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	PURPOSE OF THE STSM:



	A previous STSM complied relevant literature database on mesocosm and other manipulative experiments with herpetofauna potentially applicable to understand the indirect effects of pesticides in a community framework and preliminary identified some general trends and knowledge gaps. 
Aquatic and terrestrial mesocosms have been used successfully to examine ecological and ecotoxicological questions with amphibians. Mesocosms represent a bridge between the laboratory and the natural world, and allow for experimental research on factors that influence amphibian populations and communities. Mesocosms are advantageous relative to other experimental systems because treatments are easily replicated, multiple environmental factors can be manipulated, food webs can be established, direct and indirect effects can be examined, and contamination effects can be evaluated. This allows for the examination of contaminant effects on multiple trophic and taxonomic levels in an ecologically relevant context. Laboratory studies alone may not be adequate to understand or predict the responses of natural amphibian populations.
The aim of this new STSM was to properly conduct a systematic review and meta - analysis on the use of mesocosm on herpetofauna studies and their application to ERA of pesticides by following the guidlances of the advanced course: “Methods in Research Synthesis: Systematic Reviews and Meta-Analysis”, that I participated from 06 Feb 2023 until 09 Feb 2023 at BIOPOLIS-CIBIO, Vairão, Portugal.  
 


	DESCRIPTION OF WORK  CARRIED OUT DURING THE STSMS



	The work during this STSM started by attending the advanced course on Systematic Reviews and Meta-Analysis, that was held at BIOPOLIS-CIBIO, Vairão, Portugal from 06 - 09 Feb 2023. The course programme was a combination of theoretical and practical part, where during the first day, we were presented with an introduction to Research Synthesis (Types of Research Synthesis; Standards and Guidelines for Systematic Research), how to conduct a literature search (Exploring the databases; Definition of keywords and search string), etc. On the second day of the course, we were presented with different protocols such as PRISMA (Preferred Reporting Items for Systematic Review and Meta-analyses) and ROSES (RepOrting Standards for Systematic Evidence Syntheses in Environmental Research) and softwares like Mendeley and EndNote, used to export publications to Reference Manager, create an excel database, define data categories and retrieve data from publications, analyze the outcomes and visualize data. The next day of the course we learnt abot Meta-analysis, introduction, elements of a meta-analysis,
types of meta-analysis models and application. Last day of the course was dedicated to the working groups challenges, where we split into groups with three or four persons and had time to prepare a presentation on the outcome of a systematic review for a certain topic that we had been given since the first day to work on it. In my group challenge, we worked on the topic of mesocosm studies on amphibian and reptiles to test the effect of pesticides, where at the end we presented the outcomes of a very simple systematic review performed on this topic following the methodology and all guidelines learnt during this course. 
Overall, I found this course very useful to me, because I learnt the right information that I was looking for and was ready to apply in my work on this STSM. 
On the second week of my stay at CIBIO, my work was focused on updating the previous database. I followed the methodology and guidelinces learnt during the course and the first step was to define the right keywords in order to have the desired outcomes in terms of papers that will further be included in the meta-analyses process. The two main search engines (databases) used to search for papers were  “Scopus” and “Web Of Science”, as the two more commonly used in ecology and evolution fields. PICO (Population, Interest, Context, Outcomes) framework was used to better define the keywords and select the final keyword string. 
During the last two weeks, my systematic review work was carried out step by step. All the papers found after applying the final keword string on Scopus and Web of Science were extracted using the Mendeley software and translated into an excel database. Different categories were defined and added to this database such as: year of publish; Country; Taxonomy/functional group; number of species; variables/topic; animal response/reaction; type of response, etc. The screening process of the papers started by applying the exclusion (papers not in English; not reviews, not using mesocosm, no amphibian and reptile species, etc.) and inclusion criteria (only English papers, only published articles, using mesocosm, including only amphibian and reptile species, testing pesticide and other abitic/biotic interactions) first to the title and abstract and then to the full papers, during the second screening phase. At the end of this process we had the final database. 

	


	DESCRIPTION OF THE MAIN RESULTS OBTAINED



	My systematic review work on mesocosm in Herpetofauna studies was performed as described above, following all the guidelances, protocols, softwares and methodology required in this field. So, after many attempts with different string words applied to find the requested amount of papers of our interest the final keyword string was this: ”(amphibian* OR reptile* OR frog* OR toad* OR newt* OR salamander* OR lizard* OR snake* OR crocodile* OR iguana* OR tortoise* OR terrapin* OR larvae* OR tadpoles* OR metamorphosis* OR juvenile* OR adult*) AND (mesocosm* OR encloser* OR “outdoor experiment*”) AND (pesticide* OR risk* OR effect* OR impact* OR exposure*) AND (competition* OR competitor* OR predation* OR predators OR prey* OR parasitism* OR parasite OR host*) AND (environment* OR aquatic* OR terrestrial*) AND (relationship* OR interaction*)”, where a total of 175 papers in Scopus and 198 in Web of Science were found. Four studies found in Scopus were excluded, because they were Conference papers and Review articles, so the final result from Scopus was 171. After extracting all the papers from both databases to Mendeley software, the final dataset contained 251 papers, because 118 resulted to be as duplicates. 54 papers were excluded (24 not species of focus interest; 23 were off topic; five not using mesocosm) after the screening process (first only title and abstract and second full papers) and the final records (no. of papers) left to be included in the review study and meta-analyses is 197 verified papers. 
All the reviewed papers were using mesocosm as the main methodology to reach their objective. Around 42% of the papers reviwed were studing and testing the effect of different type of pesticide in different species of herpetofauna (mostly in frogs/tadpoles), while 48% were studing the competition (interspecific and intraspecific), predation – prey relationship, host – parasite relationship, abotic factors (temperature, water, habitat preferrences, canopy cover, light, shade, etc.) and invasive – native species interaction, among others. 

It was noticed that several papers were studing (examined) both, the effect of pesticide and competition, predation – prey and host – parasite relationship in order to see how the different type of pesticide impact the live animals living in a whole ecosystem. It is generally expected that pesticide will have a negative effect on amphibian and reptile species. Indeed, in our literature review study, it resulted that most of the paper analized ondeed recovered a negative impact of pesticide on animal life stages. However, in a few cases (papers), it was noticed that, when they are in low concentration, pesticides may have a positive effect by negatively impacting and decreasing the population of predators or parasites. Thus, these type of studies demonstrates that the presence of a contaminant stress can alter community regulation by releasing prey from predators that are vulnerable to contaminants in some exposure scenarios.

Regarding the distribution of the studies across taxonomic groups, it was noticed that 95.5% of all papers reviewed focused on amphibians and much less attention paid to reptiles (4.5%). Among amphibians, frogs dominated (with 80% of all papers reviwed) the functional group included in the mesocosm studies reviewed, following by salamanders and newts (20%). Life stages of these amphibian species used in the studies were mostly larvae with very few papers studying adults. Among reptiles, the main functional group included in those few studies was lizards, with a few studies on terrapins and  only one paper on snakes as a top predator.

As for the geographic distribution is concerned, most of papers reviewed (75%) were from North America (USA and Canada) followed by Europe, South America and only a few from Asia and Australia. 
As a conclusion, our study work reveals that promising advances in the mesocosm research conducted in amphibians, especially frogs, but a total lack of studies in tortoises, marine turtles and snakes. Overall, this subastatial knwoledege gap should be considered in the future in order to be included more reptile species in such studies aiming to better understand the effect of pesticides in this taxonomic group. 


	FUTURE COLLABORATIONS (if applicable)



	The work to be carried out now is to analyze the data gathered during this STSM and perform a meta-analyse of a certain number of papers, most probably to the ones testing the effect of pesticides and reflect the outcomes into a scientific review paper. On the last days of my stay at CIBIO, together with Dr. Miguel A. Carretero, a draft structure of the paper was discussed, where a possible title of it could be: “Research trends on the use of mesocosm to investigate ecological responses of amphibians and reptiles to pesticides - A meta-analytic review”. On the introduction part of the paper we will focus and explain the effectiveness of using mesocosm to investigate effect of pesticide in amphibian and reptile communities as well as other interactions between abiotic and biotic factors. The results will be given in summarized way, including tables and graphs and then, discussion section will be broader, where we will try to give an interpretation of the results/outcomes of our work and compare them with other studies in this field. The conclusion sections will be very short, just highlighting the most signifincant finding of our review study. At the end we will definitely acknowledge the COST Project, for supporting and financing the STSM and thus, making possible that this paper to be released. 
We plan to have a first draft of the paper as soon as possible and submit it by September – October, 2023. Target journal could be Science of Total Environment.
For sure, we (as home institution: University of Tirana) are open for any other possible collaboration with the host Institution (CIBIO, Research Centre in Biodiversity and Genetic Resources, InBIO, University of Porto) within the Cost Project or any other projects (e.g. Erasmus+)). 
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