Seed bank and established vegetation in the last remnants of Mexican Central Plateau wetlands: The Lerma marshes.
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Fig. 1 Shannon diversity and Pielou Index for established vegetation and total seed bank for the Lerma marshes. Different letters mean significant differences between pairs of samples, using a modified Student’s t-test (Zar 1999) with a significance of 0.05.
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Fig. 2 Mean species per sample (A) and mean seedling density (B) of the seed bank of the Lerma marshes at two depths (0-5cm, 5-10cm) and total (combining the values ​​of the sediment depths). Values ​​are mean ± standard error. In the total seed bank we used a one-way ANOVA (p<0.0001).  The differences between depths within and among marshes were compared with a nested ANOVA, F values ​​shown in Table 3. The error bar followed by different letters indicates significant differences among variables (p<0.001).
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Fig. 3 Ordenation for the first two axes of the Detrented Classification Analysis. It shows the relative position of the vegetation coverage and total seed bank density in the Lerma marshes. The eigenvalue of axis 1 and 2 are 0.71 and 0.27. CgV, CmV, and CcV represent the established vegetation and CgSb, CmSb, and CcSb the total seed bank of each marsh (Cg=Chignahuapan, Cm=Chimaliapan, Cc=Chiconahuapa). For species abbreviations see Table 1.
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Fig. 4 Life-form categorization of (A) total seed bank and (B) the established vegetation of the Lerma marshes.  REH = rooted emergent hydrophytes, EHPS = emergent hydrophytes with prostrate stems, EHFL = emergent hydrophytes with floating leaves, RSH = rooted submerged hydrophytes, FFH = free floating hydrophytes, FSH = free submerged hydrophytes, TT = tolerant terrestrial plant. Different letters against the same segments of the histogram for different marshes indicate statistical significance of the differences (Mann-Whitney test, p<0.05).
TABLES

TABLE 1

Vegetation abundance and relative frequency (%) in the Lerma marshes. Germination mean density (seedlings/m2) for total seed bank and by sediment depth
	
	Vegetation
	Seed bank 

	
	Relative density

(%)
	Relative frequency

(%)
	Coverage
	Density (seedlings/m2)

	
	
	
	
	Depth (0-5cm)
	Depth (5-10cm)
	Total (0-10cm)

	
	Ch
	Cm
	Cc
	Ch
	Cm
	Cc
	Ch
	Cm
	Cc
	Ch
	Cm
	Cc
	Ch
	Cm
	Cc
	Ch
	Cm
	Cc

	Richness
	22a
	27a
	29a
	
	
	
	
	
	
	23a
	40b
	29ab
	19a
	30a
	25a
	27a
	46b
	34ab

	Density plants/m2
	
	
	
	
	
	
	
	
	
	86889
	81673
	79745
	33102
	42669
	62227
	76947
	90626
	101114

	Agrostis perennans 
	
	1,4
	
	
	1,5
	
	
	II
	
	
	
	
	
	629
	
	
	629
	

	Arenaria bourgaei 
	0,3
	
	
	0,3
	
	
	I
	
	
	5659
	629
	
	629
	629
	
	2305
	943
	

	Arenaria paludicola 
	0,7
	
	
	1,5
	
	
	I
	
	
	3458
	1886
	
	629
	
	
	2892
	629
	

	Aster subulatus 
	0,9
	0,8
	
	2,3
	1,6
	
	I
	I
	
	
	629
	
	629
	838
	
	629
	943
	

	Berula erecta 
	
	4,0
	1,3
	
	6,0
	2,2
	
	II
	II
	
	
	
	
	
	1258
	
	
	1258

	Bidens aurea 
	
	
	0,5
	
	
	2,2
	
	
	I
	
	
	
	
	
	
	
	
	

	Bromus dolichocarpus 
	
	
	
	
	
	
	
	
	
	2829
	
	
	
	
	
	2829
	
	

	Callitriche deflexa 
	
	
	
	
	
	
	
	
	
	4401
	629
	1527
	629
	3982
	2515
	2515
	4925
	2605

	Ceratophyllum demersum 
	
	
	0,3
	
	
	0,6
	
	
	I
	
	
	
	
	
	
	
	
	

	Cyperus niger
	
	
	
	
	
	
	
	
	
	
	943
	
	
	
	
	
	2358
	

	Cyperus semiochraceus 
	
	
	1,4
	
	
	2,8
	
	
	II
	
	
	
	
	
	
	
	
	

	Cyperus sp. 
	
	
	
	
	
	
	
	
	
	
	
	2201
	
	629
	943
	
	629
	2096

	Echinochloa holciformis 
	6,0
	5,4
	
	6,0
	6,0
	
	III
	III
	
	
	2358
	
	1886
	629
	2515
	1886
	838
	2515

	Echinochloa oplismenoides 
	
	
	
	
	
	
	
	
	
	
	629
	
	
	
	
	
	1258
	

	Eichhornia crassipes 
	
	2,7
	
	
	3,8
	
	
	II
	
	
	
	
	
	
	
	
	
	

	Eleocharis acicularis 
	
	
	
	
	
	
	
	
	
	8226
	1572
	1258
	4042
	6209
	6288
	4318
	10596
	3773

	Eleocharis bonariensis 
	
	1,2
	0,8
	
	0,6
	1,1
	
	II
	I
	
	
	
	
	
	
	
	
	

	Eleocharis densa.
	0,6
	6,8
	3,4
	0,8a
	5,4ab
	7,2b
	I
	III
	II
	
	
	
	
	
	
	
	
	

	Eleocharis dombeyana  
	
	
	
	
	
	
	
	
	
	4087
	943
	7126
	3694
	4323
	10060
	5397
	4454
	7860

	Eleocharis macrostachya  
	16,0
	8,3
	1,1
	13 a
	5,5ab
	1,7b
	IV
	III
	II
	
	
	
	
	
	
	
	
	

	Eleocharis montana 
	
	1,3
	
	
	0,6
	
	
	II
	
	
	755
	3144
	1572
	1467
	
	1572
	1808
	3144

	Epilobium ciliatum 
	1,0
	
	1,5
	2,3
	
	3,4
	II
	
	II
	629
	8724
	2767
	
	
	838
	629
	1572
	2725

	Euphrosyne partheniifolia
	
	
	
	
	
	
	
	
	
	4821
	3458
	629
	3694
	2874
	629
	5030
	2585
	629

	Galinsoga  parviflora 
	
	
	
	
	
	
	
	
	
	
	
	2201
	
	
	
	
	
	2201

	Glyceria fluitans 
	
	
	
	
	
	
	
	
	
	
	12575
	
	
	1258
	1886
	
	13833
	1886

	Glyceria mexicana 
	
	
	
	
	
	
	
	
	
	
	3773
	
	
	1258
	
	
	2934
	

	Gnaphalium americanum 
	
	
	
	
	
	
	
	
	
	
	3301
	629
	
	
	629
	
	2305
	629

	Gnaphalium luteo-album 
	
	
	
	
	
	
	
	
	
	5030
	1069
	2410
	
	1415
	2096
	5030
	1768
	3458

	Hydrocotyle ranunculoides 
	7,8
	11,7
	7,5
	7,8
	11,8
	13,4
	III
	IV
	III
	
	629
	
	
	786
	
	
	1006
	

	Hydrocotyle verticillata  
	6,0
	
	
	5,0
	
	
	III
	
	
	5030
	
	
	
	
	
	5030
	
	

	Hydromystria laevigata 
	
	0,3
	6,1
	
	0,5
	9,5
	
	I
	III
	
	
	
	
	
	
	
	
	

	Jaegeria bellidiflora  
	3,6
	16,1
	4,2
	5,5
	13,5
	8,9
	II
	IV
	II
	629
	629
	
	
	
	
	629
	3458
	

	Jaegeria glabra 
	
	
	0,2
	
	
	1,1
	
	
	I
	
	
	3144
	
	
	
	
	
	3144

	Juncus aemulans 
	
	
	
	
	
	
	
	
	
	
	629
	2829
	
	
	629
	
	1886
	3144

	Juncus arcticus 
	
	
	
	
	
	
	
	
	
	
	2044
	17291
	
	
	629
	
	1886
	16453

	Juncus effusus 
	
	1,1
	0,8
	
	0,5
	1,1
	
	II
	I
	
	
	
	
	
	2515
	
	
	2515

	Juncus tenuis 
	
	
	
	
	
	
	
	
	
	
	
	5973
	
	
	10563
	
	
	10959

	Leersia hexandra 
	
	3,9
	
	
	3,0
	
	
	II
	
	
	
	
	
	
	
	
	
	

	Lilaea scilloides 
	0,0
	0,6
	
	0,3
	0,9
	
	I
	I
	
	
	1006
	
	
	
	
	
	1886
	

	Lilaeopsis schaffneriana 
	8,7
	2,1
	3,3
	6,8
	2,8
	6,1
	III
	II
	II
	12306
	2485
	2012
	1153
	1886
	4087
	8460
	3598
	3301

	Limosella aquatica 
	
	
	
	
	
	
	
	
	
	1886
	1886
	1572
	1572
	1429
	943
	1729
	1761
	2515

	Ludwigia peploides
	
	1,0
	5,1
	
	0,8a
	12,8b
	
	I
	II
	
	
	
	
	1258
	629
	
	1258
	629

	Marsilea mollis 
	
	
	0,4
	
	
	0,6
	
	
	I
	
	
	
	
	
	
	
	
	

	Mecardonia procumbens 
	
	
	
	
	
	
	
	
	
	
	
	943
	
	
	
	
	
	943

	Mimulus glabratus 
	0,1
	
	
	0,3
	
	
	I
	
	
	
	2305
	
	
	
	
	
	629
	

	Myriophyllum aquaticum 
	
	3,3
	4,3
	
	3,0
	7,8
	
	II
	II
	
	
	
	
	
	
	
	
	

	Myriophyllum heterophyllum 
	
	
	20,7
	
	
	31,8
	
	
	V
	
	
	629
	
	
	629
	
	
	838

	Najas guadalupensis 
	
	
	
	
	
	
	
	
	
	
	
	629
	
	629
	629
	
	629
	629

	Nierembergia angustifolia 
	
	
	
	
	
	
	
	
	
	
	
	1258
	
	
	
	
	
	1258

	Nymphaea gracilis 
	
	0,2
	
	
	0,1
	
	
	I
	
	
	
	
	
	
	
	
	
	

	Nymphoides fallax 
	
	
	3,1
	
	
	9,5
	
	
	II
	
	
	1258
	
	
	943
	
	
	1048

	Oxalis corniculata 
	
	
	
	
	
	
	
	
	
	
	2021
	
	
	
	
	
	629
	

	Paspalum distichum 
	
	10,3
	5,0
	
	5,8
	17,9
	
	IV
	II
	
	
	
	
	
	
	
	
	

	Poa annua 
	15,0
	
	
	11,8
	
	
	IV
	
	
	
	
	
	
	
	
	
	
	

	Poaceae 1
	
	
	
	
	
	
	
	
	
	943
	
	
	629
	
	
	838
	
	

	Poaceae 2
	
	
	
	
	
	
	
	
	
	
	
	629
	
	
	
	
	
	629

	Polygonum hydropiperoides 
	3,5
	0,1
	2,0
	0,3
	0,4b
	5,0c
	II
	I
	II
	
	
	
	
	
	
	
	
	

	Polygonum lapathifolium 
	0,5
	1,8
	
	0,8
	2,6
	
	I
	II
	
	1132
	943
	
	1132
	1886
	
	1258
	2829
	

	Polygonum mexicanum 
	
	0,3
	
	
	0,8
	
	
	I
	
	629
	2695
	
	
	629
	
	629
	1006
	

	Polygonum punctatum 
	1,9
	4,4
	1,3
	4,8
	5,0
	5,6
	II
	II
	II
	943
	1258
	838
	629
	
	
	786
	943
	838

	Potamogeton illinoensis 
	
	
	4,1
	
	
	6,1
	
	
	II
	
	
	
	
	
	
	
	
	

	Potamogeton nodosus 
	
	0,4
	1,6
	
	0,4a
	5,0b
	
	I
	II
	
	
	
	
	
	
	
	
	

	Ranunculus cimbalaria 
	12,4
	
	
	9,8
	
	
	IV
	
	
	9117
	
	
	1572
	
	
	7231
	
	

	Ranunculus dichotomus 
	
	
	
	
	
	
	
	
	
	
	1006
	
	
	629
	
	
	838
	

	Ranunculus trichophyllus 
	
	
	
	
	
	
	
	
	
	
	
	629
	
	
	1572
	
	
	1258

	Rorippa mexicana 
	
	
	
	
	
	
	
	
	
	629
	2378
	1707
	
	629
	943
	629
	629
	1965

	Rorippa pinnata 
	0,5
	
	
	2,3
	
	
	I
	
	
	10731
	3563
	3301
	5659
	796
	2515
	10514
	2298
	5156

	Rumex crispus 
	0,2
	
	
	0,5
	
	
	I
	
	
	
	
	
	
	
	
	
	
	

	Rumex flexicaulis 
	
	
	
	
	
	
	
	
	
	629
	1886
	
	1048
	629
	
	880
	1048
	

	Rumex obtusifolius 
	
	
	
	
	
	
	
	
	
	
	
	
	
	629
	
	
	629
	

	Sagittaria macrophylla 
	
	10,3
	0,1
	
	17,1a
	0,6b
	
	IV
	I
	
	
	
	
	
	
	
	
	

	Schoenoplectus californicus  
	14,3
	
	14,7
	13,0
	
	17,9
	IV
	
	IV
	
	
	
	
	
	
	
	
	

	Schoenoplectus tabernaemontani  
	
	0,4
	0,6
	
	0,3
	1,7
	
	I
	I
	2515
	1572
	
	1048
	2201
	
	1415
	1617
	

	Sisyrinchium convolutum 
	
	
	
	
	
	
	
	
	
	
	
	
	
	629
	
	
	629
	

	Soliva anthemifolia 
	
	
	
	
	
	
	
	
	
	
	629
	
	1258
	
	
	1258
	629
	

	Tillaea saginoides 
	
	
	
	
	
	
	
	
	
	
	1258
	1572
	
	
	
	
	629
	1572

	Trifolium sp. 
	
	
	
	
	
	
	
	
	
	
	629
	
	
	
	
	
	629
	

	Tripogandra purpurascens 
	
	
	
	
	
	
	
	
	
	
	2892
	
	
	
	
	
	629
	

	Typha latifolia 
	
	
	4,1
	
	
	25,7
	
	
	III
	
	1886
	7755
	
	629
	5345
	
	629
	5659

	Urtica dioica 
	0,1
	
	0,5
	0,3
	
	2,8
	I
	
	I
	
	943
	1886
	
	629
	
	
	755
	1886

	Veronica peregrina ssp. xalapensis 
	
	
	
	
	
	
	
	
	
	629
	629
	
	
	629
	
	629
	629
	


The vegetation cover categories are I<1%, II=1% to 5%, III=5.1%-10%, IV=10.1%-20%, and V>20%. Different superscripts indicate significant differences between the frequency of established vegetation and seed bank of the Lerma marshes, using a Chi-square test with a significance of p<0.05

TABLE 2

Sorensen similarity coefficient (%) between the vegetation and total seed bank (combining the values ​​of the sediment depth of 0-5 cm and 5-10cm) of the Lerma marshes

	
	Vegetation
	
	
	
	Seed Bank
	

	 
	Cg
	Cm
	Cc
	
	Cg
	Cm

	Vegetation
	
	
	
	
	
	

	   Cm
	48
	
	
	
	
	

	   Cc
	39
	61
	
	
	
	

	Seed Bank
	
	
	
	
	
	

	   Cg
	48
	32
	17
	
	
	

	   Cm
	36
	35
	24
	
	63
	

	   Cc
	25
	23
	34
	
	42
	57


Cg = Chignahuapan, Cm = Chimaliapan, Cc = Chiconahuapa

TABLE 3

Significant differences in the germination frequency for total seed bank (combining the values ​​of the sediment depth of 0-5 cm and 5-10cm) of the Lerma marshes

	
	Frequency (%)

	
	Ch
	Cm
	Cc

	Arenaria bourgaei 
	1,7a
	0,5b
	

	Arenaria paludicola 
	2,8a
	0,3b
	

	Aster subulatus 
	0,6a
	2,0b
	

	Callitriche deflexa 
	1,1a
	6,0b
	3,6c

	Cyperus sp. 
	
	0,3a
	1,6b

	Echinochloa holciformis 
	0,6a
	1,5b
	0,5c

	Eleocharis acicularis 
	8,3 a
	6,7 b
	2,1c

	Eleocharis dombeyana  
	6,7 a
	3,0 b
	2,1c

	Eleocharis montana 
	1,1ab
	2,0a
	0,5b

	Epilobium ciliatum 
	1,1a
	0,5b
	3,1c

	Gnaphalium luteo-album 
	0,6a
	4,0b
	3,2c

	Juncus aemulans 
	
	0,3a
	1,1b

	Juncus arcticus 
	
	0,3a
	3,2b

	Limosella aquatica 
	4,4a
	3,7b
	1,1c

	Najas guadalupensis 
	
	0,3a
	1,1b

	Polygonum mexicanum 
	0,6a
	2,5b
	

	Polygonum punctatum 
	2,2a
	0,5a
	1,6 c

	Rorippa mexicana 
	1,1a
	0,5b
	4,2c

	Rorippa pinnata 
	0,4a
	7,2b
	2,6 c

	Rumex flexicaulis 
	2,8a
	0,8b
	

	Typha latifolia 
	
	1,3a
	2,6 c


Different superscripts indicate significant differences between the frequency of established vegetation and seed bank of the Lerma marshes, using a Chi-square test with a significance of p<0.05

TABLE 4
Values of nested ANOVA for the mean number of species per sample and mean seedlings/m2 among marshes and sediment depths (0-5 and 5-10cm). The main effect is that swamps and sediment depths are nested into the marshes. 

	
	Mean species per sample
	
	Mean seedlings per m2

	
	df
	F
	p
	
	df
	F
	p

	Marshes
	2
	2.5
	0.0830
	
	2
	9.1
	0.0001*

	Depths
	1
	17.5
	0.000048*
	
	2
	33.1
	0.000001*

	Residual
	148
	
	
	
	148
	
	


*Significant differences
