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1.  Background 
 
 Three wetlands types were sampled at both Level III (hydrogeomorophic {HGM} based) and 
with a rapid protocol (Level IV) in the Nanticoke Basin.  From the Level III data, an overall indicator 
of wetland condition (IWC) has been developed in earlier work.  The objective of this analysis is to 
derive scoring coefficients for the Delaware rapid wetland stressor observations so they can be 
summed into a single rapid condition value that best matches the final Indicator of Wetland Condition 
(IWC) derived from HGM variables.  HGM data were collected in flat and riverine assessment sites in 
2000 and depression assessment sites in 2003.  Rapid assessment stressors were scored using the 
Delaware Rapid Assessment Procedure Version 2.0 and were based on field notes, photos and general 
knowledge of the sites by the field crew leader for the flat and riverine sites and in the field the same 
time as the HGM data were collected for the depressions.   
 
1.1 Initial Rapid Scoring Methods 
 
 The rapid protocol involves a check off sheet and assigning negative points to sites based on 
the presence of various wetland stressors.  Setting the number of negative points to individual stressors 
was done by best professional judgment (BPJ).  There were originally four categories of stressors, 
 
1.  Hydrology 
2.  Habitat/Plant Community 
3.  Buffer (Surrounding land use/land cover) 
4.  Biogeochemistry 
 
Each category was assigned 10 “points” and the sum of the negative points for that category was taken 
away from 10.  If a category had more than 10 negative points, the category received a zero score.  
Points from each category were summed to give a rapid score that ranges from 0-40. Initial analyses 
showed that the Biogeochemistry class rarely showed any effects (almost always a “10”).  So we 
decided to eliminate it from the rapid scoring.  Some of the negative factors associated with 
biogeochemistry that had some hits were transferred to the Habitat/Plant and Hydrology categories.  
Thus the final rapid scoring ranged from 0-30 and was calculated as, 
 
Rapid Score = 100/30 * (Hydrology Points + Habitat Points + Buffer Points) 
 
where each point total ranged from 0-10.  Scores were normalized to a 100 range by multiplying by 
100/30. 
 
 There was a strong relationship between the initial BPJ based rapid scoring and the HGM based 
IWC (Figure 1-1).   In the riverine and flat wetlands, however, there was a distinct non-linearity in the 
plots.  Also the rapid score reached zero values in low condition sites whereas the IWC never went 
below 20.  The depression wetlands did not show a distinct non-linearity but there was a higher scatter 
to the data with a few extreme outliers.  Based on these results, and a desire to set the negative scoring 
points by a more quantitative manner than BPJ we used a multiple regression approach to setting 
scoring coefficients to directly relate the rapid score to the IWC.
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Figure 1-1.  Plots of original BPJ weighted rapid wetland condition score versus IWC for three 
Nanticoke wetland types.  Pearson correlation coefficients for the relationships were 0.757 for Flats, 
0.786 for Riverine, and 0.729 for Depressions.  Condition class was determined a priori based on field 
observations and best professional judgment.
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2.  Statistical Approach  
 
 We used an all subsets multiple linear regression (MLR) approach to quantify the scoring 
coefficients associated with each rapid stressor using a model based on equation 2-1, 
 
   IWC = A + Σ Bi Xi       (2-1) 
 
where A is the intercept, Xi is the presence/absence of rapid stressor i and Bi  is the regression or 
scoring coefficient for rapid stressor i.  Xi  equals 0 if the stressor is absent and -1 if the stressor is 
present.  From this equation, in the absence of any rapid stressors (all Xi=0), the IWC will be equal to 
the intercept A.  The presence of any stressor will deduct “points” from the intercept depending on the 
value of its regression coefficient.  Thus, the regression coefficient for each stressor can be considered 
a score relative to the amount of negative impact for each stressor.  Only rapid stressors that were 
significant in the regression model were used to develop the final fitted total rapid assessment score. 
 
 We used an all subsets multiple regression approach for model selection based on the technique 
proposed by Burnham and Anderson (1998).  All stressors from the rapid field form were converted to 
presence/absence form (-1 or 0) and used as independent variables.  Using SAS PROC REG, all 
possible model subsets from one variable to n variable models were constructed and Aikake’s 
Information Criteria (AIC) values for each model were calculated.  AIC was used as a way of getting 
the model with the best fit without overfitting the model (too many variables).  Given the low sample 
size relative to the number of variables, AIC was corrected (AICc) by equation 2-2, 
 
  AICc = AIC + 2K(K+1) / (n-K-1)      (2-2) 
 
where n is the number of sample sites and K is the number of variables plus 2 (for intercept and 
variance estimate terms).  The model with the lowest AICc may be considered the best model but 
models with very similar AICc are nearly as good.  We chose to consider any model with an AICc 
within 5 of the minimum model AICc for further analysis and for each of these models calculated a 
deviation from the minimum AICc as, 
 
  ∆i = AICc,i – Minimum(AICc)      (2-3). 
 
Each model was assigned a weight (Wi) based on ∆i  as given by equation 2-4, 
 
 Wi= exp(-0.5* ∆i ) / Σ (exp(-0.5* ∆i)       (2-4) 
 
Wi can be considered to be the probability that model i is the best model given all the models 
considered.  We then looked at which of the rapid stressor variables occurred in all these top models 
and calculated the importance of each variable one at a time by summing the Wi of all models in which 
that variable occurred.  If a variable occurred in every single one of the models, it would have an AIC 
weighted variable importance of 1.  If it occurred in none of the models it would have a value of zero.  
Variables that had an AIC weighted importance greater than 0.4 were considered significant and used 
to calculate the final calibrated rapid score.  The 0.4 value was chosen by looking at breakpoints in the 
distribution of importance values.  Considering only significant variables, the rapid score was 
calculated as  
 
  Rapid Score = A + Σ Bi Xi       (2-5) 
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 Each site was assigned to either good, fair, or poor status based on both the intensive IWC 
score and the rapid score.  The breakpoint between good-fair status was based on the 25th percentile of 
the a priori determined good condition sites.  The breakpoint between fair-poor classes was based on 
the 75th percentile of low condition sites.  We then checked for similarity in the number of sites in each 
of the status class assignments between the intense and rapid methods. 
 
 
3. Results  
 
 Prior to analysis, we combined some of the categories from the field rapid checklist into one 
category for MLR analysis.  Review of the data showed low occurrence among sites for many of the 
individual stressors.  For example, three different road classes were combined into one single road 
class.  The classes that were aggregated include, 
 
Channelized; one side or both sides 
Weir, Dam, Impoundment; 10-75% and 75%-100% 
Filling; 10-75% and 75-100% 
Microtopographic alterations; 10-75% and 75-100% 
Development;  commercial, residential at three different densities 
Roads;  dirt, 2 lane paved, 4 lane paved. 
 
 
3.1 Flat Wetlands 
 
 In the Flat wetland regression, there were 184 models that had an AICc within 5 of the 
minimum AICc.  Based on AIC weighted importance of the variables in these models, there were 11 
rapid stressor variables that were significant (values > 0.4) in calibrating the rapid scoring to the IWC 
(Table 3-1).  Six of them appeared in every model and two more were in over 88% of the models.  The 
significant variables with the highest coefficients or negative “scores” were related to recent forest 
harvest, microtopographic alteration, and ditching.  The intercept, which is the rapid score in the 
absence of any significant stressors was 92.9.  The rapid score was strongly related to the IWC 
(r2=0.81) and didn’t exhibit any strong nonlinearities (Fig. 3-2).  Overall, 72% of the sites were put in 
the same status class with the IWC and rapid methods (Table 3-2).  The largest difference in 
classifications using the two methods were in sites classified as Fair in the IWC but Good in the rapid 
MLR method. 
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Table 3-1.  Multiple regression model relating rapid stressor variables to IWC in the Nanticoke Flat 
Wetlands.  The variable importance column indicates the AIC weighted proportion of all tested models 
containing the indicated variable (a score of 1 indicates that all models contained the variable).  Only 
variables with AIC weighted importance > 0.4 were used to develop the final multiple regression 
model relating rapid stressor observations to the IWC.   Coefficient is the value of the multiple 
regression coefficient for the significant variables.  
_____________________________________________________________________________ 
 

Variable Name Variable Label 

AIC weighted 
variable 

importance Coefficient

INTERCEPT Model Intercept Term 1.000 92.85 

H5 Forest harvest - recovering 1.000 -7.29 

H6 Forest harvest - recent 1.000 -22.01 

L24 Mowed area 1.000 -11.19 

W17_18 Microtopo alts 10-100% 1.000 -14.55 

W2 Ditching - moderate 1.000 -13.78 

W3 Ditching - severe 1.000 -18.47 

W1 Ditching - slight 0.997 -12.98 

H12 Managed or converted to pine 0.880 -5.92 

W16 Microtopo alts <10% 0.546 -5.03 

L8_10 Road - Dirt/Paved 0.512 -3.23 

L1_4 Development 0.479 -2.96 

W20 Road - impeding flow 0.265 . 

H15 Garbage/ isolated dumping 0.176 . 

H1 Mowing 0.172 . 

L14 Ag - row crops, nursery 0.155 . 

L17 Forest harvesting 0.145 . 

W14_15 Filling etc 10-100% 0.074 . 

L16 Ag - poulty or livestock 0.057 . 

W13 Filling etc <10% 0.056 . 

H10 Invasives - no not dominate 0.051 . 

H11 Chemical defoliation 0.038 . 
 



 7

 
 

 
 
 
 
Figure 3-1.  Total rapid condition score derived from regression model versus final IWC for Nanticoke 
flat wetlands, r2 = 0.81.  The line is a 1:1 line. 
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Table 3-2.  Cross-tabulation of Good-Fair-Poor Status using observed IWC and MLR derived Rapid 
Scores Nanticoke – Flat Wetlands 
_____________________________________________________________________________ 

 
Number of Wetland Sites (n=89) 

 
 IWC Good IWC Fair IWC Poor 
MLR Good 15 15 0 
MLR Fair 0 24 3 
MLR Poor 0 7 25 
 
Complete Agreement 64/89 = 72% 
 
 
 
 
3.2 Riverine Wetlands 
 
 In the Riverine wetland regression, there were 200 models that had an AICc within 5 of the 
minimum AICc.  Based on AIC weighted importance of the variables in these models, there were 8 
rapid stressor variables that were significant (values > 0.4) in calibrating the rapid scoring to the IWC 
(Table 3-3).  Five of them appeared in over 99% of the models.  The significant variables with the 
highest coefficients or negative “scores” and importance values were related to microtopographic 
alteration, channelization, invasives, and filling.  The intercept, which is the rapid score in the absence 
of any significant stressors was 90.6.  The rapid score was strongly related to the IWC (r2=0.90) and 
didn’t exhibit any strong nonlinearities (Fig. 3-3).  Overall, 82% of the sites were put in the same status 
class with the IWC and rapid methods (Table 3-4).  As in the Flats, the largest differences in 
classifications using the two methods were in sites classified as Fair in the IWC but Good in the rapid 
MLR method. 
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Table 3-3.  Multiple regression model relating rapid stressor variables to IWC in the Nanticoke 
Riverine Wetlands.  The variable importance column indicates the AIC weighted proportion of all 
tested models containing the indicated variable (a score of 1 indicates that all models contained the 
variable).  ).  Only variables with AIC weighted importance > 0.4 were used to develop the final 
multiple regression model relating rapid stressor observations to the IWC.   Coefficient is the value of 
the multiple regression coefficient for the significant variables.  
 

Variable Name Variable Label 

AIC 
weighted 
variable 

importance Coefficient 

INTERCEPT Model Intercept Term 1.000 90.60 

W14_15 Filling etc 10-100% 1.000 -18.87 

W17_18 Microtopo alts 10-100% 1.000 -34.22 

W5_6 Channelized - one or both sides 1.000 -25.27 

W9_10 Weir/dam impound 10-100% 1.000 -15.76 

H9 Invasives - dominate site 0.997 -23.43 

H6 Forest harvest - recent 0.737 -10.05 

L14 Ag - row crops, nursery 0.669 -3.72 

H5 Forest harvest - recovering 0.466 -5.32 

H15 Garbage/ isolated dumping 0.354 . 

W4 Channelized - not maintained 0.268 . 

W16 Microtopo alts <10% 0.262 . 

W13 Filling etc <10% 0.193 . 

H1 Mowing 0.141 . 

L1_4 Development 0.128 . 

L24 Mowed area 0.117 . 

L17 Forest harvesting 0.090 . 

L8_10 Road - Dirt/Paved 0.047 . 

L16 Ag - poulty or livestock 0.031 . 

L25 Sand/gravel operation 0.030 . 

W8 Weir/dam impound <10% 0.030 . 

H10 Invasives - no not dominate 0.019 . 

H3 Grazed 0.016 . 
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Figure 3-2.  Total rapid condition score derived from regression model versus final IWC for Nanticoke 
riverine wetlands, r2 = .90.  The line is a 1:1 line. 
 
 



 11

  
 
Table 3-4.  Cross-tabulation of Good-Fair-Poor Status using observed IWC and MLR derived Rapid 
Scores Nanticoke – Riverine Wetlands 
_____________________________________________________________________________ 

 
Number of Wetland Sites (n=54) 

 
 IWC Good IWC Fair IWC Poor 
MLR Good 19 8 0 
MLR Fair 1 15 0 
MLR Poor 0 1 10 
 
Complete Agreement 44/54 = 82% 
 
 
 
 
3.3 Depression Wetlands 
 
 In the Depression wetland regression, there were 273 models that had an AICc within 5 of the 
minimum AICc.  Based on AIC weighted importance of the variables in these models, there were 6 
rapid stressor variables that were significant (values > 0.4) in calibrating the rapid scoring to the IWC 
(Table 3-5).  Five of them appeared in over 89% of the models.  The significant variables with the 
highest coefficients or negative “scores” were related to chemical defoliation, farming, mowed area, 
and forest harvest.  The intercept, which is the rapid score in the absence of any significant stressors 
was 78.7.  The rapid score was strongly related to the IWC (r2=0.81) and didn’t exhibit any strong 
nonlinearities (Fig. 3-3).  There were a large number of sites, covering a range in IWC scores from 60-
100 with no significant observations of rapid stressors so they had a rapid score of 78.7 (the intercept).  
This made comparison of the status classification of the sites with the rapid method somewhat different 
than the IWC method as only sites with a rapid score of 78.7 were considered good by the rapid 
method.  Overall, 60% of the sites were put in the same status class with the IWC and rapid methods 
(Table 3-6).  As in the other two wetland types, the largest difference in classifications using the two 
methods were in sites classified as Fair in the IWC but Good in the rapid MLR method. 
 
 
 
Summary statistics for the relationships in Figures 3-1, 3-2, and 3-3 as well as the model information 
and status class breakpoints for all three wetland types are given in Table 3-7. 
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Table 3-5.  Multiple regression model relating rapid stressor variables to IWC in the Nanticoke 
Depression Wetlands.  The variable importance column indicates the AIC weighted proportion of all 
tested models containing the indicated variable (a score of 1 indicates that all models contained the 
variable).  ).  Only variables with AIC weighted importance > 0.4 were used to develop the final 
multiple regression model relating rapid stressor observations to the IWC.   Coefficient is the value of 
the multiple regression coefficient for the significant variables.  
_____________________________________________________________________________ 
 

Variable Name Variable Label 

AIC weighted 
variable 

importance Coefficient 

INTERCEPT Model Intercept Term 1.000 78.69 

H11 Chemical defoliation 1.000 -57.19 

H15 Garbage/ isolated dumping 1.000 -49.93 

H2 Farmed 1.000 -53.06 

L24 Mowed area 0.998 -30.81 

H7 Forest harvest - cleared not 
recovering 0.894 -53.12 

W2 Ditching - moderate 0.765 -9.95 

L8_10 Road - Dirt/Paved 0.340 . 

L17 Forest harvesting 0.251 . 

W14_15 Filling etc 10-100% 0.241 . 

L25 Sand/gravel operation 0.215 . 

L16 Ag - poulty or livestock 0.215 . 

H6 Forest harvest - recent 0.154 . 

L1_4 Development 0.069 . 

H5 Forest harvest - recovering 0.065 . 

B9 Dense algal mats 0.056 . 

B1 Sediment deposits 0.041 . 

H16 Habitat other score 0.036 . 

W13 Filling etc <10% 0.035 . 

H9 Invasives - dominate site 0.032 . 

W1 Ditching - slight 0.030 . 

W16 Microtopo alts <10% 0.029 . 

H1 Mowing 0.020 . 

H3 Grazed 0.020 . 

W20 Road - impeding flow 0.017 . 
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Variable Name Variable Label 

AIC weighted 
variable 

importance Coefficient 

H12 Managed or converted to pine 0.013 . 

L14 Ag - row crops, nursery 0.012 . 

B6 Nutrients - discharge from ag 0.012 . 

H10 Invasives - no not dominate 0.012 . 

B8 Nutrients - application of 
fertilizer 0.012 . 

 
 
* W17_18 was a significant contributor to the model (importance=0.42) but had a positive effect 
(coefficient) on IWC so it was removed before fitting the final model. 
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Figure 3-3.  Total rapid condition score derived from regression model versus final IWC for Nanticoke 
depression wetlands, r2 = 0.81.  The line is a 1:1 line. 
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Table 3-6.  Cross-tabulation of Good-Fair-Poor Status using observed IWC and MLR derived Rapid 
Scores Nanticoke – Depression Wetlands 
_____________________________________________________________________________ 

 
Number of Wetland Sites (n=48) 

 
 IWC Good IWC Fair IWC Poor 
MLR Good 13 18 0 
MLR Fair 1 4 0 
MLR Poor 0 0 12 
 
Complete Agreement 29/48 = 60% 
 
 
 
 
 
 
 
Table 3-7.  Summary statistics of relationship between IWC and rapid scoring IWC derived from 
multiple regression models and good, fair, poor cutoffs for both IWCs in the Nanticoke. 
 
 
 Flat Wetlands Riverine Wetlands Depression Wetlands 
 
Model  r2 0.810 0.904 0.812 
 
Model   RMSE  8.05 7.00 11.0 
 
Minimum model AIC 385.4 222.8 240.4 
Number of significant 
models (∆i < 5) 184 200 273 
IWC vs. rapid IWC 
    Slope  0.810 0.904 0.812 
    y-intercept 13.8 7.01 12.3 
IWC good-fair/fair-
poor cutoffs 88.50/63.88 85.30/53.81 82.68/50.35 
Rapid IWC good-
fair/fair-poor cutoffs 85.56/65.01 86.88/50.87 78.69/47.88 
 
 
 
 


