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ABSTRACT 
Ecohydraulics requires the integration of diverse skill sets to understand the complex inter
actions among hydraulic, biological, and ecological processes in aquatic environments, par
ticularly under the influence of natural and anthropogenic change. This article presents 
findings from a community survey conducted at the 15th International Symposium on 
Ecohydraulics and Fish Passage (ISE-FP 2024) and compares them to those of a similar sur
vey conducted at ISE 2018, with a particular focus on early-career researchers. We examine 
demographic trends, perceived challenges within the field, self-assessed competencies across 
general, technical, and emerging skills and identify training needs, seminar interests, and 
emerging technologies considered relevant to ecohydraulics. While demographic patterns 
and disciplinary challenges remain broadly consistent with previous findings, South 
American and African participation increased. Both early- and senior-career participants 
report confidence in traditional skills, such as literature review, fieldwork, and numerical 
modeling, but lower confidence in emerging technologies, including machine learning, 
uncrewed aerial vehicles, and artificial intelligence. Participants highlight the need for 
improved training in these technologies, interdisciplinary collaboration, and soft skills. These 
findings underscore the evolving needs of the ecohydraulics community and the importance 
of adapting education and professional development opportunities to support innovation, 
inclusivity, and cross-disciplinary engagement.
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1. Introduction

Ecohydraulic studies first appeared in the peer- 
reviewed literature in the late twentieth century 
(Figure 1a), as researchers began to face challenges 
and limitations in traditional hydraulic river engin
eering approaches for evaluating the biological and 
ecological impacts of altered flow regimes on fresh
water ecosystems (Wilkes et al. 2016). Initially, eco
hydraulics was considered a subdiscipline of 
ecohydrology (Wood et al. 2008). Eventually, spe
cific definitions emerged, highlighting that the 

difference lies, among others, in spatial scale and 
timelines. Ecohydrology deals with hydrology-biota 
interactions at larger scales, often addressing popu
lation or community-level responses (Zalewski 
2000), while ecohydraulics focuses on the relation
ship of (individual) organisms to smaller-scale 
“hydraulic processes resulting from moving water” 
(Gosselin et al. 2019). With a publication ratio of 
10:1 (Figure S1), ecohydrology is generally consid
ered more diverse than ecohydraulics (Gosselin 
et al. 2019).

CONTACT M�onica Basilio Hazas monica.basilio@fau.de GeoZentrum Nordbayern, Friedrich-Alexander-Universit€at Erlangen-N€urnberg (FAU), 
Erlangen, Germany; Daniel S. Hayes daniel.hayes@boku.ac.at BOKU University, Department of Ecosystem Management, Climate and 
Biodiversity, Institute of Hydrobiology and Aquatic Ecosystem Management, Vienna, Austria. 

Supplemental data for this article can be accessed online at https://doi.org/10.1080/24705357.2026.2718924. 

� 2026 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow 
the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

JOURNAL OF ECOHYDRAULICS 
https://doi.org/10.1080/24705357.2026.2718924 

http://crossmark.crossref.org/dialog/?doi=10.1080/24705357.2026.2718924&domain=pdf&date_stamp=2026-09-05
http://orcid.org/0000-0002-5925-9426
http://orcid.org/0009-0007-7664-1022
http://orcid.org/0000-0002-2033-9197
http://orcid.org/0009-0005-5494-4394
http://orcid.org/0009-0007-0545-5177
http://orcid.org/0000-0003-1272-4236
http://orcid.org/0009-0004-8687-5760
http://orcid.org/0009-0005-9410-5368
http://orcid.org/0000-0001-7655-784X
http://orcid.org/0000-0001-5121-4197
http://orcid.org/0009-0005-1300-8022
http://orcid.org/0009-0005-5068-6236
http://orcid.org/0000-0002-1866-1013
http://orcid.org/0000-0003-3709-8630
https://doi.org/10.1080/24705357.2026.2718924
https://doi.org/10.1080/24705357.2026.2718924
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com
https://doi.org/10.1080/24705357.2026.2718924


The recognition of bridging engineering and 
ecology to answer applied questions, particularly 
related to river hydraulic infrastructures such as 
dams, gave wind to the new discipline of ecohy
draulics (Pinheiro et al. 1996). The Instream Flow 
Incremental Methodology (IFIM) was one of the 
first approaches to explicitly link hydraulics to habi
tat quality by using quantitative hydraulic parame
ters (e.g. water depth, flow velocity) to predict 
ecological response to flow alterations, thereby sup
porting river management decisions (Bovee 1982; 
Bovee et al. 1998). The first decades focused on the 
development of more integrative approaches and 
tools to evaluate how hydraulic parameters influence 
the distribution, behavior, and health of aquatic spe
cies (Maddock et al. 2013; Lancaster 2018; Boavida 
et al. 2020) including riparian and floodplain proc
esses. This entailed also actions aimed at defining 
and developing integrated methods and models to 
assess the interactions between aquatic organisms 
and their habitat (Maddock 1999; Harby 2004). 
Together with a growing body of literature 
(Figure 1a), the ecohydraulics community started to 
articulate the distinct identity of ecohydraulics as an 
emerging discipline, including dedicated conferences 
(e.g. the biennial International Symposium of 
Ecohydraulics) and journals (e.g. Kemp and 
Katopodis 2016), and its potential to bridge the tradi
tional divide between engineering and natural scien
ces (Nestler et al. 2016). As such, ecohydraulics is 
inherently interdisciplinary, defined as the integra
tion of knowledge, methods, and theories from dif
ferent disciplines into new perspectives, methods, 
and theories (Salmela et al. 2026), as it embraces 
interactions and the dynamic interplay among 

hydrodynamic, biological, and ecological processes in 
aquatic environments. The regional origin of recent 
publications (Figure 1b) shows that ecohydraulics 
researchers are mostly based in Europe (53%), fol
lowed by North America (21%) and Asia (17%). 
Regarding Asia, China leads the publications on 
ecohydraulics.

The evolution of ecohydraulics has been marked 
by an increasing emphasis on interdisciplinary col
laboration and integration of advanced tools and 
techniques (Harby 2004). While early ecohydraulic 
studies focused primarily on fish habitats (e.g. Bovee 
1982; Bovee et al. 1998; Katopodis 2012), particu
larly in the context of environmental flows (Tharme 
2003; Acreman et al. 2014), the scope of the discip
line has since expanded to encompass a broader set 
of interactions among hydrodynamics, morphody
namics and biota (Rice et al. 2010; Casas-Mulet 
et al. 2016). More recently, ecohydraulics has 
increasingly addressed pressing challenges such as 
freshwater habitat degradation and climate change 
impacts (Boavida et al. 2020; Du et al. 2025), calling 
for holistic, evidence-based approaches to mitigation 
and restoration, besides interdisciplinary research 
and management efforts to address these global 
issues (Cooke et al. 2026). Despite its inherent inter
disciplinary vocation, the community is aware that 
significant knowledge gaps and fragmented collabor
ation across disciplines constrain its ability to 
address complex ecological challenges effectively 
(Woo 2010; Boys et al. 2016; Wilkes et al. 2016; 
Gosselin et al. 2019).

The demographic composition of the ecohydraulics 
community plays a critical role in shaping its inter
disciplinary potential and capacity for innovation. The 

Figure 1. (a) Number of ecohydraulic publications per year (left axis) and cumulative number of the same publications (right 
axis), and (b) regional origin of the same publications since 2015. SCOPUS search conducted on 4 February 2026 with TITLE- 
ABS-KEY containing “ecohydraulics” or “eco-hydraulics”, and including publications up to the end of 2025. Regional origin is 
taken directly from the SCOPUS statistics. We note that this search is not exhaustive, as publications addressing ecohydraulic 
topics may not explicitly contain the term “ecohydraulics” in the search criteria (e.g. Yang et al. 2024; Zhou et al. 2024).
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community encompasses researchers from diverse 
disciplines, including hydraulic engineering, aquatic 
ecology, and environmental science. However, working 
in such diverse groups poses additional challenges to 
be solved through collaboration (Specht and Crowston 
2022). In particular, Early Career Researchers (ECRs) 
are recognized as pivotal in bridging knowledge gaps 
and advancing interdisciplinary progress through 
collaborative research (Specht and Crowston 2022; 
Casas-Mulet et al. 2023). Following the European 
Commission recommendations (Council of the 
European Union 2023), ECRs are typically character
ized not by age, but by research experience and career 
stage (Boeren et al. 2015; Signoret et al. 2019; Christian 
et al. 2021; Amaral et al. 2024; Br€utt et al. 2024), exem
plified by the use of “early-career” rather than “young.” 
This includes individuals in R1—First Stage Researcher 
(up to doctoral researchers) and R2—Recognized 
Researcher (postdoctoral, not fully independent) pro
files and junior faculty.

Despite their potential to drive interdisciplinary 
research, many ECRs face institutional barriers that 
hinder their effective engagement (Wierenga et al. 
2025). Notably, education and training initiatives 
often remain underprioritized (Wilkes et al. 2016), 
leaving many ECRs underprepared to effectively 
apply scientific tools and methods in ecohydraulics 
and engage in multidisciplinary collaboration (Casas- 
Mulet et al. 2023). These barriers mirror those 
reported in other interdisciplinary fields and include 
limited access to resources, a lack of interdisciplinary 
mentorship, unclear career pathways, restricted pro
fessional networks and slow acceptance within the 
broader scientific community (Vladova et al. 2025; 
Salmela et al. 2026). Many ECRs face pressures to 
prioritize research over teaching, contend with ques
tionable research practices, and endure strains on 
their health and personal lives (Mula et al. 2022).

This contribution has three objectives: first, to 
assess the current disciplinary landscape and demo
graphics of the ecohydraulics community and com
pare it with the findings of the work of Casas-Mulet 
et al. (2023); second, to identify the most pressing 
challenges in ecohydraulics based on the benchmark 
provided by Wilkes et al. (2016)—the consolidation 
of ecohydraulics as a discipline with its own funda
mental concepts, tools, collective vision and para
digms, bridging natural and social sciences and a 
strong formation of ECRs at an international scale; 
and third, to discuss how ECRs evaluate their pre
paredness across a broad range of general, technical 
and emerging-technology skills relevant to ecohy
draulic research and application. Here, we consider 
emerging technologies as those with recent applica
tions in the field of ecohydraulics, even if they may 
be well-established in other fields. To this end, we 

conducted an online survey to map challenges and 
opportunities in ecohydraulics (Wilkes et al. 2016) 
and assess the skills of ECRs with regard to a range 
of scientific tools and methods. We identify and 
group those skills and emergent technologies and 
discuss their relevance in guiding the future direc
tions of the ecohydraulics discipline.

2. Methods

We developed an anonymous online survey (Google 
Forms) as part of the early-career pre-conference 
workshop of the 15th International Symposium on 
Ecohydraulics and Fish Passage (ISE-FP 2024) held 
in Qu�ebec City, Canada, from 5 to 9 May 2024. The 
survey was based on prior Early Career on 
Ecohydraulics Network (ECoENet) workshops from 
2016 (Wilkes et al. 2016) and 2018 (Casas-Mulet 
et al. 2023), allowing us to identify trends through 
repeated questions. The survey consisted of 42 ques
tions divided into four sections.

The first section was about educational back
ground and professional development, with seven 
questions covering continent of work, career stage, 
age, gender, academic and professional training, and 
research macrotopics (Casas-Mulet et al. 2023). The 
second section addressed challenges in ecohydraul
ics, asking respondents to rate their agreement on 
five major challenges defined by Wilkes et al. 
(2016), using a six-tier scale (“strongly agree” to 
“strongly disagree”). The third section assessed self- 
rated skills also on a six-tier scale (from “excellent” 
to “no experience”). The skills were identified by the 
authorship team and grouped into two general 
areas: general skills (15 questions ranging from field 
surveys to experimental work, spatial analysis, com
puter programming, project management, and sci
ence communication) and emerging technologies 
(nine questions). The final section included four 
open-ended questions to understand and identify 
additional challenges, emerging technologies, and 
required skills needed to excel in ecohydraulics, par
ticularly those not covered by Wilkes et al. (2016) 
or in previous workshops, as well as preferred sem
inar topics.

The online survey was distributed during the 
ISE-FP 2024 conference. However, to reach a larger 
and global participation, the call to complete the 
survey was distributed widely by means of circulat
ing emails, newsletters, professional societies, and 
social media (X and LinkedIn). The global distribu
tion was largely based on the contacts of ECoENet 
and the mailing lists of the ISE-FP 2024 organizers 
and the International Association for Hydro- 
Environment Engineering and Research (IAHR). 
The online survey ran from April to October 2024.
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We analyzed the multiple-choice and six-tier scale 
rating questions quantitatively and expressed them in 
percentage of participants. First, we compared the 
demographics of the current study with respect to 
the previous one (Casas-Mulet et al. 2023). For fur
ther analysis, we divided the participants into two 
career stages: early-career researchers (ECRs) and 
senior researchers, using age group as a proxy for 
career stage (Table S1). Skills were classified into 
three categories: ‘general skills’, ‘technical skills’, and 
‘emerging skills’. Responses were then analyzed by 
skill group, rating level and by career stage.

We analyzed the open-ended question about 
skills needed in ecohydraulics by disaggregating 
complex answers into individual entries. For 
instance, if a person replied, “Researchers need skills 
for geographical information systems (GIS), as well 
as for using uncrewed aerial vehicles (UAV)”, the 
answer would be divided into “GIS” and “UAV”. All 
responses were categorized into specific topics, 
which were then grouped. Lastly, we counted how 
many individual entries belonged to each topic. The 
frequency of individual entries per topic was used as 
a proxy for their perceived relevance. We followed a 
similar procedure for emerging technologies, the 
challenges, and the seminars.

3. Results

3.1. Survey demographics

The number of respondents to the survey in 2024 
was comparable to that of 2018 (105 and 103 
respondents, respectively). In 2024, most of the par
ticipants were between 26 and 45 years old (72%), 
compared with 63% in 2018 (Casas-Mulet et al. 
2023). ECRs (n¼ 47) accounted for 46% of the par
ticipants, while 55% were senior scientists (n¼ 58) 
(Table S1). Only 21% of the participants identified 
as female. Eleven females were ECRs (23% of total 
ECRs) and eleven senior scientists (19% of total 
senior scientists); no female respondent was 
>55 years old, a notable decrease from 39% female 
participation in 2018. This underrepresentation was 
consistent across all subjects, with Earth Science 
having the highest female percentage (33%) and 
Engineering the lowest (16%).

As in 2018, most participants continue to be 
employed in Europe (�60% in both years). However, 
the 2024 survey shows a clear increase in participants 
from South America and Africa (Figure 2a). The 
location of employment generally mirrors the pattern 
observed in the geographic distribution of ecohy
draulics publications authors (Figure 1b).

While the disciplinary background distribution 
remains broadly consistent (Engineering>Biological 

Sciences> Interdisciplinary>Earth Sciences), there 
is a notable increase in participants with engineering 
backgrounds in 2024 (Figure 2b). Additionally, par
ticipation from private-sector professionals, perman
ent researchers, and graduate students increased. In 
both surveys, PhD candidates and temporary 
researchers represent the most dominant career 
position (Figure 2c).

The distribution of the most dominant research 
macrotopics is similar across both surveys. 
Although, in 2024, a higher proportion of partici
pants reported working in hydrology and hydraulic 
modeling (Figure 2d). Among those studying biota, 
most focus on fish, with fewer participants studying 
invertebrates and aquatic, riparian, and floodplain 
vegetation. Ecohydraulics social aspects remain 
underrepresented, with fewer than 5% of partici
pants identifying this as a research focus.

Additionally, we compared the demographic dis
tribution of macrotopics by career stage and gender 
for the year 2024, to see if there was any particular 
silo within the community. In general, we found 
very similar trends for both career stages. The same 
applies for gender balance across the different mac
rotopics, except for invertebrate, vegetation, and 
estuarine responses (Figure S2).

3.2. Major challenges in ecohydraulics

The major challenges identified by the ecohydraulics 
community remained largely consistent with those 
reported by Wilkes et al. (2016) (Figure 3). 
Participants continued to express strong agreement 
with the same five core issues: (1) understanding 
biophysical relationships, (2) fostering interdiscipli
nary integration and cooperation, (3) ensuring 
transferability across temporal and spatial scales, (4) 
strengthening links to management, and (5) enhanc
ing public and political engagement.

Additionally, 12% of the participants identified 
additional challenges. One of these challenges 
addressed the working conditions, in particular, the 
capacity of planning and achieving stable career 
paths for ECRs. Other concerns included the 
impacts of climate change, the integration of 
advanced technologies, the role of policies and regu
lations, and the availability and accessibility of high- 
quality data.

3.3. Skills in ecohydraulics: self-evaluation and 
needs

In the next section of the survey, the participants 
rated their proficiency across a range of skills in dif
ferent technologies relevant for ecohydraulics and 
identified training gaps. The responses revealed a 
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substantial disparity between self-assessed compe
tence in general and technical skills versus emerging 
technologies (Figure 4). Most participants perceived 
themselves as having a strong expertise in general 
and technical skills (Figure 4a-b). In contrast, nearly 
40% of all participants indicated having no 

experience with emerging skills (Figure 4c), high
lighting a significant training gap in areas such as 
machine learning and remote sensing.

No significant differences were observed in rated 
scientific skills between ECRs and senior researchers 
(Figure 5). Interestingly, ECRs tended to rate 

Figure 2. Comparison of demographic (a) by geographical location, (b) professional background, (c) career position, and 
(d) research macrotopics between the 2018 and 2024 surveys. All values are in percentages.

Figure 3. Agreement with major challenges in ecohydraulics as proposed by Wilkes et al. (2016).
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themselves slightly higher even in areas where senior 
researchers would be expected to have more experi
ence, such as in scientific writing and literature 
analysis (Figure 5a). While both groups rated them
selves similarly in the traditional skills (Figure 5b), a 
wider variability emerged in responses related to 
emerging skills (Figure 5c). The type of emerging 
technology appeared to play a minor role, because 
overall self-assessed expertise remained low across 
all categories. The low experience of artificial intelli
gence (AI) could be due to the survey closing before 
the extensive increase of AI generative models in 
2025.

In response to the open-ended questions, partici
pants mentioned both previously listed skills and 
emerging technologies, while also introducing new 
ones. To ensure completeness, all responses were 
considered in the survey results. Based on the full 
set of responses (n¼ 186), we identified three over
arching skill categories essential for advancing in 
ecohydraulics: (1) modeling, analysis, and data sci
ence, (2) personal and professional skills, and (3) 
data collection.

Figure 6 illustrates the relevance of specific 
topics, with circle sizes representing the frequency 

of mentions (detailed numbers are in Table S2 of 
the Supplementary Material). Skills related to mod
eling, analysis, and data science were most fre
quently cited (47% of all responses). Among them, 
computer programming and statistics were promin
ent, with 20 and 19 mentions, respectively. 
Additionally, 38 of the participants emphasized the 
importance of soft and personal skills, with the abil
ity to work across disciplines being the most fre
quently mentioned (20 times). In contrast, only 15% 
of responses focused on data collection, with field 
work being the dominant topic (12 mentions).

Although not considered skills per se, participants 
also identified the importance of process under
standing and expanding their knowledge in ecohy
draulics-related subjects. The most frequently 
mentioned knowledge domains included hydraulic 
engineering, fluid mechanics, ecology, hydrology, 
and biology (Table S3).

3.4. Emerging technologies

Survey participants mentioned a total of 35 differ
ent emerging technologies in ecohydraulics (14 
already mentioned in the survey (Figures 5b & 5c) 

Figure 4. Distribution of aggregated ratings for (a) general, (b) technical, and (c) emerging skills.
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and 21 additional ones). We classified these tech
nologies into three groups: (1) data collection and 
monitoring technologies, (2) data analysis and 
modeling, and (3) technological/innovative end- 
user applications.

Figure 7 presents a bubble chart of these emerging 
technologies, with bubble size indicating the frequency 
of mentions (details in Table S4 of the Supplementary 
Material). Unlike skills, most technologies (53%) were 

related to data collection and monitoring, with remote 
sensing being the most frequently mentioned (19 
times), followed by biotelemetry, uncrewed aerial 
vehicles (UAVs; commonly known as drones), and 
sensors (15 mentions each).

Emerging technologies related to data analysis 
and modeling accounted for 40% of the responses, 
with artificial intelligence (AI) standing out as the 
most dominant tool (23 mentions). In contrast, 

Figure 5. Ratings for different scientific skills broken down by career stage and divided in (a) general, (b) technical, and 
(c) emerging skills.
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end-user applications received less attention, com
prising only 13% of responses.

Overall, the strong emphasis on data acquisition 
and analysis underscores the critical role of high- 
quality, scalable data in advancing ecohydraulics 
research and practice.

3.5. Topics for seminars

A total of 65 respondents provided inputs on pre
ferred seminar topics, mentioning one or more 
subjects, resulting in 78 distinct topics (Table 1). 
These topics were categorized into three groups: 
(1) data collection and field work, (2) modeling, 
analysis, and data science, and (3) knowledge and 
competencies.

Like the skill-related responses, participants pri
marily expressed interest in disciplinary and tech
nical topics. Remote sensing and machine learning/ 
artificial intelligence were frequently mentioned 
(8 and 7 times, respectively), followed by biophysical 
models and biophysical relationships (6 times each). 
Advanced sensors and technologies, along with field 
measurement techniques integrating new tools, were 
also commonly mentioned (5 times each).

However, the interest in seminar topics extended 
beyond emerging technologies. For example, 
respondents highlighted the importance of science 
communication, particularly in addressing the chal
lenges of communicating science to policymakers as 
a valuable seminar topic. Suggested topics ranged 
from broad themes, such as biophysical modeling 
and the understanding of biophysical relationships, 
to more focused areas like climate change, wetland 
biodiversity, and plastic transport. A detailed list 
with seminar subject groups and examples is pro
vided in Table S5 of the Supplementary Material.

4. Discussion

The results of this study highlight key trends and 
persistent challenges shaping the field of ecohydraul
ics. These include the deeply interdisciplinary nature 
of the discipline, the evolving role of ECRs, and the 
notable gaps in skills and expertise related to emerg
ing technologies and data-driven methods, including 
machine learning. The findings also highlight 
the urgent need to strengthen training programs 
and professional development opportunities to 
support researchers in addressing the growing 

Figure 6. Bubble chart illustrating skills that researchers need to excel in the field of ecohydraulics based on survey responses 
(n¼ 186). Responses were grouped into three skill categories (turquoise). The circle size of the topics (light green) represents 
the frequency of mentions.
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demands of ecohydraulic research and its real-world 
applications.

4.1. Demographics in ecohydraulics

The demographics of the 2024 survey respondents 
are similar to those of 2018 (Casas-Mulet et al. 
2023), particularly with respect to geographical dis
tribution and professional background. Engineering 
continues to represent the largest proportion of 
respondents, which underscores the need to engage 
with biologists, ecologists, and social scientists. 
Europe remains the dominant region. This trend 
reflects the longstanding legacy of the ecohydraulics 

community, rooted in the European river hydraulics 
tradition, which is also observed in the share of 
publications by region (Figure 1b). However, a 
noticeable increase in engagement from South 
America and Africa suggests a growing global par
ticipation (Figure 2a). For example, a study per
formed a three-dimensional analysis of two Amazon 
tributaries (Brazil), linking river hydraulics with bio
energetic metrics to explain species abundance and 
diversity (Gualtieri et al. 2020). More recently, 
Ngcobo et al. (2025) assessed which habitat features 
drive fish community patterns in the South African 
uMsunduze River catchment. While these are prom
ising developments, reflecting the growing global 

Figure 7. Bubble chart illustrating emerging technologies in ecohydraulics based on survey responses. These technologies 
were grouped into three categories (turquoise). The circle size of the emerging technologies (light green) represents the fre
quency of mentions.

Table 1. Main subject groups for proposed seminar topics.
Seminar subject groups Frequency

Data collection and field work (n¼ 21) Remote sensing 8
Advanced sensors and technologies 5
Field measurement and monitoring 5
Others 3

Modeling, analysis, and data science (n¼ 25) Machine learning and artificial intelligence 7
Biophysical modeling 6
Spatial analysis 4
Others 8

Knowledge and competencies (n¼ 32) Biophysical relationships 6
Statistics 5
Science communication 4
Others 17
Total 78
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interest in ecohydraulics, scholars in these regions 
may face additional challenges, including data access 
and scarcity, unsafe field-work conditions, insuffi
cient funding and infrastructure, and broader eco
nomic and political instabilities (Ciocca and 
Delgado 2017; Kumwenda et al. 2017). Although 
relatively small, the increase of Asian participation 
in the 2024 survey is also interesting because the 
2018 ecohydraulics conference was held in Tokyo. 
Indeed, we see a growing body of literature from 
China, where topics of interest include, e.g. dams 
and urban environments (Zhang et al. 2022; Chen 
et al. 2023; Wang et al. 2023; Zhou et al. 2024).

The low percentages of female participation (39% 
in 2018 and 21% in the current survey) align with 
broader gender disparities observed in engineering 
disciplines (Cheryan et al. 2024; Galvin et al. 2024). 
Regarding the significant decline in female participa
tion, continuous monitoring of the community may 
help to understand whether the drop was specific to 
the 2024 survey, or it is a trend. Nevertheless, the 
importance of fostering inclusivity for gender, geo
graphical origin and background, remains clear, and 
it is encouraging to see the growing representation 
of women within the International Association for 
Hydro-Environment Engineering and Research 
(IAHR) community (IAHR 2025).

A growing polarization in participants’ profes
sional backgrounds is evident, with an increased 
representation of engineering and a corresponding 
decline in other disciplines (Figure 2b). This trend 
may be linked to the IAHR’s intensified focus on 
ecohydraulic topics (Pasternack et al. 2023), which 
could be attracting more professionals from engin
eering fields. In parallel, the increased proportion of 
permanent researchers and private sector respond
ents (Figure 2c) may indicate the aging of the early- 
career cohort surveyed in 2018 (Casas-Mulet et al. 
2023), as many transition into more established 
roles in academia or industry.

Despite the different backgrounds, the primary 
research focus for most participants is on hydraulic 
modeling and physical habitat-flow interaction 
(Figure 2d). However, the ecohydraulics community 
continues to face challenges integrating social, eco
nomic, legal and humanistic aspects (Alp et al. 2023; 
Hayes et al. 2023). This struggle is mirrored in 
broader difficulties at the science-management- 
policy interface (Hayes 2025), reflecting existing 
challenges and barriers to interdisciplinary integra
tion of social-humanistic and STEM disciplines in 
both education and applied projects (Milman et al. 
2017; Helgeson et al. 2022). Additionally, the repre
sentation of researchers focusing on biota beyond 
fish remains low (Figure 2d), emphasizing the need 

to broaden bioecological perspectives and interdisci
plinary engagement.

The period between the 2018 ISE in Tokyo, 
Japan, and the 2024 ISE-FP in Qu�ebec City, Canada, 
was also marked by the COVID-19 pandemic, which 
has transformed academic workflows and research 
practices. While the rise of remote and hybrid for
mats redefined how knowledge is shared and collab
orations are fostered (Garc�ıa-Morales et al. 2021), 
e.g. by improving local and global accessibility, it 
also limited in-person networking and hands-on 
training. This shift is particularly relevant to the 
evolving demographics of the ecohydraulics commu
nity, especially the aging of ECRs. As a result, 
today’s ECRs operate in a professional landscape 
different from that of 2018, navigating both new 
opportunities for virtual collaboration and chal
lenges of reduced interdisciplinary in-person net
working and field-based experience. As the 
community adjusts, these changes influence research 
and skill development. The growing share of per
manent researchers and private sector professionals 
(Figure 2c) may partly reflect post-pandemic shifts 
in academic and professional structures. ECRs now 
face both expanded opportunities for collaboration 
and the realities of an increasingly digital research 
environment.

While this analysis provides valuable insights into 
the current state and future direction of the ecohy
draulics community, it is important to acknowledge 
several limitations. The survey was based on volun
tary participation, introducing potential selection 
bias, and the risk of underrepresentation of specific 
regions, sectors, or demographic groups. For 
instance, the lower response rates from specific geo
graphic areas or occupational backgrounds may 
limit the generalizability of the findings. 
Furthermore, the open-ended responses regarding 
preferred seminar topics—though informative—may 
reflect more immediate individual interests rather 
than a comprehensive or balanced assessment of the 
community’s training needs. As such, the results 
should be interpreted as a snapshot of current per
ceptions rather than a definitive agenda, offering an 
indicative rather than exhaustive guidance for future 
directions.

4.2. Emerging technologies in ecohydraulics

Ecohydraulics is undergoing a technological shift, 
with new tools transforming how we observe, 
model, and manage aquatic systems. Survey 
responses indicate that while technical skills remain 
unevenly distributed across the community, there is 
growing awareness of, and demand for, advanced 
methods—particularly those linked to data 
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acquisition, automation, and behavioural observa
tion. Indeed, most of the open answers relate to 
data acquisition, analysis and interpretation—not 
only in the skills and emerging technologies 
(Figures 6, 7), but also in the seminar demands 
(Table 1). In the following section, we underline a 
selection of emergent technologies, many of which 
were also identified in the open questions 
(Figure 7).

Historically, ecohydraulics researchers have 
focused on assessing the impacts of (altered) flow 
regimes and hydraulic conditions on aquatic organ
isms, especially fish (Bovee 1982; Bovee et al. 1998; 
Katopodis 2012). More recently, these topics have 
been studied through an increasing use of sensor- 
based fish tracking and biologging devices (Boavida 
et al. 2020) as well as large-scale ecohydraulic mod
eling (Du et al. 2025). These innovations provide 
critical ecological feedback while also supporting 
evidence-based decision-making in the management 
of aquatic ecosystems and hydraulic infrastructure 
(Brooks et al. 2017; Verhelst et al. 2022; Cooke et al. 
2023).

An emerging frontier within the field is ethohy
draulics, which integrates hydraulics with animal 
behavior to better understand how aquatic organ
isms interact with dynamic flow environments 
(Knapp et al. 2019; Lehmann et al. 2022). This sub
discipline relies heavily on advanced technologies 
such as biotelemetry, high-resolution video tracking, 
underwater robotics, and real-time monitoring sys
tems, allowing for detailed, non-invasive observation 
of aquatic fauna (Cooke et al. 2012; Fuentes P�erez 
2019; Haas et al. 2024; Naudascher et al. 2024). 
These tools not only deepen our understanding of 
habitat use and migration patterns but also enhance 
accurate validation of ecohydraulic models (Mawer 
et al. 2023).

In applied contexts, particularly in the hydro
power sector, emerging technologies play a pivotal 
role in balancing energy production with ecological 
sustainability. Kougias et al. (2019) emphasize the 
shift toward digitalization, flexible turbine operation, 
and environmentally sustainable practices through 
fish-friendly infrastructure design and impact miti
gation. Emerging technologies include advanced 
electro-mechanical components, real-time monitor
ing systems, and digital control platforms that facili
tate more adaptive and efficient plant operations.

Across the ecohydraulics field, scientists are 
increasingly using UAVs, remote sensing platforms, 
and AI-driven models to map river morphology, 
monitor habitat changes, and simulate future sce
narios under changes in climate or management 
approaches (Andualem et al. 2024; Yauchi et al. 
2024), as well as for end-user applications 

(Sarajzadeh and Bekhoda 2021). These tools signifi
cantly enhance the spatial and temporal resolution 
of ecohydraulic analysis, offering scalable solutions 
from site-specific restoration efforts to basin-wide 
planning strategies (Woellner and Wagner 2019; 
B€atz et al. 2025).

Nevertheless, the integration of such technologies 
is not without its challenges. Many require substan
tial financial investments, specialized technical 
expertise, and interdisciplinary collaboration—bar
riers that persist across parts of the community 
(Chapter 4.1). As the field evolves towards a more 
data-intensive and organism-behavior-informed 
paradigm, widespread adoption will require stronger 
support systems, including access to shared datasets, 
open-source tools, and collaborative frameworks 
bridging engineers, ecologists, and data science 
experts. A notable initiative in this regard is the 
open tag protocol of the European Tracking 
Network, which allows for pan-European data shar
ing and collaboration on fish biotelemetry detection 
(ETN 2025). As data acquisition improves, analysis 
and machine learning interpretation also gain rele
vance, reflected in the high perception of AI and 
machine learning algorithms as emergent technolo
gies (Figure 7). Moreover, with the strong increase 
of AI tools and large language models (LLMs), in 
particular between 2023 and 2025, it is possible that 
the community has gained experience with emerging 
skills associated with programming, coding and 
(generative) AI since the closure of the survey. Yet, 
the full extent of AI use remains to be assessed.

In summary, emerging technologies are not only 
redefining what ecohydraulics can study but also 
transforming how they can contribute to more 
adaptive, responsive, and ecologically sensitive water 
management. Continued progress in this domain 
will depend on sustained investment in the institu
tional, technical, and collaborative frameworks 
necessary to foster innovation, accessibility, and 
inclusivity across the ecohydraulics community.

4.3. Education and training in ecohydraulics

The value of interdisciplinary and transdisciplinary 
research addressing complex societal and environ
mental challenges is widely acknowledged (e.g. 
Lawrence et al. 2022). Over the past decade, this 
recognition has spurred a growing body of literature 
documenting practical experiences (e.g. Kluger and 
Bartzke 2020), as well as the development of frame
works for the design and management of interdisci
plinary research projects (Laursen et al. 2024; 
Deutsch et al. 2025a, 2025b). However, significant 
barriers remain—particularly regarding academic 
recognition and career progression of ECRs engaged 
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in interdisciplinary work (e.g. Wilkes et al. 2016; 
Salmela et al. 2026). Despite encouraging trends 
toward greater interdisciplinarity, these persistent 
challenges continue to affect the education, training, 
and professional development of ECRs, especially 
in inherently interdisciplinary fields such as 
ecohydraulics.

The advancement of ecohydraulics relies signifi
cantly on the skills and training of its researchers, 
particularly ECRs. The field demands a broad skill 
set, ranging from general competencies such as lit
erature analysis, project and data management, and 
science communication to more technical proficien
cies in fieldwork, hydraulic and statistical modeling, 
and experimental methodologies. Moreover, expert
ise in emerging technologies, including remote sens
ing, real-time monitoring, and machine learning, is 
becoming increasingly critical for modern data 
acquisition and analysis (Gosselin et al. 2019).

Yet despite this clear need, many ECRs report 
feeling underprepared to fully leverage these tools 
(Wilkes et al. 2016; Casas-Mulet et al. 2023). This 
gap is reflected in participants’ preferences for sem
inar topics (Table 1), which showed the greatest 
interest in practical skills and emerging tools rather 
than theoretical foundations or general scientific 
competencies such as writing, presenting, or con
ducting literature reviews. Seminar topics related to 
new technologies, including advanced modeling 
techniques and big data analytics, were prioritized, 
while more “traditional” scientific skills were notably 
absent. Nevertheless, broader topics such as bio
physical modeling and interdisciplinarity remain 
relevant, highlighting continued recognition of the 
complex nature of ecohydraulic challenges.

These preferences suggest that while the commu
nity is aware of technological innovations, they hesi
tate—or have limited access to resources—when it 
comes to developing expertise in these areas. The 
current focus appears to be on the acquisition and 
analysis of larger and more complex datasets, rein
forcing the need for hands-on training with new 
tools and methodologies. To support this transition, 
education and training programs should not only 
emphasize technological competencies but also forge 
stronger connections to real-world applications 
through industry partnerships and stakeholder col
laboration (Cooke et al. 2020; Casas-Mulet et al. 
2023).

Interestingly, little difference is observed between 
how early- and senior-career researchers perceive 
their own skill levels (Figure 5), raising questions 
around self-assessment and confidence. ECRs may 
overestimate their capabilities, a notion aligned with 
the Dunning-Kruger effect (Kruger and Dunning 
1999). The reduced opportunities for physical 

networking and peer comparison during the 
COVID-19 pandemic (Chapter 4.1) may have 
amplified this effect by limiting informal (in-person) 
feedback and benchmarking. Simultaneously, the 
growing accessibility of digital tools, including AI, 
may be lowering perceived barriers to entry, leading 
ECRs to feel more technically competent than previ
ous cohorts at similar career stages. Cultural and 
generational dynamics may also influence how 
openly individuals self-assess or communicate their 
abilities.

Lastly, some of the perceived training gaps (being 
as broad and diverse, e.g. from data science and 
modeling to fieldwork, disciplinary knowledge and 
science communication) may stem from persistent 
challenges of being an interdisciplinary researcher 
or participating in interdisciplinary collaboration 
(Salmela et al. 2026). Addressing these issues will 
require more than technical upskilling; it demands a 
re-evaluation of how ecohydraulics education values 
and integrates interdisciplinary, socially relevant, 
and systems-oriented approaches to research and 
practice.

5. Outlook

Since the last major survey in 2018, the ecohydraul
ics community has grown in both size and visibility 
within the broader water and environmental scien
ces. Networks such as ECoENet have expanded, 
with increasing participation across platforms. The 
Journal of Ecohydraulics is now indexed with a 
growing impact factor, reflecting the scientific 
maturity and relevance of the field.

A key area of attention remains the integration of 
interdisciplinary education and training. In 2021, a 
joint initiative by ECoENet and the IAHR 
Ecohydraulics Committee mapped global educa
tional offerings in ecohydraulics. While the findings 
point to a growing interest in the field, they also 
reveal that many programs remain specific to tradi
tional disciplines, particularly within engineering 
and environmental sciences. This underscores the 
persistent need for more integrated, interdisciplinary 
curricula and training. Encouragingly, awareness of 
this gap is rising, and targeted initiatives—such as 
interdisciplinary workshops, training schools, and 
mentoring—are helping to bridge it.

IAHR leadership and various ecohydraulics work
ing groups have also led to concrete initiatives bene
fiting ECRs. These include dedicated workshops, 
travel grants, and mentoring activities designed to 
foster inclusion, career development, and knowledge 
exchange (IAHR 2025). Two examples are the IAHR 
Young Professionals Hydro-Environment Challenge 
and the Young Professionals Congress (both 
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including a challenge and session dedicated to eco
hydraulics), encouraging peer-to-peer collaboration 
and presenting ecohydraulics studies to an inter
national audience.

Importantly, the post-COVID return to in-person 
events has reaffirmed the value of face-to-face inter
action. These gatherings not only facilitate the 
exchange of ideas but also play a critical role in 
building trust and collaborative relationships neces
sary for interdisciplinary work.

Since the closing of the 2024 survey, our society 
has experienced mass-accessibility to large language 
models (LLMs), like ChatGPT, Claude and 
DeepSeek, which hold tremendous potential to 
change our society and community. As ecohydraul
ics evolves toward increasingly data-intensive and 
interdisciplinary approaches, AI and language-based 
tools such as LLMs offer significant potential to sup
port research, education, and application. These 
tools can assist in automating data processing, 
enhancing model calibration and scenario forecast
ing, and enabling more efficient analysis of large 
and complex datasets such as those derived from 
remote sensing, UAV imagery, or biotelemetry. 
Beyond technical tasks, generative AI can support 
researchers at any career stage in literature reviews, 
proposal writing, science communication, and inter
disciplinary knowledge synthesis. In education and 
training contexts, AI-driven platforms can provide 
adaptive learning environments and on-demand 
mentoring, helping to address the widespread skills 
gaps identified in this study. However, realizing this 
potential will require careful integration into 
research workflows, attention to transparency and 
reproducibility, and continued emphasis on human 
oversight, collaboration, and ethical use. As the eco
hydraulics community seeks to adapt to new 
technological frontiers, AI should be seen not as a 
replacement, but as a catalyst for innovation, acces
sibility, and inclusion.

Looking ahead, the ecohydraulics community is 
well-positioned to address the complex and evolving 
challenges facing aquatic ecosystems (Cooke et al. 
2026). Continued investment in ECRs’ support, 
emerging skills, and disciplinary integration will be 
essential to sustaining the field’s momentum and 
ensuring its impact in both science and practice. In 
this way, ECRs are well equipped to advance ecohy
draulics into the next century.
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