


Figure 11. Sample ofa bridge built for the Fenwick Wetlands Trail in Craig County, Va. 

Figure 12. Sample ofa welcome sign seen at the Fenwick Wetlands Trail , Craig County , Va 

Future Use of the Site 

The project will not succeed without local ownership. High-school students have been 
involved in the initial data collection on-site, in a few activities on-site, and in the tree plant ing 
projects . The wood shop class will be involved in the construction of the walkways. Hopefully, 
the site will be adopted by the high-school Science Club or 4H Club for purposes of 
maintenance, group monitoring projects including the Tssak Walton League Save-Our-Streams 
program and Adopt-A-Watershed activities, and individual research projects. 
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Proposed Schedule ofConstruction andDesign Implementation 
Sufficient funding is available to constructthe dike, plantadditional vegetation, and begin the 

educational facility improvements and materials development. There is enoughmomentum in 
terms of funding and personnel that all aspects ofthe projectshould be completed within the next 
five years. 

Assessment ofSuccess and Future Recommendations 
Partial wetland restoration and creation projectfailures are not uncommon. Failures Occur 

due to the lack of scientific knowledge 'and staffexpertise in design. Impropersite conditions, 
suchas water supply, depth, andvelocity; and invasion by exoticspecies also contribute to partial 
failures of wetland projects. In particular, the hydrology of this site is verymuchunpredictable. 
Theremaybe moreinfiltration than predicted, or improper grading ofthe wetland maycreate 
excessive channelization, andflowfromthe seep may neverreachthe pond as it infiltrates into the 
soil. The construction of this wetland will be more ofan experiment than desired, for the cost 
involved, due to the uncertainty in water budgetestimation. Therefore, after the completion of 
the construction phaseof this project, a monitoring program should be established at the Glade 
Spring site to help educatefuture designers. 

31 



References 

Batzer, D. P. and V.H. Resh. 1994. Wetland management strategies, waterfowl habitat 
management, and mosquito control. In Global Wetlands: Old Worldand New, ed. W.J. Mitsch, 
sect. 10, 825-832. The Netherlands: Elsevier Science B.V. 

Brakensiek, D. L., H.B. Osborn, andW.l Rawls, coordinators. 1979. Field Manual for Research 
in Agricultural Hydrology. U.S. Department ofAgriculture, Agriculture Handbook 224. 

Clewell, A. F. andR. Lea. 1990. Creation and restoration of forested wetland vegetation in the 
southeastern United States. In Wetland Creation andRestoration: the statusofthe science, eds. 
lA. Kusler and M.E. KentuIa, Washington, D.C.: Island Press. 

Crawford, RA. and J. A. Rossiter. General design considerations in creating artificial wetlands 
for wildlife. University of North Dakota. 

Division of SoilandWater Conservation (DSWC). 1992. Virginia Erosionand Sediment Control 
Handbook, 3rd Ed. Richmond: Virginia: Virginia Department of Conservation and Recreation 

Erwin, K. L. 1990. Freshwater marsh creation and restoration in the southeast. In Wetland 
Creation andRestoration: the statusofthe science, eds. J.A 'Kusler andM.E. Kentula, 
Washington, D.C.: Island Press. 

Fredrickson, L. H. 1982. Management ofseasonally flooded impoundments for wildlife. 
Washington D.C.: U.S. Department ofthe Interior, Fishand Wildlife Service. Resource 
publication 148. 

Geankoplis, Christie J. 1993. Transport Processes and Unit Operations, 3rd Ed. Englewood 
Cliffs, NI: A Simon & Schuster Co. 

Hammer, D. A. 1992. Creating Freshwater Wetlands. Chelsea, MI: Lewis Publishers, Inc. 

Iohnson, L. E., W.V. McGuinness, Jr. 1975. Guidelines for material placement in marsh creation: 
final report. Vicksburg, Ms: Department ofthe Army Waterways Experiment Station, Corpsof 
Engineers. 

Kusler, Jon A. Guidebook For Creating Wetland Interpretation Sits Including Wetlands and 
Ecotourism. New York: The Association of State Wetland Managers. 

National Cooperative Highway Research Program (NCHRP). 1996. Guidelines for the 
development of wetland replacement areas. Washington, D.C.:National Academy Press. 

Novotny, V. andH. DIem. 1994. Water Quality Prevention, Identification, andManagement of 
Diffuse Pollution. New York: VanNostrand Reinhold. 



Schwab, G. 0., D. D. Fangmeier, W.J.Elliot, and R.K. Frevert. 1993. Soil and Water 
Conservation Engineering, 4th Ed. New York: John Wiley & Sons, Inc. 

SoilConservation Service. 1992a. Construction Specification: 723 Earth Fill. Richmond: Vtrginia 
Department ofAgriculture. 

Soil Conservation Service. 1992b. Wetland restoration, enhancement, or creation. Engineering 
FieldHandbook, ch. 13.Richmond: Virginia Department ofAgriculture. 

Soil Conservation Service. 1977. Wtldlife wetland habitat management standard, code 644. 
Richmond: Virginia Department of Agriculture. 

Thomas RegisterojAmericanManufacturers; vol. 16. 1994. 

Weller, MiltonW. 1994. Freshwater Marshes: Ecologyand Wildlife Management, 3rd Ed. 
Minneapolis, MN: The University ofMinnesota.Press. 

Wile, I., G. Miller, and S. Black. Design andUse of Artificial Wetlands. 1985. In Ecological 
Considerations in Wetlands Treatment ojMunicipal Wastewaters, eds.P.J. Godfrey, E.R. 
Kaynor, S. Pelczarski, and1. Benforado. New York: VanNostrandReinhold Company. 

33 



Appendix A 

Calculations 

34
 



Calculation 1. DikeDesign
 

Beforedesigning the dikefollowing assumptions were made: 

-


w = 10ft (top width) 
s = 8:1 (sideslope) 
h = 1.75 ft (dikeheight including 10%addition for settlement to be withhold 1 

foot ofwater behind the dike) 

The following tablewas then usedto calculate the volume earthneeded to construct the dike: 

On Volume c.lcuilltlons Tdel eros&- AVIll'Ilg8
 
Altusted 8evatlClllS Referenced fran Sectlcnal Cross- Volume
 

statlcn(II) Actual8evatiCIIs(it) 2081.411 (It) cross-sectional Area (ft"3) Area (1t"3) sectlCllaI Length(ft) (1t"3)
 
upstream dcwnstream upstream dcMnstream upstrum downstream
 
sldeslcpe middle sldellope s1dellape mldcle lldeslope s1dellope mldcle sldellcpe
 

0.00 
49.10 20.00 982.00 

20.00 2081.00 2061.25 2061.00 0.40 0.15 0.40 15.05 19.00 15.05 49.10 
48.40 26.88 1300.99 

46.88 2060.80 2061.25 2061.40 0.60 0.15 0.00 1&.45 19.00 12.25 47.70 
59.85 34.37 2050.17 

81.25 2060.00 2060.40 2060.00 1.40 1.00 1.40 22.05 27.50 22.05 71.60 
84.40 43.15 2811.50 

125.00 2060.90 2061.00 2060.30 0.50 0.40 1.10 15.15 21.50 19.95 57.20 
51.20 8,25 351.50 

131.25
 
Tatlll Volume of Dlk' In .IcfHt: 7508.1.
 

TotlII Volume of DIke SpDIwayIn cubic fHt: 15.10
 
TotlII VoIURII of Taplllll Exca¥lltlan In cubfc feet: 1858.38
 
TotlII Volume of RlplllClng Topnn In cubic fHt: 11159.38
 

TotalVoIwne of &rth MaVllrMntfor Dike Constructlan In cubic fMI: 11161.31 
Totlll VoIwne of &rth Mowment for DIke Construetlon In cubic ,.-ds: 413.38 
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Calculation 2. Dike Emergency Spillway
 

TheManning formula was used to determine the average velocity offlowlessthan or equal to the 
permissible velocity. 

The equation statesthat: 
R%s~ 

V=-­
n 

R = 0.28 m (hydraulic radius, Figure7.5, Schwab, 1993) 
s =.03 mlm(slopeofchannel) 
n = 0.38 (roughness coefficient ofthe channel, Figure7.3, Schwab, 1993) 

v » 0.195 mls 

The continuity equation was usedto determine the cross-sectional area needed to supportthe 
flowrate carried bythe channel. 

The equation statesthat: 
q=av. 

q =0.01 m3/s (flow rate) 
v = 0.195 mls (average velocity offlow) 

a= 0.051 m2 

The depthand top widthof the emergency spillway were calculatedby using the following 
equation: 

a =ttd 

2a=0.051 m

t= l.OOm 
d=0.076m 

Including freeboard: 

T = 1.52 m (4.99 ft) 

D = 0.176 m (0.58 ft) 
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Calculation 3. Monthly Water Budget Calculations 

Precipitation
 
The needed parameters for the water budget were averaged on a monthly basis.
 
Precipitation was averaged as the following table illustrates:
 

Precipitation Data for Abingdon, Virginia 
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
1948 326* 502 502 201 285 480 2296 
1949 405 329 413 419 295 296 1302 909 211 267 274 329 5449 
1950 698 520 465 149 888 721 502 322 256 86 232 281 5120 
1951 334 263 442 399 506 407 528 193 265 125 380 403 4245 
1952 484 195 424 213 369 376 591 399 160 77 462 274 4024 
1953 372 427 447 330 480 351 407 126 289 49 86 327 3691 
1954 693 109 479 313 364 270 405 308 168 184 254 415 3962 
1955 241 478 907 303 183 323 386 247 134 214 272 201 3889 
1956 229 666 565 465 333 191 588 284 418 180 3919 
1956 265 551 816 
1957 886 657 325 472 225 708 168 488 822 118 508 541 5918 
1958 218 400 349 461 922 281 918 575 81 95 310 231 4841 
1959 296 286 388 471 227 174 387 170 241 654 392 351 4037 
1960 292 283 420 196 261 327 683 353 106 311 226 220 3678 
1961 297 605 417 341 279 399 369 269 102 268 271 710 4327 
1962 471 613 345 1429 
1970 329 251 248 685 195 302 369 650 411 237 353 4030 
1971 310 444 314 346 807 338 742 286 295 320 256 220 4678 
1972 649 498 373 448 463 581 385 343 748 434 338 659 5919 
1973 204 314 725 352 680 199 1083 449 163 386 413 651 5619 
1974 636 562 650 386 678 526 320 187 385 212 365 598 5505 
1975 466 424 .975 226 469 459 358 405 566 176 280 416 5220 
1976 410 414 356 90 295 611 379 467 595 720 169 427 4933 
1979 699 504 300 380 320 739 517 219 515 259 341 255 5048 
1980 422 148 584 351 408 175 550 298 358 295 286 154 4029 
1981 160 228 470 712 501 484 265 578 261 135 400 4194 
1982 617 441 300 269 788 755 794 318 297 455 301 5335 
1983 226 213 266 490 597 249 391 304 235 348 288 486 4093 
1984 258 533 384 316 747 265 542 186 104 156 386 334 4211 
1985 319 185 227 472 287 538 467 29 263 828 127 3742 
1986 353 452 212 93 595 123 354 487 577 309 311 433 4299 
1987 440 430 302 708 262 392 383 305 95 267 414 3998 
1988 282 316 191 451 312 128 503 304 393 262 364 222 3728 
1989 379 392 295 359 461 433 206 840 3365 
1990 375 502 532 421 672 277 526 611 377 542 154 4989 
1991 434 500 837 176 615 424 291 324 49 447 620 4717 
1992 197 345 397 278 457 469 303 263 310 211 592 3822 
1993 330 295 662 314 283 68 291 509 507 203 356 612 4430 
1994 460 790 759 360 358 387 541 443 187 269 199 190 4943 
1995 573 316 163 559 459 137 151 383 304 536 3581 
1996 441 840 522 307 415 511 371 467 461 4335 

Average 4.01** 4.22 4.49 3.44 4.63 3.85 5.02 3.68 3.47 2.67 3.25 3.93 42.54 
Nlnlmum 1.60 1.09 1.85 0.90 1.83 0.68 1.37 1.26 0.29 0.49 0.86 1.27 8.16 
Maximum 8.86 7.90 9.75 7.08 9.22 7.88 13.02 9.09 8.40 7.20 8.28 7.10 59.19 
* Rainfall Units are In10Dths ofan Inch 
**Rainfall unitsare in inches 
-All Datawas downloaded fromAbingdon, Virginia Climatological Dataaccessed 

fromthe internet fromthe WeatherBureauhomepage 

The averaged monthly precipitation measurements (ft/month) were then multiplied by the area 
within the constructed wetland perimeter (12977 ft?) to result in a volume of precipitation per 
month (ft?/month). These results representing precipitation will be illustrated later in the 
calculation of the monthly water budget. 

tnn 
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Evapotranspiration 
Evapotranspiration was averaged in a similar manner as precipitation. Values for evaporation 
were used from the Climatological Data Reports published by the National Weather Service 
(F.2.2). The averages were compiled from data collected at the Western Piedmont Philpott Dam 
in Henry County, Virginia from 1995-1997. These monthly averages were then multiplied by 0.8, 
the conversion factor to convert evaporation to potential evapotranspiration (PET) (Hammer, 
1992). The following table lists the calculated averages: 

Average Evapotranspiration Data 

Month Evaporation 

Potential 
Evapotranpiration 

(PET) 
April 3.86 3.09 
May 4.22 3.38 
June 4.38 3.50 
July 5.39 4.31 

August 5.28 4.22 
September 4.77 3.82 

October 3.16 2.53 
Annual Average 4.44 3.55 

The averaged monthly evapotranspiration measurements (ft/month) were then multiplied by the 
constructed ponded surface area (12156 ft?) to achieve in a volume of evapotranspiration per 
month (fl?lmonth). These results representing evapotranspiration will be illustrated later in the 
calculation ofthe monthly water budget. 

Ponded volume was calculated by knowing the surface areas between the topographic lines for 
the wetland pond (fl?), then multiplying each by the appropriate depth (ft) to achieve volume 

Treasure Mountain drainage inflow 
Calculations were performed on cross-sectional areas and velocity measurements; the results are 
presented in the table below. An average of the total area and total flow volumes relevant to each 
month was made and used in the water budget calculation after conversion from ft3/sec to 
ft3/month. 

39 



Measurement Total Area Total Flow Volume 

Date (ftA 2 ) (ftA 3/s) 
04/01/97 1.01 0.213 
04/22197 1.92 0.318 
04/22197 1.82 0.202 
OS/22197 2.01 0.083 
06/10/97 2.32 0.129 
06/17/97 2.47 0.042 
06/23/97 2.18 0.111 
07/07/97 2.21 0.066 
07/13/97 2.12 0.033 
08/21/97 2.29 0.003 
10/02197 2.94 0.012 
10/02197 0.40 0.058 

Average flow rate=0.110 ft"3/s =0.003 m"3/s 
Lowflow rate=0.02 ft"3/s =0.0006 m"3/s 

Seep inflow: H flume results 
Stage was recorded on a weeklychart strip. CourtesyofDr. SaiedMostaghimi's staff these 
charts were digitized, the digitized data run through processing routines, and weeklyaverage 
stage was specified as output. Monthly averages ofthese stageswere calculated. Theseaverages 
for stage (head) in feet were compared to a rating table for a 6-in. H flume for conversion to 
discharge in cubicfeet per second(the rating table can be foundin Brakensiek et al, 1979). These 
numbers were then used in the water budget calculation after conversion from ft3/sec to ft3/month. 

H-Flume Data 
Month Average stage Average flow 
April 0.2235 0.0530 
May 0.2321 0.0585 
June 0.2038 0.0431 
July 0.1233 0.0146 
Aug 0.1272 0.0173 
Sept 0.1493 0.0233 
Oct 0.0895 0.0080 

Infiltration 
The infiltration rate ofthe Clubcafsilt loamis 1 mmIhr, a general rate for hydrologic groupD 
soils(Schwab et al., 1993). Thiswas convertedto ftlmonth and multiplied by the ponded surface 
area (12156ft2) 

Subsurface Inflow and Outflow 
Thesewere assumed to be zero due to the uncertain nature ofthese flows, the high water table 
and hydric soils making the zero outflow a reasonable assumption, and the desirability of any 
inflow. The calculations madefor the water budgetwere to knowthe minimum inflows necessary 
to keep a non-stagnated ponded area. 
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Outflow SpiUway 
Thiswas calculated based on the principles ofthe water balance, succinctly described by the 
National Cooperative Highway Research Program's report on Guidelines for the Development of 
WetlandReplacement Areas (NCHRP, 1996): 

For any fixed volume in space, referred to as a "controlvolume," the law ofmass 
conservation requires that, for an incompressible fluid during a givenperiod of 
time, the inflow volume minus the outflowvolume is equalto the change in 
storage, or: 

1-0 = dS 

I=intlow
 
0= outflow
 
dS = change in storage
 

For the Glade Spring constructed wetland pondwater balance: 

I = Precipitation+Treasure Mountain Inflow+Seep Inflow 
o =Evapotranspiration + Infiltration 
dS = Ouflowspillway is sized to adequate capacity, and allflowis directed to it 

Only a portion ofthe TreasureMountain drainage was intended to be diverted. Thisportionwas 
calculated iteratively, by assuming an initial percentremoval offlow, then viewing the amount 
assigned by default to the outflowspillway by means of the water balance equation. Thisamount 
must firstbe positive, to achieve outflow. Next, the detention time(monthly), dueto the amount 
offlowvs. pondedwater volume the flow moves through, mustbe greater than 7 days, but not 
too largethat long stagnation times resulted. Stagnation problems might also increase iffriction 
from overland flowdecreases the velocity offlow, but the overland flowrate is very difficult to 
estimate, and this was not considered in the overall analysis of flow rate (advice from S. 
Mostaghimi, personal communication, April 14, 1998). The detention timewas calculated as 
follows: 

. VOlume(ft3) * 30day
Time = 3/

FlowoffM(ft/month) lmonth 

The least percentremoval ofthe Treasure Mountain flow was chosen for the design that caused 
the outflow spillway to carryflowand the detention times for eachmonthto be greater than or 
equal to 7 days. The resultwas 20% removal of the Treasure Mountain flow. We deemed this to 
be acceptable to permitting agencies, especially because the outflow water was being returned to 
the samedrainage. 
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The outlet velocity ofthe pipe should be approximated by the following equation: 

v = _l_(d)%JS =_1_«2/12»)%,J0.013 =0.914ft/sec 
0.015 4 0.015 4 

v = velocity (ft/sec) (Schwab, 1993) 
d = diameter ofthe pipe, ft 
s = slopeofthe pipe, ftlft 

Final Monthly Water Budget Results 

The following tables illustrate the water budgetwith an inflow of 1/5of the Treasure Mountain 
Drainage and the detention timeassociated with it: 

Monthly Water Budget for Glade Spring Wetland Restoration Project 
Precip ET InTM InHflume Infiltration Outlet 

Month (ft3) (ft3) (ft3) (ft3) (ft3) (ft3) 
April 3720.07 375.38 126645.12 0.00 0.00 129989.82 
May 5006.96 410.39 44461.44 0.00 0.00 49058.01 
June 3871.47 425.95 48677.76 0.00 0.00 52123.29 
July 5428.71 524.17 26516.16 0.00 0.00 31420.70 
Aug 3979.61 513.47 1767.74 0.00 0.00 5233.89 
Sep 3752.52 463.87 6428.16 0.00 0.00 9716.80 
Oct 2887.38 307.30 6642.43 0.00 0.00 9222.51 

Detention time 
InTM Volume Dettime Dettime 

(ft3/month) (ft3) (months) (days) 
126645.12 10647.64 0.08 2.52 
44461.44 10647.64 0.24 7.42 
48677.76 10647.64 0.22 6.56 
26516.16 10647.64 0.40 12.45 
1767.74 10647.64 6.02 186.72 
6428.16 10647.64 1.66 49.69 
6642.43 10647.64 1.60 49.69 
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Calculation 4. PipeDesign for Inflow to Constructed Wetland Basin 

Before designing the pipe, the following assumptions were made: 

Temperature ofwater = 100 C (minimum measured water temperature = 11 0 C)
 
Density ofwater = 1000kg/m'
 
Viscosity of water = 1.5674 * 10-3 kg/(m*s)
 
First iteration diameter of pipe= 4 in.
 
Equivalent lengthof pipe=40-ft + 10-ftfor a sharp-edged entrance given
 

The mechanical-energy balance equation was used: (Geankoplis, 1993) 

_1_(v2 _v2 )+g(z -z)+ (P2 -PI) +W+W =0 
2av lav 2 I s2a p 

Becausethe velocities of inflow and outflow were approximately the same, and the pressure on 
each sideof the pipeis set for atmospheric pressure, andthere is no pump or fan; the headcan be 
set equalto the negative ofthe friction factors (all in SI units). 

2 2 2 -xr =4(0.0065) 12.19 (0.0006/D )2 +0.5 (0.0006/D )2 +9.5 (0.0006/D )2 =9.81(0.52) 
D 2 2 2 

The headwas calculated basedon a 40-ft lengthofPVC pipeand a 1.3% slopeofthe pipe. The 
fanning friction factorwas achieved due to multiple iterations. First, the initial diameter was 
assumed. Then, Reynold's number was calculated baseduponthe flowtakenfromthe Treasure 
Mountain drainage. ThisReynold's number was usedto find the fanning friction factor assuming 
a smooth pipefor the PVC material. The fanning friction factorwas used in the aboveequations. 
Next, diameter was adjusted until eachsideofthe equation matched. Thismeans that the 
diameter of the pipecan carrythe flow specified (the friction forces are overcome). A pipe 
diameter largerthanthis canbe selected basedon standard pipesizes available for purchase and a 
10% safety factor Since the result of this process was a 1.15-in. diameter pipe, witha safety 
factor this becomes 1.27-in. Pipe sizes ofinner diameter greaterthan thisare the I-~, the 1.5-in., 
andthe 2-in. pipes. In April the largest baseflow quantity was seen (no stormevents were 
measured). When this was run through the iterative process, andthe diameter was calculated 
witha 10%safety factor, the result was-I.82-in. Therefore, the 2-in. pipewas chosen for the 
design. 
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Calculation 5. Constructed Wetland Overflow Spillway
 

The overflow spillway was designed specifically to drain ~-inch ofpondedarea in a 24 hour 
period. Beforecalculations were startedthe flowvelocity within the spillway was assumed to be 
3 mls. 

The continuity equation was used to determine the flowrate needed to supportthe velocity and 
area ofthe constructed basinthat is to be drained by the channel. 

The equation states that:
 
q=av
 

a = 1129 m2 (area of basin)
 
v = 2.21*10w7 mls (average velocity offlow)
 

q = 0.000249 m3/s (flowrate) 

The depth and top width of the overflow spillway were assumed to be 50.9 mm (0.167 ft or 2 in.) 
and 3.048 m (10 ft), respectively, for a 3 mlsvelocity. Theseassumptions were then used to 
calculate flowthroughthe outflow spillway using the following equation (Schwab et al., 1993): 

a=~td 

t=50.9mm
 
d=3.048m
 

2a= 0.103 m

v=3 mls
 

The flow rate calculated for thisarea was compared with the flowrate specified by the water 
balance analysis. The design flow valueof0.310m3/s is much greaterthan the needed flowrate 
of0.000249 m3/s. In fact, evenif the basin areawas five times greaterthe design flowwould still 
be adequate. 
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T
hank you for visiting the G

lade S
pring 

m
ucks. 

Soils w
ith a high m

ineral content (sand
, 

W
etland

. W
e hope that you enjoy your visit w

ith us. 
silt, and clay), on the other hand

, tend 10 form
 in 

~
@
n
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@
 

T
o m

ake it m
ore accom

m
odating 10 everyone

, please 
w

arm
 , w

ooded w
ellands and other locations that are 

follow
 all signs and do not litter. 

W
etlands are transitional lands w

here the w
ater 

table is usually at or near the soil surface. 
W

etlands 
have varying functions: 

• 
Physical : flood control , groundw

ater 
recharge, and sedim

ent trapping 
• 

C
hem

ical: 
w

aste treatm
ent and pollution 

interception 
• 

B
iological: biological production and habitat 

• 
S

ocioeconom
ic: food., fuel, tim

ber, 
recreation, aesthetics, and education. 

S
pecial A

ttractions 
T

he follow
ing num

bers are associated w
ith trail 

m
arkers. 

Please read the caption at the associated 
trail m

arker. 

1) T
he H

ydrologic R
egim

e, or the dynam
ic and 

dom
inant presence of w

ater, is the defining 
circum

stance of a w
etland. 

T
he w

ater level is 
typically at, just below

, or just above the ground
's 

surface, creating the saturated conditions that lead 
to the developm

ent o
f hydric soils and the presence 

o
f hydrophytic plants. 

2) 
W

etland diversity is very im
portant to different 

species of plants and anim
als. 

V
egetation height 

and density, tem
perature gradients, w

ater levels, 
food diversity, daily and seasonal fluctuations, an

d
 

soil types all com
bine in vibrant, hum

m
ing, 

synchronized concert to create the sym
phony that is 

a healthy and flourishing w
etland. 

3) H
ydric Soils are saturated long enough during 

the grow
ing season to create an anaerobic (low

 
oxygen) state in the soil horizon. T

his lack of 
available oxygen lim

its the num
ber of species that 

can survive there . 
Som

e w
etland soils are 

dom
inated by organic m

aterial (partially 
decom

posed plants) and are categorized as peats or 

w
ater-saturated for only a portion of the grow

ing 
season

. 

4) W
etland P

lants, know
n as hydrophytic plants, 

have adapted to thrive in w
etlands despite the 

stresses o
f an anaerobic and flooded environm

ent. 
T

o succeed in their w
aterlogged environm

ent, 
w

etland plants m
ust em

ploy strategies such as long 
transporting tubes (em

ergent reeds), flotation 
(lilies), and buttressed trunks (cypress trees). 

P
lants 

are often the m
ost obvious indicators of a w

etland. 

5) 
W

ildlife H
abitat 

F
rom

 bacteria to beaver, w
etlands are both hom

e 
and superm

arketfor a m
yriad o

f residents, T
h

e 
vegetative productivity attracts anim

als that utilize 
the w

eiland for food, shelter, spaw
ning, nesting, or 

predatory opportunities. 
E

ighty percent of all breeding bird populations in 
the U

nited States, along w
ith m

ore than half of the 
protected m

igratory bird species, rely on w
etlands at 

som
e point o

ftheir life cycle. 

6) 
G

roundw
ater M

onitoring is an im
portant part o

f 
any w

etland investigation. 
A

n extensive am
ount o

f 
data needs to be collected in order to characterize 
the groundw

ater flow
 of a w

etland. 

In the w
riting of this brochure W

ow
! T

he W
onders 

of W
etlands E

ducator's G
uide (1995) w

as referred 
to and quoted . T

he publisher should be contacted 
before any publication of this brochure is m

ade. 
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