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Abstract
Long-term ecological research (LTER) projects are considered valuable training grounds for graduate student researchers,

yet student voices are largely absent from discussions of LTER merits in the literature. We aimed to identify benefits and
challenges encountered by current and former graduate students in conducting graduate research within LTER projects. To
explore graduate student experiences and perspectives, we conducted a survey comprising both closed-ended questions (i.e.,
multiple choice and Likert scale) and open-ended questions. From the responses, we identified emergent categories related to
positive and negative experiences using sentiment analysis. We found agreement with purported benefits in areas including
networking and access to established field sites and protocols. However, participants also identified data accessibility, author-
ship decisions, communication, and interpersonal conflicts as significant sources of challenges. We synthesized survey results
with existing literature to provide actionable recommendations for principal investigators in four main areas (data, author-
ship, communication, and management) through an LTER lens. In addition to providing longitudinal data, LTER projects offer
graduate students both physical and methodological infrastructure that can serve as the scaffold for new research questions
to be developed. However, the likelihood of success of student research, as well as the success of the students themselves, can
be improved when the needs of graduate students are prioritized.
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Introduction
Long-term ecological research (LTER), characterized as the

regular monitoring of a given set of variables in natural
systems over many years, has proven to be a valuable and
productive approach to understand patterns and disentan-
gle ecological and evolutionary relationships (Tinkle 1979;
Lindenmayer et al. 2012; Hughes et al. 2017; Kuebbing et
al. 2018; Vucetich et al. 2020). Long-term studies of natural
systems offer unparalleled opportunities to follow individ-
uals, populations, and abiotic variables across variable con-
ditions, acquire repeated observations for individuals across
organismal lifespans, and provide insight into the poten-
tial drivers behind population trends, ecosystem dynamics,
and evolutionary changes (e.g., Lack 1964; Armitage 1991;
Clutton-Brock and Sheldon 2010; Dantzer et al. 2020). Re-
sulting datasets may also augment short-term field manip-
ulations to allow inferences to be placed into a broader con-
text (e.g., Krebs 1991), permit study replication (e.g., Pace et
al. 2019), and may be analyzed a posteriori to ask new ques-
tions of old data (e.g., Lindenmayer et al. 2012). Collectively,
LTER is also increasing our capacity to study global patterns

(e.g., International Long Term Ecological Research Network,
Vanderbilt et al. 2015; USA LTER Network, Hobbie et al. 2003;
SPI-Birds, Culina et al. 2020). As a result, contributions of re-
search conducted in LTER projects to science and policy have
been identified as being disproportionately large (Hughes et
al. 2017).

LTER projects also serve as training grounds for many ecol-
ogists and evolutionary biologists. A survey of 92 long-term
projects worldwide reported the involvement of 658 post-
graduates and 257 postdoctoral fellows on projects ranging
in length from 5 to 68 years (Mills et al. 2015). Long-term re-
search projects are perceived to provide “excellent opportu-
nities for undergraduate and graduate study and research”
(Waide and Kingsland 2021, p. 51) with access to existing pro-
tocols, permits, established field sites and research stations,
years of standardized data collection, and knowledgeable pre-
decessors and/or collaborators. Connections to broader net-
works of sites and researchers, and the associated capacity
for interdisciplinarity in collective research, are further sup-
posed benefits of conducting graduate studies in such frame-
works (Swank et al. 2001). Indeed, the International Long
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Term Ecological Research Network explicitly included the
training of future long-term scientists as one of its primary
goals (Gosz et al. 2010). Given that ecology PhD recipients
generally see a high recruitment rate into academic positions
(68.2% of employed ecology PhD recipients; Hampton and
Labou 2017), many involved in LTER projects may continue to
benefit at the tenure-track level (Waide and Kingsland 2021),
in turn training the next generation of scientists.

Examples of challenges documented in non-LTER scenar-
ios include bridging cross-disciplinary work with various col-
laborators (Romolini et al. 2013), navigating fieldwork as a
novice (Leon-Beck and Dodick 2012), and managing mental
health and well-being (Evans et al. 2018; but see Swank et al.
2001). Many of these challenges are likely to also be present
in LTER projects given shared characteristics (e.g., collabora-
tion, fieldwork, etc.). The nature of LTER projects in involv-
ing multiple years of data collection (and therefore, protocol
consistency and data management), and often multiple re-
searchers and field technicians across time, may introduce
additional challenges that may not be encountered in non-
LTER projects. While LTER projects have demonstrable ben-
efits to science and individual career advancement, some of
these benefits, such as access to archived datasets and collab-
orations involving multiple principal investigators (PIs), may
come with hidden costs shouldered by trainees.

The voices of graduate student trainees is largely missing
from the published discourse on LTER training. Indeed, key-
word searches conducted in Web of Science and JSTOR in July
2023 for (“graduate student” and “long-term research”) or
(“graduate student” and “long-term ecological research”) in
all search fields yielded only 20 articles, which when checked,
were not of topical relevance. Seemingly, the value that grad-
uate students bring to LTER projects through their intellec-
tual contributions and ideas for new directions, as well as the
purported benefits derived from training in LTER projects,
are highlighted by PIs on such projects (e.g, Hobbie et al.
2003; Waide and Kingsland 2021) rather than by graduate stu-
dents themselves.

Here, we explored potential benefits and challenges expe-
rienced by past and current graduate students conducting
thesis research within an LTER project, through a voluntary
survey. We aimed to identify, not only benefits and chal-
lenges, but also motivations for joining a given LTER project.
We synthesized the literature and the survey results to offer
actionable recommendations to improve graduate student
experiences within LTER frameworks.

Materials and methods

Context
In 2017, a symposium for long-term research in Canada was

held to mark 70 years since the opening of the Algonquin
Wildlife Research Station (Wildlife 70 Symposium, Trent Uni-
versity, Peterborough, Ontario). Delegates to the symposium
produced a statement that recommended the establishment
of a LTER network across Canada to foster collaboration, com-
munication, and ongoing support. To lay the foundation of
the proposed network, the Section for Long-Term Research

within the Canadian Society for Ecology & Evolution (LTR-
CSEE) was established in 2018 and the section held its first
symposium in 2019 (co-organized by author AEW; author
MRB participated as a panelist). The inclusion of graduate stu-
dent voices is considered fundamental to the development
of the proposed network and was the motivation for inves-
tigating perspectives to facilitate discussion in the ensuing
2019 symposium. We designed a survey to investigate the ex-
periences of graduate students to provide preliminary senti-
ments and areas for discussion at the symposium, which we
then formally analyzed and present in the present study. We,
the authors, acknowledge participation in LTER throughout
our doctoral research (see conflict of interest statement be-
low). Each of us have contributed to the collection of long-
term project data over multiple field seasons, in addition to
auxiliary data specific to our graduate thesis research. We
have each published collaborative papers using long-term
project data. While we have benefited personally and pro-
fessionally from these experiences, we also empathize with
some of the challenges expressed regarding graduate stu-
dent experiences and were thus motivated to formally ex-
plore them more broadly. Against the backdrop of establish-
ing a national LTER network in Canada, our intention with
this survey-based study was to listen to and elevate the voices
of graduate students in the conceptualizations of “best prac-
tices” for LTER and graduate research broadly.

Survey design and distribution
We invited current and former graduate students to com-

plete our voluntary survey if they had conducted at least part
of their graduate thesis research in conjunction with an LTER
project. Although our experiences and connections are pri-
marily within or linked to Canada, we did not restrict the
survey based on geographic location (see survey distribution
details below). To gain a wide variety of opinions, participants
could complete the survey irrespective of current position or
thesis project status (i.e., completed or in progress).

The survey, designed in consultation with a social scien-
tist with experience in survey design, comprised 43 ques-
tions, including multiple choice questions, multiple answer
questions, Likert scale questions, and open-ended questions,
which could be filled out with written statements (see Sup-
plementary Online Material File 1 – Survey Questions). The
survey and survey methods were approved by the Research
Ethics Board of the University of Saskatchewan Approval
#1283. The first two questions asked about the respondent’s
current position, for which degree program they were in-
volved in a LTER project, and approximately what propor-
tion of the graduate project relied on core data collected by
the LTER project. Multiple choice questions assessed respon-
dents’ career stages, degree types, and the extent to which
their research depended on LTER data. Participants were then
asked to answer all remaining questions “with your most re-
cent long-term research project experience as a graduate stu-
dent.”

The survey questions were founded on core categories we
anticipated to be of significance (e.g., data, authorship, com-
munication, collaboration, etc.) based on the literature, our
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own experiences, and collegial discussions. Likert questions
addressed topics including project development, support,
data use and protocols, authorship, communication, capacity
for future work, and professional development. Participants
responded using a 5-point Likert scale where 1 indicated
strong disagreement and 5 indicated strong agreement.
Short answer questions asked participants to list an (1) unex-
pected potential benefit, (2) unexpected challenge, and then
specifically (3) an authorship related concern and (4) data
related concern. We also provided an open comment box for
short-answer questions and an “other” option for multiple
choice questions to allow participants to express sentiments
that were not captured by our predetermined questions.

Participants could skip questions and no information was
gathered related to participant identity (i.e., name, gender,
and ethnicity) or details that could link individuals to specific
projects (e.g., study species, field site location, institutions,
time since graduation, etc.) to protect participants, especially
those that are currently enrolled as graduate students, and
to obtain the most honest information possible without fear
of retribution. We acknowledge that individual experiences
may vary along axes of identity including (but not limited to)
gender and ethnicity, and that we could not examine these
trends as data were purposefully not collected here for rea-
sons stated above.

We administered the survey through Survey Monkey (ww
w.surveymonkey.com) and accepted responses for 1 month,
from 1 July to 1 August 2019. The survey was distributed in
English, through existing contact networks via email (includ-
ing PIs in North America and Europe known to lead LTER
projects in North America, Europe, Australia, and Africa), and
through social media (primarily Twitter). Recipients of the
survey announcement were encouraged to in turn share the
invitation with their contacts, including current and former
students, to further the reach. We acknowledge this likely bi-
ased our sample to individuals currently active in research or
research-adjacent positions, and likely toward North Ameri-
can and European participants. However, we are confident
that our survey captures sentiments that allow for the initia-
tion of formalized discussions amongst research groups and
institutions on ways to bolster benefits and mitigate poten-
tial drawbacks to students within their LTER programs and
thus, helps guide the lines of inquiry for further comparative
and cross-sectional studies.

Analysis
We summarized responses to multiple choice questions

as a percentage of respondents that selected each option,
including any responses to the “other” option. Questions
requesting a response using Likert scale structuring (scale
of 1–5) were not symmetrical around topics or sentiments.
Therefore, for each of these questions, we transformed the
number of responses at each level of the Likert scale into
a percentage (e.g., 25% responded with a rating of 1). We
then tested for correlations among five broad topics (Supple-
mentary Tables 1–5) using Pearson’s correlation coefficient,
and averaged percentages across questions with correlation
coefficients ≥0.7 to prevent reporting duplicate response

sentiments. Short answer responses and responses under the
“other” option for multiple choice questions were analyzed
using methods adapted from ground theory, a methodology
for identifying emergent categories within survey responses
(Charmaz 2014). We identified main categories and sub-
categories through a two-step coding procedure (Hay 2005)
whereby two reviewers independently coded responses into
major categories and then, based on comparisons across
reviewers, further categorized responses into focused sub-
categories, where applicable. To mitigate acquiescence bias
(i.e., associate positivity with the question statement, poten-
tially masking the respondents true position), participants
were coded only when they explained their experience
(Newing 2011). Using this framework allowed us to con-
textualize the data while also allowing for participants’
unique experiences to be represented. Both Likert responses
and categories derived from short answer responses are
presented in terms of their prevalence across respondents
(per Sandelowski 1998).

Results and discussion
Past studies have described the impact of LTER projects

on the advancement of scientific knowledge (e.g., Clutton-
Brock and Sheldon 2010) and the training of the next gener-
ation of biologists (Waide and Kingsland 2021). Here, we ex-
plored the graduate student experience within LTER projects
through survey results from 127 participants. On average,
76% of the survey was completed by participants (given they
could skip questions). We were able to obtain a broad sample
across current career stages (n = 112 for this question) with
21 Master’s students (19%), 39 PhD students (35%), 21 post-
doctoral fellows (19%), 16 professors (14%), four government
agency scientists (<1%), and 11 people who worked outside
academia or a government agency (1%). Our sample was also
split across degree types performed in an LTER program, with
50% of the participants having conducted their PhD (n = 55),
29% their Masters (n = 32), and 22% both their Masters and
PhD (n = 24) in conjunction with a LTER project. Reliance
on the LTER core project data (n = 112) was also highly vari-
able, with one third of graduate projects (n = 38) relying com-
pletely on the LTER project data while 29%, 19%, 13%, and 4%
relied only 75% (n = 33), 50% (n = 21), 25% (n = 15), and 0%
(n = 5) on the data collected within the LTER project, respec-
tively. Given that answers came from participants currently
in various career stages and who conducted LTER research
in different degree programs (Master’s and PhD) with varia-
tion in reliance on LTER data, we are confident we obtained
a wide variety of experiences and believe their convergence
on response categories adds weight to topic importance. Be-
low, we discuss some of these major categories that emerged
from our survey. Note that for the quotes, we have provided
lightly copyedited text where necessary for clarity or to main-
tain anonymity while maintaining the original sentiment.

Motivations for joining LTER
We asked participants to rank the strength of influence

of their motivations for choosing to work with a partic-
ular LTER project. The two strongest motivators were the
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Fig. 1. The strength of influence of different motivations to join a LTER project for graduate research expressed as percentage
of all responses within each strength category (not at all, somewhat, strongly). We provided participants with a list of poten-
tial options: the institution, study species, field site, LTER data availability, researcher(s) involved, and research question(s)
available——and asked participants to rank the strength of influence of each independently of other motivators.

potential research questions being addressed in the LTER
and the researchers involved in the project, with 74% and
60% of participants, respectively, saying it strongly influenced
their decision (Fig. 1). Other project-related elements, includ-
ing the long-term data, study species, and field site were
identified as moderate motivators, with 39%, 37%, and 36%
of participants, respectively, indicating these factors moti-
vated their choice to join the LTER project (Fig. 1). The in-
stitution affiliated with the LTER project did not motivate
the decision for 63% of participants (Fig. 1). Finally, six indi-
viduals chose “other” as a motivator, specifying availability
of funding (n = 3), the supervisor (n = 2; e.g., “picked a PI
at a great institution with funding”), or previous affiliation
with the project (n = 1) motivated their choice. As such, the
reputation of the LTER project and the researchers involved
were more influential than institutional or program choice,
which should be noted both by researchers and by institu-
tions themselves looking to recruit graduate students.

Benefits of conducting graduate research in an
LTER project

Consistent with previous data and assertions in the liter-
ature (e.g., Gosz et al. 2010; Waide and Kingsland 2021), we
found the perceived benefits to be broad and numerous. Sen-
timents expressed through Likert questions were generally
positive, indicating clear benefits to working within an LTER
project (89% of participants agreed or strongly agreed that
LTER participation is co-beneficial). These benefits included
support in project development (72% agreed or strongly
agreed), the existing infrastructure of the project (89% agreed
or strongly agreed), and the built-in support system (i.e., par-
ticipants felt valued and supported within the LTER project,
with 81% agreeing or strongly agreeing; Fig. 2). There was
moderate agreement toward there being clear expectations
for expected contributions toward data collection for core
LTER project and publications (65% agree or strongly agree).

We found moderate agreement for clear communication and
management more generally (62% agreed or strongly agreed;
Fig. 2). This led to respondents being in favour of involve-
ment with long-term research at a future stage of their ca-
reer (88% agreed or strongly agreed) and participants gener-
ally felt like they would positively recommend LTER projects
to other graduate students (87% agreed or strongly agreed;
Fig. 2; Supplementary materials). These sentiments confirm
the perception that LTER projects act as training opportuni-
ties as claimed (Gosz et al. 2010), and demonstrate that they
are indeed experienced as such, and in a positive manner, by
the trainees themselves.

The general benefits identified in the Likert questions also
translated to our thematic analysis, where we identified four
major categories of unexpected benefits participants (n = 66)
gained from working within an LTER project: (1) networking
and collaboration (n = 30), (2) developing new skills (n = 23),
(3) existing infrastructure (n = 4), and (4) project data (n = 7;
Fig. 3). Participants who indicated they benefited from collab-
oration and networking opportunities were the most preva-
lent (45% of responses) given they were able to work with a
multitude of graduate students, institutions, or disciplines;
there was a general sense of support and community arising
from working within a collaborative network (Fig. 3).

“I feel very fortunate to have taken part in a very long term [taxon]
study. I felt tied to researchers who had been part of the study before
me, and went on to work on other long term research studies partly
because of this fact. It was good for my connections and network de-
velopment, it was good for my understanding of an ecological system,
and it was good for my thesis and development as a scientist".

“I am on the whole exceedingly lucky to have been steeped in a rich
ecological history, which comes from the LTRP I am a part of. There are
direct connections to fascinating lines of inquiry and a community of
great support and caliber. All collaborations come at the cost of navi-
gating difficult personality conflicts. But, that is a cost well worth the

FA
C

E
T

S 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.f
ac

et
sj

ou
rn

al
.c

om
 b

y 
18

.2
22

.6
8.

81
 o

n 
05

/1
8/

24

http://dx.doi.org/10.1139/facets-2023-0041


Canadian Science Publishing

FACETS 9: 1–12 (2024) | dx.doi.org/10.1139/facets-2023-0041 5

Fig. 2. Summary of responses to a series of statements related to conducting graduate research within a long-term ecological
research (LTER) project, expressed as percent contribution to each category of a Likert scale (1- strongly disagree (dark red), 2
- somewhat disagree (light red), 3 - neither agree nor disagree (grey), 4 - somewhat agree (light blue), 5 - strongly agree (dark
blue)). Likert categories 1 and 2 are displayed as negative values on the left side of zero, the total value of category 3 is split on
both sides of zero, and categories 4 and 5 are expressed as positive values on the right size of zero.

benefit of observing an ecosystem on a time scale greater than can be
observed by one person alone”.

The development of new skills was the second most preva-
lent category (35% of responses), with skills acquired in-
cluding conceptual skills related to perspective and thought
within the field, technical skills related to fieldwork or data
analysis, and personal skills such as interpersonal devel-
opment, communication, and developing work-life balance
(Fig. 3). The benefits of existing infrastructure (6%) and long-
term data (11%) were less prevalent thematically, but re-
sponses indicated that these benefits allowed participants
to learn from established protocols and experienced people,
and that data sample size and its utility as a back-up plan was
useful in the event that there were failures with other aspects
of the student’s project (Fig. 3).

“It gave me a sense of security in the sense that I knew data already
existed. It allowed me to concentrate more on the questions and the
methods related to my project rather than worrying about data are-
sues”.

The above sentiments point to LTER programs offering a
multitude of support systems, both in terms of personal sup-
port (e.g., mental health, networking, and skill sharing) and
research support (through established protocols, infrastruc-
ture, datasets, and knowledgeable collaborators; Waide and
Kingsland 2021). It seems likely that these support systems
contribute to the general feelings of positivity, and perhaps
even augment mental health or provide a sense of security.
Some sentiments under the skill acquisition category also im-
ply that being a part of LTER may also produce researchers
that have a broader foundation in the field; for example:

“…I believe LTERs promote a grander view of biological sciences among
students. As opposed to thinking about research along a timeline of a
handful of years (the life of a graduate project), students are encour-
aged to think far into the future, which stokes ambition for larger sci-
entific ventures. This shift in perspective likely broadens the scope of
questions they grapple with, and might aid in the transition to faculty
positions which necessitate a comprehensive research plan that spans
the duration of their academic career “.

Thus, the benefits of LTER participation for graduate stu-
dents should not be understated, and LTER programs should
aim to augment and strengthen the clear personal and
research-based benefits that come as a result of being estab-
lished and often collaborative programs.

Challenges in conducting graduate research
with an LTER

Based on Likert questions, participants expressed a more
negative outlook when it came to local community consul-
tation (34%), navigating various forms of project data (e.g.,
core and auxiliary datasets; 37%), accessing information out-
side standard texts such as available protocols or publications
(e.g., past research that did not yield a published paper; 46%),
and data ownership (45%; Fig. 2). While we tailored Likert
questions to topics expected based on the literature and our
own experiences, given the opportunity to expand in short
answer questions (n = 67), participants identified challenges
within categories mostly focused on interpersonal conflict
(n = 36), with fewer related to data and project issues (n = 23
and 8, respectively; Fig. 4).

In text responses to the question asking what unex-
pected challenge was faced, interpersonal and/or hierarchical
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Fig. 3. Key categories and their attributes identified from participant responses to the survey question “What was an unex-
pected benefit you experienced by doing graduate student research within a long-term project”? Associated quotes were taken
from responses within the category and attributes set (where applicable, edited for length and to maintain confidentiality
without losing original text meaning).

conflicts was the most prevalent category (54% of responses
spoke about this issue). This main category was related to
five sub-categories including (1) prioritization of core LTER
project needs over individual graduate projects resulting
in time constraints on independent graduate student work
(n = 6), (2) the exclusion from or granting of unjustifiable
authorship (n = 4), (3) dealing with challenging colleagues
(n = 5), and (4) navigating divergent priorities, poor commu-
nication, or the politics among multiple PIs (n = 9; Fig. 4).
There were concerning responses from multiple participants
who identified toxic power dynamics (n = 4) related to ter-

ritorial or gatekeeping behavior, sentiments which unfortu-
nately are seen in science more broadly (Fig. 4; Tuma et al.
2021).

“Power dynamics are difficult to navigate. I am reluctant to visit one
of the field sites because of an abusive personality. Managing a rela-
tionship with the field site has been challenging”.

The second most prevalent category had to do with data
related challenges (34% of responses) with sub-categories re-
lated to: (1) accessing data, including lack of clear documenta-
tion on data collection and structure (n = 10), (2) data quality,
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Fig. 4. Key categories and their attributes identified from participant responses to the survey question “What was an unex-
pected challenge you faced in doing graduate research with a LTER”? Associated quotes were taken from responses within the
category and attributes set (where applicable, edited for length and to maintain confidentiality without losing original text
meaning).

given the way the data were stored, collected by multiple peo-
ple, or the lack of data cleaning (n = 7), and (3) excessive time
being spent on data management related to cleaning, manip-
ulating, or merging various forms of the LTER datasets (n = 6;
Fig. 4). Finally, project independence was the last major cat-
egory to come out of respondent answers (12% of responses),
which was also a challenge for some participants given they
had a hard time coming up with new questions that were not

already published (n = 7), or had been answered in unpub-
lished work that new students did not know existed (n = 1;
Fig. 4).

When asked specifically about data related concerns, par-
ticipants (n = 66) primarily responded with concerns around
data quality and consistency (n = 29, 44%), with sub-categories
arising from many different people collecting over the years
(12%), and lack of standardized protocols or methodological
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Table 1. Examples of participant responses to questions around data and authorship concerns.

Concern Illustrative responses

Data “Relying on the core dataset from previous years means that I am wholly reliant on data that is collected by researchers I have never met.
There is a fair amount of trust that goes into that”.

“I find it difficult to access past data that belongs to other graduate students but is essential to my project”.

“Methodological creep: that the methods used by one person might differ in ways that people don’t realize or write down, such that methods
change over time without people noticing”.

“Who does my data belong to? And how long does that ownership agreement last”?

Authorship
“Authorship criteria are nebulous, i.e., when a past collaborator/student/researcher should or should not be on a paper. Is there a time limit

beyond which authorship should be replaced by acknowledgement or citation to a paper”?

“N/A. I think as long as the authorship expectations are outlined from the start, that some conflict can be averted”.

“I have not had too many negative experiences surrounding authorship, but I did find that when collaborative projects within an LTERP are
mentioned to all included, if you express interest in contributing as a graduate student, you’re often ignored”.

“Since the LTERP is well established, there are clear lines between each student’s work while allowing us to share our data to reach our
respective objectives”.

creep over the length of the LTER project (24%; Table 1). A
second major concern was related to accessibility (n = 17)
through an inability to locate data or access data (53%), or
lack of protocols and metadata to explain the data collection
(29%; Table 1). Finally, a less prevalent concern was related to
long-term data ownership (n = 10) given the efforts put into
data collection (Table 1). Only six of 66 participants had no
data-related concerns.

When asked specifically about authorship related con-
cerns, there were five major categories (Table 1). Above all
else, there was a call for clear guidelines to be established
(n = 18; Table 1). In descending prevalence, participants also
had inclusion-related concerns (n = 18; i.e., lack of student
inclusion and/or including others with questionable author-
ship merit), navigating the differing opinions of multiple PIs
(n = 3; i.e., through differing writing styles or ideas on project
direction), overlap among publications due to multiple stu-
dent involvement (n = 2) and one instance of conflict of in-
terest in publishing results not in line with what was desired
by the funding body (Table 1). Twenty-two of 66 participants
had no authorship-related concerns, particularly when expec-
tations were clearly set out ahead of time.

Some challenges identified here are certainly not unique
to LTER projects. For example, the scientific literature is
rife with examples of data-related calls for transparency and
replicability across all fields (e.g., Baker 2016). Interpersonal
and hierarchical conflicts are pervasive in the workforce in
general and navigating such conflicts in an academic setting
require skills that are not as prioritized in traditional natu-
ral science training (Hund et al. 2018), such as mentorship,
effective non-scientific communication, and conflict resolu-
tion. The scope of the remaining issues (data and authorship)
have been discussed in terms of proper data archiving (Mills
et al. 2015; Evans 2016), reproducibility (Pace et al. 2019),
and data preservation and rescue for future generations (e.g.,
the Canadian Institute of Ecology & Evolution’s Living Data
Project; Bledsoe et al. 2022). Additionally, authorship guide-
lines have been discussed in a general sense (Vancouver Con-
vention, updated 2021), and more specifically for data con-
tained in data repositories (Wallis and Borgman 2011) and in
relation to long-term projects (Huang et al. 2020).

Potential benefit–challenge relationships
Further exploration of benefits and challenges within indi-

vidual responses revealed emergent benefit–challenge pairs.
Of the respondents who indicated collaboration and network-
ing as a benefit, 16 identified interpersonal or hierarchical
conflict as a challenge, 12 had data issues, and six had chal-
lenges with project independence. For example, one partic-
ipant who identified “building a network of collaborators”
as an unexpected benefit went on to identify an unexpected
challenge being ‘integrating my ideas with other researchers
on the project.” Another who developed “a strong interna-
tional network with other researchers involved in long-term
projects” encountered the challenge of “not being a co-author
on papers which were almost entirely based on the data I gen-
erated”. It could be that collaboration and networking can
lead to the stated challenges. For example, working in larger
collaborative groups can lead to more interpersonal conflict
(e.g., Müller 2012), project overlap among many students on
the same long-term project, or issues with data when many
people are contributing to the same dataset.

For the participants who identified an unexpected benefit
related to skills, nine identified data as a challenge, followed
by six with interpersonal or hierarchical conflict. The connec-
tion between skill development and encountering data chal-
lenges could be that overcoming data-related challenges ne-
cessitate technical skills development. For example, a partici-
pant who had the benefit of “being ‘gifted’ detailed and multi-
year datasets” in turn “found [themselves] concerned with
data quality”. Another possible connection may stem from
participants valuing enhanced skills development above col-
laboration or networking. One participant felt “having to
quickly get familiar on how to extract data and understand
the whole process” was a benefit, yet found a challenge in
“trying to understand how data was collected and processed
in early years of the project”. Another found the existing
database management and “transmission of information on
the long term [project]” to be beneficial, but appeared frus-
trated by the “lack of automatic error checking, no shared R
code”.

The difference in collaboration/interpersonal tendencies
versus data-focused tendencies across questions may allude
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to different interests and values of graduate students com-
ing into such projects, and perhaps different projects may at-
tract or better serve different values. However, the degree of
overlap among the benefits of collaboration, networking, and
skills development with the challenges of interpersonal con-
flict and data could collectively be interpreted as a suite of
characteristics of prevalent graduate student experiences in
LTER projects. The framing of the questions leading to these
responses as unexpected challenges and benefits is important
to be mindful of here, especially in relation to existing data,
researchers involved, and possible research questions to be
investigated as motivators to join a LTER project (Fig. 1).

Study constraints and considerations
This study was designed to be exploratory in nature, cast-

ing a net for a range of respondents and investigating a wide
scope in topics and questions, with the intention of identi-
fying emerging categories and potential areas for improve-
ment. We also aimed to center the experience of graduate
students, both past and present. As such, we encourage our
results to be interpreted as an important place from which
to continue a conversation about the roles and responsibil-
ities of participants in LTER, and how participation in LTER
may be bolstered or hindered by current practices. While the
survey received a relatively small number of responses, the
emerging sentiments provide a valuable sketch of what re-
searchers at the beginning of their careers are experiencing
within well-established projects.

Looking forward, it is also important to consider the ex-
periences and perspectives that are not included in this sur-
vey. The trade-off we faced between gathering more detailed
participant data and the protection of participants, largely
at a more vulnerable stage of their careers, meant that we
were unable to explore the influence of demographics and/or
identity on expressed graduate student experiences. The chal-
lenges faced by individuals in LTER frameworks may be fur-
ther exacerbated for individuals in equity-seeking groups
(Tseng et al. 2020; Duc Bo Massey et al. 2021). We encourage
individuals involved in LTER projects, particularly those in
leadership positions, to take steps to support safe and equi-
table research. For example, thoughts about gender break-
downs and mental health in LTER projects came out in the
“Additional Comments” section of our survey:

“I encourage you to look at gender authorship breakdown as I suspect
some LTERs are doing very poorly in this regard, despite, more or less,
even ratios at the grad and tech level”.

“Perhaps not unexpected, but maintaining one’s mental health can be
particularly challenging in a remote environment in which you are ex-
pected (both explicitly and implicitly) to work long days, forgo regular
days off, and constantly be positive/upbeat. Also, cabin fever is real,
even when you spend all day in outdoor solitude”.

Without comparison to individuals in non-LTER programs,
it is difficult to tease apart benefits and challenges that are
unique to LTER, and what are typical of collaborative projects
or even of graduate school in general. Indeed, some chal-
lenges acknowledged in discussions of LTER are not neces-

sarily due to the structure of LTER projects themselves (e.g.,
fieldwork taking students away from campus; Swank et al.
2001). Administering this survey to graduate students of eco-
logical projects that are not considered “long-term” could
reveal many similarities to perspectives expressed here. Re-
gardless of whether challenges are unique to LTER or shared
with scientific endeavors beyond LTER, these experiences are
clearly occurring within LTER projects. Our results inform
our objectives to explore experiences within LTER projects
and identify key areas of strengths and improvement, regard-
less of the specificity to LTER. In this framing, many of the re-
sults of this study will be highly informative for a suite of re-
search projects beyond the disciplines of ecology, evolution,
and conservation, and beyond the temporal restrictions of be-
ing “long-term”.

Recommendations
We recommend the following actionable items for consid-

eration by PIs of LTER projects to ensure both the quality and
efficiency of the project and that the next generation of re-
searchers receive high caliber and enjoyable training expe-
riences. We lead with interpersonal recommendations given
the frequency of the collaboration/networking-interpersonal
conflict benefit–challenge pairing identified above.

1. Management and interpersonal relations
When possible, participants at all levels should take pro-
fessional training in management, conflict resolution, and
mentorship (see Hund et al. 2018). These skills are often
learned “on the fly,” but science is inherently a human
endeavor, and receiving training to develop these skills
can help navigate highly collaborative projects with dif-
fering power dynamics across roles. Formal training for
workplace (including field) safety and sexual harassment
training that considers participant identities are also crit-
ical components for a safe and healthy work environment
(e.g., Rudzki et al. 2022).

“Proper management is essential to creating a balanced workplace.
I’ve worked on other LTER projects that were managed phenomenally
and fewer people were burnt out, frustrated, or unpaid. The quality
of the data was also much better”.

2. Communication
Integral to all aspects of LTER, we recommend timely and
regular communication be a top priority. Creating clear
and equitable avenues for communication among all par-
ticipants, especially across supervisor–student levels, is
critical firstly for safety, but also for the integrity of data
collection and the ethical dissemination of findings down
the road. Open and honest communication about both
the benefits and the challenges of conducting research
in LTER projects can provide opportunities to minimize
and/or mitigate negative outcomes.

“There are huge benefits and some major concerns, but it is probably
that way anywhere - transparency and communication would help a
lot, as with any scenario”.
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3. Data
Collect data using well-documented protocols and orga-
nize data in central, accessible formats with thorough
metadata. Long-term projects may have a legacy of unclear
internal practices from past years or decades that make
contemporary solutions more challenging to implement,
but with purpose and documentation it is never too late to
improve processes. We recommend LTER researchers har-
ness the existing and rich literature already out on proper
data archiving (Mills et al. 2015), existing database struc-
tures (e.g., SPI-Birds, Culina et al. 2020), and data preser-
vation (e.g., Bledsoe et al. 2022).

“LTER requires, in my opinion, hiring an employee to ensure homog-
enization of data, compilation, transmission of information…”.

4. Authorship
Establish ethical, consistent, and transparent policies
around authorship, especially on projects with several col-
laborators (e.g., Huang et al. 2020; Cooke et al. 2021). The
collection of data included in a LTER dataset often involves
many more people over many years than other scientific
endeavors might, which can cause tension surrounding
author inclusion. We suggest here that criteria for fair, eq-
uitable, and inclusive authorship be explicitly discussed
and clearly communicated with all involved parties early
on in LTER involvement.

“Even within a project, or a lab, authorship requirements are grey
and not well documented - transparency and consistency would be
nice, especially at the onset of a project”.

While the above recommendations may not seem novel,
the true recommendation here is to prioritize these consider-
ations preemptively. Open discussions on these topics, early
and often, can ensure the myriad benefits persist (and even
grow), while shrinking the negative effects.

Conclusion
Collectively, participants who conducted their graduate re-

search in conjunction with a LTER project view the experi-
ence as positive. However, negative experiences referenced
by some participants serve to identify aspects of project man-
agement that research leaders should prioritize to improve
the experience of all participants, and aspets that prospec-
tive graduate students may want to consider more carefully
when contemplating graduate programs. While there have
been shifts in recent decades to begin to address issues re-
lated to mentorship (Hund et al. 2018), pedagogy (e.g., Tanner
and Allen 2006), and inclusivity and diversity in the field (e.g.,
Tseng et al. 2020), academia still has many strides to make on
these issues, and LTER projects that train graduate students
should begin and/or continue to consider them explicitly.

Future work should build on the categories emergent from
this study from perspectives of graduate students and of
project PIs. For example, determining the extent to which the
patterns reported here are attributable to individual student
characteristics versus those of the projects will help better
understand and serve graduate student interests, while also

guiding PIs in focusing efforts on training and organizational
protocols. Doing so will require expanding the sample pop-
ulation to reduce potential biases in our sampling methods
(e.g., toward North American/European projects) and to ac-
quire key attributes such as gender, nationality, etc. Further-
more, an explicit study of PI experiences would complement
the current study, particularly to explore perceptions on how
these projects are run from a leaders’ perspective. It may be
that some of the benefits and challenges reported here by
trainees are rooted in logistical and organizational challenges
faced by the PIs themselves (e.g., stressors related to acquiring
funding, students not publishing their work, among others).
Such insights will help further guide actions and policies to
help mitigate challenges and continue to enhance the train-
ing quality and other benefits of participation.

Long-term ecological research projects offer important op-
portunities for graduate-level training. We found general sup-
port among current and past graduate students for the touted
benefits and identified challenges connected to data organi-
zation and navigating collaborative environments. The per-
ceived value of LTER projects to the careers of early career
scientists is significant, and highlights an avenue for future
research to investigate the realized impacts on careers. Up-
take of the recommendations offered here will ensure a more
positive student experience, contributing not only to the suc-
cess of the students, but, given the strong indication of desire
to return to long-term research in the future, to the success
and longevity of long-term research in this field.
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