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THESIS SUMMARY 

Vibrio bacteria are one of the most prominent microorganisms in coastal areas 

due to their role in biogeochemical cycles, health implications, and adverse impact on 

the mariculture sector (Martinez-Urtaza et al., 2010; Shafiee et al., 2024). Vibrio 

infections lead to significant economic losses in mariculture and negative 

environmental impact through massive die-offs of fish, shellfish, and other organisms 

(Manchanayake et al., 2023; Shafiee et al., 2024). Climate change and other 

anthropogenic pressures hamper risk management by rapidly altering the dynamics of 

microbial communities in marine environments. As these communities shift, they can 

threaten the health of natural ecosystems and contribute to the spread of diseases in 

mariculture, causing significant economic damage and negative environmental impact. 

This makes it imperative to develop management strategies that safeguard both the 

aquaculture industry and the marine environments in which production facilities are 

located. 

Mathematical models are important tool for understanding and forecasting 

Vibrio spp. abundance, as they enable the prediction of future trends in various aquatic 

systems and marine aquaculture products, support the development of management 

strategies, and advance knowledge of changes in microbial communities within aquatic 

ecosystems (Baker-Austin et al., 2013; Riedinger et al., 2025). The results of 

mathematical models can i) improve decision-making and cost estimation in 

aquaculture, as well as ii) guide future research and the food safety legislation (Alver 

& Føre, 2023; Huss et al., 2004). However, many existing models are derived from 

controlled laboratory experiments and may not translate well to in situ conditions, which 

are highly variable and often lack consistent data. Therefore, before using existing 

models to assess the dynamics of Vibrio populations, their applicability should be 

checked to avoid misleading predictions and the resulting errors in management 

strategies, and changes in regulatory frameworks.  

In addition to mathematical modeling, monitoring Vibrio spp. as part of water 

quality assessments offers another promising approach to support sustainable 

mariculture. Current water quality assessment practices include indicators 

characterizing heterotrophic bacteria but are mostly focused on fecal bacteria (Some 

et al., 2021), specifically E. coli and enterococci (Some et al., 2021; Stewart et al., 

2008). Other bacteria, such as Vibrio spp., have been largely overlooked despite their 



 
 

potentially negative effect on humans and marine organisms. Despite the large number 

of research studies on Vibrio spp. and the suggestion to use their abundance as a 

supplementary indicator of water quality as early as 1984 (Robertson, 1984), uniform 

guidelines, recommendations, and official regulations for their monitoring still do not 

exist. Generally, the literature on the practical applicability of Vibrio spp. as a 

supplementary water quality indicator remains limited and inconclusive. 

Both the development of mathematical models and the analysis of the 

applicability of new environmental indicators heavily rely on the availability and quality 

of existing research (Stein et al., 2001; van den Berg et al., 2022). However, "publish 

or perish" culture (Udesky, 2025), coupled with insufficient training in study design and 

statistical methods, often leads to poorly designed studies, incomplete reporting, and 

unpublished studies. These issues reduce the informative value of research, which is 

defined as the completeness of the available results of the conducted studies. 

Informative value of research is reduced by suboptimal study design, unpublished 

studies, and incomplete reporting in publications. Prior to the research presented in 

this thesis, informative value of research has only been quantified in medicine, where 

it was estimated at just 15% (Chalmers & Glasziou, 2009). The problem could be 

relatively large in all fields of science (Begley & Ellis, 2012; Camerer et al., 2018; Open 

Science Collaboration, 2015), given that the root causes, such as misaligned research 

incentive structures, limited methodological training, and inadequate support for 

transparent practices, are systemic in nature. 

Therefore, the aim of this doctoral thesis was to: (i) assess the ability of existing 

functional models from the literature for predicting the Vibrio spp. abundance in various 

marine areas, (ii) explore the potential of Vibrio spp. abundance as an additional 

indicator of water quality for science-based coastal management and mariculture, (iii) 

quantify the informative value of existing studies in the field of ecology. The thesis is 

based on three published articles addressing the following hypotheses:  

(H1): Existing models of Vibrio bacteria growth can predict the abundance of Vibrio 

spp. in mariculture.  

(H2): Indicators of Vibrio spp. abundance have the potential to be included in the 

regular set of indicators for assessing water quality in mariculture. 

(H3): The informative value of ecological research is comparable to that estimated in 

medicine, which is about 15%. 



 
 

The first publication (Purgar et al., 2022a) assessed the performance of 28 

functional Vibrio spp. growth models obtained via literature search and extracted from 

16 eligible peer-reviewed studies identified via a literature search using Web of 

Science. The available functional models from the literature were standardized using 

unified nomenclature and limited to those employing both primary (bacterial growth 

over time) and secondary (environmental drivers such as temperature, salinity, pH) 

models to enable model simulation. Model performance was evaluated using seven 

open datasets of Vibrio abundance, including two newly collected in the Adriatic Sea 

and five from existing literature, spanning four habitat types (aquaculture, urban 

estuary, estuary, and coastal area). Results of model simulations and model 

performance analysis demonstrate that, while the models were able to predict Vibrio 

spp. abundance to an extent, their predictive accuracy was generally limited. Models 

often underperformed, especially in coastal environments under significant 

anthropogenic influence such as marine aquaculture (around fish farms) and urban 

estuaries under greater anthropogenic pressure, such as mariculture. 

The second publication (Purgar et al., 2023) investigated whether Vibrio spp. 

abundance could and/or should be used as a supplementary bacterial indicator for 

monitoring water quality near mariculture. The study was conducted on an open 

dataset collected in Mali Ston Bay (Adriatic Sea), allowing for a comparison of bacterial 

indicators and environmental parameters at a fish farm and a nearby control site across 

two seasons. Statistical analysis revealed that Vibrio spp. abundance, along with 

heterotrophic bacteria and enterococci, was unexpectedly more abundant during 

colder months, while E. coli and total coliforms followed the typical pattern of higher 

abundance in warmer months. Here, Vibrio spp. abundance indicated a potential 

microbial risk and lower water quality that conventional fecal indicators did not capture, 

providing distinct and complementary information compared to traditional indicators, 

which is particularly relevant for sustainable mariculture. Given their role as 

opportunistic pathogens responsible for disease outbreaks in marine organisms, 

incorporating Vibrio monitoring could improve early detection and management of 

health risks. However, the study also highlighted the need for additional research to 

establish Vibrio-specific water quality thresholds and identify key pathogenic species 

before incorporating the indicator into regulatory frameworks. 

The third publication (Purgar et al., 2022b) quantified the informative value of 

ecological research based on the results of 33 meta-studies. Meta-studies were 



 
 

defined as studies that synthesized published or unpublished research with the aim to 

estimate research waste components occurring at any of the main stages of the 

research life cycle (study planning, result reporting, and publication). Research waste 

was categorized into core waste, which represents studies that remain unpublished 

because of low quality or publication bias, and exploitative waste, which represents 

published studies that are poorly designed or insufficiently reported, diminishing their 

informative value. The meta-analysis of 43 estimates of research waste components 

from 33 meta-studies showed that 44.7% (95% CI: 44.2-46.7%) of studies remained 

unpublished. Among published studies, 67.4% (95% CI: 66.3-68.4%) had significant 

issues at the study design stage, and 40.7% (95% CI: 38.7-42.8%) of their results were 

underreported, meaning that critical information such as effect sizes, sample sizes, or 

uncertainty measures was missing. Overall, these findings suggest that only 11-18% 

of ecological research reaches its full informative value, akin to the 15% observed in 

medicine. 

This doctoral thesis provides new insights into modeling and monitoring Vibrio 

spp. abundance in marine environments while also quantifying a broader systemic 

issue in ecological research: low informative value, which limits the ability to build upon 

existing research. The thesis presents the following original scientific contributions: 

1. A comprehensive review and standardization of existing models for predicting 

Vibrio spp. abundance. 

2. Assessment of the predictive performance of existing Vibrio spp. growth models 

near mariculture and other coastal areas. 

3. Comparative analysis of the effectiveness of Vibrio spp. abundance versus 

conventional bacterial indicators in assessing water quality. 

4. Assessment of the potential of Vibrio spp. abundance as a supplementary 

indicator for monitoring coastal water quality. 

5. The first quantitative estimate of the informative value of ecological research. 

6. Release of datasets and analytical code in open-access repositories to promote 

transparency and reproducibility of research findings. 

Together, the findings of this PhD thesis systematize available growth models and 

compare their ability to predict Vibrio spp. abundance in mariculture, provide evidence 

of Vibrio spp.'s applicability as a supplemental indicator of water quality in 

environmental monitoring near mariculture, and underscore the urgent need to improve 

study design, reporting practices, and publication rates in ecology which are crucial for 



 
 

supporting evidence-based decision-making in marine aquaculture, coastal 

management, and scientific progress more broadly. 

  



 
 

PROŠIRENI SAŽETAK 

Bakterije iz roda Vibrio jedne su od najistaknutijih mikroorganizama u obalnim 

područjima zbog svoje uloge u biogeokemijskim ciklusima, utjecaju na ljudsko zdravlje 

te negativnom učinku na sektor marikulture (Martinez-Urtaza i sur., 2010; Shafiee i 

sur., 2024). Infekcije uzrokovane Vibrio bakterijama dovode do velikih ekonomskih 

gubitaka u marikulturi i negativnog utjecaja na okoliš, posebice kroz masovno ugibanje 

riba, školjkaša i drugih organizama (Manchanayake i sur., 2023; Shafiee i sur., 2024). 

Klimatske promjene i drugi antropogeni pritisci otežavaju upravljanje rizikom jer 

ubrzano mijenjaju dinamiku mikrobnih zajednica u morskom okolišu. Kako se te 

zajednice mijenjaju, mogu ugroziti zdravlje prirodnih ekosustava i pridonijeti širenju 

bolesti u marikulturi, uzrokujući znatnu štetu i okolišu i gospodarstvu. Stoga je ključno 

razviti strategije upravljanja koje štite i industriju marikulture i morske ekosustave u 

kojima se uzgoj odvija. 

Matematički modeli predstavljaju važan alat za razumijevanje i predviđanje 

brojnosti bakterija roda Vibrio, jer omogućuju projekcije budućih trendova u vodenim 

sustavima i proizvodima iz marikulture, potporu razvoju strategija upravljanja te 

unaprjeđenje znanja o promjenama u mikrobnim zajednicama u vodenim 

ekosustavima(Baker-Austin i sur., 2013; Riedinger i sur., 2025). Rezultati takvih 

modela mogu pridonijeti donošenju odluka u marikulturi, procjeni troškova, 

usmjeravanju budućih istraživanja te oblikovanju zakonodavnog okvira za kakvoću 

vode i sigurnost hrane (Alver i Føre, 2023; Huss i sur., 2004). Međutim, brojni postojeći 

modeli temelje se na laboratorijskim eksperimentima i često nisu primjenjivi na stvarne 

okolišne uvjete koji su vrlo promjenjivi i često nedovoljno dokumentirani. Stoga je, prije 

njihove primjene u praksi, nužno procijeniti primjenjivost dostupnih modela kako bi se 

izbjegle pogreške u predviđanjima, upravljanju i zakonskoj regulativi. 

Osim modeliranja, praćenje brojnosti Vibrio spp. u sklopu procjene kakvoće 

morske vode nudi dodatni pristup održivoj marikulturi. Trenutne prakse procjene 

kakvoće vode uglavnom se oslanjaju na heterotrofne bakterije, posebno fekalne 

pokazatelje (Some et al., 2021) kao što su Escherichia coli i enterokoki (Some i sur., 

2021; Stewart i sur., 2008). Druge bakterije, poput Vibrio spp., uglavnom se 

zanemaruju, iako mogu imati štetan učinak na zdravlje ljudi i morskih organizama. 

Unatoč velikom broju istraživanja o Vibrio spp. te prijedlogu da se njihova brojnost 

koristi kao dopunski pokazatelj kvalitete vode već 1984. godine (Robertson, 1984.), 



 
 

jedinstvene smjernice, preporuke i službeni propisi za praćenje Vibrio spp. još uvijek 

ne postoje. Općenito, može se reći da je literatura o praktičnoj primjeni i prikladnosti 

brojnosti Vibrio spp. kao dodatnog pokazatelja kakvoće vode ograničena. 

Razvoj matematičkih modela i analiza prikladnosti novih okolišnih pokazatelja 

uvelike ovise o kvaliteti i dostupnosti postojećih istraživanja (Stein i sur., 2001; van den 

Berg i sur., 2022). No, “objavi ili propadni“ (engl. publish or perish) kultura (Udesky, 

2025), u kombinaciji s nedovoljnom edukacijom u području dizajna istraživanja i 

statističkih metoda, često dovodi do sub-optimalnog dizajna istraživanja, nepotpunog 

izvješćivanja te neobjavljenih rezultata. Sve navedeno umanjuje informativnu 

vrijednost znanstvenih istraživanja, odnosno potpunost i iskoristivost rezultata 

provedenih studija. Dosad je informativna vrijednost sustavno kvantificirana samo u 

području medicine, gdje je procijenjena na svega 15% (Chalmers i Glasziou, 2009). S 

obzirom na to da su temeljni uzroci niske informativne vrijednosti, poput neusklađenih 

sustava nagrađivanja znanstvenika, ograničenog metodološkog znanja i nedostatne 

podrške transparentnim praksama, sistemski, isti problem vjerojatno postoji i u drugim 

znanstvenim područjima. 

Stoga je cilj ove doktorske disertacije bio: (i) procijeniti učinkovitost postojećih 

funkcionalnih modela iz literature za predviđanje brojnosti Vibrio spp. u različitim 

morskim područjima, (ii) istražiti potencijal brojnosti Vibrio spp. kao dodatnog 

pokazatelja kakvoće morske vode za znanstveno utemeljeno upravljanje obalnim 

područjima i marikulturom, (iii) kvantificirati informativnu vrijednost postojećih ekoloških 

istraživanja. 

Disertacija se temelji na tri objavljena znanstvena rada, koji istražuju sljedeće 

hipoteze: 

(H1) Postojeći modeli rasta bakterija roda Vibrio mogu se koristiti za predviđanje 

njihove brojnosti u marikulturi. 

(H2) Brojnost Vibrio spp. ima značajan potencijal da se uključi među redovne 

pokazatelje za procjenu kakvoće morske vode. 

(H3) Informativna vrijednost ekoloških istraživanja usporediva je s onom procijenjenom 

u medicini, otprilike 15%. 

Prvi rad (Purgar i sur., 2022a) analizirao je 28 funkcionalnih modela dobivenih 

literaturnim pregledom i ekstrakcijom iz 16 prihvatljivih recenziranih studija. Modeli su 

standardizirani prema jedinstvenoj nomenklaturi i ograničeni na one koji su sadržavali 

primarne (rast bakterija kroz vrijeme) i sekundarne (opisuju utjecaj okolišnih faktora 



 
 

poput temperature, saliniteta, pH) komponente. Učinkovitost modela testirana je na 

sedam otvorenih skupova podataka, uključujući dva nova iz Jadranskog mora te pet iz 

literature, obuhvaćajući četiri tipa staništa (marikultura, urbani estuariji, estuariji i 

obalna područja). Rezultati su pokazali ograničenu prediktivnu točnost, osobito u 

obalnim područjima pod snažnim antropogenim utjecajem, poput marikulture. 

Drugi rad (Purgar i sur., 2023) istraživao je može li se brojnost Vibrio spp. 

koristiti kao dopunski pokazatelj kakvoće vode u blizini marikulture. Za ovo istraživanje 

korišten je otvoreni skup podataka iz Malostonskog zaljeva, a uspoređivani su 

bakteriološki pokazatelji i okolišni parametri između ribogojilišta i obližnje kontrolne 

točke kroz dvije sezone. Statističkom analizom je utvrđeno da su Vibrio spp., zajedno 

s heterotrofnim bakterijama i enterokokima, bili brojniji tijekom hladnijih mjeseci, dok 

su E. coli i ukupni koliformi pratili očekivani sezonski obrazac s višim vrijednostima ljeti. 

Usporedbom graničnih vrijednosti kakvoće vode, brojnost bakterija roda Vibrio 

ukazivala je na potencijalni mikrobni rizik i nižu kakvoću vode koju konvencionalni 

fekalni indikatori nisu zabilježili, dajući jasne i komplementarne informacije u usporedbi 

s tradicionalnim pokazateljima, što je posebno važno za održivu marikulturu. Rezultati 

ovog istraživanja upućuju na to da brojnost Vibrio spp. može pružiti dodatne i 

specifične informacije koje standardni pokazatelji ne bilježe, čime se povećava 

učinkovitost praćenja kakvoće vode. 

Treći rad (Purgar i sur., 2022b) kvantificirao je informativnu vrijednost ekoloških 

istraživanja meta-analizom 33 meta-studije koje su obuhvaćale ukupno 10464 

pojedinačnih studija. Rezultati su pokazali da 44,7% studija nikada ne bude objavljeno, 

67,4% ima nedostatke u dizajnu istraživanja, a 40,7% ne prikazuje rezultate u cijelosti. 

Ukupno je procijenjeno da tek 11–18% ekoloških istraživanja doseže svoju punu 

informativnu vrijednost. 

Ova doktorska disertacija donosi nove uvide u modeliranje i praćenje brojnosti 

Vibrio spp. u morskom okolišu te ističe širi problem u ekološkim istraživanjima: nisku 

informativnu vrijednost, koja ograničava mogućnost iskorištavanja postojećih 

znanstvenih spoznaj. Znanstveni doprinosi uključuju: 

1. Pregled i standardizaciju postojećih modela za predviđanje brojnosti bakterija iz 

roda Vibrio. 

2. Procjenu učinkovitosti postojećih modela za predviđanje brojnosti Vibrio spp. u 

marikulturi. 



 
 

3. Usporedbu učinkovitosti standardnih indikatora s indikatorom brojnosti Vibrio 

spp. za procjenu kakvoće morske vode.  

4. Procjenu potrebe korištenja brojnosti Vibrio spp. kao dodatnog indikatora 

kakvoće morske vode. 

5. Prvu procjenu informativne vrijednosti postojećih studija za područje ekologije. 

6. Objavljene setove podataka i analitičkog koda u javno dostupnim repozitorijima 

s otvorenim pristupom. 

Zajedno, rezultati ove doktorske disertacije standardiziraju postojeće modele rasta 

bakterija roda Vibrio i uspoređuju njihovu učinkovitost u predviđanju brojnosti Vibrio 

spp. u marikulturi, pružaju dokaze o primjenjivosti brojnosti Vibrio spp. kao dopunskog 

pokazatelja kakvoće morske vode te naglašavaju hitnu potrebu za unapređenjem 

dizajna studija, praksi izvještavanja i stope objavljivanja u ekologiji, što je pak ključno 

za podršku održivoj marikulturi, upravljanje obalnim područjima i napredak znanosti u 

širem smislu.  
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1. INTRODUCTION 

Marine aquaculture plays an important role in advancing multiple Sustainable 

Development Goals (SDGs) including SDG 2 (Zero Hunger), SDG 8 (Decent Work and 

Economic Growth), SDG 13 (Climate Action), and SDG 14 (Life Below Water), by 

contributing to food security, supporting livelihoods and economic development, 

enhancing climate resilience, and promoting the sustainable use of ocean and marine 

resources (FAO, 2024; Stead, 2019; Troell et al., 2023). In 2022, global aquaculture 

production reached 130.9 million tonnes (valued at USD 312.8 billion) and accounted 

for 59% of total global aquatic production (FAO, 2024). Here, aquaculture for the first 

time surpassed capture fisheries (i.e., the harvesting of wild fish and shellfish from their 

natural environment) in aquatic animal output, contributing 51% of the global total. 

Within this expansion, marine and coastal aquaculture, which includes the farming of 

aquatic species in ocean and nearshore environments (hereafter referred to as 

mariculture), accounted for 37.4% of all farmed aquatic animals. While this growth 

highlights the increasing significance of mariculture in global food systems and aids in 

alleviating pressure on capture fisheries, it also amplifies the necessity for science-

based strategies to tackle emerging environmental and biological risks in marine 

farming systems.  

One of the most pressing challenges in marine aquaculture is the increasing 

risk posed by microbial communities, particularly in the context of climate change and 

intensified human activities (FAO, 2024). Changing environmental conditions, such as 

higher sea temperature, acidification, and increased nutrient loads, are reshaping 

microbial communities by creating favorable conditions for microbial proliferation, often 

favoring opportunistic and potentially pathogenic species, notably Vibrio spp. (Nogales 

et al., 2011). Vibrio bacteria are one of the most prominent microorganisms in coastal 

areas due to their role in biogeochemical cycles, health implications, and adverse 

impact on the mariculture sector (Baker-Austin et al., 2018; Martinez-Urtaza et al., 

2010). Monitoring the abundance and dynamics of Vibrio spp. enables early detection 

of pathogenic strains in marine environments and aquaculture systems, particularly 

those responsible for vibriosis (Sanches-Fernandes et al., 2022). Vibriosis is among 

the most common diseases in marine aquaculture and can result in large-scale 

mortality events and economic losses reaching billions of dollars globally each year 
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(Sanches-Fernandes et al., 2022; Shafiee et al., 2024). These risks highlight the need 

for effective, science-based approaches to monitoring and managing Vibrio spp. 

abundance in coastal environments and mariculture facilities worldwide.  

Mathematical models are important tool for understanding and forecasting 

Vibrio spp. abundance, as they enable the prediction of future trends in various aquatic 

systems and marine aquaculture products, support the development of management 

strategies, and advance knowledge of changes in microbial communities within aquatic 

ecosystems (Baker-Austin et al., 2013; Riedinger et al., 2025). The results of 

mathematical models can i) improve decision-making and cost estimation in 

aquaculture, as well as ii) guide future research and the food safety legislation (Alver 

& Føre, 2023; Huss et al., 2004).  

Modeling Vibrio abundance typically relies on growth curves that show the 

number of living cells as a function of time (Peleg & Corradini, 2011). In constant 

(laboratory) conditions, the growth of bacteria is characterized by a sigmoid curve 

where the dependent variable is the logarithm of the concentration of live cells (Baranyi 

et al., 1993). The sigmoid curve describes isothermal growth, i.e., growth as a function 

of time at constant temperature (Peleg & Corradini, 2011). Secondary models describe 

the functional dependence of growth with respect to external factors such as 

temperature or pH (Esser et al., 2015; Peleg & Corradini, 2011). The most common 

secondary models are the Ratkowsky model (Ratkowsky et al., 1983) and the 

Arrhenius model (Davey, 1989). Some sources also define tertiary models (Esser et 

al., 2015), described as software packages that build upon primary and/or secondary 

models and often have a user interface. 

In general, the aforementioned models are useful but are not always applicable. 

The quality of the model, and thus interpretative value, depends on numerous factors 

such as knowledge about the modeled system, availability of data, and existing 

structures and mathematical formulations of the models themselves. Existing models 

of population dynamics of Vibrio spp. are mainly based on information from 

experiments, so their applicability for in situ modeling is questionable. Possible 

limitations arise from the model formulations: while the equations provide satisfactory 

descriptions of Vibrio growth and its dependence on, e.g., temperature or pH, they 

usually are not subject to mechanistic interpretation (Esser et al., 2015). For data 

collected in situ, exact conditions of data collection are often unknown, the intervals 

between data collection may be long and/or irregular, and environmental conditions 
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vary greatly (Ramsey, 2021). Therefore, before using existing models to assess the 

dynamics of Vibrio populations, their applicability should be checked to avoid errors in 

forecasts, planning, and changes in regulatory frameworks.  

Sustainable mariculture and regulatory frameworks strongly rely on indices such 

as water quality, which is important for the success of farming itself (Leung et al., 2015; 

Liu et al., 2023; Webber et al., 2021). Typical water quality assessment includes 

indicators characterizing heterotrophic bacteria but is mostly focused on fecal bacteria 

(Some et al., 2021), specifically Escherichia coli (E. coli) and enterococci (Some et al., 

2021; Stewart et al., 2008). Bacterial indicators explain specific anthropogenic 

pressures and help with risk assessment. Heterotrophic plate counts (HPC) reflect the 

general load of different bacteria that need organic nutrients for growth in water bodies 

(Bartram et al., 2013). Historically, coliform bacteria were widely used as indicators of 

fecal pollution in water. However, they were eventually replaced by more specific 

indicators, such as E. coli and enterococci, due to their higher reliability in detecting 

fecal contamination (Price et al., 2017). Other bacteria, such as Vibrio spp., have been 

largely overlooked despite their potentially negative effect on humans and marine 

organisms (Price et al., 2017). Despite the growing number of studies on Vibrio spp. 

(Onohuean et al., 2022; Zakaria et al., 2025), and the suggestion to use Vibrio 

abundance as a supplementary indicator of water quality as early as 1984 (Robertson, 

1984), uniform guidelines, recommendations, and official regulations for the monitoring 

of Vibrio spp. still do not exist. Generally, the literature on the practical applicability of 

Vibrio spp. as a supplementary water quality indicator remains limited and 

inconclusive. 

 Predictive modeling and development and implementation of new 

environmental indicators, such as Vibrio spp. for water quality, have the potential to 

support sustainable mariculture by improving monitoring and informing management 

decisions. However, effectiveness, reliability, and integration of models and new 

indicators into monitoring frameworks and regulatory policies ultimately depend on the 

quality and accessibility of ecological studies. While ecological research routinely 

generates datasets, analytical workflows, and derived results, only a small and 

potentially biased fraction of this output is made publicly available through publications 

(Rothstein et al., 2005) and thus available as information for re-use in e.g. evidence 

synthesis (Nakagawa, Koricheva, et al., 2020) and for other researchers to build on. 

The prevailing publish or perish culture (Udesky, 2025), combined with limited training 



4 
 

in study design and statistical analysis (Touchon & McCoy, 2016), also contributes to 

making data collection and analysis suboptimal and biased.  

Collectively, issues related to unpublished studies, suboptimal study planning 

(including flaws in study design, data collection, and data analysis), and inadequate 

result reporting reduce the informative value of the research, defined as the 

accessibility, usability, and completeness of the available results in the conducted 

studies. To date, the informative value of research has been estimated only for one 

field of science, medicine, where it amounts to 15 percent (Chalmers & Glasziou, 2009) 

leads to an estimated annual loss exceeding US$170 billion (Glasziou & Chalmers, 

2016). Research showed that the problem could be relatively large in all fields of 

science (Begley & Ellis, 2012; Camerer et al., 2018; Open Science Collaboration, 

2015), including ecology, given that the root causes, such as misaligned research 

incentive structures, limited methodological training, and inadequate support for 

transparent practices, are systemic in nature.   

This doctoral thesis is based on three peer-reviewed scientific publications, 

each addressing a specific research gap relevant to sustainable mariculture. The first 

publication systematizes 28 functional growth models of Vibrio spp. extracted from the 

literature and examines their applicability for predicting Vibrio abundance in various 

coastal habitats, including marine aquaculture environments. The second publication 

explores the potential of Vibrio spp. abundance to serve as a supplementary bacterial 

indicator of water quality by analyzing seasonal patterns, environmental conditions, 

and bacterial abundance at a mariculture site and a nearby control site in the Adriatic 

Sea. The third publication quantifies the informative value of ecological research by 

synthesizing evidence from 33 meta-studies, assessing the extent of unpublished, 

poorly designed, or incompletely reported studies that limit the informative value of 

research in ecology. The study did not conduct an assessment focused specifically on 

mariculture or aquatic ecology but instead examined ecological research as a whole 

for two main reasons: (i) possible limited number of available meta-research studies 

quantifying components of research waste across research cycle within ecological 

subfields, and (ii) scientific disciplines, and their subfields, often share similar structural 

characteristics, such as research norms and incentive systems, making it reasonable 

to expect comparable informative patterns across subfields.  

These three publications integrate mathematical modeling, statistical analysis, 

and a meta-research approach to strengthen the scientific foundation for modeling and 
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integrating Vibrio spp. abundance as an indicator in mariculture, and provide the first 

quantitative estimate of the informative value of research in ecology. Estimates of the 

informative value of research enable further advocacy for changes in various 

stakeholder incentives to improve research practices, resulting in a greater amount of 

knowledge for creating more effective strategies for managing marine ecosystems, 

mitigating the effects of climate change, and enhancing marine aquaculture practices, 

ultimately leading to cleaner and safer food production. The final section of the thesis 

presents a general discussion that synthesizes the findings, reflects on their broader 

implications, and outlines recommendations for future research in marine aquaculture 

and the broader field of ecology. 

 

1.1. RESEARCH OBJECTIVES AND HYPOTHESES 

The doctoral thesis had three main objectives: (i) to assess the ability of existing 

functional models from the literature for predicting the Vibrio spp. abundance in various 

marine areas, (ii) to explore the potential of Vibrio spp. abundance as an additional 

indicator of water quality for science-based coastal management and mariculture, (iii) 

to quantify the informative value (research waste) of existing studies in the field of 

ecology.  

Specifically, the thesis investigated three main hypotheses:  

(H1): Existing models of Vibrio bacteria growth can be used to predict the abundance 

of Vibrio spp. in mariculture.  

(H2): Vibrio spp. abundance has significant potential to be included in the regular set 

of indicators for assessing the water quality in mariculture. 

(H3): The informative value of ecological research will be similar to that estimated in 

medicine (about 15%). 
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2. RESEARCH ARTICLES 

2.1. Publication I: Investigating the Ability of Growth Models to Predict In Situ 

Vibrio spp. Abundances 

Purgar, M., Kapetanović, D., Geček, S., Marn, N., Haberle, I., Hackenberger, B. K., 

Gavrilović, A., Pečar Ilić, J., Hackenberger, D. K., Djerdj, T., Ćaleta, B., Klanjscek, T. 

(2022a). Investigating the Ability of Growth Models to Predict In Situ Vibrio spp. 

Abundances. Microorganisms, 10(9), 1765. 

https://doi.org/10.3390/microorganisms10091765 

Contributions: conceptualization, formal analysis, investigation, visualization, writing 

- original draft preparation, and writing - review and editing. 
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2.2. Publication II: Assessment of Vibrio spp. abundance as a water quality 

indicator: Insights from Mali Ston Bay in the Adriatic Sea 

Purgar, M., Gavrilović, A., Kapetanović, D., Klanjšček, J., Jug-Dujaković, J., Kolda, A., 

Žunić, J., Kazazić, S., Vardić Smrzlić, I., Vukić Lušić, D., Pikelj, K., Listeš, E., El-

Matbouli, M., Lillehaug, A., Lončarević, S., Knežević, D., Hengl, B., Geček, S., 

Klanjscek, T. (2023). Assessment of Vibrio spp. abundance as a water quality indicator: 

Insights from Mali Ston Bay in the Adriatic Sea. Estuarine, Coastal and Shelf Science, 

295, 108558. https://doi.org/10.1016/j.ecss.2023.108558 

 

Contributions: conceptualization, formal analysis, visualization, writing – original 

draft, and writing – review & editing. 
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2.3. Publication III: Quantifying research waste in ecology 

Purgar, M., Klanjscek, T., Culina, A. (2022b). Quantifying research waste in ecology. 

Nature Ecology & Evolution, 6(9), 1390-1397. https://doi.org/10.1038/s41559-022-

01820-0  

Contributions: data collection, data analysis, data interpretation, and writing - review 

and editing. 
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3. DISCUSSION 

This discussion chapter synthesizes key findings from the three peer-reviewed 

publications that comprise this doctoral dissertation. The research was centered 

around Vibrio spp. abundance, specifically, predictive modeling and statistical analysis, 

to enhance the understanding of applicability of existing models from the literature to 

predict Vibrio spp. abundance near mariculture and to assess its possible use as an 

additional indicator of marine water quality near mariculture. The dissertation also 

explored the informative value of ecological research, i.e., the extent of available 

information generated by ecological studies which can be reused. High informative 

value of research enables researchers, policymakers, and practitioners to reuse 

existing data and conclusions in designing more effective strategies for managing 

marine ecosystems, mitigating the impacts of climate change, and optimizing 

mariculture practices. Conversely, when studies remain unpublished or suffer from 

poor design and incomplete reporting, they contribute to research waste, a pervasive 

issue previously quantified primarily in medical sciences (Chalmers et al., 2014; 

Chalmers & Glasziou, 2009; Glasziou & Chalmers, 2016).  

The rest of this chapter examines each hypothesis in turn, placing the findings 

in the context of previous research and discussing their implications for future studies. 

 

3.1. (H1) Existing models of Vibrio bacteria growth can be used to predict the 

abundance of Vibrio spp. in mariculture. 

Hypothesis H1 posited that existing Vibrio growth models from literature, many 

of which were originally developed under controlled laboratory conditions, can be 

applied to predict Vibrio spp. abundance in natural mariculture environments. The 

findings from Publication I (Purgar et al., 2022a) provide partial support for this 

hypothesis. While several models, particularly those based on the Baranyi framework, 

showed moderate predictive performance in specific datasets, none demonstrated 

consistently reliable predictions across all habitat types tested. 

The study tested 28 standardized growth models on seven open datasets from 

diverse marine environments, including marine aquaculture, urban estuary, estuary, 

and coastal area. Predictive accuracy varied considerably depending on habitat 

conditions and the inclusion of key environmental drivers. For example, Baranyi 

models that incorporated both temperature and salinity performed better than those 
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with temperature alone. However, their overall performance was limited in ecosystems 

affected by strong anthropogenic pressures, such as around mariculture facilities and 

urban estuaries, where organic matter concentrations are elevated. 

Elevated inputs of organic matter stem from anthropogenic activities such as 

fish feeding and feces, and terrestrial runoff. Vibrio spp., as prototypical copiotrophs, 

are adapted to thrive in nutrient-rich environments (Takemura et al., 2014; Thompson 

& Polz, 2006) and exhibit a feast-and-famine lifestyle and actively swim toward 

nutrient-enriched microzones, including organic particles and detritus (Azam & Malfatti, 

2007; Stocker, 2012). Several studies have shown that Vibrio populations increase with 

rising concentrations of dissolved organic matter, particularly in coastal environments 

(Bullington et al., 2022; Eiler et al., 2007). Thus, the exclusion of organic matter from 

existing models likely undermines their predictive capacity, especially in habitats with 

fluctuating and elevated nutrient loads. This limitation aligns with previous discussions 

on factors that affect Vibrio spp. abundance beyond temperature and salinity 

(Brumfield et al., 2023; Oberbeckmann et al., 2012). 

Future research should prioritize the development of more integrative and real-

world data driven growth models. In particular, secondary models should be expanded 

to incorporate a broader and ecologically realistic range of environmental variables, 

especially temperature, salinity, and organic matter. Given the well-documented 

influence of organic matter on Vibrio proliferation, future field observations and 

datasets should include measurements of dissolved organic matter and related 

proxies. Mechanistic models may also benefit from synergy with machine learning 

techniques, which could offer improved adaptability and predictive accuracy in real-

world conditions such as marine environments. 

The study has several limitations. First, all Vibrio spp. were treated as a single 

group, despite known interspecies differences in environmental preferences and 

dynamics. While this simplification was appropriate for the study’s broad objective, it 

limits the ability to detect species-specific patterns, especially under changing 

environmental conditions. Second, a single simulation time was applied to each 

dataset. Although varying simulation time per data point might improve fit, it would 

undermine the modeling objective by introducing overfitting. Exploring how simulation 

time could functionally depend on environmental variables (e.g., temperature) may 

offer value but requires further investigation. Third, the study focused exclusively on 

published models with well-defined functional forms. While this allowed for systematic 
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evaluation and application to both new and existing datasets, alternative 

parameterizations or combinations of models may offer improved predictive power. 

This study represents an initial step toward such efforts by organizing and 

standardizing available primary and secondary models. Alternatively, re-fitting 

statistical models may offer a better fit to the datasets and could be particularly useful 

in cases where the goal is to interpolate or extrapolate data within a specific geographic 

area. 

Despite these limitations, the study offers a valuable foundation for adapting 

Vibrio growth models to mariculture settings. It highlights the importance of 

incorporating key environmental variables, especially organic matter, and 

demonstrates the challenges of applying laboratory-calibrated models to complex, 

real-world ecosystems. All datasets and code used in Publication I are openly available 

on Zenodo repository (Purgar et al., 2022c), ensuring the reproducibility of the 

analyses and allowing other researchers to further adapt, refine, or extend the 

evaluated models. 

 

3.2. (H2) Vibrio spp. abundance has significant potential to be included in the 

regular set of indicators for assessing the water quality in mariculture 

Hypothesis H2 proposed that indicators of Vibrio spp. abundance can serve as 

a meaningful supplementary indicator for water quality assessment in mariculture 

settings. Findings from Publication II (Purgar et al., 2023) lend support to this 

hypothesis by showing that Vibrio spp. abundance provides distinct and potentially 

earlier signals of microbial risk compared to traditional fecal indicators. 

In colder months, Vibrio spp. abundance indicated microbial risk (i.e., poor water 

quality) when conventional fecal indicators signaled excellent or good water quality. 

Notably, Vibrio spp. more often exceeded 100 CFU/mL during winter months and 

across depths, a conservative threshold associated with risk of bacterial transmission 

to marine organisms following prolonged exposure (Kim & Lee, 2017). Although 

classified as ‘sufficient’ water quality, this level can still cause harm and may more 

appropriately fall under a ‘poor’ category. Since thresholds were based on enterococci, 

a scale tailored specifically to Vibrio spp. would likely be stricter. Furthermore, existing 

fecal indicators such as E. coli and coliforms, routinely used to assess water quality, 

do not correlate with non-fecal Vibrio spp. and thus fail to signal microbial risk 
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accurately (Ryder et al., 2014). These findings underscore Vibrio spp.'s potential as an 

early warning signal of microbial threat.  

Previous studies have consistently shown that Vibrio spp. abundance typically 

increases with temperature (Sheikh et al., 2022; Froelich et al., 2019; Takemura et al., 

2014; Pruzzo et al., 2005). The atypical Vibrio spp. abundance seasonal pattern 

observed in Publication II, where Vibrio spp. abundance was greater in colder months, 

is unlikely to be explained by antibiotic use at the farm, nor by variations in particulate 

organic matter (POM), which remained stable across seasons. However, total 

dissolved solids (TDS) were elevated during the cold season, suggesting that the 

organic component of TDS may have supported Vibrio proliferation by serving as a 

potential nutrient source (Johnson et al., 2012; Thickman & Gobler, 2017). This finding 

supports conclusions from Publication I, where organic matter emerged as a likely 

explanatory variable for poor model performance in aquaculture sites. Together, these 

results indicate that organic nutrient availability may exert a greater influence on Vibrio 

dynamics than temperature alone and should be incorporated into both monitoring 

programs and predictive models. 

In the context of mariculture, monitoring Vibrio spp. remains crucial, even in the 

absence of formal regulatory requirements. Long-term surveillance can help identify 

drivers of anomalous abundance patterns, such as sediment resuspension or nutrient 

influx, enabling aquaculture operators to mitigate microbial risks proactively. Early 

detection reduces the likelihood of vibriosis-related losses, protecting both industry and 

consumers. Model-based predictions, if properly validated with monitoring data, could 

help regulatory agencies set evidence-based limits for Vibrio presence in coastal 

waters. These considerations are especially urgent in the Mediterranean, where 

intensive aquaculture, coastal tourism, and high local seafood consumption increase 

the importance of managing microbial water quality. In regions such as the Adriatic 

Sea, where vibriosis cases have been reported as early as spring (Veić, 2016; Zupičić 

et al., 2022), targeted microbial surveillance could strengthen early warning systems. 

Adapting these systems to reflect regional environmental dynamics would benefit from 

integration with model-based forecasting approaches, such as those explored in 

Publication I, particularly as models are refined to more accurately capture in situ 

variability.  

Beyond their role in aquaculture, Vibrio spp. also present a public health 

concern. Despite the recognition as established human pathogens Vibrio spp., 
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especially strains such as V. parahaemolyticus, V. alginolyticus, and V. harveyi, (Baker-

Austin et al., 2018; Froelich et al., 2019; Ina‐Salwany et al., 2019), Vibrio spp. are not 

monitored in most European countries. Countries such as the United States and 

Australia have implemented food safety regulations requiring Vibrio surveillance in 

seafood (Center for Food Safety and Applied Nutrition, 2011; Food Standards Australia 

New Zealand, 2022). The U.S. Centers for Disease Control and Prevention (CDC) 

operates the Cholera and Other Vibrio Illness Surveillance (COVIS) system, which 

tracks pathogenic Vibrio species, infection types, and geographic trends (Levy, 2018). 

Meanwhile, in the EU, Vibrio infections are underreported due to the absence of 

mandatory surveillance and reporting systems, with testing limited to travel-associated 

diarrhea to exclude Vibrio cholerae (Semenza et al., 2017). Closing this data gap would 

strengthen food safety, enable timely public health responses, and support the 

development of region-specific early warning systems. 

The main limitation of the given study is primarily related to data scarcity 

(Gorgoglione et al., 2020). The analysis relied on the available dataset (Jug Dujaković 

et al., 2022) collected at two stations (fish farm and control site) in Mali Ston Bay, a 

coastal area of significant economic and recreational value. Hence, the results may be 

limited to a specific region even though some studies suggest a broader applicability 

(Levy, 2018; Robertson, 1984). The dataset covers a limited spatial range, which may 

affect generalizability. As such, broader sampling and cross-regional comparisons are 

needed to validate Vibrio spp. as a water quality indicator under diverse environmental 

conditions. The study used genus-level identification of Vibrio spp., which does not 

distinguish between pathogenic and non-pathogenic strains. Since only certain species 

pose health and ecological risks, species-level resolution is essential for regulatory use 

(Brumfield et al., 2021). Additionally, the absence of established threshold values for 

Vibrio spp. limits direct interpretation of results within current legislative frameworks, 

although the study conservatively applied thresholds designed for enterococci.  

Generally, traditional indicators, which are primarily designed to assess fecal 

contamination, are inadequate for estimating vibriosis risk or detecting Vibrio-related 

microbial threats. Therefore, the findings support the hypothesis (H2) that Vibrio spp. 

abundance holds promise as a supplementary water quality indicator. However, further 

research is necessary to establish species-specific thresholds and to differentiate 

pathogenic from non-pathogenic strains for regulatory applications. 
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3.3. (H3) The informative value of ecological research is similar to that estimated 

in medicine (about 15%)  

Publication III provided the first quantitative estimate of the informative value in 

ecology by synthesizing findings from 33 meta-research studies comprising 43 

individual waste estimates. The results of meta-analysis showed that 44.7% of 

ecological studies remain unpublished (95% CI: 44.2-46.7%), 67.4% (95% CI: 66.3-

68.4%) have methodological design flaws, and 40.7% (95% CI: 38.7-42.8%) 

incompletely report key results such as sample sizes, uncertainty measures, or effect 

sizes. Overall, only 11-18% of ecological research reaches its informative value, which 

is consistent with the estimate of 15% from medicine (Chalmers & Glasziou, 2009) and 

confirms H3. Low estimates of the informative value of ecological research, reduce 

potential for informing new studies, and practices such as evidence-based coastal 

management.  

The informative value of research was estimated for broader field of ecology, 

rather than subfields such as, mariculture or aquatic ecology, for two main reasons. 

First, there is a limited number of available meta-research studies that quantify 

components of research waste across the research cycle within ecological subfields, 

which would constrain the robustness of subfield-level estimates. Second, scientific 

disciplines, and their subfields, often operate within similar structural frameworks, 

including shared research norms, evaluation criteria, and incentive systems. 

Therefore, it is reasonable to expect similar patterns of informative value across related 

ecological sub-fields. For example, comparable challenges were observed in the field 

of medicine (Chalmers & Glasziou, 2009). Nevertheless, future research should aim to 

disaggregate analyses by subfields to determine whether important differences exist 

and whether tailored, subfield-specific solutions are needed to effectively address 

inefficiencies in research cycle and improve scientific practice.  

 Several additional factors, though not quantified in Publication III, further 

undermine the informative value of ecological research. These include limited 

accessibility of publications, lack of open data, methods, and code, and insufficient 

engagement with prior research. As shown in Publication III, based on Europe PMC 

data from 94 ecological journals, 73.0% of articles published between 2014 and 2021 

were open access, likely reflecting the growing influence of funder mandates and open 

science policies (Huang et al., 2020). Although, open access increases visibility, 
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promotes broader engagement, and enhances the potential for discovery and error 

detection, it also introduces inequities: high open access publication fees remain a 

barrier for many researchers, particularly those in low-income countries (Ross-

Hellauer, 2022). These elements are essential for understanding how results were 

derived and for ensuring reproducibility and reuse of the existing data and code, for 

e.g. meta-analyses. Yet, many ecological studies fail to provide these components. For 

example, even in journals with code-sharing policies, only 27% of articles include code, 

and just 21% are computationally reproducible, often due to poor documentation or 

missing metadata (Culina et al., 2020). Finally, many ecological studies fail to build 

effectively on previous work by, for example, conducting systematic literature reviews 

before starting new research (Grainger et al., 2020). Any new research that is informed 

by past studies have the potential to reduce research waste (Chalmers et al., 2014; 

Grainger et al., 2020). 

Publication III had several limitations. First, like most literature reviews, it 

focused only on English-language publications, which may not capture informative 

value in non-English research. Limited evidence suggests differences may exist; for 

example, one meta-study (Vorobeichik & Kozlov, 2012) found better result reporting in 

English than in Russian studies (68% versus 28% of results well reported, 

respectively). Second, it could not capture and analyze time trends, as most meta-

studies spanned broad periods and did not report changes in research waste 

components over time. Finally, we found no empirical estimates quantifying the 

prevalence of certain questionable research practices, such as optional stopping or 

selective reporting, in the reviewed literature. While one survey-based study (Fraser et 

al., 2018) revealed that 42% of ecologists had collected more data after checking for 

statistical significance, and 4.5% admitted to fabricating data, systematic, evidence-

based assessments of these practices in ecology are still lacking. These limitations 

highlight the need for broader community engagement to refine estimates of research 

waste and work on practices to improve informative value of research across 

ecological sub-fields. 

Collectively, the findings from Publication III confirm H3 by demonstrating that 

the informative value of ecological research (11-18%) is indeed similar to that estimates 

from medicine (15%). Addressing this challenge calls for systemic reforms that 

promote methodological rigor, transparency, and inclusive publication practices. To 

truly harness the potential of ecological research, the field must shift toward open and 
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reproducible science that values the integrity and accessibility of all well-conducted 

studies, regardless of outcome (e.g., promote publication of non-significant research 

findings).  

The findings from Publication III also provide broader context for understanding 

the challenges identified in Publications I and II related to Vibrio spp. abundance 

modeling and inclusion in water quality monitoring. For example, the limited predictive 

accuracy of existing Vibrio growth models (H1) and the atypical seasonal patterns 

observed in Vibrio abundance compared to conventional indicators (H2) may partly 

stem from the low informative value of ecological research. Methodological flaws, 

incomplete reporting, and limited access to underlying data of existing studies hinder 

model calibration, validation, and development, while also limiting the ability to explore 

datasets that could inform early warning signs of microbial threats in coastal 

environments and development of new indicators and setting threshold values. Thus, 

H3 highlights that advancing mariculture and evidence-based coastal management 

could benefit from greater availability, transparency, and methodological rigor in 

ecological research to effectively build on existing findings. 

 

3.3.1. Pathways to increase the informative value and reusability of ecological 

research 

Reducing avoidable research waste and maximizing the informative value of 

ecological research requires systemic changes, not only in incentives and mandates, 

but also in everyday research practices, training, and evaluation standards. Achieving 

this transformation requires collective responsibility and coordinated action from all key 

stakeholders, including funders, institutions, publishers, journals, and individual 

researchers.  

Funders and institutions must move beyond quantity-based metrics (e.g., 

publication counts or journal impact factors) and should set up a reward system that 

focuses on methodological quality and reusability of research findings (Calster et al., 

2021; Moher et al., 2018). This shift is particularly important in applied ecology, where 

studies often inform development of new models, conservation practices, 

environmental policies. Notably, Utrecht University has eliminated the use of journal 

impact factor in hiring and promotion decisions, serving as a model for progressive 

reform (Nakagawa et al., 2020). Funders should also balance research funding in all 
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types of research, including replication research (Bierer et al., 2018) and meta-

research (Hardwicke et al., 2020). Replication research is essential for verifying novel 

claims and strengthening the evidence base, while meta-research, often described as 

research on research, examines the efficiency, quality, and potential biases within the 

scientific enterprise, and proposes evidence-based solutions to improve it (Hardwicke 

et al., 2020; Ioannidis et al., 2015). 

To translate these systemic shifts into everyday research practice, funders and 

academic institutions must go beyond reforming evaluation criteria and actively invest 

in the infrastructure, training, and personnel needed to support robust and transparent 

science as described in Publication III (Purgar et al., 2022b). This includes integrating 

transparent research methods into academic training and student curricula (Glasziou 

et al., 2014; Moher et al., 2016; Touchon & McCoy, 2016), involving statisticians and 

data stewards in research projects through targeted funding or advisory boards 

(Glasziou et al., 2014; Moher et al., 2016), and building infrastructure for open science 

workflows such as preregistration, transparent reporting, and long-term archiving 

(Glasziou et al., 2014).  

Improving the peer review process is another opportunity to enhance 

informative value of ecological research. Findings from Publication III suggest that peer 

review, in its current form, may not be effectively fulfilling its intended role in ensuring 

methodological rigor. Despite undergoing peer review, almost 70% of published studies 

exhibited poor study design that the review process is expected to detect. This 

indicates that current peer review practices may be insufficient for filtering out flawed 

research. At the same time, peer review process is often under-resourced, lacks 

transparency, and rarely incorporates specialist assessments of statistics, data 

availability, or study design (Bendiscioli, 2019; Tennant et al., 2017). Journals and 

publishers should try to assemble a cross-disciplinary review teams, including 

statisticians, data curators, and methodologists, to ensure more rigorous and 

comprehensive evaluations (Calster et al., 2021). In some journals, such as The Royal 

Society (Data Sharing and Mining | Royal Society, 2025), and Behavioural Ecology 

and Sociobiology (Bakker & Traniello, 2020) data and code are requested for review 

at the article submission stage. Another promising example is Publons, a platform 

designed to recognize and reward peer reviewers (Teixeira da Silva & Nazarovets, 

2022). Integrated with systems such as Web of Science and ORCID, Publons 
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facilitates transparent and traceable review contributions, connecting researchers and 

publishers through a more accountable review process.  

Implementing open science practices offers a tangible strategy for reducing 

knowledge loss in ecological research. Open science refers to a set of principles and 

practices that promote transparency, accessibility and reproducibility of scientific 

research, by making publications, data, code, and other resources freely available to 

the public (Bertram et al., 2023; Maedche et al., 2024). It emphasizes collaborative 

approaches, early sharing, and community engagement to accelerate knowledge 

transfer and reduce inefficiencies across the research lifecycle (Bertram et al., 2023; 

Besançon et al., 2021). Platforms such as the Open Science Framework (OSF) 

facilitate this process by allowing researchers to preregister study protocols, share 

code and data, and publicly archive entire research workflows, practices that have 

been shown to improve research credibility and reuse (Nosek et al., 2018; Kidwell et 

al., 2016; Nuzzo, 2015). 

Open science also plays a transformative role in democratizing access to 

ecological knowledge. Publishing preprints (Berg et al., 2016; N. Fraser et al., 2021; 

Noble et al., 2024) and sharing open datasets can help reduce global inequities in 

access to research outputs, especially for researchers in underfunded or resource-

constrained settings (Baker, 2023; Chan et al., 2009; Petersen, 2021). Making data 

openly available under the FAIR principles (Findable, Accessible, Interoperable, and 

Reusable) (Wilkinson et al., 2016), can foster collaborative projects, facilitate data 

synthesis, and enable secondary analyses that extend the value of the original work 

(Culina et al., 2018). Although legal, ethical, or national constraints may restrict full 

data openness in some cases, most ecological data can be shared responsibly when 

appropriate licenses, data anonymization, and proper crediting are in place (Culina et 

al., 2018).  

 As climate change accelerates and global demand for aquatic food continues 

to grow, the production of robust, transparent, and fully informative research becomes 

not only a scientific priority but a societal necessity. High-quality, reusable evidence is 

critical for guiding policy, reducing uncertainty in environmental decision-making, and 

ensuring that mariculture practices are both sustainable and resilient. Advancing 

sustainable and healthy mariculture is a key step toward achieving Sustainable 

Development Goal 14 (Life Below Water), which promotes the conservation and 

responsible use of oceans, seas, and marine resources (Stead, 2019; Troell et al., 
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2023). With its considerable growth potential, marine aquaculture is well positioned to 

positively influence livelihoods, employment, and local economic development in 

coastal communities around the world. However, this can only happen if supported by 

a reliable and informative scientific foundation, which can be achieved through joint 

efforts between different stakeholders.   
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4. CONCLUSIONS 

Through three peer-reviewed scientific publications, this dissertation integrated 

predictive modeling, statistical analysis, and meta-analysis to address critical 

knowledge gaps concerning the predictive performance of existing Vibrio growth 

models, the suitability of Vibrio spp. abundance as a supplementary indicator of water 

quality, and the overall informative value of ecological research. The key findings and 

contributions are summarized as follows: 

1. A total of 28 functional growth models for Vibrio spp. were extracted and 

standardized using a unified nomenclature, providing a structured overview of 

existing Vibrio modeling efforts to date. 

2. Baranyi models demonstrated the greatest applicability in mariculture, however, 

no model offered reliable predictions across all coastal habitats, underscoring 

the importance of tailoring models to site-specific conditions, particularly in areas 

under strong anthropogenic pressures. 

3. Vibrio spp. abundance has potential to be included as a supplementary microbial 

indicator of water quality near mariculture as it provides unique, seasonally 

relevant information that traditional fecal indicators may overlook. Further 

research is required to (i) establish appropriate threshold values for water quality 

classification and (ii) identify key pathogenic species relevant to both human and 

marine organism health. 

4. Only 11–18% of ecological research reaches full informative value, which is the 

first quantitative estimate of informative value of research in ecology and second 

in any field of science. Specifically, 45% of ecological studies are never 

published, and out of those that are published 67% suffer from suboptimal study 

planning and 41% are under-reported.  

5. The low informative value of research underscores the need for systemic reform 

in science and provides compelling evidence for funders, institutions, publishers, 

and researchers to improve how studies are planned, reported, and published. 

6. All three studies included in this thesis are grounded in open science principles, 

with datasets and analytical code publicly available via Zenodo, promoting 

transparency, reproducibility, and reuse.  
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