SUPPLEMENTARY MATERIALS
Figure S1: Cross-validation score plot (a) and scree plot (b) from the PCA on the large scale data. 

[image: ]




Figure S2: Geographical sampling areas for selection of the geographical map of Duhamet et al. (2023).
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Figure S3: (a) Representation of the first two axes of the PCA on the large-scale data matrix. The points are colored based on the k-means clustering performed on all the first six PCA components. (b) Geographical representation of the different points according to the k-means clustering performed on the first six PCA components.

[image: ]

Figure S4: Cross-validation score plot (a) and Scree Plot (b) from the PCA on the local data, the Mediterranean Sea. In (c) we reported the MOTU proportions for K = 5 in the Mediterranean Sea (ref. Fig. 4b). In contrast to the large scale case, the proportions represented in the Mediterranean Sea seem to be more mixed together, without having a clear proportion of one source.
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Figure S5: Comparison diagram illustrating the analyses we can obtain from a community matrix using the spatial method of matrix factorization (left) and using beta diversity and PCoA (right). 
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Appendix 1

Algorithm and computing pipeline:

To estimate the number of K sources and the two matrices S and M of the method, we use the tess3 function from the "tess3r" R-package. Originally designed for the analysis of large georeferenced genomic genotype datasets (Caye et al., 2018), we customize the algorithm for eDNA metabarcoding data and adapt it to the context of fish biogeography. To install the tess3 package, we recommend following the directions provided in François (2016) and https://bcm-uga.github.io/TESS3_encho_sen/articles/main-vignette.html.
Running the main function tess3 requires two files as input to the program: 1) a file encoding the probabilities of detection of MOTUs, and 2) a file with geographic coordinates. To tailor the method for an ecological analysis, it's essential to align our data with the input requirements of the functions within the package. We call the function with the following parameters: 


tess3(X = NULL, XProba = X_Double, coord, K, ploidy = 1, lambda = 1, rep = 1, W = NULL,
  method = "projected.ls", max.iteration = 200, tolerance = 1e-05,
  openMP.core.num = 1, Q.init = NULL, mask = 0, algo.copy = TRUE,
  keep = "best", verbose = FALSE)

This function creates an object of class tess3 which contains the results of one or several runs of the estimation algorithm. 

Arguments:

	X
	The entries of this matrix are integers. If NULL, the matrix of genotype likelihood, XProba, is used.

	XProba
	A matrix which contains detection probabilities across all samples. Within this matrix, each column represents the probability 'p' of detecting a specific MOTU in various samples. To complement these probabilities for the method, we append each column with its respective complementary probability, calculated as (1 - p) in the matrix X_Double. So X_Double has a dimension n x 2 m. In our eDNA surveys, n = 522 for the large scale dataset, and n = 108 for the Mediterranean Sea dataset, m = 2,888 for the large scale data, and m = 249 for the Mediterranean data.

	
coord
	A matrix of size n x 2 where n is the number of samples encoding the longitude and latitude of each sample (numeric system).

	K
	An integer or a vector of integers corresponding to the number of sources.

	ploidy
	An integer fixed to 1.

	lambda
	A numeric value for the spatial regularization parameter. The default value lambda = 1 attributes equal weights to the loss function and to the penalty function.

	rep
	Integer. The number of times the algorithm will be repeated for each value of K.

	W
	A matrix which corresponds to the graph weightings. If NULL, W is computed as W[i,j] = exp(-(coord[i] - coord[j])^2 / sigma^2), where coord[i]represents the geographic coordinates for sample i, and where sigma is equal to 5 percent of the average geographic distance between samples.

	method
	A character string "projected.ls" or "qp". If "projected.ls", an alternating projected least squares algorithm is used. If "qp", an alternating quadratic programing algorithm is used. 

	max.iteration
	The maximum number of iterations of the optimization algorithm.

	tolerance
	A numeric value corresponding to the stopping criteria of the optimization algorithm.

	openMP.core.num
	Integer representing the number of cores used by the optimization algorithm. It requires that the openMP library is installed in your OS (default for macOS is no).

	Q.init
	A matrix for initial values of ancestry coefficients for the algorithm. The default value is a random matrix.

	mask
	If not NULL, this numeric value is the proportion of masked data when computing the cross-validation criterion.

	algo.copy
	Boolean. If TRUE data is copied to speed up the algorithm.

	keep
	If "best", only the result with the lowest rmse score will be kept for each value of K. If "all", all results will be kept and returned for each value of K. The second option uses more space in memory.

	verbose
	If TRUE more information is printed.




For the large scale case, we use lambda = 10, rep = 10, method = "projected.ls", max.iteration = 200, tolerance = 1e-05, openMP.core.num = 1, Q.init = NULL, mask = 0, algo.copy = TRUE, keep = "best", verbose = FALSE.

For the Mediterranean case we use lambda =10, rep = 10, W = NULL, method = "projected.ls", max.iteration = 100, tolerance = 1e-06,  openMP.core.num = 1, Q.init = NULL, mask = 0, algo.copy = TRUE, keep = "best", verbose = FALSE.

image6.emf



MOTU 1 MOTU 2 MOTU 3 MOTU 4 MOTU 5 … MOTU m
SAMPLE 1 0 0 3 26 0



SAMPLE 2 4 12 0 0 4 0



SAMPLE 3 0 0 0 0 23 45



… 1 3 0 17 0 25
SAMPLE n 6 0 0 0 0 0



𝐗 = 𝐒𝐌



SOURCE 1 SOURCE 2 SOURCE 3 … SOURCE K



SAMPLE 1 .34 .45 0 0
SAMPLE 2 .11 .02 .5 0
SAMPLE 3 1 0 0 0



… .45 .15 .35 .05



SAMPLE n 0 0 0 1



X =



S =



SOURCE 1 SOURCE 2 SOURCE 3 … SOURCE  K



MOTU  1 .04 0 .44
MOTU 2 .35 0 0 0
MOTU  3 .44 0 .01 .50
MOTU 4 1 0 0 0
MOTU 5 0.77 0 0.13 .10



…
MOTU m 0 0 0 1



M =



-150 -100 -50 0 50 100 150



-5
0



0
50



Longitude



La
tit
ud
e



samples proportions



0.0 0.4 0.8



Arctic
Arctic



Lusitanian
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Southeast_Polynesia
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Indian_Ocean
Western_Indian_Ocean



samples proportions



0.0 0.4 0.8



Arctic
Arctic



Lusitanian
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Southeast_Polynesia
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Indian_Ocean
Western_Indian_Ocean



samples proportions



0.0 0.4 0.8



Arctic
Arctic



Lusitanian
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Southeast_Polynesia
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Indian_Ocean
Western_Indian_Ocean



samples proportions



0.0 0.4 0.8



Arctic
Arctic



Lusitanian
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Southeast_Polynesia
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Indian_Ocean
Western_Indian_Ocean



samples proportions



0.0 0.4 0.8



Arctic
Arctic



Lusitanian
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Southeast_Polynesia
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Indian_Ocean
Western_Indian_Ocean



samples proportions



0.0 0.4 0.8



Arctic
Arctic



Lusitanian
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Southeast_Polynesia
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Indian_Ocean
Western_Indian_OceanComposition proportions of samples



0.0 0.2 0.4 0.6 0.8 1.0



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Western_Indian_Ocean
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Indian_Ocean
Southeast_Polynesia
Southeast_Polynesia



Western_Indian_Ocean
Western_Indian_Ocean
Western_Indian_Ocean



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle



Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic



Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific



Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Lusitanian
Lusitanian
Lusitanian
Lusitanian



Arctic
Arctic
Arctic



Composition proportions of samples



0.0 0.2 0.4 0.6 0.8 1.0



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Western_Indian_Ocean
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Indian_Ocean
Southeast_Polynesia
Southeast_Polynesia



Western_Indian_Ocean
Western_Indian_Ocean
Western_Indian_Ocean



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle



Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic



Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific



Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Lusitanian
Lusitanian
Lusitanian
Lusitanian



Arctic
Arctic
Arctic



Composition proportions of samples



0.0 0.2 0.4 0.6 0.8 1.0



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Western_Indian_Ocean
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Indian_Ocean
Southeast_Polynesia
Southeast_Polynesia



Western_Indian_Ocean
Western_Indian_Ocean
Western_Indian_Ocean



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle



Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic



Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific



Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Lusitanian
Lusitanian
Lusitanian
Lusitanian



Arctic
Arctic
Arctic



Composition proportions of samples



0.0 0.2 0.4 0.6 0.8 1.0



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Western_Indian_Ocean
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Indian_Ocean
Southeast_Polynesia
Southeast_Polynesia



Western_Indian_Ocean
Western_Indian_Ocean
Western_Indian_Ocean



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle



Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic



Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific



Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Lusitanian
Lusitanian
Lusitanian
Lusitanian



Arctic
Arctic
Arctic



Composition proportions of samples



0.0 0.2 0.4 0.6 0.8 1.0



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Western_Indian_Ocean
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Indian_Ocean
Southeast_Polynesia
Southeast_Polynesia



Western_Indian_Ocean
Western_Indian_Ocean
Western_Indian_Ocean



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle



Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic



Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific



Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Lusitanian
Lusitanian
Lusitanian
Lusitanian



Arctic
Arctic
Arctic



Composition proportions of samples



0.0 0.2 0.4 0.6 0.8 1.0



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Western_Indian_Ocean
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Indian_Ocean
Southeast_Polynesia
Southeast_Polynesia



Western_Indian_Ocean
Western_Indian_Ocean
Western_Indian_Ocean



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle



Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic



Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific



Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Lusitanian
Lusitanian
Lusitanian
Lusitanian



Arctic
Arctic
Arctic



Composition proportions of samples



0.0 0.2 0.4 0.6 0.8 1.0



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Western_Indian_Ocean
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Indian_Ocean
Southeast_Polynesia
Southeast_Polynesia



Western_Indian_Ocean
Western_Indian_Ocean
Western_Indian_Ocean



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle



Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic



Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific
Cold_Temperate_Northwest_Pacific



Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Lusitanian
Lusitanian
Lusitanian
Lusitanian



Arctic
Arctic
Arctic



K = 3 K = 4 K = 5 K = 6 K = 7 K = 8 K = 9
Arctic



Mediterranean Sea



Scotia Sea
French Polynesia
Tropical Northwestern Atlantic



Tropical Southwestern Pacific



Western Indian Ocean
Western Coral Triangle



(a)



(b) K = 6



sa
m



pl
es



La
tit



ud
e 



Longitude 



samples proportions



0.0 0.4 0.8



Arctic
Arctic



Lusitanian
Lusitanian



Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea
Mediterranean_Sea



Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea
Scotia_Sea



Southeast_Polynesia
Tropical_East_Pacific
Tropical_East_Pacific



Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Northwestern_Atlantic
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific
Tropical_Southwestern_Pacific



Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Coral_Triangle
Western_Indian_Ocean
Western_Indian_Ocean
Western_Indian_Ocean



(a)



(b)



0 500 1000 1500 2000 2500 3000



0
10



20
30



40
50



60
70



Manhattan plot



MOTUs



-lo
g1
0(
P
-v
al
ue
s)



-L
og
10



(p
-v
al
ue



)



2. Pterocaesio tessellata



3. Sarpa salpa



1. Notothenia coriiceps
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32.74291 1844 Chlorurus sordidus
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Scaridae
Naso unicornis



Scarus psittacus
Acanthurus nigrofuscus



Mulloidichthys flavolineatus
Chlorurus sordidus



Acanthurus triostegus
Tylosurus acus



Thalassoma amblycephalum
Acanthurus tractus



Acanthurus coeruleus
Scombridae



Mullidae
Gnatholepis cauerensis



Scombridae
Carangidae



Balistapus undulatus
Parupeneus multifasciatus



Scarus rubroviolaceus
Pomacentridae



Acanthuridae
Acanthuridae



Pterocaesio pisang
Pterocaesio tessellata



Plectorhinchus lineatus
Bolbometopon muricatum



Grammatorcynus bilineatus
Chromis ternatensis



Odonus niger
Lutjanus bohar
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Oblada melanura
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2. Pterocaesio tessellata

3. Sarpa salpa

1. Notothenia coriiceps

Diplodus sargus

Scarus rubroviolaceus

Odonus niger

Sardina pilchardus

Notothenia rossii

Nototheniidae

MOTUs

-Log10(p-val) MOTU id Taxon

70.69636 2790 Nototheniacoriiceps

66.09301 250 Pterocaesiotessellata

6 1 . 6 8 8 2 9 7 0 0 S a r p a salpa

5 4 . 4 0 9 2 7 7 1 7 D i p l o d u s sargus

5 3 . 4 0 6 3 3 2 7 9 2 N o t o t h e n i i d a e

5 1 . 4 0 6 0 7 2 4 3 S c a r u s rubroviolaceus

5 0 . 5 9 1 2 6 7 5 8 S a r d i n a pilchardus

4 8 . 3 9 1 9 6 3 1 0 O d o n u s niger

4 7 . 7 6 8 9 3 5 7 9 C a e s i o cuning

4 7 . 0 2 7 2 3 7 4 3 C h r o m i s chromis

4 5 . 5 8 0 3 8 7 4 6 S y m p h o d u s tinca

4 4 . 9 4 9 0 0 7 7 4 A t h e r i n i d a e

4 1 . 8 2 2 7 9 2 3 A c a n t h u r u s tractus

4 1 . 7 6 5 9 7 2 7 8 8 N o t o t h e n i a rossii

4 1 . 0 9 5 3 1 2 2 3 C a r a n g i d a e

3 9 . 9 2 5 2 1 2 4 9 P t e r o c a e s i o pisang

3 9 . 4 8 4 0 8 2 2 6 B a l i s t a p u s undulatus

3 6 . 4 6 9 7 4 4 0 3 A c a n t h u r u s lineatus

3 5 . 9 1 5 5 4 7 2 9 O b l a d a melanura

3 5 . 8 2 9 1 9 7 4 1 D i p l o d u s vulgaris

3 4 . 6 6 5 4 1 2 9 1 G r a m m a t o r c y n u s bilineatus

3 3 . 5 2 7 0 7 2 0 6 6 P t e r o c a e s i o digramma

3 3 . 1 0 3 5 5 2 9 6 S e r r a n i d a e

3 2 . 8 6 0 8 4 2 4 A c a n t h u r u s coeruleus

3 2 . 7 4 2 9 1 1 8 4 4 C h l o r u r u s sordidus

3 2 . 1 2 7 2 5 7 0 4 B o o p s boops

3 1 . 6 8 0 6 9 5 2 2 C h r o m i s delta

3 1 . 4 0 5 4 1 3 0 2 C h r o m i s ternatensis

3 1 . 2 7 4 1 8 9 1 T h a l a s s o m a bifasciatum

1. Notothenia coriiceps

2. Pterocaesio tessellata

3. Sarpa salpa

(c)
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S c a ridae

N a s o   u n i c ornis

S c a r u s   p s i t tacus

A c a n t h u r u s   n i g r o f uscus

M u l l o i d i c h t h y s   f l a v o l i n eatus

C h l o r u r u s   s o r didus

A c a n t h u r u s   t r i o s t egus

T y l o s u r u s   acus

T h a l a s s o m a   a m b l y c e p h alum

A c a n t h u r u s   t r actus

A c a n t h u r u s   c o e r uleus

S c o m b ridae

M u l lidae

G n a t h o l e p i s   c a u e r ensis

S c o m b ridae

C a r a n gidae

B a l i s t a p u s   u n d u latus

P a r u p e n e u s   m u l t i f a s c iatus

S c a r u s   r u b r o v i o l a ceus

P o m a c e n t ridae

A c a n t h u ridae

A c a n t h u ridae

P t e r o c a e s i o   p i sang

P t e r o c a e s i o   t e s s ellata

P l e c t o r h i n c h u s   l i n eatus

B o l b o m e t o p o n   m u r i c atum

G r a m m a t o r c y n u s   b i l i n eatus

C h r o m i s   t e r n a t ensis

O d o n u s   niger

L u t j a n u s   b oh

a

r

B a l i s tidae

L u t j a nidae

P s e u d a n t h i a s   s q u a m i p innis

P o m a c e n t ridae

A c a n t h u r u s   l i n eatus

C a e s i o   c a e r u l a urea

A c a n t h u ridae

N a s o   h e x a c a nthus

P t e r o c a e s i o tile

L e t h r i n u s   l e ntjan

S i g a nidae

C a e s i o   c uning

N o t o t h e n i a   ross

i

i

N o t o t h e n i a   c o r i i ceps

N o t o t h e n iidae

N o t o t h e n iidae

S a r p a   salpa

B o o p s   b oops

D i p l o d u s   s argus

O b l a d a   m e l a nura

D i p l o d u s   v u l garis

C h r o m i s   c h r omis

S y m p h o d u s   tinca

S a r d i n a   p i l c h ardus

A t h e r i nidae

T r i p t e r y g i o n   t r i p t e r o n otum
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Scaridae

Naso unicornis

Scarus psittacus

Acanthurus nigrofuscus

Mulloidichthys flavolineatus

Chlorurus sordidus

Acanthurus triostegus

Tylosurus acus

Thalassoma amblycephalum

Acanthurus tractus

Acanthurus coeruleus

Scombridae

Mullidae

Gnatholepis cauerensis

Scombridae

Carangidae

Balistapus undulatus

Parupeneus multifasciatus

Scarus rubroviolaceus

Pomacentridae

Acanthuridae

Acanthuridae

Pterocaesio pisang

Pterocaesio tessellata

Plectorhinchus lineatus

Bolbometopon muricatum

Grammatorcynus bilineatus

Chromis ternatensis

Odonus niger

Lutjanus bohar

Balistidae

Lutjanidae

Pseudanthias squamipinnis

Pomacentridae

Acanthurus lineatus

Caesio caerulaurea

Acanthuridae

Naso hexacanthus

Pterocaesio tile

Lethrinus lentjan

Siganidae

Caesio cuning

Notothenia rossii

Notothenia coriiceps

Nototheniidae

Nototheniidae

Sarpa salpa

Boops boops

Diplodus sargus

Oblada melanura

Diplodus vulgaris

Chromis chromis

Symphodus tinca

Sardina pilchardus

Atherinidae

Tripterygion tripteronotum

Figure 1

Figure 2

Figure 3 a
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LOCAL STUDY: THE MEDITERRANEAN SEA











