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Wetlands Monitoring ObjectivesWetlands Monitoring Objectives
• Design and implement a wetland monitoring program for NC which 

assesses the change of wetland quality and function along aassesses the change of wetland quality and function along a 
disturbance gradient.

• To develop wetland monitoring and analysis methods for the for p g y
assessing the biological, physical, and chemical characteristics of 
NC wetlands.

Develop Indices of Biotic Integrity (IBIs) specific for NC Wetlands Types for– Develop Indices of Biotic Integrity (IBIs) specific for NC Wetlands Types for 
amphibians, macroinvertebrates, and plants.

• Determine ways the wetland monitoring methods and IBIs can be 
li d t th NC 401 R l tapplied to the NC 401 Regulatory program.

• Preliminary Evaluation/Calibration of NCWAM



Wetlands MonitoredWetlands Monitored

• Lockwood Folly Watershed BrunswickLockwood Folly Watershed, Brunswick 
County, Coastal Plain

Seven Riverine Swamp Forests– Seven Riverine Swamp Forests
– Six Basin Wetlands

Fi hi C k W t h d G ill• Fishing Creek Watershed, Granville 
County, Piedmont

Si B l d H d d F– Six Bottomland Hardwood Forests
– Six Basin Wetlands













Wetland Monitoring MethodsWetland Monitoring Methods
• Level I - GIS mapping – Land Develoment Index for 

site watershed and buffer.

• Level II – Rapid on the ground wetland 
assessments: Ohio Rapid Assessment Method 
(ORAM) d h N h C li W l d

p
(ORAM) and the North Carolina Wetland 
Assessment Method (NCWAM).

• Level III – Intensive, long-term, on the ground 
survey methods 

– Biological – Amphibians, Macroinvertebrates, and Plant 
communities.

– Physical and Chemical – Water Quality Hydrology and– Physical and Chemical – Water Quality, Hydrology, and 
Soils.



Level II - NC Wetland Assessment 
M h d NCWAMMethod - NCWAM

• Rapid and consistent wetland fieldRapid and consistent wetland field 
assessment method developed to be used 
on 16 North Carolina wetland typeson 16 North Carolina wetland types.

• NCWAM determines a “High”, “Medium” or 
“Low” score for wetland function relative toLow  score for wetland function relative to 
reference condition.
3 F ti H d l W t Q lit• 3 Functions – Hydrology, Water Quality, 
and Habitat, 11 sub-functions, 22 metrics.



Level III Intensive Monitoring 
M h dMethods

• Biotic CommunitiesBiotic Communities
• Amphibians                                          
• Macroinvertebrates

Pl t• Plants

• Physical and Chemical Attributes
• Water Quality• Water Quality
• Hydrology
• Soils



Water Quality Sampling 
MethodsMethods

• Objective - determine headwater 
wetland filtering capacity Waterwetland filtering capacity.  Water 
Quality sampled quarterly at 1-3 
stations per site 

• Physical parameters –
Temperature, DO, Specific 
Conductivity, pHy, p

• Chemical analyses – Nutrients, 
Heavy Metals, DOC, TOC, TSS, 
F l C lifFecal Coliform



Water Quality Sampling Design



Hydrology Survey Methods using monitoring 
wells

• Monitoring wells installed in• Monitoring wells installed in 
middle of wetland using the 
ACOE “Wetlands 
Regulatory AssistanceRegulatory Assistance 
Program (WRAP)” 
document.
1 2 ll it• 1-2 wells per site

• Wells 20” installed deep in 
ground, lower 15” with 
0.01” slats, 2-3.5’ risers, 
sand and bentonite used 
for installation

• Hand measured distance to 
water (DTW) every 1-3 
mos.mos.



Soil Survey Methods
• 18”deep soil core samples taken in 8-10 

locations relative to plant survey plot 
• 6 samples taken in wetland 2 samples in• 6 samples taken in wetland, 2 samples in 

vegetation plot, 4 samples taken half way 
between vegetation plot and wetland boundary, g p y
4 samples taken in surrounding upland. 

• Soil color (Hue, Value, Chroma) and texture 
d t i d i fi lddetermined in field.

• Samples will be sent to the NC Agronomic 
Division Soil Testing Section for each differentDivision Soil Testing Section for each different 
soil  core horizon.

• Soils will be tested for – plant nutrients, metals, p , ,
CEC, percent humic matter



Soil Survey Methods
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Water Quality ResultsWater Quality Results
• Samples were taken from Up-River, Down-River, 

and Buffer locationsand Buffer locations
• Analysis compared the water quality at these 

locationslocations
• Are there indications water quality is improving 

as it flows through the wetland system by a as t o s t oug t e et a d syste by a
reduction of potential Pollutants?

• Are potential pollutants moving form the Buffer p p g
areas to the Wetland?

• NOTE:  Red in the tables is Statistically 
Significant and Blue is Marginally significant



Riverine Swamp Forests: Water Quality Means by Station Location
Parameter N Mean (Buffer) Mean (Down River ) Mean (Up River)

Ammonia (mg/L) 109 0.123 0.277 0.698

Calcium (mg/L) 109 50.034 64.950 59.695

Copper (ug/L) 109 10.187 10.865 17.196

Dissolved Oxygen (%) 97 37.704 23.683 25.317

Dissolved Oxygen (mg/L) 97 4.039 2.617 2.615

DOC (mg/L) 107 11.475 14.394 20.037

Fecal Colliform (CFU/100 ml) 109 5397.567 622.925 1811.256( )

Lead (ug/L) 109 23.233 27.125 57.769

Magnesium (mg/L) 109 37.111 43.413 37.115

NO2+NO3 (mg/L) 109 0.028 0.031 0.033

pH  (S. U.) 109 5.409 5.898 5.825

Phosphorus  (mg/L) 109 0.585 0.749 1.304

Specific Conductivity (uS/cm) 95 1348.596 1833.437 1410.679

TKN (mg/L) 109 1 759 7 514 13 003TKN  (mg/L) 109 1.759 7.514 13.003

TOC  (mg/L) 115 134.088 148.640 393.544

Total Suspended Residue (mg/L) 109 515.977 863.078 830.744

Water, Temperature (oC) 111 15.506 17.060 17.063

Zinc  (ug/L) 110 42.167 37.488 77.487



Fishing Creek Bottomland Hardwood Forests Water Quality  Mean Results by Station 
Parameter N Mean (Downstream) Mean (Upstream)

A i ( /L) 30 0 127 0 147Ammonia (mg/L) 30 0.127 0.147

Calcium (mg/L) 31 19.236 8.882

Copper (ug/L) 31 15.471 10.621

Dissolved Oxygen (%) 31 31.271 23.871yg ( )

Dissolved Oxygen (mg/L) 31 3.971 3.207

DOC (mg/L) 31 20.461 17.535

Fecal Colliform (CFU/100 ml) 29 110.857 82.533

Lead (ug/L) 31 23.143 20.824

Magnesium (mg/L) 28 4.408 3.797

NO2+NO3 (mg/L) 30 0.049 0.083

H (S U ) 31 6 026 5 712pH  (S. U.) 31 6.026 5.712

Phosphorus  (mg/L) 30 0.835 0.648

Specific Conductivity (uS/cm) 29 138.357 117.553

TKN  (mg/L) 30 2.216 1.689( g )

TOC  (mg/L) 31 101.214 49.324

Total Suspended Residue (mg/L) 31 391.343 255.100

Water, Temperature (oC) 31 13.621 12.718

Zinc  (ug/L) 31 47.857 44.235



Fishing Creek Water Quality Comparison of Means for Wetland and Outlet Results

Site Name Parameter N - Wetland
Wetland 

Mean
N - Wetland 

Outlet

Wetland 
Outlet 
Mean Units

Eastwood Ammonia 4 0 4 3 0 37 mg/LEastwood Ammonia 4 0.4 3 0.37 mg/L
Goldston Ammonia 2 0.05 3 0.36 mg/L
Eastwood Calcium 4 8.03 3 7.6 mg/L
Goldston Calcium 2 9.95 3 7.53 mg/L
Eastwood Copper 4 10.23 3 2 ug/L
Goldston Copper 2 9.8 3 6.97 ug/L
Eastwood Dissolved Oxygen (%) 4 39 3 59.3 %yg ( )
Goldston Dissolved Oxygen (%) 2 19.65 3 12.97 %
Eastwood Dissolved Oxygen (mg/L) 4 7.53 3 7.47 mg/L
Goldston Dissolved Oxygen (mg/L) 2 1.67 3 1.12 mg/L
Eastwood DOC 4 28.33 3 18.8 mg/L
Goldston DOC 1 27 2 44 mg/L
Eastwood Fecal Colliform 4 350 3 32 CFU/100 ml
G ld t F l C llif 2 10 3 28 CFU/100 lGoldston Fecal Colliform 2 10 3 28 CFU/100 ml
Eastwood Lead 4 11.25 3 10 ug/L
Goldston Lead 2 10 3 14.33 ug/L
Eastwood Magnesium 4 2.9 3 3.33 mg/L
Goldston Magnesium 2 2.75 3 2.57 mg/L
Eastwood NO2+NO3 4 0.13 3 0.61 mg/L
Goldston NO2+NO3 2 0 02 3 0 02 mg/LGoldston NO2+NO3 2 0.02 3 0.02 mg/L
Eastwood pH 4 5.8 3 5.84 S.U.
Goldston pH 2 4.72 3 5.03 S.U.
Eastwood Phosphorus 4 0.68 3 0.07 mg/L
Goldston Phosphorus 2 0.36 3 0.46 mg/L
Eastwood Specific Conductivity 2 136.45 1 200.6 uS/cm
Goldston Specific Conductivity 2 76 3 70.17 uS/cm
Eastwood TKN 4 5.2 3 1.52 mg/L
Goldston TKN 2 2.95 3 2.47 mg/L
Eastwood TOC 4 60.48 4 17.38 mg/L
Goldston TOC 2 58 3 74 mg/L
Eastwood Total Suspended Residue 4 117.5 3 21.33 mg/L
Goldston Total Suspended Residue 2 57.5 3 163.33 mg/L
Eastwood Water Temperature 4 10 78 3 11 47 oCEastwood Water, Temperature 4 10.78 3 11.47 oC
Goldston Water, Temperature 2 7.35 3 11.7 oC
Eastwood Zinc 4 28 3 10 ug/L
Goldston Zinc 2 45.5 3 48.33 ug/L



Comparison of Basin WetlandsComparison of Basin Wetlands

• Compared the Water Quality of the BasinCompared the Water Quality of the Basin 
Wetland

• Look at potential differences in the two• Look at potential differences in the two 
watersheds and ecoregions



Mean Water Quality Results for Wetlands by Watershed – Basin WetlandsMean Water Quality Results for Wetlands by Watershed – Basin Wetlands

Parameter
Lockwood 

Folly N
Mean ( Lockwood 

Folly)

Fishing Creek N

Mean (Fishing Creek)
Ammonia (mg/L) 25 0.693 31 0.366

Calcium (mg/L) 25 4.442 32 6.366
Copper (ug/L) 25 3.776 32 5.519
Dissolved Oxygen (%) 24 59.892 32 31.675
Dissolved Oxygen (mg/L) 24 5.544 32 3.774
DOC (mg/L) 25 34 096 29 37 021DOC (mg/L) 25 34.096 29 37.021

Fecal Colliform (CFU/100 ml) 25 13702.48 32 69.563
Lead (ug/L) 25 12.16 32 11
Magnesium (mg/L) 25 2.385 31 2.413
NO2+NO3 (mg/L) 25 0 245 31 0 3NO2+NO3 (mg/L) 25 0.245 31 0.3
pH  (S. U.) 25 4.306 32 5.176
Phosphorus  (mg/L) 25 0.329 31 0.398
Specific Conductivity (uS/cm) 24 107.433 27 80.284
TKN  (mg/L) 25 3.074 31 2.988

TOC  (mg/L) 26 60.438 33 51.709

Total Suspended Residue (mg/L) 25 109.548 32 76.869
Water, Temperature (oC) 25 18.008 32 13.581

Zinc (ug/L) 25 17 04 32 25 516Zinc  (ug/L) 25 17.04 32 25.516



Summary Water Quality ResultsSummary Water Quality Results

• Riverine Swamp Forests Improve WaterRiverine Swamp Forests Improve Water 
Quality by reducing potential pollutants as 
they flow through the wetlandthey flow through the wetland.

• Bottomland Hardwood Forest have less 
“flow” therefore mixed resultsflow  therefore mixed results.

• Implication is that Riverine Swamp Forest 
f ti b tt t i ll t t th tfunction better at removing pollutants that 
Bottomland Hardwood Forests



Summary Water Quality ResultsSummary Water Quality Results

• However they are in different EcoregionsHowever they are in different Ecoregions 
(Piedmont versus Coastal Plain) as well as 
different watersheddifferent watershed

• Small Basin Wetlands also show some 
ability to improve water quality in theability to improve water quality in the 
Fishing Creek Watershed
L k d F ll B i W tl d h• Lookwood Folly Basin Wetlands have 
“better” Water Quality then Fishing Creek 
B i W tl d (l t ti l ll t t )Basin Wetlands (less potential pollutants)



Summary Water Quality ResultsSummary Water Quality Results
• Do the Basin Wetlands function better at 

removing potential pollutants in Lookwood 
Folly?

• Differences in Ecoregion:  Piedmont 
versus Coastal Plain?

• Differences in the Watersheds?
• Development is much older in the Fishing• Development is much older in the Fishing 

Creek watershed whereas development is 
newer (but rapidly growing) in thenewer (but rapidly growing) in the 
Lockwood Folly Watershed



Soil Results
• Comparison made between upland 

l d tl d lsamples and wetland samples
• Higher levels of potential pollutants in the 

wetlands would indicate that the wetlands 
are acting as a sink for metals and 
nutrients (potential pollutants)

• This would provide the opportunity for p pp y
improving water quality by reducing 
potential pollutantsp p



Riverine Swamp Forest Soil Mean Results for and Wetland soil Samples

Up / Wet N
Mean  (HM 

%)
Mean  (WV 

g/cc)
Mean (CEC 
meq/100cc) Mean (BS %)

Mean (Ac 
meq/100cc) Mean    (pH)

Up 16 0.958 1.325 4.394 36.875 2.856 4.625

Wet 48 2.069 0.768 16.360 70.646 4.185 4.979

Up / Wet N
Mean  (P 
mg/dm3)

Mean (K 
mg/dm3)

Mean (Ca 
mg/dm3)

Mean  (Mg 
mg/dm3)

Mean  (S 
mg/dm3)

Mean  (Mn 
mg/dm3)

Up 16 23.594 19.775 232.231 40.525 12.138 3.700

Wet 48 15.617 78.769 1680.327 434.585 297.119 2.504

U / W t N
Mean(Zn 

/d 3)
Mean(Cu 

/d 3)
Mean(Na 

/d 3)
Mean(NO3--N 

/d 3)Up / Wet N mg/dm3) mg/dm3) mg/dm3) mq/dm3)

Up 16 0.719 0.244 21.125 1.250

Wet 48 1.425 0.281 783.583 11.146



Bottomland Hardwood Forest Soil Mean Results for Soil Upland and 
Wetland Samples

Up / Wet N Mean  (HM %)
Mean  (WV 

g/cc)
Mean (CEC 
meq/100cc) Mean (BS %)

Mean (Ac 
meq/100cc) Mean    (pH)

Up 20 0.324 1.206 6.295 54.700 2.210 5.050

Wet 70 0.434 1.079 7.409 66.186 2.254 5.051

Up / Wet N
Mean  (P 
mg/dm3)

Mean (K 
mg/dm3)

Mean (Ca 
mg/dm3)

Mean  (Mg 
mg/dm3)

Mean  (S 
mg/dm3)

Mean  (Mn 
mg/dm3)

Up 20 8.510 33.055 526.455 165.215 18.735 87.530

Wet 70 7.814 29.920 665.610 212.324 20.654 107.611

Up / Wet N
Mean(Zn 
mg/dm3)

Mean(Cu 
mg/dm3)

Mean(Na 
mg/dm3)

Mean(NO3--N 
mq/dm3)

Up 20 1.240 1.240 18.500 1.650

Wet 70 1.914 1.519 31.957 3.171



L k d F ll Ri W t h d S ll B i tl d S il M R lt fLockwood Folly River Watershed Small Basin wetlands Soil Mean Results for 
Upland and Wetland Samples

Up / Wet N
Mean  (HM 

%)
Mean  (WV 

g/cc)
Mean (CEC 
meq/100cc)

Mean (BS 
%)

Mean (Ac 
meq/100cc)

Mean    
(pH)

Up 13.000 0.824 1.345 3.723 35.769 2.362 4.500

Wet 83.000 4.383 1.009 7.131 20.840 5.780 4.140Wet 83.000 4.383 1.009 7.131 20.840 5.780 4.140

Up / Wet N
Mean  (P 
mg/dm3)

Mean (K 
mg/dm3)

Mean (Ca 
mg/dm3)

Mean  (Mg 
mg/dm3)

Mean  (S 
mg/dm3)

Mean  (Mn 
mg/dm3)Up / Wet N mg/dm3) mg/dm3) mg/dm3) mg/dm3) mg/dm3) mg/dm3)

Up 13.000 8.192 15.154 204.269 35.823 20.908 1.538

Wet 83.000 18.989 25.446 181.443 50.055 30.966 1.106

Up / Wet N
Mean(Zn 
mg/dm3)

Mean(Cu 
mg/dm3)

Mean(Na 
mg/dm3)

Mean(NO3-
-N 

mq/dm3)

Up 13.000 0.769 0.292 18.077 0.769

Wet 83.000 0.655 0.431 37.795 5.711



Fishing Creek Watershed Small Basin Wetlands Soil Mean Results for Upland 
and Wetland Samples

M (HM M (WV M (CEC M (BS M (A M
Up / Wet N

Mean  (HM 
%)

Mean  (WV 
g/cc)

Mean (CEC 
meq/100cc)

Mean (BS 
%)

Mean (Ac 
meq/100cc)

Mean    
(pH)

Up 26.000 0.225 1.157 8.212 54.731 2.931 4.785

Wet 66.000 0.719 0.969 9.650 47.136 4.742 4.535

Up / Wet N
Mean  (P 
mg/dm3)

Mean (K 
mg/dm3)

Mean (Ca 
mg/dm3)

Mean  (Mg 
mg/dm3)

Mean  (S 
mg/dm3)

Mean  (Mn 
mg/dm3)Up / Wet N mg/dm3) mg/dm3) mg/dm3) mg/dm3) mg/dm3) mg/dm3)

Up 26.000 16.519 37.927 589.538 271.938 31.446 71.015

Wet 66.000 12.782 49.129 604.776 213.315 37.145 24.529

Up / Wet N
Mean(Zn 
mg/dm3)

Mean(Cu 
mg/dm3)

Mean(Na 
mg/dm3)

Mean(NO3-
-N 

mq/dm3)

Up 26.000 1.115 1.050 31.115 2.731

Wet 66.000 1.615 0.948 65.455 6.045



Soil Means by Watershed for Small Basin Wetlands

Watershed N
Mean  (HM 

%)
Mean  (WV 

g/cc)
Mean (CEC 
meq/100cc)

Mean (BS 
%)

Mean (Ac 
meq/100cc) Mean    (pH)

Fi hi C k 66 000 0 19 0 969 9 6 0 4 136 4 42 4 3Fishing Creek 66.000 0.719 0.969 9.650 47.136 4.742 4.535

Lockwood Folly 83.000 4.383 1.009 7.131 20.840 5.780 4.140

Watershed N
Mean  (P 
mg/dm3)

Mean (K 
mg/dm3)

Mean (Ca 
mg/dm3)

Mean  (Mg 
mg/dm3)

Mean  (S 
mg/dm3)

Mean  (Mn 
mg/dm3)

Fishing Creek 66.000 12.782 49.129 604.776 213.315 37.145 24.529g

Lockwood Folly 83.000 18.989 25.446 181.443 50.055 30.966 1.106

Watershed N
Mean(Zn 
mg/dm3)

Mean(Cu 
mg/dm3)

Mean(Na 
mg/dm3)

Mean(NO3--
N mq/dm3)

Fishing Creek 66.000 1.615 0.948 65.455 6.045

Lockwood Folly 83.000 0.655 0.431 37.795 5.711



Summary of Soil ResultsSummary of Soil Results

• Higher levels of potential pollutants in theHigher levels of potential pollutants in the 
soil that occurs in the Wetland indicates 
the Wetland acting as a sink providing thethe Wetland acting as a sink providing the 
opportunity for improving Water Quality by 
the reduction of the potential pollutantsthe reduction of the potential pollutants

• This was true for Riverine Swamp Forest, 
Bottomland Hardwood Forest and BasinBottomland Hardwood Forest, and Basin 
Wetlands



Summary of Soil ResultsSummary of Soil Results
• The Basin Wetlands in the Fishing Creek 

h d t ti l ll t t th t thhad more potential pollutants that the 
Basin Wetland in Lockwood Folly.

• Do Lockwood Folly Basin Wetland 
improve water quality better than Fishing 
Creek?  

• This is consistent with the Riverine Swamp p
Forests in Lockwood Folly and Bottomland 
Hardwood Forests in Fishing Creek.g



Summary of Soil Results

• Differences in the Ecoregions or the 
Watersheds could account for the resultsWatersheds could account for the results.

• Differences in Development – older 
development in Fishing Creek; newerdevelopment in Fishing Creek; newer 
development in Lockwood Folly

• Soil results and Water Quality results 
indicate less potential pollutants in 
Lockwood Folly versus Fishing Creek

• Monitoring of long term sites may improve 
understand over time



Hydrology ResultsHydrology Results

• Hydrology monitored for about 18 MonthsHydrology monitored for about 18 Months
• Data collected every 30 minutes for 

Riverine Swamp Forest and every hour forRiverine Swamp Forest and every hour for 
the other wetland types



Riverine Swamp Forest -- Hewett:  Up Flow
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S O f S fRiverine Swamp Forest – Water Depth: percent within One Foot of Surface

Site / Well Station
Percent within one foot 

from surface
Percent within one foot of 
surface - growing season

Doe Creek / Down 90.5 85.1

Doe Creek / Up 50 3 25 7Doe Creek / Up 50.3 25.7

Hewitt / Down 100.0 100.0

Hewitt / Up 99.9 99.8

Lockwood / Down 100.0 100.0

L k d / U 96 2 95 0Lockwood / Up 96.2 95.0

Mercer / Down 100.0 100.0

Mercer / Up 91.0 90.5

Rourk / Down 98.6 98.2

Rourk / Up 91.2 88.3

Pond / Down 100.0 100.0

Pond / Up 100.0 100.0

Townhouse / Down 96.8 95.6

Mean 93.4 90.6



Bottomland Hardwood Forest:  Munn
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Bottomland Hardwood Forests – Water Depth: percent within One Foot of Surface

Percent within one foot

Site
Percent within one 
foot from surface

Percent within one foot 
of surface - growing 

season
Fariport 22.50 30.10
Hancock 39.00 36.60
Kim-Brooks 23.40 16.85
Munn 35.50 32.40
Powers 25.60 24.50

Mean 29 20 28 09Mean 29.20 28.09



Small Basin Wetland:  Martin-Amment
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Small Basin Wetland:  Dargang
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Basin Wetlands – Water Depth: percent within One Foot of Surface

P t ithi

Percent within 
one foot of 
f i

Site
Percent within one 
foot from surface

surface - growing 
season

Lockwood Folly:  Bluegreen Golf 16.00 16.70
Lockwood Folly:  Martin-Amment 19.90 22.40
L k d F ll Mill C k 0 03 0 03Lockwood Folly:  Mill Creek 0.03 0.03
Lockwood Folly:  Seawatch Bay 8.10 8.10
Lockwood Folly:  Seawatch Nautica 17.00 20.90
Lockwood Folly:  Sikka 4.42 4.42

Mean 10.91 12.09

Fishing Creek:  Belton Creek 72.40 57.80
Fishing Creek:  Dargan 63.80 64.40g g
Fishing Creek:  Dean 55.00 53.80
Fishing Creek:  Eastwood 64.80 59.40
Fishing Creek:  Goldston 32.20 26.60

Mean 57 64 52 40Mean 57.64 52.40



Summary of Hydrology ResultsSummary of Hydrology Results

• Riverine Swamp Forest were veryRiverine Swamp Forest were very 
consistent in water levels

• Some tidal influences no seasonal• Some tidal influences, no seasonal 
changes and no drought changes
B tt l d H d d F t l• Bottomland Hardwood Forest less 
consistent, seasonal changes and 

i it ti i flprecipitation influences
• Basin Wetland VERY variable



Summary of Hydrology ResultsSummary of Hydrology Results

• Basin Wetlands very influenced by droughtBasin Wetlands very influenced by drought 
and precipitation

• Some seasonal influences in Fishing• Some seasonal influences in Fishing 
Creek Basin Wetlands
D ht h d l i t t Fi hi C k• Drought had less impact to Fishing Creek 
Basin Wetlands – Probably soil differences



NCWAM ResultsNCWAM Results

• Correlations were performed between theCorrelations were performed between the 
NCWAM overall scores and the three 
Functional scoresFunctional scores

• Correlated with Level I, Level II, and Level 
III dataIII data

• Preliminary calibration



Table 6.2-1 NCWAM Correlation with Level III Significant Results for Small Basin Wetlands

Wetland Type NCWAM Total / Function L2, L3 Metric / IBI/ ORAM r Prob>|ρ|

Small Basin Wetland Habitat-Function L2-ORAM ORAM Mean 0.7486 0.0051
Small Basin Wetland Habitat-Function L2-ORAM ORAM Mean 0.7486 0.0051
Small Basin Wetland Habitat-Function L2-ORAM ORAM Mean 0.7135 0.0092
Small Basin Wetland Habitat Function L2 ORAM ORAM Mean 0 7135 0 0092Small Basin Wetland Habitat-Function L2-ORAM ORAM Mean 0.7135 0.0092

Small Basin Wetland Habitat-Function L3-Plants Sapling Density -0.4719 0.1428
Small Basin Wetland Habitat-Function L3-Plants Sapling Density -0.4719 0.1428
Small Basin Wetland Habitat-Function L3-Plants Large Tree Density 0.6690 0.0244
Small Basin Wetland Habitat-Function L3-Plants Large Tree Density 0.6690 0.0244
Small Basin Wetland Habitat-Function L3-Plants Plant IBI 0.5662 0.0694
Small Basin Wetland Habitat-Function L3-Plants Plant IBI 0.5662 0.0694
Small Basin Wetland Habitat-Function L3-Plants Plant IBI 0.4719 0.1428
Small Basin Wetland Habitat-Function L3-Plants Plant IBI 0.4719 0.1428
Small Basin Wetland Habitat-Function L3-Plants Standing Snag Importance 0 6690 0 0244Small Basin Wetland Habitat-Function L3-Plants Standing Snag Importance 0.6690 0.0244
Small Basin Wetland Habitat-Function L3-Plants Standing Snag Importance 0.6690 0.0244
Small Basin Wetland Habitat-Function L3-Plants Standing Snag Importance 0.5531 0.0776
Small Basin Wetland Habitat-Function L3-Plants Standing Snag Importance 0.5531 0.0776
Small Basin Wetland Hydrology Function L2-ORAM ORAM Mean 0.8690 0.0002
Small Basin Wetland Hydrology Function L2-ORAM ORAM Mean 0.8690 0.0002
Small Basin Wetland Hydrology Function L2-ORAM ORAM Mean 0.8529 0.0004
Small Basin Wetland Hydrology Function L2-ORAM ORAM Mean 0.8529 0.0004
Small Basin Wetland Hydrology Function L3-Plants FQAI 0.5196 0.1014
Small Basin Wetland Hydrology Function L3-Plants FQAI 0.5196 0.1014Small Basin Wetland Hydrology Function L3 Plants FQAI 0.5196 0.1014
Small Basin Wetland Hydrology Function L3-Plants FQAI 0.4912 0.1249
Small Basin Wetland Hydrology Function L3-Plants FQAI 0.4912 0.1249
Small Basin Wetland Hydrology Function L3-Plants Sapling Density -0.5786 0.0622
Small Basin Wetland Hydrology Function L3-Plants Sapling Density -0.5786 0.0622
S ll B i W tl d H d l F ti L3 Pl t L T D it 0 8101 0 0025Small Basin Wetland Hydrology Function L3-Plants Large Tree Density 0.8101 0.0025
Small Basin Wetland Hydrology Function L3-Plants Large Tree Density 0.8101 0.0025
Small Basin Wetland Hydrology Function L3-Plants Large Tree Density 0.7066 0.0151
Small Basin Wetland Hydrology Function L3-Plants Large Tree Density 0.7066 0.0151
Small Basin Wetland Hydrology Function L3-Plants Plant IBI 0.6121 0.0453



2 Small Basin Wetland Hydrology Function L3-Plants Plant IBI 0.6121 0.0453

1 Small Basin Wetland Hydrology Function L3-Plants Plant IBI 0.5196 0.1014

2 Small Basin Wetland Hydrology Function L3-Plants Plant IBI 0.5196 0.1014

1 Small Basin Wetland
NCWAM OverAll 

Score L2-ORAM ORAM Mean 0.7562 0.0044

NCWAM O All
2 Small Basin Wetland

NCWAM OverAll 
Score L2-ORAM ORAM Mean 0.7562 0.0044

1 Small Basin Wetland
NCWAM OverAll 

Score L2-ORAM ORAM Mean 0.6969 0.0118

2 Small Basin Wetland
NCWAM OverAll 

Score L2-ORAM ORAM Mean 0.6969 0.0118

1 Small Basin Wetland
NCWAM OverAll 

Score L3-Plants Large Tree Density 0.6724 0.0234
NCWAM OverAll

2 Small Basin Wetland
NCWAM OverAll 

Score L3-Plants Large Tree Density 0.6724 0.0234

1 Small Basin Wetland
NCWAM OverAll 

Score L3-Plants Plant IBI 0.5058 0.1124
NCWAM OverAll 

2 Small Basin Wetland Score L3-Plants Plant IBI 0.5058 0.1124

1 Small Basin Wetland
NCWAM OverAll 

Score L3-Plants
Standing Snag 

Importance 0.6724 0.0234

2 Small Basin Wetland
NCWAM OverAll 

Score L3 Plants
Standing Snag 

Importance 0 6724 0 02342 Small Basin Wetland Score L3-Plants Importance 0.6724 0.0234

1 Small Basin Wetland
NCWAM OverAll 

Score L3-Plants
Standing Snag 

Importance 0.5800 0.0614

2 Small Basin Wetland
NCWAM OverAll 

Score L3-Plants
Standing Snag 

Importance 0.5800 0.0614



NCWAM ResultsNCWAM Results

• Several correlations with BottomlandSeveral correlations with Bottomland 
Hardwood Forests, especially Amphibian 
metrics and Water Quality metrics andmetrics and Water Quality metrics and 
some Soil metrics

• Riverine Swamp Forest had the fewest• Riverine Swamp Forest had the fewest 
correlations, but most were with the plant 
metricsmetrics



NCWAM Summary of Results
• Preliminary evaluation/calibration resulted 

in several correlations
• Sample size was small in terms of number 

of wetlandsof wetlands
• Range of NCWAM scores did not have 

enough variation too many wetlandsenough variation – too many wetlands 
rated high
M f l l ti / lib ti i i• More formal evaluation/calibration is in 
process with larger sample of Headwater 
W tl d (N 33)Wetlands (N=33)



Long Term Monitoring of WetlandsLong Term Monitoring of Wetlands

• Six Headwater Wetlands:  three on the 
Coastal Plain and three in the Piedmont

• Two Riverine Swamp Forest inTwo Riverine Swamp Forest in 
Lockwood Folly watershed

• Two Bottomland Hardwood Forests in• Two Bottomland Hardwood Forests in 
the Fishing Creek watershed
Fo r Basin Wetland t o in the Fishing• Four Basin Wetland:  two in the Fishing 
Creek watershed and two in the 
Lockwood Folly watershedLockwood Folly watershed



Additional Wetland Monitoring Projects: to 
continue to develop the NC Wetland 

Monitoring Program

• Profiling and Monitoring of 16 Coastal Plain• Profiling and Monitoring of 16 Coastal Plain 
Isolated Wetlands 

• 12 additional Headwater Wetlands of low12 additional Headwater Wetlands of low 
quality have been surveyed to more formally 
calibrate NCWAM (N=33)

• Southeast regional (AL, SC, NC) wetland 
monitoring intensification grant will 
survey/monitor 10 Piedmont and 10 Coastalsurvey/monitor 10 Piedmont and 10 Coastal 
Plain randomly selected

• National Wetland Conditional Assessment will 
include surveying 47 randomly selected 
wetlands



Use of Wetlands Monitoring 
Data

• NCWAM is in the process of defining howNCWAM is in the process of defining how 
it will be used with 401 permitting and 
mitigationmitigation.

• Wetlands monitoring data being used to 
help establish monitoring criteria forhelp establish monitoring criteria for 
certain 401 permits where wetland 
monitoring is requiredmonitoring is required.

• Wetlands monitoring data will be used to 
t bli h t ti id li / it iestablish restoration guidelines/criteria



Q ti ?Questions?
Doing what we love to do!

htt // t l d / b/ / / d / l it ihttp://portal.ncdenr.org/web/wq/swp/pdu/wlmonitoring

Rick Savage rick.savage@ncdenr.gov

Ginny Baker virginia.baker@ncdenr.gov


