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Abstract 25 

 26 

Salix nigra Marshall (Black Willow) is a pioneer tree species that establishes in North American 27 

(NA) river floodplains, and is widely used for bank stabilization. However, its salinity tolerance 28 

and occurrence in tidal wetlands of estuarine systems along the NA Atlantic coast is largely 29 

unknown. Climate change accompanied by land subsidence and changes in precipitation pattern 30 

induce salinity increase that may affect coastal vegetation. Alteration of hydromorphology of 31 

coastal plain estuaries causes additional salinity increase that affects tidal freshwater-forested 32 

wetlands. We investigated the salinity tolerance and occurrence of Black Willow in tidal wetlands 33 

of two Chesapeake Bay tributaries and in a greenhouse hydroponic experiment. A salinity of more 34 

than 1 part per thousand (ppt) salt limited the willows` occurrence in the field and the cuttings` 35 

performance in the experiment. Dry mass was significantly lower in salinity 2 and 3 ppt salt 36 

compared to the control and salinity 1 ppt salt. Cuttings originating from tidal freshwater wetlands 37 

developed more belowground biomass and leaves than cuttings from brackish wetlands. The 38 

better performance of cuttings originating from tidal freshwater wetlands may indicate a higher 39 

resilience to short-term salinity increase in tidal freshwater wetland forests with implications for 40 

tidal forest restoration in eastern NA. 41 

 42 

 43 
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Introduction 49 

 50 

Floodplain willows are adapted to physical disturbance, resprout from fragments and 51 

grow on exposed riverine sediments (Karrenberg et al. 2002). The NA Salix nigra Marshall 52 

(Black Willow) forms floodplain forest stands throughout the northeastern United States and 53 

Canada as well as south in the southeastern US (Argus 2007). The species dense root system 54 

allows it to colonize sand bars (Pitcher and McKnight 1990) and has application in 55 

bioengineering (Isebrands et al. 2014). Posts and cuttings are used to establish living revetments 56 

for river bank stabilization (Schaff et al. 2003, Martin et al. 2005) and for riparian buffers to 57 

reduce sediment loading to streams and filter runoff of nutrients and chemicals. The US 58 

government promotes the establishment of riparian buffers on qualifying agricultural areas 59 

(www.fsa.usda.gov). The possibility to use willows to mitigate potential environmental effects of 60 

global change (Isebrands et al. 2014) contributes to the focus on this NA woody species. 61 

 62 

Potential environmental effects of global change are of particular concern where dense human 63 

populations and dynamic ecosystems co-occur as in coastal estuaries (McLusky and Elliott 64 

2004). Tidal wetland creation is suggested to mitigate effects of climate change induced sea level 65 

rise (Temmerman et al. 2013) whereas salt marshes and willows are predicted to attenuate waves 66 

since they grow high in the intertidal (Borsje et al. 2011). In eastern NA, vast tidal freshwater 67 

wetlands occur along the Atlantic east coast from New Jersey to Georgia (Leck et al. 2009). 68 

Fluctuating salinity is the principal stress that tidal wetland organisms have to cope with (e.g., 69 

Odum 1988). Negative effects of salinity increase on tidal freshwater wetland plant communities 70 

are known (Sharpe and Baldwin 2012) and tidal freshwater wetlands are among the most 71 

vulnerable ecosystems to salinity increase (Pierfelice et al. 2016). Sea level rise is expected to 72 
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lead to decline of tidal freshwater forested wetlands where soil accretion does not keep pace with 73 

sea level rise (Craft 2012, Swarth et al. 2013). Retreat of estuarine forest as a function of rising 74 

sea level is predicted for the Chesapeake Bay (Kirwan et al. 2007) where an average salinity 75 

increase of 0.5 ppt in the second half of the twentieth century was found (Hilton et al. 2008). 76 

 77 

Black Willow is native to the NA Atlantic Coastal Plain Province (Argus 2007). However, 78 

compared to riverine forested floodplains, tidal forested wetlands have attained less attention, 79 

and NA tidal freshwater forests are understudied (e.g., Baldwin et al. 2009). In particular, 80 

knowledge on the increasing salinity in tidal wetlands and the salt tolerance and occurrence of 81 

Black Willow in northeastern NA tidal wetlands along an estuarine salinity gradient is scarce.  82 

 83 

We thus studied the occurrence of Black Willow along the estuarine salinity gradient of 84 

Chesapeake Bay tributaries and investigated the salt tolerance experimentally. We hypothesized 85 

that (i) the salt tolerance differs intraspecifically (freshwater versus brackish origin); (ii) 86 

increased salinity would decrease the growth performance both in the field and under 87 

experimental greenhouse conditions; and asked (iii) whether Black Willow from brackish 88 

wetlands would be more salt tolerant than from tidal freshwater wetlands?  89 

 90 

 91 

Methods 92 

 93 

Field-site Description  94 

The estuarine tidal wetlands along the NA east coast are included in the distribution map of the 95 

Black Willow (Argus 2007). However, the occurrence along eastern NA estuarine salinity 96 
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gradients remains unclear. The Chesapeake Bay along with its tributaries is one of the biggest 97 

coastal plain estuaries on the Atlantic coast. According to a report on coastal wetlands in 98 

Maryland, the Smooth Alder/Black Willow shrub swamp vegetation type covers 524 acres 99 

(McCormick & Somes 1982). We selected the 60-70 km tidal stretch of the Patuxent River in 100 

Maryland, discharging into the western shore of the Chesapeake Bay, as our study area. We 101 

choose tidal freshwater wetlands (38°48'31''N; 76°42'38''W) and brackish wetlands (38°38'20''N; 102 

76°41'42''W) as study sites. Furthermore, we studied the occurrence of Black Willow along the 103 

salinity gradient of the Nanticoke River, a tributary at the eastern shore in Delaware (Fig. 1).  104 

 105 

Field observations of Black Willows in tidal wetlands 106 

Forests were marked in aerial images of both field-sites. We studied these tidal forested wetlands 107 

with regard to the occurrence of Black Willow in July 2011 (Fig. 2). In the tidal freshwater 108 

wetland, ten individuals were selected due to the occurrence of straight shoots as sources for 109 

cuttings to be used experimentally. Unfortunately, we found only one individual at the brackish 110 

wetland. On each of the willows, tree height, and stem diameter at breast height were measured.  111 

Soil salinity was measured under all selected individuals, on 27 July 2011 at the brackish 112 

wetland and on 29 July 2011 at the freshwater wetland, with a YSI-30 Multi-Parameter Analyzer. 113 

The measurements were taken after an extended drought period and high salinities were 114 

expected. Our data were supplemented by publically available salinity data collected by the 115 

Maryland Department of Natural Resources (MDNR) (Table 1). Since we found only one Black 116 

Willow in brackish wetlands of the Patuxent River, additional individuals were studied during a 117 

field study on 25 July in tidal wetlands along the Nanticoke River. We measured soil water 118 

salinity adjacent to these individuals to determine up to which salinity Black Willow occurs in 119 

tidal wetlands. Corresponding with our Patuxent River brackish wetland, the MDNR monitoring 120 
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recorded at a downstream station indicated an average July salinity of 1.36 ppt and a salinity 121 

range between 0.04-13.45 ppt in 2003-2006. The monitoring station adjacent to our upstream 122 

Patuxent River tidal freshwater site recorded an average salinity of 0.13 ppt in July and a salinity 123 

range of 0.03-0.89 ppt in 2011. On the Nanticoke River at the Sharptown MDNR upstream 124 

station, the average July salinity was 0.86 ppt and the salinity range was 0.05-7.11 ppt (2012-125 

2014). At the downstream Tyaskin (Patuxent River) station the average July salinity was 8.25 126 

ppt and salinity range was 0.02-15.81 ppt (2012-2014). 127 

 128 

Greenhouse hydroponic experiment with salinity treatments on cuttings 129 

We conducted a hydroponic experiment on cuttings of Black Willows (i) from two origins 130 

(freshwater and brackish sites), (ii) in four salinities (0, 1, 2, and 3 ppt salt) during three weeks 131 

from 1 to 24 August 2011 in the greenhouse at the University of Maryland at College Park (US) 132 

under daylight and ambient temperature conditions. We sampled the individual on 27 July at the 133 

brackish wetland, and on 29 July 2011, the ten individuals at the tidal freshwater wetland along 134 

the Patuxent River. We harvested 200 cuttings at both sites, defoliated and trimmed them to 20 135 

cm length and stored them at 20 °C in plastic bags in an incubator until the start of the 136 

experiment.  137 

Wide-neck PET laboratory bottles (17.6 c 6.5 cm; experimental units) were filled with 138 

500 ml tap water. Atlantic Sea Salt (Lima; Belgium) was added to reach the salinity levels of 1, 2 139 

and 3 ppt salt. For the control, tap water was used (hereafter referred to as salinity 0 ppt salt). 140 

The volume of water and the salinity was kept constant by supplementing water and salt. Seven 141 

20-cm long cuttings were placed per experimental unit. We set up seven replicates per each of 142 

the four salinity levels on cuttings from two origins, resulting in 336 cuttings in 48 experimental 143 

units. The experimental units were randomly arranged on plant tables in the greenhouse. We 144 
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changed the arrangement weekly to account for possible spatial effects of environmental 145 

gradients. 146 

At the beginning of the experiment, we determined initial fresh mass of cuttings. At the 147 

end of the experiments, we recorded the number of leaves and number of roots, harvested the 148 

shoot and root biomass of the cuttings, dried them separately at 60 °C until the mass remained 149 

constant and weighed them. 150 

 151 

Data analyses 152 

Since only one Black Willow individual at the Patuxent River brackish wetlands was found, it 153 

was not possible to apply statistical tests to compare the results of the soil water salinity at the 154 

tidal freshwater and the brackish wetland. Instead, we calculated the mean of the morphological 155 

and soil salinity data recorded at the tidal freshwater site and the supplemental measurements of 156 

salinity at Black Willow specimen along the salinity gradient at the Nanticoke River. We further 157 

calculated the mean of the soil water salinity data from the brackish wetland of the Patuxent 158 

River. 159 

Final shoot, root and total biomass were analysed by two-factorial ANCOVA. We used 160 

initial fresh mass of cuttings as the co-variable to account for possible differences in cuttings’ 161 

initial weight and tested for effects of salinity (level 0, 1, 2, and 3 ppt salt) and origin (freshwater 162 

vs. brackish site) on shoot, root and final biomass. Pairwise differences were tested by Tukey’s 163 

post hoc tests. The dry mass data were log transformed to meet the assumptions of ANCOVA. 164 

Shoot-root ratio of the final mass of cuttings was analysed by one-factorial ANOVAs 165 

including salinity (level 0, 1, 2, and 3 ppt salt) as factors. We did not include origin as a factor 166 

since final root dry mass was too low.  167 



 

8 
 

To analyse effects of salinity (0, 1, 2, and 3 ppt salt) and origin (freshwater vs. brackish) 168 

on growth (roots and leaves) of cuttings, we applied two-factorial ANOVAs. Pairwise 169 

differences were tested by Tukey’s post hoc tests. All data analyses were carried out with 170 

STATISTICA 9.0. 171 

 172 

 173 

Results 174 

 175 

Field observations on the morphology of Black Willow and soil water salinity 176 

The average height of Black Willows at the tidal freshwater site (Patuxent River) was 4.53 m (± 177 

2.35 SD). We measured 9.1 m for the tallest and 1.3 m for the shortest willow. The average 178 

diameter was 0.24 m (± 0.16 SD). The only Black Willow at the brackish site (Patuxent River) 179 

was 7 m in height and 0.21 m in diameter.  180 

The soil water salinity differed at the tidal freshwater site (mean 0.1 ± SD 0 ppt) 181 

compared to the brackish site (mean 1.54 ± SD 0.09 ppt). The mean of recorded data in 182 

supplemental salinity measurements at individuals along the salinity gradient at the Nanticoke 183 

River (0.53 ± SD 0.34 ppt) was lower compared to those at the Patuxent River (mean 1.54 ± SD 184 

0.09 ppt). In the tidal wetlands of the Nanticoke River only one willow was found in a salinity 185 

higher than 1 ppt. 186 

 187 

Greenhouse hydroponic experiment with salinity treatments on cuttings 188 

Final dry mass, shoot and root dry mass, and shoot: root ratio. Shoot dry mass decreased 189 

significantly with increasing salinity (p < 0.01), root dry mass was highly decreased with 190 

increasing salinity (p < 0.001), and total dry mass decrease with increasing salinity was highly 191 
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significant (p < 0.001) (Fig. 3; Table 2). Tukey tests showed that shoot dry mass (Fig. 3a) was 192 

significantly lower at salinity 2 and 3 ppt compared to the control, and at salinity 3 compared to 193 

1 ppt salt. Root dry mass (Fig. 3b) was significantly lower at salinity 2 and 3 ppt compared to 194 

both the control and salinity 1 ppt salt. Total dry mass (Fig. 3c) was significantly lower at 195 

salinity 2 and 3 ppt compared to both salinity 0 and 1 ppt salt.  196 

Significant effects of origin were found. Cuttings from freshwater sites developed more 197 

root dry mass and total dry mass compared to cuttings from the brackish site (p < 0.05) but no 198 

differences in shoot dry mass were found. Thus, results show a consistent pattern of salinity and 199 

effects of cuttings’ origin: decreased performance with increasing salinity and with origin from 200 

brackish wetlands.  201 

 202 

Growth performance: leaves and roots. The effect of salinity on leaves of cuttings was 203 

significant (p < 0.01) (Figure 4a; Table 3a). The cuttings in salinity 1, 2 and 3 ppt developed less 204 

leaves compared to the control. However, no significant differences were found among the 205 

salinities 1, 2 and 3 ppt salt.  206 

The effect of cuttings’ origin was highly significant (p < 0.001). Cuttings originating 207 

from the tidal freshwater site developed significantly more leaves.  208 

The number of roots was not significantly affected by salinity (Figure 4b; Table 3b). To the 209 

contrary, a highly significant effect of cuttings’ origin was found (p < 0.001). Cuttings 210 

originating from the tidal freshwater wetland developed more roots.  211 

 212 

 213 

Discussion 214 

 215 
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 For the first time, field studies on the occurrence of Black Willow in tidal wetlands in NA 216 

Chesapeake Bay tributaries combined with experimental salinity treatments on vegetative 217 

propagules (cuttings) were carried out. A salinity of more than 1 ppt limited occurrence and 218 

growth in the field and performance in the experiment, whereas propagules originating from tidal 219 

freshwater wetlands performed better compared to propagules from brackish wetlands. Our 220 

findings could inform estuarine restoration and flood control measures regarding optimal 221 

conditions where Black Willow can grow.  222 

 223 

Field observations on Black Willow in tidal wetlands   224 

Our observations at the Patuxent and Nanticoke Rivers, showed that Black Willow occurs in 225 

northeastern NA in both tidal freshwater and brackish wetlands. We found abundant Black 226 

Willows in tidal freshwater wetlands along the Patuxent River (Fig. 1) but the occurrence in 227 

brackish wetlands along the Patuxent and Nanticoke Rivers was limited to soil salinity up to 1.5 228 

ppt. However, in the Maryland Wetlands Act of 1970, “Smooth Alder/Black Willow” was a 229 

recognized shrub swamp vegetation type of Maryland’s tidal wetlands in elevated areas 230 

(McCormick and Somes 1982). However, modeling of marsh transect data from Maryland 231 

showed that lateral upland migration of marshes and deforestation during the transformation of 232 

forest soils into marsh soils increased during the last 150 years (Hussein 2009). Tidal wetlands 233 

comprised of Black Willow may have decreased in area. This is opposite to the former effects of 234 

sedimentation following upstream forest clearing, converting low marsh into high marsh (Khan 235 

and Brush 1994) when Black Willow may have been more abundant in tidal wetlands. Tidal 236 

freshwater wetlands are predicted to decline due to climate change induced salinity increase 237 

(e.g., Craft 2012, Swarth et al. 2013). At the Patuxent River site that is closest to our study sites, 238 

salinity spikes were recorded from 1995 to 2010 based on continuous sampling in summer 239 
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(NOAA 2011). Low riverine discharge reduces the dilution effect of estuarine water (Swarth et 240 

al. 2013). In summer 2011, the sea surface salinity even exceeded 5 ppt in most of the 241 

Chesapeake Bay tributaries so that only the water far upstream remained fresh (Fig. 4). These 242 

observations may explain our findings on Black Willow’s limited downstream occurrence.  243 

 244 

Experimental findings on cuttings in a salinity treatment  245 

The effects on cuttings in our salinity treatment confirmed our field observations on the limited 246 

occurrence of Black Willow in brackish wetlands that may either originate from seeds or 247 

vegetative propagules. The decreasing growth performance with increasing salinity corresponds 248 

to experimental findings on two floodplain willow species in Australia (Kennedy et al. 2003): 249 

cuttings showed similar survivorship, growth rate and leaf development up to salinity 1.6 ppt, but 250 

decreased values for all of these variables in salinity 4 ppt salt. Dry mass of two European 251 

floodplain willow species approximated zero in salinity 4 and 6 ppt salt in a hydroponic 252 

greenhouse study (Markus-Michalczyk et al. 2014). In contrast to the studies mentioned above, 253 

we applied a salinity treatment on a finer scale (salinity 0, 1, 2, and 3 ppt salt). We first showed 254 

that salinity 1 ppt does not negatively affect Black Willow even when lasting for several weeks 255 

in hydroponics. This is in accordance with our findings on the occurrence of Black Willow in 256 

brackish wetlands and reduced growth in salinities higher than 1 ppt salt. Corresponding to 257 

Kirwan et al. (2007), estuarine forest retreat may be a function of rising sea level following 258 

limited tree recruitment ability in saturated soils. Composition of plant communities may change 259 

as a response to variation in vertical accretion, and increasing flooding and salinity (Swarth et al. 260 

2013).  261 

The genus Salix includes small shrubs (e.g., Salix polaris Wahlenb., Polar Willow) in 262 

arctic wetlands and large trees (e.g., Salix alba L., White Willow) in temperate floodplains. 263 
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Differences in mass may relate to our results that showed lower growth and dry mass of Black 264 

Willow cuttings compared to results of salinity treatment on white willow cuttings in a 265 

hydroponic experiment that lasted six weeks longer than our study (Markus-Michalczyk et al. 266 

2014).  In experiments on cuttings Kennedy et al. (2003) did not find differences between Salix 267 

babylonica L. (Weeping Willow) and Salix fragilis L. (Crack Willow) leaf number within 268 

salinity levels which may be explained by the fact that both belong to the same subgenus 269 

(subgenus Salix) from Eurasia, which also includes the White Willow (Skvortsov 1999). Black 270 

Willow belongs to subgenus Protitea, native to NA, including some species with a tropical 271 

distribution (Argus 2010). This classification reflects phylogenetic relationships and may 272 

indicate diverging ecological behavior in drought and salt tolerance (Pitta et al. 2005).  273 

 274 

Experimental effect of origin  275 

The effect of origin on shoot, root, and total dry mass was highly significant. Cuttings from 276 

freshwater sites developed more dry mass at salinity 0 and 1 ppt compared to 2 and 3 ppt salt, 277 

whereas performance of cuttings from brackish sites was significantly lower across all salinities. 278 

Intraspecific differences in Salicaceae salinity tolerance vary: differences were also found among 279 

experimentally tested willow varieties from clonal trial plots ranging from moderately saline 280 

conditions to extreme salinity (Hangs et al. 2011). White willow cuttings originating from 281 

freshwater wetlands performed better in salinity 2 ppt salt compared to those from a brackish 282 

origin (Markus-Michalczyk et al. 2014). Similarly, Black Willow originating from the Patuxent 283 

River tidal freshwater wetland developed more leaves and roots compared to that from the 284 

brackish wetland in our salinity treatment. Since occurrence was limited in the Patuxent and 285 

Nanticoke Rivers brackish wetlands, cuttings from brackish wetland may be negatively 286 

predisposed to a brackish environment. Black Willow reached a mortality up to 85% in areas 287 
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with frequent salinity increase in coastal forests in the Mississippi Delta plain (Hoeppner et al. 288 

2008) which is consistent with our findings of the poor performance of Black Willow in salt 289 

affected Chesapeake Bay tributaries.  290 

 291 

 292 

Conclusions 293 

Historically, humans settled in eastern NA primarily in tidal freshwater estuarine zones, and 294 

many tidal wetlands in the Chesapeake Bay have been lost due to human alteration (Baldwin et 295 

al. 2009). Today, tidal wetland restoration is often a management goal (e.g., the Chesapeake Bay 296 

Executive Order). Black Willow is a characteristic floodplain tree species in NA and widely used 297 

for bank stabilization (e.g., Isebrands et al. 2014). Thus, our findings of the limited salt tolerance 298 

(up to salinity 1 ppt salt) for both trees in the field and juveniles in the experiment, and the 299 

differences due to vegetative propagule origin, indicate the fragility of this natural resource.  Our 300 

results have important implications for the selection of specimens in future restoration and flood 301 

protection measures. 302 

 303 
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 394 

Figure 1 Location of the study area (tidal freshwater - white circle) (38°48'31''N; 76°42'38''W) 395 

and brackish (yellow circle) (38°38'20''N; 76°41'42''W) wetland site at the Patuxent River; study 396 

area along the Nanticoke River (red circle) and sea surface salinity in the Chesapeake Bay and its 397 

tributaries on 18 August 2011 during the study reported on herein (modified from  National 398 

Oceanic and Atmospheric Administration (NOAA) Chesapeake Bay Office) 399 

 400 



 

19 
 

 401 

    402 

Figure 2 Salix nigra Marshall (Black Willow) in tidal freshwater wetland (a; b – both Patuxent 403 

River) and brackish wetland (c – Patuxent River; d – Nanticoke River) along northeastern North 404 

American estuaries (Chesapeake Bay tributaries).  405 

 406 
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     419 

   Salinity (ppt salt) 420 

Figure 3 Salinity effects on  final dry mass (mg) of shoot (a), root (b), and total dry mass (c) 421 

collected from Black Willow cuttings from two origins (tidal freshwater vs. brackish wetland) 422 

from a North American estuary (Patuxent River; tributary of Chesapeake Bay) in a hydroponic 423 

greenhouse experiment with salinity treatment (0 to 3 ppt salt) (bars represent mean ± SD; N = 6) 424 

 425 

 426 

 427 

 428 

 429 
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   432 

   Salinity (ppt salt) 433 

 434 

Figure 4 Salinity effects on number of leaves (graph above) and roots (graph below) of Black 435 

Willow cuttings from two origins (tidal freshwater vs. brackish) from a NA estuary (Patuxent 436 

River; tributary of the Chesapeake Bay) in a hydroponic greenhouse experiment in a salinity 437 

treatment (0 to 3 ppt salt) (bars represent mean ± SD; N = 6) 438 

 439 
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Table 1 Salinity (parts per thousand - ppt) recorded in MDNR monitoring stations in the 442 

Chesapeake Bay tributaries Patuxent (upstream: Jug Bay; July/average and range/year 2011; 443 

downstream: Kings Landing; July/average and range/year 2003-2006); and Nanticoke River 444 

(upstream: Sharptown; July/average and range/year 2012-2014; downstream: Tyaskin; 445 

July/average and range/year 2012-2014) (source: 446 

eyesonthebay.dnr.maryland.gov/eyesonthebay/index.cfm).  447 

 448 

Chesapeake tributary Patuxent Nanticoke 

salinity in ppt July/average  range/year 

 

July/average range/year  

upstream  0.13 0.03 - 0.89 0.86 0.05 - 7.11 

downstream 1.36  0.04 - 13.45 8.25 0.02 - 15.81 

 449 

 450 

Table 2 Results of two-factorial ANCOVAs summarizing the effects of salinity (0, 1, 2, and 3 451 

ppt salt) and origin (tidal freshwater vs. brackish site) on final dry mass (mg) of (a) shoot, (b) 452 

root, and (c) total dry mass of Black Willow cuttings in a greenhouse experiment with salinity 453 

treatment ranging from salinity 0 to 3 ppt salt (initial mass of cuttings (mg) served as covariate; 454 

recorded data were log transformed to meet assumptions of ANCOVA;  N = 6). Cuttings were 455 

harvested in tidal wetlands of an eastern NA estuary (Patuxent River; tributary of the Chesapeake 456 

Bay).  457 

 458 

(a) shoot   (b) root   (c) total dry mass (mg) 459 

F  p F  p F  p 460 

Salinity 6.02 < 0.01 16.03 < 0.001 8.24 < 0.001 

Origin 1.63 n.s. 6.48 < 0.05 6.71 < 0.05 
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 461 

 462 

Table 3 Results of two-factorial ANOVAs summarizing the effects of salinity (0, 1, 2, and 3 ppt 463 

salt) and origin (tidal freshwater vs. brackish site) on the number of (a) leaves, and (b) roots that 464 

Black Willow cuttings developed in a greenhouse experiment with salinity treatment ranging 465 

from salinity 0 to 3 ppt salt (cuttings’ initial mass (mg) served as covariate; N = 6). Cuttings 466 

were harvested in tidal wetlands along an eastern NA estuary (Patuxent River; tributary of the 467 

Chesapeake Bay). 468 

 469 

Source    (a) leaves    (b) roots 470 

F  p  F  p 471 

Salinity 6.10  < 0.01 2.61 n.s.   

Origin 19.90 < 0.001 160.22 < 0.001   

Salinity*origin 0.31 n.s. 1.47 n.s.   

 472 
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