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Supplementary appendix A: Habitat Classification 1 

The main mudflat area of the Banc d’Arguin was classified into water, land, sebkha, bare and 2 

seagrass covered mudflats by applying the “Maximum Likelihood supervised classification” 3 

function in the Spatial Analyst toolset in ArGis
TM

 (ESRI ArcMap 9.2 1999 - 2006) to the 4 

remotely sensed Landsat7 image (bands 1–8) which includes various color bands, two 5 

temperature bands and a 15 m resolution panchromatic band. The classification function is a 6 

multi-spectral, image interpretation algorithm. The classification process is supervised by the 7 

user by defining classes of training samples in the study area to which the images are 8 

compared by the algorithm (Girard 2003). Training points were obtained from a false color 9 

image on which land, water, sebkha, bare mudflat and seagrass meadows were clearly 10 

distinguishable (Figure A1). To minimize ambiguity, training samples were chosen some 11 

distance away from the (often diffuse) boundaries between habitat types. Isolated pixels were 12 

removed with a majority filter with 8 neighbors. 13 

Reliability of the above habitat classification (Figure A2) was evaluated in three ways. 14 

1. We compared the classification outcome to the labeled training points (Table A1) and to 15 

the ground-truth control field observations that were obtained at several stations within the 16 

main mudflat area (presented in Figure A2 and Table A2). (Note that these stations are 17 

different from the sampling stations in the study area (Iwik region)). The coordinates of the 18 

stations were generated such that they would be located on the mudflats and belong to the 19 

categories bare- and seagrass covered mudflat only. From the perspective of a given type of 20 

habitat, say seagrass, the classification algorithm may produce two types of errors. Firstly, a 21 

seagrass location is not classified as seagrass (False negative, or type 2 error). Secondly, a 22 



 

 

non-seagrass location is classified as seagrass (False positive, or type 1 error). Combinations 23 

of false positives and false negatives are possible.  24 

2. We compared the produced habitat map with the false-color image (Figure A1) on which 25 

the different types of habitat are clearly distinguished.  26 

3. We obtained the confidence of the habitat assignment as the probability of correct 27 

classification (Figure A3). Particularly, the Maximum Likelihood classifier assigns to each 28 

cell the probability that it was correctly classified. It produces 14 confidence levels (1 = 29 

highest, 14 = lowest). 30 

 Land and water could most reliably be distinguished from each other and from the 31 

other categories (Table A1). As expected, differentiation between sebkha, bare- and seagrass 32 

covered mudflats was less accurate (Table A1 and A2). Misclassifications occurred near 33 

gullies and near the borders between habitats. For example, one sample point in a seagrass 34 

habitat located near a gully was misclassified as bare mudflat. This was probably due to a thin 35 

layer of water covering the sample location which results in reflectance similar to that of bare 36 

habitat. Three other sample points that in reality were located on bare mudflats were classified 37 

as seagrass habitats. These misclassifications were probably due to the presence of seagrass in 38 

the vicinity of each of these three points, thus affecting the mean reflectance of the 25 × 25 m 39 

pixels containing the stations.  40 

At the time of image recording, some parts of the mudflats were inundated due to the 41 

incoming tide from the west. (The image was recorded 40 minutes after low tide at Iwik. The 42 

tidal cycle in the west precedes the one in the east.) Therefore, the likelihood of 43 

misclassification is largest north-west of Arel and north of Kiji. This is confirmed by the low 44 

confidence levels of the classifications in these areas (Figure A3). 45 

46 



 

 

 47 

Figure A1. False-color composite Landsat image of the Banc d’Arguin recorded on 22
nd

 48 

January 2003.  49 

In the false-color composite, the color red corresponds to near infra-red (band4); green to red 50 

(band 3) and blue to green (band 2). Cloud cover during image recording was 0.09%. The 51 

training points used for the supervised classification (presented in Figure A2) are shown with 52 

dots. Five types of habitat are distinguished: Bare intertidal mudflat, Seagrass covered 53 

mudflat, Land (desert), Sebkha (irregularly flooded floodplain) and Water.54 



 

 

 55 

Figure A2. Banc d’Arguin area classified into five habitats.  56 

The map is based on a supervised classification of Landsat TM image recorded on 22 January 57 

2003. Isolated pixels were removed with a majority filter with 8 neighbors. On the intertidal 58 

flats, bare and seagrass habitats are distinguished. The hatched areas (north of Kiji and 59 

northwest of Arel) were probably falsely classified as water, due to the incoming tide. The 60 



 

 

stations represent sampling locations which should not be confused with the training points 61 

that were used for the classification. 62 

 63 

Figure A3. Confidence levels of the classification of the Banc d’Arguin area.  64 

The confidence levels of classification in Figure A2 are represented by color. 65 

66 



 

 

Table A1. The accuracy of habitat classification based on the correspondence between actual 67 

and assigned habitat per training point.  68 

Training point class Actual  Classified as FP FN 

Water 178 178 0 0 

Land 68 67 0 1 
3
 

Sebkha 71 75 4 
1
 0 

Bare mudflat 170 167 0 3 
2
 

Seagrass mudflat 63 63 0 0 

1. 3 classified as bare mudflat and 1 as land 69 

2. 3 classified as sebkha 70 

3. 1 classified as sebkha 71 

72 



 

 

Table A2. The accuracy of the habitat classification based on the correspondence 73 

between classified habitat and ground-truth.  74 

Habitat GT Classified Classified correctly FP FN 

Bare 7 10 7 3 
1
 0 

Seagrass 51 48 47 1
2
 4 

1. At all three misclassified points there was some seagrass present. For these three 75 

mismatches the nearest distance to a bare patch was always less than 35 m. 76 

2. This location was in reality highly elevated near a high tide roost and contained bird 77 

droppings.  78 

79 



 

 

Supplementary appendix B: Summary statistics 80 

Table 1. Minimum (min), maximum (max), mean and standard deviations (SD) 81 

 Z (kg × m
-2
) MGS (µm) OM (%) T (ºC) NDVIs E DS (km) DB (km) 

min 0.00 33.6 0.74 19.82 0.126 0 0.103 0.000 

max 30.56 × 10
-2
 219.3 11.43 23.29 0.432 1 0.651 0.266 

mean 4.78 × 10
-2
 103.7 4.28 21.13 0.259 0.48 0.292 0.060 

sd 5.84 × 10
-2
 56.7 3.13 0.84 0.092 0.50 0.120 0.068 

 82 

Table 2. Input Covariance matrix to the SEM.  83 

The variables in this matrix have been rescaled such that one unit of Z corresponds to 100 g × 84 

m
-2

; MGS in 10
-4

 m. OM in %; T in ºC; NDVI dimensionless; E an indicator variable 0 or 1; 85 

DS and DB in 100 m. We use the unconventional unit of 10
-4

 m instead of 10
-6

 m (µm) so that 86 

the scale of MGS is in line with those of the other variables. For similar reasons OM is 87 

measured in 10 g.  88 

 Z MGS OMc OMc
2
 T NDVIs E DS DBc DBc

2
 

Z 0.34          

MGS -0.17 0.32         

OMc 0.89 -1.49 9.77        

OMc
2
 0.72 -1.83 21.92 109.05       

T 0.10 -0.28 1.61 2.76 0.71      

NDVIs 0.03 -0.04 0.21 2.20 0.04 0.01     

E 0.06 -0.16 0.99 0.39 0.22 0.02 0.25    

DS 0.09 -0.00 -0.28 -1.05 0.05 0.01 -0.19 1.44   

DBc 0.20 -0.27 1.53 3.32 0.25 0.06 0.13 0.04 0.46  

DBc
2
 0.10 -0.10 0.81 3.53 0.03 0.02 0.07 -0.03 0.30 0.42 

 89 

90 



 

 

Table 3. Correlation matrix of the variables included in the SEM.  91 

OMc and OMc
2, 

 DBc and DBc
2
 are mean centered; see main text for details 92 

  Z MGS OMc OMc
2
 T NDVIs E DB DS DBc

2
 

Z 1          

MGS -0.51 1         

OM 0.48 -0.84 1        

OM
2
 0.11 -0.31 0.67        

T 0.21 -0.59 0.61 0.31 1      

NDVIs 0.54 -0.75 0.74 0.40 0.49 1     

E 0.21 -0.58 0.63 0.37 0.51 0.38 1    

DB 0.50 -0.71 0.72 0.47 0.43 0.88 0.37 1   

DS 0.13 0.00 -0.08 -0.08 0.05 0.09 -0.31 0.05 1  

DBc
2
 0.25 -0.26 0.40 0.52 0.06 0.41 0.22 0.68 -0.04 1 

 93 
94 
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