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[bookmark: _Toc109733471][bookmark: _Toc86673320]Deutsche Zusammenfassung

Die Rippenqualle Mnemiopsis leidyi zählt aufgrund ihrer schnellen Vermehrung und Anpassung an neue Gebiete als eine der invasivsten Meereslebewesen der Welt. Da die verschiedenen Populationen von Mnemiopsis alle ein spezifisches Mikrobiom enthalten, wird angenommen, dass ihre mikrobielle Gemeinschaft entscheidend für den Erfolg der Invasion ist. Dies warf die Frage auf, ob eine erhöhte Diversität des Mikrobioms zu einer höheren Fitness des Wirts Mnemiopsis leidyi führt. 
In dieser Studie wurde eine Rekolonisierungsexperiment durchgeführt, bei dem Mnemiopsis leidyi durch eine Antibiotikabehandlung keimfrei gemacht wurde, gefolgt von einer Wiederbesiedlung mit Bakterien in unterschiedlichen Zusammensetzungen. Fitnessparameter wurden gemessen, um den Gesundheitszustand der Rippenquallen zu ermitteln. Es wurde eine 16S-Sequenzierung durchgeführt, um die bakterielle Zusammensetzung nach der Rekolonisierung zu bestimmen.
Alle Individuen wiesen geringere Fitnessparameter auf, wobei Mnemiopsis Individuen, welche mit ihrem natürlichem Mikrobiom wiederbesiedelt wurden, die geringste Sterblichkeit aufwiesen. Am Ende des Versuchs wurden in allen Mnemiopsis leidyi Individuen Bakterien nachgewiesen, die sich in Anzahl und Diversität unterschieden. Die hinzugefügten Bakterienmischungen spiegelten jedoch nicht die endgültige Diversität der wiederbesiedelten Individuen wider. Um die Frage zu beantworten, ob eine erhöhte Diversität des Mikrobioms zu einer höheren Fitness bei Mnemiopsis leidyi führt, müssen weitere Experimente durchgeführt werden. 

[bookmark: _Toc109733472]Abstract

The comb jelly Mnemiopsis leidyi counts as one of the most invasive marine species in the world due to its rapid adaptation to new habitats. Since different populations of Mnemiopsis all contain a specific core microbiome, it is assumed that their microbial community is crucial for a successful invasion. This raised the question of whether increased diversity of the microbiome leads to higher fitness of the host Mnemiopsis leidyi. 
In this study, a recolonization experiment was performed in which Mnemiopsis leidyi was made germ-free by antibiotic treatment followed by recolonization with bacterial mixtures of different diversities. Host fitness parameters were measured to identify the health of the individuals and 16S sequencing was performed to identify the bacterial community composition after recolonization.
All Mnemiopsis leidyi individuals showed a decrease in fitness, whereas Mnemiopsis individuals recolonized with their native bacterial community showed the lowest mortality rate. At the end of the experiment, bacteria differing in number and diversity were detected in all treatment groups. However, the added bacterial mixtures did not reflect the final diversity of the recolonised individuals. To answer the question of whether increased diversity of the microbiome leads to higher fitness in Mnemiopsis leidyi, multiple experiments would need to be performed. 

[bookmark: _Toc109733473]1. Introduction
1.1 [bookmark: _Toc109733474]Metaorganism
The term metaorganism is defined as a host and its associated microbiota living in symbiosis (Bang et al., 2018). Hereby, the microbiota includes eukaryotes, prokaryotes, viruses and archaea (Bang et al., 2018; Bang and Schmitz, 2018) (Figure 1). In this metaorganism, host-microbe and also microbe-microbe interactions occur. However, the microbiome is not always beneficial towards the host: the relationships can be mutualistic, as well as commensal or pathogenic. Examples of animals living in a mutual symbiosis with special microorganisms include the wood-eating termites and their gut microbes, as well as the more familiar symbiosis between tropical corals and their endosymbiotic algae (Bang et al., 2018).

[image: ]
[bookmark: _Ref107926642][bookmark: _Ref107926632][bookmark: _Toc109733514]Figure 1 – Internal network of metaorganism 
A metaorganism consisting of host and associated microbes (white triangle) is characterized by internal host-microbe and microbe-microbe interactions influenced by its environment. The host is a macroscopic animal or plant. Microbes include prokaryotes, viruses, and eukaryotes (Bang et al., 2018). 

Changing environmental influences induce an adaptation of the microbiome and result in a changed fitness of the entire metaorganism (Bosch et al., 2011). Rapid adaptations to a new environment may be facilitated by the microbes, which have a much shorter generation time than their host, possibly leading to faster physiological adjustments of the metaorganism (Bang et al., 2018). Chung et al. (2012) suggest that a host-specific microbiome is crucial for a healthy metaorganism. Disturbances of the balance between the microbiome and its host can lead to the development of diseases, like metabolic and neuronal disorders (Bang et al., 2018). The microbiome can furthermore help to prevent invasion of pathogens and thereby inflammatory diseases (Weiland-Bräuer et al., 2020). For example, it has been shown in gnotobiotic mice that due to the lack of microbial diversity, a negative effect on the induction of immune response can occur (Cahenzli et al., 2013). To understand the process of life and evolution, it is therefore important to look at the metaorganism as a whole, including its microbial unit. However, key interactions between the host and its microorganisms are still largely unknown (Bang et al., 2018). 
To gain knowledge about host-microbe interactions, model organisms such as Drosophila melaogaster, Caenorhabditis elegans, mice and zebrafish are commonly used (Bang et al., 2018). In addition, research as in Bosch (2012), Fraune et al. (2015), and Leigh et al. (2016) had also been conducted on marine invertebrates, such as the tunicate Ciona intestinalis and the freshwater cnidaria Hydra. In this thesis, Mnemiopsis leidyi is studied regarding host-microbe interactions.

[bookmark: _Toc109733475]1.2 Mnemiopsis leidyi
[bookmark: _Toc109733476]1.2.1 Taxonomy and anatomy
Mnemiopsis leidyi is a comb jelly and belongs to the phylum Ctenophora (Jaspers et al., 2019). Both, Ctenophora and Cnidaria belong to the basal metazoan which possess nerve cells, true epithelial tissue, and germ layers (Martindale, 2005). However, the Ctenophora is the phylum that diverged earliest from other multicellular organisms (Daniels and Breitbart, 2012). Morphological features that distinguish ctenophores from other basal metazoans are the presence of individual muscle cells and the apical organ, which signifies the centralized nervous structure (Martindale, 2005). They are biradially symmetrical, have an oral-aboral axis, two tentacles, eight ciliated comb rows, a basal lamina, a sperm acrosome and photocytes that produce light (Figure 2) (Pang and Martindale, 2008a). Mnemiopsis are also described as jellyfish, as this term can refer to gelatinous zooplankton of both phyla Cnidaria and Ctenophora (Brotz et al., 2012).

[image: ]
[bookmark: _Ref107927109][bookmark: _Toc109733515]Figure 2 - Graphic representation of the phylum Ctenophora
Left: lateral view. The apical organ is located at the aboral pole and the muscle cells (red) running along the O-A axis (O-A: Oral-aboral). Comb plates are shown in green. Right: aboral view. The apical organ can be seen in the centre, surrounded by the anal pores. There are two tentacles on the outside. The tentacular axis is perpendicular to the oesophageal axis (Martindale, 2005).

The gelatinous body of Mnemiopsis leidyi´s consists of more than 95 % of water and is composed of an inner gastrodermal layer, a mesoglea and an outer epidermal layer (Daniels and Breitbart, 2012; Ryan et al., 2013). 
The comb jelly is a self-fertilizing hermaphrodite and is capable of spawning daily, releasing up to 10,000 eggs per day under optimal conditions. They naturally spawn about 8 hours after sunset (Pang and Martindale, 2008b). 

[image: ]
[bookmark: _Ref107927142][bookmark: _Toc109733516]Figure 3 - Mnemiopsis leidyi 
a: adult Mnemiopsis leidyi. b: view of two comb rows. c: aboral view of a cydippid larva (Ryan et al., 2013).

Mnemiopsis moves through the water either by current or by ciliary action (Daniels and Breitbart, 2012). Their ciliary comb rows are clearly visible (Figure 3). Predators of Mnemiopsis are various species of fish, turtles, jellyfish, and other Ctenophora, such as Beroe ovata (Cinar et al., 2014; Daniels and Breitbart, 2012). As a cydippid larvae they eat mostly protists using its tentacles for prey capture, but Mnemiopsis leidyi loses its two tentacles after the cydippid stage, resulting in adults eating zooplankton such as copepods, Cladocera, larvae of molluscs, and pelagic fish eggs (Costello et al., 2012; Daniels and Breitbart, 2012).  

[bookmark: _Toc109733477]1.2.2 Mnemiopsis as a threat in new habitats 
Mnemiopsis leidyi´s natural habitat lies on the west coast of America (Ryan et al., 2013). Surviving in temperatures between 0 and 32 °C and being salinity tolerant, viable in brackish water to hypersaline lagoons, the comb jelly is able to spread to new habitats, commonly introduced via ship´s ballast water (Costello et al., 2012; Jaspers et al., 2018a). In northern Europe, they were first sighted in 2005, and in the Kiel Bight in October 2006 (Jaspers et al., 2018a). More recently, they have also been found along the Indian coast and in Australia, as shown in Figure 4 (Costello et al., 2012).
 

[image: ]
[bookmark: _Ref107927272][bookmark: _Toc109733517]Figure 4 - Global occurrence of Mnemiopsis leidyi
The blue circles represent the native habitats. Red and orange circles are representing the distribution of invasive populations (Costello et al., 2012).

[bookmark: _Hlk108683340]Mnemiopsis displays the typical characteristics of an invasive species, such as rapid growth, short generation time, and high fecundity (Costello et al., 2012).  They are self-fertilizing and able to reproduce rapidly upon arrival in a new habitat, leading to a high biomass production in a short time (Costello et al., 2012; Jaspers et al., 2018b; Pang and Martindale, 2008b). These spawning events leading to Mnemiopsis blooms, are causing a significant decrease in zooplankton biomass, therefore competing against fish larvae and zooplanktivorous fish, (Brotz et al., 2012; Cinar et al., 2014; Costello et al., 2012). As a result, Mnemiopsis can cause fish populations to collapse, as well as negatively impact water quality and overall biodiversity by threatening important keystone species (Cinar et al., 2014).
Invasive species such as Mnemiopsis leidyi, show rapid adaptation in new environments (Carneiro and Lyko, 2020). The question remains if the microbiome is playing a major role in the adaptation process.

[bookmark: _Toc109733478]1.2.3 Microbial community 	
A total of 64 different bacteria were isolated from Mnemiopsis Leidyi in the study of Weiland-Bräuer et al. (2020). The main bacterial classes in Mnemiopsis are Alphaproteobacteria, Gammaproteobacteria, Mollicutes, Cyanobacteria and Bacteroidetes, whereas Proteobacteria dominate the microbial community (Daniels and Breitbart, 2012; Jaspers et al., 2019). Bacteria living in the comb jelly include genera such as Acinetobacter, Aeromonas, Alteromonas, Bacillus, Marinomonas, Microbacterium, Micrococcus, Pseudoalteromonas, and Shewanella (Daniels and Breitbart, 2012). Marinomonas is known as the dominating genera and research by Weiland-Bräuer et al. (2020) showed that bacteria living in Mnemiopsis can also be cultivated, which is why they were used in this study.
Jaspers et al. (2019) observed, that Mnemiopsis leidyi´s bacterial composition not only differs regarding to the surrounding water, but also between individuals from different habitats, as well as between tissue layers (gastrodermis and epidermis) (Figure 5). Because several bacteria genera were found in the microbiome of Mnemiopsis, but not in the surrounding water, it is assumed that Mnemiopsis´ microbiome is host-specific (Jaspers et al., 2019; Weiland-Bräuer et al., 2020). Daniels and Breitbart (2012) found an average of 71 % disparity between the bacterial composition of Mnemiopsis and the surrounding water, whereas the comb jelly maintained a microbiome of lower diversity. As shown in Figure 5, even each individual population of Mnemiopsis harbours a specific core microbiome (Jaspers et al., 2019). 

[image: ]
[bookmark: _Ref107927490][bookmark: _Toc109733518]Figure 5 - Bacterial composition of Mnemiopsis leidyi and water samples from different sites
The individuals were divided into epidermis and gastric, containing at least five replicates. They were analysed with 16S rRNA gene sequencing at genus level. Atlantic (Massachusetts) and Atlantic (Florida) represent the native populations, while North Sea and Mediterranean are representing the invasive species. The Native northern (Massachusetts) and Northern invasive (North Sea) populations showed the smallest differences. The largest difference was identified between Native southern (Florida) and northern invasive populations (Jaspers et al., 2019).

It is assumed that the bacteria are transmitted vertically and are already present in the larvae, therefore changing under selection pressures such as environmental stress (Bosch et al., 2011; Weiland-Bräuer et al., 2020). Adaptation to new environments can only be explained by understanding the interactions between the microbiome and the host and its environment (Bang et al., 2018). Jaspers et al. (2019) hypothesised, that the microbiome reflects the invasion process, but how exactly the microbiome influences the fitness in Mnemiopsis is still unclear.

[bookmark: _Toc109733479]1.3 Aim of studies
The microbiome is crucial for the host's fitness, health and homeostasis. To maintain this stable microbiome, the holobiont must regulate and control its microbial composition. (Weiland-Bräuer et al., 2020). 
This thesis focuses on host-microbe interactions in Mnemiopsis leidyi, asking whether a diverse microbiome leads to increased host fitness and aids in host invasion processes. 
For this purpose, a controlled bacterial recolonization experiment was conducted in sterile Mnemiopsis leidyi. Colony forming unit (CFU) counts and 16S sequencing of the bacterial cells were used to determine the success of recolonization. In addition, the differences in bacterial composition between different treatment groups were examined based on alpha and beta diversity.







[bookmark: _Toc109733480]2. Material and Methods
[bookmark: _Toc109733481]2.1 Mnemiopsis leidyi husbandry
The individuals used for the experiment were caught in the Kiel Bight near GEOMAR. They were brought back to the institute and kept in a large 270 litre tank with moderate aeration and Baltic Sea water flow through. The water temperature was between 16 and 18 °C and the salinity was 15.5 Psu. 62 individuals of Mnemiopsis leidyi were used in total during the experiment. 

[bookmark: _Toc109733482]2.2 Experimental set-up
The experiment consisted of two parts: first, Mnemiopsis leidyi were made germ-free and in a second step recolonized again with bacterial communities. The entire experiment was conducted in a light and temperature controlled gnotobiotic chamber, at 17 °C and a 12-hour day-night cycle. The antibiotic treatment continued for three days and the recolonization lasted five days, following right after. The day before the experiment, all Mnemiopsis leidyi individuals were put in a 20 litre tank filled with filtered Baltic Sea water (FBSW) and transferred to the gnotobiotic chamber for acclimatisation. 

[bookmark: _Toc109733483]2.3 Generation of germ-free Mnemiopsis leidyi
[bookmark: _Toc109733484]2.3.1 Antibiotic mixture
For the antibiotic treatment a mixture of six different antibiotics was used. The antibiotics were dissolved in sterile filtered water, ethanol or DMSO, and used in a final concentration of 50 mg/l (Table 1). 





[bookmark: _Ref103522381][bookmark: _Ref103522283][bookmark: _Toc109733529]Table 1 - Type of antibiotic and concentration used for antibiotic treatment of Mnemiopsis leidyi
	Antibiotics
	Stock solution
	End Concentration

	Ampicillin
	50 μg/ml in H2O
	50 mg/l 

	Streptomycin
	50 μg/ml in H2O
	50 mg/l

	Neomycin
	50 μg/ml in H2O
	50 mg/l

	Spectinomycin
	50 μg/ml in H2O
	50 mg/l

	Chloramphenicol
	50 μg/ml in Ethanol
	50 mg/l

	Rifampicin
	50 μg/ml in DMSO
	50 mg/l




[bookmark: _Toc109733485]2.3.2 Antibiotic treatment
For the antibiotic treatment, a total of 51 individuals of Mnemiopsis leidyi were weighed and equally distributed into 17 beakers, filled with 1 litre of antibiotic mixture each. The antibiotic mixture was changed daily and all individuals were fed daily by adding 100 μl of sterile Artemia salina to each beaker, starting after the first day of the antibiotic treatment.

[bookmark: _Toc109733486]2.4 Recolonization experiment
[bookmark: _Toc109733487]2.4.1 Bacterial cultures
Five different bacterial cultures were used for the recolonization. The bacterial cultures were obtained from the Institute of general Microbiology, directed by Prof. Dr. Ruth Schmitz-Streit at the Christian-Albrecht Universität zu Kiel. The bacterial species were Vibrio gigantis, Alteromonas naphthalenivorans, Marinomonas sp., Shewanella baltica and Citrobacter sp.. Bacterial cultures were grown overnight in marine broth (Carl Roth) at room temperature on a 400-rpm shaker. To determine the number of bacteria per ml, the cultures were counted using a microscope with a Neubauer chamber with a height of 0.02 mm in a 1 mm2 area. After counting the cells, the total number of cells per ml was calculated with the formula given here:



The density of the bacterial cultures used for the different treatment groups are seen in Table 2. 

[bookmark: _Ref103523365][bookmark: _Toc109733530]Table 2 - Bacterial cultures used for each treatment group
	Treatment group     
	Bacterial culture
	Concentration in total

	Low diversity
	Marinomonas sp.
	1 x 105

	     
	Marinomonas sp.
	
1 x 105

	Medium diversity
	Shewanella baltica
	

	     
	Alteromonas naphthalenivorans
	

	
	Marinomonas sp.
	

1 x 105

	
	Shewanella baltica
	

	High diversity
	Alteromonas naphthalenivorans
	

	
	Citrobacter sp.
	

	
	Vibrio gigantis
	



For recolonization with their natural bacterial composition, one Mnemiopsis leidyi individual was taken out of husbandry, washed with and homogenised. Since Mnemiopsis leidyi have a total bacterial density of 108 cells per ml, 1 ml of the homogenised Mnemiopsis were added per litre to the treatment group to receive a bacterial density of 105 cells per ml.

[bookmark: _Toc109733488]2.4.2 Recolonization of Mnemiopsis leidyi 
[image: Ein Bild, das drinnen, Badezimmer, Licht enthält.

Automatisch generierte Beschreibung]After antibiotic treatment, 49 individuals of Mnemiopsis leidyi were used in the recolonization experiment. All individuals were randomly chosen and equally divided into four recolonization treatment groups: low diversity, medium diversity, high diversity und natural diversity (Table 2). The beakers were filled with FBSW and bacteria were added daily to the beaker in a density as seen in Table 2. The set-up of the beakers is seen in Figure 6. The water of all beakers was changed every day with FBSW, and all individuals were fed daily with sterile A. salina.
[bookmark: _Ref109051800][bookmark: _Ref109051791][bookmark: _Toc109733519]Figure 6 - Beakers from different treatment groups
The beakers were labelled according to their group with the numbers from I to IV.





[bookmark: _Toc109733489]2.5 Sampling timepoints and measurements
Timepoints were taken from every treatmeant group every day during the entire experiment (antibiotic treatment and recolonization experiment) for bacterial DNA extraction. Individuals were dissected with a sterile scalpel in epidermis and gastrodermis and shock frozen for a later DNA extraction (Figure 7).




[image: One random individual was separated in gastrodermis and epidermis and was put in tubes. The date and treatment group of the timepoint was noted on the tubes.][bookmark: _Ref108985637][bookmark: _Toc108699707][bookmark: _Ref108985622][bookmark: _Toc109733520]Figure 7 - Taking timepoints 
One random individual was separated in gastrodermis and epidermis and was put in tubes. The date and treatment group of the timepoint was noted on the tubes.


Spawning, weight, and mortality were monitored and recorded daily for host fitness parameters.
Where spawning was visible, water samples were taken and examined under the microscope. Therefore, 100 μl from each beaker was put on a microscopic slide and all sperm and eggs were counted in an area of 500 mm (length of the cover glass) by 0.7 mm (width of the microscopic field of view). The sperm and egg count per ml was then calculated. 
The wet weight of Mnemiopsis leidyi was measured and recorded daily. Each individual was taken out of their beaker using a sterile metal spoon with small holes for water run-off. The individual was then put into a new beaker which was placed on the scale, as seen in Figure 8. The scale was tared before, in order to only measure the weight of the individual. 
[image: Ein Bild, das drinnen, Kunststoff, Küchengerät enthält.

Automatisch generierte Beschreibung][bookmark: _Ref108985810][bookmark: _Toc108699708][bookmark: _Toc109733521][bookmark: _Ref103523317]Figure 8 - Weight measurement
One beaker of the treatment groups during the recolonization on the scale, in order to measure the wet weight of the individuals. The scale was tared before one individual was added in the beaker.


[bookmark: _Toc109733490]2.6 Experimental controls
For both, the antibiotic treatment and the recolonization experiment, control groups were implemented.
For control group I, three Mnemiopsis leidyi individuals were added to a beaker filled with FBSW. These animals were not treated with antibiotics or bacteria.
For control group II (COII), three individuals that underwent the antibiotic treatment were randomly chosen and put in a beaker filled with FBSW. To this group, no bacteria were added.
On the last day of the recolonization experiment, timepoints were also taken from control group I and control group II, whereby all individuals were dissected and shock frozen as timepoints.
The water of both control groups was changed with FBSW each day throughout the entire experiment.
[bookmark: _Toc109733491]2.7 Sample processing
[bookmark: _Toc109733492]2.7.1 Plating bacteria
To assess possible differences in the bacterial composition of Mnemiopsis leidyi, samples of the different treatment groups and different timepoints were streaked out on bacterial growth medium. 
The medium consisted of distilled water, 40.1 g/l of marine broth (Carl Roth) and 15 g/l of Agar-Agar (Carl Roth). The mixture was autoclaved poured into petridishes, and solidified overnight. Four different timepoints were selected for plating (Table 3). Each timepoint consists of one gastrodermis and epidermis sample. T5 and T8 consist of the four treatment groups. T8 also includes samples of control group I and control group II. Triplicates were used for each timepoint. 

[bookmark: _Ref103523809][bookmark: _Toc109733531]Table 3 - Date and number of timepoints used for plating
	Timepoint
	Number (Epi and Gut)
	Total number with triplicates

	T0
	2
	6

	T3
	2
	6

	T5
	8
	24

	T8
	12
	36

	Total
	24
	72



The samples were plated under sterile conditions, using the spread plate technique. A total of 50 μl from defrosted M. leidyi samples was spread on each plate. Afterwards, the plates were incubated for three days at room temperature.

[bookmark: _Toc109733493]2.7.2 Picking bacteria
The CFU was determined for each plate by counting. The size, colour, and texture of the bacterial colonies were noted. From every timepoint, one of each different looking CFU was picked with a pipette and put into a tube filled with 25 μl of sterile water. The samples were heated to 95 °C for 10 minutes in a thermocycler, and then centrifuged at 13,000 rpm for 1 minute. 2 μl of the supernatant was transferred into fresh tubes and frozen at -20 °C until further processing.

[bookmark: _Toc109733494]2.7.3 Colony PCR and gel electrophoresis
To amplify the bacterial 16S rRNA gene, the DreamTaq PCR kit (ThermoFisher) was used. The pipetting scheme used for the PCR is shown in Table 4. The PCR program used is shown in Table 5 and was carried out in a thermal cycler. 
After the PCR program finished, 5 μl of each sample were mixed with the same amount of DNA gel loading dye and were pipetted onto a 1,5 % agarose-gel. 1 kb DNA ladder was used as a standard. The electrophoresis ran at 100 V for 60 min to show if DNA was in the samples. 
The DNA quantity was measured with the NanoDrop spectrophotometer.

[bookmark: _Ref103523890][bookmark: _Toc109733532]Table 4 - Pipetting scheme
	Reagent
	Amount for one reaction in μl

	H2O
	12.9

	10 x Dream Taq Buffer
	2

	10 mM dNTPs
	0.5

	Primer Forward (27F) (10μM)
	1

	Primer Reverse (1492R) (10μM)
	1

	Dream Taq DNA Polymerase
	0.6

	Template DNA
	2

	Total 
	20



[bookmark: _Ref103523901][bookmark: _Toc109733533]Table 5 - PCR program
	Step
	Temperature in °C
	Time (min:s)
	Cycles

	Initial denaturation
	95
	01:00
	1 x

	Denaturation
	95
	00:15
	

	Annealing
	52
	00:30
	30 x

	Elongation
	72
	00:30
	

	Final elongation
	72
	05:00
	1 x

	Hold
	4-8
	
	



[bookmark: _Toc109733495]2.7.4 Sequencing 16S rRNA
Amplified bacterial 16S rRNA genes were sequenced with BigDye Terminator Mix 3.1 from ABI. 
In a first cleaning step, the PCR product was cleaned with ExoSAP (ThermoFisher) to remove nucleotides. Therefore, 4 μl of the mixture seen in Table 6 was added to 20 μl of each PCR product. The program used is shown in Table 7 and was carried out in a thermal cycler.

[bookmark: _Ref103524300][bookmark: _Toc109733534]Table 6 - Clean PCR with ExoSAP (ThermoFisher)
	Reagent
	Amount for one PCR product in μl

	FastAP Thermosensitive alkaline phosphatase
	0.8

	Exo I
	0.4

	H2O
	2.8



[bookmark: _Ref103524285][bookmark: _Toc109733535]Table 7 - Program for first cleaning step
	Temperature in °C
	Time (min:s)
	Cycles

	37
	20
	

	80
	15
	1x

	4
	Hold
	



For cycle sequencing, the cleaned bacterial PCR products were mixed with the sequencing reagents seen in Table 8 and ran with the program shown in Table 9. For each PCR sample, both forward and reverse primer were used.

[bookmark: _Ref103519807][bookmark: _Toc109733536]Table 8 – Cycle sequencing protocol for PCR products
	Reagent
	Amount for one reaction in μl

	BigDye Buffer 
	1

	BigDye Mix 1.1
	0.25

	Primer (5pmol/ μl): 16s_27F or 16s_338R
	0.5

	H2O
	7.75

	PCR product
	0.5



[bookmark: _Ref103524751][bookmark: _Toc109733537]Table 9 - Program for cycle sequencing protocol
	Step
	Temperature in °C
	Time (min:s)
	Cycles

	Initiation
	96
	1
	1x 

	Denaturation
	96
	0:10
	

	Annealing
	52
	0:05
	25x

	Elongation
	60
	4:00 - 6:00
	

	Hold
	8
	
	



For a second cleaning step 2555 μl of SAM solution (ThermoFisher) was mixed with 535 μl of Xterminator (ThermoFisher). 30 μl of the mixture was added to each PCR product. The reactions were transferred into a 96-well plate and vortexed at full speed for 30 min and centrifuged for 1 min at 1000 rpm. For the last step, the 96-well plate was then put in the Genetic Analyzer from Applied Biosystems and the reactions were sequenced for 3 hours.
The samples, for which no sequences could be obtained in the Genetic Analyzer, were send to Eurofins Genomics. 

[bookmark: _Toc109733496]2.7.5 Taxonomic analysis of sequenced data
After receiving the sequences, the data analysed on the website noted here: https://blast.ncbi.nlm.nih.gov/Blast.cgi 
Nucleotide BLAST was selected and each FASTA sequence was uploaded and blasted using the Standard database. The best three results were selected, including the accession number, identity in %, E-value, query cover in %, origin of the bacterium gene, and the taxonomic classification.

[bookmark: _Toc109733497]2.8 Diversity measurements
The alpha diversity was calculated with the Margalef index to receive the local diversity of the experimental groups. The formula for the Margalef index is given here: 


The beta diversity was calculated with the Sorensen index to compare the diversity between different experimental groups. The Sorensen index is given here:







[bookmark: _Toc109733498]3. Results
[bookmark: _Toc109733499]3.1 Host fitness rate
[bookmark: _Toc109733500]3.1.1 Sperm and egg count
To assess the host fitness, sperm and egg count, weight, and mortality rate were measured. Spawning was visible on the first two days of the experiment, during the antibiotic treatment in beakers listed in Table 10. The control group I spawned on day one and day two. The highest sperm count was at 9.9 x 104 per ml and the lowest sperm count with a value of 6.9 x 102 per ml. No eggs could be found during the entire examination.

[bookmark: _Ref109052729][bookmark: _Toc109733538]Table 10 – Sperm and egg count
COI represents control group I

	Day of Experiment
	Beaker number
	Sperm count / mL

	1
	5
	5,2 x 104

	1
	10
	1,29 x 104

	1
	14
	9,9 x 104

	1
	CO I
	6,9 x 102

	2
	4
	6,9 x 102

	2
	11
	7,2 x 103

	2
	CO I
	3,1 x 103



[bookmark: _Toc109733501]3.1.2 Mortality rate
The mortality rate per day within a treatment group was calculated by dividing the number of dead individuals by the total number of individuals. Mnemiopsis which were taken as timepoints, were considered living individuals within the total mortality rate per treatment group.
The control I and the control group II both had a mortality of 0 %. Until day 6, no deaths were observed within all treatment groups. In the beakers of medium and high diversity, deaths were observed on the last day of the experiment (Figure 9). The total mortality rate is illustrated in Figure 10. The natural diversity treatment group had with 20 % the lowest mortality rate among all treatment groups, followed by the medium diversity treatment group with 45 %. The low diversity treatment group and high diversity treatment group showed the highest rate with a mortality of 50 %. 

[image: ]
[bookmark: _Ref109053225][bookmark: _Toc109733522]Figure 9 - Mortality rate 
Mortality rate was measured every single day, showing the timeline of mortality fluctuations of every treatment groups. Small graph for better visualization. The mortality rate was calculated by dividing the number of dead individuals per day by the total number of individuals.







[bookmark: _Ref109053244][bookmark: _Toc109733523]Figure 10 - Total mortality rate 
The total mortality was measured for all treatment groups, combining the mortality rate from all days. Individuals taken as timepoints were counted as living organisms. 

[bookmark: _Toc109733502]3.1.3 Weight measurements
Weight measurements were taken daily of each individual (Appendix Table 11-15).  Weight loss per day was calculated by taking the mean of all individuals in a treatment group. The mean weight loss during the antibiotic treatment is shown in Figure 11. The individuals, who underwent the antibiotic treatment, showed a weight loss on all 3 days, whereas the highest weight loss occurred on the last day and was 13.04 %. 
[image: ][bookmark: _Ref109053991][bookmark: _Toc109733524]Figure 11 – Mean weight loss over time during antibiotic treatment


During the recolonization, the highest weight loss was 43.33 % and occurred on day 8 in the low diversity treatment group. The weight fluctuated during the recolonization and weight gain occurred on several days in different treatment groups. The highest weight gain occurred in high diversity treatment group (9.78 %) on day 5. Within the control groups, a lower weight fluctuation occurred during the experiment. A weight gain occurred in both control groups. The highest weight loss occurred on day 8 in both control groups with higher rates compared to the natural, high, and medium diversity treatment groups on that day (see Figure 12).

[image: ]
[bookmark: _Ref106829373][bookmark: _Toc109733525]Figure 12 – Mean weight loss over time during recolonization for all treatment groups

[bookmark: _Toc109733503]3.2 Bacterial strains
[bookmark: _Toc109733504]3.2.1 Colony forming unit (CFU)
CFU is described as a single colony forming unit (Sutton, 2011). The number of colonies seen on the plates were counted and divided by 0.05 to receive the colony forming units per ml. Timepoint 0 (T0) had a CFU count of 20 in the gastrodermis and 33 in the epidermis (Figure 13). No bacterial colonies were counted after the antibiotic treatment (T3). 
After recolonization on day 5 (T5), no CFUs occurred in the high and natural diversity treatment group, whereas for all other treatment groups colonies could be counted. 
[bookmark: _Hlk109730845]On day 8, bacterial colonies were visible for all treatment groups. The natural diversity treatment group had the highest CFU count, which was at 827 in the epidermis and too many to count (Tmtc) in the gastrodermis. The low diversity treatment group had the lowest values, with the epidermis having 866 and the gastrodermis 707 CFUs. All CFU counts can be seen in the appendix on Table 16.

[image: ]
[bookmark: _Ref105251879][bookmark: _Toc109733526]Figure 13 - CFU from timepoints
CFU measurements of the same treatment group are identified by the same colour, epidermis and gastrodermis were counted separately, whereas the lighter shade shows the epidermis and the darker shade the gastrodermis. The orange line indicates the threshold value where bacteria were too many to count (Tmtc). Yellow bars indicate the low diversity treatment group, red the medium diversity treatment group, blue the high diversity treatment group, green the natural diversity treatment group, light grey the control group I, and dark grey the control group II. T stands for Timepoint. CFU counts were calculated from the average of triplicates.

[bookmark: _Toc109733505]3.2.2 Classification of bacterial strains
Single colony forming units seen on the plates were isolated, sequenced, and phylogenetically analysed afterwards. A total of six bacterial genera were found in Mnemiopsis leidyi during the experiment: Alteromonas, Halomonas, Pseudoalteromonas, Shewanella, Tenacibaculum, and Vibrio. The appearance of the different bacterial genera can be seen in the appendix in Table 17. No bacteria were found in timepoint 3, timepoint 5 high diversity, and timepoint 5 natural diversity. Alteromonas occurred in all treatment groups and all control groups, although this bacterial genus did not occur at timepoint 0. Halomonas occurred only in the epidermis of the control group I. Pseudoalteromonas occurred in the control groups, timepoint 0, and in timepoints of day 8. Shewanella was seen in day 8 in the low, medium, and natural diversity treatment group. Tenacibaculum was found in T0 in the epidermis. Vibrio was found at T0 in gastrodermis and in the gastrodermis on day 8 of the natural diversity treatment group.
The alpha diversity is used to compare the local diversity between the different treatment groups on different days. The highest alpha diversity occurred in the natural diversity treatment group on day 8, with a Margalef index of 0.46 (Figure 14). The gastrodermis of T0, all timepoints from day 3 and day 5, and the high diversity treatment group showed no alpha diversity, since no or only one bacteria genera was detected.



[image: ]
[bookmark: _Ref106912399][bookmark: _Toc109733527]Figure 14 - Alpha diversity
The grey lines indicate the diversity of combined treatment. COI and COII are described as the control group I and II. Low, med, high, and nat are described as the four treatment groups.


The beta diversity, calculated with the Sorensen index is seen in Figure 15. It compares the diversity between two different treatment groups and timepoints. If the Sorensen index shows a value of 0, the sites are similar. The highest difference between two sites is demonstrated by the value 1. Here, the control group I is compared with the total diversity of the four treatment groups. The lowest beta diversity, with a value of 0.29, occurred by comparing the control group I with the high diversity treatment group. The highest Sorensen index with a value of 0.461, was found between COI and the natural diversity treatment group. The beta diversity measurements, used for the calculation of the Sorensen index, are shown in Table 18-20 in the appendix. 



[bookmark: _Ref106912445][bookmark: _Toc109733528]Figure 15 - Beta diversity – Sorensen index
The Sorensen index describes the differences or similarities between a treatment group and control group I. The value 0 means a similarity of 100 %. The higher the value, the more different the comparing sides are. COI is described as the control group I. Low, med, high, and nat are described as the four treatment groups. 











[bookmark: _Toc109733506]4. Discussion
This study conducted a recolonization program in which Mnemiopsis leidyi were made germ-free by antibiotic treatment and then recolonized with bacterial communities of different diversity. Host fitness parameters and the bacteria detected in Mnemiopsis were then analysed, to determine whether higher bacterial diversity reflects higher fitness. 
All Mnemiopsis leidyi individuals lost weight during the course of the experiment, and death was observed in all treatment groups, with the natural diversity treatment group having the lowest mortality rate. Bacteria were detected in all treatment and control groups at the end of the experiment, displaying differences in CFU count and bacterial composition. The bacteria added to each treatment group were not detected in the exact composition at the end of the experiment. In addition, other bacterial genera which were not used in the experiment were also present in Mnemiopsis.

[bookmark: _Toc109733507]4.1 Host fitness parameters
The sperm and egg count was one of the three fitness parameters considered. It was examined because it can reflect the direct fitness of an individual. It was also used in research by Costello et al. (2012) and Jaspers et al. (2018b) to compare different Mnemiopsis individuals or generations. 
Eggs were not found during the experiment. Research indicates that starving Mnemiopsis stops reproducing eggs after 3 or even 12 days (Costello et al., 2012; Jaspers et al., 2015). However, as the individuals in our experiment had a food supply, the exact cause cannot be explained. Mnemiopsis normally spawns daily, but sperms were released only within the first two days during the experiment (Pang and Martindale, 2008b). This, and the fact that the individuals released 10 times more sperm on the first day than on the second day, suggests that the sperm release was due to stress. Therefore, the stress may have caused Mnemiopsis to release its last reproductive resources as quickly as possible. In this case, these stress factors could have been environmental factors induced by the experimental set-up, such as too small beakers and the antibiotic treatment. 
The second host fitness parameter considered was the mortality rate. Individuals in the treatment groups died only after the fifth day of the experiment. One possible reason could have been a fitness buffer. The resources that Mnemiopsis needed to survive were used towards the end of the experiment, which led to subsequent mortality. Another reason for mortality could be the addition of the bacteria, which could be potential pathogens and may have affected individuals already weakened by antibiotics, water changes and weight measurements. Among the bacteria that were added and subsequently sequenced from individuals, strains of Alteromonas, Shewanella and Vibrio showed potential pathogenic behavior in other marine organisms (Jung-Schroers et al., 2018; Kumar et al., 2016; Li et al., 2010; Moussa et al., 2021; Peng and Li, 2013; Zhang et al., 2020).
The natural diversity treatment group had a lower mortality rate compared to other recolonized treatment groups. The total number of bacteria added was the same as in all treatment groups, but the composition varied. Therefore, it could be that they received a better bacterial composition, which had a beneficial effect on the host. The bacteria added to the treatment group with natural diversity were not artificially composed and were therefore probably optimal for both microbe-microbe and host-microbe interactions. Such interactions can lead to differences in the growth and quantity of bacterial cultures, which ultimately affect the host (Weiland-Bräuer et al., 2020). Interactions in other treatment groups were probably not to the same extent, as they might have lacked important key bacteria, resulting in a higher host mortality. Certain bacterial genera directly responsible for mortality cannot be directly identified.
The third fitness parameter considered was weight loss. Individuals showed less weight fluctuation during antibiotic treatment than during recolonization. In general, all individuals lost weight over time, but the individual fluctuations were too high, indicating that there was no direct trend and no treatment group stood out. Therefore, weight loss was a less suitable fitness parameter for this experiment.

[bookmark: _Toc109733508]4.2 Bacterial community composition
The CFU count was calculated to determine the bacterial community composition after recolonization. Expected CFU counts would have been 0 during antibiotic treatment (timepoint 3) with a gradual increase in al treatment groups during recolonization. 
As expected, no CFU's were detected at the end of the antibiotic treatment. However, bacteria were detected in control group II, suggesting possible contamination of the FBSW or Artemia salina. Furthermore, not all genera of bacteria grow in the marine broth medium used for plating. Therefore, to confirm that Mnemiopsis was germ-free after antibiotic treatment, different bacterial growth media would have to be tested and 16S rRNA sequencing would have needed to be performed.
Confirming our expectations, the CFU count showed an increase over time during recolonization. Almost all treatment groups showed a very low or no CFU count on the fifth day. On the last day, the natural diversity treatment group had the highest CFU count with 827 cells per ml in the epidermis and too many to count in the gastrodermis. The high diversity treatment group also showed a high CFU count similar to the natural diversity treatment group. Both the low and medium diversity treatment groups showed a slightly lower CFU count compared to the others.
The alpha diversity was calculated in order to determine, which timepoint and treatment group had the highest diversity in their bacterial composition. There was no direct difference in alpha diversity between epidermis and gastrodermis. In Jaspers et al. (2019), similar observations were reported, therefore, gastrodermis and epidermis were grouped together for analysis. 
The beta diversity was calculated to determine similarities and differences between the control group I and the treatment groups. It was suspected that the natural diversity treatment group would be most similar to the control group I, as it was expected that both would have approximately the same microbiome. This was not the case, the natural diversity treatment group was most dissimilar to control group I, while the high diversity treatment group was most similar to control group I. Overall, the beta diversities did not vary to a great extent, so no precise conclusions can be drawn. 
It was also suspected that the highest bacterial diversity would be found in the high and natural diversity treatment groups. However, the community composition of addition of bacteria to the beakers did not directly reflect the final diversity of the microbiome in the individuals. Reasons for this could be microbe-microbe interactions, that certain bacteria did not colonize Mnemiopsis, or that bacteria were not detected on the plates.
A total of six bacterial genera were found in Mnemiopsis leidyi during the experiment: Alteromonas, Halomonas, Pseudoalteromonas, Shewanella, Tenacibaculum, and Vibrio. Of these, only Alteromonas, Shewanella and Vibrio were added to the various treatment groups. Marinomonas and Citrobacter were therefore two of the five added genera that could not be detected in Mnemiopsis individuals after recolonization. In Weiland-Bräuer et al. (2020), Marinomonas was described as the dominant phylotype in Mnemiopsis. However, despite the addition of this bacterium in all treatment groups, it was not detected in any of the individuals. A possible reason for this could be that plating and incubation could not detect this specific bacterium, as Weiland-Bräuer et al. (2020) used additional media for plating and a variation of temperatures and times for incubation. 
Alteromonas was detected in all timepoints, suggesting that it was either already present in Mnemiopsis or added via cross-contamination of water and food, since it was only added to two treatment groups. Reasons why Alteromonas was present in each sample could be possible host-selections. Alteromonas may have the individuals an advantage, which is why they were included in Mnemiopsis. The individual saves energy by maintaining important bacteria and ejecting unimportant bacteria (Daniels and Breitbart, 2012).  In Weiland-Bräuer et al. (2020), growth-promoting effects of Pseudoalteromonas strains were detected in relation to Vibrio strains, which indicates that beneficial microbe-microbe interactions may have taken place. Since Pseudoalteromonas and Vibrio were both found to co-exist in two samples (see Table 17) this could go along with such growth-promoting interactions which could have a positive or negative impact on the host. Nevertheless, Pseudoalteromonas was detected in all treatment groups, both control groups and T0, independently of Vibrio occurrence. This indicates that the microbe-microbe interactions have positive effects on the microbes but are not necessary for their occurrence. Additionally, it can be assumed that Pseudoalteromonas was continuously present in Mnemiopsis what may reflect the importance of the bacterium to its host. Halomonas and Tenacibaculum were also isolated, although they were not added to the treatment groups. This was not expected because, due to the antibiotic treatment, no bacteria other than those added during the recolonization should be found afterwards. In the research of Weiland-Bräuer et al. (2020), Halomonas was isolated exclusively from the surrounding water. Since it was only detected in the epidermis, it could be that Halomonas was present in the water used for the experiment and was only attached to Mnemiopsis for a short time. Tenacibaculum belongs to the flavobacteria that cause infections in farmed fish, such as salmon (Jaspers et al., 2020). Since Mnemiopsis serves as a vector for certain fish pathogens, the isolation of Tenacibaculum could have been expected (Daniels and Breitbart, 2012).
All bacteria detected in Mnemiopsis could be a transient occurrence only. The actual long-term association of bacteria and their diversity in Mnemiopsis could therefore be different from the timepoints taken in this experiment. In addition, as mentioned above, a selective view of the bacterial composition was observed due to the single medium used. To get a more precise overview on the bacterial composition, further experiments with various bacterial growth media would have to be carried out.



[bookmark: _Toc109733509]4.4 Conclusion
In this experiment, the effect of loss and resumption of certain bacteria in the microbiome of Mnemiopsis leidyi was analyzed, based on the hypothesis that a greater microbial diversity results in better fitness of the host. In other recolonization programs, research on the effect of bacteria for development, fitness, and resistance against pathogens was examined as well. For example, sterile Ciona intestinalis resumed feeding when bacteria were added, regardless of the genera, while Hydra was only able to protect itself from fungal infection at a certain level of bacterial diversity (Bosch, 2012; Fraune et al., 2015; Leigh et al., 2016). 
However, analysis of the host fitness parameters sperm and egg count, weight loss, and mortality showed a decreasing fitness of all individuals. Yet, it was not possible to determine the exact cause of what led to the decreased host fitness.
Despite antibiotic treatment, the bacterial composition of Mnemiopsis leidyi included bacteria that were not added during the experiment. Also, the addition of certain bacteria to the environment of Mnemiopsis individuals did not reflect their bacterial uptake. These results suggest the presence of underlying mechanisms such as host selection or microbe-host interactions, which could not be identified during this study.
In this thesis, no reliable conclusion could be drawn. To properly answer the question of whether a diverse microbiome increase host fitness, further experimental runs with more replicates and an improved experimental set-up will need to be conducted in the future.
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[bookmark: _Ref105244725][bookmark: _Toc109733539]Table 11 - Weight measurements from high diversity treatment group 
Dissolving individuals were marked in grey or a lighter colour shade in the tables. Mnemiopsis taken as timepoints were marked red. Dead Mnemiopsis were marked with a T. 
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[bookmark: _Ref105244731]
[bookmark: _Ref108522986][bookmark: _Toc109733540]Table 12 - Weight measurements from medium diversity treatment group
Dissolving individuals were marked in grey or a lighter colour shade in the tables. Mnemiopsis taken as timepoints were marked red. Dead Mnemiopsis were marked with a T.
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[bookmark: _Ref105244733][bookmark: _Toc109733541]Table 13 - Weight measurements from low diversity treatment group 
Dissolving individuals were marked in grey or a lighter colour shade in the tables. Mnemiopsis taken as timepoints were marked red. Dead Mnemiopsis were marked with a T.
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[bookmark: _Ref105244735][bookmark: _Toc109733542]Table 14 - Weight measurements from natural diversity treatment group 
Dissolving individuals were marked in grey or a lighter colour shade in the tables. Mnemiopsis taken as timepoints were marked red. Dead Mnemiopsis were marked with a T.
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[bookmark: _Ref105244737]
[bookmark: _Ref108522993][bookmark: _Toc109733543]Table 15 - Weight measurements from control group I and II 
Dissolving individuals were marked in grey.
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[bookmark: _Ref105255239][bookmark: _Toc109733544]Table 16 - CFU count
Numbers 1-3 are indicating the triplicates of one timepoint. Tmtc was described as a CFU count ,when it was not possible to calculate the exact CFU count.
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[bookmark: _Ref105253557][bookmark: _Ref105253552][bookmark: _Toc109733545]Table 17 - Taxonomic classification of bacterial strains
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[bookmark: _Ref105256014][bookmark: _Toc109733546]Table 18 - Beta diversity: Gastrodermis and epidermis combined
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[bookmark: _Ref105256016][bookmark: _Toc109733547]Table 19 - Beta diversity: Treatment groups combined
[image: ]

[bookmark: _Ref105256018][bookmark: _Toc109733548]Table 20 - Beta diversity: Timepoints T5 and T8 combined
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[image: ][bookmark: _Toc109733549]Table 21 - Diversity measurements
Left: Alpha diversity and the Margalef index. The grey lines indicate the diversity of combined treatment. Right: Beta diversity and the Sorensen Index. Two treatments were compared at a time. Gastrodermis and epidermis were combined. Timepoints 5 and timepoints 8 were combined and compared and the treatment groups low, medium, high, and natural diversity were combined and compared with each other. A treatment is the mean of triplicates.
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Datum, Unterschrift
Total 	CO I	CO II 	Low	Medium	High	Natural	0	0	50	45	50	20	


Sorensen Index	COI:low	COI:med	COI:high	COI:nat	0.4	0.4	0.28599999999999998	0.46100000000000002	
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image14.emf
Treatment group High I High II High III High IV

Beaker 14 14 14 4 4 4 1 1 1 11 11 11

Individual number 1 2 3 1 2 3 1 2 3 1 2 3

Weight (g) /Day 1  24.9 4.6 5.1 5.4 23.4 11.5 5.3 3.3 17.7 7.4 9.3 4.1

Weight (g) /Day 2 24.7 3.8 4.6 4.9 22.8 10.2 4.6 3.2 15.6 6.7 8.1 3.2

Weight (g) /Day 3 22.7 4.3 4.7 4 20.3 9.9 4.1 2.5 15.3 6.2 7.6 2.6

Weight (g) /Day 4 18.7 3.9 4.3 3 14.5 6.6 3 2 13 5.62 7.2 2.3

Weight (g) /Day 5 15.4 2.7 3.2 2.4 13.4 2.4 2.6 2.2 9.9 6.5 2.5

Weight (g) /Day 6 12.8 3.6 2.5 11.4 4.2 3.1 2.3 7.6 5.5 3.3

Weight (g) /Day 7 11.3 2.7 8 T 2.6 T 5.6 T 1.45

Weight (g) /Day 8 11.2 2.5 7.1 1.3 T

Weight (g) /Day 9 1.9 T T
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Treatment group Medium I Medium II Medium III Medium IV

Beaker 5 5 5 9 9 9 12 12 12 16 16 16

Individual number 1 2 3 1 2 3 1 2 3 1 2 3

Weight (g) /Day 1  7.5 11.5 3.4 8.7 5.4 7.4 10.9 6.8 5.1 7.9 6 5.2

Weight (g) /Day 2 7.1 10.1 3.7 8.3 4.9 6.8 10.5 6.4 4.6 7.4 5.5 4.7

Weight (g) /Day 3 5.6 8.2 3.5 7.6 5 6.8 8.6 6 4.1 7.2 5.2 4.5

Weight (g) /Day 4 5.7 6 3.1 6.3 4.2 5.6 (6,4)=COII 5.4 4.2 6.6 4.5 3.60

Weight (g) /Day 5 5 5.9 2.5 5.7 4.7 4.8 5.7 4.1 5.8 4.2 3

Weight (g) /Day 6 4.8 3.3 4.8 3.3 4.6 5 4.3 4 3.8 2.8

Weight (g) /Day 7 2.9 2.5 4.3 T 3.7 3.4 T 3 2

Weight (g) /Day 8 3.2 1.9 4 3.5 2.3 0.9

Weight (g) /Day 9 T 2.3 3.2 T T
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Treatment group Low I Low II Low III Low IV

Beaker 6 6 6 2 2 2 13 13 13 8 8 8

Individual number 1 2 3 1 2 3 1 2 3 1 2 3

Weight (g) /Day 1  3.7 10.1 6.3 18.9 5 11.1 9.5 4.1 7.3 14.5 3.8 7.1

Weight (g) /Day 2 3.2 9.4 5.9 15.9 4.3 9.7 8.7 3.7 7.5 9.1 2.9 5.6

Weight (g) /Day 3 3.2 8.2 5.8 12.9 4.3 9.1 8.1 3.6 6.6 1.9 5.2

Weight (g) /Day 4 2.4 6.6 4.4 11.4 3.9 8.8 (8,1)=COII 3.3 6 1.8 4.4

Weight (g) /Day 5 2.5 6.1 3.83 10.8 2.9 8.6 2.9 4.5 1.3 4.1

Weight (g) /Day 6 2.6 6 8.3 2.4 6.6 2.6 4.3 1.7 3.9

Weight (g) /Day 7 T 4.5 7.8 3 2.3 3.4 1.4 1.6

Weight (g) /Day 8 3.2 7 3.4 3 1.9 1.4

Weight (g) /Day 9 T T 1.7 T T
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Treatment group Natural I Natural II Natural III Natural IV

Beaker 10 10 10 3 3 3 7 7 7 15 15 15

Individual number 1 2 3 1 2 3 1 2 3 1 2 3

Weight (g) /Day 1  10.8 4.3 6.3 5.3 8.1 20.2 7.1 10.6 3.6 6 5.9 5.5

Weight (g) /Day 2 9.8 4.4 5.8 4.9 7.3 19.1 6.1 13.1 2.9 5.6 5.3 5.1

Weight (g) /Day 3 9.5 4.6 5.3 5 6.7 17.3 5.7 12.5 3.4 5.5 5.4 5.2

Weight (g) /Day 4 3.9 4.7 4.5 6.7 15.2 5.7 12 2.9 (5,1)= COII 5 4.9

Weight (g) /Day 5 3.2 4.3 3.8 5.1 13 5.5 11.6 2.8 4.9 4.4

Weight (g) /Day 6 3.1 4.1 4.4 11 5 10.9 3 4.6 4.5

Weight (g) /Day 7 2.5 3.1 T T 4.4 8.3 3.8 3.7

Weight (g) /Day 8 2.9 3 3.5 5.6 2.4

Weight (g) /Day 9 2.3 2.5 3.9 2
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Control group CO I CO I CO I CO II CO II CO II

Individual number 1 2 3 Natural IV Low III Medium III

Weight (g) /Day 1  5.4 20.4 7.5

Weight (g) /Day 2 5.3 17.4 6.5

Weight (g) /Day 3 5.2 16.3 6.4

Weight (g) /Day 4 3.8 12.8 5.6 5.1 6.6 8.1

Weight (g) /Day 5 4.2 11.3 5.7 5.3 6.9 7.8

Weight (g) /Day 6 3.6 10.9 5.1 4.9 6.9 7.4

Weight (g) /Day 7 3.2 7.5 4.5 5.1 5.8 6.8

Weight (g) /Day 8 2.9 4.9 4.2 4.15 5.3 5.9

Weight (g) /Day 9 1.5 4.1 2.60 1.9 3.5 4.6
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Tate Number of colonies counted [CEU Tate [Number of colonies counted [CEU
170 Gut T] 30|[T T8 Tow Gut 26| 530]
[2T0 Gut 0| 0[[2 T8 Tow Gut 33] 660)
370 Gut 2| 40|[3 T8 Tow Gut 7] 50|
1T0Epi 2 20T T8 Tow Epi pL] 330
2T0Epi 2 0|2 T8 Tow Epi 16] 320
3T0Epi T 20][3 T8 low Epi 85 1700)
173 Gut [ 0[[T TS med Gut 3] 620]
213 Gut 0| 0[[2 T8 med Gut 3] 1260
313 Gut 0| 0[[3 T8 med Gut 34] 70|
113 Epi 0 0[1 T8 med Epi 30 600
273 Epi 0 0|2 T8 med Epi 7 1580
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image20.emf
taxonomic classification

Timepoint Appearance Order Family Class

COI Gut 1 Yellow, medium, round Alteromonadales Alteromonadaceae Alteromonas

COI Gut 2 White, big, irregular Alteromonadales

Pseudoalteromonadaceae

Pseudoalteromonas

COI Gut 3 White, big, round Alteromonadales

Pseudoalteromonadaceae

Pseudoalteromonas

COI Epi 1 Orange, medium, round Alteromonadales Alteromonadaceae Alteromonas

COI Epi 2 Light pink, small, round Oceanospirillales Halomonadaceae Halomonas

COI Epi 3 Clear, small/medium, round Alteromonadales Alteromonadaceae Alteromonas

COI Epi 4 White, big, irregular Alteromonadales Alteromonadaceae Alteromonas

COII Gut 1 White, medium, irregular Alteromonadales

Pseudoalteromonadaceae

Pseudoalteromonas

COII Gut 2 White, medium, round Alteromonadales

Pseudoalteromonadaceae

Pseudoalteromonas

COII Gut 3 Yellow, medium, round Alteromonadales Alteromonadaceae Alteromonas

COII Epi 1 White, small, round Alteromonadales Alteromonadaceae Alteromonas

COII Epi 2 Light pink, small, round Alteromonadales Alteromonadaceae Alteromonas

COII Epi 3 White, medium, irregular Alteromonadales

Pseudoalteromonadaceae

Pseudoalteromonas

COII Epi 4 Yellow, small, round Alteromonadales Alteromonadaceae Alteromonas

T0 Gut 1 Light pink, big, irregular Vibrionales Vibrionaceae Vibrio

T0 Epi 1 White, big, irregular Alteromonadales

Pseudoalteromonadaceae

Pseudoalteromonas

T0 Epi 2 Light yellow, big, round Flavobacteriales Flavobacteriaceae Tenacibaculum

T5 low Gut 1 White, medium, irregular Alteromonadales Alteromonadaceae Alteromonas

T5 low Gut 2 White, medium, round Alteromonadales Alteromonadaceae Alteromonas

T5 med Gut 1 White, small, round Alteromonadales Alteromonadaceae Alteromonas

T5 med Epi 1 White, small, round Alteromonadales Alteromonadaceae Alteromonas

T8 low Gut 1 White, medium, round Alteromonadales Alteromonadaceae Alteromonas

T8 low Gut 2 Pink, medium, round Alteromonadales

Shewanellaceae

Shewanella

T8 low Gut 3  Yellow, medium, round Alteromonadales Alteromonadaceae Alteromonas

T8 low Epi 1 Clear, medium, round Alteromonadales

Pseudoalteromonadaceae

Pseudoalteromonas

T8 low Epi 2 Yellow, medium, round Alteromonadales

Shewanellaceae

Shewanella

T8 low Epi 3 White, medium, round Alteromonadales Alteromonadaceae Alteromonas

T8 low Epi 4 Pink, small, round Alteromonadales Alteromonadaceae Alteromonas

T8 med Gut 1 Clear, medium, round Alteromonadales

Pseudoalteromonadaceae

Pseudoalteromonas

T8 med Gut 2 White, medum/small, round Alteromonadales Alteromonadaceae Alteromonas

T8 med Gut 3 Pink, small, round Alteromonadales

Shewanellaceae

Shewanella

T8 med Epi 1 Pink, small, round Alteromonadales

Shewanellaceae

Shewanella

T8 med Epi 2 Yellow, small, round Alteromonadales Alteromonadaceae Alteromonas

T8 med Epi 3 White, small, irregular Alteromonadales Alteromonadaceae Alteromonas

T8 high Gut 1 Clear, medium, ~round Alteromonadales

Pseudoalteromonadaceae

Pseudoalteromonas

T8 high Gut 2 White, small, round short short short

T8 high Epi 1 White, big/medium, round Alteromonadales Alteromonadaceae Alteromonas

T8 nat Gut 1 White, big, round Alteromonadales

Pseudoalteromonadaceae

Pseudoalteromonas

T8 nat Gut 2 Yellow, medium, ~round Alteromonadales Alteromonadaceae Alteromonas

T8 nat Gut 3 Yellow, medium, ~round Vibrionales Vibrionaceae Vibrio

T8 nat Epi 1 White, medium, ~round Alteromonadales Alteromonadaceae Alteromonas

T8 nat Epi 2 Pink, medium/small, round Alteromonadales

Shewanellaceae

Shewanella

T8 nat Epi 3 Yellow, medium/small, round Alteromonadales Alteromonadaceae Alteromonas
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COI COII T0 T3 T5 low T5 med T5 high T5 nat T8 low T8 med T8 high T8 nat

COI / 1 4 3 2 2 3 3 2 2 1 3

COII 1 / 3 2 1 1 2 2 1 1 0 2

T0 4 3 / 3 4 4 3 3 4 4 3 3

T3 3 2 3 / 1 1 0 0 3 3 2 4

T5 low 2 1 4 1 / 0 1 1 2 2 1 3

T5 med 2 1 4 1 0 / 1 1 2 2 1 3

T5 high 3 2 3 0 1 1 / 0 3 3 2 4

T5 nat 3 2 3 0 1 1 0 / 3 3 2 4

T8 low 2 1 4 3 2 2 3 3 / 0 1 1

T8 med 2 1 4 3 2 2 3 3 0 / 1 1

T8 high 1 0 3 2 1 1 2 2 1 1 / 2

T8 nat 3 2 3 4 3 3 4 4 1 1 2 /
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COI COII T0 T3 T5 T8

COI / 1 4 3 2 3

COII 1 / 3 2 1 2

T0 4 3 / 3 4 3

T3 3 2 3 / 1 4

T5 2 1 4 1 / 3

T8 3 2 3 4 3 /
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COI COII T0 T3 low med high nat

COI / 1 4 3 2 2 1 3

COII 1 / 3 2 1 1 0 2

T0 4 3 / 3 4 4 3 3

T3 3 2 3 / 3 3 2 4

low 2 1 4 3 / 0 1 1

med 2 1 4 3 0 / 1 1

high 1 0 3 2 1 1 / 2

nat 3 2 3 4 1 1 2 /
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Treatment Alpha diversity Margalef Index Sorensen beta diversity

COI Gut 2 0.12

A B Sorensen Index

COI Epi 2 0.11 COI COII 0.286

COI total 3 0.23 COI T0 0.571

COII Gut 2 0.12 COI T3 0.667

COII Epi 2 0.14 COI T5 0.5

COII total 2 0.13 COI T8 0.461

T0 Gut 1 0 COI low 0.4

T0 Epi 2 0.29 COI med 0.4

T0 total 3 0.61 COI high 0.286

T3 Gut 0 0 COI nat 0.461

T3 Epi 0 0 COII T0 0.545

T3 total 0 0 COII T3 0.667

T5 low Gut 1 0 COII T5 0.4

T5 low Epi 0 0 COII T8 0.4

T5 low total 1 0 COII low 0.286

T5 med Gut 1 0 COII med 0.286

T5 med Epi 1 0 COII high 0

T5 med total 1 0 COII nat 0.4

T5 high Gut 0 0 T0 T3 0.667

T5 high Epi 0 0 T0 T5 0.667

T5 high total 0 0 T0 T8 0.461

T5 nat Gut 0 0 T0 low 0.571

T5 nat Epi 0 0 T0 med 0.571

T5 nat total 0 0 T0 high 0.545

T8 low Gut 2 0.15 T0 nat 0.461

T8 low Epi 3 0.29 T3 T5 0.667

T8 low total 3 0.29 T3 T8 0.667

T8 med Gut 3 0.2 T3 low 0.667

T8 med Epi 2 0.14 T3 med 0.667

T8 med total 3 0.29 T3 high 0.667

T8 high Gut 1 0 T3 nat 0.667

T8 high Epi 1 0 T5 T8 0.545

T8 high total 2 0.12 low med 0

T8 nat Gut 3 0.24 low high 0.286

T8 nat Epi 2 0.15 low nat 0.222

T8 nat total 4 0.46 med high 0.286

T5 total 1 0 med nat 0.286

T8 total 4 0.39 high nat 0.4

low total 3 0.32

med total 3 0.28

high total 2 0.13

nat total 4 0.41


