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Predatory open access (OA) journals can be defined as non-indexed journals that exploit the gold OA model for profit, often spamming academics with questionable e-mails promising rapid OA publication for a fee. In aquaculture—a rapidly growing and highly scrutinized field—the issue of such journals remains undocumented. We employed a quantitative approach to determine whether attributes of scientific quality and rigor differed between OA aquaculture journals not indexed in reputable databases and well-established, indexed journals. Using a Google search, we identified several non-indexed OA journals, gathered data on attributes of these journals and articles therein, and compared these data to well-established aquaculture journals indexed in quality-controlled bibliometric databases. We then used these data to determine if non-indexed journals were likely predatory OA journals and if they pose a potential threat to aquaculture research. On average, non-indexed OA journals published significantly fewer papers per year, had cheaper fees, and were more recently established than indexed journals. Articles in non-indexed journals were, on average, shorter, had fewer authors and references, and spent significantly less time in peer review than their indexed counterparts; the proportion of articles employing rigorous statistical analyses was also lower for non-indexed journals. Additionally, articles in non-indexed journals were more likely to be published by scientists from developing nations. Worryingly, non-indexed journals were more likely to be found using a Google search, and their articles superficially resembled those in indexed journals. These results suggest that the non-indexed aquaculture journals identified herein are likely predatory OA journals and pose a threat to aquaculture research and the public education and perception of aquaculture. Several points of reference from this study, in combination, may help scientists and the public more easily identify these possibly predatory journals, as these journals were typically established after 2010, publishing <20 papers per year, had fees <$1,000, and published articles <80 days after submission. Subsequently checking reputable and quality-controlled databases such as the Directory of Open Access Journals, Web of Science, Scopus, and Thompson Reuters can aid in confirming the legitimacy of non-indexed OA journals and can facilitate avoidance of predatory OA aquaculture journals.
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INTRODUCTION

In addition to dramatic environmental change, the Anthropocene Epoch is also characterized by rapid and drastic human societal changes (Ellis et al., 2016). One such societal shift is the ways that humans communicate with one another, as advances in technology have created a hyper-connected world in which considerable amounts of information are available at the push of a button. As such, the ways that humans view and interact with the natural world and one another in this time of great change can be impacted by the information that they receive and the ways in which it is perceived (Castree, 2017; Holmes et al., 2017). Unfortunately, however, this hyper-connectivity has resulted in a platform for the dissemination of propagandist information and the onset of a “post-truth era” (e.g., Keyes, 2004; d'Ancona, 2017). Thus, now, more than ever, we rely on the adequate dissemination and propagation of objectively truthful information on a global scale. Given that science is arguably the best method to obtain objective truth, the scientific community must endeavor to make scientific information accessible and understandable to mass audiences outside of the scientific community if truth and logic are to prevail in the Anthropocene.

Open access publishing—making academic research freely available to everyone—has emerged as one tool to make science more accessible to all by providing universal free access to scientific articles. The open access approach can have many benefits. For example, the citation counts of open access articles are often higher than those of closed-access articles (Antelman, 2004; Hajjem et al., 2005; Eysenbach, 2006; Craig et al., 2007; Gargouri et al., 2010; Clements, 2017). Open access articles are also reported to attract more media attention and increased author exposure (Adie, 2014; Wang et al., 2015; McKiernan et al., 2016). Most importantly, the general premise of open access publishing allows scholarly works to be legally accessed by anyone with internet access (although illegal means of obtaining scholarly works blocked behind subscription paywalls are available, e.g., SciHub; McNutt, 2016), making scientific information available to those who have historically been restricted (e.g., researchers in developing nations that cannot afford journal subscriptions, the general public; Björk et al., 2014; Swan et al., 2015).

Although there are many benefits of OA publishing, the approach has been linked to the emergence of so-called “predatory OA journals” (Beall, 2012, 2013), which have rapidly increased in recent years (Shen and Björk, 2015). Predatory OA journals are typically not indexed in quality-controlled databases [e.g., Directory of Open Access Journals (DOAJ), Web of Science, Scopus, Thompson Reuters; however it is important to note that not all non-indexed OA journals are predatory] and exploit the gold OA model for profit. These journals also provide substandard services, accept all submitted articles, and tend to spam academics with disingenuous e-mails and the promise of rapid publication in their fully open access journals for a fee (Jalalian and Mahboobi, 2014; Moher and Srivastava, 2015); many even report bogus and/or alternative impact factors (Gutierrez et al., 2015). Such journals are often run by and recruit non-scientists (e.g., fake editors; Sorokowski et al., 2017), use questionable peer review practices (Bohannon, 2013), and publish low quality science and/or non-scientific information (Bohannon, 2013; “shoddy science indeed, they publish.”—Dockrill, 2017). Thus, predatory OA journals can disseminate potentially dubious results that have not received adequate peer review, fundamentally threatening principled scientific integrity (Beall, 2016; Vinny et al., 2016).

Researchers may be naïve to predatory OA publishers (which, for some fields, can be an alarming percentage of researchers; Christopher and Young, 2015) or can be pressured to publish and may thus use predatory OA journals as an outlet for disseminating their research quickly (Van Nuland and Rogers, 2016). For naïve but well-intended researchers, publishing in predatory OA journals might hinder career progression if hiring committees penalize researchers for publishing in such journals. Alternatively, unethical researchers can also exploit predatory OA journals to increase their publication numbers by avoiding rigorous peer review (Shen and Björk, 2015; Berger, 2017), and such practices can make unethical researchers appealing to hiring committees by increasing their publication numbers. Furthermore, predatory OA journals can provide an outlet for the publication of research from nations that are often excluded (intentionally or not) from Western publishing outlets. Indeed it is reported that the majority of authors publishing in these journals are researchers in developing nations who could better use their funds to stimulate research activities or publish in non-predatory open access journals (Shen and Björk, 2015; Xia et al., 2015; Seethapathy et al., 2016; Balehegn, 2017; Gasparyan et al., 2017). Consequently, predatory publishing practices threaten the institution of science, undermine legitimate open access journals, and hinder progression of the utilitarian concept of open science on a global scale.

For areas of research that are highly applicable to the public, it is important to elucidate ways of distinguishing predatory OA journals from legitimate journals. One such area of research that has yet to receive attention regarding predatory OA journals is the field of aquaculture. Since the onset of the Anthropocene, aquaculture (i.e., aquatic farming) activities have become characteristic of many coastal regions around the world. Aquaculture is one of the fastest growing food sectors in the world, providing a source of food for millions of people in both developed and developing nations (FAO, 2016). Aquaculture activities are also a major component of the global economy, with an estimated value of more than USD$160 billion (FAO, 2016). Furthermore, while capture fisheries have ceased growth (Pauly and Zeller, 2016) the aquaculture sector continues to increase at an astonishing rate, now accounting for half of all seafood and highlighting its importance for future economic growth and food security (FAO, 2016). Although aquaculture plays a key role in global food systems, public perception of aquaculture activities are often negative and accompanied by many misconceptions, hindering productive and informed discussion (Fisheries and Oceans Canada, 2005; Bacher, 2015; D'Anna and Murray, 2015; Froehlich et al., 2017). It is suggested that clear communication and adequate investigation into the real and perceived threats of aquaculture could help shift public perception and support the growth and sustainability of aquaculture activities (Froehlich et al., 2017). Thus, public accessibility to rigorous, high quality science is critical to stimulate productive dialogue regarding aquaculture activities and sustainability.

While predatory OA journals can provide a seemingly-professional platform for diminutive science and ideas across a number of disciplines, the ways in which such journals threaten the field of aquaculture and influence associated public perception is unknown. Furthermore, the careless and loose attribution of the term “predatory” to many OA journals that are not predatory has recently been heavily criticized (Swauger, 2017). Consequently, an objective understanding of the severity of predatory OA publishing in aquaculture is needed. A more objective understanding of predatory OA aquaculture journal attributes and comparing them to well-established aquaculture journals would not only make it easier for aquaculture stakeholders (scientists, fish farmers, policy makers) to identify predatory OA journals with more confidence, but would provide a measure for the severity of the problem within this highly scrutinized field. Moreover, comparing proxies of scientific rigor between predatory and non-predatory OA journal articles, such as methodological rigor (e.g., statistical rigor) and content quality, would begin to address whether or not such journals really pose a threat to aquaculture research.

The overall goal of this study was to gain a more quantitative and objective understanding of both the quality of the aquaculture journals easily found by internet search engines and the possible associated consequences, and objectively bring to attention the issue of predatory OA publishing within this field of research. More specifically, we attempted to: 1. Quantitatively compare characteristics of non-indexed OA aquaculture journals and the articles therein to those of well-established, indexed aquaculture journals (to determine the likelihood of non-indexed OA journals being predatory), 2. Determine the probability of the general public encountering non-indexed OA aquaculture journals using a Google search, and 3. Use the results of the aforementioned goals to conceptualize potential risks of predatory OA journals to aquaculture research. We hypothesized that non-indexed OA journals would appear more frequently in a Google search, and that articles in those journals would exhibit tendencies of lesser scientific quality than those in well-established, indexed journals based on proxies of scientific rigor.

METHODS

Google Search and Journal Characterization

We conducted a simple Google search for potential scholarly aquaculture journals using the keyword string “journal of aquaculture”; advertisements and sponsored links appearing on each search-engine results page (SERP) were excluded. This keyword string was chosen based on what we deemed to be the most likely keyword string that individuals would use when searching for scholarly journals in aquaculture. We also searched keyword strings “journal aquaculture” and “aquaculture journal,” which provided similar proportions of non-indexed vs. indexed journals (13 and 12 non-indexed OA journals within the first three search pages, although the order of journal appearance changed with each new keyword string). A Google search was used because non-indexed journals are not referenced in reliable searchable databases (e.g., DOAJWeb of Science, Scopus, Thompson Reuters), and because the public most likely have access to and use general Google searches to obtain information (as opposed to scholarly databases including Google Scholar; Purcell et al., 2012; Fox and Duggan, 2013; Richter, 2013). We then assessed each hit to determine if the associated webpage presented itself as a scientific journal (i.e., contained apparently scientific research articles pertaining to aquaculture) and limited our search to journals with the term “aquaculture” in the title. We discarded hits that were not scientific journals, and also discarded duplicate journals within and between SERPs.

Due to increasing redundancy in relevant material, we only searched the first 10 SERPs for scientific journals (Figure 1A). Each journal was then categorized as well-established and indexed (hereafter referred to as “indexed”), non-indexed OA, or unassigned (i.e., journals that could not be identified as either indexed or non-indexed OA). We initially identified non-indexed OA journals by searching three quality-controlled databases: the Directory of Open Access Journals (DOAJ), Clarivate Analytics (Journal Citation Reports, JCR), and Scopus. “Indexed” aquaculture journals were characterized as journals that were listed in the DOAJ, Clarivate Analytics JCR, and/or Scopus. Indexed journals could be partially or fully OA; fully OA indexed journals were checked in the DOAJ, Clarivate Analytics JCR, and Scopus to ensure that they were verified as accredited OA journals. Unassigned journals were characterized as journals that were not indexed in the DOAJ, Clarivate Analytics JCR, or Scopus, and were not published under a mandatory OA policy (and could therefore not exploit gold OA for profit).
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FIGURE 1. (A) The total number of scientific journals (n = 48) identified on each search engine results page (SERP; 10 hits page−1). (B) The cumulative number of scientific journals identified in the Google search (across the 10 SERPs) that were categorized as non-indexed OA, indexed, or unassigned. (C) The percentage of journals identified on each SERP that were categorized as non-indexed OA (black), indexed (gray), and unassigned (white).



Data Collection

For each of the 10 SERPs assessed, we recorded the number of journals from each of the three categories. From these data, we calculated the per-SERP and overall totals of each journal type (i.e., indexed, non-indexed OA, and unassigned) found in the Google search. To obtain comparative data on journal attributes between indexed and non-indexed OA aquaculture journals, we analyzed a subsample of journals by choosing the first six journals from each category (ncategory = 6, Ntotal = 12) that had a global scope (i.e., were not restricted to a certain geographic area, e.g., North America); this provided a representative sample of both journal types and a balanced sampling design for statistical analyses. Each selected journal had to have published at least one issue in 2017 (as well as papers in previous years; ensuring at least one issue in 2017 provided confirmation that the journal was still actively publishing, but year of publication was not taken into account when sampling articles because the metrics obtained from each paper would not be affected by publication year), had published a total of >20 articles (to accommodate our chosen article sample size; see next paragraph), and contained a peer review policy on the journal or publisher website. For non-indexed OA journals, there also had to be a clear indication that authors would need to pay a fee for publication.

For each of the six subsampled journals from each category, we collected a variety of journal-level and article-level metrics (Table 1; see Tables S1–S3 for raw data). At the journal level, we recorded the year that the journal was established (i.e., age), the type of peer review reported (single blind or double blind), the APC for open access (where applicable), and the average number of papers published per year (total number of papers ÷ age). Two journals (one non-indexed OA and one indexed) did not report open access APCs, reducing the sample size for this variable from 6 per group to 5 per group.


Table 1. Descriptions and associated categories (where applicable) for each journal- and article-level metric collected.
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For article-level metrics, we recorded the type of article (research, review, or commentary), the number of authors, the nationality of the corresponding author and all other authors, and the economic classification of an author's country (developed, in transition, or developing, as defined by the UN; United Nations, 2017). To quantitatively determine whether or not non-indexed OA journals published poor science and could thus potentially be predatory, we recorded various proxies of scientific rigor at the article level (see Table 1); it should be noted, however, that these proxies are not necessarily direct indicators of scientific quality and rigor. Some journals did not report the time from submission to acceptance nor the time from acceptance to publication and sample sizes were thus reduced for these metrics (n = 100 for predatory and 80 for non-predatory).

Statistical Analysis

Since our sampling design included both fixed and random factors, we used linear mixed models to test for the effect of journal type (fixed factor) on journal-level metrics (ncategory = 6) and article level metrics (ncategory = 120 except for proportional data with ncategory = 6). For journal level metrics and proportional article-level metrics, “journal” was included as a random factor to control for any random effects of individual journal; likewise, article nested within journal was included as a random variable for non-proportional article level metrics. AIC/log likelihood tests comparing models with and without the random factors were used to determine whether or not random effects were evident (Burnham and Anderson, 2002). Assumptions of normality and homoscedasticity were assessed visually using Q-Q plots and residual plots, respectively. Journal-level metrics were log transformed prior to analyses to avoid violations of homoscedasticity and all proportion data were arcsin square root transformed prior to analyses [Ahrens et al., 1990; while scrutinized (Warton and Hui, 2011), arcsin transformations allowed the data to meet statistical assumptions]. All statistical analyses were conducted in R version 3.4.1 (R Development Core Team, 2017) using the “nlme” package (Pinheiro et al., 2017) with a significance threshold of α ≤ 0.05. R-code for all analyses can be found on GitHub and has been archived on Zenodo (see Supplementary Material section).

Conceptualization of Predatory OA Journal Impacts on Aquaculture Research

Using the results of the quantitative assessment, we derived a conceptualization of the potential negative impacts of predatory OA journals on aquaculture research. For impact conceptualization, we first identified three potential negative impacts of predatory OA journals and subsequently determined whether or not these results supported or refuted the existence of such impacts in the field of aquaculture: 1. Lack of peer review (indicated by significantly shorter durations between submission and acceptance in non-indexed OA journals, along with significantly lower indicators of scientific and statistical rigor), 2. Enticing scientists to publish work in predatory OA journals by promising quick publication and comparatively cheap OA fees (indicated by significantly shorter times between submission and publication, and significantly cheaper APCs, in non-indexed OA journals), and 3. Exploiting naïve scientists and/or providing an easily exploitable platform for unethical (“predatory”) authors from developing nations, where the pressure to publish is often intense (Butler, 2013). Each of the three negative impacts to science that were found to hold true from our quantitative assessment were then translated into direct effects to aquaculture research.

RESULTS

Google Search

Non-indexed OA aquaculture journals were ca. three times more numerous and common in a Google search than indexed and unassigned journals (Figure 1). Across the 10 SERPs assessed, we identified a total of 30 non-indexed OA journals, 8 indexed journals, and 10 unassigned journals (Figure 1B). While not strictly OA, the majority of indexed journals were considered hybrid journals (i.e., offered the option of making individual articles OA, but not requiring it); only one indexed journal had a mandatory OA policy and granted waivers and discounts to researchers from underdeveloped nations. Importantly, the proportion of non-indexed OA journals was equal to (3 of 10 SERPs) or higher than (6 of 10 SERPs) that of indexed journals on all SERPs with the exception of SERP eight (Figure 1C).

Journal Level Metrics

We found significant differences between indexed and non-indexed OA journals for all three journal-level metrics (Figure 2, Table 2), much of it rooted in the longevity of the journals themselves. Relative to indexed journals, non-indexed OA aquaculture journals were characterized by more recent inception years [minimum year of inception: non-indexed OA = 2010, indexed = 1970; F(1, 10) = 26.61, p < 0.001; Table 2, Figure 2A]. In fact, the indexed journal with the most recent inception date (2009) was still older than the oldest non-indexed OA journal (2010). The older age of indexed journals was associated with higher numbers of articles, volumes, and issues than non-indexed OA journals. Non-indexed OA journals were also characterized by cheaper APCs (US$991.50 ± 215.23) when compared to indexed journals (US$2920.60 ± 268.31) [F(1, 8) = 15.26, p = 0.005; Table 2, Figure 2B], and tended to publish fewer papers year−1 than indexed journals [21.4 ± 5.6 papers year−1 in non-indexed OA journals vs. 94.1 ± 42.0 in indexed journals; F(1, 10) = 5.74, p = 0.018; Table 2, Figure 2C]. Interestingly, while all indexed journals surveyed for this study reported a single blind peer review policy (i.e., authors are not made aware of the reviewers' identity), 33% (2/6) of non-indexed OA journals reported double blind peer review, while an additional 33% of non-indexed OA journals reported that double blind review would be made available at the authors' request (i.e., 66% of non-indexed OA journals offered double blind peer review). Statistically, linear mixed effects modeling revealed significant differences between indexed and non-indexed OA journals for all six journal-level metrics, while individual journal had no effect (Table 2).
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FIGURE 2. Boxplot representation of journal-level metrics for indexed (gray boxes) and non-indexed OA (white boxes) journals, including the time since the journal was incepted (A), the cost of publishing open access (A.P.C.) (B), and the average number of papers published per year (C). Asterisks denote significant differences between journal types (see Table 2). n = 6 per group.




Table 2. Results of linear mixed effects models and AIC/log likelihood model comparisons for effects of journal type and journal on journal-level metrics.
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Article Level Metrics

Although non-indexed OA journal articles superficially resembled articles in indexed journals, indicators of scientific rigor in non-indexed OA journals were, in general, lower. Articles in non-indexed OA journals had significantly fewer authors [indexed: 4.69 ± 0.19, non-indexed OA: 3.38 ± 0.42 authors; F(1, 10) = 11.02, p = 0.008], were significantly shorter [indexed: 12.70 ± 0.65, non-indexed OA: 6.99 ± 0.60 pages; F(1, 10) = 17.61, p = 0.002], and were less well referenced [indexed: 49.73 ± 2.03, non-indexed OA: 36.32 ± 4.84 references; F(1, 10) = 22.42, p < 0.001] than articles in indexed journals (Figures 3A–C, Table 3). In contrast, articles from indexed and non-indexed OA journals had similar numbers of figures and tables (Figure 3D, Table 3). While non-indexed OA articles spent significantly less time under peer review than articles in indexed journals [indexed: 150.25 ± 6.91, non-indexed OA: 75.94 ± 17.70 days; F(1, 7) = 8.29, p = 0.024] (Figure 3E, Table 3), the time from acceptance to online publication (i.e., time in production) was statistically similar between articles in indexed and non-indexed OA journals [indexed: 29.77 ± 2.16, non-indexed OA: 26.57 ± 10.16 authors; F(1, 7) = 0.03, p = 0.877] (Figure 3F, Table 3). Additionally, the proportion of articles reporting both basic statistics [indexed: 0.95 ± 0.03, non-indexed OA: 0.50 ± 0.08; F(1, 10) = 33.89, p < 0.001] and detailed statistical analyses [indexed: 0.71 ± 0.09, non-indexed OA: 0.05 ± 0.03 authors; F(1, 10) = 40.54, p < 0.001] was far higher in indexed journals than non-indexed OA journals (Figures 3G,H, Table 3). While clear differences between articles in indexed and non-indexed OA journals existed for metrics of scientific rigor, the incorporation of journal as a random variable significantly improved model fit for many of these metrics (number of authors, length, number of tables, and all three measures of time prior to publication; Table 3).
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FIGURE 3. Boxplot representation of non-demographic article level metrics for indexed (gray boxes) and non-indexed OA (white boxes) journals, including the number of authors (A), the article length (in pages) (B), the number of references (C), the number of figures and tables (D), the time (in days) from submission to acceptance (E) and the time from acceptance to publication (F), and the proportion of articles reporting basic (G) and detailed statistical analyses (H). Asterisks denote significant differences between journal types; ns denotes non-significant differences (see Table 3). See Methods section Data collection for details on sample sizes.




Table 3. Results of linear mixed effects models and AIC/log likelihood model comparisons for effects of journal type and journal on non-demographic article-level metrics.
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Non-indexed OA journals had a statistically higher number of authors from developing countries than indexed journals. Alongside displaying comparatively weaker scientific rigor, non-indexed OA journals had significantly higher [indexed: 0.51 ± 0.07, non-indexed: 0.78 ± 0.08; F(1, 10) = 5.50, p = 0.04] proportions of corresponding and/or primary authors from developing countries (Figure 4A, Table 4); however, the proportion of additional authors from developing countries was similar between indexed and non-indexed OA journals [indexed: 0.57 ± 0.07, non-indexed OA: 0.73 ± 0.10; F(1, 10) = 2.37, p = 0.155; Figure 4B, Table 4].


[image: image]

FIGURE 4. Boxplot representation of demographic article level metrics for indexed (gray boxes) and non-indexed OA (white boxes) journals, including the proportion of articles containing corresponding authors (A) and other authors (i.e., all authors other than the corresponding author) (B) with affiliations in developing countries. Asterisks denote significant differences between journal types; ns denotes non-significant differences (see Table 4). n = 6 per group.




Table 4. Results of linear mixed effects models and AIC/log likelihood model comparisons for effects of journal type and journal on demographic article-level metrics.
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DISCUSSION

Can Non-indexed OA Journals in Aquaculture Research Be Predatory?

To our knowledge, this is the first study to measure attributes of journals in aquaculture research to provide a quantitative comparison between non-indexed OA journals and well-established, indexed journals for scientific standards, ethical rigor and possible predatory implications. Broadly, our results suggest that non-indexed OA journals are widespread within aquaculture research and tend to be less established, contain fewer papers, and offer OA at a lower cost. Importantly, these components appear to align with reduced scientific quality (fewer references, shorter peer review) and statistical rigor. Thus, our results suggest that many non-indexed OA aquaculture journals show characteristics of predatory OA journals (as described in the section Introduction), and support the idea that predatory journals often (but perhaps not always) use questionable peer-review practices and publish substandard science and/or non-scientific information (Bohannon, 2013) that can lead to propagation of false information. It is important to note, however, that our results do not show that all non-indexed OA aquaculture journals are predatory OA journals, and individual journals need to be assessed using a combination of criteria outlined below. Furthermore, not all articles published in non-indexed OA journals are necessarily of poor quality. Nonetheless, our results provide evidence that predatory OA journals may be affecting aquaculture science through a lack of proper peer review (i.e., short times between submission and acceptance which could lead to increased pressure on peer reviewers and promote errors in peer review), enticing scientists to publish work in predatory journals by promising quick publication and comparatively cheap OA fees, and by exploiting (either advertently or inadvertently) scientists in developing nations (Figure 5).
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FIGURE 5. Diagrammatic of three major ways in which predatory OA publishing threatens science (based on our results), and how such threats apply directly to aquaculture research.



Predatory OA Publishing as a Source of Misinformation in Aquaculture

Our results suggest that while they are likely of lesser quality, non-indexed OA aquaculture journals often mimic legitimate, high-quality scientific articles (e.g. similarly named, professional website, PDF articles). Thus, it is not trivial to distinguish legitimate and reputable journals from those that are not. Theoretically, trained scientists should be able to recognize potentially predatory OA journals based on the quality of science and proceed accordingly. In reality, however, this is not always the case; with approximately 6,800 scientific articles published each day (Ware and Mabe, 2015), possible predatory submissions are bound to be overlooked. Hypothetically, if researchers simply skim a paper for information and do not recognize that the paper is from a potential predatory journal and has not been through rigorous peer review, misinformation can become embedded within the aquaculture literature, as well as other fields. Furthermore, hypothetically, naïve researchers unfamiliar with the shifting landscape of scientific publication and the threats therein may submit and publish work in potentially predatory OA journals, unbeknownst to the consequences. As mentioned previously with developing researchers, this may result in high-quality work being published in a predatory OA journal, ultimately going unrecognized or being dismissed as inadequate. In addition, the reputation of individual researchers can be influenced, depending on whether or not repeated publications in potentially predatory OA journals are noticed and properly critiqued. As such, future studies conducting a deeper evaluation of the scientific content of articles in known predatory aquaculture journals than we provide herein are warranted to better understand the extent of this effect. At current, however, it is unclear just how much of the aquaculture research community (and the industry at large) is naïve to predatory OA journals. A quantitative documentation of the susceptibility of researchers to predatory OA publishing is necessary to fully comprehend how much of a risk to aquaculture predatory publishers pose.

As mentioned, the non-indexed OA aquaculture journals highlighted in our study used less rigorous peer review (i.e., shorter peer review times which could put pressure on reviewers to review papers quickly, thus promoting errors and poorer peer review) and scientific work, they superficially resembled well-established, indexed journals. Their existence thus poses a potential threat to the communication of aquaculture research to the public. Although most scientists are trained to critically evaluate individual scientific articles, the same cannot be said for non-scientists, as non-scientists are typically not well versed to distinguish between high- and low-quality science. Astonishingly, the non-indexed OA journals herein were three times more abundant than well established, indexed journals in our Google search. This is concerning when one considers that a large portion of the public obtains much of its scientific information from Google searches (Purcell et al., 2012; Fox and Duggan, 2013). It is important to recognize, however, the Google searches are personalized, and Google results will vary across users and over time; a more in depth study assessing Google search results across a broad range of users and time periods is thus necessary to confirm the findings herein. Nonetheless, our search was adequate in identifying non-indexed OA journals for quantitative comparison with indexed journals. Furthermore, fish farmers and other stakeholders in the aquaculture industry rely on sound scientific information to inform optimal practices in order to ensure economic and environmental optimization and stability. For example, the treatment of farmed fish with tested and approved pharmaceuticals can be critical in maintaining healthy and high-quality fish (Shao, 2001; Benkendorff, 2009), and predatory OA journals are known to publish false pharmaceutical findings in other fields (Bohannon, 2013). Thus, predatory OA aquaculture journals are not only a potential threat to the academic side of aquaculture, but also to the public perception of aquaculture activities and the economic and ecological sustainability of the industry. It should be noted, however, that well respected, non-predatory publishers can also publish faulty and/or non-scientific content [e.g., the autism-vaccine link (Wakefield et al., 1998), or the recent high-profile case of microplastic effects on perch larvae (Lönnestedt and Eklöv, 2016)] and the spread of misinformation within the field of aquaculture research is not restricted to predatory OA journals. Nonetheless, our results do suggest that predatory OA aquaculture journals have a higher propensity to publish lesser-quality science than their non-predatory counterparts and can potentially contribute to the spread of misinformation in aquaculture.

Who Publishes in Non-indexed OA Aquaculture Journals?

Our results agree with those of previous studies suggesting that non-indexed OA journals serve a disproportionate number of authors from developing countries (Shen and Björk, 2015; Xia et al., 2015; Seethapathy et al., 2016; Balehegn, 2017; Gasparyan et al., 2017). It thus seems that many aquaculture researchers from these regions are spending a fair proportion of their limited financial resources on publishing in likely predatory OA journals, when such resources can be used in more effective ways (e.g., increasing research infrastructure, publishing in high quality open access journals, hiring staff). This may be due to a number of factors such as preferential targeting of researchers in developing-nations by predatory OA publishers, a shorter cultural tradition of participation in scientific publication, an intense pressure to publish resulting in unethical publishing practices (i.e., predatory authors), and/or economic limitations competing against high APCs in non-predatory OA journals (Harris, 2004; Butler, 2013; Shen and Björk, 2015). It is important to note, however, that particularly the latter factor is not at all limited to developing nations. It is also likely that good, high-quality research sometimes gets published in questionable journals because authors are unaware of what predatory OA journals are (although a quantitative understanding of naïvety among the aquaculture community is required) and wish to publish their work OA for as cheap a fee as possible. Thus, because predatory OA journals can negatively impact the reputation of individual researchers (Castillo, 2013; although this has yet to be quantitatively assessed) and can be exploited by unethical researchers for personal gain (Shen and Björk, 2015), aquaculture research from such nations may be perceived by the academic community as low quality, even though it may not be. As such, the publication of aquaculture research in non-indexed OA journals may hinder the research reputation of nations that publish in such journals often. To combat this, individual researchers should always use the “think, check, submit” method (see next section) when submitting papers to OA journals. In addition, indexed journals and other relevant institutions should explore ways to remove publication barriers for researchers in developing nations and increase incentives for such researchers to publish their work in reputable journals.

Minimizing the Impact of Potential Predatory OA Publishing in Aquaculture

Alongside recognizing and avoiding predatory OA journals, there are a number of other approaches that can be used to hinder the progression and spread of predatory OA journals in the field of aquaculture and beyond. For example, Lalu et al. (2017) suggested that educating researchers on how to identify probable predatory OA journals, and providing incentives for publishing in legitimate journals and disincentives for publishing in predatory journals, could help to combat predatory OA publishing. These suggestions could be aided by peer-to-peer and institutional education and outreach, and diligent assessments of researcher publication records by institutions and funding agencies; institutional support and education can also aid graduate students and naïve researchers who wish to ethically publish OA (Beaubien and Eckard, 2014). Institutions and funding agencies could also explore mandatory archiving in institutional repositories, coupled with critical assessments of articles submitted to those repositories to monitor and discourage researchers from publishing in predatory OA journals (Yessirkepov et al., 2015; Seethapathy et al., 2016). Likewise, hiring committees, grant providers, international committees, and similar associations need to be diligent in assessing researcher credentials to avoid hiring and promoting “researchers” that may exploit the lack of rigorous peer review in predatory OA journals to enhance their CV.

An economic shift in the gold OA model could also help to alleviate the impact of predatory OA aquaculture journals. The current state of the gold OA model unfortunately drives the exploitation of scientific publishing for monetary gain, where an author fee-per-paper model incentivizes higher rates of publication and lower rigor. It is important to recognize, however, that traditional subscription-based publishers also exploit scientific publishing for monetary gain (in most cases, much more efficiently than OA journals). Given the financial requirements of OA publishing and the difficulty in removing the associated costs (Hoyt, 2017), removing the financial component of the gold OA model may not be the most realistic solution and may hinder the progression of and transition to open science. Thus, the approaches mentioned in the previous paragraph may be more effective.

While systematic changes will be necessary to eliminate predatory OA publishing, individual researchers can contribute to the cause by being educated about predatory OA journals, and using the “think, check, submit” method when submitting a manuscript to OA journals (http://thinkchecksubmit.org/). This method first encourages researchers to think about the journal they are about to submit their work to and closely consider whether or not the journal seems legitimate and if their work fits in the journal. Next, submitting authors are guided to check the legitimacy of the journal. This can be done using the “think, check, submit” checklist (http://thinkchecksubmit.org/check/) and cross-checking the journal or publisher in the DOAJ and other quality-controlled bibliometric databases. Researchers can also use the attributes elucidated herein to assess attributes of a candidate OA journal for their work to determine if the journal may be predatory (see below). Finally, submitting authors are encouraged to submit their work only if they answered yes to most of the questions in the “think, check, submit” checklist. In addition, aquaculture researchers can use the criteria herein to distinguish likely predatory journals from legitimate ones.

Limitations of the Present Study

In this study, we found a number of journal- and article-level attributes that statistically differentiated non-indexed OA aquaculture journals from indexed ones and suggested that non-indexed OA journals may likely be predatory. However, it is important to recognize that assessing a single attribute (as highlighted here or in other studies) is insufficient for determining whether or not an OA aquaculture journal is predatory (as not all non-indexed OA journals are predatory; Beaubien and Eckard, 2014); particularly given that the random factor of journal had a significant effect on most of our article-level metrics. Thus, researchers need to carefully examine multiple journal attributes in order to conclusively and assuredly determine whether or not a given OA journal is likely predatory. Based on our analysis, the aquaculture journals that appear most prominently on Google searches use the gold OA model, were established after 2010, publish <20 articles per year, and have an APC under $1,000. In addition, these journals are not included in any of the three quality-controlled bibliometric databases used herein (DOAJ, Clarivate Analytics, and Scopus). We thus suggest that OA aquaculture journals with this combination of attributes are most likely predatory (as defined previously) and we encourage all authors to assess OA publishing options with care. It is critical to stress here, however, that it is the combination of these attributes that characterize predatory OA aquaculture journals, and any single attribute cannot be used to define a journal as predatory. Taking additional steps such as referring to the DOAJ (https://doaj.org/; and other quality-controlled databases such as Web of Science, Clarivate Analytics, and Scopus) prior to submitting a paper to an OA aquaculture journal would also serve researchers well in avoiding predatory OA journals (Günaydin and Dogan, 2015).

It should also be noted that this study does not suggest that all non-indexed OA aquaculture journals are predatory by nature, or that all articles contained in predatory OA journals are necessarily of low quality. Thus, our statistical approach here is only indicative of potential predatory OA journals. Nonetheless, it is clear that naïve researchers may submit high quality work to predatory OA journals. This does not excuse predatory OA journals on the basis that they sometimes publish good research, but rather highlights that good science may get lost or interpreted as poor science when it is published in such journals. Thus, it is critical for researchers to check attributes of the journals they are submitting to in order to determine whether or not a given OA journal provides an adequate range of scholarly publishing services (e.g., solid peer review, participation in archiving, quality-controlled bibliometric indexation); using the “think, check, submit” method can be useful in this regard (see section Minimizing the Impact of Potential Predatory OA Journals in Aquaculture). Future studies exploring the variation in article scientific quality within predatory and non-predatory OA journals would provide a more detailed understanding of the scientific quality of predatory OA journal articles. Furthermore, experimental studies with blinded reviewers assessing the scientific quality of articles from the non-indexed OA and indexed journals (compared to an assessment of aggregate proxies for scientific rigor) would provide more direct evidence as to whether or not articles in non-indexed OA journals are truly of lesser scientific quality.

While this study documents a variety of quantitative attributes of non-indexed OA aquaculture journals and suggests that they can be predatory, we did not include all potential attributes of predatory OA journals. Indeed a number of predatory OA journal attributes are evident that we did not incorporate into our analysis, including illustrative aspects of journal covers, unusually large editorial boards filled with famous names and/or editors without an online presence, strange/broad subject categories, and poorly designed websites with many typos and no secure payment options for open access fees (Hunziker, 2017). As such, future studies objectively assessing the attributes of non-indexed OA and well-established, indexed journals would benefit from incorporating additional attributes such as those highlighted above.

Lastly, while this paper focuses on aquaculture research, the broader applicability of our results to other fields of research remains to be determined. Given our robust design and the similarities between our results and the documented nature of predatory OA journals (Bohannon, 2013), it seems likely that our results are applicable to other fields of research. Subtle differences in publishing practices, however, could theoretically render our results invalid for other research disciplines. Future studies applying our approach to objectively assess non-indexed OA and well-established, indexed journals in other fields of research are required to determine the breadth of applicability that our results provide.

CONCLUSIONS

Our findings suggest that non-scientists are likely to encounter predatory OA aquaculture journals in online searches given that non-indexed OA journals were characteristic of predatory OA journals and were three times more abundant than indexed journals in the first 10 SERPs of our search. Overall, non-indexed OA journals were found to use the gold OA model, were established more recently, and were be less scientifically rigorous than indexed aquaculture journals. Taken together, these results suggest that predatory OA publishing may pose a threat to aquaculture research and needs to be considered seriously by the aquaculture research community and industry as a whole. The awareness and recognition of predatory OA aquaculture journals by individual researchers, students, and various aquaculture stakeholders is paramount for minimizing predatory OA journals' impact on aquaculture research and the aquaculture industry at large; this can be achieved through institutional and peer-to-peer education regarding attributes of predatory OA journals (compared to non-predatory journals) and promoting the use of databases such as the DOAJ. Additionally, the removal of the pay-per-article aspect of the gold OA model would eliminate the purpose of predatory OA journals and the negative effects that they inflict on aquaculture. The implementation of such recommendations could help remove the questionable practices of predatory OA publishers from the field of aquaculture research, thus maintaining the integrity of the field, moving toward an appropriate public perception of aquaculture in a post-truth era, and ensuring an adequate and productive contribution of aquaculture to global food security for the future.
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2171.83

1215.97
1211.64

2065.82
2079.28

1739.49
1818.58

12.56
10.25

9.86
756

logLik

—493.43
—496.57

—735.43
-74382

-1077.45
-1077.45

-597.22
-597.75

~1022.55
-1031.87

-859.35
-901.52

-1.67
-1.67

-033
-0.33

L.Ratio

628

16.79

<0.001

1.05

18.64

84.34

<0.001

<0.001

p-value

0012"

<0.001*

>0.999

0.305

<0.001*

<0.001*

>0.999

>0.999

Bolded text denotes statistically significant main effect of journal type from finear mixed effects model at < 0.05; asterisk denotes significant diference between models with and

without random factor (where significant, the best model has the lowest AIC and highest log likelihood, and s italicized).
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