directly linked to
the urgent needs of sustainable agriculture and biodiversity
conservation. The rise of “Transcriptome” research marks a
key shift toward solving mechanistic puzzles in venom bio-
chemistry and species discovery. Through this bibliometric
approach, changes in the global research direction of wasps
are clearly presented, providing an overview of recent prog-
ress for researchers worldwide and offering a reference for
future research goals. The pathways for the dissemination
and translation of wasp research outcomes are also clarified.
Journals such as Zootaxa are highlighted as important chan-
nels for disseminating findings, providing researchers with
more platform options to showcase their work and helping
to ensure the prompt visibility of new results. These find-
ings provide a strategic and evidence-based foundation for
guiding future research. To address the identified challenges
through actionable goals, several priorities are suggested,
such as optimizing the deployment of parasitic wasps for
targeted pest management. In addition, the development of
genomic tools for rapid species identification in conserva-
tion contexts is recommended, and the establishment of
systematic bioprospecting projects is proposed to formally
link taxonomic expertise with pharmacological screening.
Most importantly, the promotion of collaboration is empha-
sized as indispensable, particularly cooperation that builds
bridges between isolated taxonomic experts and applied
research teams globally.

This study clarifies that wasp research is evolving into a
more coherent and problem-solving undertaking. By trans-
lating the identified problems into specific solution goals,
such as integrating the knowledge of taxonomic experts
and establishing interdisciplinary translation mecha-
nisms, a problem-centered development roadmap has been
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formulated. This roadmap aims to provide clear guidance
for wasp research and to maximize the scientific and social
impact of the field. It is intended not merely to stimulate
further research, but to help address practical challenges
in ecological restoration, sustainable agricultural develop-
ment, and human health security. The ultimate goal is to
ensure that more research achievements are produced in
this field, that these achievements exert practical value, and
that the societal significance of academic research is thereby
enhanced.
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