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suggest that phosphorus and redox are related to elevationN, but are only related to each 

other coincidentally. Looking at the correlation of phosphorus to redox, then phosphorus 

to elevation, and finally of phosphorus to redox plus elevation should help clarify this 

relationship. If elevation and redox are explaining the same things, then the R-squared of 

both of them together should not be appreciably larger than the R-squared of the larger of 

the two, by itself. In fact, the regression of phosphorus to elevation plus redox gives an 

R-squared equal to 0.5559, while the regression of phosphorus to elevation has an R-

squared equal to 0.4795 and the regression of phosphorus to redox is R-squared equal to 

0.3302. So, redox adds about 7% to the relationship, which cannot be explained by 

elevationN, and therefore this variable is important in understanding the relationships 

between the variables. The added effect of redox may be due to areas in the higher marsh 

that retain pooled water, and so add to the amount of time that phosphorus may be 

allowed to settle into the marsh soils. Right now, this is only speculation. 

Two other variables were tested to see if they had an effect on the amount of 

phosphorus in the soil. These were the variables, DistanceToDitch and DepthOfDitch. 

Both had a minor effect on the amount of phosphorus present, but this effect was less 

than 1% when these variables were combined with elevationN and redox in a multivariate 

linear regression. So, the effect of these variables on phosphorus is virtually insignificant. 

To summarize, locations in the marsh that have a low elevationN and a large, 

negative redox potential are also likely to have high levels of phosphorus in the soil. But, 

in reference to the Spartina abundance model, note that these three variables are not all 

measuring exactly the same thing. Since the effect of all three of these variables is greater 
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than the effect any one or two of these variables, each of these three variables adds 

something to the model that the others do not provide, and all three are important in 

describing Spartina abundance. 
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Table 16. Regression relationships of covariates significant to Phosphorus, and 

potentially useful for clarifying relationships between covariates important to Spartina 

abundance in the salt marsh. 

Dependent 
Var. 

Independent 
Vars. Coefficient Probability 

R-
squared 

phosphorus Intercept 53.2393 < 0.00005 0.4794 
elevationN -6.9408 < 0.00005 

phosphorus Intercept 8.2290 < 0.00005 0.3302 
redox -0.0157 < 0.00005 

phosphorus Intercept 10.9291 < 0.00005 0.0460 
StDevElevationN -6.6349 0.0030 

phosphorus Intercept 73.8169 < 0.00005 0.2734 
AvgElevN -10.0989 < 0.00005 

phosphorus Intercept 151.2934 < 0.00005 0.5268 
elevationN -36.7516 < 0.00005 
elevN_squ 2.2502 < 0.00005 

phosphorus Intercept -400.3496 0.0156 0.5544 
elevationN 209.2030 0.0045 
elevN_squ -33.9515 0.0017 

elevN_cubed 1.7585 0.0008 
phosphorus Intercept 8.7505 < 0.00005 0.0281 

DistToDitch -0.0447 0.0209 
phosphorus Intercept 8.9359 < 0.00005 0.0216 

DepthDitch -0.6420 0.0428 

phosphorus Intercept 
poor 

relationship 
DistToDitch 
DepthDitch 

phosphorus RedoxAvgStDev 
poor 

relationship 
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Phosphorus Site Average 

This is a site variable, measured as an average of the phosphorus values of all the 

plots at a marsh site. This variable, phosphorus-site-average (PhosAvg, Table 17), has 

less effect on the presence of Spartina than the variable phosphorus, with an R-squared 

equal to 0.3000 for the regression of Spartina to PhosAvg compared to an R-squared 

equal to 0.4088 for the regression of Spartina to phosphorus. The main thing that can be 

learned from the regression relationships in the table below is that a site with a low 

average elevation will have a high average phosphorus level, because it is submerged in 

the bay waters more of the time than a site with a higher average elevation.  

The last regression relationship listed in Table 17, of PhosAvg to AvgDistToDitch 

plus AvgElevN plus StDevElevN has an R-squared equal to 0.9229. By examining the 

other correlations in the table, it seems that StDevElevN probably adds about 4% to the 

regression of PhosAvg to AvgElevN (R-squared = 0.8610), while AvgDistToDitch adds 

about 2% to the regression of PhosAvg to AvgElevN plus StDevElevN. What this 

suggests is that a low-average-elevation marsh (small AvgElevN), that doesn’t increase 

very much in elevation (small StDevElevN), and also contains a large number of shallow 

drainage channels (small AvgDistToDitch), probably contains a high Spartina 

abundance. The variable AvgDistToDitch has a strong correlation to StDevElevN (R-

squared equal to 0.8111), so these two variables describe similar factors at work in the 

salt marsh (Table 24). 



 

  

 

 

    

    

    

    

    

    

    

    

    

    

    

    

87 

Table 17. Regression relationships of covariates significant to Phosphorus Site Average, 

and potentially useful for clarifying relationships between covariates important to 

Spartina abundance in the salt marsh. 

Dependent 

Var. 

Independent 

Vars. Coefficient Probability 

R-

squared 

PhosAvg Intercept 73.8460 0.0000 0.8610 

AvgElevN -10.1034 0.0000 

PhosAvg Intercept 8.5752 0.0000 0.4029 

redoxAvg -0.0371 0.0000 

PhosAvg Intercept 4.1362 0.0000 0.3000 

AvgSPDE 8.6756 0.0000 

PhosAvg Intercept 10.8261 0.0000 0.2100 

AvgDistToDitch -0.1750 0.0000 

PhosAvg Intercept 13.1709 0.0000 0.2360 

AvgDepthDitch -3.4899 0.0000 

PhosAvg Intercept 13.5752 0.0000 0.3069 

AvgDepthDitch -2.5122 0.0000 

AvgDistToDitch -0.1142 0.0000 

PhosAvg Intercept 10.9321 0.0000 0.1452 

StDevElevN -6.6423 0.0000 

PhosAvg Intercept -1.6440 0.3610 0.1340 

RedoxAvgStDev 0.0503 0.0000 

PhosAvg Intercept 78.0349 0.0000 0.9229 

AvgDistToDitch 0.1421 0.0000 

AvgElevN -10.4735 0.0000 

StDevElevN -9.1935 0.0000 
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Redox 

Redox is related to the saturation of the soil with water, and is a measure of how 

oxygenated or reduced the soil is. Soil that has been under water for a long period of time 

has very little, if any, oxygen present. This soil is reduced and has a large, negative redox 

measure. The sediment found at the bottom of salt marsh drainage channels is very 

reduced, and has been observed in this study to have a redox measure of -250 to -370. It 

also usually has a rotten egg smell, due to the reduced sulfur compound hydrogen sulfide. 

Soil that is dry and/or well mixed with air has a redox measure of +200 to +300. 

In the salt marsh, high elevation soils usually have a higher, more positive 

average redox measure, and lower elevation soils have a lower, more negative average 

redox measure. This is because the soils in the low marsh are covered with tidal waters 

for a longer period of time than soils in the high marsh. The regression of redox to 

elevationN has an R-squared equal to 0.2292 (Table 18). 

The regression of redox to phosphorus is stronger than the regression of redox to 

elevation, with an R-squared equal to 0.3302. This suggests that soils that are saturated 

most of the time contain more phosphorus than soils that are better drained. Perhaps more 

phosphorus can enter the soil in areas where the bay waters are collected in ponds on the 

soil surface, after the tide waters have gone out. 
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From personal observations, the most highly reduced soils (large negative redox 

measure) are either low in the salt marsh, or on a soil shelf that contains a lot of ponded 

water. These soils are very mucky. This is also where Spartina can be found growing. 

An example of both these situations can be seen in the salt marsh about 300 yards 

south of Jacoby Creek. The low marsh, next to the bay mudflats, contains low hummocks 

covered with Spartina. The mud between these hummocks has the consistency of wet 

cookie dough while the mud on the hummocks and under the Spartina is only slightly 

more firm. The soils are highly reduced (very negative) here. East, about two-thirds the 

distance to the railroad track and at a higher elevation in the same marsh, a large tidal 

channel cuts through the marsh. The western side of this tidal channel has a meadow of 

Spartina about fifteen yards deep and hundreds of yards long. The Spartina meadow sits 

on a shelf of wet soil that is re-saturated with bay waters on every high tide. Poor 

drainage and the natural topography of the salt marsh maintain the reduced soil 

conditions. 
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Table 18. Regression relationships of covariates significant to Redox, and potentially 

useful for clarifying relationships between covariates important to Spartina abundance in 

the salt marsh. 

Dependent 

Var. 

Independent 

Vars. Coefficient Probability 

R-

squared 

Spartina Intercept 0.4570 0.0000 0.2088 

Redox -0.0009 0.0000 

Redox Intercept 183.3885 0.0000 0.3302 

phosphorus -20.9819 0.0000 

Redox Intercept -1128.0057 0.0000 0.2297 

elevationN 175.4313 0.0000 

Redox Intercept -221.4606 0.3014 0.3429 

elevationN 57.2451 0.0585 

phosphorus -17.0277 0.0000 

Redox DistToDitch 

no 

relationship 

Redox DepthOfDitch 

no 

relationship 

Redox Intercept -252.7854 0.0000 0.2496 

ElevClass 48.8732 0.0000 
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Redox Site Standard Deviation 

There is a strong correlation of Redox Site StDev to Redox Site Avg, with an R-

squared equal to 0.6934 (Tables 19 and 20). Only ten data points are used in the 

regression of Redox Site StDev to Redox Site Avg, so the regression has a slightly 

inflated R-squared value, but the relationship is still significant and important.  

RedoxSiteStDev is a measure of the spread of redox values. A distribution of both very 

positive and very negative redox values is shown by a large Redox Site StDev. The 

regression of RedoxSiteStDev to RedoxSiteAvg (Tables 20 and 21) shows that as the 

range of redox values increase, the average redox values become more negative. Another 

way of looking at this is to see that when the range of redox values is small, the redox 

values are mostly positive because the soil is frequently drained. As the range of redox 

values increases, more and more negative redox values are included in the average, and 

so the RedoxSiteAvg drops. 

This relationship would suggest that when the range of redox values is small, the 

average elevation (or AvgElevN) of the marsh is high. As the RedoxSiteStDev expands 

the average elevation of the plots should decrease because more of the plots are located at 

a lower elevation. The regression of RedoxSiteStDev to AvgElevN shows that a larger 

RedoxSiteStDev is due to a lower AvgElevN, with an R-squared equal to 0.2077 for this 

relationship. As the AvgElevN value decreases, the average distance to the nearest ditch 

should also decrease because drainage ditches are more common in the low marsh than in 

the high marsh (see section below on AvgElevN and Table 22). The regression of 

AvgElevN to AvgDistToDitch has an R-squared equal to 0.1366. Finally, as the 
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RedoxSiteStDev values increase, the spread of plot elevations in the marsh (StDevElevN) 

should also increase. This is what happens, and the relationship has an R-squared equal to 

0.2877. A regression of RedoxSiteStDev to AvgDistToDitch plus AvgElevN plus 

StDevElevN shows this combined relationship, with  an R-squared equal to 0.6891. 

The RedoxSiteStDev has a positive correlation to Spartina abundance, so that a 

large RedoxSiteStDev reflects higher average Spartina abundance at a site. A way to 

decrease the RedoxSiteStDev is to increase the average elevation of the marsh site, or 

perhaps to increase the drainage in the lower marsh so that water does not pool and 

saturate the soil as much. 
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Table 19. Regression relationships of covariates significant to Redox Site Standard 

Deviation, and potentially useful for clarifying relationships between covariates 

important to Spartina abundance in the salt marsh. 

Dependent 

Var. 

Independent 

Vars. Coefficient Probability 

R-

squared 

RedoxSiteStDev Intercept 197.1659 0.0000 0.6934 

RedoxSiteAvg -0.3544 0.0000 

RedoxSiteStDev Intercept 179.4271 0.0000 0.0703 

AvgDistToDitch 0.7374 0.0002 

RedoxSiteStDev Intercept 427.0682 0.0000 0.2077 

AvgElevN -36.1423 0.0000 

RedoxSiteStDev Intercept 500.2786 0.0000 0.4254 

AvgDistToDitch 1.3966 0.0000 

AvgElevN -50.8605 0.0000 

RedoxSiteStDev Intercept 161.1351 0.0000 0.2839 

StDevElevN 68.1034 0.0000 

RedoxSiteStDev Intercept 381.2946 0.0000 0.6891 

AvgDistToDitch -1.9522 0.0000 

AvgElevN -35.1244 0.0000 

StDevElevN 159.4163 0.0000 

RedoxSiteStDev SPDE 

no 

relationship 0.4931 0.0025 
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Table 20. Regression relationships of covariates significant to Redox Site Average, and 

potentially useful for clarifying relationships between covariates important to Spartina 

abundance in the salt marsh. 

Dependent 

Var. 

Independent 

Vars. Coefficient Probability 

R-

squared 

RedoxSiteAvg Intercept 390.6910 0.0000 0.6934 

RedoxSiteStDev -1.9565 0.0000 

RedoxSiteAvg Intercept -768.6439 0.0000 0.4172 

AvgElevN 120.3742 0.0000 

RedoxSiteAvg Intercept -86.8683 0.1258 0.7830 

AvgElevN 62.6763 0.0000 

RedoxSiteStDev -1.5964 0.0000 

RedoxSiteAvg Intercept 69.8308 0.0000 0.1376 

AvgSlope3ft -16.7484 0.0000 

RedoxSiteAvg Intercept 47.5841 0.0000 0.0561 

StDevElevN -70.6718 0.0010 

RedoxSiteAvg Intercept 0.4620 0.0267 

SPDE -0.0012 

RedoxSiteAvg AvgDistToDitch 

no 

relationship 

RedoxSiteAvg DistToDitch 

no 

relationship 
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ElevationN 

Most of the processes occurring in the salt marsh have a significant correlation to 

elevationN. The elevation determines how long a location in the salt marsh will remain 

submerged in the tidal waters. The tidal waters bring in nutrients, and largely control the 

soil forming processes. Also, the length of time that a location is submerged determines 

the vegetation that will be present at that location (Cronk and Fennessy 2001). But the 

relationship between the elevation and the other variables (environmental gradients) is 

not 100% - elevation may be correlated to a variable such as the distance to the nearest 

ditch, but many factors influence where a ditch may form in the salt marsh, so the 

distance to the nearest ditch is also a measure of other unmeasured processes going on in 

the marsh. Many of the variables measured are correlated to elevation, but they are also a 

measure of other attributes that are important gradients to measure in the salt marsh. The 

regression of elevationN to one or more other variables was calculated to try and 

understand the relationship between elevationN and the other processes occurring in the 

marsh. The last relationship listed in Table 21 shows the regression of seven variables to 

elevationN, with an R-squared equal to 0.7386. For some of the variables listed, the R-

squared of the relationship is small. 

The regression of elevationN to Spartina abundance has an R-squared equal to 

0.0681, which is small. But, the regression of elevationN to phosphorus is relatively 

strong, with an R-squared equal to 0.4794. The regression of elevationN to redox is 

moderately strong, with an R-squared equal to 0.2297. Since phosphorus and redox are 

the most significant variables with respect to Spartina abundance, this suggests that 
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elevationN is also significant to Spartina abundance, but indirectly and through its effect 

on these two environmental gradients. ElevationN is also a measure of the effect of other 

environmental gradients not accounted for by phosphorus and redox, and so is important 

to describing Spartina abundance independent of phosphorus and redox. 

The scatter plot of Spartina abundance to elevationN (Figure 9) shows this 

relationship. Spartina abundance is low at 5.2 feet elevationN, where pickleweed is the 

dominant species. As elevationN increases, so does the Spartina abundance. Spartina 

reaches a maximum abundance at about 6.2 feet elevationN, and then drops off from 

there as elevationN increases. At about 7.5 feet elevationN, Spartina is scarce in the salt 

marsh, and salt grass dominates the plant community. The salt marsh vegetation ends at 

about 8.4 feet elevation, where upland species begin to dominate. 

The linear regression of Spartina to elevationN is so poor because Spartina 

abundance peaks in the lower-middle marsh, close to the middle of the marsh. If Spartina 

abundance had reached a maximum at the lower or upper edge of the marsh, the R-

squared value of the relationship would be much stronger. A linear regression of Spartina 

to elevationN and elevationN-squared was calculated, to see if a quadratic relationship 

would form better regression (Table 1A, in Results). This relationship has a higher R-

squared value, but decreased the R-squared value of the model when the other significant 

variables were included in the model, and so was not used to model Spartina abundance. 

In summary, elevationN has a strong effect on Spartina abundance, but much of 

that effect is indirect, acting through other processes occurring in the salt marsh.  
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Table 21. Regression relationships of covariates significant to ElevationN, and potentially 

useful for clarifying relationships between covariates important to Spartina abundance in 

the salt marsh. 

Dependent 

Var. 

Independent 

Vars. Coefficient Probability R-squared 

ElevationN StDevElevN no relationship 

ElevationN Intercept 6.3116 < 0.00005 0.0363 

AvgDistToDitch 0.0129 0.0085 

ElevationN Intercept 6.3582 < 0.00005 0.1411 

DistToDitch 0.0100 < 0.00005 

ElevationN Intercept 6.5002 < 0.00005 0.2297 

redox 0.0013 < 0.00005 

ElevationN Intercept 7.0722 < 0.00005 0.4794 

phosphorus -0.0691 < 0.00005 

ElevationN Intercept 7.0133 < 0.00005 0.4893 

phosphorus -0.0621 < 0.00005 

redox 0.0000 < 0.00005 

ElevationN Intercept 6.8384 < 0.00005 0.5640 

DistToDitch 0.0074 < 0.00005 

phosphorus -0.0057 < 0.00005 

redox 0.0004 0.0116 

ElevationN Intercept 6.5837 < 0.00005 0.7386 

bulk density 0.9030 < 0.00005 

DistToDitch 0.0053 < 0.00005 

phosphorus -0.0525 < 0.00005 

redox 0.0006 < 0.00005 

SPDE 0.3603 < 0.00005 

water content -0.0074 0.0003 

organic content 0.0239 < 0.00005 
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AvgElevN 

The variable AvgElevN is the average elevationN, of all the plots at a site. 

AvgElevN contains ten values, one for each site. This variable is not used in the Spartina 

models, but it is important for what it can tell us about how the salt marsh changes with 

respect to elevation (Table 22). The regression of AvgElevN to PhosSiteAvg, with a 

negative coefficient and an R-squared equal to 0.8610, tells us that as the average 

elevationN for a site increases, the average amount of phosphorus at that site will 

decrease. At a site with a high AvgElevN, the individual plots with a low elevationN will 

still have a high phosphorus value, but since most of the plots are at a high elevation 

where they receive less phosphorus, the average phosphorus value of that site will be 

lower. Since Spartina abundance is positively correlated with phosphorus, a site with a 

high AvgElevN will probably have a low Spartina abundance. 

For similar reasons, a site with a high AvgElevN will have a high RedoxSiteAvg 

(Tables 20 and 22). The plots with a higher elevationN in the marsh will probably be 

better drained, and so will also have a more positive redox value than the plots with a low 

elevationN. Since the proportion of the well drained plots will be larger at a site with a 

high AvgElevN, this will increase the average redox value for that site. Spartina 

abundance is correlated with more negative redox values, so sites with a high AvgElevN 

and a more positive RedoxSiteAvg will probably have less Spartina present. 

An interesting relationship is the regression of AvgElevN to AvgDistToDitch plus 

AvgDepthOfDitch. This relationship shows that there are fewer drainage channels at high 

marsh elevations than at low marsh elevations. It also shows that these few high elevation 
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drainage channels are deeper, on average, than the lower drainage channels. This may be 

because the high elevation drainage channels have been around longer than the low 

elevation drainage channels and have been draining tidal waters from the salt marsh for a 

longer period of time. Also, it has been suggested that the equilibrium between 

sedimentation and erosion in the channel bottoms occurs at a lower elevation than the 

surrounding marsh, where the marsh vegetation helps to retain the sediment (Andrea 

Pickart 2006). 

A significant exception to the relationship of fewer channels at higher elevations 

occurs at site 10, Ma-le’l Island. Ma-le’l Island has the highest AvgElevN (7.06 feet), but 

it also has the second highest average number of shallow drainage channels 

(AvgDistToDitch equal to 10.66 feet). Both the high AvgElevN and small 

AvgDistToDitch are probably responsible for the well drained soils and lowest site 

abundance of Spartina. This exception remains a mystery. 

The last significant relationship in this set, the regression of AvgElevN to 

AvgSlope (with both a 3 foot and a 10 foot baseline) shows that sites with a higher 

AvgElevN are also flatter than low AvgElevN sites. This is probably because there are 

fewer drainage channels, and also less deposition/erosion of sediments occurring at the 

higher elevations, as the tidal waters cover the higher elevations proportionately less of 

the time. 
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Table 22. Regression relationships of covariates significant to Elevation Site Average, 

and potentially useful for clarifying relationships between covariates important to 

Spartina abundance in the salt marsh. 

Dependent Var. Independent Vars. Coefficient Probability R-squared 

AvgElevN Intercept 6.3796 0.0000 0.0386 

StDevElevN 0.3144 0.0066 

AvgElevN Intercept 4.7701 0.0000 0.2672 

ElevationN 0.2683 0.0000 

AvgElevN Intercept 7.1993 0.0000 0.8610 

phosphSiteAvg -0.0852 0.0000 

AvgElevN Intercept 6.4636 0.0000 0.4172 

RedoxSiteAvg 0.0035 0.0000 

AvgElevN Intercept 7.6195 0.0000 0.2077 

RedoxSiteStDev -0.0057 0.0000 

AvgElevN Intercept 6.3085 0.0000 0.1366 

AvgDistToDitch 0.0130 0.0000 

AvgElevN Intercept 6.0297 0.0000 0.2489 

AvgDepthOfDitch 0.3291 0.0000 

AvgElevN Intercept 6.0074 0.0000 0.2745 

AvgDepthOfDitch 0.2751 0.0000 

AvgDistToDitch 0.0063 0.0110 

AvgElevN Intercept 6.9448 0.0000 0.2998 

AvgSlope3feet -0.1327 0.0000 

AvgElevN Intercept 6.9276 0.0000 0.3726 

AvgSlope10feet -0.2244 0.0000 

AvgElevN StDevDistToDitch 

no 

relationship 

AvgElevN StDevDepthOfDitch 

no 

relationship 

AvgElevN phoshSiteStDev 

no 

relationship 
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Standard Deviation ElevationN 

The standard deviation of elevationN is a measure of how much a marsh site 

changes in elevation, at least with respect to the transect plots at that site. Some of the 

sites change very gradually over the length of the transect(s), and some of the sites 

change elevation frequently over short distances. The variable, StDevElevN does not 

distinguish between these two salt marsh topographies. 

One would expect that a site with a large StDevElevN value would also have a 

high AvgElevN value, since a large variation in marsh plot elevations implies a large 

change in overall elevation, but Table 22 shows that the correlation between these two 

variables is pretty weak. Some low elevation sites have a lot of topographic variation and 

some high elevation sites are relatively flat.  

What the Table 23 does show is that sites with large changes in elevation also 

have a large average distance between drainage channels. One possible explanation is 

that sites with a relatively large change in elevation are well drained, and don’t need 

channels to carry off the water as the tide drops, while those sites that are relatively flat 

and likely to hold pooled water are more likely to form drainage channels through erosion 

to carry away that water. 

A site with a large StDevElevN, which has a relatively large change in elevation 

in tens of meters distance, is correlated with locally flat ground (within a 3 meter 

distance) at the plot location, using both a 3 foot base line (over the length of the plot 

quadrat) and a 10 foot base line, to measure the local ground slope. An example of this 

can be seen in the low growing salt marsh meadows near Jacoby Creek that gently slope 
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toward the bay. These meadows are almost flat enough to play golf on, but have a 

significant drop in elevation from one end of the meadow to the other. Conversely, a site 

with a small StDevElevN and relatively little change in elevation within tens or hundreds 

of meters distance is correlated with locally uneven ground. This kind of site will have 

many scattered clumps of Spartina growing from small raised hummocks of soil, but will 

retain pooled water when the tidal waters have dropped because the ground is so level. 

The variable StDevElevN has a negative correlation to Spartina. The equation 

developed using the Residual Sum Model method and written again below, shows the 

effect of the variable StDevElevN on Spartina abundance: 

SPDE abundance = -2.1051 + 0.271*ElevN + 0.0571*phos. –0.0493*AvgPhos. 

- 0.000352*redox + 0.00676*RedoxSiteStDev 

- 1.28*StDevElevN. 

The implication of this is that sites with a large elevation gradient (large 

StDevElevN and relatively large change in elevation) over the length of the site, but 

locally flat ground with few drainage channels, will contain little Spartina; while a site 

with a small elevation gradient, lots of pooled water and lots of locally uneven ground 

will contain lots of Spartina. 
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Table 23. Regression relationships of covariates significant to ElevationN Site Standard 

Deviation, and potentially useful for clarifying relationships between covariates 

important to Spartina abundance in the salt marsh. 

Dependent Var. Independent Vars. Coefficient Probability R-squared 

StDevElevN Intercept 0.1237 0.0000 0.8111 

AvgDistToDitch 0.0197 0.0000 

StDevElevN Intercept -0.0243 0.0918 0.8640 

StDevDistToDitch 0.0263 0.0000 

StDevElevN Intercept 0.0800 0.0309 0.3612 

StDevDepthDitch 0.3239 0.0002 

StDevElevN Intercept -0.3637 0.0001 0.2877 

RedoxSiteStDev 0.0042 0.0000 

StDevElevN Intercept 0.6193 0.0000 0.1452 

PhosAvg -0.0219 0.0000 

StDevElevN Intercept 0.2889 0.0000 0.0696 

PhosSiteStDev 0.0359 0.0002 

StDevElevN Intercept 0.5003 0.0000 0.0460 

phosphorus -0.0069 0.0030 

StDevElevN Intercept 0.3428 0.0000 0.0277 

AvgDepthDitch 0.0686 0.0216 

StDevElevN redoxSiteAvg no relationship 

StDevElevN redox no relationship 

StDevElevN ElevationN no relationship 

StDevElevN Intercept 0.7354 0.0000 0.3584 

AvgSlope3ft -0.0906 0.0000 

StDevElevN Intercept 0.6907 0.0000 0.3465 

AvgSlope10ft -0.1351 0.0000 

StDevElevN Intercept 0.1882 0.0000 0.8183 

AvgDistToDitch 0.0184 0.0000 

AvgSlope10ft -0.0238 0.0072 
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Average distance to the nearest ditch 

The variable AvgDistToDitch has a positive correlation to the AvgElevN, so that 

low elevation sites have lots of closely spaced drainage channels and high elevation sites 

have fewer drainage channels (Table 24). The relationship is weak, with an R-squared 

equal to 0.1366, and site 10 is an exception to this trend. Sites with frequent drainage 

channels also have locally uneven ground. The regression of AvgDistToDitch to 

AvgSlope3foot (using a 3 foot base line to measure the slope) has an R-squared equal to 

0.6070. 

Finally, the regression of AvgDistToDitch to average Spartina site abundance has 

a negative correlation, with an R-squared equal to 0.4293. This implies that areas with 

large number of drainage channels are likely to have a high abundance of Spartina. When 

the effects of these three relationships are combined, it is likely that a site with a low 

average elevationN also has lots of drainage channels, uneven ground, and a high 

Spartina abundance. 
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Table 24. Regression relationships of covariates significant to Average Distance to 

Nearest Ditch, and potentially useful for clarifying relationships between covariates 

important to Spartina abundance in the salt marsh. 

Dependent 

Var. 

Independent 

Vars. Coefficient Probability R-squared 

AvgDistToDitch Intercept -52.4223 0.0000 0.1366 

AvgElevN 10.5390 0.0000 

AvgDistToDitch Intercept -2.0086 0.0041 0.8111 

StDevElevN 41.1180 0.0000 

AvgDistToDitch Intercept 25.8590 0.0000 0.2100 

PhosAvg -1.2000 0.0000 

AvgDistToDitch Intercept 16.3100 0.0000 0.0001 

RedoxSiteAvg -0.0014 0.8975 

no 

relationship 

AvgDistToDitch Intercept 84.8621 0.0000 0.5381 

SalinitySiteAvg -1.6491 0.0000 

AvgDistToDitch Intercept 5.9041 0.4348 0.7360 

AvgElevN 12.7498 0.0000 

SalinitySiteAvg -1.7492 0.0000 

AvgDistToDitch Intercept 33.5443 0.0000 0.6070 

AvgSlope3ft -5.3832 0.0000 

AvgDistToDitch Intercept 27.2830 0.0000 0.3327 

AvgSlope10ft -6.0454 0.0000 

AvgDistToDitch Intercept -1.9645 0.6873 0.0703 

RedoxSiteStDev 0.0953 0.0002 

AvgDistToDitch Intercept -3.3230 0.0005 0.7238 

StDevDistToDitch 1.1009 0.0000 
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Summary of the effects of the variables on Spartina abundance 

Phosphorus has the strongest influence on Spartina abundance. Spartina grows in 

abundance where the available phosphorus concentration is greater than 5 ppm (parts per 

million), in the marsh soils. Phosphorus is deposited on the marsh with the clay particles 

found in the bay waters, and is most abundant in the low elevation marsh soils and where 

the bay waters can form pools when the tide has receded.  

Redox is the second most important variable in influencing the abundance of 

Spartina. Spartina is found growing where redox values are very negative. Redox values 

are very negative where the soil remains saturated with water most of the time, which is 

either low in the marsh or in areas where the water cannot effectively drain away with the 

outgoing tide. These saturated soils are mucky and black, and often smell of rotten eggs.  

RedoxSiteStDev is important to the average site abundance of Spartina. A small 

RedoxSiteStDev correlates to a decreased average site abundance of Spartina, while a 

large RedoxSiteStDev correlates to an increased site abundance of Spartina. As discussed 

in the analysis of the variable RedoxSiteStDev, well drained soils have a small RedoxSite 

StDev and mostly positive redox values. In contrast, soils with a large RedoxSiteStDev 

include both well drained soils and chronically wet soils, resulting in a larger range (and 

standard deviation) of redox values. 

ElevationN has the smallest direct effect on Spartina abundance, when compared 

to the effects of phosphorus and redox. The regression or Spartina abundance to elevation 
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has an R2 = 0.0681, while the regression of Spartina abundance to elevation plus 

elevation-squared plus elevation-cubed has an R2 equal to 0.1079 (Table 1A). Spartina 

reaches a maximum abundance at 6.2 feet, elevationN, and decreases in abundance at 

both lower and higher elevations in the salt marsh. While elevation has a small direct 

effect on Spartina abundance, it has a strong influence on both phosphorus and redox, 

with an R2 = 0.4794 and an R2 = 0.2297, respectively (Table 21). At the higher 

elevations, phosphorus decreases while redox values increase, and Spartina abundance 

decreases. 

Standard deviation of elevation, StDevElevN, affects the site abundance of 

Spartina. Sites with a large StDevElevN have less Spartina than sites with very little 

variation in elevation. Ideally, a site with a gradual decrease in elevation but a large range 

in elevation change will not have very much Spartina. The Spartina will be located at the 

lowest elevations at a site with a strong elevation gradient. The two sites, sites 3 and 4, a 

few hundred meters south of the mouth of Jacoby creek are good examples of a marsh 

with a strong elevation gradient and a relatively low Spartina abundance. 

The site average of the distance to the nearest ditch, AvgDistToDitch, is related to 

elevation. Sites with a low average elevation also tend to have a large number of ditches. 

There is a correlation of AvgDistToDitch with average Spartina site abundance. The 

Spartina abundance may be responsible for the large number of ditches. Spartina shades 

underlying ground. The shaded areas are mostly unvegetated, which results in a lot of 

bare mud that is easily eroded by tidal waters. But, the cause-and-effect in the regression 

of Spartina abundance to AvgDistToDitch is uncertain. 
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In summary, based on the models examined here, a marsh site resistant to Spartina 

invasion has the following characteristics: 

Large elevation gradient over the length of the marsh, but locally flat, 

High average elevation, 

Well drained (less reduced) soils, with little pooled water or mucky spots, 

Abundant, shallow, vegetated drainage channels, as found at Ma-le’l Island, but  

few un-vegetated, deeper channels, 


Low available Phosphorus in the soil. 


A site susceptible to Spartina invasion has the following characteristics: 

Low average elevation, 

Small elevation gradient over the length of the marsh site,  

Lots of areas that retain pooled water when the tide recedes, 

Very reduced soils, 

Locally uneven ground (though this may be a result of Spartina), 

Bare soils, easily colonized with Spartina seedlings, 

High available phosphorus in the soil. 

Actual Variable Values, for Five Spartina Abundance Classes 

The previously discussed variable relationships to Spartina abundance were 

calculated using multivariate linear regression, and then abstracted into equations. The 

significance of the relationships between these environmental gradients, and to Spartina 
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abundance has been previously discussed. At the end of the Results section, the average 

values of these significant environmental gradients were tabulated for each of five 

Spartina abundance classes. This was done because abstracted relationships (equations) 

may not provide the broad picture that is needed to synthesize this information into 

usable and practical information. This information is also presented in Table 25, below. 

The information presented in Table 25, together with the plot of  Spartina 

abundance vs. elevation normalized can assist in  planning a marsh restoration project in 

which the abundance of Spartina will be minimized. The table and plot present real 

parameter values for management decision makers, although it is important to point out 

that the table values show the mean of each class range within the variable. For example, 

knowing that Spartina has a peak abundance at 6.33 feet elevationN (see Table 25, Class 

5, ElevN), the marsh preserve can be designed to minimize the amount of area at this 

elevation. Alternately, the marsh can be designed with a large elevation gradient and a 

good drainage pattern at these elevations (i.e. large StDevElevN, positive average redox 

potential) in this portion of the marsh. The variation in mean gradient values for each 

Spartina abundance class is indicated in the bar graph that follows (Figure 10). 
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Table 25. The five Spartina abundance classes, and the important variable averages for 

each abundance class. These are actual values, and are included to give a sense of how 

Spartina abundance changes along these environmental gradients. 

Mean variable values, by SPDE abundance class 

SPDE abundance class SPDE ElevN Redox Phos. 

StDev 

ElevN 

AvgDist 

To Ditch 

Class 1: 0.000-0.100 0.024 6.63 116.9 4.21 0.530 19.78 

Class 2: 0.101-0.250 0.189 6.68 66.9 5.52 0.453 15.91 

Class 3: 0.251-0.500 0.400 6.41 12.2 8.9 0.418 15.88 

Class 4: 0.501-0.750 0.650 6.57 -5.8 9.4 0.352 13.58 

Class 5: 0.751-1.000 0.924 6.33 -103.6 12.01 0.395 13.68 

Overall 0.442 6.52 16.02 7.97 0.445 16.27 
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Figure 10. Bar graphs of mean variable values, by Spartina abundance class. The 

variables ElevationN, Redox, Phosphorus, and Average Distance (of plot) to Nearest 

Ditch show the mean value of the variable for each abundance class. The mean values are 

taken from Table 25, above. The error bars represent the standard deviation of each mean 

value. 

Areas for Further Research 

The rates of sedimentation and erosion in the Humboldt Bay salt marshes are 

unknown at this time. Thompson measured rates of sedimentation and erosion in the 

mudflats of Humboldt Bay (Thompson 1971). There has been some discussion recently 

of past tsunami events in Humboldt Bay, using sediment deposits to date those events. 

Those studies may lead to new knowledge in the sedimentation/erosion processes of the 
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salt marsh. It is worth consideration and consolidation of such information, particularly 

with respect to salt marsh restoration projects around Humboldt Bay. 

Another area for research is to determine the cause and effect in the correlation of 

Spartina abundance with available-phosphorus, redox, and elevation. It seems that 

phosphorus and elevationN are probably causes in Spartina abundance, but redox could 

be either a cause or an effect. Experiments could be carried out to measure the effect of 

adding phosphorus to a marsh site, or making it chemically unavailable for plant use. 

Tidal elevation experiments were carried out in San Fransisco Bay to determine the effect 

of elevation on seed germination and seedling success (Spicher 1984). That could be 

repeated for Humboldt Bay. Spartina may be expanding its range to lower and higher 

tidal elevations. Transplant experiments could shed some light on that possibility. Redox 

values could be experimentally changed by increasing the drainage at very saturated 

locations or decreasing the drainage at well drained locations. 

The habitat of Spartina was defined using Logistic Regression with the covariates 

found to effectively describe Spartina abundance in Humboldt Bay. The habitat is 

defined using environmental gradients, but does not include the effects of competition 

between Spartina and other salt marsh plant species. The niche of Spartina could be 

defined when the effects of competition are added to the effects of the significant 

environmental gradients. The effects of competition could be quantitatively measured by 

carrying out transplant experiments between Spartina and other salt marsh species or 

vegetion classes (Bertness 1991, Eicher 1987). The experiment would probably require 

three years to complete. 
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With the information collected from the experiments described above, an accurate 

model simulation of the salt marsh, with respect to Spartina abundance, could be created 

(Berger et el. 2002, Berger and Hildenbrandt 2000). The model would serve to describe 

plant community changes that would occur if the environmental gradients were altered. 

Such a model could be expanded to include all of the salt marsh species or groupings of 

species. 

Models that include changes in the salt marsh due to sedimentation and erosion 

are being constructed, and used to plan marsh restoration projects in the San Fransisco 

Bay Area. A new salt marsh is being formed near the mouth of Jacoby Creek due to 

sedimentation (Thompson 1971). Perhaps the physical changes in salt marsh due to 

sedimentation and erosion could be studied and coupled with a vegetation model into a 

larger salt marsh model. 



 

  

 

 

SUMMARY AND CONCLUSION 

The goal of this project was to develope a descriptive model of Spartina 

densiflora abundance, based on the environmental gradients that controlled its growth. 

Once that model was developed, it was expanded using logistic regression to define the 

habitat of Spartina densiflora. The covariates used in both models were analyzed to 

understand their relationship to Spartina abundance and to understand their relationship 

to each other. Ideally, the information learned about Spartina abundance could be utilized 

by land managers to control its further spread. 

It is may be possible for the environmental gradients of phosphorus, redox, and 

elevationN to be manipulated to decrease Spartina abundance, both at current marsh sites 

and at future (restored) marsh sites. This possibility has not been tested. Marsh sites that 

have a large, relatively even elevation gradient are lower in Spartina abundance 

compared to sites with a small elevation gradient and relatively uneven marsh surface. 

Although site 10 was an exception to this trend, this site was within 1% of the model(s) 

prediction, and points to the observation that well drained and/or high elevation sites have 

a low abundance of Spartina, while sites that have very saturated and reduced soils have 

a high abundance of Spartina. Phosphorus may be the hardest environmental gradient to 

manipulate. Certain (volcanic) soils bind phosphorus and make it unavailable for plant 

use (Brady and Weil 2002). There may be chemicals that do the same thing, and can be 

used in the salt marsh for the management of Spartina. 
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The information collected here, combined with previous studies, constitutes an 

encouraging initial step in constructing an overall model of the salt marsh plant 

community, based on the environmental gradients found in the salt marsh. Using this 

model, marsh restoration projects could be simulated. The effect of alternate patterns of 

marsh topography, and the associated environmental gradients, on the salt marsh plant 

community would then be available for land managers in the planning stages of marsh 

restoration projects. The information collected in this study could be used to create a 

simple simulation of the salt marsh plant community, but such a model simulation would 

be greatly enhanced by field experiments testing the effects of plant competition on that 

community with respect to the significant environmental gradients. The effects of 

sedimentation and erosion in the salt marsh need to be studied, and could be incorporated 

into a model of the marsh community. 
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