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INTRODUCT ION 

| The Annual Conference on Wetlands Restoration and Creation 
provides a forum for the nationwide exchange of results of scientific 

| research in the restoration, creation, and management of freshwater and 
| coastal systems. The conference is designed to be of particular 

benefit to governmental agencies, planning organizations, colleges and 
universities, corporations, and environmental groups with an interest 
in wetlands. These proceedings are a compilation of papers and 
addresses presented at the Fourteenth Annual Conference. 

- This year's conference would not have been possible without the 

assistance and cooperation of Mr. Roy R. "Robin" Lewis, III. Mr. Lewis 
has been an important contributor since the very first conference, 

| fifteen years ago. We are grateful for his help and participation. 
Appreciation is also extended to Charles Deusner for providing adminis- 

| trative support. for the conference. | 

- The following people also deserve thanks for contributing to the 
conference and assisting in the preparation of the proceedings for 
publication: Bettye J. Broxton, Fay Crowe, Brian England, Johnnie 
Harcleroad, Mary Rodriguez, Patricia Schwarzlose, David Walker, Jackie 
Watford, and Cecelia Weaver. | 

Thanks are extended to the staff of Mangrove Systems, Inc. and 
Biological Research Associates for sponsorship of the Annual Shrimp 
Feast and for arranging and conducting very successful field trips to 
wetland restoration/creation sites. 

The proceedings could not have been completed without the time and 
efforts of the authors and reviewers. | | 

To all these people, thank you. 

| | t



DIVERSIFICATION IN WETLAND MITIGATION: 
A CASE STUDY - COPPERCREEK DEVELOPMENT PROJECT 

Kevin M. Berg* , | 
John A. Prokes* | | 

| | Swanson Environmental, Inc. : 
Farmington Hills, Michigan | 

on ABSTRACT = | 

To offset the loss of 2.2 acres of persistent emergent wetland 
habitat impacted as a result of a 200 acre development project in 
Farmington Hills, Michigan, a 2:1 mitigation replacement ratio was 
required by the Michigan Department of Natural Resources (MDNR) under 
the Goemaere-Anderson Wetland Protection Act to assure "no net loss" of 
wetland habitat. To meet the MDNR permit requirements, a mitigation 
design was introduced which would replace and enhance the functional 
integrity of the wetlands impacted through diversification of wetland 
habitat. For the Farmington Hills development project, 4.4 acres of 
wetland habitat containing three individual wetland vegetational : 
communities (persistent emergent, scrub-shrub, and open water) was | 
designed and created in an upland area contiguous to an existing 
wetland system and stream. This was accomplished through manipulation | 
of slope, soil, and hydrology, and the application of native and non- 
native wetland seed mixes. Vegetational succession, functional values, 
and overall habitat quality will be monitored to determine if diversi- : 
fication in wetland mitigation design/creation increases the diversity 
of wetland functional attributes and if the mitigation ratio require- 
ments. as proposed by the MDNR result in "no net loss". of wetland 
habitat. . | : | 

INTRODUCTION 

In 1980, the Michigan Department of Natural Resources (MDNR) was 
given authority to administer the Section 404 requirement of the 
federal Clean Water Act. Subsequently, the State of Michigan promul- 
gated and adopted the Goemaere-Anderson Wetland Protection Act No. 203 
P.A. 1979 to “provide for the preservation, management, protection, and 
use of wetlands, to require permits to alter certain wetlands; to 
provide for a plan for the preservation, management, protection, and 
use of wetlands; and to provide remedies and penalties." General 
conditions within the act which provide for state regulation of wetland 
habitat are summarized be low: 

*Kevin M. Berg *John A, Prokes 
2468 Somerset Blivd., Apt. 201 8621 Hidden Lake Drive 
Troy, Michigan 48084 Howell, Michigan 48843 
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A wetland or portion of a wetland: 

1) Greater than 5 acres in size in a county with greater than 
100,000 population; - 

2) Contiguous to an inland lake or pond, river or stream, one of 

the Great Lakes or Lake St. Clair; and 

3) Less than 5 acres in size in any county, not contiguous but 

determined by the MDNR that protection of the area is essential to the 

preservation of the natural resources of the state from pollution, 

impairment, or destruction. 

Except as otherwise provided by this act or by a permit obtained 

from the department, a person shall not: 

1) deposit or permit the placing of fill material in a wetland; 

2) dredge, remove, or permit the removal of soil or minerals from 

a wetland; 

3) construct, operate, or maintain any use or development in a 

wetland; and 

4) drain surface water from a wetland. 

The above provisions have caused some confusion as to the defini- 

tion of certain terms used in the act. These terms include inland lake 

| or pond, river or stream, and contiguous. Common issues which have 

received major criticism include the criteria for wetland determina- 

tion, the permit application process, prudent and feasible alterna- 

tives, and mitigation considerations. Rules which are intended to 

clarify these and other items are currently proposed for review and 

comment by the MDNR. If adopted, the rules may benefit both the public | 

and private sectors through a better understanding of the intent of the 

act. , 

Wetland Mitigation in Michigan 

The MDNR's policy on wetland mitigation has changed dramatically 

since the state wetland protection act became effective October 1, 

1980. Initially, acceptable mitigation consisted of purchasing land 

which contained regulated wetland habitat and merely preserving it or 

enhancing contiguous or off-site wetland habitats of low quality or in 

regression. When “no net loss" of regulated wetland habitat became an 

issue, replacement ratios were set which consisted of 1:1 (acre for 

acre), 2:1, or 3:1 replacement for scrub/shrub, persistent emergent and 

open water habitats, respectively. However, many forested wetlands 

were considered by the MDNR to be of relatively lower quality and more 

abundant (more than two-thirds of the wetland remaining in Michigan) 

with a required replacement ratio of only 0.5:1. The “no net loss" 

3



issue for any regulated wetland habitat became a necessity when goals | 
set to accomplish successful wetland mitigation for 0.5:1 forested 
wetland mitigation projects (by creating "ponds" consisting of primar- 
ily open water wetland habitat considered by the MDNR to be of higher 
quality because of use by waterfowl) were not being achieved in 
accordance with the proposed mitigation plans. 

With regard to the current status of the MDNR's wetland mitigation 
policy, it is the department's position that it ". . . may impose 
conditions on a permit for a use or development if the conditions are 
designed to remove an impairment to the wetland benefits, to mitigate 
the impact of a discharge of fill material, or to otherwise improve the 
water quality." The proposed rules, which incorporate more detailed 
mitigation definitions and guidelines are, for the most part, currently 
followed by the MDNR and are summarized in the flow diagram shown in 
Figure 1. From this figure, it can be seen that the key elements in 
determining the necessity for potential mitigation efforts are the 
issues of prudent and feasible alternatives (to include avoiding the 
impact(s) altogether through "no action") and wetland dependency of the 
proposed project or activity. Only until these issues are addressed 
will unavoidable impacts and potential wetland mitigation alternatives 
be considered by the MDNR. At this point it is imperative that wetland 
mitigation become an acceptable alternative only when the wetland(s) 
impacted by the proposed development project or activity can be 
replaced in a practical and feasible manner with a "no net loss" of 
wetland habitat and, where possible, be provided on-site where practi- 
cal and beneficial to the wetland resources. Despite these mitigation 
considerations, 95% of wetland permits issued by the MDNR require no 
mitigation efforts. Most impacts that are mitigated have not been 
successful, therefore, net loss of wetland habitat is still occurring. 
Because of the lack of success of mitigation projects thus far, the 
MDNR lacks confidence in reviewing and authorizing the implementation 
of mitigation design plans. However, it is our Opinion, and the 
purpose of this paper to show, that mitigation of certain wetland 7 
habitats can be accomplished by utilizing specific design criteria 
intended to increase the functional values and overall habitat quality | 
through diversification of habitat structure. We believe and attempt 
to demonstrate that this can be accomplished through manipulation of 
Slope, soil, and hydrology along with the application of native and 
non-native wetland vegetation seed mixes. Incorporating diversifica- 
tion of wetland habitat in the mitigation design/creation plan will 
help to assure diversification of wetland functional attributes so that 
the mitigation ratio requirements, as proposed by the MDNR, are likely 
to be satisfied and result in "no net loss" of wetland habitat from the 
proposed development activity. 

Justification for Diversification in Wetland Mitigation 

There is currently a great deal of literature which addresses the : 
importance of habitat diversity in increasing wetland functional 
values, Jacobs (1975) notes that, in general, the greater the diver- . 

4 |
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sity of wetland types, the greater the number of biotic niches, and 
therefore the more opportunities for species invasion. Larson and 
Neill (1986) state that heterogeneity of wetland types creates habitat 
diversity, which, in turn, results in high species richness of wildlife 
and that overall wildlife and ecological values will be enhanced by the 
induced habitat diversity. Beecher (1942) demonstrated that the number 
of bird nests was positively correlated with the number of plant 
communities in marshes. Individual plant species also appear to play 
an important role as specific food sources for a variety of wildlife 
(Weller 1978). Steel et al. (1956), Weller and Spatcher (1965), and 
Patterson (1974) all suggest that plant community interfaces or 
cover/water edges often are key habitat features to which birds respond 
and that few birds use dense and uninterrupted stands of vegetation. 
MacArthur and MacArthur (1961) and MacArthur et al. (1962) found that, 
in general, the more complex the habitat structure, the greater the 
number of bird species present and that habitats with permanent water 
have a higher diversity of bird species than do similar habitats 
without water (MacArthur 1964). Since life form of vegetation deter- 
mines the structural character of the habitat for animals (Golet & 
Larson 1974), diverse vegetation forms attract a variety of faunal 
species (Jaworski & Raphael 1979) which is not limited to just avian 
use. Finally, it appears that wetland size may be of little conse- 
quence to diverse wildlife use provided that habitat diversity is 
retained and maintained (Weller 1978). Niering and Kraus (in Larson & 
Neill 1986) indicate that the overall goal of mitigation should be to 
recreate a wetland in a setting that is hydrologically sound and that 
will maintain a vigorous wetland plant community with high productiv- 
ity. Establishing a wetland with a multi-functional role should be 
stressed, since the ability to create a wetland that serves a specific 
function with respect to vegetation is limited. 

The aforementioned literature suggests that diversity of habitat 
yields diversity of wildlife and most likely other wetland functional 
values, and it is this widely accepted ecological principle upon which 
the Coppercreek wetland mitigation project is based. 

THE COPPERCREEK STUDY SITE 

The Coppercreek study site consists of approximately 200 acres 
located in a residentially zoned area in Farmington Hills, Michigan 
(Oakland County, Section 28, T. 1 N., R. 9 E.). The property was 
purchased by Biltmore Properties Corporation, a major home developer in 
Michigan, for the purpose of developing a 9-hole golf course and both 
Single family and cluster residential units. A wetland assessment 
performed on the property identified approximately 35 acres of regu- 
Tated wetland habitat, including forested, scrub/shrub, wet meadow, 
persistent emergent, and open water areas. Prior to designing a 
development plan for the property, sensitive and relatively high 
quality (unique and functionally valuable) wetland habitats were 
delineated and proposed as “unmitigatable"; these included primarily 
forested, scrub/shrub, and open water habitats, which totaled approxi- 
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mately 50% or 17 acres of the total wetland habitat identified. The 

remaining wetland habitat on the property, mostly wet meadow and 

persistent emergent, was considered as potentially “mitigatable," as 

long as the impacted areas were limited in size (<5 acres) and en- 

croached only along the perimeter of the habitats. The final approved 

development plan for the Coppercreek project avoided all but 2.2 acres 

of persistent emergent and wet meadow habitat. Construction impacts to 

existing wetland habitat consisted of a few single family lots, golf 

course tees and greens, and a bicycle path. 

To offset the loss of the 2.2 acres of persistent emergent and wet 

meadow wetland habitat (qualitatively considered to be of relatively 

low to medium quality) to be impacted as a result of the development 

project, a 2:1 mitigation replacement ratio was required by the MDNR to 
assure "no net loss" of wetland habitat. 

| COPPERCREEK MITIGATION DESIGN PLAN | 

To meet the MDNR mitigation ratio requirements and replace and 

enhance the functional integrity of the wetland habitats impacted, a 

| mitigation design was introduced which would enhance the functional 

quality of created wetland through diversification of habitat design 

(Figure 2). For the Farmington Hills development project, 4.4 acres of 

wetland habitat containing three individual wetland vegetational 

communities (i.e., persistent emergent, scrub-shrub, and open water) 

were designed to be created in an upland area contiguous to an existing 

wetland system and stream. This was accomplished through slope, soil 

and hydrologic manipulation, and the application of native and non- 

native wetland seed mixes. The purpose of the mitigation plan designed 

by the Coppercreek project was not only to prevent a “no net loss" 

situation, but also to replace and enhance the functional integrity of 

the wetland habitats impacted by expanding the functional quality of 

created wetland through habitat diversification. The final mitigation 

design plan approved by the MDNR consisted of creating 1.4 acres of 

open water, 2.2 acres of persistent emergent, and 0.8 acres of scrub- 

shrub wetland habitat. These habitats were intended to be created 

adjacent to a stream and existing forested, scrub-shrub, and persistent 

emergent wetland habitat. The existing contiguous wetland habitats 

indicated that this site could provide a suitable hydrologic regime as 

well as allow vegetational encroachment from adjacent native wetland 

plants and provide a potential seed source, buffer zone, and source of 

aquatic organisms and wildlife, desirable for a successful establish- 

ment and use of the created wetland habitats. The wetland habitats in 

the Coppercreek mitigation plan were designed with the intent to create 

habitat for waterfowl and avian feeding, nesting, resting, and rearing, 

as well as aquatic organisms such as macroinvertebrates, plankton, 

amphibians, and reptiles which would provide food chain support. In 

addition to the increased wildlife value, the created wetland habitats 

: would provide additional flood storage, sediment trapping, water 

quality enhancement, and nutrient retention capacities to the existing 

contiguous wetland habitats. 

7
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According to Garbisch (1977) the two most important factors to be 

considered when preparing a site for marsh establishment are surface 

slopes and surface elevations; these factors were also considered to be 
of primary importance in designing wetland habitats to establish a 
potentially diverse habitat association, the implementation, construc- 
tion, and development of which are described in the following section. 

IMPLEMENTAT ION/CONSTRUCT ION/DEVELOPMENT 

Construction of the Coppercreek mitigation design was initiated on 

July 6, 1987 and actual physical construction was completed on Septem- 

ber 9, 1987. In accordance with MDNR permit requirements, construction 

, of the mitigation wetland was to be initiated before project develop- 

ment, with all construction activities supervised by experienced 
wetland ecologists. . 

| Prior to construction, a filter-fabric fence was used to delineate 

created wetland boundaries and to prevent impacts from construction 
activities to the existing contiguous wetland habitats and stream. 
Surface ground elevations were surveyed at the proposed wetland edges 

and within the specific wetland habitats to determine excavation depths 

| required to maintain continuous hydrologic infiltration from ground- 

water and surface water runoff. The proposed wetland site and sur- 
rounding area contained a near surface aquifer which maintained 
contiguous wetlands and streams and thus provided an excellent source 
of water for the created wetlands. In addition, subsurface soils 
consisted of silt, clays, and marl in which to help capture and retain 

surface water runoff. 

Surface water elevations of the contiguous stream were used to 

determine the depth at which to excavate soil in order to create the 

various wetland habitats and to establish expected water elevations in 

the created areas. These stream elevations were measured during the 

assumed lowest level in July. Excavation depths in the created 

wetlands varied from 1 to 6 feet. Water depths in the created open 

water wetland areas were designed and excavated to range from no less 

than 1.5 feet during dry periods (summer) to no more than 3 feet during 

high periods (spring runoff) as required by the City of Farmington 

Hills. Persistent emergent areas were designed and excavated to 

contain fluctuating water levels from 0 to 1.5 feet in depth, with the 
low water period elevation being at the expected low groundwater level. 
Scrub/shrub areas were designed and excavated to contain no more than 

| 0.5 feet of water and no less than 1 foot below the ground surface 

during dry periods. 

Excavated depths in the created wetland areas were 6 inches below 

| final grade elevations to allow for the placement of peat material 

removed from impacted wetlands. It is expected that the peat mix will 

provide a seed source for vegetative establishment in the created 

wetland areas. Larson and Neill (1986) indicate that the use of 

dredged wetland soils as a seed source avoids the problem of importing 
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plants from unsuitable sources, reduces the potential of importing 
unwanted species and is far less expensive than planting. It is also 
suggested that rapid response of native plants appears to be common and 
this has been interpreted as strong evidence of replication success. 

In an attempt to maintain diversity of habitats, the Coppercreek 
mitigation plan was designed to incorporate fluctuating water levels 
associated with seasonal surface and groundwater fluctuations. It is 
our opinion that this variation in water levels should eventually help 
establish and maintain a diverse vegetational association. The 
hydrogeology of the Coppercreek site provided an excellent opportunity 
for creating a variety of wetland habitats within a relatively small 
area. | : 

Due to space limitations (property boundaries), slopes greater | 
than 1:6 could not be used; however, slopes generally should be 
maximized where possible to greater than 1:6 with 1:10 as a potential ) 
guideline value. Slopes in the Coppercreek wetland mitigation plan 
were designed to allow for the establishment and transition of sub- 
merged/floating/persistent emergent/scrub-shrub vegetation. To 
minimize erosion and stabilize the soils after construction of the 
wetland habitats, slopes were hydroseeded with barnyard grass (Echino- 
chloa crusgalli) and winterwheat (Triticum sp.). 

Initial vegetational development of the created wetlands in late 
summer of 1987, included horsetail, cattail, and smartweed, which 
occurred only in the persistent emergent zone. No submerged or 
floating vegetation was noted in the open water areas; however, 
considering the season, this was not unexpected. Wildlife use con- 
sisted of mallard ducks (Anas platyrhynchos), Canada geese (Branta 
canadensis), and leopard frogs (Rana pipiens). 

Due to the time of seeding (late September) and an early frost 
just after germination, much of the hydroseed did not grow the follow- 
ing spring (1988); therefore, the slopes were re-seeded to assure 
erosion control. Some erosion has taken place on the site, but it has 
been minimal and in fact it has created an even more diverse and 
erratic shore zone. The erosion has also created a varied sediment 
deposition which may assist in diversifying vegetational establishment. 

In an attempt to augment wetland successional development, 10 
pounds of a wetland sedge-wildflower seed mix obtained through Appl ied 
Ecological Services, Inc. in Juda, Wisconsin was purchased and applied 
to the persistent emergent elevations of the created wetland areas. 
The seed was dispersed by hand using wind and water currents as 
dispersal aids in May, 1988 after the threat of frost had passed. As 
Garbisch (1977) indicates, marsh establishment by seeding is considered | 
feasible only in the spring. Approximately 6 of the 10 pounds were 
dispersed in the low lying persistent emergent zones which, at the time 
of seeding, were wet mud flats. The mud flats aided in the adhering of 
seeds and provided a moist environment for seed germination. 
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The seed mix was harvested from wetland habitats in Rock County, 
Wisconsin in early August of 1987 by combine. There are at least 15 
species of sedges, grasses and wildflowers included in this mix. Plant 
species most prevalent in this seed mix are the first several listed; 
ail other species are present in minor amounts and included the follow- 
ing: 

~ SEDGES 

Carex vulpinoidea C. annectens C. stipada 
C. prairea C. Sartwellii C. musk ingumens is 
C. Crawfordii C. tenera C. normalis 
C. brevior C. comosa 

GRASSES 

| Leersia oryzoides Agrostis alba Poa pratensis 
ETymus Canadensis 

REEDS 

Juncus dudleyi J. tenuis Lythrum alatum 
Penthorum sedoides Lobelia cardinalis 

The seed mix was used in an attempt to establish non-native 
species, although wetlands in Wisconsin could be considered in the same 
ecoregion as Michigan. Planting or transplanting of vegetational 
species (especially scrub-shrub and tree species) was not implemented 
primarily due to costs. 

At the time of this writing (first spring since creation), 
vegetational encroachment into the created areas has been limited, 
although it is much too early to observe any obvious signs. However, 
wildlife use appears to be more diverse with use of the habitats by 
mallard ducks, killdeer (Charadrius vociferus), spotted sandpipers 
(Actitis macularia), bank swallows (Riparia riparia), great blue heron 
(Ardea herodias) , green-backed heron (Butorides striatus), and nesting 
geese, 

We would like to note that the final cost for the developer to 
create this wetland habitat, purchase the seed, and monitor the . 
progress to date has exceeded approximately $250,000.00. 

a GOALS 

To monitor the progression of wetland habitat development as 
proposed in the mitigation design plan, we will continue to quali- 
tatively assess and photodocument successional development through 
vegetational changes and species use. The types of vegetation estab- 
lished in each area and at what time in the development they occur will 
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also be noted. | 

Our goal is not only to establish a diverse high quality wetland 

habitat that results in "no net loss," but to establish a wetland that, 

although artificially created, proceeds along a natural wetland 

successional development path that requires no management. Through 

vegetational encroachment and seed dispersal from contiguous wetlands, 

seeds present in overlain peat, artificial seeding, and other seed 

invasion routes, we hope to establish the beginning of a diverse 
persistent emergent, submergent, and floating vegetational community 
within 2 to 3 years, with scrub/shrub habitat developing within 3 to 5 
years, and finally the occurrence of tree species within 5 to 10 years. 
The created wetland should be an area that under future expectations 
and regulatory definitions be an unmitigatable wetland. 

CONCLUSI ONS/ RECOMMENDATIONS 

A key issue to be addressed regarding the necessity for wetland 

mitigation is to determine whether or not there are prudent and 

feasible alternatives to the proposed development project or if the 

project is wetland dependent; these issues are not easily resolved. It 

must also be realized by the developer, regulatory agencies, and the 

general public that, should mitigation be considered, not all wetland 

areas can be successfully mitigated to the point where habitat loss and 

functional values can be compensated for by simply increasing the 

mitigation replacement ratio. As Banner (1979) notes, the practicality 

of mitigating wetland losses decreases as habitat quality increases. A 

wetland considered to be “degraded" should be given the same protection 

as one that is pristine and operating at full ecological function 

(Clark 1985) if “no net loss" of wetland habitat is to be maintained. 
However, it should also be recognized that the degraded wetland 

possesses a much higher mitigative potential. 

Where wetland mitigation is considered, habitat diversification 

should be incorporated into the design plan and as a general guideline 

for wetland creation projects. Although wetland mitigation and 

management means several possibilities depending on the goals of the 

wetland manager (Mitsch & Gosselink 1986), the overall goal of habitat 

diversification is to incorporate both in-kind and out-of-kind replace- 

ment by including the same type of wetland habitat (unless considered 

degraded) with other habitat types. This would provide an effort to 

increase both plant and animal species diversity along with abiotic 

ecosystem processes attributed to habitat diversity. This approach, in 

turn, attempts to create unmitigatable wetlands of much higher func- 

tional quality which, in their natural state, should not be impacted in 

the first place. 

Due to the current uncertainties of wetland mitigation, mitigation 

projects should be limited to small scale attempts (<10 acres) but with 

a minimum creation requirement of 2 acres. We believe that to success- 

fully incorporate diversification into mitigation and significantly 
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enhance the functional values of created wetland habitat, not less than 
2 acres should be required for any impact to a wetland exceeding 0.5 
acres. If wetland creation of 2 to 5 acres is proposed in an upland 
area not contiguous to another wetland system or under the conditions 
previously described, then legislation in the proposed rules of Act 203 
should provide for the avoidance of creating non-regulated wetland 
habitat. 

Although the MDNR requires construction of wetland creation 
projects prior to development of a parcel to assure compliance, it is 
our opinion that wetland habitats should, where possible, be created 
after major earth moving activities have been completed around ‘the 
proposed wetland creation site to avoid post-creation impacts (e.g., 
erosion and sedimentation). Another precaution to help avoid potential 
post-creation impacts would be to propose wetland creation projects as 
far away from the development as possible and maintain as much of an 
upland buffer zone as possible. A buffer zone would not only provide 
extra protection to the created wetland but provide cover and resting 
habitat for wildlife. 

It seems reasonable that small scale success from wetland mitiga- 
tion efforts must first be achieved at a small cost so that we will 
have increased confidence, success, and cost-effectiveness in future 
large scale projects. The establishment of a larger data base from 
follow-up monitoring on at least a qualitative basis should be required 
of all mitigation considerations to document that the proposed goals 
are achieved. The follow-up monitoring program should incorporate a 
reference wetland (on-site if possible) for the purpose of examining 
the effectiveness of mitigation efforts and to quantify wetland 
functions and values, thereby providing an objective means to define 
mitigation requirements (Hughes et al., in publication). The reference 
wetland, however, could not be a site similar to the mitigated wetland 
since the goal to off-set the impact(s) to this area would not be 
restricted to in-kind replacement. 
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TO RESTORE A SALT MARSH, 1987 
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ABSTRACT 

The concept and practice of enhancing wetlands has been well 

established in the profession of wildlife management. However, to 

date, the practice of such enhancement was largely carried out in 

relatively pristine, freshwater environments, whereas in tidal areas or 

on sites already heavily distributed by man, biological enhancement is 

in its infancy. 

The primary subject of this study is a 63-acre parcel adjacent to 

the New Jersey Turnpike's Eastern spur just north of New Jersey Route 3 

(3 miles from Manhattan). The mitigation site is tidal and located in 

an urban region. The parcel was formerly a monoculture of common reed- 

grass (Phragmites communis), 3.6 to 4.5 meters tall. Because of its 

physical dominance, it has long been suspected that the common reed 

crowds out desirable wildlife, their food plants and reduces the value 

of the habitat. The 63-acre parcel has been enhanced using horti- 

cultural and earthwork techniques. Horticultural efforts involved 

elimination of common reed and seeding of saltmarsh cordgrass (Spartina 

alterniflora) to create a better environment for wildlife. Earthwork 

Involved moving 60,000 yards of material on-site. The renovated marsh 

now features three diverse habitats: 10-15 percent open channels /mud 

flats, 10 percent dry berms, and 75 percent cordgrass meadows. This 

study compares wildlife utilization of the mitigated marsh to that of 

an adjacent unenhanced, 13l-acre common reed marsh. 

Highly mobile wildlife species have responded dramatically. A 
| total of 32 different bird species were observed utilizing the still to 

be completed 63-acre mitigation site; 16 different species were seen on 

the 13l-acre control site. Confirmed bird observation on the mitiga- | 

tion site numbered 1,592 versus 204 in the unmitigated wetland. This 
represents a doubling of bird species and a seven-fold increase in bird 

numbers. On an acreage basis, the increases are again doubled. 
Benthic invertebrates demonstrated a tripling of numbers and doubling 
of species compared to adjacent control unmitigated wetlands (Kraus 
1986). 

Mammaliam population numbers have doubled (on an acreage basis) on 

the mitigation site. 

*Subconsultant to TAMS Consultants, Inc. and Hartz Mountain Industries, 

Inc. 
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No noticeable changes in herptilian and fish populations were 
noted. Some improved water quality occurred but data was not suffi- 
cient to statistically verify the finding. 

INTRODUCTION 

The concept and practice of enhancing or creating wetlands has 
been well established in the profession of wildlife management. For 
example, the U.S. Fish and Wildlife Service spends millions of dollars 
annually to create impoundments, dredge waterbodies, reestablish 
desirable plant species and eliminate pests for the purpose of increas- 
ing the environmental value of wetland properties under their manage- 
ment. However, to date, the practice of such enhancement was largely 
carried out in relatively pristine, freshwater environments, whereas in 
tidal areas or on sites already heavily disturbed by man, biological 
mitigation is in its infancy. 

The subject of this study is a 63-acre parcel adjacent to the New 
Jersey Turnpike's Eastern spur just north of New Jersey Route 3 (only 
4.8 kilometers from Manhattan). The mitigation site is both tidal and 
in an urban region. The parcel, located in Mill Creek Basin in the 
Hackensack Meadowlands, was formerly a monoculture of common reedgrass 
(Phragmites communis) 12 to 15 feet tall. The population density 
(average 200 plus stems per square meter) was so great that visibility 
through the stands was less than one meter. Because of its physical 
dominance, it has long been suspected that the common reed crowds out 
desirable wildlife, their food plants and reduces the value of the 
habitat. According to the U.S. Fish and Wildlife Service, encroachment 
by common reed can cause a decline in wildlife use of up to 80 percent 
(U.S. Department of Interior 1983). The species primarily affected by 
this reduced habitat include ducks, other waterfowl, several marsh 
mammals, and wading shorebirds (i.e., herons, egrets, and rails). 

Common reed was most probably also a factor in causing a pre- 
mitigation average site elevation of +1.06 meters National Geodetic 
Vertical Datum (NGVD). This elevation is only 0.3 miles below the mean 
high tide of +1.09 meters NGVD. Thus, only 2.5 or 5.0 centimeters of 
tidal water flows on-site twice daily. This slight tidal inundation in 
conjunction with poor water quality (i.e., dissolved oxygen frequently 
below 1.0 part per million) and the slowly decomposing reed stems 
caused the site to have reduced marine values. 

The 63-acre parcel was enhanced using horticultural and earthwork 
techniques intended to enhance both its estuarine and marine environ- 
mental values. The major effort involved the effective elimination of 
the well-established common reed, and ensuring plant or seedling sur- 
vival of saltmarsh cordgrass (Spartina alterniflora). Cordgrass is a 
shorter, less densely packed grass which constitutes a more natural 
habitat, which encourages a greater diversity of wildlife. Common reed 
was eliminated by the use of a glyphosate, systemic herbicide. Cord- 
grass was seeded on the site where elevations were reduced by excava- 
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tion to +.6 to +.9 meters NGVD (or .15 to .45 meters below mean high 
water). Cordgrass needs to be inundated daily by tidal waters. Conse- 
quently, canals were cut leading from the adjacent Mill Creek deep into 
the 63-acre parcel. Excavation of slopes with drainage sufficient to 
provide the cordgrass with the right amount of water (between elevation 
+.6. and +.9 NGVD) required extreme care and precision. The excavated 
material was then piled into raised berms that will eventually support 
shrubs and trees for nesting and roosting areas (TAMS 1985). The 
renovated marsh now features three diverse habitats: 15 percent open 
channels/mud flats, 10 percent raised berms, and 75 percent cordgrass 
meadows. 

The purpose of this study was to compare the restored marsh to an 
adjacent unenhanced 13l-acre common reed marsh. Bird and mammal 
observations were conducted, water quality measurements were taken 
("“in-situ" and samples collected for laboratory analysis) and the fish 
population was sampled in each marsh area over a nine month period. 

METHODS 

The restored site, located in Secaucus, New Jersey, is bounded by 
the New Jersey Turnpike (East Spur) on the east, Mill Creek on the 
west, lower Cromakill Creek and the Hackensack River on the north, and 
a line perpendicular to the Turnpike on the south, about 427 meters 
south of the Turnpike bridge over Cromakill Creek. The winding Mill 
Creek shoreline of the mitigation site is about 610 meters long. 

The control marsh, hereafter referred to as the IR-2 site, is 
adjacent to the restored marsh, occurring just south of it, and it is 
also bounded by Mill Creek on the west. The site is 95 percent common 
reed monoculture with several steep-sided mosquito control channels 
making up the balance of the area. 

A comparative study of the two sites was conducted regularly 
between October 1986 and August 1987. Bird and mammal counts were 
performed monthly, while seining and water quality measurements were 
conducted bi-monthly. 

Bird counts were conducted at each site by walking or boating 
through the entire site for a one-hour period. Only birds seen 
actually utilizing the marsh (i.e., feeding, resting, stalking over- 
head) were counted. Birds were observed with binoculars and identified 
using Birds of North America (Robbins et al. 1966). Physical evidence, 
such as tracks or scat, were also noted. 

Mammal traps, with bait, were interspersed randomly throughout 
each site for 24-hour periods to sample the mammal populations. In 
addition, other physical evidence was observed, such as animal tracks, 
burrows, or scat, to determine the presence of mammals. 

Seining was conducted bi-monthly at each site. A three meter 
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seine was pulled once for fifteen meters. Netted fish were then 
identified and counted. | 

Water quality measurements were also taken bi-monthly at each 
site. Dissolved oxygen was measured with a YSI meter. Water was 
collected in sterile jars and then transported, on ice and within 12 
hours, to a certified water quality laboratory where biological oxygen 

demand, total coliform bacteria, and fecal coliform bacteria levels 

were measured, 

RESULTS 

In terms of both the number of species and individuals, far more 
birds were recorded on the restored site than the adjacent reed marsh 
(see Table 1 for species list). A total of 32 different bird species 
were observed utilizing the still to be completed 64-acre mitigation 
site. Sixteen different species were seen on the 13l-acre IR-2 site 

| (Table 2). Confirmed observations on the restored site numbered 1,592 
and 204 on the IR-2 site. This represents a doubling of species and a 
seven-fold increase in bird numbers, at the restored site, which is 
less than half the size of the IR-2 site. Three active waterfowl nests 
and 10 confirmed fledglings were observed on the mitigation site. No 
breeding birds were observed on the IR-2 site. 

No mammals were caught in any of the traps at either the restored 
marsh or the IR-2 marsh. Tracks of the domestic cat (Felis domesti- 
Cus), Norway rat (Rattus norvegicus ) and muskrat (Ondatra zibethicus) 
were observed on the restored site. Muskrat and Norway rat tracks were 
also seen on the IR-2 site, as well as those of the eastern cottontail 

(Sylvilagus floridanus). Muskrat burrows were counted on the mitiga- 

tion site and the IR-2 site. A total of 39 burrows were counted on the 
various islands (only 50 percent complete) in the mitigation area. 
Forty burrows per 130 acres were counted on the banks of the channels 
at the IR-2 site. No hut dwelling muskrats were observed on either 
Site. 

An average of 29 (standard deviation +-30.7) mummichogs (Fundulus 
heteroclitis) were netted per seine at the restored site. A total of 
10 silverside (Mendia beryllina) and one sunfish (Lepomis macrochirus) 
were also taken at this site. An average of 148 muamichogs were caught 
per seine at the IR-2 site but the standard deviation, +-201.3 was very 
high. A total of 4 silverside were caught at IR-2 over the six month 
period. 

The water quality measurements were similar at both sites (Table 
2). The dissolved oxygen (DO) level averaged 5.2 ppm at the restored 

site and 4.9 ppm at the IR-2 site. Biological Oxygen Demand (BOD) 
levels were also similar at both sites, with an average of 6.2 ppm at 

the mitigation site, and 6.0 at the IR-2 site. Total coliform bacteria 
levels at both sites always exceeded 2,400 most probable number (mpn), 
while fecal coliform levels were almost identical at the mitigation and 
IR-2 sites with 1766 mpn and 1726 mpn readings, respectively. 
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Table 1. Species list of birds observed at the restored and IR-2 sites 
(October, 1986 - August, 1987). : 

Mitigation IR-2 
Latin Name | Common Name | Site Site 

Agelaius phoeniceus Red-winged blackbird 90 l 
nm 1Za maritima Seaside sparrow 12 0 

Anas crecca Green-winged teal 6 0 
Anas discors Blue-winged teal 0 3 | 
Anas platyrhynchos Mallard duck 68 19 
Anas rubripes Black duck 6 0 
Ardea herod Tas Great blue heron 2 0 
Botaurus lentiginosus American bittern 2 l 
Butorides straitus Green heron l 2 
Calidris alba Sander ling 2 0 
Calidris minutilla Least sandpiper 230 0 
Calidris pusilla Semipalmated sandpiper 230 0 
Charadrius semipalmatus Semipalmated plover 230 0 
Charadrius oct ferus Killdeer 19 6 
Circus cCyaneus Marsh hawk 4 l 
Cistothorus palustris Marsh wren 22 34 
Corvus brachyrhynochos American crow 5 l 
Egretta thula Snowy egret 90 l 
Falco columbarius Pigeon hawk l 0 
GalTinulTa chlorpus Gallinule l 0 
Hirundo rustica Barn swallow 2/ 18 
Iridoprocne bicolor Tree swallow 3 l 
Larus argentatus Herring gull 496 2] 
Larus atricilla Laughing gull 4 0 
Larus de lawarens is Ring-billed gull 3 0 
Larus marinus Greater black-backed gull ] 0 
MeTanitta de glandi White-winged scoter 0 2 
MeTospizza georgiana Swamp sparrow 26 28 
Nycticorax nycticorax Black-crowned night heron 2 0 
Quiscalus quiscula Grackle 0 6 
Sterna albifrons Least tern 23 0 
Sturnus vulgaris Starling l 0 
Tringa flavipes Lesser yellowlegs 8 0 
Tringa melanoleuca Greater yellowlegs 30 0 
Zenaida macroura Mourning dove 3 _0 

TOTAL 1592 204 
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Table 2. Water quality measurements at the mitigation and IR-2 sites 
(October, 1986 - August, 1987*). 

Mitigation 

Parameter Units Site IR-2 Site 

Dissolves Oxygen (ppm) ** 5.2 4.9 
Biological Oxygen Demand (ppm) 6.2 6.0 

Total Coli. Bacteria (MPN) *** always >2400 always >2400 
Fecal Coli. Bacteria (MPN) 1766 17 26 

* Average of bi-monthly samples 
** Parts per million 
***Most probable number per million 

ee 

DISCUSSION 

Healthy Spartina marshes provide an ideal habitat for a variety of 

bird species. They generally are teeming with macroinvertebrates such 

as worms and crustaceans which form an integral part of many bird's 

diets. They serve as a spawning ground for fish--another component of 

a predatory bird's diet. They provide the proper shading and protec- 

tion from potential predators and yet have enough open space to allow 
birds and mammals freedom of movement throughout the marsh. 

In a common reed marsh, the plant's stems grow so tall and densely 

(on the IR-2 site, stem counts average 200 per square meter with 

heights of 3.6 to 4.5 meters), that movement within the marsh is 

extremely limited. Avian species are affected both physically and 
behaviorally. It is physically impossible for a comparatively large 
bird such as a heron or egret to stalk or roost in a robust reed marsh. 

The stands of reed are simply too dense. Behaviorally, they cannot 

tolerate being “closed in." They are apparently unable to accept the 

limited sight distances which would shorten their escape response time 

when a dangerous intruder is detected. 

The above data indicate that shorebirds in the Hackensack Meadow- 

lands area are attracted to the newly restored marsh. A 100 percent 
increase in species and a 700 percent increase in numbers was found at 

the mitigation site. On an acreage basis, there was a 1,400 percent 

increase in the number of birds in the mitigation area. Many wading 

birds (two great blue herons and 64 snowy egrets) and a variety of 

shorebirds (sandpipers, plovers, least terns, and several species of 

| gulls) were observed utilizing the restored marsh. Successful water- 

fowl breeding was also observed on the restored site due to the 
presence of the dry berm nesting sites above tidal flows. 

At the IR-2 site, only birds small enough to go through the dense 

reed stems (i.e., sparrows, red-wing blackbirds, wrens), were observed 

utilizing the Phragmites marsh as well as some ducks which were 
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Swimming in the channels adjacent to the reed stands. In the unen- 
hanced common reed marsh perhaps only 5 to 10 percent of the habitat 
was usable by estuarine wildlife, and then only at low tide. When the 
mitigation is conducted, thoroughly interspersed estuarine habitat is 
available over the entire site for wading, feeding, resting and nesting 
throughout the tidal cycle (Hanley 1987). 

The fish population of both areas was composed almost exclusively 
of the mummichog (Fundulus heteroclitis). While greater numbers of 
mummichogs were caught in the unenhanced site, the data indicated that 
there is, in fact, a large number of mummichogs in the restored site-- 
enough to provide an adequate food source for predatory wading birds in 
the region. Lack of improved species diversity on the site is due to 
the generally poor water quality condition of the adjacent river as 
discussed below. 

The data seen indicate that there is no significant difference in 
the mammalian community of each area. However, an equal number of 
muskrat burrows were observed in each area. Since the restored site 
encompasses 63 acres, while the IR-2 site is more than double in size 
(131 acres) there appeared to be doubling of the muskrat population on 
the restored site. The lack of increased mammalian species diversity 
is probably due to the lesser mobility of these species and lack of 
Suitable, proximate, natural mammalian populations. 

The benthic invertebrate population was compared previously at 
both sites in a study conducted by the Hackensack Meadowland Deve lop- 
ment Commission. It was found that benthic invertebrates demonstrated 
a tripling of numbers and doubling of species by comparison to adjacent 
unmitigated wetlands (Kraus 1986). | 

The last comparison conducted, water quality, also reflected no 
Significant difference between the waters of the mitigated marsh versus 
the waters of the control marsh. Dissolved oxygen and BOD levels in 
both areas were nearly identical. Both fecal and total coliform levels 
in each area were extremely high, as is typical of marshes in the 
Hackensack estuary. 

These data lend to the preliminary conclusion that a simple, 
physical change in the marsh environment without accompanying detect- 
able chemical changes can make a dramatic difference in wildlife 
utilization. This technique has been used by wildlife managers in 
relatively pristine wildlife refuges for many years. As a result of 
this project, it appears that the same techniques can be effectively 
applied to environmentally distressed urban sites. 

It should be noted that the restored marsh is quite young. Work 
commenced in 1985, and still continues. Observations there will 
continue for some years and most likely will reveal an even greater 
diversity of wildlife. This further positive result is anticipated as 
disturbance due to construction and horticultural work subsides and the 
cordgrass matures, allowing the more sensitive marsh species (e.g., 
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over-wintering teals, Anas spp.) to utilize the marsh. 
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A SALTWATER WETLAND IN NORTHEASTERN KENTUCKY 

Hal D. Bryan 
Ecologist 

Division of Environmental Analysis | 
Kentucky Transportation Cabinet 

419 Ann Street 
Frankfort, Kentucky 40622 

ABSTRACT 

In the summer of 1987, the Kentucky Transportation Cabinet created 
a 1.5 hectare wetland as mitigation for the loss of a similar habitat 

. that was to be destroyed as a result of highway construction. However, 
soon after construction, a water quality problem occurred that has not 
previously been addressed by wetland biologists. Although chloride 
levels had been 25-35 mg/1 in the original wetland and adjacent Salt 
Lick Creek, they were measured as high as 1600 mg/l in the created 
wetland, which lies midway between the original wetland and the creek. 
EPA-established criteria for most aquatic life is 1200 mg/l. We had 
apparently intercepted an underground, salt-laden stream by the 
construction of a new wetland, 

Planning and timing of the construction was designed to create a 
facsimile of the original wetland. Preconstruction sampling of the 
original wetland revealed it to be a nursery for fishes and an impor - 
tant habitat for several species of frogs, salamanders and turtles. 
The new wetland was dug in a fallow cornfield and was similar to the 
Original in area and depth. Then a hydraulic connection was created ~ 
between the two. The original wetland was seined and resident fishes 
and herpetofauna were transferred to the created Slough. After 
drawndown in the original, the seed-bearing muck was moved from the 
original to the new wetland. Finally, the original wetland was filled, 
and the edges of the created were planted with trees and shrubs. 

After considering several expensive solutions to our chloride 
problem, we decided to wait and see if flooding would alleviate the 
Situation, January rains raised the stream level into the wetland 
bringing an abundance of young fishes and also diluting the salts. 
Through the spring and summer of 1988, chloride levels remained at or 
below 40 mg/1. Several species of amphibians, reptiles and fishes now 
use the new wetland, and the organic material distributed in the area 
has proved to be a rich source of diverse wetland vegetation. 

INTRODUCTION 

In far western Kentucky where the physiographic province of the 
Coastal Plain nears its northern limits, wetlands are not rare habi- 
tats. Cypress ponds and bottomland hardwood forests still persist 
despite continued encroachment by agriculture, silviculture and 
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development. However, on the unglaciated Appalachian Plateau of 

eastern Kentucky, wetlands have never been common and often furnish 

important, but isolated, habitats for a variety of species. 

The construction of the Alexandria to Ashland Highway impacted a 1 

hectare, Palustrine, shrub swamp in Lewis County of northeastern 

Kentucky. As mitigation for a required 404 permit from the U.S. Army 

Corps of Engineers, a replacement wetland was created adjacent to the 

slough that was to be eliminated by highway fill slopes. Although 

biologically important communities of long replacement time such as old 

growth cypress and bottomland hardwood wetlands cannot be created in a 

lifetime and should be avoided, in this situation an on-site creation 

was a reasonable mitigative measure. 

STUDY SITE 

The project site is near Vanceburg, Kentucky approximately 1.5 km 

south of the Ohio River and 65 km west of Ashland. The shrub swamp in 

the project path was an abandoned channel of Salt Lick Creek with an 

open water area approximately one meter deep (see figure). 

Although the area did not support any plants considered rare by 

state or federal agencies, it contained a diverse assemblage of native 

flora. Buttonbush, Cephalanthus occidentalis, was a dominant, but 

other woody species like alder, Alnus serrulata; black willow, Salix 

nigra; and red maple, Acer rubrum, ringed the shallow, open slough. 

Dominant herbaceous species included arrowhead, Sagittaria latifolia; 

water plantain, Alisma subcordatum; monkey flower, Mimulus ringens , 

sensitive fern, Onoclea sensibilis; water hemlock, Cicuta maculata; and 

false nettle, Boehmeria cylindrica. 

Because the slough was an abandoned channel hydraulically con- 

nected with Salt Lick Creek, it also served as a nursery for several 

species of stream fishes. Fry of sunfishes, Lepomis spp., and spotted 

bass, Micropterus punctulatus, were common in the slough as were 

severa | smaller Cyprinids, catfish and suckers. Several species of 

amphibians such as spotted salamanders, Ambystoma maculatum, bullfrogs, 

Rana catesbeiana; green frogs, R. Clamitans; red-spotted newts, 

Not ophtha Imus viridescens; and spring peepers, Hye crucifer, all laid 

eir eggs in the slough. A trilling chorus o erican toads, Bufo 

americanus, was deafening in early spring and the northern leopard 

frog, Rana pipiens, reached its southern distributional limits in this 

| area. Snapping turtles, Chelydra serpentina, and midland painted 

turtles, Chrysemys picta marginata, were also common in the wetland. 

Bat species documented feeding over the stream and slough included 

red bats, Lasiurus borealis; eastern pipistrelles, Pipistrellus 

subflavus; Tittle brown bats, Myotis lucifugus; and Keen's bat, M. 

keenii. Two small mammals, short-tailed shrews, Blarina brevicauda, 

and white-footed mice, Peromyscus leucopus, were found in the wetland. 

Wood ducks, Aix sponsa, were seen in the slough several times. 
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The species inventory revealed the existing slough to be an 
uncommon habitat that harbored many native wetland species, and 
therefore, a valuable ecological conmunity (Bryan 1987). 

METHODS 

An investigation of the wetland slough to be lost was initiated to 
document what were its resident species and to gain insight into the 
creation of a similar system. Both floral and faunal inventory of the 
existing buttonbush slough was done in January, April, June and July of 
1986. Plants were recorded and those species not identified in the 
field were collected for laboratory determination. The wetland was 
sampled in both January and June with seines and dipnets. Twenty-five 
pitfall traps as described in Caldwell and Bryan (1982) were set around 
the edges of the slough for small mammals and crayfish. Discarded 
bottles were also searched for remains of small mammals (Pagels & 
French 1987). Monofilament mist-nets were set over the stream and 
Slough for two nights in mid-June to collect bats. Water quality 
parameters were determined in both the existing slough and adjacent 
Salt Lick Creek with a Hach kit. 

Since engineers and contractors were not familiar with wetland 
creation, several on-site meetings were held in the summer of 1987 to 
discuss both the importance of the wetland and critical timing of the 
steps of the construction process. Although most of these considera- 
tions were detailed on the plans, these on-site discussions were 
essential to emphasize their importance to project success. 

RESULTS 

The site of the new wetland was a fallow cornfield located between 
Salt Lick Creek and the slough that was to be filled. The first step 
was to dig the new wetland a little larger (about 1.5 hectare), and at 
the deepest point, 0.7 meters deeper than the existing. This would 
replace slightly more area than that lost and allow for the inevitable 
silting of the new wetland. Outflow elevations were critical to 
wetland function as the existing wetland was both supplied and flushed 
by creek flooding. In step two of construction, elevation of the 
original hydraulic connection with the stream was maintained. A 
connector ditch was then constructed to drain the old wetland into the 
new. Water movement between the wetlands ceased when levels in the 
original wetland fell to an approximate depth of 0.7 meters. Water in 
the created wetland was supplied mostly by groundwater and only 
Slightly augmented by the hydraulic connection. ; 

In step three of the process aquatic fauna, such as fishes, 

turtles, amphibian larvae and macroinvertebrates, were trans located 
from the old to the new wetland with seines and dipnets. The next 
phase was to remove the seed-bearing, organic muck from the old wetland 

and distribute it around the borders of the created wetland to a depth | 
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of approximately 0.3 meter. After removing as much of the muck and 
aquatic fauna as possible, the original buttonbush slough was covered 
under 10 meters of highway fill. Seeding and planting of the new 
wetland was to begin immediately. 

However, in late Qctober of 1987, a local resident informed us we 
had constructed the wetland on the site of an old “salt mine." 
Kentucky pioneers often traveled many miles to where salt-laden springs 
would emerge and valuable salt could be collected by boiling. However, 
no springs were visible in this area when construction began. After 
being alerted to this possibility, we conducted water quality sampling 
in the new wetland which showed chloride levels of 1250 mg/1 and 
specific conductivity at 2000 micromhos/cm. We had apparently inter- 
cepted a salt-laden aquifer with new wetland excavation. For chloride, 
the EPA-established one-time maximum criterium for aquatic life is 1200 
mg/l (EPA 1987). Perhaps the name of the creek should have alerted us 
to the possibility of a problem, but we had not noticed elevated salt 
levels in either the stream or the original slough. Preconstruction 
chloride levels in the slough and adjacent Salt Lick Creek were 35 and 
10 mg/l, respectively. The remote chance of hitting an unsuspected 
Subterranean stream would have made groundwater sampling impractical. 

Solutions to our problem were either expensive or nonexistent. We 
considered methods of sealing subsurface flows and/or diluting the 
salts by pumping water from Salt Lick Creek. At least one engineer 
Suggested we simply use crabs and cordgrass instead of crayfish and 
cattails in our eastern Kentucky salt marsh. However, in spite of 
chloride levels that reached 1600 mg/l in the next couple of months, 
the translocated fauna continued to survive in the new wetland. 

Then in January 1988, winter rains raised the stream level into 
the wetland and accomplished salt dilution without the aid of engineers 
or biologists. Perhaps siltation also reduced the influx of salt-laden 
groundwater, After the flood, chloride levels returned to about 40 
mg/l and have not risen above this level despite drawdown conditions 
caused by the summer drought of 1988 (Table 1). 

Elevations of the hydraulic connections to the adjacent stream 
were essential to the functioning of the new wetland. Flooding also 
brought an abundance of young fishes into the wetland. In the spring 
of 1988 thousands of American toad larvae were using the created 
Slough. The spreading of topsoil and muck from the original wetland 
was a success, Wetland species such as sensitive fern; buttonbush; 
fog-fruit, Lippia lanceolata; spike-rushes, Eleocharis spp.; smart- 
weeds, Polygonum spp.; and sedges, Carex spp., are flourishing in and 
around the new wetland. Vegetation cover averaged 85% in May of 1988, 
where the muck was distributed and less than 10% (mostly garden weeds) 
in a small area that was not so treated. Seeding was not needed where 
the muck was spread. It will, however, require several years of 
succession to create sufficient habitat structure in the water to 
provide cover for aquatic invertebrates, fishes and herpetofauna. | 
Presently, this is the limiting factor in the success of the wetland as 
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a faunal habitat. 

| Table 1. Chloride levels (mg/1) and specific conductance (micromhos/ 
cm) in Salt Lick Creek, original shrub swamp and created 
wetland before and after highway construction in Vanceburg, 
Lewis County, Kentucky (Cl/sp. cond.). 

Salt Lick Original Created 
Date Creek Shrub Swamp Wet land 

JAN 8, 1986 5/400 ~ pre-construction 

APR 4, 1986 - 35/550 pre-construction 
SEP 3, 1987 N.D./420 filled 1250/3200 
OCT 5, 1987 - - 1400/3400 
NOV 18, 1987 10/380 - 1575/3800 
JAN-FEB f loods - f loods 
MAR 31, 1988 - - 35/1000 
MAY 12, 1988 - - 30/1250 
JUN 27, 1988 - - 40/1700 
AUG 7, 1988 - - 40/1200 
OCT 26, 1988 - - 35/1000 

N.D. = no data 

CONCLUSIONS 

Despite careful preconstruction data collection, a problem arose 

in wetland construction that could not have been foreseen by wetland 
planners. It took winter flooding and presumably sealing by silt to 
reduce chloride levels in the new wetland. 

This project demonstrated a need for close monitoring of project 

initiation, construction and completion. Information and instruction 

transmitted from biological wetland planners and engineers to construc- 
tion supervisors are sometimes not fully understood. 

Qualitative observations of flora and fauna and measurements of 

water quality of the created wetland will continue for several years. 
Early monitoring revealed the high chloride level and recently has 

| indicated another potential problem that we are attempting to mitigate. 

Fill slopes of the new road were constructed of acidic shale that 
threatens to contribute excessive iron and sulfur into the wetland. 

. These slopes were covered with fill material and a herbaceous cover was 

attempted despite spring and summer drought conditions. Ironically, we 

are designing other small wetlands underlain with limestone to mitigate 

acidic runoff on other projects, but had not anticipated the problem 

here. 

These situations have illustrated the need for project monitoring 
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not only to indicate unexpected problems, but also to provide informa- 
tion for the next project. However, on most highway projects funds are 
not available for such monitoring unless they are set aside during the 
project planning or design phases. Natural resource agencies should 
require monitoring as an essential part of the permit conditions so 
that early provisions can be made for funding beyond project comple- 
tion. | 
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CUMULATIVE IMPACT ASSESSMENT-- 
A WATERSHED APPROACH | 

Peter A. Clark 
Tampa Bay Regional Planning Council 

| 9455 Koger Boulevard 
St. Petersburg, Florida 33702 

ABSTRACT 

The Florida Department of Environmental Regulation (FDER) is 
required to review cumulative impacts under Section 403.919, Florida 
Statutes (1985). The Tampa Bay Regional Planning Council, with funds 
from the FDER Coastal Zone Management Program, sought to develop a 
program to assess the needs, opportunities and constraints for manage- 
ment of cumulating developmental impacts. 

An inventory of existing conditions and a habitat trend analysis 
was accomplished for two minor tidal tributary watershed undergoing a 
variety of development pressures. Results of the program define the 
problems with cumulative impact analysis, current statutory require- 
ments and the recommended management scheme. 

INTRODUCTION 

Tampa Bay is one of the largest estuaries in the world (400 square 
miles) with 1.7 million people now living in the three counties 
bordering its shores. This represents a 55 percent population increase 
Since 1970 (TBRPC 1987). Rapid urban and industrial development have 
radically changed the character and ecology of Tampa Bay and adjacent 
estuarine systems. For example, recent studies have indicated that 44 
percent of the original 25,000 acres of mangroves and marshes has been 
destroyed, and 81 percent of the original 76,500 acres of seagrasses 
has disappeared. Many of the tidal tributaries entering Tampa Bay have 
been filled, diverted, hardened, channelized, or otherwise modified by 
point and non-point source discharges. This habitat loss has resulted 
in declining populations of commercially valuable fish and shellfish, a 
complete collapse of such fisheries as those for scallops and oysters 
and major declines of the bait shrimp, red drum, and spotted sea trout 
fisheries. 

Rivers and tidal creeks are vulnerable to numerous impacts which 
also become evident downstream in terms of decreased estuarine produc- 
tivity. Examples of the impacts include (1) hydroperiod alterations 

, through excessive drainage or impoundment, (2) loss of corridor by 
damming, (3) changes to stream loads by increasing runoff or discharg- 
ing pollutants, and diverting or preventing flows, (4) increased relief 
and habitat losses through dredging and filling, and (5) contamination 
through disposal of toxic materials. As rivers and creeks deteriorate, 
their ability to buffer cultural shocks to the estuary is also lost. 
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The destruction or modification of coastal and estuarine wetland 
vegetation has been occurring at an alarming rate in the Tampa Bay 
area, and has been identified in a report to the Florida Legislature by | 
the Tampa Bay Study Committee in 1983 as the most serious problem 
affecting the ecological stability of the bay. Historically, however, 
local governments have acted independently in regulating the develop- 
ment of their natural resources. Consequently, the effects of habitat 
destruction have generally been evaluated on a parcel by parcel basis 
with little concern for the cumulative effects on the entire Tampa Bay © 
system. 

The Tampa Bay Regional Planning Council, with funds from the | 
Florida Department of Environmental Regulation (FDER), Coastal Zone 
Management Program, sought to develop a program to assess the needs, 
opportunities and constraints for management of cumulative develop- 
mental impacts to tidal creek watersheds. The information provided in 
this report has been condensed from Assessing Cumulative Impacts on 
Tidal Creek Watersheds prepared by the Tampa Bay Regional Planning 
Council (1987). 

STUDY SITE 

Delaney Creek in Hillsborough County represents a tributary 
through an industrialized urban and agricultural area with rapid 
urbanization taking place (Figure 1). Frog Creek in Manatee County 
represents a system through an agricultural-rural watershed with little 
alteration in the estuarine portion of the creek (Figure 1). Delaney 
Creek has been classified in stressed condition, while Frog Creek is 
considered a natural tidal tributary to Tampa Bay (TBRPC 1986). 

The two tidal tributaries to Tampa Bay were surveyed with respect 
to hydrographic features, biology and chemistry, and physical and 
chemical alterations (provided in TBRPC 1986 & 1987). A land use 
inventory for 1950 and 1982 time periods with an associated land use 
‘trend analysis was accomplished within each watershed to evaluate 
development changes. 

| METHODS AND MATERIALS 

The watershed inventories, trend analysis and statistical informa- 
tion was provided by the Marine Resource Geographic Information System 
(MRGIS) owned and operated by the Florida Department of Natural 
Resources (FDNR) Bureau of Marine Research. The data generation and 
queries were accomplished on Earth Resources Laboratory Application 
Software (ELAS) developed by NASA. The information was then downloaded 
for printing in Earth Resources Data Analyses System (ERDAS). The land 
use information for the MRGIS was provided by the U.S. Fish and 
Wildlife Service with refinement by FDNR. 

The background information and recommended cumulative assessment 
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Figure 1. Location of Delaney Creek and Frog Creek in the Tampa Bay 
area. 
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procedure was accomplished by extensive literature surveys and data 
gathering relating to cumulative impact analysis throughout North 
America, irrespective of application to environmental systems. 

RESULTS 

Delaney Creek is located in Hillsborough County north of the 
Alafia River and south of the City of Tampa. The watershed contains 
industrial areas near the mouth with residential, commercial and 
agricultural activities in the remainder of the watershed. Due to 
construction of Interstate-75 through the middle of the drainage basin, 
rapid urbanization is currently occurring. 

Delaney Creek is a first order stream as defined by the Florida 
Land Use and Cover Classification System (1977). The creek flows 
westward from the Brandon area and empties into the Hillsborough Bay 
subsection of Tampa Bay. The creek is designated as Class III water as 
defined by the Florida Administrative Code (FAC), Chapter 17-3. The 
creek, however, does not meet these standards (TBRPC 1986). The waters 
of Delaney Creek often exhibit low dissolved oxygen values, extremely 
high nutrient concentrations, and has exhibited phytoplankton blooms in 
the past. Delaney Creek has been classified as a stressed tidal 
tributary by TBRPC (1986). 

Review of the 1950 inventory of land uses for the Delaney Creek 
watershed identified 71 percent (%) as upland range (including upland 
forest areas) with urban uses totaling only 4.0% (Figure 2). Agricul- 
tural activities occupied 12% with freshwater wetlands constituting 
7.4% of the drainage basin. The freshwater wetland category includes 
all freshwater marsh grasses, forest and scrub wetland vegetation 
unless otherwise noted. Table 1 identifies the inventory and trend 
analyses statistic for the Delaney Creek watershed. 

Figure 3 represents the 1982 land use inventory for Delaney Creek. 
Upland range diminished to 15% while urban land uses increased to 
occupy 61% of the watershed area. Agricultural areas increased 
Slightly, to 17%, while freshwater wetlands were reduced to almost 
half, 4.0% of the watershed. 

To further identify the land use changes, a trend analysis was 
accomplished between the two time periods. Figure 4 represents the 
1982 inventory on top while the bottom depicts 1950 land uses occurring 
under the 1982 urban category. This allows the reader to visualize the 
areas displaced by 1982 urban uses. 

The vast majority of 1982 urban uses were derived from upland 
range areas as expected and indicated on Figure 4. In addition, 328 
acres (133 hectares) of freshwater wetlands were converted to urban 
uses. 

The reverse can be illustrated by reviewing the change of 1950 
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upland range to other uses by 1982 (Figure 5). While urban uses 
acquired the vast majority of 1950 upland range, agricultural activity 
additionally consumed previous upland range area through the middle of 
the drainage basin. 

Alterations to historic 1950 freshwater wetland coverage are 
represented in Figure 6. Total freshwater wetlands declined by 48% to 
1982 levels with only 35% of the freshwater marsh component maintained 
in the watershed over the trend analysis, mostly due to urban and 
agricultural activities. 

Frog Creek is located in Manatee County south of the County line 
and north of the Manatee River. The lower creek west of U.S. 41 
remains relatively unaltered, maintaining a meandering course outfall- 
ing to Terra Ceia Bay, a subsection of Tampa Bay. East of U.S. 41, 
however, Frog Creek splits into what has become essentially two large 
agricultural drainage systems. Frog Creek has been classified as a 
natural tidal tributary to Tampa Bay (TBRPC 1986). 

No significant baseline water quality assessment has been accom- 
plished for Frog Creek. Considering its predominantly agricultural 
watershed, non-point sources potentially discharge high loads of 
nutrients, pesticides, herbicides, and sediment into the creek drainage 
system. Septic tank discharges may also contribute to bacterial and 
nutrient contamination, 

The lower pristine estuarine segment has maintained extensive 
mangrove wetlands and is highly productive for oysters and blue crabs. 
Fishery collection near the saltwater/freshwater interface indicate 
utilization as a nursery area by important fish species such as tarpon 
(Mega lops atlantica) and spot (Leiostomus xanthurus) (TBRPC 1986). In 
addition to fishery habitat, the mangrove wetlands of Frog Creek 
provide important bird habitat, including yellow crowned night heron 
(Nyctanassa violacea) and roseate spoonbill (Ajaia ajaja). 

As would be expected, the 1950 inventory for Frog Creek identified 
80% of the watershed in either agricultural or upland range land uses 
(Figure 7, Table 2). Freshwater wetland area represented 18 percent of 
the drainage basin which total 2,100 acres (931 hectares). 

The 1982 inventory (Figure 8) portrays a doubling of area in 
agricultural activity. This change is also reflected by the trend 
analysis for 1950 upland range (Figure 9) where 60% of the land use was 
converted to agricultural practices. 

Over the trend analysis period limited urban expansion within the 
Frog Creek drainage basin occurred, which includes the construction of 
Interstate 75 through the middle of the watershed and aerial expansion 
of the small town of Parrish in the eastern portion of the drainage 
basin (Figure 9). 

Freshwater wetlands received extensive development pressure, 
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Table 1. Delaney Creek watershed net land use changes. 

| 1950 1982 
*% OF % OF CHANGE IN AREA % CHANGE 

LAND USE HECTARES WATERSHED HECTARES WATERSHED (+,- HEACTARES) IN AREA (+,-) 

Water 124.83 2.53 88 .83 1.80 -36.00 -28 .8 

Seagrass 59.58 1,21 0.00 0.00 -59 58 -100.0 

Mangrove 42.39 0.86 25.74 0.52 -16.65 -39.3 

Saltmarsh 4.50 0.09 0.00 0.00 ~4.50 -100.0 
~ Fw. wetlands 367.02 7.43 189.81 3.84 -177.21 -48 .3 

~ Agriculture 617.94 12.51 835.38 16.91 +217 .44 +35.2 

Barren Upland 0.00 0.00 11.88 0.24 +11 .88 +100 .0 

Upland Forest 216.18 4.38 243.81 4.93 +27 .63 +12.8 

Upland Range 3307.68 66.95 500.31 10.13 -2807 .37 -84.9 

Urban 200.25 4.05 3044.70 61.63 +2844, 45 +1420.4



Table 2. Frog Creek watershed net land use changes. 

1950 1982 
| % OF % OF CHANGE IN AREA % CHANGE 

LAND USE HECTARES WATERSHED HECTARES WATERSHED (+,- HEACTARES) IN AREA (+,-) 

Water 30.42 0.57 156.42 2.96 +126 .00 414.2 

Seagrass 0.00 0.00 0.00 0.00 0.00 0.0 

Mangrove 69.03 1.30 110.79 2.09 +41.76 60.5 

Saltmarsh 0.00 0.00 0.90 0.02 +0.90 100.0 

Fw. wetlands 930.96 17.59 804.87 15.21 —— =126.09 “13.5 

» Agriculture 1663.65 31.44 3275.82 61.90 +1612.17 — 96 .9 

Barren Upland 0.00 0.00 47 .43 0.90 447.430 +100.0 

| Upland Forest 240.75 4.55 176.04 3.33 | -64.71 -26 .9 

Upland Range 2308.32 43.62 434.07 8.20 -1874..25 -81.2 

Urban 48 .60 0.92 285 . 39 5 39 7 +236 .79 487 .2



primarily from agricultural development and upland range encroachment 
(Figure 10). A net loss of 311 acres (126 hectares) occurred basin- 
wide for freshwater wetland vegetation. 

Evaluation of the developmental trend analysis for both watersheds 
identify that wetlands not only suffer from intensive urbanization 
activities such as in Delaney Creek, but also from agricultural 
practices as in the Frog Creek watershed. 

DISCUSSION 

For the purposes of this report, cumulative impacts are defined as 
the total interactive impacts over time, i.e., the sum incremental 
synergistic effects on fish and wildlife populations and habitat caused 
by all current and future action over time and space (Cline et al. 
1983). 

Currently, the Florida Department of Environmental Regulation 
(FDER) is required to review cumulative impacts in wetlands under 
section 403-919 Florida Statutes, which reads: 

The department, in deciding whether to grant or deny a permit 
for an activity which will affect waters, shall consider: 

(1) the impact of the project for which the permit is sought. 

(2) Tne impact of projects which are existing or under construc- 
tion or for which permits or jurisdictional determinations 
have been sought. 

(3) The impact of projects which are under review, approved, or 
vested pursuant to s. 380.06, or other projects which may 
reasonably be expected to be located within the jurisdictional 
extent of waters, based upon land use restrictions and 
regulations. 

Clearly, this section gives FDER the authority during permit 
assessment to review the potential for cumulative impact without 
providing the methodology necessary for such assessment (Hamann 1986). 

The need for assessment of specific cumulative environmental 
impacts of land and water development has long been recognized, but 
seldom been adequately addressed for a variety of social, economic, 
legal, institutional and technical reasons. Development of a methodol- 
ogy for watershed level cumulative impact assessment requires review of 
existing programs currently in place. 

The FDER often conducts a detailed analysis of existing water- 
bodies to determine the effects existing and potential effluent 
discharges can produce, termed a "wasteload allocation." A wasteload 
allocation is more specifically defined by Canter (1986) as “an amount 

44



. Se es SSE OOS 
| 

Wyte ey 

: Se gg epg? 
fe ek ae 

ELE, LE bed 
2 ae il IME 
i LES 
LE, Oe | 
DLE EES EEE 

COTTE epperrticcs Tat hall, 
COLLEY gt ae hg nt East didi fig A SE RY 1 SIGY. 

gees «ee ae. = — en 
o LACT 6 ei a Te ey 7 
See: Oe) ee eee 
= (epee ME eG EES = a ere a 

LG CIRY ELECT Op eld AD OGL TB Re a Led YON Ta 
ee CLM = Yo, ODS oo ce oe Ne Ry a enrages LE 
SOOT TT ge Bi RR Cy yey: fe eg TT "a 
TY iii A SS LE AL Md gy 77 Cit i Bs, ay eS Se ee 

3 aE I aN Seg e LETS LL i Re Fe COTE ET ag Cy tr mt PO oe ee teed ss See LE Se 070777 a LL LM PME LE qa ON TE I RL 005 OU ga a Sere 3, CC yee eee 1001 if 

| fala SS ee OM II EEE FEES SS em ie : head 0, ee Ct CIN IDIEAL LNAI S Ntlteh th! et ag KAY AA RR Tee ee! ts 7 / “mmeeee ® fe VT he / 
all? le? = = ee ee Oe i eg FO EL em) ee eee Hata Cte: py Ye: MEO: a Wife er Gli tctc thi 
US ee a ee i RI NL hi RR XE eee LE Mies WE SOMOS Sa 

vy) aes r= I ar a LL LLM LL LILI CRN RN / EE YY sy, “rs: HEE BE EG 
case B25 29: Pt ag 7 I neg I AY CLS Ms, byt. PR = Yt, yey VILLI LLY tL eal EE ECG 

: eS rind SI 777 an I, RRL og Lip fea? eee eer 5 ya “epg Mili lio scp dalagaamasss 
td | }i = 1 id a reese 87/9777 LI bys NAT ey aay ai aa aa aaa Uy OE | tytn GE eg 
eres ee . eee a Sa a ee LEGS ET ASG te a ‘is ra eeccmlis f cate eae ee 775 se A Ci a he 5 
poems peat TE ee (7 1 RI LET TEI bik NN ON LTE RORY (1 cL ee OES PRET: 
mS: : = Ee (ee 09.77 i x ty Bis Mifss eee ELL: HM Usigge amen errr —<——— 
aeeaee yy: 00 a 11 eee yy gd tL: July LE SS ee OLS YL ea Hy ew eae =) aE aa ee // Saar, ees OY R77 SN GE BE VI LE OY me LLL RR SS er aes 

Seren, OL a eC POLE Na LLU SSS eda ttt) maT cided RO Se; Oe ype 
oes (eo VOUTTIITT RGA Uy SSS Reems 98 SL he Hi Phe GG LE We a OO OY TT ep i a 
ee 00 TLL aR YY ti eae TO LL Mig ar res naeae My YY) 1 gg 
—— I a ee IEE TN COLL Nd LR, a er COPEL LMIELI LL Tae 
z Gy: OU YLLE ALLER ALES LINCS T INL LL gga at ELL BLL a: a . YL pL NT, i; GOs. LITE ae CY ei re RAS 9g oe 

=e LY, es MMM TB ty nae hla ec a? yy Yo ey ¢/on ee ne a Wey ‘Mh be Ube ha 
a MOM EEL Mifge OOTY I be Set)" 7 aa 

ees EE LEE ele = iy are Dike Oe AT ig BR Ee 
Se II ath A EAMES IGG FE aL, ii peas Ly weeny 5) te ne Sikde  Tormeermeseane 
6 ee Ss OY i eee MY us Y oy f a oO sbi Btn: 
(Lh Fee eer enone ere ",/,/,1,/,/ Sar ee ey”, ir rry, i. Bic A er rat ay 

Sane 7/71 ee a 1. 1 pe ST a a. iF Jaa eerrn creer nn ereerere 
== GU Jp e/g ete See ms a A ay 
Sea ER LAP AEL LLL (ee tr ae 7 Ay PI ec ce a nae Sarre 

Nf amma al ARAMA «GRECO eee 
“CLL EY RE ate ea a 

EEE ell gage a Bo 
A yg eee =o wee 

; 77, RRR ape) CRESS AR ae . 
OGTRITIS es “SSL: Aare 
SR sey ee oy: 
POLIO ha “AoE 
Bas 

ted a 

Oe 

SCALE = 1:63360 

errr eeteaoeeaeeed 
SESEIS ae ; 
BSEiEss Boceere ae F h t ue) Seagrass Ea «= Fesnwater 

FErifiits Les 

|) Saltwater ig \Jpland Range / Forest 

aa «6=6C Flats = Urban 
eeeaeesee 

_ = 
=a 

, cfr" & 
ae = = i = PP 

="'4 = 
= 

= chet + 
o sae = = 

. “~ = — 
° * = = = ae 

= =.= = 

; a = : 

ae . F se | _* F_ 
= = = 3 = 
= -= -s = = ° = 

= - = > en a? . 4 

, - "i g s = hm - seo ONE = 3 “th a 
. fie = —2 = EF - _ eee 8. FR a R 

a = fee = 
- a q = = gt fy > fF 8 ag ' = . meee oc eg ae ow os 

a} = = ‘& om = rr . SP 4 oo ae . = 

2 = = o = ® O° Hh ae a Ww & “6 “6 c “ og an =. , a d-ty . 0 6 ee ee oe wes a 
- § = _—= = q oe = =- ~ apt = _ a a 5m . 
7, . = = = oo = = ee <a = = “a = = Sie. = 

Fostfies oy 2 - = wif = § = ore = wX= _ 3 Rage = =. 
5 . =5 2 = — ; *« = ate = 2 = 22 

4! ™ Hl * =* ame Le lS z Se. lk > - : 
’ =. ea me” i zz + foe ee = 2 ss mo = = 3 San" > a 7] s 

=a. - ge of -_ sR - ° 5. a = = . =* As ioe «- - = = = 6 Wag . 

= g “ee eg if = —_— = = aa ar a = o. 

zoe an = a “ot . £343 
“ = sacs = as =F 7? Sie 7 =, 4 

= oan "os ae a . oo 
. a _ = fF = = 4 nl oo *, oc UU ns a . 

"SR © En, = 
=. an — = Sy poe peers en 

ee ee a = = en = eee 
x . er a" FF = * s zr fi 

SreiStrsereterey! 1 ae & 
s = Ho Seeeeen tesenr . i . . 
ee Pe, EB eee, 
je NGtHH El oa z 

>» @ e e e 

Figure 10. 1950 inventory (a) and 1982 land uses displacing 1950 
| freshwater wetlands (b) for Frog Creek.



of a particular pollutant, measured in volume or concentration over 
time, that can be discharged to the applicable water quality standard." 
A wasteload allocation is a form: of cumulative impact assessment by 
establishing threshold levels--in this case the FAC water class 
designation--and determining the effects of multiple discharge scenar- 

- jos on the background receiving water quality. However, the procedure 
requires extensive analytical analysis and computer modeling, and often 
cannot consider all of the factors involved with natural system 
dynamics. In addition, the analysis only includes the direct implica- , 
tions without further identifying the synergistic and indirect impacts 
created by single or multiple discharges. 

Air quality analysis uses a technique similar to that employed in 
wasteload allocation determinations. The Environmental Protection 
Agency has established six “criteria pollutants" nationwide and 
specific localities are designated as "attainment," “non-attainment” or 
"unclassified" with respect to each of the criteria pollutant param- 
eters. The regulatory strategy used in the classification and permit- 
ability of areas places emphasis on cumulative effects of all existing 
emissions in review of proposed additional air emissions (Canter 1986). | 

Water management authorities are also required to consider - | 
cumulative effects in the regulation of water consumption. Consumptive | 
Use Permits (CUPs) consider background water conditions, existing water 
consumption and anticipated results of additional withdrawals. In 
addition, threshold values have been implemented to prevent excessive | 
water consumption which would hasten saltwater intrusion, wetland 
dehydration or reduction of lake elevations. | | 

The first priority of cumulative impact management is the shift of 
emphasis by the regulatory community from the “piece-meal" analysis to . 
the systems approach, or the review of developmental impacts on 
environmental function rather than a review of loss of acreage. 
Protection of riverine and coastal resources, such as wetlands, 
requires improved methods for determining the cumulative impacts 
derived from land development. The reliance on mitigation measures or 
direct land acquisition programs will not, by themselves, be enough to 
ensure long-term wetland protection. Similarly, project-by-project 
impact assessment does not provide a basis for estimating the watershed | 
wide impacts of land development (Dickert & Tuttle 1985). 

Due to the hydrological processes, the use of the watershed del in- 
eation as the management boundary is necessary. The watershed can 
further be divided into sub-basins for planning and management pur- 
poses. Within the watershed, initial analysis can include: 

- current level of land development impacts 
- ecological integrity of the ecosystems 
- range of important species utilizing the watershed at any point 

in the species' life history 
- individual wetland status, and 
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¢- characterization of abiotic factors influencing the watershed 
(hydrology, topography, soils, meteorology). 

This particular task element will require intensive data gathering 
and analysis to provide sufficient information on which intelligent and 
equitable decisions can be based. In addition, available historic data 
for similar parameters is required to determine natural and develop- 
mental trends. | 

The information can then be entered into a data base (e.g.: 
| geographic information system) to be overlayed or drawn from. It is 

imperative that the information be in a form that can be easily 
accessed by individual reviewers, since the majority of permit reviews 
occur within a very short period of time. 

The most difficult aspect of cumulative impacts assessment is the 
determination of acceptable threshold levels of perturbations to 
natural systems. The evaluation should be based on the historic trend 
analysis wherever possible. This feature potentially avoids the 
problems inherent in deriving intrinsic ecosystem thresholds by 
Substituting a historic trend target based on extrapolation of known 

| levels of land use impact (Dickert & Tuttle 1985). 

In addition, since the information has been overlayed within the 
data base, the analysis of trends can easily be acquired and imple- 
mented in the permitting process. The development of the threshold 
levels, however, will require: agreement within the scientific commu- 
nity; public hearings to inform and acquire necessary feedback for 
implementation; and incorporation into comprehensive plans, coordina- 
tion of drainage plans and inclusion into regulatory rules and proce- 
dures. | 

Finally, the use of mitigation can be employed to prevent addi- 
tional degradations and to reverse the trend of cumulative impacts. 
Drainage basins with adequate quantities of vegetation and habitat, for 
example, can be replaced equally. Degraded areas require higher 
replacement ratios to restore historic watershed functions. Efforts to 
purchase, preserve and restore natural or degraded areas can addition- 
ally aid in minimum threshold level achievement. 

An important consideration of management needs must include the 
analysis of existing laws concerning management of agricultural lands, 
Since such drainage and channelization practices have impacted the 
majority of tributaries to Tampa Bay. Regulations are necessary to 
prevent additional perturbations without restitution. Incentives are 
also imperative for private landowners to restore the function of 
tributaries and drainageways. 

The use of the recommended cumulative impact management scheme can 
be generally applied to the watersheds of Delaney and Frog Creeks. The 
trend analysis for Delaney Creek identifies a complete loss of seagrass 
and saltmarsh estuarine habitat and a major decline in freshwater 
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wetland systems (48.3%). Through a series of technical seminars and 
public workshops, threshold values can be established to identify 
required habitats needed to improve conditions within the stressed 
tributary, on a subbasin level. Once threshold values are established, 
individual permit applications can be reviewed within the context of 
the entire subbasin and watershed inventories. Mitigation can be used 
in incremental ratios, to increase wetlands and habitats toward the 
minimum threshold value. In addition, keystone and unique habitats 
would receive protection from development that would alter their 
character or function. 

The freshwater segment of Delaney Creek is entirely channelized. 
Future development can have a positive impact on the system by creating 
meanders, littoral shelves and other habitat components to improve the 
natural system while maintaining drainage requirements. The lower 
estuarine segment has already experienced extensive urbanization and 
will require restoration actions to supplement any form of mitigation 
enhancement undertaken. 

To a lesser extent, Frog Creek has lost quantities of freshwater 
‘ wetlands and has actually experienced a gain in acreages of mangrove ~ 

(+41.8 hectares) (Table 2) between 1950 and 1982. Using subbasin level 
detail, threshold values can be established while required mitigation 
ratios to achieve threshold levels will be respectively lower. In 
Subbasins where habitats are above identified threshold values, the 
mitigation ratios would be at least one-for-one replacement-for-impact, 
to compensate only for proposed environmental perturbations. 

Managing cumulative impacts in tidal tributaries classified in 
natural conditions should place emphasis on preservation of existing 
conditions and improvements where applicable. Tidal tributaries in 
restorable condition should have the highest priority to prevent 
further losses of environmental systems and a focus of energies on 
improvement. The stressed tidal tributaries will require a long-term 
commitment for improvement and an immediate effort to prevent further a 
impacts to the receiving water body. , | | 

SUMMARY | 

The condition of tidal tributaries is dependent on the extent of 
development activities and natural systems. Continued permitting of 
“piece-meal" development normally cannot fully consider the impact to 
the entire watershed unit. A means of assessing impacts, both existing 
and future, of proposed projects is necessary to prevent degradations 
and to improve conditions where feasible. The use of geographic 
information systems and the associated query of data base information | 
is the first step in providing readily available watershed level 
information. The establishment of threshold levels for habitat, 
vegetational communities, water quality and consumptive uses will 
determine target values for improvements. Mitigation standards and 
public restoration/preservation programs are the basic tools needed to 
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reverse the trend of declining tidal tributary conditions. 
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ABSTRACT 

Salt-marsh management for mosquito and sandfly control in Saint 

Lucie County began in 1927 with a massive (475 kilometers) explosive 

and hand-ditching program. This effort was an attempt to control the 

salt-marsh mosquito, Aedes taeniorhynchus. In 1935, an experiment 

initiated in Saint Lucie County studied diking of 335 hectares as a 

method to control sandflies. Initially the experiment was designed to 

dewater the marsh. However, when this failed, the pumps were rotated 

and used instead to flood the marsh. Successful control of both 

sandflies and mosquitoes was achieved. However, further source 

reduction work did not resume until 1958, and the District relied on 

chemical control alone (primarily DDT), during the early 1950s. When 

the permanent control program was reinstated, diking (impounding) of 

the remaining 2025 hectares of salt-marshes in Saint Lucie County 

began, and was completed by 1967. However, the diking segregated. the 

salt-marsh habitat from the lagoon, and the flooding and trapping of 

rainfall resulted in the decimation of the natural high marsh flora 

(which could not sustain the state of continuous flooding nor the 

elevations at which the flooding waters were maintained). In this 

early period, solitary culverts were installed to allow some connection 

during the fall months. However, in Saint Lucie County, this limited 

exchange came to an end in the mid-1970s. In 1983, the first Rota- 

tional Impoundment Management Plan (RIMP) was drafted, which outlined a 

management scenario calling for approximately four months of management 

and 8 months of tidal exchange. Since that initial development-related 

project, the Saint Lucie County Mosquito Control District and the 

Florida Department of Health and Rehabilitative Services, have comb ined 

to restore 1336 hectares of managed impoundments to the RIM system in 

Saint Lucie County. Currently, 101 perimeter dike culverts have been 

installed in managed impoundments, and permits are in various stages of 

processing for 34 more. Current best management practices include the 

use of aerial larvicides such as Bacillus thuringiensis israelensis 

(Vectobac), and Altosid (Altosand) Liquid Larvicide (methoprene) for 

the control of mosquito larval stages during the unmanaged period. 
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INTRODUCTION 

The History of Ditching and Diking in Salt-marshes 
Located on a Barrier Island Adjacent to the Indian 
River Lagoon in Saint Lucie County, Florida 

Approximately 2430 hectares of high marsh habitat was present in 
Saint Lucie County, when the thrust for development began in the 1920s. 
In 1925, Col. Wm. D. Wrightson was solicited for his advice on how to 
eradicate the mosquito problem. Col. Wrightson suggested three 
possible courses, filling, ditching and diking. The County decided to 
begin a ditching program in 1927, and by 1935, had completed 475 
kilometers of ditches. At that point an unforeseen complication arose. 
The ditching brought permanent water into the marshes and provided 
optimum conditions for repeated sandfly broods. Ditching was also 
shown to concentrate 95% of the sandfly breeding within 0.4 m of the 
ditch banks (Hull & Dove 1939). Studies by Linley (unpublished) showed 
that for 0.6 m wide ditch banks (vertical ditch banks), up to 123 ,200 
Salt-marsh sandflies (per day per 0.83 km of ditch), Culicoides furens 
(the fire biter), can be produced. For 1.51 m wide ditch banks, that 
number increases to 308,100/day/0.83 km of ditch. Multiplying the 
Tower of the two values (123,200) by the number of kilometers of 
ditches (475), gives the value of 70,506,024 sandflies produced per day 
(all of which were capable of migrating 3.3 - 8.3 kilometers). 
Multiplying the high value (308,100) by 475 kilometers results in a 
total of 176,322,289 sandflies per day. The above values reflect 
averages over the entire year. However, the salt-marsh sandflies : 
produce synchronous broods on 30-60 day cycles during the summer and 
fall. This means that upwards of 5-12 billion sandflies could be 
produced during each of the five (approximately) summer and fall 
synchronous broods produced each year. 

The amount of sandfly control necessary depends upon the amount of | 
sandflies present. In Jamaica, 3,000 bites per hour have been record- 
ed, and it has been reported that over 99.5% control would have to be 
achieved for tourists to support the area (approx. 5 bites/hr) (Linley 
& Davies 1971). This is a level of control that cannot easily be 
achieved through the use of pesticides. In addition, those pesticides 
that were found to be effective, included ingredients such as creosote, 
which is extremely toxic to the marine environment, and dieldrin, which 
was responsible for a massive fish kill when it was tested (Harr ington 
& Bidlingmayer 1958). 

In 1935, an experimental diking program for the control of 
sandflies was begun in Saint Lucie County (Hull & Dove 1939). Pumps 
were installed after a dike was constructed out of dredged marsh 
material, and an attempt was made to drain the marsh. Significant 
sandfly control was achieved after the pumps were reversed and used to 
pump water onto the surface of the marsh to create an artificial lake 
(Hull & Dove 1939). Similar results were reported by Hull and Shields 
(1943) and by Rogers (1962). It was discovered that this artificial 
flooding method also achieved 99% control of the salt marsh mosquitoes 
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as well. Further work on impounding did not take place until the 1950s 
because of the advent of World War II. In 1954, the Brevard County 
Mosquito Control District began construction of impoundments primarily 
for mosquito control (sandflies were apparently more of a problem for 
counties near inlets). Shortly thereafter, Indian River County, 
Volusia County and Saint Lucie County (in 1958), also began salt-marsh 
impounding programs. By the end of 1966, 30 impoundments had been 
constructed in Saint Lucie County. 

Past Vegetation Impacts 

The natural vegetation of the preimpoundment era was predominant ly 
scattered black mangrove trees, Avicennia nitida, separated by open | 
fields of saltwort, (Batis maritima), glasswort, (Salicornia spp.), and 
salt-barren. A thin fringe (approximately 50' wide) of red mangroves, | 
nn izophora mangle, occurred along the Indian River edge of most of the 
marshes, and stands of white mangroves, Laguncularis racemosa, and 
buttonwood, Conocarpus erectus, grew along the upland edges and in the 
high elevation sort fons of the salt-marshes (1944 aerial photos; Hull & 
Shields 1943; Hull & Dove 1939; Provost 1973; Provost 1957). 

Natural Tidal Regime 

Tidal water rarely penetrated into the salt-marshes of Saint Lucie 
County except for 4-6 weeks in the fall, usually beginning with the 
fall equinox (Clements & Rogers 1964). This resulted in the growth of 
what Provost (1977) referred to as high marsh vegetation and habitat 
(the terminology describing the vegetation types and natural flooding 
periodicities employed by Provost are still in use today). Salt-marsh 
mosquitoes breed in areas of the salt-marsh which are not inundated 
more than 4 days per month, 2 days on each spring tide (Provost 1977). 
In the 1957 report by the Entomological Research Center in Vero Beach 
(now the Florida Medical Entomological Laboratory affiliated with 

| IFAS), the mosquito breeding areas were described as consisting of the 
entire high marsh area, which they stated lay between MHW (mean high 
water) and Max. HW (maximum high water). Provost (1977) stated that 
where the tidal range is approximately 0.4 m or less (such as that 
found in the Indian River) over 65% of the total marsh area is high 
marsh habitat. Provost (1973) also described intertidal profiles jin 
Florida, and stated that although much of the high marsh substrate may 
lie below the elevation of MHW, a natural levee is created by wave- 
action at the waterward limit of the high marsh, cutting it off from 
tidal connection at water levels less than MHW (Provost 1973). 

Marsh Natural Fish Utilization 

Mr. William Bidlingmayer (retired), a co-worker of Harrington, the 
fishery biologist at the Entomological Research Center who studies the 
salt-marsh fishes in the pre-impoundment era, has reported that the 
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marshes were never sampled for fishes during the summer months because 
there was no permanent water to sample (personal communication). This 
lack of marsh fishery during the summer months was due to the lack of 
tidal inundation of these areas, and the lack of regular tidal inunda- 
tion resulted in significant mosquito breeding. 

The salt-marsh mosquito breeding season in the natural marshes 
normally began in March or April and continued throughout the summer 
and fall until the middle of October. Thus, breeding closely follows 
the range of seasonal high tide fluctuation in the Indian River. 

Environmental Impacts of the Onna Marsh 
mpounding Practices and the Influence o : 

Current Research on Present Best Management 
Practices in Saint Lucie County 

Prior to impoundment of the salt-marshes of the Indian River, 
salt-marsh fishery research was performed by Harrington and Bidling- 
mayer (Entomological Research Center). As stated previously, sampling 
was not performed during the summer mosquito breeding season, because 
there was no permanent water in the marshes at this time (Bid] ingmayer, 
personal communication). This is a major point of contention was some 
agencies, since fishery data does not exist for the summer months for 
the pre-impounded natural marshes. However, the Mosquito Control 
Districts’ management programs are based on the principle that the 
seasonally low water period experienced every summer in the Indian | 

| River, generally from May to August, is a period in which no signifi- 
cant tidal input ever occurred in the natural marshes. Therefore, 
closure during that period should have reduced impact on marine 
organism migration (related to tidal exchange). 

However, the impacts of the original salt-marsh impounding upon 
the natural vegetation in the marsh were significant. The natural 
salt-marsh vegetation was destroyed because the dikes were kept closed 
year-round, and flood levels exceeded those that the salt-marsh flora 
could sustain on a permanent basis. In addition, fishery data avail- 
able on the seasonal high-water period in the preimpoundment and early 
postimpoundment era, documented a decline in species diversity in the 
fall-flooding period from 16 species to 5, following impounding 
(Harrington & Harrington 1982). 

~The marshes remained denuded and permanently flooded in Saint 
Lucie County until the early 1970s. At that time, red mangroves began 

- to encroach upon the high marsh because the area was flooded nearly 
year-round, and because the red mangroves had gained a foothold along 
the ditches dug prior to the impounding. There was also almost no 
other source of vegetative competition, since the natural vegetation 
had been eliminated. The red mangroves then began to build-up peaty 
substrate, consisting largely of leaf-litter and fibrous root systems, 
and spread throughout the marsh surface to create nearly 100% coverage. 
This high percent coverage apparently results in a restriction in the 
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amount of light penetrating to the marsh water, which can severely 
limit the oxygen production by phytoplankton and algae during the | 
closed managed period. | 

In 1979, Gilmore (Harbor Branch Oceanographic Institute), began 
fish sampling in the same marsh sampled by Harrington, 23 years 
earlier. Gilmore (1981) found 12 species of marine fishes in impound- 
ments which were closed. Gilmore (1981) also studied a second impound- . 
ment in connection with the marsh. This second marsh was open to the | 
Indian River through a single 75 cm diameter culvert. In this open, 
culverted marsh, Gilmore found 38 species of fish, and also found that 
the high marsh vegetation was recovering from the flooding conditions — | 
of the original impounding. Furthermore, transient fishery use during a 
the summer lower high tide periods was comparatively reduced (Gilmore 
1981), being primarily limited to the man-made perimeter ditch and 
natural tidal creeks which existed within the impoundment. 

As a result of these data collected by Gilmore on fishery use of 
culverts and natural marsh revegetation, a culvert installation program 
was begun in Saint Lucie County (initially as part of developer | 
mitigation). 

Theoretically, culverts would allow unrestricted use of the 
impoundments by the marine fishes for 8 months per year, and still 
accomplish mosquito control during the 4-month-long mosquito breeding 
season. Two fish research projects (of 2 years duration each), have 
Since been completed in two multi-culverted impoundments (#2 and #16A) 
in Saint Lucie County. A third project involving 5 years of data 
collection has been performed in Impoundment #12 (in Indian River 
County) (Gilmore, unpublished). 

Gilmore (unpublished) found that in a red mangrove marsh which was 
studied (Impoundment #2, Green Turtle Beach), 94 species of fishes and 
macrocrustaceans were using the impoundment culverts after sufficient 
new culverts (1 culvert/10.9 hectares) were installed to approximate 
the tidal range. The red mangrove impoundment substrate was found to 
be used almost exclusively by marsh resident species of small minnows 
of the family Poeciliidae, Gambusia affinis. The remaining 73 resident 
fishes and transient fishes of commercial and sport value were found to 
use the man-made perimeter ditches, as well as the natural ponds having 
perimeter ditch connection. 

In marshes that were not dominated by the red mangroves ( impound- 
ments #16A and #12), a closely related (to Gambusia affinis) marsh 
resident species of minnow of the family Cyprinodontidae, Cyprinodon : 
variegatus, dominated the marsh surface collections. The remaining 50 
species of marsh residents and transients of commercial and sport value | 
collected in these multi-culverted marshes, were primarily captured in 
the man-made perimeter ditches (similar to the collections made in the 
red mangrove impoundment study). However, there were 6 species of 
marsh residents and marsh associates that apparently also used the 
marsh surface in the non-red mangrove dominated high marsh. 
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In addition, Gilmore (unpublished) found that the three most 
numerically abundant species of fishes in all of the marsh studies, 
were consistently the same three species of marsh residents, Cyprinodon 
variegatus, Gambusia affinis and Poecilia latipinna (the sheepshead 
minnow, mosquito fish and the sailfin molly respectively). The percent 
abundance in each marsh of these top three species was 69.6% in 
impoundment #2 (red mangrove vegetation), 94.2% in impoundment #16A 
(mixed vegetation), and 92.9% in impoundment #12 (unvegetated) (Gil- 
more, unpublished). 

In terms of overall abundance, the addition of multiple culverts 
resulted in increased use of the marshes by transient fishes of 
commercial and sport value, far exceeding that which occurred under the 
permanent flooding management strategy. The transients primarily were 
collected in the marsh perimeter ditches (Gilmore, unpublished). 

The marsh residents apparently remain associated with the marshes 
: throughout their lives, and spread over the entire marsh surface when 

it floods (artificially or naturally) (Gilmore, unpublished). Popula- 
tion sizes of marsh resident fishes collected by Gilmore et al. 
(unpublished), in 1984, revealed increases of up to 34-fold from the 
beginning of closure, to the fall drawdown. In 1985, resident fishery 
population sizes increased 29-fold over the same period (Gilmore, 
unpublished). 

Current Vegetation Impacts 

Natural high marsh plants appear to be revegetating those impound- 
ments which are not completely invaded by red mangroves and which 
remained denuded to some degree. Impoundment #16A was partially 
denuded in the southwest cell at the start of RIM management in 1982. 
Now, after three years of RIM, black mangroves, white mangroves, 
saltwort and glasswort are all revegetating the area (approximately 20% 
coverage at this time). Impoundment #18A was completely denuded in 
1978. Now, after three years of RIM management, it has achieved 
approximately 80% coverage by white and black mangroves. 

Lahman (unpublished ph.D. University of Miami) completed a study 
comparing red mangrove growth in a managed marsh, unmanaged marsh and 
in a fringing marsh along the Indian River. Results of his data show 
that the managed marsh studied produced similar quantities of litter 
compared to the unmanaged marsh studied. Tree growth, according to 
Lahman (unpublished) was not different between the managed and un- 
managed marsh. Lahman (unpublished) also found no appreciable buildup 
of substrate elevation in the managed marsh studied. This last agrees 
with unpublished data from impoundments sampled for subsidence by the 
Saint Lucie County Mosquito Control District. 
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Current Water Quality 

Water quality research by Montgomery et al. (unpublished) found 
that dissolved oxygen in an unmanaged marsh was not significantly 
different from a managed marsh during the closed, managed period, and 
was significantly better in the multi-culverted perimeter ditch of the 
managed marsh during the open period, than in an unmanaged marsh 
perimeter ditch fed by a breach in the dike. 

In addition, Montgomery et al. (unpublished) also found no 
Significant net daily transport of dissolved and particulate organic 
compounds from the managed and unmanaged marshes (prior to the initia- 
tion of continuous bottom-water release). 

Ongoing research by Dr. Paul Carlson of the Department of Natural 
Resources, has quantified the production of hydrogen sulfide in the 
managed marshes. This work will contribute to the refinement of the 
hydrogen sulfide removal technology which Dr. Carlson has helped 
develop in the impounded marshes in the past two years. The hydrogen 
sulfide removal technique uses laminar flow to displace pore water and 
ditch-bottom water from the marshes, during the period in which they 
are closed. The impact on impoundment water quality is significant, in 
that dissolved oxygen (determined by a Leeds and Northrup model 8500 
portable dissolved oxygen meter) can be maintained at levels greater 
than 3-4 ppm in a closed impoundment as a result of the bottom-water 
removal. Dissolved oxygen generally remained at or below 1 ppm during 
the daytime, prior to the bottom-water release system initiation. 

The Effect on the District's Pesticide Use 
Since the New Impoundment Management Program 
was Initiated in 1984 

Each year, from 1984 through 1986, the District was able to reduce 
ground ULV (ultra low volume) adulticiding by 81,000 hectares/yr., 
while providing a significant increase in (and much more pleasant) 
recreational use of the beaches and Indian River along the barrier 
island, as a result of improvements in the impoundment management 
program. 

Ground adulticiding treatments along South Hutchinson Island, from 
Ocean Village to the Nuclear Power Plant, were numerically reduced from 
87 treatments in 1984, to 57 treatments in 1985, to 7 in 1986, to 1 for 
1987. It should be noted that ground ULV adulticiding costs are 
extremely expensive (approximately $55.00 per hour of fogging), and 
such reductions in cost are very important budgetary considerations. 

In addition, without the ability to manage the impoundments, 
aerial adulticiding would have to be performed; 4,000 hectares would 
require aerial adulticide application each time treatment is required, 
at a cost of $5,000 - $10,000 per flight. No aerial adulticiding has 
been performed in Saint Lucie County since the start of the rotational 
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impoundment management program in 1984. 

Greater amounts of aerial larviciding would also be required if 
the impoundments were not managed. Approximately 1,620 hectares would 
have to be repeatedly larvicided 10-20 times per year, at a cost of 
approximately $20.62/hectare/treatment (with DNR-approved BTI). Thus, 
larviciding alone would range in cost from $334,000 to $668,000 per 
year (based on values for low and normal rainfall and tide years). 
1988 aerial larviciding costs in the Rim managed marshes with minimum 
acres/culvert ratios of 50:1, were 12% of the minimum aerial larvi- 

—  Ciding cost (calculation as above) required if the impoundments were 
unmanaged. | 

Impoundment electric pump operation and maintenance costs for 14 
impoundments (1250.4 hectares) are approximately $20,000/month (over a 
duration of approximately 4 months). These costs do not include 
purchase and installation of the initial culverts and pumps necessary 
to perform the Rim Management and restoration. 

DISCUSSION 

Impoundment management is still in its infancy. Further studies 
of the impacts of this work are necessary to refine our current 
techniques. For example, impoundment mariculture and stock enhancement 
practices may be able to be performed in such a manner as to elevate 
marsh estuarine energy linkages (by pumping enough water to allow the 
impoundments to remain open year-round). 

Thus far, the Saint Lucie County Mosquito Control District has 
restored, or is in the process of restoring, 1619 hectares of managed 
Salt-marsh impoundments, and has performed (or is in the process of 
performing) restoration projects in another 233 hectares of unmanaged 
salt-marshes. This has resulted in the installation of 101 perimeter 
dike culverts, with 34 additional perimeter culverts in various stages 
of permitting (for the managed impoundments). An additional 52 
culverts have been installed or are in the permit process, which are 
internal impoundment culverts, or have been installed/proposed in 

perimeter dikes of unmanaged salt-marshes. 

The goals of the current management are: 1) to continue to seek 
ways to improve water quality; 2) to improve marine fish and macro- 
crustacean access; 3) to participate in studies comparing natural 
systems with our artificial ones; 4) to study the potential benefits of 
mariculture within the impoundments. We must continue to support and 
stay abreast of current wetland research, and we must continue to 
attempt to apply these basic research findings to our management 
strategies. We believe that there are alternatives and refinements 
which can continue to be implemented as our knowledge grows from the 
study of these sensitive wetland areas. | 
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RESTORATION OF THE CHANNEL IZED 
CYPRESS CREEK SWAMP BY CONTROL 

STRUCTURE INSTALLATION 
(SUN CITY, FLORIDA) | 

| Lawrence L. Devroy 
Lise A. Hanners | 

Biological Research Associates, Inc. 
3819 East Seventh Avenue 

| | Tampa, Florida 33605 _ 

| ABS TRACT | 

In August 1986, the Florida Department of Environmental Regulation 
permitted construction of a dam on the Cypress Creek Swamp at Sun City, 
Florida. The goal of the project was to restore the natural floodwater 
storage capacity of the system to prevent downstream flooding and 
reestablish the historical hydroperiod. The objectives of this study | 
were: (1) to demonstrate that dam installation raised water levels, and 
(2) to characterize the vegetative community to determine if the plant 
community reflected an extended hydroperiod. Three transects with six 
shallow wells (piezometers) and six 1-m@ vegetation plots were estab- 
lished. Ground water levels, plant species composition, and percent 
areal coverage were recorded quarterly. Six monitoring events occurred 
before, and five events after dam installation. Analysis of the 
piezometer data revealed that ground water levels increased on two of 
the three transects. Vegetation analysis using Czekanowski's Index of 
Percentage Similarity indicated that the plant community changed after 
dam installation. Further vegetation analysis using hydroperiod 
categories for plant species did not clarify the nature of the change 
in the plant community. This study demonstrated that long-term 
monitoring is necessary for accurate assessment of ecological change in 
wetland communities. 

INTRODUCTION 

Channelization of creeks, streams, and rivers historically was 
performed throughout Florida as a means of alleviating flooding, and 
improving transportation and trade (Blake 1980). With heightened 
environmental concern beginning in the early 1970s, attempts were made 
to reverse the negative effects of channelization on water quality, 
vegetation, and wildlife. The Cypress Creek Swamp at Sun City, Florida 
(Lat 27° 44° N, Long 82° 21' W) was channelized in 1962 and is an 
example of such a system. The Cypress Creek Swamp is roughly 243 
hectares in extent, draining a 30.3-km@ watershed. At flood stage, 
Bullfrog Creek to the north contributes an additional 38.9-km2 to this 
drainage basin (Heidt & Associates 1980). In August 1986, the Florida 
Department of Environmental Regulation (DER) permitted construction of 
a dam on the southern extreme of the Cypress Creek system (DER Permit 
#290661453). The goal of the project was to restore the natural 

62



floodwater storage capacity of the Cypress Creek Swamp to prevent 
downstream flooding south of S.R. 674 (Figure 1). As a result of this 
action, the historical hydroperiod of this system would be restored. 
The objectives of this study were: 

1. to demonstrate that dam installation did raise water levels on 
| the Cypress Creek Swamp and, © 

2. to characterize the vegetative community before and after dam 
installation to determine if the plant community reflected an 
extended hydroperiod. 

MATERIALS AND METHODS 

As specified in the DER permit, three east-west transects were 
established to record changes in ground water levels and plant species 
composition. (Figure 1). Each transect had six piezometers (shallow 
ground water wells) and six 1l-m@ vegetation plots adjacent to the 
piezometers. Piezometers consisted of PVC pipe with a screened bottom 
and cap that was driven into the ground. Each piezometer extended 1.2 
meters above ground level. Water level measurements were taken from 
the top of the PVC pipe and converted to absolute elevations. 

Plant species composition and percent areal coverage of herbaceous 
vegetation were recorded on 1-m@ plots. Estimates of areal coverage by 
species were recorded to the nearest 5% from a vertical vantage point. 
Occasionally, total percent cover exceeded 100% when vegetation was 
Stratified. Plots were located no closer than 30.5 m to each other 
along transects and usually were more than 76.5 m apart. 

The DER permit specified that ecological monitoring was to be 
conducted at least once before dam installation, and to continue 
quarterly for three years thereafter. Monitoring began in 1984; six 
quarterly sampling events (March, June, September and December, etc.) 
occurred prior to dam installation in August of 1986. Five quarterly 
sampling events occurred after the dam was built. | 

Rainfall data were gathered from the National Weather Service 
station in Ruskin, Florida. This station is located approximately 4.0 
km from the project site. 

Quarterly piezometer data were analyzed using t tests to compare 
shallow ground water levels before and after control structure instal- 
lation. Vegetation data were analyzed using two methods. First, the 
percent areal coverage of herbaceous species before and after dam 
installation was compared within plots using Czekanowski's Index of 
Similarity. Similarity indices were calculated for each plot within 
each transect by comparing the areal coverage of vegetation before and 
after dam construction. For example, an index was calculated by 
comparing the percent cover of vegetation in March for plot 1 Transect 
A in 1984 (before dam construction) to vegetative cover in March of 

63



fi _W.W. 19th Avenue | ~~ | _f 

JA ens A | 

Y, CYPRESS-CREEK | | 

SWAMP | SUN CITY CENTER | 
r NORTH 
RAN CT 5 ; 

Se 

TRANSECT ¢ 

Structure (/ , | : 
Location . 

_. x Earthen Dam — | 

x SUN CITY | . 
Earthen Dam ) CENTER [ 

S.R. 676 | . | | 
} | | | NOT TO SCALE 

Figure 1. Cypress Creek Swamp and study area. a | 

© Mahe fore \ ey " ™ | —_ a 
Xu. w LOR ¢/ aA OS | | 

| i tomers re pede | ve . ae oes dn) tae! Ve | 

yy yp : tomato aN ert | ; 
NS Petes” npg Soy Fame "Chey ecto *; pela : = "Brandon ®*réer Ar | cM . | 

. a) / ni2.(~) | no Tidy a 

voy 2h fon GE 
»_ Conn ie NS a me, a 
ate i >. 

cae . | Tampa seu, (| , ; 7S 

St. Petersb © | As : if | | " fees | 

eters “rg Bay Es PO : | 

GIS Mews) lel yo OT 
3 Plney 

Qgnest Geo! 

64 |



1985 (also before construction). Similarly, an index was calculated 
comparing the percent cover in March on this plot before construction 
to the cover in 1986 or 1987 (after construction). A series of indices 
for all plots on all transects was calculated. Indices calculated from 
samples taken entirely before dam construction were compared to indices 
derived from pre- and post-dam installation sampling events. Tests for 
Significance were accomplished using t tests. Czekanowski's Index (CI) 
is defined as: 

i=s 

z ° e ° 

CI = 200 x i = 1 Min (Xi, X12) 

rr 
Z (Xi! X19) 

i= 1 

where s = the number of species found in one or both plots, and Xi, and 
Xig = the percent cover of species i in plots 1 and 2, respectively. 
The values of CI can range from 0-100%; the higher the percentage, the 
greater the similarity between plots. 

The second method used to evaluate changes in the plant community 
at Cypress Creek involved comparison of hydroperiod characteristics of 
plants present before and after dam installation. To accomplish this, 
all plants in the 1-m@ plots were assigned a category according to 
hydroperiod as defined in the Wetland Plant List prepared by the 
National Wetlands Inventory (USFWS 1986). The proportion of obligate 
hydrophytes in each plot before control structure construction was 
compared to the proportion after the control structure was installed; 
these proportions were compared using t tests. All proportional data 
were normalized prior to analysis by arcsin transformation. 

RESULTS 

Analysis of the piezometer data revealed that shallow ground water 
levels increased significantly on transects A and B (Figures 2 and 3), 
but not on Transect C (Figure 4) after control structure installation. 
The variance in piezometer levels was much lower for Transect A (Figure 
2) than for either transects B or C (Figures 3 and 4) both before and 
after installation of the dam. Transect A also was less variable and 
lower in piezometer elevation (and therefore 1-m@ plot elevation) than 
either transect B or C (Figure 5). 

Comparisons of the similarity in vegetation on the transects 
before and after control structure installation showed the same pattern 
as that observed with the piezometer data. On transects A and B, the 
composition and percent areal coverage of herbaceous vegetation were 
significantly different after control structure installation (Figure 
6). The herbaceous vegetation on Transect C did not differ relative to 
dam construction (Figure 6). 

Evaluation of the proportion of obligate hydrophytes on each 
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Figure 2. Piezometer levels on Transect A during the study period. Piezometer levels before structure 
installation were lower than those after structure installation (P<0.05).
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Figure 3. Piezometer levels on Transect B during the study period; piezometer levels before structure 
installation were lower than those after structure installation (P<0.05).
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Transect A Transect B 
Before After Before After 

x 474 21.5 x 48.1 20.9 
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: Transect C 
Before After 

XK 42.6 28,2 
SD 20.5 22.2 

t = 1.767 p = 0.086 
Figure 6. Comparisons of percentage similarity of herbaceous vegetation on meter Square plots before and 

after control structure installation.



transect provided ambiguous results. On Transect A, three of six plots 
showed a change in representation of obligate hydrophytes after the dam 
was installed (Figure 7). However, the proportion of obligates 
increased on Plot 3, and decreased on plots 5 and 6. None of the plots 
on Transect B changed significantly in the proportion of obligate 
hydrophytes (Figure 8). On Transect C, Plot 1 showed a significant 
decrease while Plot 4 showed an increase in the proportion of obligate 
hydrophytes (Figure 9). 

DISCUSSION 

It is evident from the data presented and our overall observations 
of the Cypress Creek Swamp that this restoration project achieved the 
major objective of restoring the hydroperiod to the system. Water 
levels in piezometers on transects A and B did increase after structure 
construction. Transect C showed piezometer water level change that 
approached significance (P=0.088). — | | 

The Cypress Creek Swamp is a complex system to evaluate, compli- 
cated by elevational change within and between monitored transects (see 
Figure 5). Not surprisingly, the results from the vegetation data were 
ambiguous, probably because of the complexities in this system. The 
percentage similarity analyses implied that changing water levels did 
affect the plant community. However, further analysis using the 
hydroperiod categories showed no pattern. Perusal of individual plant 
lists for each plot and monitoring event does suggest that change is 
occurring. For monitoring events in 1986 (immediately after structure 
installation) herbaceous species composition was dominated by floating 
aquatics. In 1987, many of those species were replaced by non-floating 
obligate hydrophytes. It is probable that the plant community in this 
system is continuing to become more hydrophytic and that our monitoring 
program was terminated too early to detect these changes. It was 
evident from our gross observations that many of the transitional 
wetland species such as wax myrtle (Myrica cerifera), blackberry (Rubus 
sp.), and laurel oaks (Quercus Taurifolia) were dying and being 
replaced by an understory of buttonbush (Cephalanthus occidentalis) and 
a variety of herbaceous obligate hydrophytes. This system was still in 
a state of change at the end of the monitoring program. 

From the perspective of the regulatory community, this study is of 
interest because it demonstrates the need for long-term monitoring 
programs to evaluate effects of water control structures that alter the 
hydrology of natural wetland systems. The permit required monitoring 
of the site for only one quarter prior to dam installation.  Fortu- 
itously, construction was delayed and we were able to collect six 
quarters of data prior to installation and five quarters after con- 
struction. Eleven monitoring events represent a considerable financial 
expense for the permittee, yet even with this amount of data col lec- 
tion, little could be demonstrated except change on a very gross level. 
Improvements to the monitoring regime would include evaluation of the 
overstory in addition to the understory, an increased number of study 
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| | plots, and continued monitoring of the system at least until similarity 
| ‘indices within plots no longer changed significantly. — 
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~ THE COMPARISON OF SURVIVAL AND GROWTH | 
OF PONDCYPRESS AND BALDCYPRESS IN | | 
FIVE DIFFERENT POST-MINING SOILS 

Steve Everett 
Center for Wetlands 

| University of Florida - 
Gainesville, Florida 

ABSTRACT 

The growth and survival of pondcypress were compared to those of 
baldcypress, on five mined soils. Sites were chosen on three abandoned 
phosphate clay settling ponds and two limerock mines. Soils ranged 
from essentially pure clay to sand and gravel. Early results from | 
paired field plots revealed negligible growth differences between 
species but large differences in survival did occur with baldcypress 
outperforming pondcypress. Large inter-site growth variations were 
noted for both species. Early analyses indicate a correlation of 
growth with soil particle size and nitrogen availability. 

INTRODUCT ION 

Recent interest and legislation concerning the reclamation of 
lands disturbed by mining have produced considerable research in 
restoration techniques. It is generally held that one of the most 
effective and efficient programs of restoration involves the re- 
establishment of the naturally occurring, pre-mining, plant associa- 
tions. 

The succession of wetland areas often becomes arrested, however, 
at the shrub or willow stage due to a lack of seed source availability 
(Rushton 1983; McClanahan 1986). In order to move beyond this arrested 
stage and accelerate the return of pre-disturbance hardwood and conifer 
Species, seeds or seedlings must be transferred in (Gunderson 1984; 
Rushton 1987). Cypress, as a wetland species, has been widely planted, 
however, few investigations have directly compared the two taxa, 
Taxodium distichum and Taxodium ascendens. Comparisons that have been 
done often Tack reference to edaphic factors, and/or produce conflict- 
ing results. 

In a study about light intensity, baldcypress consistently outgrew 
pondcypress in all light treatments except 100% (Neufield 1983). Ina 
Study using soils with identical conditions, pondcypress showed a 50% 
greater height growth than baldcypress, but the stem diameters were 
roughly equal (Murphy et al. 1974). 

When survival, height and growth of planted baldcypress were 
compared with pondcypress in several post-mining sites, no significant 
differences in growth or height appeared. However, survival rate of 
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baldcypress was significantly greater than pondcypress (Rushton 1987). 
Both pond and baldcypress performed best when planted on sites influ- 
enced by clay. Hydrologic factors appear to play a vital role in their 
Survival and growth (Rushton 1987; Miller 1987). 

In naturally occurring situations, pondcypress generally predomi- 
nate in low nutrient soils, while baldcypress are more commonly 
associated with higher nutrient conditions (Odum 1984; Monk 1965). 

In order to successfully utilize both species as transfer plants 
for wetland restoration, a more complete comparison of the trees would 
seem necessary. The purpose of this study was to directly compare 
baldcypress with pondcypress on five different post-mining soils. 
Since mining reclamation techniques create different mixtures of sand 

| and clay, the soils chosen cover the spectrum from pure sand to pure 
clay and contain varying concentrations of macro- and micronutrients. 
The study involves both field and greenhouse replications. 

METHODS AND MATERIALS 

During July 1987, 220 pond and baldcypress seedlings were planted 
in five post-mining sites. Sites were chosen for their variation from 
almost pure sand to almost pure clay as well as differing levels of 
nutrients. Two sites were in Alachua County and three sites were in 
Polk County. The Alachua sites were mined for foraminiferous limestone 
(Crystal River Formation) and the Polk sites were mined for phosphate. 
All sites had standing water and large growths of willows. 

All seedlings were planted under willows to simulate natural 
successional processes (Brown & Montz 1986; Wharton 1977) and to 
provide optimal light conditions (Neufield 1983). Seedlings were 
planted on 1 meter centers in paired 10 meter lines. When ground 
elevations and water levels were relatively homogeneous, each column 
was planted with a single species. When conditions did not favor 
Single species lines, seedlings were alternated to balance exposure to 
water levels (see diagrams). 

X X X X X X X0X0X 0X 0X 

Single species lines alternate species lines 

0000000 0OXO0XOX0X 0 

X = Bald 0 = Pond 

Two replicate paired plots of 22 trees each were established at 
each site. The trees, all greenhouse-grown tubelings, were planted 
using a KBC planting bar. Water depth and tree height (ground surface 
to apical bud) were measured at planting. 

Soil samples were taken from each site using a mud auger and 
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placed in plastic bags for later analysis. A portion of each sample 
was analyzed (Wallace Lab, University of Florida) for macro- and micro- 
nutrients. Other portions were used (in the Center for Wetlands Lab) 
for determining sand, silt, and clay content using the hydrometer 
method (Klute 1986) and sieving. Several liters of soil were also 
removed from each site for use in greenhouse replication studies. 

Particle sizes varied widely from site to site. Clay percentage 
ranged from a low of 0% at IMC-H9 to a high of 71.7% at Tenoroc. Sand 
percentages showed a reverse trend and went from a high of 100% at IMC- 
H9 to a low of 3.4% at Tenoroc (Figure 5). | 

With the exception of Tenoroc, all of the sites demonstrate a 
basic pH (Table 1). While all of the sites have large quantities of 
calcium, the Polk County sites have significantly larger amounts of 
phosphorus, magnesium, and aluminum due to the fact that they are 
phosphate rather than limerock mines. Nitrogen as NH4 and NO3 were 
highest at Hollingsworth, Hashknife, and Tenoroc. 

Fifty seedlings were planted in 20 centimeter diameter pots in the 
CFW greenhouse for more controlled study. Five pond and 5 baldcypress 
seedlings were planted in material removed from each field site. The 
pots were arranged in a random block design (Little & Hills 1978). 
Measurements were made of each seedling's height above soil surface at 
planting. 

SITE DESCRIPTIONS 

The Hollingsworth site (Figure 1) is in an abandoned limerock mine 
near High Springs. The area was abandoned in 1967, however active 
mining is taking place on adjacent land. All of the properties are 
owned by E. V. Hollingsworth. Transects are located along the edges of 
water filled mining cuts. The soil is a thin layer of overburden on 
limestone and is periodically flooded. 

Hashknife (Figure 2) is the oldest site. It is an abandoned 
limerock mine, west of Gainesville, off Highway 241 North. The mine 
was last active in 1948 according to the Buchanan families, the 
landowners. Trees were planted along the banks of shallow ponds lined 
with willows. 

Tenoroc (Figure 3), in Polk County, is an old clay settling pond 
that is currently part of a State Reserve maintained by the Department 
Of Natural Resources. The area was abandoned in 1972 and is surrounded 
by spoil piles. The transects were located in an intermittently 
flooded area. The eastern plot (I) was wetter, being on the edge of a 
small pond, while the western plot (II) was noticeably drier with no 
standing water nearby. 

IMC-H9 and IMC-H9-A (Figure 4) are part of a reclamation project 
by the International Mineral and Chemical Corp. Both sites are 
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Table 1. Soil nutrient analysis. 

PPM Soil* Concentration, 
mg N/L** 

SITE NAME pH Pp K Ca Mq Al Zn Cu Mn NH4-N NO3-N 

Hollingsworth 8.5 1 8 2000 56 4 <1 <1 <1 4.377 4.241 

Hashknife 8.3 5 12 2000 72 4 <1 <1 l 5.882 4.970 

= IMC-H9 8.6 200 4 2000 72 60 3 <1 3 2.189 2.462 

IMC-H9-A 7.9 200 8 2000 228 144 2 <1 7 3.055 2.417 

Tenoroc 6.2 200 28 2000 522 - - - - 10.382 3.648 
eee 

* Soil analysis by IFAS Extension Soil Testing Laboratory, University of Florida 
**Soil analysis by Department of Soil Science, University of Florida
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adjacent and are a clay settling area abandoned in 1970 and capped with 
sand in 1979. The plots of IMC-H9 were planted in a wet swale, in soil 
that was essentially 100% sand. The IMC-H9-A plots were planted along 
the edge of a lake in flooded soil that was mixed sand and clay. 

RESULTS 

Field Plots 

The 9 month height growth differences within each field plot were 
subjected to a paired-plot t test at a 0.05 level of significance. 
There was no significant difference in the growth performance of 
baldcypress when compared to pondcypress (Figure 6). 

A comparison of sites did yield significant results. Both species 
performed much better at Hashknife than at any other plot. Tenoroc's 
poor growth results were, in large measure, influenced by rabbit 
grazing and actually approached Hashknife results when grazed plants 
are discounted. 

A significant difference occurred in the survival of species. 
Baldcypress showed a 92% overall survival, whereas pondcypress managed 
only 76%. This variation was apparently due to the poor accommodation 
of pondcypress to inundation stress. Survival differences were 
particularly noticeable at IMC plots where water levels rose following 
planting. IMC-H9-A was essentially drowned (Figure 7). 

Greenhouse Tenoroc Hashknife Hollingsworth IMC-H9  IMC-H9-A 

Bald 100% 91% 95% 82% 96% 18% 

Pond 100% 82% 86% 18% 64% 0% 

Figure 7. Survival. 

Greenhouse Plots 

Statistical analyses showed significant growth differences between 
species at Hashknife and IMC-H9 with baldcypress outperforming pond- 
cypress (Figure 8). Major inter-site differences also occurred. 
Hashknife soil, once again, produced the greatest growth, almost 
doubling the height changes found elsewhere. Greenhouse survival for 
all plants was 100%. 
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DISCUSSION | 

Any results from this project should be viewed with caution as 
this reports only a 9 month grow out period for the seedlings. 

Survival and change in height results suggest that both pond and 
bDaldcypress seedlings do best in soil that is a mixture of sand and 
clay. The maximum growth occurred at Hashknife, where the sand to Clay 
ratio was approximately 3.4:1. This is in agreement with previous 
Studies (Ravina & Magier 1984; Peterson 1945) showing that clay soils 
influenced by medium to high levels of sand and coarse fragments were 
much better for tree growth than either pure clay or pure sand. The | 
mixture provides better water conductivity as well as better aeration 
and resistance to compaction. Hashknife soil contained large quanti- 
ties of gravel and chert fragments and had the most even size distri- 
bution. 7 

Another, and perhaps more important fact, leads to the idea that | 
growth differences could also be attributed to nutrition. Field | 
results were replicated in greenhouse studies, where such factors as _ 
temperature, moisture, and shading were controlled. A comparison of 
growth with nutrient levels showed nitrogen to be an apparent control- 
ling agent. 

A problem, inherent in the experimental design, emerged during the 
project and warrants discussion. The use of height growth as the major 
criterion for seedling success now appears to be inadequate. Bald- 
Cypress and pondcypress were observed to be using two different initial 
growth strategies. After 90 days of growth, pondcypress demonstrated a 
predilection for vertical growth while baldcypress expended its energy 
in increasing foliation around the apical bud and increased basal | 
diameter. At 9 months of growth, the height differences diminished and 
baldcypress appeared to be the height leader. 

Perhaps, with increased grow out time, differences due to growth 
strategies will become less significant and differences between the 
taxa due to site variables will become more evident. 

Subsequent research on this project should include a greater 
emphasis on differences in nutrient uptake, Survival, and total 
biomass, as well as height measures. 
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ABSTRACT 

Louisiana has 40% of the coastal marsh in the contiguous United 
States, and an annual wetland loss rate of about 100 km2. To combat 
the loss of this important resource the Louisiana Legislature created 
the Coastal Environment Protection Trust Fund in 1981. The Coastal 
Vegetation Program was developed in 1986 as part of a comprehensive 
Coastal Protection Master Plan implemented by these funds. The goals 
of this program are to conduct applied research on vegetative wetland 
restoration techniques, to facilitate vegetative planting projects 
designed for reducing wetland loss, and to monitor these and other 
restoration projects that may affect coastal plant communities. The 
project purpose, design, locations, results of vegetative wetland 
restoration projects (when available), and findings from other wetland 
restoration monitoring will be discussed. , 

INTRODUCTION 

Louisiana is losing 100 km2 (25,000 acres) of coastal wetlands per 
year (Gagliano et al. 1981). The causes of this problem have been the 
subject of much study and discussion, and include sediment deprivation, 
canal dredging, subsidence, saltwater intrusion, development, and wave 
erosion (Craig et al. 1979; de Mond et al. 1986; Gagliano et al. 1981; 
sasser et al. 1986; Scaife et al. 1983; Wells & Coleman 1987). The 
economic value per 0.4 ha (acre) of marsh has been approximated at 
$1,300-$4,000 based on the estimated value of commercial fisheries, 
commercial wildlife, recreation, reduced hurricane surges, and real 
estate (U.S. Army Corps of Engineers 1987). Louisiana's annual loss 
thus amounts to between $44 and $100 million. ) 

In response to this problem, in its 1981 special session the 
Louisiana Legislature appropriated $35 million to the now-defunct 
Coastal Environment Protection Trust Fund (Act 41). Currently, the 
state's coastal restoration efforts are funded on a yearly appropria- 
tion basis. A 10-year "Coastal Protection Master Plan" was developed 
by the Coastal Protection Section (CPS) of the Louisiana Department of 
Natural Resources (DNR) and approved by the legislature in 1985. The 
Coastal Vegetation Program is an outgrowth of this plan and was 
initiated in August 1986. This paper briefly describes the wetland 
restoration efforts that the CVP has been involved in. The CVP's work 
focuses on 1) designing and implementing wetland restoration and 
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erosion control projects that utilize vegetation as a main component, 
and 2) monitoring these and other wetland restoration projects spon- 
sored by DNR that indirectly influence wetland vegetation, 

APPLIED RESEARCH PROJECTS | 

Erosion Control in High 
Wave-Energy Environments 

Shoreline vegetation is known to absorb wave energy, and thus to | 
reduce erosion rates; however, in areas where stabilization is most 
needed, high wave-energy environments, it is difficult to establish 
plants--seeds will wash away and transplants tend to wash out. A test 
was conducted of the effectiveness of a relatively low-cost vegetative 
erosion control system, similar to that described by Allen et al. , 
(1986), at four locations representing different wave-energy intensi- 
ties. In order of decreasing intensity, these areas were: 

1) the Gulf shore of Rockefeller Wildlife Management Area, unl imi- 
ted fetch (Figure 1, #8). 

2) Turtle Cove, Manchac Wildlife Management Area, SE-NW fetch 
across Lake Pontchartrain of approximately 42 km (Figure 1, #14). 

3) Northwest shore of Lake Salvador, Salvador Wildlife Management 
Area, SE-NW fetch of approximately 11 km (Figure 1, #18). 

4) North-west shore of Lake Cataouatche, Salvador Wildlife Manage- 
ment Area. SE-NW fetch of approximately 6 km (Figure 1, #16). 

Two rows of 50 smooth cordgrass (S. alterniflora) plants were 
planted through fiber mats (see Allen et al. 1986). The mats were 14.6 | 
m (48 ft) long, 1.4 m (5 ft) wide, and oriented parallel to the shore. 
The mats ("Paratex," 5-cm thick rubberized hair and fiber) were rolled 
out onto the site, then a welded wire fabric with a mesh size of 15.2 
cm x 15.2 cm (6 in. x 6 in.) was rolled out on top of the mat. This | 
was held in place with 1.8-m (6-ft) "staples" made of 0.95-cm (3/8- 
in.) concrete reinforcement rods laid out in three rows at 0.9-m (3- 
ft) intervals (51 rods) (Figure 2). | 

A plastic fence 0.6 m (2 ft) high and 15 m (50 ft) long was placed 
1.5 m (5 ft) seaward of each mat to protect it from direct wave impact. 
The fence material was a high-strength plastic with apertures 10 cm x | 
1.5 cm and attached to 0.95-cm (3/8 in.), 3.7-m (12-ft) long concrete | 
reinforcement rods with a 15 cm (6 in.) hook in the end to prevent the 
fence from slipping off the rods. The fence material was folded over 
into a 0.6-m (2-ft) width, woven through, and attached at the top of | 
the rods with a ratchet-type plastic cable tie. Five replicates of 
these plots were installed in the intertidal zone at each of the four — 
project sites. These plots were completed on 17 June 1987. 
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It was hypothesized that there would be an inverse relationship 
between survival and wave energy (as indicated by fetch). The results 
did not support this because most of the fences failed. The wave 
action caused the fence material to rub up and down against the 
supporting rods, and many of the fences were cut through in a few 
weeks. The severed fences washed back and forth over the plantings and 
caused a significant amount of damage; the fences were ultimately 
removed. | 

As a result of the above pilot study the fence was redesigned. 
Treated lumber posts spaced at 1.8-m (6-ft) intervals now are used as 
Support for the fence material, which is attached to the posts with 
treated facing boards (Figure 3). This design has been used on several 
moderate wave energy projects along canals, and has performed satis- 
factorily so far. Additional testing of fence designs in high wave 
energy environments is planned. , 

The mat assemblage lasted for a year or longer except where there 
was scouring underneath the mat. It appears that in areas where this 
is a feasible approach, the present design may be over-built--the 
number of staples could probably be reduced by at least one-third 
without reducing mat durability. Wave energies, mat placement relative 
to mean water level, soil bearing capacities and the slope appeared to 
influence mat success. However, complications arising from the fence 
design render observations to date inconclusive. Further work on this 
concept is needed. | . | 

Hydroseeding ; 

Research and development on wetland vegetation seed technology is 
urgently needed. Seeding may prove to be a very cost-effective way to 
introduce desirable plant species over vast areas of wetlands. S. 
alterniflora is an important species in this regard, but it is diffi- 
cult to work with because it must be kept wet to insure satisfactory 
germination rates, and should be embedded in the soil in order to avoid 
washing out (Garbisch 1987; Woodhouse et al. 1974). Hydroseeding seems 
to be particularly well suited to this species because it fulfills both 
of these requirements. | | 

The CVP completed an experimental hydroseeding project with 50,000 
(pure live‘‘seed, Environmental Concern, Inc.) S. alterniflora seeds in 
a brackish marsh near Sabine National Wildlife Refuge (Figure 1, #3). 
In spite of a severe local drought, 15% of the seeds germinated and 
were successfully established 5 weeks after sowing. 

IMPLEMENTATION. PROJECTS 

Several pilot planting projects have been sponsored. Two main 
Strategies are being employed: soil stabilization (planting vegetation 
along an erosion-prone area to reduce wave energy and bind the sedi- 
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ments together); and succession acceleration (the introduction of a 
| Salt-tolerant plant into brackish and intermediate areas that are in 

danger of becoming too saline for the existing vegetation). 

Pilot Planting Projects Completed in 1987 

Cutgrass planting: Grand Lake, Cameron Parish. For eight weeks 
two persons collected cutgrass (Zizantopsis miliaceae) from local 
drainage ditches and planted it along the badly eroding northwest shore 
of Grand Lake (Figure 1, #5), within the Lacassine National Wildlife 
Refuge. The project was completed on 15 June 1987. 

Only 2% of the transplants could be found on 28 July 1987. Two 
factors were responsible: nutria (Myocastor coypus) and water hyacinth 
(Eichhornia crassipes). The nutria preyed on the transplants by 
digging them up and eating the roots. This seemed to be more problem- 
atic for plants on and adjacent to the bank than for those planted a 
few feet out in the water. However, the plants in the water were more 
susceptible to damage from water hyacinth. If the wind blows huge 
rafts of water hyacinth against the shore, the plants may be scoured 
over in the process. That this had occurred on a large scale was 
evident during our monitoring trip of 28 July 1987. 

Nutria are a pernicious problem for many transplanting schemes. 
| Short of removing the nutria from the planting site, chemical or 

physical barriers appear to be the only possible deterrent. It is 
generally agreed that the chemical repellents now on the market are not 
effective against nutria. 

Although physical barriers add substantially to the cost and time 
requirements per plant, they may be the only feasible way to success- 
fully use vegetation to control erosion where nutria are abundant. 
Physical barriers, such as fences, could be designed to serve two 
additional important functions: they can eliminate damage to the plants 
from water-borne material, such as water hyacinth and debris; and they 
can also protect against washing-out by waves (Figure 4). Because it 
is semi-permanent, plastic fence material can become litter and a 
hazard to navigation. Two solutions to this problem are: 1) remove the 
fence material after stand establishment and use it for subsequent 

| projects, or 2) use wooden snow fence or other materials that will 
eventually decompose. 

Smooth cordgrass planting: Brown's Lake, Cameron Parish. For 

| eight weeks two workers collected smooth cordgrass (S. alterniflora) 
from local salt marshes and planted it along an abandoned oi! expTora- 

tion access road north of Brown's lake at the Sabine National Wildlife 
Refuge (Figure 1, #2). This project was completed 22 July 1987. 

When the planting sites were first examined on 27 July 1987, it 

was estimated that at least 90% of the smooth cordgrass transplants had 

survived. Many of those planted during the first few weeks of the 
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project had prolific basal sprouts and other manifestations of vigorous 
growth. 

Similar planting projects on the refuge have spread and coalesced 
rapidly, forming substantial stands of smooth cordgrass in two to three 
years. Based on this observation and the overall excellent condition 
of the transplants at the first monitoring, it appears likely that a 
substantial amount of wetlands will be stabilized through this project. 

This project had three important favorable components: the sub- 
Strate was high enough, the wave energy regime was relatively low, and 
the herbivore pressure was negligible. Because of its relatively low 
cost, this type of wetland restoration should be pursued wherever 
Similar opportunities arise. 

Pilot Planting Projects to be Completed in 1988 

| Private sector projects. The CVP designed and released for bid 
several relatively large vegetative wetland restoration projects that 
are currently being installed by commercial contractors. 

1) 10,000 Taxodium distichum (baldcypress) seedlings will be 
planted at Lacassine National Wildlife Refuge with nutria exclosures 
around each tree (Figure 1, #6). 

2) S. alterniflora will be planted along 9,060 m of eroding bayou 
bank and lake shore at the Sabine Wildlife Refuge (Figure 1, #4). 610 
m of wave-dampening fence will protect the transplants in a moderate 
wave-energy section of this project. 

3) A 960 m project will be installed along an eroding canal bank 
at Salvador Wildlife Management Area (Figure 1, #17). Several species 
(S. alterniflora, Scirpus californicus, E. crassipes, and Typha sp.) 
will be planted with and without wave-dampen ing Fences SO that both 
alternatives can be evaluated. 

4) §. alterniflora will be planted along 2,220 m of eroding canal 
bank at Pointe aux Chenes Wildlife Management Area behind a series of 
wave-dampening fences (Figure 1, #12). | 

5) S. alterniflora will be planted along 14,640 m of bayou bank at 
| the Clovelly marsh (Figure 1, #19) to prevent wetland deterioration 

through succession acceleration. | - 

- Intera enc rojects. In addition to the projects designed and 
released by the CVP or bid by private contractors, several interagency 
erosion control plantings were implemented and managed under a joint 
agreement by DNR, the Louisiana Soil and Water Conservation Commission 
-(SWCC), and the U.S. Department of Agriculture Soil Conservation 
Service (SCS). Under this agreement CVP acted in an advisory role, 
while the design and implementation were carried out by SCS and SWCC. 
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The following projects were installed under this agreement: | 

1) A 1,370 m S. alterniflora planting near the Madisonville 
Lighthouse on Lake Pontchartrain (Figure 1, #13). 

2) A 10,980 m S. alterniflora planting on the shoreline of Lake 
DeCade (Figure 1, #10). | 

3) A 3,050 m S. alterniflora planting along eroding “cutbanks" at | 
Rollover Bayou (Figure 1, #9). 

4) A 3,050 m S. alterniflora planting along the shoreline of Black 
Lake (Figure 1, #1). 

5) A 1,373 m Z. miliacea planting along canal banks near Mallard 
Bay (Figure 1, #7). 

6) S. spartinae dune stabilization trials using seed and trans- 
plants at Timbalier Island (Figure 1, #20). 

MONITORING PROJECTS 

Garden Island Bay Subdelta 
Crevasse Splay Development 

The most significant monitoring project to date is that of three 
freshwater diversion projects at the Mississippi delta (Figure 1, #21). 
In this instance, the process of bay infilling is being followed from 
the dredging of crevasses through the development of emergent marsh 
communities. 

It is imperative that crevasse splay formation processes be used 
effectively if the tremendous land loss problem in the Mississippi 
delta is to be reduced (Gagliano & van Beek 1970), Wetland loss here | 
is more rapid than anywhere else in the entire deltaic plain region 
(Gagliano et al. 1981). The modern delta of the Mississippi River is a 
composite system of subdeltas that are all in a fairly advanced state 
of decay; it consists mainly of ring levees surrounding sunken interior | 
bays. As a result, there are numerous opportunities to initiate 
crevasse splays through levee breaching. 

Three such projects facilitated by CPS were completed in July 1986 
at the Pass a Loutre Wildlife Management Area (Figure 5). Observations : 
at the South Pass site indicate that this area is developing more | 
rapidly than the other two. A well-defined system of distributaries | 
and depositional centers was evident there by August 1987, whereas this 
was not the case at either Loomis Pass or Pass a Loutre (Figure 5). 
The South Pass site has an obvious advantage in hydrologic gradient 
because it empties directly into an arm of the Guif, whereas both the 
Pass a Loutre and the Loomis Pass crevasses empty into interior bays. 
The hydrologic efficiency of the proposed parent-pass/crevasse-channel/ 
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receiving-bay system must be examined as a whole to predict the 
potential extent of splay development. 

Subaerial accretion during major floods far exceeds that associ- 
ated with minor floods (van Heerden 1980). There has not been a major 
flood in the area since the creation of these sediment diversion 
projects; therefore, sediment accretion has been minimal. 

Montegut Marsh Restoration Project | 

This project (Figure 1, #11) was developed by the CPS in order to 
reduce marsh loss resulting from increasing levels of. saltwater 
intrusion. As in many coastal marshes (Chabreck & Linscombe 1982; 
Sasser et al. 1987), subsidence and canal connections to the Gulf of 
Mexico have increased the influence of marine water in the area. As an 
apparent consequence, the vegetation has shifted from fresh-water marsh 
(O'Neil 1949) to a rapidly deteriorating brackish-intermediate marsh 
(Chabreck & Linscombe 1978). 

The area is bounded on the west, north, and east sides by a 
natural levee system formed by the bifurcation of Bayou Terrebonne and 
Bayou St. Jean Charles. The thrust of the restoration project was to 
construct a levee and water control system across the southern portion 
of this area that would diminish the influence of marine water from the 
south. Before project construction, permanent transects were estab- 
lished inside and outside of the project area in order to collect data 
on vegetation cover, and standing crop by species. In addition, data 
was collected for the construction of a baseline vegetation map. The 
local marsh vegetation consists almost exclusively of S. patens, with 
very small amounts of Distichlis spicata and a few other species 
including S. alterniflora. It is expected that the marsh inside the 
project area will stabilize while that immediately outside will 
continue to deteriorate at pre-project rates, with some increase in the 
incidence of S. alterniflora possible. 

La Branche Shoreline Repair Project 

The La Branche wetlands (Figure 1, #15) on the southwest shore of 
Lake Pontchartrain are typical of many of the remaining marshes 
Surrounding the lake. The marsh inland of the low lake berm has 
deteriorated, leaving numerous interior ponds often separated from the 
lake by little more than the lake berm. The berm in this area had been 
breached, and it was feared that the observed erosion of the interior 
wetlands would accelerate if the shoreline was not closed to reduce the 
influence of the lake on this interior wetland. A construction project 
was completed in July 1987 that reduced the impact of the lake on these 
wetlands by restoring the lake shoreline with new material. The CVP 
established four permanent transects in October 1987 to determine the 
relative cover of the vegetation present at that time. In addition, 
ground truthing was conducted for baseline vegetative type mapping of 
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the entire area. 

The marsh was dominated by S. patens, and several secondary 
species such as Polygonum sp., Vigna luteola, Iva frutescens, and 
Ipomoea sagittata. Because the purpose of this project was primarily 
to stabilize the area, rapid change in vegetational composition is not 
expected. , 

| | ~~ CONCLUSIONS 

Because vegetative measures have proven to be an effective compo- 
nent of wetland erosion control, the CVP is an important part of 
Louisiana's effort to combat its coastal wetland loss. The program's 
primary goal is to maximize the effectiveness of vegetative techniques 
by using an integrated system of applied research, design, implementa- 
tion, and monitoring. The CVP has been involved in 21 projects 
throughout the state so far. 

— Vegetative techniques can be effective in wetland restoration if 
the design is appropriate to site conditions. As the science of 
matching these design requirements to site conditions becomes more 
reliable, the cost effectiveness of vegetative restoration techniques 
will increase. Given the current rapid loss of Louisiana's marshlands 
and their importance to the state and the nation, the impetus for these 
projects is expected to increase. 
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ABSTRACT 

Mobil currently has 12 dredge and fill permits for the mining and 
reclamation of small stream channels at the company's central Florida 
phosphate mining operations. Reclamation activities have been com- 
pleted on seven projects and are in progress on an eighth. This is the 
largest number of stream reclamation projects known to be under 
construction in the southeastern United States. Completed projects 
range in size and age from the initial 0.4 ha (1 ac) pilot scale 
project completed in 1980 to a 29.5 ha (73 ac) floodplain and associ- 
ated wetland system completed in 1987. 

A monitoring program for the revegetation efforts began in 1985. 
Four to six belt transects (elongated quadrats) were established across 
the streams and monitored once per year for the following parameters: 
tree height, crown cover, and condition of seedling. A control wetland 
was selected and sampled using the same methods. Two to three line 
intercept transects were also established at each stream to record the 
percent cover of herbaceous species. This data was used to calculate 
tree survival, tree density, percent crown cover, tree height, diver- 
sity indices, and Morisita's similarity indices. The oldest stream 
reclamation project, Sink Branch, has met all of the Department of 
Environmental Regulation's success criteria except for percent cover by 
primrose willow. 

INTRODUCTION 

Mobil Mining and Mineral Company, a subsidiary of Mobil Oil 
Corporation, owns three existing mines in the central Florida phosphate 
field. The Fort Meade Mine is located along the Peace River in Polk 
County. The Nichols Mine is located along the North Prong Alafia River 
also in Polk County. The Big Four Mine is located along the South 
Prong Alafia River in Hillsborough County. In addition to the three 
existing mines, Mobil also owns the South Fort Meade tract, a large 
undeveloped phosphate ore body along the Peace River in Polk County. 

All four of Mobil's Mining tracts are located along either the 
Peace River or one of the two prongs of the Alafia River. At all four 

106



| mining tracts, there are numerous small tributary streams leading to 
these larger streams. Significant phosphate reserves occur under these 
tributaries. 

Typically, the small tributary streams have intermittent flow 
patterns and narrow low water channels, usually no more than a few feet 
wide. They generally have a wetland floodplain of various width along 
the low water channel. They are typically very heavily wooded and most 
people find them to be very aesthetically attractive. They represent 
valuable wildlife habitat and, perhaps most important of all, they 
contribute flow of good quality water to their receiving streams. 
Overall, Mobil recognizes these streams to be the most environmentally 
sensitive areas which the company is mining today. 

Mining of tributary streams in Florida is strictly regulated by 
federal, state and in some cases, local authorities. In fact, before a 
mining company can mine even a minor tributary stream, it must, at a 
minimum, have the following permits and regulatory approvals: 

- a dredge and fill permit from the Department of Environmental 
Regulation (DER) 

- a dredge and fill permit from the Corps of Engineers (COE) 
- a works of the district permit from the water management 
district 

) * a detailed reclamation plan on file with the Florida Bureau of 
Mine Reclamation 

All these permitting steps require the preparation of detailed reclama- 
tion plans for the stream which is to be mined. In addition, the 
mining company must have demonstrated the ability to reclaim similar 
Streams mined under previous permits. 

Mobil has been involved with stream reclamation since 1979. The 
company has a total of eight currently active stream reclamation 

, projects. The projects range in size and age from the initial 0.4 ha 
| (1 ac) pilot scale project completed in 1980 to a 29.5 ha (73 ac) 

floodplain and associated wetland system completed in 1987. 

During the eight-plus years in which Mobil has been involved with 
stream reclamation, a detailed methodology for designing projects has 
been developed. The methodology deals with both the physical design 
and revegetation design phases of the projects. 

Physical Design of Streams and their Floodplains 

For the physical design of stream floodplains, Mobil relies on 
methods adapted from standard Soil Conservation Service (SCS) method- 
ology for open channel flow. The first step in utilizing the SCS - 
design methodology is to define the watershed for the reclaimed stream. 
Mobil designs its stream floodplains based on the ultimate post- 
reclamation conditions even though different drainage conditions 
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usually prevail when mining is in progress. Active mining and waste 
disposal areas must drain to the mine water recirculation system which 
can discharge only through permitted and monitored points. Such areas 
do not contribute runoff to reclaimed streams until reclamation has 
been completed in the areas. However, since these areas will even- 
tually contribute runoff to the reclaimed streams, the design of the 
stream floodplains must consider the peak flow contribution from them. | 

Once the size of the watershed and the general soil types in the 
watershed have been defined, the peak runoff can be estimated for 
various rainfall events. Then based on the predicted peak flows, the 
gradient of the floodplain, and a roughness factor for the reclaimed 
channel, a floodplain cross-section is designed to meet the design 
criteria. Mobil designs reclaimed floodplains to meet two criteria. 
First, the floodplain must be broad enough to carry the peak flow from 
a 25-year, 24-hour storm at nonerosive velocity. Second, the flood- 
plain must be flat enough to be inundated by the flow generated by an 
annual, 24-hour storm. 

Figure 1 depicts the design cross-section for the reclaimed 
floodplain of Rocky Branch. The design parameters and the calculated 
maximum flows, velocities, and water depths in the reclaimed floodplain . 
are also provided in this figure. According to the calculations, the 
trapezoidal-shaped floodplain with a 61 m (200 ft) wide flat bottom is 
capable of carrying the peak flow from a 25-year, 24-hour storm at a | 
velocity of 0.65 meters per second (2.14 feet per second). The 
threshold velocity for erosion is generally considered to be approxi- 
mately 0.76-0.91 meters per second (2.5-3.0 feet per second); there- 
fore, the floodplain meets the first design criterion. The flow from 
an annual, 24-hour storm produces a water depth of 0.2 m (0.66 ft), 
thereby inundating the entire 61 m (200 ft) wide floodplain and meeting 
the second design criterion. | 

In practice, the difficult part of floodplain construction is 
getting the floodplain cross-section flat and the gradient even down 
the length of the floodplain. Since wetland creation is the goal, 
equipment must operate very close to the water table when final grade 
is approached. It is very difficult to operate heavy equipment under | 
these conditions. In Mobil's previous stream reclamation projects, the 
surface of the reclaimed floodplains is generally somewhat irregular as 
opposed to perfectly flat. This unevenness often creates small water 
pockets that provide microhabitats for aquatic organisms, particularly | | 
during the dry season. These microhabitats increase the diversity in a 
wetland system and are generally considered beneficial. | | 

In most cases, Mobil has made no attempt to construct a low water | 
Channel within reclaimed floodplains. The first substantial rain 
usually generates enough flow to start the formation of a meandering 
low water channel. Ideally, the low water channel should meander 
throughout the floodplain. The key to achieving this is getting the | 
floodplain as flat as possible. 
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: | ee 24 HR. 1-YR. STORM 24 HA., 25-YR. STORM 
Oo MAXIMUM FLOW | - 150 cfs | 800 cfs 

| - 7 VELOCITY OF MAXIMUM FLOW 1.11 {t./sec. 2.14 tt./sec. 

a DEPTH OF MAXIMUM FLOW 0.66 ft. 1.75 ft. | 

-- Figure.1. Typical cross-section of reclaimed floodplain of Rocky | 
| | Branch. | | | : 
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In most of Mobil's stream reclamation projects, a thin layer of 
wetland topsoil has been added to reclaimed floodplains as a finishing 
touch to the earthmoving phase. Whether this is essential or not is 
somewhat controversial. The DER certainly believes that it is and 
generally makes wetland topsoil replacement a condition of permit 
approval. In projects where it has been possible to transfer wetland 
topsoil directly to a reclamation site from another wetland that is to 
be mined, considerable volunteer propagation of desirable herbaceous 
wetland species has been observed. On the other hand, wetland topsoil 
is sometimes very difficult to acquire and, in cases where long-term 
stockpiling or destruction of unmined wetlands is required, Mobil 
regards wetland topsoiling as a very questionable practice. © 

Revegetation of Streams and their Floodplains | 

Mobil has used the Peace River and its tributaries as reference 
areas for designing the revegetation program for reclaimed floodplains. 
Figure 2 depicts a typical reforestation plan for a reclaimed flood- 
plain. True wetland species such as bald cypress (Taxodium distichum) , 
black gum (Nyssa sylvatica var. biflora), water hickory (Fraxinus 
caroliniana) are concentrated along the water channel. Near the 
margins of the floodplain, transition species such as laurel oak 
(Quercus laurifolia), water oak (Quercus nigra, sweetgum (Liquidambar 
styraciflua), Florida elm (Ulmus americana), and red maple (Acer 
“abun dominate the plantings. In addition, all projects have a 
greenbelt of transition and upland species on both sides of the 
reclaimed floodplain. Species. such.as slash pine (Pinus elliottii), 
live oak (Quercus virginiana), and pignut hickory (Carya glabra) are 
planted in this greenbelt aT with laurel oak and water oak. 

Containerized seedlings are used as the primary planting stock. 
These seedlings are essentially the same size as bare-root seedlings 
but have an intact soil and root mass. Whenever soil conditions 
permit, a standard tractor-drawn pine seedling transplanter is used to 
plant seedlings. Compared to hand planting, this is a much quicker and 
more cost efficient planting method. Hand planting is done in areas 
that are inaccessible to machinery. 

Mobil uses two additional cultural practices to. enhance the 
Survival and growth of transplanted tree seedlings--subsoiling under 
planting rows prior to planting and irrigation of reforestation areas 
through their first growing season. During reclamation, the use of 
heavy machinery tends to compact some reclaimed soils and make it 
difficult for roots to penetrate them. Experience has shown that using 
a single row subsoiler under the rows prior to planting helps to loosen 
compacted soils and improve seedling survival. Irrigation of refores- 
tation areas using portable volume guns has also become a standard 
practice for Mobil stream reclamation projects. Irrigation water is 
pumped from nearby mine pits. Seedlings are extremely susceptible to 
drought stress in their establishment year. Irrigation during this 
critical period has proven very beneficial in improving seedling 
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survival. After the first growing season, reforestation areas depend 
on rainfall to maintain tree growth and survival. 2 | 

| | STUDY SITE re 

Listed below are the eight stream reclamation. projects and the — 
control area that are described in the monitoring program. ae 

_ | Designed Wetland Area | 
| | Project Name _  ___Hectares (Acres) 

* Myers Branch (Lower Portion) 0.8 ha (2 ac) | | 
—* Guy Branch 3.6 ha (9 ac) | | 

| + George Allen Creek —  -: 1.6 ha (4 ac) oo 
| ¢- McCullough Creek | | | 9.3 ha (23 ac) | 

* Sink Branch 0.4 ha (1 ac) | 
¢ Bird Branch, South 14.6 ha (36 ac) 
¢- Bird Branch, North = 15.0 ha (37 ac) 

| - Lake Branch Tributary §.3 ha (13 ac) 
- Rocky Branch (Control Area) -- -- 

The locations of these projects are shown in Figures 3 and 4. 

MATERIALS AND METHODS | 

Mobil began monitoring four of the projects in 1985. The monitor- 
ing program was established for the following reasons: 

1. To enable Mobil to evaluate the success or failure of current 
reclamation practices so that future work can be improved. 

2. To develop a data base that provides proof of successful 
reclamation in order to facilitate future permitting. | 

3. To satisfy Department of Environmental Regulation (DER) 
monitoring requirements. 

DER's Monitor ing Requirements | 

Mobil's twelve dredge and fill permits date from 1980 through 
1985. During this time interval, monitoring required by the DER has ~ 
increased considerably. Some of the early permits either had no — 
monitoring requirement or had only very general requirements, The more 
recent permits have very explicit and detailed monitoring requirements. 
These requirements and success criteria for forested wetland restora- 
tion are summarized below. | | | 

a. An average of at least 988 trees per hectare (400 trees per 
acre) are growing above the herbaceous stratum; | | 
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b. The tree cover exceeds 33 percent of the vegetational cover 

and in no area of an acre or more in size is the tree cover less than 

20 percent. Cover measurement will be limited to 1) those trees 

exceeding the herbaceous stratum in height, and 2) those indigenous 

species that contribute to the overstory of the mature riverine forest 

of the North Prong of the Alafia River (or the Peace River for Fort 

Meade reclamation projects). 

c. Understory vegetation is reproducing naturally. Cattail, 

primrose willow and exotics are limited to 10 percent or less of the 
total cover. If these species exceed 10 percent of the total cover, 

their density must be declining over several years, which would be 

considered a positive indication that they are under control; and 

d. The restored wetland has a similarity of 0.6 (as determined 

using Morisita's index) and 75 percent of the diversity of a mutually 
agreed upon control wetland (based on literature values, if possible). 

In order to meet Mobil's goal of proving successful reclamation to 

facilitate future permitting, it is apparent that current monitoring 

requirements will have to be applied to the older projects even though 

such detailed monitoring may not be specifically required in the older 

permits. Mobil's monitoring program has, therefore, been designed to 
apply current monitoring requirements to all active dredge and fill 
reclamation projects. 

Vegetation Sampling Methods 

The vegetation sampling design was established by the Center for 
Wetlands during the 1984-1985 monitoring effort (Best et al. 1986). At 
Mobil's request, this design was repeated for the 1986 and 1987 study 
period. The sampling technique utilizes belt transects (elongated 

quadrats) for monitoring trees and a line-intercept transect for 
monitoring herbaceous plants. Sampling in 1986 and 1987 was conducted 
once each year between June 1 and July 15. 

Tree sampling. Belt transects for trees were sampled as follows: 
Transects were established perpendicular to the slope and run across 

the stream. A permanent rod marks the starting point for the center 

line of the transect. A long measuring tape was placed along the 
center line of the transect across the permanent markers established at 
30 meter intervals. The tape marks the center of the long axis of the 

belt transect. Seedlings within a 4.5 meter band on either side of the 

line were counted as part of the sample population. The following data 
was recorded for all tree seedlings encountered in the belt transect: 
species, height, crown diameter, condition of seedling, and water 

depth. Open water or marsh areas along the transects that were not 

planted with trees were excluded in calculations for tree density and 

crown cover. | | 

The same sampling techniques described above were also used for 
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the tree seedlings (less than 2.5 cm dbh) and saplings (2.5 cm to 10 | 
cm) at Rocky Branch (Control Area), Only tree diameters were recorded 7 
for the overstory trees (greater than 10 cm dbh) at Rocky Branch. | 

Tree diversity was calculated using the Shannon diversity index 
(H'): | | 

H' = (N log N-2nqz log ny)/N | 

where N is total number of individuals, and ny; is the number of _ 
individuals in species i. | | 

Morisita's similarity indices were calculated in 1987 when the 
control wetland (Rocky Branch) was monitored. The Morisita index of | | 
community similarity (Im) may range from 0 (no similarity) to approxi- 
mately 1.0 (identical) (Brower & Zar, 1984). The similarity index is 
calculated as follows: | 

(1 + 12)NiNo 

where Ny and No is the total number of individuals in communities 1 and 
¢, Xj and yj is the number of individuals in species i in communities 1 
and 2, and 1; and lo are calculated as follows: | | 

Ty = d X 4 (Xj -1) | 

Ny (Ny -1) 

lo = x yilyi 1) 

No(No -1) 

Herbaceous sampling. Herbaceous sampling transects were monitored | 
using the rings intercept method. The method consists of taking 
measurements along a tape transect line placed across the study area. | 
Each herbaceous species touching, overlying, or underlying the line was 
recorded along with the line distance that the species covers along the 
Tine. The individual intervals were totaled to yield percent cover for 
each species. Open water areas or upland areas along the transect were 
excluded in calculation of percent cover. 

RESULTS 

Tree Data | 

Tree survival. Tree seedling survival in 1987 ranged from 15 
percent to 69 percent (Table 1). These results are based on the ~ | 
average planting density at each site and include any replanting | 
efforts after the initial year of revegetation. 

Tree density. Density of live trees in 1987 ranged from a low of 
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Table 1. Tree data for designed wetland area, 198/. 

AVERAGE LIVE AVERAGE SHANNON 

AGE OF PLANTING TREES AVERAGE CROWN PERCENT DIVER- SIMILAR- 

PROJECT DENSITY PER PERCENT HEIGHT DIAMETER CROWN SITY ITY 

STREAM (YEARS) (TREES/AC) ACRE! SURVIVAL (METERS) (METERS) COVERAGE INDEX INDEX2 

Lower Myers Branch 4 1,335 195 15% 1.6 0.6 1.5% 0.75 0.5 | 

Guy Branch 4 888 319 36% L.1 0.4 1.2% 0.69 0.7 

George Allen Cr. 3 1,005 321 32% 1.3 0.3 1.1% 0.63 0.3 

McCullough Cr. 3 82/7 170 21% 1.4 0.5 1.0% 0.74 0.5 | 

Sink Branch 7 904 619 69% —-.0 2.6 41 ./% 0.85 Oh a 

m Bird Branch, South 2 1.061 541 51% 0.6 © 0.2 0.6% 0.89 0.6 

~ Bird Branch, North l 1,387 485 35% 0.3 0.1 0.1% 0.97 0.5 

Lake Br. Tributary l 506 133 26% 0.4 0.2 0.1% 0./6 0.5 

Rocky Br. (Control Area) 
- Overstory (4" dbh) N/A N/A 178 N/A N/A 8.5"(dbh) N/A 0.98 1.0 

- Understory (1-4' dbh) N/A N/A 136 N/A 4.2 2.4 17.5 0.89 0./ 

- Ground layer seedlings N/A N/A 7,832 N/A 0.5 0.3 11.8 0.80 0.6 

I 

lTree data does not include volunteer Carolina willow (Salix caroliniana). 

2The similarity index compares species composition of planted seedlings at the reclaimed sites to the 

overstory trees at Rocky Branch (Control Area). 

SOURCE: Gurr & Associates, Inc., 1987.



329 trees per hectare (133 per acre) at Lake Branch Tributary to a high 
of 1530 trees per hectare (619 per acre) at Sink Branch (Table 1). 

Five of the reclaimed wetland sites and the control area would not 
meet DER’s current density requirement of 988 trees per hectare ( 400 
per acre). For comparative purposes, the tree density at Rocky Branch 
(control area) was 776 trees per hectare (315 per acre) (combined 
overstory and understory). 

Tree crown cover. Except for Sink Branch, all of the stream 
reclamation projects are relatively young and have very low canopy 
cover. Sink Branch is seven years old and exceeded DER's crown cover 
requirement of 33 percent in the sixth year. The percent crown cover 
for the other sites has doubled each year but is still less than 4 
percent (Table 1). | 

Tree height. Average tree height for the projects (not including 
Sink Branch) is 0.9 meters (3.0 feet). Tree heights at Sink Branch 
averaged 4.5 meters (14.8 feet) (Table 1). The growth rate averaged 
0.4 meters (1.2 feet) for the four projects that were monitored in 1985 
through 1987. 

Tree diversity. Tree diversities were relatively high, ranging 
from 0.63 to 0.97 (Table 1). The tree diversity at the control area 
(Rocky Branch) was 0.98 for the overstory and 0.89 for the understory 
(0.93 combined average). 

The DER success criterion specifies that the diversity of the 
restored wetland shall be 75 percent of the control wetland but does 
not indicate what vegetative stratum is to be used. If the diversities 
for the overstory and understory for Rocky Branch are used for compara- 
tive purposes, the diversity for the reclaimed streams would need to be 
0.69. All streams except George Allen Creek (0.63) meet this diversity 
requirement (Table 1). , 

Similarity indices. The DER success criterion specifies that the 
Morisita’s similarity index for the restored and control wetland shall 
be 0.6 or greater. The average similarity index for all streams was 
0.54, using the overstory trees from Rocky Branch as the control (Table 
1). The similarity indices were lower when the understory or ground 
layer strata at Rocky Branch were used for comparison. 

Some of the notable differences in species composition between the 
reclaimed wetlands and Rocky Branch (Control Area) are: the presence of 
Slash pine at all reclaimed streams and the absence at Rocky Branch; an 
abundance of ironwood at Rocky Branch; and, a much greater abundance of 
swamp tupelo and water oak at the reclaimed stream sites. If Rocky 
Branch will continue to be used as the control area on future projects, 
the similarity indices could be increased by adjusting the species 
composition of the planted stock at the reclaimed sites. 
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Table 2. Summary of herbaceous vegetation! for all streams. 

RELATIVE 
| - COVERAGE 

, BY 
AGE OF YEAR PERCENT COVERAGE¢ CATTAIL & 
PROJECT OF ALL PRIMROSE = PRIMROSE 

STREAM (YEARS) STUDY SPECIES CATTAIL WILLOW WILLOWS 

Lower Myers Branch 2 1985 115.8 0.0 18.2 | 15.7 
) 3 1986 142.5 2.0 16.3 12.8 

| 4 (1987 131.2 -1./7 17.4 14.6 

Guy Branch 2 1985 107.0 16.5 3.9 19.1 
3 1986 131.0 16.7 11.4 21.4 
4 1987 105.0 15.9 19.5 33./ 

George Allen Cr. l 1985 92.9 32.0 2.9 37.6 
2 — 1986 102.7 16.8 7.3 23.5 

a 3 1987 94.8 17.8 12.8 32.3 

— McCullough Cr. l 1985 100.8 1.1 40.6 41.4 
2 1986 116.2 1.9 44.8 40.2 
3 1987 111.6 1.4 o7 «1 52.4 

Sink Branch - 6 1986 88.4 0.0 53.3 60.3 
] 1987 99.5 0.0 72.8 73.2 

Bird Branch, South 1 1986 64.8 4.7 2.4 11.0 
2 1987 88 .6 6.8 3.4 11.5 

Bird Branch, North 1 1987 ss 47.3 2.1. 8.8 23.0 

Lake Branch Tributary 1 1987 73.2 0.0 9.1 12.4 

lHerbaceous vegetation consists of woody vegetation less than 2.5 cm 
dbh and all other herbaceous vegetation. 

2Percent cover can exceed 100% due to overlapping coverage of different 
Species. | 

3Relative coverage = (% cover of cattail + % cover of primrose willow) 
+% cover by all species. 

SOURCE: 1985 Data - Best et al. 
1986 and 1987 Data - Gurr & Associates, Inc. 

119



Herbaceous Cover 

The percent cover of all herbaceous vegetation in 1987 ranged from 
47.3 percent at Sink Branch to 131.2 percent at Myers Branch (Table 2). | 
Percent cover can exceed 100 percent due to overlapping coverage of | 
different species. 

The relative coverage by cattail (Typha spp.) and primrose willow | 
(shrub like varieties of Ludwigia spp.) varied widely and exceeded the 
10 percent minimum required by DER. Coverage by cattail and primrose 
has increased slightly at the sites that were monitored for two : 
successive years but clear trends in coverage by these species are 
lacking to date. The high percent cover of primrose willow at Sink 
Branch was concentrated along the 5 to 6 meter (15 to 20 feet) wide | 
stream channel. 

DISCUSSION _ 

None of the eight stream reclamation sites meet all of DER's 
revegetation success criteria as specified in Mobil's most recent 
dredge and fill permits. However, this is not surprising considering 
the relatively young age of the projects. 

The Sink Branch project is seven years old and has met DER's 
requirements for tree density, percent crown cover, diversity and 
Similarity to a control wetland. The only success criterion that Sink 
Branch has not yet achieved was the percent cover of cattail and 
primrose willow. As the tree canopy continues to develop, it is 
reasonable to expect a decline in the coverage by these invader - 
species. | 

Based on the vegetation growth at Sink Branch, it appears that DER's 
success criteria for Mobil's current dredge and fill permits can be met 
in approximately five to six years, except for the 10 percent cover 
limitation on cattail and primrose willow. Revegetation efforts should 
include a wide variety of species (ten species) to meet diversity 
requirements and sufficient planting densities to offset seedling — | 
mortality. The achievement of declining coverage by cattail and | 
primrose willow may have to await the development of a more well | 
developed tree canopy. 
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ABSTRACT 

Four species of vascular plants were evaluated under field condi- 
tions to determine their effectiveness for erosion prevention and 
shoreline stabilization. The four plants were: (1) cutgrass (Zizaniop- 
sis miliacea) also known as southern wildrice and water millet, (2) 
mMaidencane (Panicum hemitomon), (3) spikerush (Eleocharis macro- 
stachya), and (4) soft rush (Juncus effusus). A total of 1920 plants 
(480 of each species) were planted in two 12 x 15 meters (m) test 
plots. The plants were spaced at 25 cm intervals on the shoreline at 
elevations ranging from 169.5 ft. mean sea level (msl) to 171.5 ft. 
msl. Each planting was fertilized with 4.12 grams of Osmocote 17-7-12 
controlled-release fertilizer at the time of planting (January-Febru- 
ary, 1986). A barrier was constructed to protect the plantings from 
the waves. Plants were evaluated on their ability to survive and 
prosper (includes vigor, spread, etc.) under inundation periods varying 
from 65 to 121 days. 

At all periods of inundation, cutgrass thrived and evidenced 
superior performance in relation to the other species tested. Data 
analysis indicates that this plant is the most effective in qualities 
of vigor, survival, spread, and apparent wave protection value. This 

was particularly evident for longer periods of inundation. 

Soft rush and maidencane appear to have acceptable survival and 
coalescence characteristics during shorter periods of inundation (less 
than 90-100 days). Additional study is needed to determine the erosion 
protection effectiveness of these species. 

Spikerush had excellent survival and spread at most periods of 
inundation. While the plant may have excellent promise as an erosion 
control species, additional time is needed to determine if it can be 
grown as effectively on eroded shorelines as it grows in its native 
habitat. 
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INTRODUCTION 

The state of Louisiana ranks fourth in the United States in 
surface water acres with about 1.9 million acres of inland waters. 
Maintaining and improving water quality of its inland waters is 
necessary in order to continue to produce wildlife, fur, and fisheries. 
In addition, a multi-million dollar industry of recreation and tourism 
is directly dependent upon water that is environmentally and aestheti- 
cally acceptable. The demand for high quality freshwater for home, 
industry, and agriculture has never been higher, and with increasing 
growth of urban areas, population, and agricultural irrigation will 
continue to rise (Long et al. 1974). The last several years has 

| revealed a new menace, that of shoreline erosion, which threatens to 
| severely diminish the employment of freshwater impoundments for the 

above mentioned purposes. Although the problem has just become 
apparent, it is evident that erosion of shorelines will continue to 
accelerate. This erosion process has been proceeding since the 
construction of these impoundments but is now reaching the critical 
stage, with some shoreline already lost. The problem is one that 1s 
typically not considered in the planning of freshwater impoundments 
(Frantz 1951). It is directly related to the inability of upland 
hilltop soils, totally unsuited in structure, resilience, and type of 
vegetational conmunities supported, to withstand the effects of water 

| level fluctuations, saturation, and wave action for extended periods of 
time. It has become evident that specialized research is needed to 
develop technologies to assist land and water control agencies and 
users in applying the best management practices for prevention or 
reduction of soil erosion from shorelines, thereby substantially 
improving water quality and wildlife habitat and lessening reservoir 
siltation. Currently, little is known concerning the capabilities and 
limitations of control of shoreline erosion of moderate-to-large 
freshwater impoundments by vegetative means (Draft 1983-84; Holmes 
1985). The major emphasis relative to this has centered on seacoasts 

| and beach areas (Born & Stephenson 1973; Cutshal1 1985; Sharp & Vaden 
1970; Sharp et al. 1980.) which provides little information of value to 
freshwater shoreline management, oe 

The present report is the result of the first year of field work 
of a five year project undertaken to address the above problem. The 
objective of the five year study is to determine the most ecologically 
sound, aesthetically pleasing, and economically feasible method of 
Shoreline erosion control of impounded lakes by the use of indigenous 
Species of plants. The aim of the first year of study was to identify 
those species of plants that offer the most promise to achieve this 
end. Initially, attention was focused on determining which plants 
offered the greatest success in establishing themselves and simultane- 

— ously controlling erosion under the varying environmental conditions. 
Primarily, the environmental conditions impacting the shoreline of 
major concern are the long periods of drought alternating with extended 
periods of inundation and waves. Promising plants will be the object 
of continued studies. 
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DESCRIPTION OF THE STUDY AREA 

The experimental sites were located in Sabine Parish, Louisiana, 

along the shoreline of Toledo Bend Reservoir (Figure 1), which covers 

186,000 acres and is the fourth largest impounded lake in the United 

States (URS/Forrest & Colton 1979). It was created by the damming 

| (late 1966) of the Sabine River, and now forms much of the border of 

Texas and Louisiana. The reservoir is 72 miles long north to south and 

varies from 1 to 5.5 miles wide. It has 1265 miles of shoreline on the 

Louisiana side which encompasses nearly every type of shoreline 

conditions typically found in freshwater impoundments within the state. 
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Figure 1. Location of the study site. 
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Additionally, large segments of the shoreline are nearly devoid of 
| vegetation and are presently in various stages of erosion. The 

_ reservoir has a yearly fluctuation of water level that usually varies 
from a low pool stage of 168.0 ft. msl from September to January, to a 

| high pool stage of 172.0 ft. msl] in May and June. In exceptional years 
the pool stage may vary from a high of 173.0 or more to a low of 167.0 
ft. ms! (Figure 2). Prevailing winds are generally from the west, with 

i winds of the greatest velocity occurring during the late winter through 
a _ spring months. The shoreline is subjected to moderate to severe wave 

| action, the principal erosion force, during these times. This erosion 
a process appears to be accelerating because of the loss of standing ~ 
ae timber, which, inundated at the time the reservoir was filled, served | 

| to moderate the wave action. 

| | | The area is also subjected to high humidity as rainfall averages 
| 132cm per year, The maximum rainfall is attained during the month of | 

. - May, while the minimum occurs during the autumn months. The average 
a annual temperature is 19° C., summer average is 27° C., and winter 

| average is 10.5° C. The average frost free period is 230 days and 
a generally lasts from late March to Early November (Anderson 1960). 

| The soils of the study area are on moderately steep wooded hill- 
| _ sides. The topsoil is a brown to light yellow fine sandy loam that is 

medium to strongly acidic. These overlay a strong brown to light 
: | brownish gray clay that is very acidic (Soil Conservation Service 

1973). On the shorelines of the reservoir, the topsoil is nearly to 
«totally eroded away, exposing the clay subsoil. | 

| a | _ STUDY METHODS | | 
- Plant Components | , 

| | | The general lack of specific information concerning plants 
| suitable for shoreline erosion control of freshwater reservoirs 

| required screening of indigenous vegetation for use in the plantings. 
The following criteria were used in selecting species for testing (Gray 
& Leiser 1982). 

1. Ability of the plant to withstand extended periods of drought 
followed by long periods of inundation and waves. 

2. Perennial, allowing propagation by cuttings, rhizomes, etc. 

3. Growth potential, clumped growth form with soil binding 
ability. 

| 4. Availability in the local area. 

5. Value to wildlife. 

6. Lack of undesirable (problem) characteristics. 
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Four species of vascular plants were selected for the first year's 
plantings. These included: | | 

1, Cutgrass (Zizaniopsis miliacea (Michx.) Doell. & Asch. This 
plant is also called southern wildrice and water millet. 

2. Maidencane (Panicum hemitomon Schult.). 

3. Soft rush (Juncus effusus L.). | | 

| 4. Spikerush (Eleocharis macrostachya Britt.). | 

Planting materials ‘were collected in December 1985 and January 
1986. Soft rush and spikerush were collected by using a bulb planter 
which removed a three inch diameter by five inch long plug. Cutgrass 
and maidencane were collected by digging the rhizomes which were later 
cut to planting size. All plants were placed in containers, covered to 
prevent drying, then stored at 3.3° C. until planting time. 

Test Site Establishment | 

In October and November, 1985, two moderately eroding shorelines 
were selected for establishment of test plots. Each plot was 12 x 5M, 
the greater dimension being parallel to the water. Plot elevations (in 
feet msl) varied from 169.49 to 171.51 for the North site and 169.85 to 
171.20 for the South site. Each plot was divided into three equal 
subunits of 4 m x 5 m. The subunits were further subdivided into 
strips 1 m wide and 5 m long (replicates) with the greater dimension 
being perpendicular to the water. Each of the 4 strips of each subunit 
was planted with one of the plant species being tested. Locations of 
replicates in a subunit were determined randomly. Individual plantings 
were spaced at 25 cm, thus each square meter was planted with 16 
plants, and each 1 x 5 m strip with 80 plants. This planting arrange- 
ment was repeated in the other two subunits, with the location of each 
replicate also being determined randomly. Each 12 x 5 m plot thus 
contained 960 individual plantings equally divided between the four 
test species. Each plant was fertilized with 4.12 grams (equivalent to 
100 lbs. of Nitrogen per acre) of Osmocote controlled-release fertil- 
izer at the time of planting. The elevation of each plant was deter- 
mined so that the number of days of inundation could be computed by 
comparing its elevation with reservoir stage levels (obtained from the 
reservoir engineer's office). A plant was considered inundated if the 
reservoir pool stage (in feet msl) equaled or exceeded the elevation of 
the plant. The South site was established 31 January through 1 
February, 1986. The North site was planted 9-10 February, 1986. Each 
plot was surrounded, on the lake side, by snow fencing to protect the 
plantings from waves (Webb & Dodd 1983) and from being covered by 
washed-in aquatic vegetation. Plots were watered weekly as required 
during periods of non- inundation. 

Preinundation survivability for both plots was evaluated on 4 
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April 1986. Known non-survivors of soft rush, maidencane, and spike- | 
rush were replanted at that time assuring 100% survival prior to 
inundation. Very retarded springtime growth of cutgrass, apparently 
the normal situation, prevented similar determination of survivability 
and replanting in April. Heavy. rains in the reservoir watershed 
followed, causing the reservoir pool stage to increase continuously 
until early June, when it attained a pool stage of over 173 feet. 
(Rumsey 1984-1987). This prevented accurate determination of preinun- 
dation survivability and replanting of non-survivors. Inundation times 
of the plantings varied from 65 to 121 days. Post inundation survival 
and vigor were evaluated in September and October. The spreading 
growth habit and numerous new stems produced by spikerush prohibited | 
evaluation of post inundation survival and vigor. Instead, five 25 x 
25 cm (0.16 m2) stratified-random quadrats were taken in each replica- 
tion and used to compute density. Vigor ratings were based on the 
number of stems present, number of leaves, and height of the plant. | | 
Vigor was used to compare the condition and success of plants subjected 
to the various inundation periods. The different growth forms for the 
species being tested mandated that each have its own vigor criteria | 
(cutgrass vigor = no. stems x no. leaves x plant height; soft rush | _ 
vigor = no. stems x plant height; maidencane vigor = no. rooted plants © 
x plant height; spikerush vigor = no. stems per quadrat). This | | 
prevented interspecific comparison of vigor. Regression coefficients | 
were calculated for each species on each replicate (days of inundation | 
vs. vigor for each propagule). oO , - | 7 

RESULTS a 

Preinundation Survival | / 

Preinundation survival was evaluated two months after test plot 
establishment. All species tested exhibited excellent survival (Table | 
1), irregardless of position on the shoreline. 

Table 1. Inundation survival in percent. 
(Pre-April 1986; Post-Sept. 1986) 

SPECIES — NORTH PLOT — SOUTH PLOT MEANS 
Pre Post Pre Post Pre Post 

SPIKERUSH 99.2 * 99.2 * 99.2 * 

SOFT RUSH 95.2 39 .6 95.8 47.1 95.5 43.4 

MAIDENCANE 93.3 58.8 87.1 46.3 90.2 52.6 

CUTGRASS 87.1 70.9 85 .0 54.2 86.0 62.6 

*Information not available due to plant coalescence. / 
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Spikerush demonstrated the highest percentage survival at nearly 
100%, with the failure of the very few survivors attributable to 
incorrect planting. Most of the plants developed flower clusters, but 
indications of spreading were not evident. Soft rush had a survival 
rate averaging slightly over 95% on both plots. Numerous plants 
developed flower clusters, but lateral spread appeared inhibited. 
Maidencane had an acceptable survival rate of 93.3% and 87.1%. 
Although easily detectable as survivors, the species showed a very slow 
growth rate during this period. Production of flowers was not expected 
since the plant rarely flowers even under optimum conditions and if 

| flowering does occur, it is in the autumn. Preinundation survival for 
cutgrass was difficult to evaluate. The plant apparently is slow to 
initiate growth in the spring, often taking months to show positive 
growth signs. At this stage, numerous plantings were brown and dried 
and showed signs of decay. Removal of several planters showed positive 
growth was occurring below ground. The survival figures are adjusted 
to include as preinundation survivors those plants suspected of not 
surviving but later found to have survived the period of inundation. 
The actual preinundation survival should be slightly higher than the 
figures presented, but it could not be accurately determined if the 
plants were dead prior to inundation or if they failed to survive the 
inundation period. Both plots has survival percentages of 85% or more, 
which is exceptionally good. Growth consisted mainly of culm elonga- 
tion and production of leaves. Flowering did not occur because of the 
small size of the plants. 

Post Inundation Survival 

Table 1 shows there was a definite trend for soft rush and maiden- 
cane to have dramatically decreased survivability as inundation time 
increased. This was particularly obvious in the South plot. Cutgrass 
on the South plot showed this same general trend, but its survivability 
on the North plot seemed to be little affected by the length of 
inundation. Due to the rapidly spreading nature of spikerush in 
favorable areas, determination of survival in individual plantings was 
impossible. 

Table 2 lists by plots and replications the mean and standard 
error for days of inundation and for vigor in the surviving plants. 
Due to previously mentioned problems with spikerush, data collection 
was done by a previously explained quadrat sampling procedure. Mean 
inundation times were longer on the North plot and vigor values for 
cutgrass and maidencane were obviously higher here. However, more 
vigor was seen in the soft rush and spikerush survivors in the South 
plot. 

Mean inundation, mean vigor, and regression coefficients were 
calculated for each replicate, using the plant vigor (0 if it died) and 
length of inundation for each replicate's planting (Table 3). As in 
Table 2, obvious differences occur in replicate vigor values for all 
four species. Positive regression coefficients indicate a positive 
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Table 2. Sample size, days of inundation, and vigor of surviving 
plants. , | 

| __ _ 

SPECIES, SAMPLE DAYS OF INUNDATION VIGOR 
& AREA SIZE | MEAN S.E. MEAN S.E. 

CUT GRASS Se - 

*NP SN 64 plantings 98.9 1,40 42 .0 5.18 3 
NPM 59 92.8 1.93 — 62.3 8.78. | 
NP,S a7 | 94.3 2.53 55.0 8.23 
SPN 57 88.2 0.83 26.9 2.48 — 
SP,M - 38 | 88.2 1.49 24.1 3.94 
SP,S 35 91.3. 1.70 39.1 6.29. | 

MAIDENCANE a | | 

NPN 47 plantings 96.4 1.36 14,7 1.11 
NPM 54 91.0 —-—s«i, 88 | 12.6 0.88 
NP,S 40 | 85.8 2.40 7.7 0.68 
SPAN 41 85.4 1.24 «6.6 0.72 
SPM 35 84.4 1.02 5.7 0.65 
SP,S 35 84.3 1.11 5.7 0.65 

SOFT RUSH 

NPN 29 plantings 86.2 1.39 11.5 1.66 
No 42 86.8 1.92 19.4 2.14 
NPS 24 84.6 2.83 — 12.1 1.97 
SPN 48 84.4 0.74 19.5 1.66 
SPM 33 83.9 0.61. 18.7 1.79 
SP,S 32 81.5 lll. 12.0 1.26 

SPIKERUSH | 

NP 14 quadrats 92.0 4.09 27.0 5.47 
SP 14 — 88.4 2.58 39 .0 7.86 | 

*NP = North Plot | 
SP = South Plot 

N = North Replicate 
M = Middle Replicate | : 
S = South Replicate | 
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Table 3. Replicate’s mean inundation days, mean vigor, and regression 
coefficients. | , | 

SPECIES, SAMPLE MEAN MEAN REGRESSION 
& AREA SIZE INUNDAT ION VIGOR COEFFICIENT 

CUTGRASS | 

*NP LN : 80 plantings 98.70 days. 33.58 1.50 
NPM 80 92.95 38 .57 1.46 

~ NP,S - 80 - 93.70 32.32 1.10 
| SPN 80 88.35 19.17 0.97 

SPM 80 89 .40 11.44 0.15 
SP,S _80 _ 91.40 17.11 _ 0.96 

N = 480 X = 92.42 X = +1.02 

MAIDENCANE | | | 

NP ,N | 80 plantings 101.00 days 8.65 -0.41 
NPM 80 : 94.15 8.48 -0.09 
NP,S 80 93.55 3.84 -0.16 
SP,N 80 87.35 3.39 -0.07 
 $P,M 80 | 88 .00 2.50 -0.12 
SP,S . 80 —_ 90.60 2.49 — 70.11 

NS 480 — X = 92.44 X = -0.16 

SOFT RUSH | 

NP ,N 80 plantings 95.55 days 4.17 -0.33 
NP ,M 80 92.45 10.17 -0.49 
NP,S 80 94.15 3.63 -0.24 
SP ,N 80 88.75 11.55 -1.09 
SP,M 80 91.25 7.72 -0.59 
SP,S _80 _ 87.95 4.72 _ 70.34 

N= 480 — X = 91.68 X = -0.51 

SP IKERUSH 

NP 15 quadrats 93.33 days 25.20 -0.46 
SP 15 _ 89.47 36.40 — 1.35 

N = 30 xX = 91.40 X = -0.91 

*NP = North Plot 
SP = South Plot 

N = North Replicate 
M = Middle Replicate 
S = South Replicate | 
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relationship between length of inundation and vigor with an inverse 
relationship noted by negative regression values. Only cutgrass showed 
a positive effect with increased inundation and spikerush showed the 
most negative response to inundation. | 

| | DISCUSSION _ 

Preinundation Survival 

The results of the study showed that the four species tested can 
be successfully transplanted to and established on the eroded shoreline 
of Toledo Bend reservoir. All species tested exhibited very good to 
excellent survival (Table 1). Watering during dry periods appears to 
have negated differences which could be caused by differential moisture 
retention at the various plot levels or positions relative to the 
reservoir. The size and growth form of the species apparently has an 
affect on the survival percentages. Spikerush, with densely tufted 
Culms averaging 25 cm in height (Correll & Correll 1972) displayed the 
highest survival rate. Soft rush, with an overall survival of 95.5%, 
and maidencane, with a survival of 90.2%, both have culms about one 
meter in height, but the former has a densely clumped growth form and 
the latter a creeping growth form. Cutgrass, the largest of the plants 
with a culm height of 3 m and a densely clustered growth, showed the 
lowest overall survival percentage of 86%. The apparent trend is that 
smaller sized and denser culmed species exhibit a greater survival 
because more of the plant (or plants) were transplanted into the same 
sized planting hole. These relatively larger plantings (as compared 
with the size of the plant) also had more rhizomes, roots, buds, and 
culms thus increasing transplanting success. This is especially 
noticeable when a plug of the plant is used as a planter, as was done 
with spikerush and soft rush. The plantings of maidencane consisted of 
hand-cut portions of the rhizomes which relatively reduced the amount 
of planting material per planting hole. The planting material of 
cutgrass consisted of a portion of a coarse and thick (about 1 cm) 
rhizome with at least one bud present. No culms or roots were notice- 
able, thus lowering transplanting success. This may also, in part, be 
responsible for the slow initial growth rate exhibited by the species. 
Consideration should be given to another method of propagation or 
possibly a later planting date (March). 

Evidence of lateral spread was not apparent during the preinunda- 
tion period. It may have been impeded by the tight clayey nature of 
the soils, which although watered regularly, were not as pliable as 
they would have been during inundation. Additional observations are 
needed on this subject. 

Post Inundation Survival and Vigor 

The decreased survivability of maidencane and soft rush (see Table 
1) with longer inundation times was probably due to several factors, 
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but certainly plant height played an important role. Cutgrass surviv- 
ability was only slightly diminished by prolonged inundation and never 
in actively growing plants was the entire plant totally inundated. 
Total submersion of the other three species undoubtedly created oxygen 
deficiency problems and greatly slowed photosynthesis due to decreased 
light intensities and limited availability of gaseous carbon dioxide. 
The very spongy nature of the cutgrass leaf sheaths and its long, thin 
leaves probably aid in the uptake of oxygen and carbon dioxide from the 
air and its transport to the submerged plant base. The sturdy nature 

: of well established cutgrass plants also helps to decrease planter loss 
due to wave action. 

| The longer mean inundation days on cutgrass, maidencane, and soft 
rush survivors (Table 2) typically results in greater vigor, but as 

- previously noted, did reduce survivability. This would appear to 
indicate that soil saturation with water is desirable for maximum 

) | growth stimulation of these species. Spikerush would appear to be more 
vigorous under less saturated or inundated conditions. 

The regression coefficients (Table 3) indicate that cutgrass 
responds positively to increased lengths of inundation, but does so 
weakly. Spikerush, with the smallest coefficient, is most adversely 
affected by inundation on the South plot. Maidencane's regression 
coefficient approaches zero suggesting that barring wave damage, would 

| do equally well at all levels. Soft rush's coefficient fell between 
| these last two species and thus probably planting at upper levels would 

be best. | 

| The differences noted in the vigor versus inundation regression 
coefficients for the four species replicates are felt to be due to 
several factors, but two are of primary importance. . First, the 
exposure of the plants to wave action. Although a wave barrier fence 

| was built across the front of the plot, winds blowing at 60° or more 
angle to either side of a line from the plot center to the fence center 

| could cause considerable damage especially during the exceedingly high 
| pool stage of the reservoir in June. Damage would be caused by direct 

wave damage and by washing in of Hydrilla and the scouring action of 
its wave tossed strands. Secondly, soil types varied from one end of 
the plot to the other and no doubt greatly affected plant growth due to 
nutrient availability, leaching of fertilizer, porosity, stability to 

| roots, and other similar factors. The low vigor values seen in the 
cutgrass and maidencane replicates of the South plot are felt to be 
caused by poor soil characteristics; whereas more desirable soil 
characteristics resulted in the high correlations seen in all three 
species on the middle replicates of the North plot. 

CONCLUSIONS 

The four species of plants tested can be successfully transplanted 
to and survive the environmental conditions of the eroded shoreline of 
Toledo Bend Reservoir. It should be realized that the time period of 
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investigation was unusual in water heights and wind severity compared 
with past records of the area. It is expected that more moderate 
environmental constraints will allow higher survival rates in the 
plantings and more vigorous growth in most species. Relationships 
between growth success and soil saturation conditions indicate that a 
regular watering scheme to keep the soil saturated during non-inunda- 
tion periods would increase. planting success. Results of the study 
showed that cutgrass, because of its large size and sturdy growth 
characteristics, demonstrated the greatest potential for wave protec- 
tion and erosion control at all inundation times tested. Soft rush, 
spikerush, and maidencane, while probably suitable for erosion control 
in areas subject to short periods of inundation, need further study. 

In addition to protection from waves during the establishment 
phase, the use of a wave-stilling device appears essential to avert 
damage to the plantings that can be caused by the scouring and wrench- 
ing action of masses of aquatic vegetation that are periodically washed 
ashore. | / 
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| ABSTRACT | . 

In Michigan there is a need for a partnership between the Depart- 
ment of Natural Resources (DNR) and the local governmental units. The a 
principal wetland protection vehicle in Michigan is Public Act 203 | 
(Wetland Protection Act) which was promulgated in 1979. P.A. 203 © 
provides the Michigan DNR with permit authority over wetlands larger | | 
than five acres in size and those contiguous to lakes and streams. Oo 
However, the permit process is quite controversial, and wetland | 
violations appear to exceed permitted activities. As of 1 January Oo 
1988, only 14 local governmental units had adopted some form of | 
community wetland protection. Unless the local units of governments 
map, rezone, and protect the MDNR-regulated wetlands, wetland viola- 
tions and the wetland controversy is expected to continue. aan | 

INTRODUCTION | | | a 

This article addresses the role of local governments in Michigan 
as regards wetland protection. As of 1 January 1988 only 14 local | 
townships and/or municipalities had wetland protection ordinances or 
other policy measures. Most of these local governmental measures were 
enacted after the State of Michigan promulgated Public Act 203 (Wet- 
lands Protection Act) of 1979 which took effect in October 1980. 
However, there are 83 counties and over 1,500 local governmental units 
in Michigan. Because the Michigan Department of Natural Resources 
(MDNR) expends more time on wetland violations than on permit applica- 
tions, the need for a state-local government partnership in wetland 
protection is most pressing. 

Public Act 203 is a stringent, statewide wetlands protection 
measure. According to this statute, the MDNR has jurisdiction over all 
wetlands contiguous to lakes and streams, as well as all wetlands over 
five acres in size (except in counties under 100,000 persons), wetlands 
within 500 feet of a lake or stream and within 1000 feet of the Great 
Lakes, and those with an open-water area greater than one acre. Prior 
to granting a permit approving even small acreage of regulated wetland 
displacement, the permit applicant must demonstrate that: 1) the 
proposed development is wetland dependent, and 2) there is no feasible 
and prudent alternative in the uplands on site or on other nearby 
commercially-available parcels. | | 
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In 1987, the State of Michigan processed approximately 7,000 | 

wetland permit applications (Hall 1988). Although there are no firm 

data, it is estimated that two to three times that number of land 
projects were undertaken which were not accompanied by permits. 
Wetland violations are continuing to occur on both existing develop- 
ments and on lands being readied for future development. Today, most 
developers and engineering firms are aware of the P.A. 203 require- 
ments, but their compliance is not voluntary. Exacerbating this 
wetland violation problem is the lack of support for wetland protection 
on the local level. In brief, most communities have not inventoried 
their wetland resources, nor are their zoning district maps and 
comprehensive land use plans consistent with the State's P.A. 203. 

LOCAL GOVERNMENTS WITH WETLAND ORDINANCES 

There were 14 local townships and municipalities with wetland 
ordinances as of 1 January 1988 (Table 1). Many of these wetland 
ordinances are coupled with floodplain and lakeshore protection. Most 
include an official wetlands map (usually based on hydric soils), a 
Standard permit procedure, provisions for a private consultant to 
ensure accurate wetlands mapping, and a wetlands board or committee to 
review permit applications. Although several ordinances have weak 
wetland definitions, many are based on a list of wetland soils and 
often specify a minimum size of two acres. Only one ordinance provides 
for a buffer, e.g., West Bloomfield Township of Oakland County. In 
general, a local wetlands permit is more comprehensive and involves 
more site plan considerations than a state permit. 

Table 1. Local communities in Michigan with a wetlands ordinance. 

| Local Government County 

Village of Saugatuck Allegan 
Hayes Township Char levoix 

| Burt Township | Cheboygan 
City of Novi . — Oakland 
Independence Township — — Qakland 
West Bloomfield Township Oak land 
Bloomfield Township Oak land 
City of Lake Angelus Oak land 
City of Wixom Qak land 
Oakland Township Qak land 
Milford Township Qak land 
Manistee Township Manistee 
Char lestown Township Kalamazoo 

Eight of the 14 communities with wetland ordinances are located in 
Qakland County, the wealthiest and one of the fastest growing counties 
in the State. Figure 1 demonstrates the spatial relationship between 
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— economic growth (i.e., number of building permits) and local communi- 
ties with wetlands ordinances, In general, communities with local 
wetland protection measures can be characterized by the following: 

* Rapid increase in growth, especially residential and commercial 
development. 

* Near or at sewer capacity. 

* Recent experience with a surge in multi-family development, 
particularly apartments or condominiums. 

- Subject to traffic congestion, particularly during rush hour 
periods. 

* Tend to have large lot requirements for residentially-zoned 
| land, e.g., 2.3 acre minimum. 

- Predominance of middle and upper income residents. 

In contrast, there are two identifiable regions in Michigan which 
appear to be particularly opposed to local wetland protection. These 
two regions include the older, somewhat economically-depressed communi- 
ties of greater Metropolitan Detroit including the down-river area, and 
northern Michigan where lumbering and mining are important. In 
southeastern Michigan there are communities with high levels of 
unemployment, poverty and demand for services, but very limited tax 
base and economic development potential. Consequently, the existing 
industrial parks and major transportation nodes are regarded as 
development centers in spite of the fact these areas may contain 
wetlands. Macomb County, located north of the City of Detroit, may be 
involved in more wetland violations than any other county in Michigan. 
Many county agencies resent having to secure an MDNR permit for drain, 
highway and utility improvements. In comparison, communities in 
northern Michigan, particularly those in the Upper Peninsula, generally 
feel that since historical wetland losses were largely confined to 
southeastern Michigan, these northern counties should be exempt from 
P.A. 203. 

WETLAND FUNCTIONS AND VALUES 

The need for wetland protection is difficult to convey to local 
governmental officials and developers unless there is an appreciation 
of wetland functions and values. For example, to replace the waterfowl 
breeding, fish spawning, and nutrient removal functions of natural 
wetlands it costs between $7,000 and $28,000 per acre (Jaworski 1980). 

| Moreover, costs of replacing filled regulated wetlands with artificial- 
ly-created wetlands appear to range between $10,000 and $30,000 per 
acre. However, many of the wetland values are public values, and as 
such are not vendable in the marketplace. That is why wetlands are 
considered part of the “public trust" and are protected by governmental 
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regulations, Moreover, not all wetlands have similar functions and 
values, nor are the various wetland types equally distributed across 
the landscape. Forested wetlands, e.g., Alder swamps, are abundant in 
Michigan, and until 1984 the MDNR was permitting a replacement of only 
50% of such lower quality wetlands. 

Currently, the State of Michigan is assuming the posture of 
permitting "no net loss of regulated wetlands." Thus, in addition to 
justifying the loss of regulated wetlands, the applicant must replace 
all filled or otherwise developed wetland on at least an acre-for-acre 
basis. This policy was implemented in 1984 when the U.S. Environmental 
Protection Agency (U.S. EPA) delegated administration of wetlands 
dredge and fill permits under Section 404 of the 1977 Clean Water Act 
to the State of Michigan. Should Michigan fail to satisfy federal 
reviewers in administering the Section 404 dredge and fill permit 
program, the U.S. EPA could resume that permit authority. 

PROMOTING WETLAND PROTECTION AT THE LOCAL LEVEL 

As in the case of groundwater protection, it is at the local level 
where land use decisions are most often made as well as where zoning 
and site plan review authority rests. Therefore, to minimize future 
wetland violations, it is important that the local units of governments 
“buy in" to wetland protection. Based on our experience working as the 
wetland consultant for Oakland Township of Oakland County, a number of 
Suggestions are listed below which may promote the state-local govern- 
ment partnership in wetland protection. It is important to realize 
that under P.A. 203 the MDNR will not grant a wetlands permit if a 
local wetlands permit has been denied unless there is a larger concern 
regarding public health and safety. 

- Continue to educate the people regarding the function and value 
of freshwater wetlands. Emphasize the historical loss of wetlands and | 
importance of hydrologic and ecosystem support values, not just 
wildlife values or the high cost of wetland restoration if cited for a 
violation. 

- Tie in wetland protection with floodplain and shoreline protec- 
tion as well as with stormwater management where appropriate.  Flood- 
plain management has received community support through the FEMA 
(Federal Emergency Management Act) Program, and most citizens can 
identify with shoreline and lake protection. 

* Make available the National Wetlands Inventory Maps which cover . 
approximately 70% of Michigan, as well as the statewide Natural 
Resource Inventory Maps which includes 21 counties thus far. Demon- 
strate that local wetlands maps can be provided to users on a cost- 
recovery basis, like aerial photographs and topographic maps. On site 
field investigation of wetlands is required for actual site plan 
development. 
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- Permit replacement of regulated wetlands only when justified by 
a “no feasible and prudent alternative" analysis. Continue the 
exemption for most lumbering, mining, and agricultural activities which 
do not involve mass grading and drainage alterations. Unless a 
wetlands consultant is employed, allow the MDNR to monitor projects 
with wetland mitigation. | | 

- Encourage the inclusion of cluster options and density discount 
features in local zoning ordinances. so as to facilitate wetland 
preservation on parcels with 50% or more unbuildable areas including 
regulated wetlands. Lowering the unbuildable percentage to 30% may be 
justified in some communities. 

> An alternative to a local wetlands ordinance would be a site 
analysis requirement as part of a site plan ordinance. Developers 
should be encouraged to perform a site analysis, including a wetlands 
assessment, prior to submitting a preliminary site plan. 

- Encourage communities to reassess real properties that contain 
wetlands. Reduced property taxes may discourage more intensive 
development as well as lower the selling price of land. Ad valorem 
taxation of wetlands at the agricultural rate has been practiced in 
Canada. However, down-zoning of previously zoned properties may be 
illegal, and thus difficult to accomplish. 

- Provide information on various conservation and open space 
agreements can be incorporated into local ordinances. | 

- In economically-depressed counties and townships, attempt to 
develop community-wide wetland replacement (mitigation) agreements with 
the MDNR as regards existing industrial parks and large-scale develop- 
ment projects. For example, Wayne County, which includes the City of 
Detroit, is considering a county-wide plan which provides for the 
mitigation of wetlands in selected areas in exchange for the rep lace- 
ment/restoration of wetlands in targeted areas. 

FUTURE WETLAND PROTECTION IN MICHIGAN | 

Although unpublicized, there is much controversy over wetland 
protection, and an estimated. 40 court cases against the MDNR are in 
progress. However, given the Section 404 delegation and the current 
health of Michigan's economy, changes in P.A. 203 do not appear to be 
forthcoming. Rather, the Rules of Implementation for P.A. 203, which 
were finally approved in June 1988, give the MDNR additional jurisdic- 
tion over wetlands and has firmed up wetland replacement. At present, 
the State of Michigan is striving to more evenly administer P.A. 203, 
especially in areas outside of southeastern Michigan. In general, 
wetland education is intensifying, with recent focus on realtors and 
contractors. 

Wetland protection, particularly wetland preservation, entails 
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higher costs of new development. By increasing the quantity of 

unbuildable areas and by incurring the costs of wetland replacement and 

monitoring, additional costs of development are passed on to the 

consumer. Such higher costs of new development should render existing 

developments and older communities more attractive to both land 

developers and to individual buyers. As a result, more emphasis may 

have to be placed on restoration or enhancement within existing 

developments, including previously-impacted wetlands. 

In order to convince local governmental officials to enact wetland 

protection measures and to report wetland violations to the MDNR, there 

must be strong positive financial incentives. Having the developer 

establish an escrow account to defray wetland protection costs on a 

project-by-project basis is an important first step in reducing local 

costs. However, to be truly effective, it must be demonstrated that 

wetland protection, and the prevention of expensive wetland restora- 

tion, pays real dividends to both the developer and the home community. 

At present, only the wealthier and rapidly-growing communities in 

Michigan appear to be perceiving that payback. | 

The lack of official wetland maps exacerbates wetland protection 

in Michigan. Because the National Wetlands Inventory Maps were based 

on high-altitude aerial photography, these maps serve as a general 

guide only. In Wisconsin, the Department of Natural Resources maps the 

wetlands and allows the counties a specified amount of time to accept 

and/or amend the official wetland maps. However, even if official 

wetland maps were available in Michigan, it still would be exceedingly 

difficult for the State to administer wetland protection without the 

partnership of the local governments. Because lumbering and agr icul- 

ture are exempt from many of the provisions of PA 203, many landowners 

and developers are clearing and cultivating wetland areas on parcels 

which were previously in agriculture. 
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ABSTRACT 

Three major palustrine forested broad-leaved deciduous (PFO1) 

wetlands were sampled during the summer of 1987 to assess the vegeta- 

tional changes associated with the construction and maintenance of 

transmission line rights-of-way in New Jersey. Forested wetland types 

sampled were Acer rubrum/Nyssa sylvatica, A, rubrum/Liquidambar 

styracif lua, and A. Rubrum/Fraxinus pennsy Ivanica in three different 

physiographic regions across the state. Detailed comparisons of 

compositional and structural variables were made between unmanaged 

forest and disturbed forest within the transmission corridor. Data 

were compared with previous research in Florida and Massachusetts 

describing the impacts of right-of-way construction on forested 

wetlands. 

INTRODUCTION 

Palustrine forested wetlands are the most abundant and widespread 

wetland type in New Jersey, comprising 67% of the state's wetland 

acreage (Tiner 1985). But, because they lack the dramatic expanse of 

the salt marsh or the distinctive vegetation of riverine wetlands, they 

are the most easily overlooked. Forested wetlands are mainly found in 

the floodplains of rivers and perennial streams, although they may form 

in upland depressions and along the borders of coastal marshes. Such 

wetland communities are very complex and extremely diverse, varying 

widely in community composition in response to local edaphic and 

hydrologic conditions (Tiner 1985). 

Wetland protection in New Jersey is strictly enforced through 

state and federal statutes. Adverse impacts of human activities in 

these environmentally sensitive communities has grown as the wetland 

resource has been progressively degraded and lost. As human population 

pressure increases, it is inevitable that remaining wetland systems 

will be impacted by human activity. In particular, the siting of 

transmission line rights-of-way (ROW) cannot practically avoid all 

143



wet land systems. | 

Much interest has been generated about the environmental impacts | 
of the construction and maintenance of transmission line rights-of-way 
on wetlands. Hypothesized adverse impacts on wooded wetlands include 
(Belyea 1981): | 

1) siltation of streams 

2) interruption of drainage patterns 

3) wide-spread damage from wind-throw 

4) raising or lowering of water tables 

| 5) invasion by non-indigenous species. 

However, the paucity of conclusive scientific data makes the develop- 
ment of comprehensive environmental assessments for the siting of 
transmission corridors difficult if not impossible. The generation of 
such data would enable power-generating utilities to develop and 
expedite future rights-of-way construction and maintenance programs 
that will effectively address the concerns of regulatory agencies, 
conservation groups, and the general public. — 

STUDY SITE DESCRIPTIONS | 

Three wetland complexes were selected for study (Figure 1). All 
sites were palustrine forested broad-leaved deciduous (PFO1) wetlands 
(classification follows Cowardin et al. 1979) located beneath existing 
Jersey Central Power & Light Company (JCP&L) transmission lines. All 
wetland forests studied were associated with the headwaters of peren- 
nial streams. The first study site (Turkey Swamp) was located on the 
Quter Coastal Plain in southeastern Monmouth County along a tributary 
of the North Branch of the Metedeconk River, while the second site (Old 
Bridge) was located in southeastern Middlesex County in the northern 
part of the Inner Coastal Plain of the state. The transmission 
corridor at Old Bridge had been constructed across the northern part of 
Burnt Fly Bog, an extensive wooded wetland complex. The gently rolling 
topography of the floodplains at these sites supported a forest 
association typical of the Acer rubrum (red maple)/Nyssa sylvatica 
(black gum) seasonally flooded hardwood swamp type described by Tiner 
(1985) from central New Jersey. A. Rubrum dominated the wetland at 
both study sites with Liquidambar styraciflua (sweet gum), N. syl- 
vatica, and AL: virginiana (sweetbay) present in the canopy in 
response to differences in site-specific edaphic factors and land-use 
history. Very dense shrub layers are typical of these wettest of New 
Jersey's northern forested wetlands, the soil being saturated for most 
of the year due to extensive flooding early in the growing season 
(Tiner 1985). A mixed Pinus rigida (pitch pine) /oak--primarily Quercus 
alba (white oak), Q. rubra (northern red oak), and Q. prinus (chestnut 
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Figure 1. Location of the sampling site in New Jersey. 
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Oak) dominated the adjacent uplands. The northernmost study site 
(Flanders) was located in the very steeply sloping topography of the 
Highlands geographic province. The transmission corridor crossed 
Turkey Brook, a shallow perennial stream cutting a narrowly confined 
floodplain. The ROW passed parallel to the stream channel and through 
a mixed seasonally flooded, wetland forest of A. rubrum and Fraxinus 
ennsylvanica (green ash). The shrub layer was fairly open. Surround- 
ng upland forest was dominated by A. saccharum (sugar maple), Q. alba, 
and Betula lenta (black birch). 

METHODS 

Five (5) 10 m x 10 m quadrats were established randomly within the 
ROW zone at each study site. Five similar quadrats were established in 
the unmanaged forest upstream and downstream of the ROW, at least 30 m 
away from the edge of the ROW to reduce the edge effect of clearing on 
the adjacent wooded swamp. All quadrats were separated by at least 10 
m from the next nearest quadrat. Within each quadrat all trees >3.0 m 
in height were recorded to species, diameter at breast height and crown 
cover using a vertical projection of the tree's canopy to a nylon tape 
stretched perpendicular to the widest diameter of the crown (Harms et 
al. 1981). Two 5 mx 5m plots were established within each quadrat by 
randomly selecting 2 quadrat corners. Within each subquadrat all woody 
vegetation between 1.0 and 3.0 m in height was recorded by species, 
number of stems, number of clumps, height and canopy cover. At each 
corner of the 10 m x 10 m quadrat, one 1m x 1m plot was established. 
All plants <1.0 m in height were recorded by species, number of stems, 
mean stem height and percent plot coverage in the subquadrat (Dauben- 
mire 1959). | 

Several indices of community composition were calculated from 
vegetation data collected in sampling quadrats. Species diversity 
implies both the number of species and the number of individuals of 
each species found in a given ecological community (Smith 1980). 
Community diversity in both the herbaceous and shrub communities in all 
quadrats was estimated using the index developed by Shannon and Wiener 
(1963): 

H' = - [(n/N) log(n/N] 

where H' = community diversity 
n = total stems of a given species 
N = combined total stems of all species 

log = natural logarithm 

Diversity is greatest if each individual belongs to a different species 
and least if all individuals belong to one species. 

The diversity index takes into account both species richness (the 
number of species present in the community) and the evenness with which 
individuals are distributed among species. These components were 
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explicitly separated to better understand the effects of ROW management 
on the wetland community. Evenness was measured using an index 
proposed by Shannon and Wiener: 

e = H'/logS 

where e = community evenness 
H' = community diversity 

S = total number of species present 

The evenness index drops as more individuals are concentrated in fewer 
species. Species richness was measured using Margalef's (1958) index: 

d = S-1/lo0gN 

where d = community richness 
S = total number of species present 
N = total number of individuals 

The value of the index is zero when only one species is present in the 
community and increases with the addition of other species. Nickerson 
and Thibodeau (1984) suggested that the index was sensitive to the 
clumped growth form of many wetland shrubs, in that N increases faster 
when clumping occurs. 

Separate analyses of variance (ANOVA) were calculated for each 
measured variable and each calculated index. Site means were compared 
using Duncan's new multiple range test (Zar 1984). Comparisons between 
the ROW and forest community variables measured or calculated at each 
Site were conducted using one-tailed t-tests. All analyses were 
conducted using SAS computer packages (SAS 1985). 

RESULTS 

Analysis of Variance 

After community structural and compositional indices were calcu- 
lated for the herbaceous and shrub communities in all quadrats (wooded 
and right-of-way) for all five sites, a two-way analysis of variance 
(ANOVA) for balanced designs was employed to determine whether the 
indices varied significantly between study sites. In the case of every 
variable, with the exceptions of total shrub cover and herbaceous stem 
density, ANOVA demonstrated a significant (p<.01) site effect. These 
results were not surprising in that the study sites were selected from 
three different physiographic provinces across the state and were found 
to differ appreciably in species composition. Significant differences 
in community indices were also detected between managed (ROW) and 
unmanaged quadrats and there were also significant interaction effects 
between management and site, indicating that the communities within the 
powerline ROWS were significantly different (p<.01) in both composition 
(diversity, evenness and richness) and structure (total cover, density) 
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from adjacent unmanaged communities. 

Unmanaged Quadrats 

Unmanaged forest areas tended to exhibit highly diverse (mean H' = 
1.43) canopy layers. Canopy closure was generally moderate to high, 
comprising some 56.9% total cover at Turkey Swamp, but complete canopy 
closure at the Old Bridge and Flanders study sites. Consequently, 
shrub layers were fairly open (mean total shrub cover on unmanaged 
quadrats = 46.9%). Shrub layers at Turkey Swamp and Qld Bridge were 
very diverse, comprising some 13 and 14 recorded species per quadrat, 
respectively. At Flanders, the shrub layers of unmanaged quadrats were 
dominated by Lindera benzoin (spicebush) (mean relative cover = 55.1%), 
with no other species achieving more than 5% relative cover on any 
quadrat. Herbaceous layers in the unmanaged wetland areas tended to be 
composed of large numbers of species, but were typically dominated by 
woody species which were also well represented in the shrub and/or 
canopy layers. At Old Bridge, an average of 68.4% of all species 
recorded in the herbaceous layers of unmanaged quadrats were also found 
in the shrub layer. The dominant herbaceous layer species at Turkey 
Swamp was Clethra alnifolia (Sweet pepperbush) (comprising a mean 
relative cover of 37.2% in sampled quadrats) which also accounted for 
an average of 36.0% of the total shrub cover on these quadrats. 

Row Quadrats 

No canopy species were recorded in the ROW quadrats at the Turkey 
Swamp study site. Mean shrub height (mean = 1.38 + 0.05 m) was 
Significantly shorter than that in the unmanaged plots (Table 1). Mean 
shrub layer cover was much less than that in the wooded quadrats. The 
shrub layer was dominated (mean relative cover = 93.2%) by A. rubrum, 
which was primarily represented by stump sprouts. In all, only 7 
Species were recorded in the shrub layer of managed quadrats. L. 
styraciflua stump sprouts accounted for an average relative cover of 
32.5%, while C. alnifolia occurred at a density not significantly 
different from that in wooded plots. In contrast to the unmanaged 
quadrats, Gaylussacia spp. (huckleberry) figured prominently in managed 
quadrats, Vaccinium corymbosum (highbush blueberry) was not recorded in 
any ROW quadrat and shrub species diversity was much reduced (mean H' = 
0.65). Herbaceous cover in ROW quadrats was significantly greater and 
more diverse than in the wooded zones. Some 40 species were recorded 
(mean = 13.4 species/quadrat). Dominant species were representative of 
marshy conditions (e.g., Carex bullata (button sedge), Thelypteris 
thelypteroides (marsh fern), Sphagnum spp.). Only 5 species (12.5%) 
were also found in the shrub or canopy layers. In general, the ROW 
community was a dense cover of C. bullata, in association with a wide 
array of freshwater marsh species. Scattered pools and inundated areas 
supported Hypericum virginicum (marsh St. Johnswort), Phalaris arundin- 
acea (reed canarygrass), and Eriophorum virginicum (cottongrass). The 
Shrub layer consisted of widely-scattered stump-sprouting A. rubrum and 
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L. styraciflua. 

Table 1. Results of t-tests comparing shrub and herbaceous layer 
community composition and structure between unmanaged and ROW 
quadrats at Site 1: Turkey Swamp (values are mean + SE). 

ee 

ROW Unmanaged 
(N=10) (N=10 } 

SHRUB LAYER 
Total Species 2./0 + 0.42 5.50 + 0.56 
Shrub Cover (%) 7.82 + 1.53 41.57 + 5,35** 
Total Stems 31.10 + 6.27 77./0 + 7.38** 
Stem Height (m) 1.38 + 0.05 1.81 + 0.06** 
Density (stems/sq.m)’ 0.62 + 0.13 1.55 + 0Q.15** 
Diversity 0.65 + 0.16 1.25 + 0Q.11** 
Evenness 0.58 + 0.12 0./5 + 0.04 
Richness 0.54 + 0.14 1.06 + 0.14* 

HERBACEOUS LAYER 
Total Species 13.40 + 0.94 6.7/0 + 0.52** 
Herb Cover (%) 111.30 + 4.69 55.90 + 7.70** 
Total Stems 151.10 + 25.57 50.90 + 7.46** 
Density (stems/sq.m) 37.78 + 6.39 12.73 + 1.87** 
Diversity 1.62 + Q.13 1.14 + 0.10* 
Evenness 0.62 + 0.04 0.60 + 0.04 
Richness 2.5/ + 0.23 1.55 + 0.19 

*D < 0.05 
**D << 0.01 

Canopy layer species were absent from the ROW quadrats at the Old 
Bridge study site. Mean shrub height in managed plots was signifi- 
cantly lower than that in wooded plots. Total shrub cover was also 
Significantly lower in managed plots, as was total number of recorded 
species (Table 2). In general, shrub layer structure and community 
composition were not significantly different between wooded and ROW 
quadrats. The shrub layer in managed quadrats tended to be dominated 
Dy V. Ccorymbosum (mean relative cover = 42.9%), C. alnifolia (14.7%), 
and A, vabrun Stump sprouts (10.8%). In contrast to the unmanaged 
quadrats, relative cover values for V. corymbosum and A. rubrum were 
higher in the ROW quadrats and relative cover of C. alnifolia was 
reduced, Herbaceous cover in managed plots was significantly greater 
than in wooded plots. Nineteen species were recorded (mean = 10.2 
species/quadrat), of which only five were also represented in the shrub 
layer. OQsmunda cinnamomea (cinnamon fern), sphagnum spp., and C, 
bullata were the dominant herbaceous species. The ROW community tended 
to be a mixed association of C. bullata and 0. cinnamomea, featuring H. 
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virginicum, H. prolificum (shrubby St. Johnswort), and V. corymbosum, 

interrupted by hummocks supporting V. corymbosum and C, alnifolia. 
Flooded areas supported E. virginicum, Eleocharis palustris (creeping 

spikerush), and Juncus canadensis (Canada rush), whereas drier areas 

were monocultures of 0. Cinnamomea. 

Table 2. Results of t-tests comparing shrub and herbaceous layer 

community composition and structure between unmanaged and ROW 
quadrats at Site 2: Old Bridge (values are mean + SE). 

a 

ROW Unmanaged 
(N=5) (N=10 ) 

SHRUB LAYER 
Total Species 5.00 + 0.55 6.40 + 0.31* 

Shrub Cover (4) 0.17 + 0.03 0.47 + 0.08** 

Total Stems 60.20 + 16.89 77.40 + 12.84 

Stem Height (m) 1.50 + 0.04 1.80 + 0.06** 

Density (stems/sq.m) 1.20 + 0.34 1.55 + 0.26 

Diversity 1.19 + 0.12 1.34 + 0.07 

Evenness 0.75 + Q.05 0.72 + 0.03 

Richness 1.01 + 0.13 1.30 + 0.08 

HERBACEOUS LAYER 
Total Species 10.20 + 0.73 6.10 + 0.50** 

Herb Cover (4%) 133.60 + 17.02 82.48 + 9.14* 

, Total Stems 121.40 + 7.54 89.60 + 7.08* 

Density (stems/sq.m) 30.35 + 1.89 22.40 + 1.77% 
Diversity 1.20 + 0.14 1.16 + 0.08 

Evenness 0.52 + 0.05 0.65 + 0.03% 

Richness 1.92 + 0.15 1.15 + 0.12** 

*p < 0.05 
*kD << 0.01 

No canopy species were recorded in the managed quadrats at the 

Flanders study site. Average shrub height in the ROW was significantly 

less than that in the wooded quadrats (p<.01). Mean total shrub cover 

was significantly less in the managed quadrats, although mean number of 

stems and stem density were not (Table 3). The shrub layer was 

dominated by three species: A. rubrum, Cornus foemina (gray dogwood) , 

and Rosa palustris (swamp rose). The dominant shrubs tended to be 

unclumped, single stems with very little foliage. Thirteen shrub 

Species were recorded in managed quadrats, five of which were also 

found in the wooded zones. In contrast to the unmanaged quadrats, mean 

relative cover values for V. corymbosum and Ilex verticillata (winter- 
berry) were markedly reduced and A. rubrum replaced L. benzoin as the 

most abundant shrubby species. In general, woody species more evoca- 
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tive of shrub swamp conditions [C. foemina, C. amomum (silky dogwood) , 
and Sambucus spp.] were most abundant in the managed quadrats, while 
drier site shrubs [Viburnum dentatum (southern arrowwood), L. benzoin, 
and Lyonia ligustrina (maleberry)] were found in the wooded plots. 
Herbaceous cover in the ROW quadrats (mean total cover = 100.0%) was 
Significantly greater than that recorded in the wooded plots (p<.0l). 
None of the other structural variables, however, were different from 
those in the unmanaged quadrats. Species diversity was lower and 
Species evenness higher in ROW quadrats, reflecting the fact that the 
herbaceous community in those plots tended to be dominated by Carex 
stricta (tussock sedge) (mean relative cover = 42.5%) and that, of 31 
other herbaceous species recorded, only two (6.5%) comprised more than 
3% of the total herbaceous cover. These two species, T. thelypteroides 
and Qnoclea sensibilis (sensitive fern), were also represented in 
wooded plots, although the former was almost twice as abundant in the 
unmanaged plots. Only ten herbaceous species recorded in ROW quadrats 
(31.3%), generally freshwater marsh species such as Polygonum sagitta- 
tum (arrow-leaved tearthumb) and Typha latifolia (broad-leaved cat- 
tail), were unique to the managed zone. Overall, the ROW community 
tended to be a C. stricta/C. amomum shrub swamp established to either 
side of the stream which paralleled the transmission lines. 

Table 3. Results of t-tests comparing shrub and herbaceous layer 
community composition and structure between unmanaged and ROW 
quadrats at Site 3: Flanders (values are mean SE). 

| ROW Unmanaged 
(N=5) (N=10) 

| SHRUB LAYER 
Total Species 4.60 1.29 4.00 0.49 
Shrub Cover (%) 15.40 6.78 52.28 7.2] ** 
Total Stems 55.20 23.49 33.50 5.02 
Stem Height (m) 1.61 0.04 1.90 0.06** 
Density (stems/sq.m) 1.10 0.4/7 0.6/7 0.10 
Diversity 0.9/7 0.09 1.07 0.14 
Evenness 0.77 0.09 0.78 0.06 
Richness 0.89 0.22 0.88 0.13 

HERBACEOUS LAYER 
Total Species 15.60 1.02 12.20 1.34 
Herb Cover (3%) 100.00 13.76 67.03 10.56** 
Total Stems 74.20 8.27 51.30 10.68 
Density (stems/sq.m) 18.55 2.0/7 12.83 2.6/7 
Diversity 1.12 0.09 1.54 0.17* 
Evenness 0.77 0.02 0.62 0.05* 
Richness 3.40 0.19 3.03 0.33 

*p < 0.05 
**p < 0.01 
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DISCUSSION 

Although the wetland habitats sampled at the three study sites 
were initially very different in species composition, there were some 
trends in the data recorded in the ROW wetland communities at all study 
sites. The shrub layer in the ROW at all sites tended to be less 
diverse and less well-developed, comprising fewer species and sparser. 
overall quadrat coverage, relative to the adjacent unmanaged comnuni- 
ties. The shrub layer in the unmanaged quadrats was generally highly 
diverse, featuring a large number of species, but with few species 
achieving real dominance, as is typical of hardwood swamp communities 
(Tiner 1985; Robichaud & Buell 1973). Right-of-way shrub communities 
were characterized by many species, poorly represented--although many 
species not in the wooded plots were established in the ROW--and one or 
a few species making up most of the shrub cover. 

Dominant woody species in the ROW were generally species such as 
A. rubrum and L. styraciflua, prominently featured in undisturbed 
wetland canopies, and growing as stump sprouts and suckers from the cut 
stumps of ROW trees remaining since the previous corridor maintenance. 
C. alnifolia was dominant in the shrub layer at most study sites, 
accounting for much of the total shrub cover under a wide range of 
habitat conditions. Other species, notably V. corymbosum and 1. 
verticillata tended to be reduced in abundance on managed quadrats. 
Thibodeau and Nickerson (1986) found V. corymbosum to be slow to re- 
establish after ROW construction in a Massachusetts hardwood swamp. 
Typically, in this study woody vegetation in ROW wetland communities 
was confined to hummocks and higher micro-elevations along the edges of 
the managed zone and access roads. In particular, C. alnifolia and 
many ericaceous shrubs formed dense mixed tickets with Rhus copallina 
(winged sumac) and Rubus spp. at the base of transmission tower 
footings. At Turkey Swamp (Site 1), in particular, the filling around 
the bases of towers interrupted the prevailing vegetation patterns and 
small islands of generally more mesic vegetation were established 
within what was otherwise a flooded shrub swamp community. 

The herbaceous communities in the managed areas demonstrated 
marked divergence from the adjacent wooded plots. The ROW communities 
consisted of significantly higher total numbers of constituent species, 
were more highly developed with significantly greater total cover 
values, and were significantly more diverse than unmanaged communities. 
The unmanaged herbaceous communities tended to be dominated, sometimes 
exclusively, by the same species which dominated the shrub layer. That 
is, the unmanaged herbaceous communities appeared to represent the 
recapitulation of the corresponding shrub canopy. In contrast, the 
majority of species in the ROW herbaceous layer were unique to the ROW, 
were not woody species, and were generally present in low densities. 
Those herbaceous species which dominated managed quadrats, notably C. 
stricta and 0. cinnamomea, formed dense mats of vegetation which 
prevented the establishment of other species. Shallow root systems of 
the shrubs and trees, as well as closed, multi-tiered canopies in 
adjacent undisturbed forests effectively discouraged the establishment 
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of well-developed herbaceous layers. The effectiveness of this 
competition can be seen at Flanders (Site 3): where Canopy cover was 
reduced there was a lush growth of 0. cinnamomea and T. thelypteroides. 

The severity of any adverse impacts generally depends on an array 
of site-specific factors including wetland type, size of the ROW, and 
the construction and maintenance techniques employed (Cutlip 1986). 
Wooded wetland systems tend to be subject to much greater initial 
disturbance because maturing vegetation of tree height poses serious 
direct threats to the transmission lines. Cutlip (1986) showed that 
transmission line ROW construction in a Florida bottomland forest 
resulted in appreciable changes in species composition within the ROW 
due to the fact that much of the potentially hazardous woody vegetation 
was completely removed. Conversely, similar construction in a 
herbaceous/shrub wetland resulted in very little initial Change in 
Species composition between ROW plots and controls because the dominant 
vegetation necessitated minimal clearing and maintenance. 

There is some evidence to suggest that different wetland types 
under different edaphic and environmental constraints respond differ- 
ently to ROW management practices. In general, the most dramatic 
changes in the wetland community occurred at Turkey Swamp. Changes at 
Old Bridge appeared to be somewhat less severe. The shrub layer in the 
unmanaged forest tended to be poorly developed as a result of a 
relatively closed canopy, so that reduction in shrub cover in the 
adjacent managed wetland zone resulted in no statistically detectable 
differences between managed and unmanaged quadrats. Very high topo- 
graphic relief and the restricted nature of the stream channel at 
Flanders probably accounted for the relatively low levels of impact 
recorded there. Undetermined hydrologic and elevational differences 
resulted in the establishment of a wide array of shrub species, none 
comprising large cover values. Unlike the other study sites, the ROW 
corridor at Flanders paralleled the stream channel, did not interrupt 
the prevailing hydrology of the site, and caused none of the impound ing 
of water which allowed the establishment of a diverse array of wetland 
emergents at the other sites. 

Apparently, heavy equipment operation in the ROW during construc- 
tion had resulted in the formation of large ponded areas. Construction 
of access roads across the creek channels, especially evident at Turkey 
swamp, also had altered stream flow such that water > 12 in. in some 
places was held on much of the ROW community. Study sites were visited 
only a limited number of times, but sampling was conducted late in the 
growing season, suggesting that water stands on these sites throughout 
the year. Construction of an access road across a powerline ROW in a 
Florida bottomland forest interrupted the natural hydrologic regime 
(Cutlip 1986). As a result, water was impounded upstream from the road 
which delayed vegetation recovery by preventing seed germination. When 
Swales were provided to restore through flow, increased growth rates 
rapidly equilibrated with downstream recovery. Similarly, a gravel 
access road constructed in eastern Massachusetts blocked water flow 
across a shrub swamp (primarily V. Ccorymbosum) (Thivodeau & Nickerson 
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1985). Within one year the vegetation in the drained area below the 

road shifted substantially toward a denser and more diverse assemblage 

of species, while species numbers declined in the flooded area as once 

dominant species were extirpated. Conversely, borrow pits left from 

the construction of an access road across a Florida shrub swamp 

continued to hold water during dry seasons, providing needed habitat 

for fishes, amphibians, and wading birds (Cutlip 1986). 

Flooded conditions were common to all ROW study sites and the 

species which established in these conditions, including Scirpus 

cyperinus (woolgrass), Aster nemoralis (purple-stemmed aster), and 

pafichtun arundinaceum (three-way sedge) were widespread across sites. 

Flooding, in addition to fostering the dense growth of herbaceous 

species, seems to prevent the establishment of woody species except on 

hummocks. Fast-growing species such as Rubus spp. and C. alnifolia 

have the advantage and other species which do succeed in establishing 

are slow to spread. Also, suckering species such as A. rubrum which 

can tolerate shallow flooding (Harms et al. 1980) gain a head start and 

ultimately dominate. 

In the Florida study already discussed (Cutlip 1986), where the 

effects of the access road were removed, wooded swamp vegetation 

cleared during ROW construction was returning toward dominance by 

native wetland species by the second growing season after construction. 

The construction of 345 kV transmission lines through a mixed-species 

wooded wetland in eastern Massachusetts required the removal of all 

above-ground vegetation (Thibodeau & Nickerson 1986). By the end of 

the first growing season after clearing, community composition in 

managed plots was similar to undisturbed plots. Plots located in an 

adjacent ROW cleared in 1936 differed from control plots in having no 

tree species and having a more diverse shrub layer with V. corymbosum 

replacing C. alnifolia, R. viscosum and I. verticillata as the dominant 

shrub species. The authors concluded that the forested wetland was 
able to substantially recover from a single catastrophic perturbation 

within two growing seasons. 

In general, ROW construction and maintenance activities at three } 

New Jersey study sites appear to have created highly diverse, very 

complex assemblages of wetland species. Managed corridors apparently 

have not returned to original species composition and appear to have 

succeeded to structurally dissimilar wetland types. Previous studies 

have reported complete or nearly complete recovery after ROW construc- 

tion of disturbed wetland vegetation in shrub swamps (Nickerson & 

Thibodeau 1984) and hardwood swamps (Belyea 1981; Cutlip 1986; Thi- 

bodeau & Nickerson 1986) within one or as little as five growing 

seasons after disturbance. In all cases, original species composition 

was restored naturally and invasion of disturbed sites by species not 

found in the adjacent undisturbed wetlands was minimal. In contrast, 

successional processes have not returned managed areas to the original 

species composition or structure at the three wetland study sites 

sampled in this study. With only one season's data, it is unclear how 

dependent these changes in vegetation are on continual ROW maintenance 
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activities. The future persistance and stability of these assemblages 
is not yet known. Future sampling, in the absence of maintenance 
activity, is needed to judge the persistence of the created wetland 
systems and their susceptibility to invasion by undesirable canopy 
species. | 
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~ ABSTRACT | 

The Coastal Marshlands Protection Act was passed by the Georgia 
General Assembly in 1970 to create an administrative review process for 
those activities that would convert the coastal marshes to nonmarshland 
uses. Since its passage, the Act has not been substantively amended. 
A study of the coastal marshland protection efforts under this Act was 
funded by the General Assembly to determine the effectiveness of the 
marshlands protection program and to ascertain if amendments to the Act 
were called for. Results indicate that the Act has been effective in 
protecting the coastal marshes of Georgia; less than 450 acres of marsh 
have been converted under the Act since its passage. Although amending 
the Act was not felt to be necessary, a variety of recommended changes 
were identified including: (1) the incorporation of “vital areas" 
language in the law; (2) refining the definitions; (3) updating 
procedural language; and (4) specifically addressing those activities 
with potentially major impacts on the marshes such as marinas, roads, 
and impoundments. Weaknesses of the law include the exemption of major 
marsh converting activities and the lack of a buffer zone around the 
marshes. | 7 

~ INTRODUCTION | 

Extensive documentation exists for marsh ecosystem values related 
to biological productivity, assimilating pollutants, minimizing storm 
impacts, decreasing erosion damage, and aesthetics.! Recognition of 
these values led to the adoption of protective measures for the Georgia 
marshlands with the passage of the Coastal Marshlands Protection Act of 
1970. : | | 

Historic Perspective — | 

In July 1968, Kerr-McGee Corporation submitted a bid to lease 
25,000 acres of Georgia's offshore land for phosphate mining. The 
corporation also planned to use dredge from the mining operation to 
fill and develop 20 square miles of "high grounds" on Little Tybee and 
Cabbage Islands. Considerable public opposition ensued, resulting in 
the eventual expiration of the Kerr-McGee application. It was evident, 
however, that if the coastal marshes were to be protected, additiona] 
legislation would be necessary. During the 1969 session of the Georgia 
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General Assembly, legislation was introduced to protect the coastal 
marshlands. The bill, in its final form, called for the creation of 
the Coastal Marshlands Protection Agency. The seven member Agency was 
an autonomous division of the State Game and Fish Commission with the 
duty to administer the Act. The Agency was responsible for protecting 
the coastal marshes by regulating marsh-altering development by means 
of a permitting system. Applications for a marshland permit were filed 
with the State Game and Fish Commission. The Commission then reported 
On an application and sent it to the Agency for a determination. 
Before granting a permit, the Agency had to determine that the altera- 
tion was not contrary to the public interest. 

Implementing the requirements of the Coastal Marshlands Protection 
Act took time. In the first two years after the passage of the law, 
concern focused on the effectiveness of the Agency. Marsh-altering 
activities were still occurring; State Game and Fish rangers reported 
violations, but the Agency had not taken any court action. As 
indicated below, over half of the marshland acreage converted under 
permit since the passage of the Coastal Marshlands Protection Act 
occurred during the first two years of the program. 

In 1972, the Executive Reorganization Act reassigned the duties of 
a variety of departments, agencies, boards, committees, and commis- 
Sions, including the Coastal Marshlands Protection Agency's authority 
to conduct hearings and to prosecute court actions, to the Department 
of Natural Resources.3 In 1978, the Coastal Resources Division was 
established within DNR to carry out the Department's coastal activi- 
ties. With the consolidation of activities, the hiring of a profes- 
sional staff, the reduction in Committee composition from seven to 
three members, and the provision of enforcement power to DNR, the Act's 
implementation became more effective. The Committee is currently 
composed of the Commissioner of the Department of Natural Resources and 
two persons selected by the Board of Natural Resources.4 The Marsh and 
Beach staff is headquartered with other DNR personnel in Brunswick. 

The Coastal Marshlands Protection Act 

The Coastal Marshlands Protection Act of 1970 prohibits any 
alteration of salt or brackish marsh without a permit.° The Act 
encompasses all salt or brackish water marsh lying within the estuarine 
area including all lands that are tidally influenced and within the 
tide-elevation range of 5.6 feet above mean tide level.© To determine 
if a marsh exists, the Act has two additional tests. The first is the 
vegetation test which identifies three species of plants as indicators 
of coastal marshes: Spartina alterniflora, Juncus gerardi, or Iva 
frutescens var. oraria. The second is the soil test which bases marsh 
determination on the existence of salt marsh peat.’ Any wetland 
located within the estuarine area meeting either of these tests is 
subject to the Act's permit requirements. 

There are six exemptions to the Act's permit requirement: 
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I. activities of the Department of Transportation incident to 
construction, repairing, and maintaining a public road system in 
Georgia; 

2. agencies of the United States charged by law with the respon- 
sibility of keeping the rivers and harbors of this state open for 
navigation, and agencies of this state charged by existing law with the 
responsibility of keeping the rivers and harbors of this state open for 
navigation including areas for ‘utilization for spoilage designated by 
such agencies; 

3. activities of public utility companies regulated by the Public 
service Commission incident to constructing, erecting, repairing, and 
maintaining utility lines for the transmission of gas, electricity, or 
telephone messages; 

4. activities of companies in construction, erecting, repairing, 
and maintaining railroad lines and bridges; 

9. activities of political subdivisions incident to constructing, 
repairing, and maintaining pipelines for the transport of water and 
sewage; or 

6. the building of private docks on pilings, the walkways of 
which are above the marsh grass not obstructing tidal flow, by the 
owners of residences located on high land adjoining such docks. 

Any other alterations of the marshlands requires a permit .8 

The Act creates the Coastal Marshlands Protection Committee. The 
Committee issues all orders including those granting, denying, or 
revoking a permit. Any person who is aggrieved or adversely affected 
by the Committee's decision may petition for an administrative hearing. 
Only after the administrative law judge makes a final decision is there 
a right of judicial review.9 

The Committee, in making its determination on whether to grant a 
permit or not, must consider the public interest. The Act specifically 
outlines the areas of public concern to be considered; 10 

1. whether or not any unreasonably harmful obstruction to or 
alteration of the natural flow of navigational water within the 
affected area will arise as a result of the proposal; 

2. whether or not unreasonably harmful or increased erosion, 
shoaling of channels, or stagnant areas of water will be created to 
such extent as to be contrary to the public interest; and 

3. whether or not the granting of a permit and the completion of 
the applicant's proposal will unreasonably interfere with the conserva- 
tion of fish, shrimp, oysters, crabs, clams, or any other marine life, 
or any wildlife, or any other natural resources, including but not 
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limited to water and oxygen supply, to such an extent as to be contrary 

to the public interest, | | 

The Committee may condition the approval of any permit application 

in order to protect the public interest.11 If it is determined a use 

is not contrary to the public interest, then a permit must be granted. 

The Committee's primary duty is the balancing of the public interest 

against private interests. 

The Committee and DNR have enforcement authority under the Act. 

The Committee is authorized to issue cease and desist orders or any 

other appropriate order to any person altering the marsh without a 

permit. This authority does not extend to those activities exempted 

from the Act's permit requirements. Also, when the Conmittee deter- 

mines that a violation is occurring, it can petition the courts for an 

injunction. If an administrative hearing determines that a violation 

exists, then the Committee can impose a civil penalty of up to $1,000 

for each violation. Additionally, the Committee can order a separate 

fine of $500 a day for each day a violation continues. The Committee, 

as well as any party to the proceedings, may appeal any administrative 

law judge's adverse decision to superior court. The Act permits the 

Committee to use any one of these actions or any combination of these 

in enforcing the law.12 

The Department of Natural Resources is authorized to hold hearings 

to determine if a violation has occurred. If DNR finds a violation, it 

can seek judicial prosecution, 13 The Department of Natural Resources 

is also responsible for administering the Act. To ensure compliance 

with the Act and permits issued under it, DNR has a legal duty to make 

reasonable inspections of the marshlands. 14 

: STUDY SITE 

The coastal marshland area of Georgia encompasses fresh, brackish, 

and saltwater wetlands and open water lying between the barrier islands 

and the mainland. Johnson and his associates! estimated the coastal 
marshland system to include 393,000 acres, of which 286,000 acres were 

covered by Spartina. According to an analysis of LANDSAT data by the 

Department oF Natural Resources, however, coastal wetlands and estu- 

aries amount to 626,921 acres, 16 | | 

The Soil Conservation Service (SCS) analysis of coastal marshlands 

is presented in Table 1. The SCS estimates that coastal Georgia 

includes 410,788 acres of tidal and nontidal marshes, 175,500 acres of 

tidal water, and 9,487 acres of dredged borrow pits and filled spoil 

sites for a total of 595,775 acres. The best indication of marshlands 

Conversion trends available from these data is the acreage figures for 

borrow pits and spoil sites (9,487 acres) which most likely were 

marshlands but have been dredged and filled and no longer support marsh 

life. Thus, dredge and fill activities account for the conversion of a 

minimum of 10,000 acres of marsh to date. In addition, some portion of 
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the open water is converted marsh but it was beyond the scope of this 
study to determine this acreage. 

Table 1. Coastal marshland acreage by county*. 

| Dredge 
| Tidal Nontidal Tidal Spoil Borrow 

County Marsh Marsh Water Sites Pits 

Bryan 22,624 59 8,520 217 217 

Camden 83,915 2,392 36 ,602 1,749 366 

Chatham 99,571 168 48 ,955 2,431 573 

Effingham 455 24/7 

Glynn 71,708 20 29,474 24333 119 

Liberty 45 ,852 158 16,991 761 109 

Long 178 

McIntosh 81,613 2,/08 35,503 128 59 

Total 405,283 5,505 175 ,500 7,619 1 ,868 

*USDA Soil Conservation Service Land Use Inventory. 

MATERIALS AND METHODS | 

This study included a legal, historical, and scientific literature 
review related to the coastal marshes of Georgia. In addition, 
interviews were conducted with Coastal Marshland Protection Committee 
members, DNR staff, Justice Department staff, academics, and members of 
interest groups. DNR files were reviewed to ascertain the number of 
permits issued, denied, or held in abeyance and to quantify acreage of 
marshland converted. To help determine the potential for increased 
aquaculture along the Georgia coast, a site visit was made to the 
Waddell Mariculture Center in Bluffton, South Carolina. 

RESULTS 

Since the passage of the Coastal Marshlands Protection Act in 
1970, the Coastal Marshlands Committee has received 248 permit 
applications for marsh-altering activities, of which 202 permits 
(81.5%) were granted, Between 1972, when the program became fully 

161



implemented, and 1986, the last full year of records, the Conmittee 
issued an average of 12.6 permits per year. The Committee has denied 
29 permits (11.7%) in the 17 years of the program for an average of 
less than 2.0 denials per year. Department of Natural Resources 
records also indicate that 19 permit applications (6.8%) have been held 
in abeyance for various reasons. 

Although total acreage figures for marshes converted since 1970 
are not available, information obtained from DNR suggests that less 
than 450 acres of marsh have been altered under the permitting program. 
Over half of these 450 acres (256 acres) were converted during the 
first two years following the passage of the legislation. This does 
not include acreage converted by those activities exempted from the 
permit requirement. Most of the marsh acreage converted to other uses 
during the 17 years since the passage of the Act were dredged and 
filled under the direction of the Corps of Engineers (COE) for naviga- 
tion purposes and the Department of Transportation for highway con- 
struction. Construction of Interstate 95, for example, resulted in the 
conversion of 3,976 acres of wetlands.!/ Total acreage converted by 
exempted activities is not known. 

These figures do not indicate the effect that DNR technical staff 
have on marsh protection by working with permit applicants to minimize 
the impact of proposed activities on the coastal marshes. Prior to an 
applicant's submitting an application, the Marsh and Beach staff 
conducts site visits and makes recommendations to the applicant on what 
steps should be taken to increase the probability that state and 
federal permits will be issued. Some activities, which would have such 
impacts that obtaining permits is not likely, are not pursued further. 
Other activities may be moved to higher ground or altered in various 
ways to mitigate their impacts on the marshes and increase the likeli- 
hood that permits will be issued by DNR and the COE. Still other 
activities are proposed for locations which are not under the juris- 
diction of the Coastal Marshlands Protection Committee and, therefore, 
do not require a state permit. For the three years for which records 
were available, the Marsh and Beach staff made a total of 801 site ~ 
inspections for an average of 267 per year. Recent estimates indicate 
that the staff may make between 500 and 1,000 site visits each year ,18 
The value of early site visits is apparent in the relatively high 
percentage (81.5%) of permits granted by the Coastal Marshlands 
Protection Committee with a minimum conversion of marsh acreage. 

DISCUSSION 

The Coastal Marshlands Protection Act appears to be an effective 
mechanism for protecting coastal marshes while allowing usage of the 
marshes that are not contrary to the public interest. Although 
amending the Act is not currently necessary, recommendations were 
designed to: (1) enable the law to better address concerns that have 
appeared or increased since the original bill was enacted, (2) incor- 
porate constitutional changes and judicial decisions that have occurred 
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since the passage of the Act in 1970, and (3) incorporate “housekeep- 
ing" changes. Following are some of the more significant recommenda- 
tions made for amending the Coastal Marshlands Protection Act. 

Legislative Purpose 

To better describe the intent of the legislature in passing the 
Coastal Marshlands Protection Act, it was recommended that a section on 
legislative purpose be added to the Act. States generally assert their 
ownership of tidelands up to the boundary lines established by the high 
tide. The public trust doctrine describes this state ownership of 
tidelands as being subject to a trust obligation to maintain them for 
certain public uses. Traditionally, these uses have included naviga- 
tion, commerce, and fishing. Recently, the public trust doctrine has 
been expanded to include the public's environmental and recreational 
interests in the tidelands. 

The Georgia Supreme Court in State v. Ashmore established the 
state's ownership of the tidal foreshore as well as submerged lands 
below the low tide mark.19 Although placing title to the tidal 
foreshore in the state, the Court did not specify the extent of the 
public's interest in the area. At least in its most traditional form 
the public trust doctrine was adopted with the common law in Georgia 20 
Thus, at a minimum, the public's interest in coastal fishing, naviga- 
tion, and commerce is held in trust by the state. Additionally, the 
Georgia Supreme Court has seemed to imply the existence of a protected 
public right of recreation in the tidelands.2! 

The 1976 “vital areas" provision of Georgia's Constitution 
empowers the General Assembly to restrict land use "in order to protect 
and preserve the natural resources, environment, and vital areas of the 
state."22 The provision effectively acknowledges the existence of 
resources that are of equal importance to all citizens of the state and 
deserving of special legal treatment.23 In 1979, the Shore Assistance 
Act24 identified the coastal “sand-sharing" system as a vital area of 
the state. The Act's language reflects public trust concepts :29 
recognition of the delicate nature of tidal lands,26 statewide public 
interest in such lands,2/ and the state's assumption of a trustee-like 
responsibility to maintain the integrity of the shore system.28 

Similarly, Georgia's Assistant Attorney General, in explaining the 
Coastal Marshlands Protection Act of 1970, stated: "In general, the 
philosophy of the Act and its implementation is that coastal marshlands 
are an area in which the public's interest is primary . . . all 
marshlands are subject to the common law public trust and to the 
federal navigational servitude, guaranteeing public access and use."29 
The denial of permits deemed contrary to the “public interest" and the 
issuance of a low number of permits for marinas and similar water- 
dependent activities support the conclusion that the Coastal Marshlands 
Protection Act currently embodies implicit public trust notions .30 
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It was recommended that the Coastal Marshlands Protection Act be 
revised to incorporate developments in Georgia law concerning the 
public interest in the marshes which have occurred subsequent to its 
passage in 1970. Specifically, the coastal marshes could be identified 
as a state “vital area"; the public's interest in the marshes could be 
described in the more explicitly trust-like terms of the Shore Assis- 
tance Act. 

Definitions | 

Recommendations were made to expand the definition section of the 
Act. Of particular note is the recommended change in the definition of 
"marshland." This change addresses two points. First, by specifically 
including mudflats and intertidal bottoms as components of the marsh, 
ambiguity in area coverage is decreased. Mudflats and intertidal 
bottoms are components of the marsh ecosystem but the fact that they 
are not specifically mentioned in the definition creates an unclear 
situation. Changing the definition as recommended clarifies the 
meaning of the term "marshlands." Second, the list of marsh indicator 
plants should be improved and expanded. Variation exists from state to 
state on the use of vegetation to define marshlands. Louisiana and 
Mississippi do not use vegetation in their definitions. South Carolina 
does not list the species but requires a field biologist to determine 
on a case-by-case basis if the area is a marsh. North Carolina lists 
10 species in its definition; Alabama list 14 species; Florida lists 
247 species; and Texas lists 62 species. The list of 13 species 
recommended is more in line with the species that are listed in the DNR 
regulations and the ones used in staff on-site inspections to determine 
if an area is covered by the Coastal Marshlands Protection Act. Also, 
the species of Juncus dominant in the Georgia marshes is roemarianus 
not gerardi. Consequently, it was recommended that gerardi be deleted 
from the Tist of indicator species. These changes thus provide a more 
accurate and wider variety of plants to be used as indicators of salt 
and brackish marsh conditions. 

Activities with Major Impacts on Marshlands | 

The Committee is confronted by some difficulty in deciding to 
issue or deny a permit for certain activities that, by their nature, 
could potentially have a major impact on the marsh but might also be 
necessary or desirable. Although the authority exists to address these 
concerns in the existing law, there is limited direction on how the 
Committee should do so. Consequently, it was recommended that a new 
section be added to the law to specifically designate these activities 
as ones potentially having a major impact on the marshes and to either 
establish procedures in the new section or direct the Board of Natural 
Resources to promulgate rules and regulations to do so. The term 
“major impact" refers to the use of impoundments for agricultural, 
aquacultural, and waterfowl management purposes; the siting of marinas; 
the construction of public roads in the marshes; and other activities 
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deemed by the Board of Natural Resources to potentially have a major 
impact on the marshes. 

The use of Georgia wetlands for agricultural production began in 
Colonial times. During this period, little was known about the value 
of wetlands which were generally perceived as sites of pestilence and 
roadblocks to development. Conversion of wetlands to economically 
productive use of any type was viewed as an improvement. Crop produc- 
tion, principally rice, occurred in impounded tidally influenced 
freshwater wetlands where water levels could be manipulated. Georgia 
rice production reached its peak between 1850 and 1860. Chatham County 
was the leading producer of rice followed by Camden, McIntosh, Glynn, 
Liberty, and Bryan.31 

Interest in aquaculture has appeared more recently. Aquaculture, 
depending on the species involved, may utilize either fresh or salt- 
water. Current interest in upgrading former dikes to reimpound coastal 
marshes relates, in part, to their potential agricultural and aqua- 
cultural uses, including the management of impoundments for waterfowl 
purposes, Generally, conversion of marshes for agricultural or 
aquacultural purposes will require the use of impoundments to regulate 
the depth, salinity, and flow of water. The major exception to the use 
of impoundments for agricultural and aquacultural purposes, however, is 
the culture of clams and oysters which requires the improvement of beds 
but does not require dredging and filling of marshlands. 

Clams and oysters naturally occur in the Georgia marshes. No 
impoundments are necessary for commercial production of these shell- 
fish, but production can be increased by managing the beds to improve 
growth conditions. This requires an investment by individuals to 
culture these organisms. Clams and oysters, however, are also sought 
after for recreational harvesting by the public. Governmental interest 
in clams and oysters, thus, relates to two factors: (1) water quality 
conditions necessary to protect public health and (2) the rights to 
harvest shellfish. 

The Georgia DNR is currently sampling water quality in the coastal 
marshes to determine which areas have water quality conditions suffi- 
cient to allow shellfish harvesting. As of July 1987, 162,288 acres 
met the water quality standards and were approved for shellfish 
harvesting. Shellfish harvesting was prohibited from 132,244 acres 
which did not meet the water quality standards. It is estimated by the 
DNR staff that with further study, an additional 50,000 acres could be 
approved for shellfish harvesting. There is considerable potential to 
improve conditions for both public and commercial shellfish harvesting 
in Georgia, but this depends, in part, on ensuring the quality of water 
in the marshes. , 

A second concern with shellfish harvesting in the coastal marshes 
involves the rights to the shellfish. If the shellfish resources are 
adjacent to upland property, the 1902 Riparian Rights Law gives the 
exclusive harvest rights to the upland property owner.3 If no 
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adjacent upland is present, however, the right to control shellfish 
harvest is vested with the state unless a crown or state grant specifi- 
cally conveyed that right. Where no exclusive claims exist, DNR may 
lease the area for commercial harvest or designate the area for public 
harvest. Consequently, amending the Coastal Marshlands Protection Act 
to address the rights to shellfish harvesting is not necessary. 

Use of impoundments for aquacultural purposes differs from other 
marsh-converting activities. In most cases, permitted activities 
convert coastal marshes to dry land uses (e.g., marinas, roads). 
Impoundments are generally utilized to convert one type of wetland to 
another type of wetland. This is especially true when impoundments are 
used for waterfowl management purposes. 

In passing upon the application for a permit (including permits 
for agricultural or aquacultural purposes), the Coastal Marshlands 
Protection Committee considers the public interest which, as defined by 
the Act, includes the impact of the activity on the natural flow of 
water and navigation; its impact on erosion, shoaling, and stagnating 
water; and its impact on the conservation of marine life, wildlife, and 
other natural resources. Based on these considerations, it would be 
most likely that the Committee would rule that impoundments generally 
are not in the public interest, especially in cases where former dikes 
have deteriorated. Upgrading or rebuilding these dikes to impound 
marshlands would have a greater impact on the marshes than upgrading 
dikes that are essentially intact and serviceable over most of their 
extent. Research conducted on the impacts of impoundments on marshes 
Supports the contention that impoundments have a major impact on the 
marshes, but more research is necessary to understand the total 
effect .33 

It is estimated by the DNR that between 35,000 and 40,000 acres of 
marsh were formerly diked along the Georgia coast. Long estimated that 
in 1859 alone, 23,000 acres of rice were cultivated in Georgia.34 
These estimates are probably not inflated since, by comparison, South 
Carolina has nearly 150,000 acres of formerly impounded coastal 
marshlands.3° Reimpounding these marshes for waterfowl management or 
aquacultural production would most likely have a significant impact on 
the coastal marsh system. To protect the public interest in Georgia 
marshes and to ensure that impoundments are managed to minimize their 
adverse impacts on the marshes, it was recommended that the use of | 
impoundments be regulated under the Coastal Marshlands Protection Act. 
Utilization of impoundments for these purposes should require a permit 
that is issued only after careful consideration of the impacts of the | 
proposed impoundment use and the development of a management plan that | 
specifies what management steps are required of the applicant. 
Monitoring of the management efforts to ensure that the plan is being 
implemented is necessary. In addition, to ensure that adequate funds 
are available to return the marsh to prepermit conditions, a bond 
sufficient to cover the cost of restoration is necessary. 

The expansion of tourism and recreation in coastal areas creates a 
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demand for marina facilities. Marina facilities, however, may have a 
number of negative impacts on the coastal environment, including water 
quality degradation, loss of aquatic habitat, and navigation impair- 
ment. Of primary concern is the water quality impacts caused by 
marinas which may include changes in turbidity, increased coliform 
bacteria populations, depletion of dissolved oxygen, and increased 
concentrations of metals and hydrocarbons. Sources of these impacts 
include marina sanitation devices, bilge water, wastewater disposal, 
dredging, fueling, boat washing, and boat exhaust. To avoid or 
minimize the impacts on coastal resources, marina development requires 
careful consideration. As more is learned about the impacts of marinas 
and how to minimize the impacts, requirements will change. Currently, 
DNR rules and regulations include guidelines for marina construction. 
Consequently, amending the Coastal Marshlands Protection Act to address 
Marina siting is not necessary, but language could be added that 
identifies marinas as an activity with potentially major impacts on 
marshes and that specifically directs the adoption by the Board of 
Natural Resources of rules and regulations designed to minimize the 
impact of marinas on marshes. 

The Coastal Marshlands Protection Act is silent on the construc- 
tion of public roads in marshlands. The rules and regulations adopted 
by the Board of Natural Resources state that “roads placed on pilings 
rather than constructed as solid field causeways" would likely be 
considered not contrary to the public interest. 

In April 1984, a draft policy was prepared by staff to govern the 
construction of public roadways across coastal marshlands to island and 
hammock lands. The policy would not apply to private roadways or 
driveways which are generally prohibited. The policy would also not 
apply to activities of the Georgia Department of Transportation since 
such activities are exempt from the requirements of the Coastal 
Marshlands Protection Act. Public roads included would most commonly 
be those constructed by developers and dedicated to local governments. 
The draft policy included 15 criteria which would have to be met before 
public roadways could be constructed. No roads would be allowed in the 
more productive coastal marshes. 

The Board of Natural Resources has not adopted this draft policy. 
Under the existing law, the Board has the authority to do so. Add ing 
the construction of public roads to this proposed section on activities 
with major impacts on the marshes identifies it as such and directs the 
Board to specifically adopt rules and regulations controlling the 
construction of public roads in the marshes. 

Exempted Activities 

A number of activities are exempted from the requirements of the 
Act. Clearly, these exemptions have resulted in the conversion of many 
times more acreage of marsh than have been converted under the Coastal 
Marshlands Protection Act. Increased dredging and filling activities 
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by the Navy at Kings Bay and increased dredging and filling for channel 

and port activities will result in the conversion of considerable marsh 

acreage. 

Insufficient data were available to determine the overall impact 

of exempted activities on the coastal marshlands. To ascertain the 

nature and extent of these impacts, it was recommended that the 

legislature request each exempted agency to provide it pertinent 

information on the extent of the agency's activities in the coastal 
marshes. a | 

CONCLUSIONS | , 

The coast of Georgia encompasses over 13 percent of the marshlands 
between North Carolina and Louisiana, more than any other state on the 
east coast. These marshes are a valuable resource that require 
protection from those activities that would cause them to be converted 
to nonwetland uses. The 1970 Coastal Marshlands Protection Act was 
enacted for this reason and has been an effective mechanism for 
protecting the public interest in the coastal marshes while allowing 

for use of the marshlands. Although amending the Act is not currently 
necessary, recommendations have been made that will: (1) enable the law 
to better address concerns that have appeared or increased since the 
original bill was enacted, (2) incorporate constitutional changes 
(vital areas designation) and judicial decisions that have occurred 
Since the passage of the Act in 1970, and (3) incorporate “housekeep- 
ing" changes. | 

The Coastal Marshlands Protection Act deals specifically with 
those activities that would occur within the marshes. Other threats to 
the marshes exist that are not addressed by the Act. First, the 
estuarine system represents a sink for contaminants carried by rivers 
to the coast. Abuses of the hinterland are reflected in the quality of 
the water that flows into the marshes. Although considerable effort 
has been placed on control of discharges from municipal and industrial 
sources, nonpoint runoff into the state's streams can have a signifi- 
cant effect on water quality. Of particular concern for the coastal 
marshes is the concentration of nitrates in stream water. Nitrates are 
not generally removed by waste water treatment facilities and may be 
found in high concentrations in runoff from lawns and agricultural 
fields. Nitrates may cause the eutrophication of the estuarine system 
and, therefore, may have an adverse impact on the marshes .36 

A second concern not addressed by the Coastal Marshlands Protec- 
tion act is the effect on coastal marshes of alterations in adjacent or 
interconnected freshwater wetlands. These wetlands are afforded no 
protection under state law. Their condition, however, may have a 
direct impact on the functioning of the coastal marshes. 

A third concern not addressed by the Act relates to the lack of 
any form of buffer zone around the coastal marshes. To protect water 
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environments from activities that occur on land, it is generally 
necessary to provide at least some form of vegetative buffer zone to 
filter nonpoint contaminants before they reach the water resource. To 
ensure the health of Georgia's coastal marshes, it may be necessary to 
provide a buffer zone around the marshes. 

An over-riding consideration related to the Coastal Marshlands 
‘Protection Act is the impact of global sea level rise on the coastal 
region of Georgia. The increase in carbon dioxide and other gases from 
anthropogenic sources in the atmosphere is resulting in an increase in 
the global temperature.3/ This so called “greenhouse effect" is 
Causing the polar icecaps to melt with a resulting rise in sea level. 
During the past century, the sea level along the east coast of the 
United States has risen 30 centimeters (11.8 inches) or three centi- 
meters per decade. This rise in sea level along the Georgia coast is 
predicted to continue and possibly increase. Although the rate of rise 
is slow, the impact of higher sea levels and storm damage resulting 
from the rise may be significant. The Coastal Marshlands Protection 
Act provides a partial mechanism for considering the potential impact 
of sea level rise on private facilities and public infrastructure 
investments. Consequently, decisions made under the Coastal Marshlands 
Protection Act should be made in light of the fact that the sea level 
will continue to rise slowly for the foreseeable future. 
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ABSTRACT 

In April 1987, a real estate development firm began filling a high 

saltmarsh on Long Island without Department of the Army permit authori- 

zation. Approximately 2.2 hectares were filled before the illegal 

activity was discovered. The Army issued a cease-and-desist order, 

quickly followed by a restoration order and fill removal began twenty- 
six days after the material was placed. The Army directed the violator 
to remove the fill as rapidly as possible while minimizing damage to 

the underlying vegetation and root zone. The rationale was that swift 

and careful removal would enable at least some of the underlying 
vegetation to recover. The developer first used a bulldozer to remove 
most of the fill to within 10 to 20 cm of the underlying vegetation, 

then a combination of a tractor towing a rake and hand raking to remove 
more of the fill and expose the underlying vegetation. By the end of 
the 1987 growing season much of the original vegetation was growing 

vigorously. The importance of coordination, decisive timely action, 
and momentum are illustrated as essential elements of successful 
enforcement work. 

INTRODUCTION 

The purpose of this paper is to describe requirements, on both 
administrative and technical levels, for a successful enforcement 
effort by the New York District of the U.S. Army Corps of Engineers 
(Corps) against a violator of Section 404 of the Clean Water Act. 

The Group for the South Fork, a local environmental group in 

Southampton, Long Island, observed unauthorized filling of wetlands on 
April 13, 1987 in the hamlet of East Quogue, Suffolk County, New York. 
They reported the matter to the New York Department of Environmental 

Conservation (NYDEC). 

NYDEC has an extremely effective state regulatory program. 
However, its jurisdiction is defined by published wetlands maps. Since 

the subject site was not included on these published maps, it had no 
regulatory jurisdiction over the site. On April 15, 1987, both the 

Group for the South Fork and the NYDEC called the Corps to report a 

possible violation of Clean Water Act requirements. The Corps in- 

spected the site on April 16, 1987 and concluded that unauthorized fill 

had been discharged into wetlands. Since this discharge did not have 

l72



| prior Department of the Army authorization, it had been placed in 
violation of Section 404 of the Clean Water Act. 

STUDY SITE 
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Figure 1. View of the restoration site from the southeast in May 1988 
about one year after restoration. 

The study site was a 2.2-hectare (5.5-acre) tract on part of the 
| barrier beach system that extends along the south shore of Long Island, 

New York. It was bordered on the north (estuarine) side by a macadam 
road, beyond which was a saltmarsh cordgrass tidal marsh of Shinnecock 
Bay. The south (seaward) side adjoined a primary dune system that 
fronted on the Atlantic Ocean. Undisturbed high saltmarshes abutted 
the east and west borders of the site. Prior to placement of fill, the 
violation site also had been a high saltmarsh. 

Since we did not see the site before it was disturbed, we cannot 
describe pre-disturbance species composition with complete confidence. 
Based upon our analysis of pre-fill photographs provided by NYDEC, 
however, it appears that saltmarsh hay (Spartina patens), spikegrass 
(Distichlis spicata), and groundsel-tree (Baccharis halimifolia) were 
the dominant species. The site also contained common reed (Phragmites 
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Shinnecock Bay overtopped the road and inundated the site approx imate] y 
| 75-100 times each year. 

MATERIALS AND METHODS 

Administrative 

There are three discrete phases associated with administration of 
a successful enforcement action: discovery, coordination, and enforce- 
ment. These phases are sequential and dependent: deficient work in 
discovery or coordination often dictates failure in enforcement. 

"Discovery" begins with learning of an alleged violation and ends 
when you are reasonably certain you have all the facts documented in 
the file. It is characterized by an intensive work effort in a short 
period of time. The information that must be collected consists of: 

1, Specific documentation of Corps of Engineers jurisdiction over 
the site based upon three-parameter determination data (soils, hydrol- 
ogy and vegetation) obtained at the site, published data (NWI maps, SCS 
soil survey maps, etc.), and site survey data if available. 

2. Documentation of property ownership to establish that the 
alleged violator owns the site. 

3. Documentation of the illegal act through statements of 
eyewitnesses, photographs, and statements of contractors testifying 
that they did the work at the site at the direction of the alleged 
violator. 

4. A legal opinion as to the adequacy of the evidence for 
prosecuting the case. 

5. Collection and documentation of additional evidence required 
for successful prosecution. 

"Coordination" involves obtaining written agency recommendations 
and justifications for resolution of the violation. The objective of 
this phase is to develop and document a unified "government position" 
on the violation and justify that position from a scientific/legal 
basis. Detailed recommendations are not necessary at this phase. All 
that is required is reasonable agreement on conceptual resolution such 
as removal or development of a mitigation proposal. 

Because various agencies have different missions and spheres of 
interest, it is not always possible to reach a consensus. However, the 
probability of a successful enforcement action is greatest when a 
unified government position can be reached. Therefore, it is important 
to make every effort to negotiate a proposed solution acceptable to all 
the resource agencies involved. This coordination often can be 
accomplished most effectively by telephone conferences. Although this 
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may require an entire day on the telephone going back and forth between 

agencies with proposals, counter-proposals, and counter-counter 

proposals, it is faster than the regular mail. 

The coordination phase should not last for more than a few days. 

Agencies should be asked to telefax individual transmittals of their 

specific recommendations and the rationale for those recommendations. 

Receipt of these transmittals usually concludes this phase, unless the 

violator counters the enforcement order with an alternative proposal | 

reasonable enough to present to the agencies. 

After the agencies' responses are added to the file, “enforcement” 

begins. The proposed solution to the violation case is prepared in the 

form of an enforcement order. Ideally, this order represents a | 

consensus of agency recommendations. However, if no consensus can be 

reached in the coordination phase, the most “acceptable” solution 

should be implemented. The order must be absolutely clear, so there is 

no question in anyone's mind as to what is being required of the | 

violator. 7 

Upon discovery of the subject violation, the Corps first deter- 

mined property ownership, which required untangling a complicated web | 

of property transactions that had occurred over the previous six | | 

months. Once the owner of the property was identified, the Corps 

immediately sent the violator a cease-and-desist order (C&D) and made a , 

quick, intensive effort to construct a well-documented file record. 

The coordination phase did not last more than a day because all of 

the agencies involved wanted removal and restoration and most telefaxed 

their responses the dame day. The U.S. Environmental Protection Agency 

(EPA), the U.S. Fish and Wildlife Service, the National Marine Fisher- | 

ies Service, the New York State Division of Coastal Resources and 

Waterfront Revitalization (which handle the Coastal Zone Management 

program for the State), the New York State Department of Environmental 

Conservation, and the Army Corps of Engineers unanimously recommended 

immediate removal of the fill. 

The violator sent a team of attorneys and consultants to the | 

initial meeting but did not attend himself. Under such circumstances, - 

it was impossible to resolve the matter in one meeting. After two 

office meetings and one on-site meeting within five days, however, the | 

violator agreed to restore the wetland. 

Technical 

We decided to try to save as much of the original vegetation as | 

possible, reasoning that since the plants had been buried only a few 

weeks many or most should survive if we removed the fill quickly and 

carefully. Consequently, the restoration plan involved using a 

bulldozer, a tractor equipped with a rake and limited hand raking. 

With the bulldozer, the operator removed fill until the tops of the 
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buried plants were visible. The operator then switched to a large- 
wheeled light tractor with a rake attachment to remove more of the fill 
material and expose more of the existing vegetation, without tearing up 
the established root systems. Hand raking was used in a few places, 
but was impracticable to use on the entire site. 

Because of irregularities in terrain and the relatively large size 
of the site, it was not possible to do a perfect job of removing the 
fill. In fact, we did not require the violator to remove all of the 
fill, reasoning that it would be better to leave a thin layer of fill 
on the site than remove all of it and risk irreparably damaging the 
root mat underneath. Inevitably some small depressions remained 
covered with fill and some “high spots" were scraped bare of vegeta- 
tion. 

NYDEC was concerned that the common reed on old fill at the 
Southwestern part of the site would colonize the entire site because of 
the disturbance in vegetative cover. However, the developer agreed to 
remove the old fill and excavate the common reed. We directed the 
bulldozer operator to excavate deep enough to remove the entire rhizome 
system of the reed. Because of the depth and persistence of the 
rhizomes, the operator excavated the area several times, stopping only 
after the bulldozer repeatedly became mired in the soft marsh sedi- 
ments. The result was a small (0.2-hectare), shallow (approximately 
30-60 cm. in depth) pond near the southwestern corner of the property. 
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The initial appearance of the site after the habilitati k 
was finished wa th isi A imate | f l | was rather unpromising. Approximately 25% of the site had 
remains of old vegetation showing through th f but it wing ug e surface, but it was not 
obvious whether the vegetation would H th lant \ ge’ : wever, e plants 
quickly began to show unmistakable signs of life, and, by late in th g ’ » DY tate In e 

1987 growing season, the sit lread th g g , site was already more than 50% revegetated. 

By May 1988, it was apparent that the site was t comi back 
exactly as it had been prior to the pl t of fill d y prior to the placement of fill. Based on the 
photographs of the site prior to filling, most of the ies th 
were probably there before, but the species composition had definite] 
changed Th it i : e site was about 70% covered with vegetation, with new > 

plants (particularly spikegrass), actively colonizing man f th 
remaining bare area Salt h S. altmarsh hay and spikegrass were still the 

e ° e 

clear dominants, bu e presence of other species had greatly in- 
e e es e 

creased. e s1te was no tonger primarily a aense Sa tmarsh hay/spi ke- 

h ith d rass mars - - g » wi some groundsel-tree, some reed, and perhaps marsh 
\d elder and salt-spray rose. In some parts of the site toward the e 

southeastern end, th jor U end, ree-square was not only a major component but even 

locally dominant In oth ] ocally dominant. n other places, there were considerable amounts of 
e e e 
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Saltmarsh cordgrass was also now on the site, although it did not 
seem to be present in the adjacent undisturbed saltmarsh to the east 
and we presume it was not present on the site before it was filled. It 
was the short form of the plant, occurred in only about 10 scattered 
locations at the site, with only a few stems at each location. We 
believe these plants originated from seed blown onto the site from the 
saltmarsh cordgrass marsh on the north side of the road. 

We were not able to eliminate the common reed in the vicinity of 
the pond. There was still reed around much of the pond edge, although 
three-square was also colonizing the edges and the shallow water near 
the edges of the pond. The reed near the south-central boundary of the 
site also returned and, by May 1988, scattered stems of newly-estab- 
lished common reed were visible in several areas that had remained bare 
of vegetation through the previous growing season. 

DISCUSSION AND CONCLUSIONS 

Administrative 

Time is critical in enforcement work, so it is important to 
minimize the time period between initial discovery of the violation and 
issuance of enforcement orders. This is particularly true if the 
violator is aware that the violation has been discovered. Lack of 
immediate action suggests indifference or approval on the part of the 
regulatory agency. If you delay too long, the violator may be able to 
make a defensive case grounded in reliance: the violator may claim 
that, since the regulatory agency knew about his activities but did 
nothing, he or she presumed there was nothing wrong and, relying on 
this presumption, made substantial fur--ier financial investment in the 
project. Long delays in initiating enforcement action also destroy 
program credibility. 

The most time-critical period is the “crossing,” the period 
between issuance of the order and the violator's agreement to comply 
with the order. We call it the “crossing” because it is best described 
through the analogy of a stream crossing. If there is a stream you 
must cross in a vehicle, a successful crossing requires fast and 
confident forward motion. If you slow down, falter, or decide to 
rethink the whole thing in mid-crossing, you lose your momentum, fail 
to complete the crossing, and end up in the mud. 

Momentum is just as critical to an enforcement "crossing." Once 
the decision is made to force a violator to comply, the agency must 
keep the enforcement efforts moving fast and not give the violator the 
opportunity to consolidate his defenses, regroup, “counter-attack" or, 
worst of all, ignore the enforcement order and go forward with his 
project. The enforcement “crossing” in this case was made in five 
days. 

The need to maintain momentum in the “crossing" cannot be empha- 
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sized enough, because if you “stall out" you are likely to end up in a 
quagmire of litigation. For example, if you issue an order directing 

| removal of fill within forty-five days and wait forty-five days before 
| seeing if the order has been obeyed, the violator may very well 

construct a building on top of the illegal fill in that time. You are 
then faced with the task of persuading a judge to order destruction of 
a new building rather than simply removal of fill. Unless the viola- 
tion is flagrant and outrageous, most judges will not order destruction 
of a new building. 

You would have failed when you could have succeeded simply by not 
allowing the violator time to do any construction. No effective 
enforcement agency can afford to adopt a “wait and see" attitude about 
enforcement orders. The agency must follow the C&D order with a 
definitive work directive within a reasonable length of time. 

What is "reasonable," of course, depends upon the “eye of the 
| beholder." To agency personnel, thirty to sixty days to arrive at a 

well-considered decision resolving the violation may seem quite 
| “reasonable.“ To a violator, who may have men and equipment under 

contract for a limited building season, even three or four days might 
seem totally “unreasonable,” particularly if the stoppage is costing 

| many thousands of dollars per day. 

_ Although regulatory agency personnel often tend to be unsympa- 
| thetic to violators, successful resolution through enforcement requires 

- negotiating settlements in good faith. This includes making a sincere 
effort to minimize the violator's financial damages due to delays in 
resolving the violation. 

Even when the violator is initially prepared to comply with agency 
| direction, the case can quickly become an expensive, unproductive 

lawsuit simply because of delay and indecision on the part of the 
regulatory agency. 

An order also should require that the violator notify the agency 
issuing the order of intent to comply within 24 hours of receiving the 
order. If the violator calls and indicates intent to comply, the 
enforcement agency should schedule a meeting to discuss specifics as 
soon as possible. If the violator does not call, the enforcement 
agency should call the violator and demand a response. If the violator 
refuses to meet and refuses to comply, the enforcement agency should 
quickly seek an immediate legal remedy such as a preliminary injunction 
or temporary restraining order. The latter almost always brings a 
resistant violator to the negotiating table. 

As to administrative conclusions, there are at least two: 

1. Violators cannot long resist the combined weight of Federal 
| and State authority. A well-documented and unified "government" 

position on resolution will quickly destroy resistance to enforcement. 
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2. Persistence and follow-through are essential for a successful 
restoration action. As a practical matter, simply issuing a restora- 
tion order does not usually succeed. If the violator tells you to "go 
fly a kite," you have to seek immediate legal remedies to maintain 
momentum over the "crossing." Successful enforcement actions are 
Characterized by convincing the violator that it will cost him more to 
resist the order than to comply. If you convince a violator early on 
that your agency is prepared to go to court if necessary, you will be 
able to settle most cases quickly without having to go to court. 

Technical | | 

The future presence and distribution of species at this site is 
not certain. At present, species are still actively competing to 
occupy the remaining unvegetated areas. Will the site ultimately 
stabilize at a condition similar to what was originally present, or 
have site conditions changed sufficiently that a significantly differ- 
ent plant community will ultimately prevail? Monitoring the site over 
the next several years should give us a strong indication as to the 
answer to that question. | 7 , 

Meanwhile, it seems intuitively evident that the area will have a 
somewhat greater habitat value than it had before disturbance because 
of the greater number of microhabitats on the site: open water and 
scattered bare areas as well as saltmarsh vegetation. Greater diver- 
Sity in plant composition may increase foraging attractiveness for 
microtine rodents such as white-footed mouse (Peromyscus seucomus) and 
meadow vole (Microtus pennsylvanicus), thereby attracting local ly-found 
raptors such as northern harrier (Circus cyaneus) , American kestrel 
(Falco Sparver ws) and peregrine falcon (Falco peregrinus) (U.S. Fish 
and Wildlife Service 1983). Unvegetated areas may increase nesting 

habitat value for killdeer (Charadrius vociferus). | 

The continued presence and additional encroachment of common reed 
concerns us somewhat, but we are undecided as to whether to direct 
further excavation, hand-pulling or some other action at the site. At 
this time, we feel that salinity and competition from other vegetation 
will probably be the chief factors dictating the future distribution of 
common reed, assuming no further work at the site. 

Although literature reports vary somewhat as to the tolerance of 
common reed to salinity, it appears that the most notable chemical 
limiting factor is chlorinity exceeding 1.2 percent (12 ppt) (Howard et 
al. 1978). We tested salinity at the site on two occasions and it was 
at or above 12 ppt at every point tested except the pond. 

In the pond, salinity seemed to vary between 4 ppt to more than 20 
ppt depending upon tidal and precipitation events. If soil salinity 
levels on the remainder of the site remain at or above 12 ppt, en- 
croachment should not proceed much beyond what has already occurred. 
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Also, although common reed is a highly successful pioneer species, 
it normally does not invade if an area is already well-vegetated by 
other species. Rapid establishment of other plant species on the site 
should preclude pervasive colonization by common reed. The reed that 
is already established on the site, however, will probably persist 
indefinitely, even if it ceases significant advancement (Howard et al. 
1978). 

Another question is whether the colonizing saltmarsh cordgrass 
will survive. The literature suggests that it may persist. Nixon 
(1982) noted that many writers considered at least some of the short- 
form saltmarsh cordgrass to be high saltmarsh vegetation, and included 
short-form saltmarsh cordgrass with saltmarsh hay and spikegrass as a 
dominant species of unfilled high saltmarshes. Monitoring the site 
over the next few years should answer this question as well. 

On the technical side at least three conclusions can be drawn from 
this case study: 

1. Certain species of high marsh vegetation, such as saltmarsh 
hay, spikegrass, and three-square, can survive burial for some period 
of time. The site was filled on April 13, 1987 and removal operations 
began 26 days later. These species can apparently survive burial for 
at least this length of time during their dormant period or very early 
in the growing season. 

2. Disturbed sites may provide an increase in local habitat 
diversity, at least on a short-term basis. 

3. Successful revegetation of the site has been achieved perhaps 
more rapidly and certainly at much lower cost using the approach we 
selected than if we had required the violator to remove all fill and 
replant the site. However, we do not know how long it will take for 
the site to revegetate completely or how long interim successional 
Stages will last. _ 

On a final note, the formula for success in enforcement may be 
Summarized: Select a well-coordinated, feasible "government" solution 
as quickly as possible, then "run as fast as you can and keep moving!." 
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ABSTRACT 

Mitigation activities are frequently required for highway con- 
struction projects. This paper explores the effectiveness of revege- 
tation of black rush (Juncus roemerianus) marsh in Florida. The 
results of a six year monitoring effort are reported. Based on the 
results, it is concluded that elevation was the critical factor in the 
success or failure of this marsh revegetation effort. 

INTRODUCTION 

The extension of Interstate 75 from north of Tampa to Naples and 
on to Miami by the Florida Department of Transportation (FDOT) began in 
the mid 1970s. A portion of this interstate crossed the Alafia River 
just west of Riverview (Figure 1). Located in central Hillsborough 
County, this 49.6 kilometer river originates in the western part of 
Polk County and empties into Hillsborough Bay near Gibsonton. The 
interstate crosses this tidally influenced river approximately 5.6 
kilometers east of its mouth. At this location the interstate is a six 
lane rural design. Twin concrete bridges, 473 meters long, cross the 
river at about 10.4 meters above mean high water. The floodplain was 
bridged to an elevation of 1.8 meters or more to minimize potential 
adverse impacts to this sensitive ecological area. 

During the development of the final design for the interstate, 
environmental permits were required from a number of agencies: the U.S. 
Army Corps of Engineers, U.S. Coast Guard, Florida Department of 
Environmental Regulation (FDER), and the Tampa Port Authority. These 
permits were obtained in 1978 prior to construction and, among other 
things, specified: 1) no fill (temporary or permanent) to be placed in 
the wetlands; 2) no dredging for access of work barges; 3) the use of 
temporary timber mats; and 4) an on-site, post-construction inspection 
to determine if restoration measures would be necessary in the tidal 
marsh. 
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STUDY SITE 

In cross section, the bridge and approaches transitioned from a 
pine/palmetto flatwoods north of the bridge at an elevation of 3.7 
meters through a natural marsh edge habitat of palmetto (Serona repens) 
and cabbage palm (Sabal palmetto) (Burkhalter 1974) at 1.5 meters. 
Crossing a black rush (Juncus roemerianus) marsh approximately 129.5 
meters wide at an elevation of 0.3 meters, the bridge finally reached a 
natural berm (approximately 0.9 meters high) of alluvial deposition. 
The berm is vegetated with palmetto, cabbage palm and grasses for about 
15.2 meters before it reaches the edge of the Alafia River. Two small 
tidal creeks cross the black rush marsh under the bridges. On the 
south side of the river, the bank climbs rapidly to an elevation of 1.8 
meters within 18.3 meters of the river's edge (Figure 2). This rapid 
transition to pine/palmetto flatwoods minimized any adverse impact on 

| the aquatic environment south of the river. Because of this, all 
mitigation activities required by the permits focused on the north side 
of the river, specifically the black rush marsh. 

As noted earlier, the original permits received in 1978 provided 
for temporary timber mats to be placed over the black rush marsh. The 
black rush was to be burned prior to the placement of the mats and the 
mats were to be removed after construction was completed. Any areas 
where culverts were to be placed had to be restored to original contour 
and vegetative cover. The FDOT was required to arrange an on-site 
post-construction meeting with FDER to determine if restoration 
measures would be necessary in the tidal black rush marsh. If restora- 
tion was deemed necessary, the FDOT was responsible for the development 
of a restoration plan that met the approval of the FDER. 

MATERIALS AND METHODS 

The construction contract was awarded in September of 1979 to 
Wiley N. Jackson Company. Work began in January of 1980 and the 
contractor quickly proposed several permit modifications to allow for 

easier, lower cost construction techniques. However, these 
construction methods would have resulted in greater impacts to the 
river's floodplain environment. The proposed modifications requested 
in the spring of 1980 featured a timber loading platform on the north 
bank of the Alafia River and a 129.5 meter long, 18.3 meter wide 
temporary access road across the black rush marsh, also on the north 
side of the river (Figure 3). Two temporary 46 centimeter culvert 

| pipes were to be installed in the two tidal creeks to maintain the 
tidal flushing these creeks provided. Additional finger fills were 
provided east and west of the temporary access road. 

| The access road was to be placed on Mirafi filter fabric after 
the area of black rush to be covered was burned to ground level; 
however, wet conditions encountered during construction precluded this. 

| As an alternative, the black rush was cut off near ground level and 
covered with the fabric. Approximately 1.2 meters of fill material was 
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placed on top of the fabric and the edges of the fabric were rolled 
back to minimize soil erosion into the marsh. 

Adjacent to the main access road, 11 finger fills were constructed 
to allow access for the bridge construction equipment and materials. 
The contractor used the same techniques here as on the main access 
road. The permit modification required that all disturbed areas were 
to be restored to original contour and revegetated with black rush 
clumps a minimum of 15 centimeters square. The revegetation plan was 
to be coordinated with the FDER prior to its implementation. 

As construction of the bridge was nearing completion, the FDOT 
developed a revegetation plan that was approved by the permitting 
agencies (Figure 4; Table 1). While the FDOT did not guarantee any 
success rate, it did agree to monitor the site for at least two years 
and report the results to the FDER. - , 

The contractor commenced the revegetation plan in September 1981 
by first removing the fill material and the filter fabric from the 
finger fills as required. The contractor used a backhoe with a 
modified bucket to avoid tearing the fabric. The overlay of fill 
material was carefully removed until the filter fabric was reached. 
Before uncovering the filter fabric, a test hole was created on one 
fill pad to determine the condition of the fabric and the black rush 
under it. It was noteworthy to find that the fabric under the fill was 
in nearly original condition while the edges of the fabric exposed to 
the sun was brittle and easily torn. The black rush and supporting 
muck soil was compressed as much as 30 to 46 centimeters in some 
locations. As the fabric was uncovered, the edges were rolled toward 
the center to minimize the loss of the fill material. 

Following removal of the fill and filter fabric at each individual 
location, the fingers were replanted as required by the revegetation 
plan. The first step in this process involved the restoration of the 
fill site according to the plan. This involved various techniques 
including backfilling with a variety of materials (see Table 1) and 
matching contours as specified in the plan. 

The next step was to identify a donor site for the replacement 
black rush.  Undisturbed areas of black rush marsh were available 
within existing rights-of-way. To minimize the potential impact on 
these undisturbed areas, the contractor was required to restrict the 
width of his clearing for donor plants. The contractor also used 
random patterns and spread the collection on donor plants over a fairly 
large area. To collect the plants, workers first cut a path 0.6 to 0.9 
meters wide through an area of black rush up to 22.9 meters in length. 
A gasoline-powered weed cutter with a saw tooth blade was used to cut 
the upper portion of the plants off, leaving about 30 to 46 centimeters 
of stem. Using a hand shovel, random 15 centimeter squares of black 
rush were dug and transported to the revegetation areas. Here, 
operating from planks to avoid sinking into the muck, the workers 
placed the plugs of black rush into holes created by the use of post | 
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Table 1. Revegetation plan. | | 

A 

Area* Proposed Activity | | | 
a 

l. Remove filter blanket and backfill with mixture of organic 
material and topsoil to match natural surrounding contours. 
No replanting required. | | | 

2. Leave as presently excavated and plant black rush on 0.9 meter 

centers, 

3. Leave as presently excavated. No replanting. | 

4. Backfill with sand (low organic content) to match natural 

Surrounding contours and plant black rush on 0.9 meter 

centers. 7 

5. Leave filter blanket with approximately 15 centimeters of 
existing fill remaining on top of it. No replanting required. 

6. Remove filter blanket and backfill with mixture of organic 
material and topsoil to match natural surrounding contours and 
replant black rush on 0.9 meter centers. | 

7. Backfill with topsoil to match natural surrounding contours 
and replant black rush on 0.9 meter centers. 

8. Backfill with topsoil to match natural surrounding contours 
and replant black rush on 0.9 meter centers. 

9. Remove fill from filter blanket and roll back blanket without 
damaging existing root system. No replanting required. 

10. Remove fill from filter blanket and roll back blanket without 

damaging existing root system. Replant black rush on Q.9 
meter centers. . 

ll. Leave filter blanket with approximately 15 centimeters of 
existing fill remaining on top of it and replant black rush on 
0.9 meter centers. 

12. Remove filter blanket and backfill with sand (low organic 
content) to match natural surrounding contours and replant 

black rush on 0.9 meter centers. 

13. Remove filter blanket and backfill with topsoil to match 
natural surrounding contours and replant black rush on 0.9 
meter centers. | | 

14. Remove filter blanket and backfill with mixture of organic 
material and topsoil to match natural surrounding contours and 
replant black rush on 0.9 meter centers. | | 

*See Figure 4 for location of each area. | | 
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hole diggers. The plants were generally placed on 0.9 meter centers 
within the areas called for in the revegetation plan. 

After the revegetation of finger fills was completed, the main 
access road was removed and replanted. The process followed was the 
same as for the finger fills, with removal starting near the river and 

| working northward. The revegetation work was completed by November of 
1981. 

RESULTS AND DISCUSSION 

Based on field reviews conducted in 1981, 1982, 1983, 1986 and 
1987, the relative success of the revegetation plan was evaluated. As 
noted in Table 2, Area 1 shows generally good recovery. This area was 

_ restored to original contours but was not revegetated. A diversity of 
plant species transitions from north to south. On the northern edge is 
found grasses, dog-fennel (Eupatorium capillifolium), wax-myrtle 
(Myrica cerifera) and Brazilian pepper (Schinus terebinthifolius). As 
the area gets wetter, cattail (Typha domingenis) and black rush 
dominate (Godfrey & Wooten 1981). Tota vagetative coverage is better 
than 60 percent and would probably be better if it were not for 
livestock creating paths and trampling vegetation. 

Table 2. Summary of results. 

Area* Results 
Percent Coverage of Black Rush 

l 25% 
2 30% 
3 10% 
4 90% 
5 15% 
6 0% 
] 30% 
8 80% 
9 10% 

| 10 20% 
11 80% 

| 12 90% 
13 80% | 
14 30% 

*See Figure 4 for location of each area. 

Area 2 contains one of the two tidal creeks with cattails, 
alligatorweed (Alteranthera philoxeroides), willows (Salix spp.) 
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(Tarver, 1978) and ferns present along with black rush. This area was 

not backfilled but was planted with black rush. About 30 percent of 
the area is covered with black rush. 

Like Area 2, Area 3 also contains one of the tidal creeks and was 

not backfilled, nor was it replanted. Less than 10 percent natural 

black rush reestablishment has occurred. Some fern and alligatorweed 

is present but little other vegetation is found. Open water, even at 
low tide, occupies 80 to 85 percent of the area. 

Black rush, 1.2 to 1.5 meters tall, covers better than 90 percent 

of Area 4. After backfilling to natural contours, the area was 

replanted with black rush. 

Approaching the alluvial berm separating the marsh from the Alafia 

River, Area 5 shows less than 15 percent coverage by black rush. This 

area has approximately 15 centimeters of the original fill left on top 

of the filter fabric. No revegetation was attempted in this area. 

What black rush that does exist is shorter (typically 0.9 meters high) 

than the surrounding plants. 

Transitioning from the toe of slope southward on the north-bound 

bridge (east side), Area 6 is very similar to Area 1. Edge plants such 

as dog-fennel, Brazilian pepper, wax-myrtle and palmetto are dominant. 

Livestock paths crisscross the area. After backfilling and contouring 

of this area was completed, black rush was planted. No surviving black 

rush could be found, 

Area 7 was backfilled and contoured but not replanted. Revegeta- 

tion is slow, with less than 30 percent coverage in black rush. 
Alligatorweed and some cattail was found. 

After backfilling and contouring, Area 8 was replanted with black 

rush. About 70 to 80 percent of the area is now covered with black 

rush 0.9 to 1.5 meters tall. 

Following removal of the fill, the filter fabric was carefully 
removed from Area 9 so that existing black rush root stock was not 
damaged. No additional plants were introduced. The results show less 
than 10 percent revegetation in this area although some young plants 

(0.3 to 0.6 meters high) are in evidence. 

After removing the fill and filter fabric, Area 10 was replanted 

with black rush. No backfilling or contouring took place prior to the 

planting. Less than 20 percent coverage of 1.2 to 1.5 meter tall black 

rush has taken place. | 

Approaching the alluvial berm on the east side of the project, 

Area 11 shows better than 80 percent revegetation with 1.1 to 1.2 

meters tall black rush. Like its western counterpart (Area 5), this 

area was left with about 15 centimeters of fill material on the filter 

fabric. The difference appears to be due to the fact that Area 11 was 
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| replanted while Area 5 was not. 

Area 12 is one of three segments of the main access road. This 
area nearest to the river was backfilled and contoured before being 
replanted with black rush. Today a dense coverage of black rush 1.2 to 
1.5 meters tall exists. 

Like Area 12, Area 13 was backfilled and contoured prior to 
replanting. Approximately 80 percent of the area is covered with 1.2 
to 1.5 meter tall black rush and bisected by the two tidal creeks. 

The last area to be revegetation was Area 14. This transition 
area from marsh to upland at the northern end of the bridge was 
backfilled and contoured. Black rush marsh gives way to cattail, dog- 
fennel, Brazilian pepper and wax-myrtle. The area adjacent to the toe 
of slope is disturbed by livestock paths and contains vines and 
grasses. 

As a final point, the donor sites were monitored to determine if 
any diverse impacts would result. After six years of growth, it is 
nearly impossible to distinguish the donor areas from the adjacent 
growth. 

CONCLUSIONS 

Based on the results of six years of monitoring this mitigation 
effort in a tidal marsh, several conclusions can be drawn. 

1. Reestablishment of the preconstruction contours is critical to 
the success of revegetation of tidal black rush marsh.  Backfilling 
(independent of soil type) and contouring before replanting seemed to 
be the controlling factors in a successful effort. Those areas where 
backfilling of some type did not take place generally resulted in less © 
than 20 percent black rush coverage. The transition areas (1, 5, 6 and 
11) also showed the effects of elevation changes. The black rush does 
not appear to survive as well when the elevation was increased 30 
centimeters over the preconstruction level of the marsh. 

2. Supplemental planting will increase the rate of coverage 
Significantly when combined with backfilling and appropriate contour- 
ing. A comparison of Areas 2/3, 5/11, 7/8 and 9/10 illustrates this 
conclusion. Whether planting on 0.9 meter centers is necessary for 
coverage could not be determined although it is the accepted norm. 

3. Removal of the filter fabric does not appear critical to the 
successful reestablishment of a black rush marsh if the area is 
contoured and revegetated. Area 11 illustrates this principle well. 

4. The use of areas next to the project for donor sites did not 
have any adverse impact on the viability of the marsh. No indication 
of the removal of these donor plants is evident if care is taken in 
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their selection and removal. 

5. After six years, the replanted black rush is generally as tall 
and full as those specimens found in the undisturbed areas. 

6. Finally, it appears that replanting will generally be required 
in this type of marsh setting to insure reasonable coverage. Areas 7 
and 8 illustrate this concept although temperature and rainfall may 
play an important part, 

The use of revegetation through plugging is an acceptable method 
to aid in the reestablishment of a black rush marsh. Before replant- 
ing, backfilling and contouring to preconstruction conditions is 
critical. The use of available topsoil or fill material is adequate to 
provide for plant growth in this type of marsh environment. Donor 
Sites near the project (if available) will not be adversely impacted if 
plugs are removed at random over a large area. 
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ABSTRACT 

In response to the need to establish wetlands following phosphate 
mining, the authors developed a method for incorporating a perched 
water table into a reclamation site. An almost impermeable hardpan 
created from a 2:1 sand-clay mix from mine tailings was covered with 
overburden with some areas treated additionally with pine flatwoods 
Soil strips, hardwood swamp soil strips, marsh topsoil strips, and 
untreated sand-clay mix. Details of the method were reported at the 
12th Annual Conference in 1985. Here we report follow-up developments 
and applications of the method. The perched water table proved very 
effective at retaining surface water. A combination of drought 
followed by prolonged flooding of the site devastated the plantings, 
strongly reinforcing the importance of an operable water control system 
in early stages of the wetlands creation process. The experimental 
plots described in our first report provided invaluable information 
about successes and failures which occurred. In a follow-up reclama- 
tion effort, the experimental data led to improvement of the method, 
species selection and some successful strategies including potential 
use of Salix caroliniana as a nurse species for accelerating succession 
towards a hardwood swamp and an associated stream. Our observations 
and quantitative data on species diversity and the growth under 
controlled conditions during the establishment phase seem to show that 

| reclamation is accelerated using our techniques. 

INTRODUCTION . 

The abundance of wetlands in headwaters of drainage basins in 
Florida has brought many of these areas under State jurisdiction. 
Although guidelines have been established for making jurisdictional 
determinations which control the use of the land, the regulations 
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provide for some exceptions under very carefully considered circum- 
stances. For the phosphate industry, the ore which is beneath the 
wetlands is of importance. Thus, development of a series of protocols 
which will result in vegetated and floristically diverse wetlands 
systems on mined land is of great interest to both the industry and to 
the people of the State of Florida represented by government agencies. 

CF Industries has acreages of floodplain wetlands underlain by 
significant deposits of phosphate rock. Some such land is located in 
Hardee County along Hickey Branch, a minor tributary of Payne Creek 
which drains into the Peace River. The actual headwaters of Hickey 
Branch were mined many years ago and the land left as a series of 
alternating water-filled pits and spoil: piles. The discharge from 
these pits was directed into Hickey Branch streambed at the boundary 
with CF lands. 

To test our theories on wetland reclamation, we established a 
series of plots which provided a diversity of elevations, substrates, 
and tree species (Miller et al. 1985). 

One thing that most wetlands have in common is an elevated water 
table which may be perched over a pervious layer of the presence of an 
almost impermeable stratum. Therefore, we set out to perch a water 
table by depositing a sand-clay mix (2:1) layer on overburden at a | 
depth of about 6 dm below the finish elevation. The drying of the mix 
is relatively fast as compared to pure clay tailings. A capping layer 
of overburden was spread over the sand-clay to form a gentle slope as 
soon as equipment could operate on the surface. Five contoured plots 

were created which differed in their final soil treatment as follows: 

1) untreated overburden; 

2) hardwood swamp topsoil held in reserve storage piles for 
several months and then deposited in strips along contours; 

3) pine flatwoods topsoil spread as above; 

4) marsh topsoil was mechanically collected, immediately trans- 
ported and spread as above; and 

5) untreated sand-clay not contoured. 

We planted tublings of red maple (Acer rubrum), pignut hickory 
(Carya glabra), sugarberry (Celtis laevigata), popash (Fraxinus 
carotinianay, loblolly bay (Gordonia lastanthasy. dahoon holly (ITex 
Cassine), sweetgum (Liquidambar styraciflua), sweetbay (Magnolia 
virginiana), blackgum (Nyssa biflora), Taure? oak (Quercus laurifolia) , 
and water oak (Quercus nigra). Various species mixes were planted at 
all contour levels in some copses of 5-7 trees spaced about 2 m (7 ft) 
apart with larger distances between the copses. Such spacing was 
designed to create small regions of closed canopy which could provide 
early niches for establishment of understory wetland taxa. Corners of 

198



the planting grid were clearly marked by tall PVC stakes. 

Once tublings and stakes were in place, a cover crop of Aeschyno- 
mene was planted to reduce weed establishment and improve soil struc- 
ture. The Aeschynomene grew very well and weeds were few as compared 

| to open sites in the surrounding area. The stripped-in soils carried 
seeds and vegetative parts of native species into the site and a 
diverse herbaceous flora was established during the first season. 
However, the anticipated rainy season did not materialize and the 
resulting drought stress resulted in the death of both many tublings 
and hundreds of volunteer red maple seedlings. The surviving plantings 
were heavily browsed and many were lost to rod@&t predation. We 
thought most situations in the test plots were under control. We had 
anticipated some possible rodent damage to the new plantings, but we 
had not reckoned on the amount of damage that can be done by wild hogs. | 
The whole area was scarred with ruts from hog activity. Once the hogs 
were removed, recovery of the test plots continued. However, the 
perturbation had been so severe that isolation of success and failure 
criteria by quantitative methods, so carefully planned for, became 
impossible. Even so, we learned a great deal by observation from the 
original test site. 

STUDY SITE 

By using what we had learned from the experimental plots, a system 
was designed to create a riverine floodplain woodland in the headwaters 
region of Hickey Branch. Thus, even as the test plot was recovering we 
began to put a new reclamation area in place. Our goal remained to 
create a wooded wetlands system comprised of a diversity of native 
species in a minimum time. The thrust of the project was to create a 
new watercourse and floodplain for Hickey Branch immediately adjacent 
to the existing and previously artificially flooded basin scheduled for 
future mining (Figure 1). The first segnent, designated Area I, 
comprised the uppermost 15 acres of the new streambed and floodplain 
(Figure 2). 

Area I was generally contoured to between 3-6 dm (1-2 ft) below 
finish grade and sand-clay mix pumped in to obtain a finish thickness 
1-3 dm thick. The sand-clay mix was then covered with overburden to an 
average depth of 4-5 dm to reach contours shown in Figure 3. 

A mix of the same tree species as used in the test plots was 
planted in the new reclamation area in June of 1985. In addition, 
small clumps of para grass (Bachiaria purpurescens), soft rush (Juncus 
effusus), pickerel weed (Pontederia cordata), arrowhead (Sagittaria 
lancifolia), great bulrush (Scirpus validus) and cordgrass (Spartina 
baker?) were planted to contribute to an herbaceous layer. 

Gallon size specimens of the Taxodium, Nyssa, Fraxinus, and Acer 
were included as well as tublings of all oad Species listed above. 
Water was allowed into the site and a series of monitoring stations 
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were put into place using marked, tall PVC stakes. The monitoring 
program was planned to incorporate early season growth status (May) and 
late growing season diversity and size (September). 

RESULTS 

The first year drought and flood proved fatal for most of the 
tublings. Survival was much better from the gallon sized specimens. 
Replanting of some areas was undertaken with gallon sized stock in 
spring, 1986 with good success. Natural recruitment from the upstream 
abandoned spoils area and the nearby floodplain was almost immediate. 
Diversity increased from 46 species at the end of the first growing 
season (1985) with the passage of time until after three years the 
total list of plants found on site comprises 145 species (Table 1). We 
have observed that some succession has occurred and that generally the 
biomass of exotic noxious species has diminished while that of native 
taxa has increased. 

Even though growth results are uneven across the total area, the 
number of trees surviving has reached the target average of 200 per 
acre (494 per hectare). Generally in the “upland" sites the growth has 
been slower than in lower locations adjacent to the water where short- 
term flooding is relatively frequent. Specimens planted in areas which 
were soon overcome with cattails were slowed (many were thought to be 
lost), but we are now finding many of them rising sufficiently high in 
the cattail overstory to be seen. 

After not quite three full growing seasons, we have produced 
cypress trees approaching six meters tall from gallon size transplants 
originally about one meter tall. Red maples, green ash and black gum 
have reached four meters and all three have produced fruits. _ The other 
tree species have shown less spectacular growth but seem to be well 
established. Some trees were temporarily overgrown and occasionally 
bent over by para grass but now are rising above it showing strong 
growth. | | 

We have continued to follow the development of vegetation in our 
experimental plots which were so severely ravaged by hogs. The areas 
which received the different topsoiling treatments and which showed 
Significant differences during the first year are now indistinguishable 
in floristic and vegetational composition. Raw overburden proved to be 
the least successful substrate of all with diversity slightly reduced 
and density of cover much reduced as compared to other soil regimes. 
Slightly upland from the pickerel weed and cattail assemblages the 
experimental plots were invaded by Carolina willow (Salix caroliniana) 
which is now four to six meters tall. Beneath the expanding willow 
crowns the cattails were thinned or absent in areas previously very 
densely covered. Willow canopy closure clearly limited the successful 
growth of weeds which are normally pioneer species requiring full 
light. Despite the hog damage to soil and the tubling population, some 
tublings survived and are now growing vigorously to two to three meters 
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Table 1. Plant species of apparently volunteer origin encountered 
within Area I. All species encountered during site visits 
are noted. x = species present in 1985; o = species not 
found in fall 1987 or spring 1988 monitoring. 

SPECIES SPECIES 

Acer rubrum Emilia coccinea (0) 
Aeschynomene americana (x) Emilia fosbergii 
Alternanthera philoxeroides Eragrostis sp. 
Ambrosia artemisifolia Erechtites hieracifolia (0) 

Andropogon glomeratus Eupatorium capillifolium (x) 
Andropogon virginicus Euthamia minor (x) (0) 
Aster caroliniana Fimbristylis sp. 
Aster tenuifolius (0) Fraxinus caroliniana 
Axonopus affinis (x) Froelichia floridana 
Baccharis halimifolia Galactia elliottii (0) 
Bacopa caroliniana Heterotheca subaxillaris 
Bacopa monnieri (x) Hydrilla verticillata 
Bidens alba Hydrochloa cariniensis 
Boehmer ia cylindrica Hydrocotyle umbellata (x) 
Boltonia diffusa (0) Hypericum cistifolium 
Brachiaria mutica (x) Hypericum tetrepetalum 
Canna flaccida Hyptis alata 
Carex albolutescens Indigofera hirsuta (x) 
Cassia nictitans (x) (0) Juncus dichotomus 
Centella asiatica (x) Juncus effusus (x) 
Cepha lanthus Juncus elliottii 

occidentalis (x) Juncus marginatus 
Chamaecrista fascicularis Juncus megacephalus 
Cicuta mexicana Juncus scirpoides 
Cirsium horridulum Leersia hexandra 
Commelina diffusa (x) Lemna sp. (xX) 
Conyza canadensis (0) Leptochloa fascicularis (x) 
Coreopsis leavenworthii (0) Leptochloa uninervia 
Cyonodon dactylon (x) Lindernia grandiflora 
Cyperus esculentus Lippia nodiflora 
Cyperus globulosus Ludwigia arcuata (x) (0) 
Cyperus haspan Ludwigia hirtella 
Cyperus odoratus (x) Ludwigia leptocarpa (x) 
Cyperus pseudovegetus Ludwigia linearis (x) 
Cyperus retrorsus Ludwigia maritima 
Cyperus sur inamensis Ludwigia octivalis (x) 
Digitaria bicornis Ludwigia peruviana (x) 
Digitaria sp. Ludwigia pilosa (x) 
Diodia virginiana Ludwigia repens (x) 
Echinochloa colonum (x) Lythrum alatum 
Echinochloa crus-galli_ (x) Mikania scandens (x) 
Echinochloa walteri Momordica charantia (0) 
Eclipta alba (x) Myrica cerifera | 
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| Table 1 (continued) | | 

SPECIES SPECIES | 

: Eleocharis baldwinii Panicum anceps 
Eleocharis sp. Panicum dichotomif lorum 

| Eleusine indica (x) Panicum ensifolium 
Panicum hemitomon (x) Rhynchelytrum repens (x) | 
Panicum repens Rhynchospora decurrens 
Panicum rigidulum Rhynchospora fascicularis 

| Paspalum acuminatum Rhynchospora wrightiana 
| Paspalum boscianum Sabatia brevifolia 

| Paspalum distichum — Sabatia grandiflora 
| | Paspalum notatum Sagittaria graminea (x) 

| Paspalum urvil lei Sagittaria lancifolia (x) 
| Phoebanthus Salix caroliniana (x) 

grandiflora (x) (0) Saururus cernuus 
Physalis sp. (x) Scirpus californicus 
Phytolacca americana - $cirpus validus 
Pluchea camphorata Scoparia dulcis (x) 
Pluchea odorata . Sesbania emerus (x) (0) 
Pluchea rosea (0) Sesbania exaltata | 
Pluchea sp. (x) (0) Setaria geniculata 
Polygala nana (0) Solanum americanum 

a Polygala rugellii Solidago curtisii (0) 
Polygonum densiflorum (0) Solidago fistulosa (x) 
Polygonum hirsutum (0) | Solidago stricta (x) (0) 
Polygonum Sonchus oleraceus (0) 

hydropiperiodes (x) Spartina bakeri (x) 
Polypremum procumbens (0) Stillingia sylvatica 

, Pontederia cordata (x) Typha augustifolia (x) 
Pterocaulon virgatum Typha domingens is 
Ptilimnium capillaceum (0) Typha latifolia 
Rhexia nuttallii Ulmus americana 
Rhus copallina Urena lobata (x) 

tall under the willows. We checked other sites including an experi- 
mental area with strictly a sand-clay mix top soil. The four year old 
naturally recruited willows in the sand-clay area formed a canopy with 

| a very open understory and a good organic ground litter. Volunteer 
young Florida elms and red maples were observed up to about four meters 
tall growing under the willow canopy. Colonies of wetland ferns were 
established as well. 

| Wherever canopy closure was observed in any of the sites, the 
understory vegetation was clearly different from that of exposed areas. 
Weedy species were absent or few and an epiphytic bark community had — 
started to develop. 
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DISCUSSION AND CONCLUSIONS 

The much higher survival rate of gallon sized planting stock seems 
to correlate with flooding duration. Larger plants survived when 
tublings did not. Where flooding was shallow and the terminal bud was 
not covered, survival was good. Where the terminal bud was flooded for 
more than a few days, the plants died. This indicates that in the 
development of a controlled hydrologic regime during the establishment 
period, careful consideration must be given the duration and depth of 
flooding relative to the terminal bud. 

Survival of gallon size specimens was much higher under conditions 
of drought as well. In this case, the larger root mass is probably a 
critical factor. Another is the presence of good water holding 
capacity in potting soils versus the tightly compacted but often porous 
overburden soil. | 

We suspect that succulent tublings are more desired for food by 
hogs and small rodents than larger stock. Deer browse on young trees 
has not been observed with certainty so far, but some tip damage may be 
from such browsing. In the early stages of recreation of wet woodlands 
removal of large herbivores is obviously important. | 

Recruitment of desirable native species from surrounding areas 
into the reclamation area occurred quickly. New taxa are introduced as 
the soil and microclimatic conditions change under the growing trees. 
The trends of succession to floodplain forest are clearly established 
once even small areas such as individual copses of native canopy 
species produce closed canopy. Barring catastrophic destruction of the 
canopy formers or a drastic change in hydrologic regime, it seems clear 
that a healthy and diverse floodplain forest can be expected. | 

In our work of restoring or recreating wetlands, especially in 
relation to mining, we have strived to accelerate the normal process of 
vegetational succession to forest. We have observed over many years 
that weedy herbaceous stages may linger for a long time. We suspect 
that is why cattails and primrose willow are considered to be undesir- 
able invaders. Both cattails and primrose willows are obligate bright 
light plants. Even the comparatively light shade of willows soon 
causes thinning of both, and neither can compete with shade tolerant 
plants. Seedlings of floodplain forest hardwoods are shade tolerant, 
if not umbrosophilic, and seem to make more growth where evaporative 
stress is reduced. Inasmuch as the woody seedlings are the key to 
setting the trend to woodlands, their early establishment effectively 
eliminates several slowly changing early successional stages. 

We have concluded that for peninsular Florida the common Carolina 
willow is a pioneer wetlands species which may allow us to bypass 
attenuated herbaceous phases in recreation of wetlands. By its shade 
it can limit the extent of cattail monocultures and primrose willow 
thickets. It can encourage the growth of transplanted stock of native 
Canopy species. And, because it is not shade tolerant, it is a 
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transitional species in the process. As a practical matter, we are 
planting fresh-cut willow cuttings up to 2 m or more long by 2-3 cm in 
diameter in cattail marshes with at least a ninety percent willow 
Survival. As the canopy develops we expect the cattails to thin so 
that hardwoods can establish. We are also planning to plant hardwood 
copses directly in sand-clay mix and then to interplant Salix as a 
nurse species to discourage competing weedy species and encourage 
hardwoods. We expect to be able to report on the progress of our 
systems so established after another growing season or two. 
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EXPERIMENTAL PLOTS OF HALODULE WRIGHTII | 

IN A CLOSED, AERATED CANAL SYSTEM 
(LITTLE TORCH KEY, FLORIDA) 

Erich Mueller 
Mary Sukup | 

Route 4, Box 1255 
Summer land Key, Florida 33042 

ABSTRACT 

A number of canal systems in the Florida Keys are closed to 

surrounding waters. Such a canal system exists within the Coral Shores 

Estates on Little Torch Key, in the Lower Florida Keys. Primarily 

because of canal depths up to 8 meters, DER-mandated plugs have 
separated this canal system from the waters of Pine Channel. The plugs 

have varied in their integrity, thus, numerous fish, invertebrates and 

plants have entered the canal system. To eliminate stratification and 

improve water quality, the second author (MS) initiated a program of 

aeration and monitoring in 1985. Oxygen and temperature have been | 

measured regularly; a number of other parameters have been measured at 
various times. Several biological surveys have been conducted, 
including complete seagrass counts by the first author (EM). When the 
plug was partially open, there was recruitment of the three major | 

species of grass. A distinct decrease in grass density (all species) | 

was found as one moved away from the partially open plug. Experimental 

plots of Halodule wrightii were designed to test whether the observed 

distribution of seagrasses was due to increased recruitment from Pine 

Channel or because of higher water quality near the opening. The 

plants survived for several months and then declined in health and : : 

numbers, along with the natural population. During this period, the 

plug was restored and the seagrass population fell to zero. Potential 

factors responsible for the loss of seagrasses are considered. _ 

INTRODUCTION | | , 

Extensive dredging of canal systems occurred in the Florida Keys | 

during the 1960s and 1970s. Many areas of fringing mangrove forests | | 

and adjacent shallow water wetlands were displaced by the creation of | 

the resulting subdivisions. With a heightened environmental awareness 

during the 1970s, there was an increase in the enforcement of dredge | 

and fill regulations as well as the addition of new standards. A | 

variety of actions have been taken against developers that dredged 

without permits or in violation of their granted permits. Measures 

included canal closure, or denial of permits for opening, and mitiga- 

tive restoration of bay bottom and vegetation. 

Coral Shores Estates (see Figure 1) is a subdivision that has been 

required to backfill canals to restore bay bottom. Some 4,000 man- 

groves were planted in the restored area. Of the three remaining canal 
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systems, one straight canal and a long, L-shaped canal are open to the 
adjacent waters of North Pine Channel. The canals of the third canal 
system remain separated from the adjacent waters by a plug. The work 
described here was undertaken within this closed canal system with 
comparative monitoring in the L-shaped canal (referred to hereafter as 
the “open" canal). 

In an effort to improve water quality and reduce stratification, 
the second author (MS) began the installation of aerators in the closed 
canal system. Eleven aerators have been emplaced since 1985 and the 
temperature and dissolved oxygen levels monitored. Although numerous 
studies have examined the effect of aeration in freshwater lakes 
(Pastorok et al. 1980), little work has been published concerning the 
efficacy of aeration in saline waters. 

In a further attempt to assess and improve the water quality of 
the closed canal system, the first author (EM) surveyed extant seagrass 

| populations and introduced experimental seagrass plots in 1986. The 
success of seagrass growth can be used as one indication of water 
quality; their growth and active photosynthesis contributes greatly to 
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Figure 1. Site location of Coral Shores Estates. 
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the establishment of a stable trophic structure (Zieman 1982). 
Halodule wrightii was selected for the experimental plots because it is 
generally the primary colonizer in the successional sequence leading to 
a Thalassia testudinum-dominated community (den Hertog 1977; Zieman 
1982) and has successfully been used in transplantation efforts 
(Fredette et al. 1985). 

MATERIALS AND METHODS 

Aeration 

The aerator units were obtained from Area, Inc. of Homestead, 
Florida. The units have a PVC grid which supports four air stones. 
Weighted hoses supply air to the aerators and are supplied by an 
electrically-powered compressor (Model 727 AM, 1/4 hp, 3 cfm; Thomas 
Industries, Inc., Sheboygan, Wisconsin). One compressor was used per 
aeration unit. The current deployment of eleven aerators is shown in 
Figure 2. The first unit was installed 27 October 1985. Subsequent 
aerators were added on the dates shown in Figures 3a and 3b. Periodi- 
cally, the compressors are serviced and the air stones recovered for 
muriatic (hydrochloric) acid cleaning. 
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Oxygen and Temperature Monitoring | 

Monitoring has been carried out in Coral Shores Estates by state 
and federal agencies, private consultants and by the authors. Most of 
the data presented were obtained by MS using a YSI Model 5/7 oxygen | 
meter. The instrument was air calibrated prior to each sampling. 
Measurements by others were used as a basis for adopting a standard 
salinity of 35 ppt. Readings were made just below the surface, at the 
mid-depth and about 20-30 cm from the bottom. The depths in both the 
open, L-shaped canal and the closed canal were 6-8 m. The surface, 
mid-depth and bottom figures are presented as the average of the 
readings from all stations in the canal system. Measurements were made 
halfway between aeration units (at least 15 meters from either aera- 
tor). | 

In Figure 3, the first baseline oxygen values (prior to aeration) 
were obtained by the Florida Department of Environmental Regulation 
(DER) on 24 July 1985 using five stations. The second baseline record 
was obtained by Dr. Brian Lapointe on 16 October 1985, also using five 
stations (three of which corresponded to those used in the DER survey). 
The five stations used by Dr. Lapointe were also used by the author 
(MS) until August 1986 when five more stations were added for a total 
of ten. The present station locations are shown in Figure 2. 

An experiment was conducted in the secondary canal closest to the 
primary canal plug to assess the performance of the aerators. On 23 
April 1988, the two aerators in this canal were shut down. Oxygen and 
temperature were monitored on a daily basis, weather permitting. The 
values from Stations 8 and 9 were averaged to compare with the average 
of all other stations. The "stratification index" (SI), used in Figure 
4 and Table 1, was derived by subtracting the surface oxygen value (as 
percent saturation) from the bottom value. A negative value indicates 
lower oxygen on the bottom. The vast majority of mid-depth oxygen 
readings were intermediate between the surface and bottom values. The 
SIs were also derived from temperature records and follow the trends of 
the oxygen records. The variations are smaller than seen with oxygen 
and are not presented here. 

seagrass Survey 

Naturally-occurring seagrasses were surveyed in the closed canal 
system on 14 September 1986. The canal system was divided into 
sections (Figure 5) for averaging purposes. All individuals of 
Thalassia testudinum, Syringodium filiforme and Halodule wrightii were 
recorded. No other seagrass species were observed. Plastic straws were 
used to temporarily mark plants in areas of high density to prevent 
double counting. | 
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| seagrass Planting © 

| Halodule wrightii was selected for planting because of its success 
| as a pioneer species. The method of Derrenbacker and Lewis (1982) was 

used. Terminal rhizomes with six shoots (turions) were collected from 
South Pine Channel. The turions were placed into a cooler and aerated 
during transport; planting occurred on the same day as collection. Two 
plots were established as shown in Figure 5. Plot 1 contained 36 

| plants in a 6 x 6 array. Plot 2 was set out in a 5 x 5 array, however, 
only 22 plants were emplaced. The turions were secured to the bottom 

| with “staples” made of stainless steel wire. Staples were recovered 
after the roots had established themselves. The plots were reexamined 
at approximately monthly intervals and the plants counted. 
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Figure 5. Subsections of closed canal system used for seagrass survey 
and location of H. wrightii planting sites. 

RESULTS 

Effect of Aeration on 
Oxygen Levels and Stratification 

The percent saturation and concentration of dissolved oxygen prior 
to and after initiation of aeration are shown in Figure 3a. The DER 
survey on 24 July 1985 found bottom oxygen levels in the closed canal 
system to be as low as zero. The average bottom reading was 1.0 mg/l 
(12.9% saturation) and the average surface value 2.9 mg/l (37.2% 
Saturation). The derived stratification index (SI; see Methods) was 
minus 24.3. The situation had improved by 16 October when Dr. Lapointe 
found a mean bottom oxygen level of 6.1 and a surface mean of 6.4 mg/l 
(% saturation = 77.9 and 82.1% respectively; SI = -4.1). 

The first aerator was operational on 2/7 October 1985 and oxygen 
levels were recorded on 30 October. The disparity between surface and 
bottom oxygen readings indicates that stratification was present. The 
oxygen levels were higher and stratification reduced on 5 November by 
which time three aerators were on line. Hurricane Kate passed near the 
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Lower Keys on the 13th of November, disrupting power for three days and 
causing a breach in the plug. Stratification was again apparent in the 
oxygen records after the hurricane on November 21. By 3 December 1985, 
five aerators were established throughout the closed canal system. 
Although the oxygen levels varied, there is little evidence of strati- 
fication after this time. 

Figure 3b illustrates the seasonal variations in oxygen levels 
from July 1986 through May 1988. The bottom oxygen value is usually 
lower than that of the surface, however, the stratification index 
remains less than -7.0 with one exception (9 July 1986; SI = -20.25). 
Compare with the SI following Hurricane Kate (when aerators were off 
for several days) which reached -37.32. During this period of monitor- 
ing, the plug was restored (January 1987) and aerators added to assist 
mixing in certain spots. The llth aerator was installed during 
September 1987. 

To directly test the effect of aeration, two aerators were turned 
off in the northernmost secondary canal on 23 April 1988. The oxygen 
values from that canal are compared with those of the remainder of the 
canal system in Figure 4. The SI's for the control areas remain fairly 
constant around zero (a low value of -6.03 was found on 9 May). In the 
experimental canal, the SI's move up and down but show a clear downward 
trend. On the 7th of May, the SI reached a low of -51.6. The aeration 
was restored to the experimental canal after taking the oxygen and 
temperature readings. Within three days, the SI value had returned to 
control levels. 

Comparison of the Open and Closed Canal Systems 

Temperature and oxygen were not regularly measured in the open 
("L") canal. Data are presented in Table 1 for dates on which both the 
open and closed canal system were monitored. Six stations were 
monitored in the open canal on 8 February 1986, ten stations on all 
other dates. Ten stations were used in the closed canal on all dates. 
The open canal system consistently has a stratification index that is 
very low. The closed canal system had a low, on these dates, of -6.4. 
This is consistent with the general monitoring records; the SI typi- 
cally varies between -7.0 and zero. The measurements listed under the 
"Bay" column were made in adjacent waters over undisturbed bay bottom 
with a depth of 1.0 to 1.5 m. The low SI observed on 23 April 1988 may 
have resulted from measurements made before incoming tidal waters could 
mix with lower layers. _ 7 

seagrass Survey 

On the 14th of September 1986, all three major species of sea- 
grasses endemic to the Florida Keys were present in the closed canal 
system. With the exception of section. P5 (see Figure 5 for section 
locations), the seagrass densities in the primary canal exhibit a clear 
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Table 1. Percent saturation of dissolved oxygen in open and closed | 
Canal systems. S = surface, M = mid-depth, B = bottom, SI = | 
stratification index (see Methods), ND = no data. 7 

Date Depth Open Closed Bay | 

2/8/86 S 106.7 102.6 ND a 
M 90.2 102.3 ND | 
B 75.1 96.1 ND 

SI -31.6 6.4 ND | So 

4/23/88 S 72.3 82.6 100.0 — a 
M 49 .4 | 81.5 ND 
B 29.3 82.3 80.0 

SI -42.9 -0.3 -20.0 | 

5/2/88 S 59.3 75.2 84.7 
M 47.2 74.9 -- 
B 16.9 76.0 84.7 

SI -42.4 0.8 0.0 

5/12/88 S 47.7 78.9 92.0 
M 29.2 78.2 -- | 
B 18.6 76.6 92.0 | 

SI -29.1 -2.3 0.0 

gradient with the highest concentration of grasses near the plug 
(Figure 6). The plug was not intact at this time, having been breached 
by waves during Hurricane Kate some 10 months earlier. At high water, 
approximately 30-40 cm of water could be found over the damaged plug. | 

There is no gradient with respect to the plug that can be observed 
in the secondary canals which may be related to variations in the 
amount of suitable substrate; considerable amounts of concrete bridge 
rubble had been placed in the secondary canals. T. testudinum was 
observed in all secondary canals, S. filiforme in canals S1 and 52 and 
H. wright was observed only in Si. A total of 21 plants were 
observed in Sl, 22 in S2 and only 1 in T. testudinum in S3 (which has 
the most concrete rubble). 

The plug was restored in January of 1987, thus, completely | 
preventing the mixing of canal waters with those of North Pine Channel. 
The natural seagrass population has since declined with no individuals 
observed in April of 1988 (243 plants were counted in the September 
1986 survey). The open canal was qualitatively examined also on 23 
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Figure 6. Densities of seagrasses along primary canal of closed canal 
system on 9/14/86. See Figure 5 for locations of canal 
subsections. | 

April 1988. Seagrasses were found along shallow ledges (1-2 m) for 
about 3/4 of the length of the primary canal. Growth on the bottom (5- 
7 m) was limited to within 25 m of the canal entrance. A distinct 
murky .layer obscured the bottom below about 4-5 m and was associated 
with an abrupt thermocline. The mean SI based on temperature for this 

| day in the open canal was -3.92 degrees C. Surface and bottom tempera- 
ture differences of over 9 degrees C have been recorded in this canal. 

Exper imenta| Plots of Halodule wrightii 

Observations of the experimental plots are shown in Table 2 (see 
Figure 5 for plot locations). Plot #1 lost several plants immediately 
after planting and then held a steady population until December. Plot 
#2 lost very few individuals until December when mortality and poor 
plant health was apparent in both plots. The decline was evident prior 
to restoration of the plug in January 1987 and continued thereafter; 
only four plants were seen in Plot #2 in June. The loss of natural 
seagrasses roughly paralleled that of the plots. No seagrasses were 
observed in April 1988. 
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Table 2. Survival of H. wrightii in experimental plots. 

Date #1 #2 Comments 

8/17/86 36 22 turions collected and planted 

9/14/86 30 22 plants appear healthy 

10/11/86 30 21 plants appear healthy 

12/6/86 14 13 reduction in shoots and health | 

1/87 plug restored 

6/21/87 0 4 poor health; natural seagrass popula- 
tion reduced 

4/23/88 0 0 no natural seagrasses observed 

DISCUSSION 

Stratification, as indicated by oxygen concentrations, in the 
closed canal system of Coral Shores Estates was common prior to the 
introduction of artificial aeration. During periods of high winds, 
mixing was sufficient to find little evidence of stratification. This 
can be seen in the baseline survey of 16 October 1985 (Figure 3) and 
during the shut-down experiment of April-May 1988 (for example, see 
data of 4/26 and 4/27; Figure 4). However, during periods of calm 
weather, both the open and closed canal systems can be expected to have 
temperature and oxygen stratification. 

The artificial aeration has kept the mean temperature and oxygen 
differences low even during periods of high temperature and low winds 
when stratification might be expected to be greatest. To obtain fairly 
uniform results, it appears that a minimum of five aerators were | 
required. The total canal area was 8850 square meters of 17/0 square 
meters per aerator. There were still some "trouble" spots where 
stratification would be evident, therefore, aerators were repositioned 
and six more units added (see distribution in Figure 2). Currently, 
the aerator density is about one per 800 square meters and uniform 
results are obtained throughout the canal system. Extensive visual 
Stratification has been eliminated, in contrast with the open canal 
that frequently has a very turbid layer that obscures the bottom for 
most of the canal's length. | | | 

The shut-down experiment (Figure 4) demonstrates the increase in 
oxygen stratification following cessation of aeration. More dramati- 
cally, the resumption of aeration causes a rapid increase in the 
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dissolved oxygen concentration below the surface which is reflected by 
| the increase in the stratification index (surface oxygen values in the 

experimental canal remained very similar to control areas). Thus, 
given sufficient aerator density, rapid elevation of oxygen concentra- 
tion and improved mixing can be achieved. 

On 7 April 1986, Enviropact, Inc. surveyed the closed canal system 
including measurements of nutrients and coliform bacteria. Water 
quality at all stations was above State standards. Other observations 
also indicate good water quality. There is a rich epibiota along the 
canal walls and, since aeration, little evidence of blue-green algal 
mats on the bottom. About 20 species of fish have been observed 
including a number that are considered reef species. The fish entered 
when the canal systems was connected to ambient waters and now remain 
confined. The presence of the bridge rubble appears to provide a 
Suitable habitat for certain fish and Florida spiny lobster. 

Water quality during 1986 was good enough to support the growth of 
seagrasses. The canal was partially open at that time to natural 
waters. The observation of a distinct gradient in seagrass density 
(Figure 6) can be explained by at least two hypotheses. There is a 
possibility that a parallel gradient in water quality existed with | 
higher water quality near the area of natural water mixing. No such 
gradient of oxygen concentration or stratification was observed, 
however, nutrients, sediment quality or other water quality parameters 
could be responsible for the seagrass distribution. Apparently 
Suitable sediments of sufficient depth are present throughout the canal 
system but limited in secondary canals $2 and $3 because of concrete 
rubble. Arguing against a “quality” gradient is the observation that 
plants found far from the entrance appeared to be as healthy as those 
near the partial plug. 

The second hypothesis is based on a recruitment gradient and 
assumes uniform water quality throughout the canal system. There is no 
evidence of vegetative propagation of seagrasses from popu lations 
outside of the plug occurred, thus, the plants within the closed canal 
system have apparently originated from seeds. Limited water movement 
would reduce the number of seeds that reached the distal portions of 
the canal system resulting in the observed density gradient. 

The question remains as to why the natural and planted seagrasses 
have not survived. The decline in health and numbers of the planted H. 
wrightii was observed about one month prior to complete reclosure of 
the canal system. Cold weather is one possibility, reducing the 
viability of plants not fully established. In the shallow bays around 
Little Torch Key, water temperatures occasionally reach lows of 15 to 
16 degrees C, a temperature which should not be fatal to healthy 
seagrasses if not prolonged. 

The closure of the canal system may have exacerbated the decline 
in seagrass numbers. Many herbivores remain trapped within the canals. 
Loss of more temperature-sensitive algae may have increased grazing 
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pressure on the seagrasses. At least a dozen rainbow parrotfish 

(Scarus guacamaia) have been observed as recently as May 1988. Most of 

the individuals were 50 to 60 cm in length and have been seen eating 

the seagrasses when they were still present. This hypothesis can be 

tested by removal of the parrotfish or planting of seagrasses within 

protective enclosures. If seagrasses still cannot survive, then 

investigation of other factors will be necessitated. 
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ABSTRACT © 

The National Oceanic and Atmospheric Administration is currently 
developing the first comprehensive data base describing the areal 
extent and distribution of coastal wetlands in the conterminous USA. 
These data are being developed using a systematic grid sampling 
procedure on wetland maps produced by the National Wetlands Inventory 
(NWI) of the U.S. Fish and Wildlife Service. The maps, developed from 
aerial photography, are generally based on 1:24,000 scale U.S. Geologi- 
cal Survey quadrangles and identify wetland habitats classified using 
the Cowardin et al. (1979) system. Fifteen habitat types are recorded 
by NOAA in 18.2 hectare (45 acres) cells from each map, and the data 
input to a microcomputer for processing and manipulation. Digitized 
study area boundaries can be intersected with the grid sampled data to 
produce data summaries and color maps for specific units of interest. 
This paper summarizes the distribution and areal extent of coastal 
wetlands of the six states (Texas, Louisiana, Mississippi, Alabama, 
Georgia, and Florida), 153 counties, and 23 estuarine drainage areas 
(EDA) in the Gulf of Mexico region, an area comprised of over 1,500 NWI 
maps (Figure 1). 

| STUDY SITE 

The principal spatial unit for which the wetland data are organ- 
ized is the estuarine drainage area, or EDA. The EDA is defined as 
that land and water component of an entire watershed that most directly 
affects an estuary (NOAA 1985). Figure 1 illustrates the 23 EDAs 
identified in Volume 1 of the National Estuarine Inventory Data Atlas 
for the Gulf of Mexico (NOAA 1985). Figure 2 illustrates NWI map 
availability for these same 23 estuaries. 
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Figure 2. Wetland map availability for the 23 estuarine drainage areas 
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Department of Natural Resources by Coastal Environments, 
Inc., in Baton Route. 
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INTRODUCTION 

Wetlands are transitional areas between terrestrial and aquatic 
systems where the water table is at or near the surface or the land is 
covered by less than six feet of water (Frayer et al. 1983; Cowardin et 
al 1979). They are vital and irreplaceable natural resources that 
provide a critical habitat for fish, shellfish and wildlife, filter and 
process agricultural and industrial wastes, and buffer coastal areas 
against storm and wave damage. Coastal wetlands also generate large 
revenues from a variety of recreational activities such as fishing and 
hunting. 

In June 1986, the National Oceanic and Atmospheric Administration 
(NOAA) initiated a coastal wetland inventory project. The wetland 
inventory project is being conducted jointly by the Strategic Assess- 
ment Branch of the Ocean Assessment Division of the Office of Qcean- 
ography and Marine Assessment, National Ocean Service (NOS), and the 
Beaufort Laboratory of the Southeast Fisheries Center, National Marine 
Fisheries Service (NMFS), both components of NOAA. 

The purpose of this project is to develop a comprehensive and 
consistently derived national coastal wetlands data base and to improve 
our understanding and management of this vital resource. The wetlands 
data developed from this project eventually will be incorporated into 
NOAA's National Estuarine Inventory and used in conjunction with other 
information such as land use, coastal pollution, distribution of 
estuarine fishes and invertebrates, and the status of classified 
shellfish waters to develop a national estuarine assessment Capability. 
The goal is to build a comprehensive framework for evaluating the 
health and status of the Nation's estuaries and to bring estuaries into 
focus as a national resource base. Because wetlands provide an 
important habitat and food resource for coastal fisheries, their 
distribution and abundance are of interest to NMFS (Lindall & Thayer 
1982). Development of coastal wetlands information is also an integral — 
part of NOS's program of strategic assessments of the Nation's coastal 
and oceanic region (Ehler & Basta 1984). 

This paper describes the areal extent and distribution of coastal 
wetlands within the U.S. portion of the Gulf of Mexico. This region 
includes six states (FL, GA, AL, MS, LA, and TX), 153 counties, and 23 
estuaries. The wetlands data are based upon available National Wetland 
Inventory (NWI) maps for this region produced by the U.S. Fish and 
Wildlife Service. The wetlands data developed in this project pertain 
only to emergent vegetation and are meant to complement digitized NWI 
data by allowing rapid organization of data by EDA and county on a 
national basis. The grid sampling results will also represent a 
complete data base which extends further inland than digitized NWI 
data. These maps are based on aerial photography taken from 1972-84. 
A more detailed presentation of the wetland data for this region will 
be given in a data atlas to be published in the summer of 1989. 
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METHODS 

As a first step in establishing a coastal wetlands data base, 

existing data on the areal extent and distribution of coastal wet lands 

were examined and compiled (Alexander et al. 1986). Twenty-three 

sources were consulted to compile acreage figures for 242 counties in 

22 coastal states. Despite good geographic coverage, much of the 

existing data is incomplete or outdated. Variability in data quality 

and consistency and the lack of a unifying theme or purpose also 

contributed to the difficulty of consolidating the data into a single 

comprehensive data base. Therefore, the next step was to evaluate 

alternative sources of information. A key consideration was the 

ability to develop a data base in a timely and cost-effective manner. 

Multispectral scanner and thematic mapper Landsat satellite imagery 

have been successfully used to inventory wetland habitats (May 1986, 

Haddad & Harris 1985). These techniques, however, are beyond the 

technical resources of this project. A more timely and cost-effective 

alternative was to exploit a heretofore under-utilized source of 

wetland information, the NWI mapping program. 

The NWI program was established in 1975 to generate scientific 

information on the characteristics and extent of the Nation's wetlands 

(Tiner 1984). This information was to be developed in two stages: 1) 

the creation of detailed wetland maps; and 2) research on historical 

status and trends. The maps, developed from aerial photography, are 

generally based on 1:24,000 scale U.S. Geological Survey quadrang les 

and identify wetland habitats classified using the Cowardin et al. 

(1979) system. 

Although the NWI wetland maps represent the most reliable source 

of consistently derived coastal wetland information available, only 

approximately 1,200 of the over 5,000 maps required for complete 

coverage of the Nation's estuaries and other coastal areas had been 

converted to digital data for computer processing and mapping as of 

January 1986. Therefore, only a fraction of the wetlands data needed 

for this project were available. Since the current FWS technique for 

digitizing these maps is expensive and time-consuming, the FWS digi- 

tizes maps primarily on a user pays basis and a complete data base is 

not anticipated or planned for by the FWS in the near future (Tiner, 

personal communication). NWI maps remained, however, the preferred 

data source for this project particularly because of their availability 

across broad coastal regions. | 

Preliminary tests using a grid sampling technique on NWI maps 

indicated that this procedure could offer a reasonable alternative to 

more expensive and time-consuming techniques for quantifying NWI map 

information with a reasonable degree of accuracy and detail (Field et 

al. 1988). The grid sampling technique used to quantify coastal 

wetlands involves the placement of a transparent grid over a NWI map 

and identification of the wetland type on which each sampling point 

falls (Figure 3). The grid cells used in this procedure are approxi- 

mately 1.78 cm (0.7 inch) on a side, corresponding to approximately 
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18.2 hectares (45 acres) when used on a 1:24,000-scale map. A small 
dot in the center of each grid cell is used as the Sampling point. The 
exact number of sampling points varies with latitude; maps in the Gulf 
of Mexico contained 924-990 sampling points. 
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Figure 3. 1:24,000-scale map and grid. 

Once the grid is aligned on top of a wetland map, sampling begins 
in the upper left corner and continues to the right across each 
subsequent row. Each cell is recorded as the habitat type on which its 
center dot falls. If the center dot falls exactly on the boundary 
between two or more habitat types, the cell is counted as the habitat 
type found in the middle of the square above the center dot. Grid 
sampled data are entered into a mapping and statistics program on a 
Sperry microcomputer. The program reproduces grid sampled data in 
matrix form on a color monitor, with each of the habitat types repre- 
sented by a different color. Composites of entire estuaries or 

| counties can be displayed using software which overlays digitized 
boundaries on grid sampled data and illustrates the general distribu- 
tion of habitat types. Figure 4 illustrates a black and white repre- 
sentation of a portion of the Mississippi Delta EDA (EDA 3:13). The 
overlaid wetland acreage data can be aggregated by state, county, 
hydrologic unit and EDA. For the purposes of this technique, the 
numerous wetland types identified on NWI maps were aggregated into 15 
habitat types (Table 1). Table 2 summarizes the FWS categories 
included in these 15 habitat types and gives examples of typical plant 
communities found in each habitat. 

To determine the effectiveness of the grid sampling technique, 
grid sampled data for 15 NWI maps in the Mississippi Delta region were 
compared to NWI digital data (Table 3). These data were developed by 
NWI using their standard digitizing techniques. The comparisons 
indicate that common wetland types such as tidal fresh marsh and 
unspecified salt marsh are estimated extremely well (<1 and -1% 
difference respectively) while estimates for rare wetland types such as 
nontidal fresh marsh and estuarine forested and scrub-shrub are 
generally not reliable for this area (-42 and 59% respectively). 
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Table 1. The 15 habitat types identified in the grid sampling pro- 

cedure. 

i 

Brackish marsh 
High salt marsh 
Low salt marsh 
Unspecified salt marsh@ 
Nontidal fresh marsh 
Tidal fresh marsh 
Unspecified fresh marsh@ 
Estuarine forested and scrub-shrub 
Nontidal fresh forested and scrub-shrub 
Tidal fresh forested and scrub-shrub 
Unspecified fresh forested and scrub-shrub® 
Tidal flats 
Non-fresh open water 
Fresh open water 

Upland 

a 

aThe “unspecified” categories were added to accommodate areas for which 

more specific information on salinity and water regime was not avail- 

able. 
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Figure 4. Composite of eight NWI maps in the coastal Mississippi Delta 

region of Louisiana. 
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Table 2. Coastal wetlands classification for the Gulf of Mexico, USA. 

NOAA FWS* Common Plant Comnunity 

Salt Marsh 

Brackish Estuarine intertidal emergent regularly black needlerush (Juncus roemerianus ) 
| and irregularly flooded salinity salt hay grass (Spartina patens) 

> 0.59/59 and < 3097/g, salt grass (Distichlis spicata) 
High Estuarine intertidal emergent irregu- black needlerush (Juncus roemerianus ) 

larly flooded salinity > 30/6, salt hay grass (Spartina patens) 
salt grass (Distichlis spicata) 

Low Estuarine intertidal emergent regularly smooth cordgrass 
flooded or irregularly exposed salinity (Spartina alterniflora) 
> 30°/o9 

nN Unspecified Estuarine intertidal emergent see "Brackish," "High" and “Low" 
INO 
~J ee 

Fresh Marsh 

Nontidal Lacustrine littoral emergent nontidal bull tongue (Sagittaria falcata) 
Palustrine emergent nontidal cattails (Typha spp.) 
Riverine tidal or lower perennial maidencane (Panicum hemitomon ) 

emergent nontidal 

Tidal Lacustrine littoral emergent tidal spike-rush (Eleocharis spp.) 
Palustrine emergent tidal three-square rush 
Riverine tidal or lower perennial (Scirpus americanus) 

emergent tidal 

Unspecified Lacustrine littoral emergent tidal see “Nontidal" and “Tidal" 
Palustrine emergent 
Riverine tidal or lower perennial emergent



Table 2. Coastal wetlands classification for the Gulf of Mexico, USA (continued). 

i 

NOAA FWS* Common Plant Community 

Forested and 
scrub-shrub 

Estuarine Estuarine intertidal forested black mangrove (Avicennia germinans ) 
or scrub-shrub marsh elder (Iva frutescens) 

red mangrove (Rhizophora mangle) 

Nontidal fresh Palustrine forested or scrub-shrub bald cypress (Taxodium distichum) 

nontidal black willow (Salix nigra)  — 

Tidal fresh Palustrine forested or scrub-shrub tidal same as “Nontidal" 

Unspecified Palustrine forested or scrub-shrub see "Nontidal” | 

S Tidal fTats Estuarine intertidal saltwort (Batis maritima) 
Marine intertidal smooth cordgrass 
(includes aquatic beds, beach/bars, (Spartina alterniflora) 
flats, reefs, rocky shores, streambeds 
and unconsolidated shores) 

se 
Open water 

Fresh Lacustrine limnetic or littoral pond weeds (Potamogeton spp.) 
Palustrine water hyacinth (Eichhornia crassipes) 

Riverine 
| (includes aquatic beds, beach/bars, 

flats, open water, rock bottoms, reefs, 
rocky shores, streambeds, unconsolidated | 
bottoms and unconsolidated shores) 

Non-fresh Estuarine or Marine subtidal shoal grass (Halodule beaudettei) 
(includes aquatic beds, open water, turtle grass (Thalassia testudinum) 
rock bottoms, reefs and unconsolidated widgeon grass (Ruppia maritima) 
bot toms ) 

*Based on Cowardin et al. 1979.



Table 3. Comparison of digital versus grid sampled data for 15 NWI 
1:24,000 scale maps in the Mississippi Delta region of 
Louisiana. 

Area (Hectares ) 

Habitat Digital Grid % Difference 

Tidal fresh marsh 65 ,510 65 ,108 <1 
Salt marsh (unspecified) 29 ,930 28 512 -l 
Tidal fresh forested and scrub-shrub 4,951 4,828 -2 
Tidal flats 72/7 765 -5 
Nontidal fresh forested and scrub-shrub 375 341 -9 
Nontidal fresh marsh 155 90 -42 
Estuarine forested scrub-shrub 221 90 -59 

RESULTS AND DISCUSSION 

The date of aerial photography for the maps used in this study 
ranged from 1972 to 1984 with 28 percent in 1979 and 42 percent 
occurring after 1980. The age of these maps must be taken into 
consideration when interpreting grid sampled data. However, because 
national trends indicate the abundance of most wetland types are still 
declining (Frayer et al. 1983), the data in this report are probably 
overestimates of the current resource. In addition, map availability 
or the lack thereof will not allow for the complete sampling of the 
region and therefore affect total acreage estimates. Figure 2 illus- 
trates the NWI map availability for the Gulf at the time of this study. 
Louisiana was the only state where map availability was relatively 
poor, with only 256 maps available of the approximately 450 needed for 
complete coverage of the EDAs and coastal counties within the state. 

Where grid sampling estimates indicate that only a small amount of 
a habitat is present, it does not necessarily mean that it is a rare 
habitat. On certain maps, due to availability of information or 
special needs, the FWS provided detailed water regime and water quality 
labels that indicate very specific wetland types. On adjacent maps, 
even within the same country or estuary, these labels may not have been 
available. Consequently, the wetland would be classified as “unspeci- 
fied" when grid sampled. For example, in Louisiana grid sampled 
estimates indicate the presence of 2,125 hectares of nontidal fresh 
forested and scrub-shrub (NFFSS) wetlands and 1,574 hectares of 
unspecified fresh forested and scrub-shrub (UFFSS) wetlands. A large 
portion of the UFFSS could be NFFSS, but due to a lack of necessary 
labels, that distinction could not be made. 

A total of 1,543 NWI maps (1:24,000 scale) covering 22.7 million 
hectares were sampled by NOAA for the Gulf of Mexico (Gulf). Approxi- 
mately 24 percent, or 5.5 million hectares, were identified as emergent 
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wetlands. Eight of 23 EDAs and 50 of 68 coastal counties sampled had 

100 percent map coverage. Fourteen EDAs had greater than 80 percent 

map coverage, while 57 coastal counties had greater than 90 percent 

coverage. Forested wetlands were the most common habitat type account- 

ing for nearly 59 percent of the total Gulf wetlands, followed by fresh 
marsh (19%), salt marsh (18%), and tidal flats (4%). 

Of the six states in the region, Florida contained the most 

wetlands (50% of the total) (Figure 5 and Table 4), followed by 

Louisiana (24%), Texas (12%), Alabama (8%), Mississippi (5%), and 

Georgia (<1%). Texas and Florida contained the largest grid sampled 

areas with 37 and 35 percent of the total Gulf area sampled respec- 

tively. Louisiana accounted for only 14 percent of the total due to 

poor map availability, followed by Alabama (8%), Mississippi (6%), and 

Georgia (<1%). The central to eastern portions of the Gulf (MS, AL, 

FL) were dominated by forested wetlands, accounting for over 83 percent 

of the forested total for the entire Gulf. The coastal areas of the 

western Gulf (TX, LA) were dominated by salt marsh having 86 percent of 

the regional total, with the highest concentrations in Louisiana (69%). 

Texas also contained the largest amount of tidal flats in the Gulf 

accounting for over 54 percent of the total, while Florida contained 38 

percent. Fresh marsh is found throughout the Gulf with its greatest 

abundance in Florida (53%) followed by Louisiana and Texas (26% and 20% 

respectively). 

"| een TTT 

FA Tidal Flats occas 
Be Forested & Scrub-Shrub seceuseseteasereceseeresecesssesecsceseeeceses: {OER 

250 ff Fresh Marsh — peer nee 

oY y— Dg Bae ey pon y 

Texas Louisiana Mississippi Alabama Georgia Florida 

Figure 5. Coastal wetlands by state. 
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Table 4. Coastal wetlands by state (Hectares x 100). 
ee 

State 
Habitat lll ————— | 

Texas Louisiana Mississippi Alabama Georgia Florida 
Totals 

Salt Marsh 
Brackish 0 4,606 7 0 0 0 4,613 
High 0 0 0 0 0 0 0 
Low 0 0 0 0 0 0 0 
Unspecified 1,748 2,366 230 103 0 1,029 5,477 

Subtotal 1,748 6,972 237 103 0 1,029 10 ,090 

Fresh Marsh 
Nontidal 2,070 308 39 52 9 5 ,648 8,127 
Tidal 91 263 0 l 0 40 | 395 
Unspecified 0 2,168 4 6 0 l 2,178 

Subtotal 2,161 2,739 43 59 9 5 ,689 10,700 

OS Forested and Scrub-Shrub 
- Estuarine ll 41 7 ll 0 2,484 2,551 

Fresh (Unspecified) <1 1,514 72 3 0 0 1,590 
Nontidal Fresh 1 ,662 2,125 2,547 4,136 135 17 ,807 28 ,411 
Tidal Fresh 31 19 0 9 0 74 132 

Subtotal 1,704 3,699 2,626 4,158 135 20 , 365 32 ,684 

Tidal Flats 1,113 129 9 17 0 781 2,049 

Total Wetlands 6,/28 13,539 2,915 4,337 144 27 ,864 §5 ,523 

Non Wet lands 
Open Water Fresh 1,384 1,474 126 206 20 1,387 4,597 
Open Water Non-Fresh 4,944 6,689 127 207 0 3,323 15,291 
Up land 69 ,698 7,399 8,379 13,187 926 47 ,835 147 ,424 

Subt ota] 76,026 15 ,562 8 ,632 13,600 946 52 ,545 167 ,312 
eee 

Regional Acreage 82,754 29,101 11,547 17 ,937 1,090 80 , 409 222 ,835 eee,
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Figure 6. Coastal wetlands by estuarine drainage area. 

The abundance of coastal wetlands in the counties of the Gulf 
follow a pattern similar to that of the states. Collier County, 
Florida contained the most wetlands of all Gulf counties and ranked 
first in total forested wetlands. Six counties in Louisiana--Cameron, 
Terrebonne, Plaquemines, Lafourche, St. Bernard, and Vermillion-- 
accounted for 59 percent of the regional salt marsh total. Kenedy 
County, Texas ranked first in tidal flats, while Dade County, Florida 
ranked first in total fresh marsh. 

The four major wetland habitat types are summarized by EDA in 
Figure 6. Laguna Madre in Texas had the largest grid sampled area with 
15 percent of the total for the Gulf, however, it contained only 4 
percent of the Gulf's total wetlands. It was dominated by fresh marsh 
and tidal flats (43% and 37% of the total wetlands in the estuary 
respectively), but only 7 percent of the estuary's total grid sampled 
area of 2.8 million hectares was wetlands. However, it contained the 
most tidal flats in the Gulf (40% of the total). Ten Thousand Islands 
in Florida contained the largest amount of wetlands in the Gulf (20% of 
the total) and the largest percent of wetlands (over 76%). It ranked 
first in the Gulf in forested wetlands and fresh marsh, 37 percent of 
the total fresh marsh and 20 percent of the total forested wetlands. 
In addition, its forested wetlands accounted for 12 percent of the 
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total Gulf wetlands. Despite low map availability, the Mississippi 
Delta and Mississippi Sound EDAs combined contained 26 percent of the 
total regional wetlands. The Mississippi Delta EDA ranked first in 
total salt march (53% of the regional total). It also contained a 
large amount of fresh marsh, ranking second (15% of the fresh marsh 

| total). The Mississippi Sound EDA was dominated by forested wetlands 
that accounted for 13 percent of the Gulf's forested total. The 
remaining EDAs of the Gulf had a somewhat lower abundance of wetlands 
due to poor map availability, areal size, and/or geographic location. 

The development of these data by NOAA provides an inexpensive and 
relatively simple method for accurately estimating the abundance and 
distribution of the Nation's coastal wetlands at a level of aggregation 
Suitable for national assessments. Products from this project will 
complement the FWS work and provide a useful management tool for 
coastal resource managers at all levels of government, particularly 
those Federal agencies with responsibilities for wetlands management 
and conservation (e.g., COE, EPA, FWS, and NOAA). Baseline data for 
the Nation's coastal wetlands will be a significant addition to our 
understanding of these systems and should improve our ability to manage 
them effectively. In addition, when these data are integrated into the 
National Estuarine Inventory data base along with other data developed 
as part of NOAA's Strategic Assessment Program, they will serve as an 
important component in assessing the overall health and status of 
estuarine systems. 

Wetland reports for the remaining coastal areas of the coterminous 
USA will be forthcoming in the months ahead. Following this report, a 
detailed data atlas on wetlands of the U.S. portion of the Gulf of 
Mexico will be developed by the Spring of 1989. The next region 
planned for completion is the Mid-Atlantic (New York to Virginia, 
Summer of 1989). It will be followed by the West Coast (California to 
Washington, Fall of 1989) and the Southeast (North Carolina to the east 
coast of Florida, early 1990). 
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| MATCHING TREE SPECIES TO SITE 
CONDITIONS IN RECLAMATION 
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Gainesville, Florida 32611 

| ABSTRACT 

Diversity and succession on clay settling ponds, a landform left 
from phosphate mining, can be accelerated by planting small inexpensive 
tree seedlings. Conditions appear favorable for forested wetland 

_ communities. Pioneer species such as ash and red maple were the most 
successful seedlings planted. Species typical of alluvial floodplains 
had better survival than those common to cypress domes or bayheads. 
Forest litter or straw mulch applied on top of the clays at time of 
planting did not significantly (P > 0.05) improve seedling growth or 
survival. Forest litter collected and spread during February intro- 
duced additional tree seeds which germinated and thrived. Litter from 
other months was not as successful. 

INTRODUCTION 

Understanding and managing succession may be a practical way to 
restore lands to useful functions after mining. Apparently lack of 

_ adequate seeding is retarding succession in many phosphate mined areas 
(Wolfe 1987; Rushton 1988). Experiments were designed to test the 
feasibility of accelerating succession by planting eleven hydric 
hardwood tree species in six clay settling areas. Average water table 
depth and pH, both of which may affect survival, were measured for one 
growing season. Two mulching techniques were compared to a control. 

Clay settling impoundments are a product of phosphate mining, a 
major industry in central Florida. Typically one ton of clay waste 
(dry weight) is produced for each ton of phosphate rock. The volume of 
clay requires above-ground storage areas ranging from 80 to 400 ha 
Surrounded by earthen dams from 6 to 18 m in height (Haynes 1984). 
Approximately 60 to 75% of the land proposed for mining in central 
Florida is designated for clay settling areas. Over 30,000 ha of 
settling impoundments have already been built with 1,000 ha of new 
ponds constructed each year (Pittman & Sweeney 1983). 

STUDY SITES 

Six clay settling ponds were selected to plant eleven species of | 
tree seedlings (Figure 1). Gardinier (area A) located at their Ft. 
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Meade mine, was abandoned as a spoils area of 1973. The pond built on 
unmined land is rectangular in area with Clays approximately 10 m thick 
with a surface area of 130 ha (Blue & Mislevy 1982). In 1975, a 
perimeter ditch drained the higher ground and the dikes were lowered as 
a reclamation method. At the time of this study outfall pipes were 
above the level of the clays providing drainage only during periods of 
above average rainfall. Two plots were in the flooded, lower end of 
the pond and four plots were in drier areas. One year after planting, 
phosphate mining was begun adjacent to the site and the Clay pond was 
drained for use as a disposal area. During these alterations, four of 
the plots were buried under spoils. Data for the remaining two plots 
in the wetter, lower end are included in this report. 

| The 0. H. Wright site, also owned by Gardinier, Inc., is located 
adjacent to the Whidden Creek floodplain. Aerial photographs from 1957 
Show the old mine cuts being filled with clays. The four study plots 
were located at the wetter end adjacent to the floodplain. Mining 
activity nearby interrupted the normal hydroperiod causing both wetter 
and drier conditions than normal. Tenoroc (area 4A) is a large clay 
area located in a State Reserve under the jurisdiction of the Depart- 

| ment of Natural Resources. Aerial photographs show the site being 
mined in 1958 and clays being pumped into mine cuts in 1968. Pruitt 

| Ranch is a conventional clay settling pond deactivated 36 years ago. 
The clays formed a layer about 50 cm deep in the study plots. Reclama- 
tion activity by a consultant involved draining and burning the site 
before the seedlings were planted. further reclamation activity 
included disking under three of the plots about a year after the 
seedlings were established. The one remaining plot, which has been 

| grazed by cattle, is included in this report. 

The IMC - Peace River Park site is a conventional clay settling 
pond estimated from aerial photography to have been mined from 1952 to 
1956 and used as a settling area until 1968. It was leased as pasture 
until 1986 when it was acquired by Polk County for a park and the 
seedlings were planted. A fire in 1987 killed 70% of the trees. One 
wet plot with good survival is included in the data set. 

| The Agrico site is a 193 ha clay settling area located at their 
| Ft. Greene mine. Pumping of clays was terminated in the late 1970s but 

the pond was used for tailings and debris until 1983. Depth of clays 
| varies from 1 to 10 m. A successful agriculture research project was 

begun at the site in 1984. By 1986 the surface soils had been dried 
with ditches 5 to 15 m apart and alfalfa had been planted to accelerate 
drying further. Three of the tree seedling plots were planted on 
shallow clays (1 m) where alfalfa was already established and three 
plots were on deeper clays (> 10 m) near a drainage spillway. 

| METHODS 

Six clay settling ponds were planted with eleven species of hydric 
swamp seedlings during late February 1986. Thirty-two 9 x 12 m plots 
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were established. Plots contained eighteen individuals of 6 species 

for a total of 109 seedlings. Plots were cleared of all herbaceous 

vegetation at time of planting, but the tree canopy, where it existed, 

was not disturbed. Seedlings were purchased from a nursery where they 

had been grown in plastic flats and maintained for 6 months to a year 

in a shade house. They were planted in the field on 1 m centers using 

a KBC planting bar. 

Plots were divided into three mulch treatments. Leaf litter from 

a nearby floodplain forest representing the same size area (9 x 4 m) 

was transported to the sites in garbage bags (nine 113 liter bags for 

each plot). One bale of hay purchased from a feed supply store was 

spread over a 9 x°4 m area in each plot for the straw mulch treatment, 

and no ground cover was used for the 9 x 4 m control section. 

Hydrology measurements were made using a shallow (2.8 m) water 

table monitoring well with 0.5 m well screen at the bottom. Wells 

installed near the center of each plot were measured monthly during the 

summer of 1986. Average readings from April through October of 1986 

were used for comparison between plots. 

Soil cores were collected in each plot (except Pruitt Ranch) 

during a one day period in August 1986. Cores were taken from the 

portion of the plot with no mulch treatment using a sampler with a mud 

auger head. The top 5 cm was discarded and soils from the 5 to 1d cm 

depth were air dried and mixed for analysis. Soil pH was determined in 

a 1:2 soil:water suspension at the IFAS soil testing lab on the 

University of Florida campus. | 

The Duncan Multiple Range test and Chi-square tests were used to 

determine significant differences using a SAS program at the University 

of Florida Computing Center. Oo 

RESULTS 

Measurements of seedling survival is presented in relation to 

average water table, mulch treatments and pH. Data for 1986 includes 

all the plots; for 1987 only those plots not impacted by fire, burial, 

or disking are used. | | 

Seedling Survival | 

When plots are compared by year and site (Figure 2) there is over 

50% survival after the first year which compares favorably with the 

standard set for bareroot seedlings by the Florida Bureau of Land 

Reclamation. Additional mortality of 8 to 35% occurred during the 

following year (except Pruitt Ranch which had been grazed by cattle and 

was more). The time elapsed since sites were abandoned as active 

disposal areas did not appear to enhance success but other factors, 

especially water table and cattle grazing, may have influenced the 
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results. More plots are needed to test the theory that early succes- 

sional vegetation prepares the way for more mature species, thus : 

increasing growth and survival of tree species. 

When measured two years after planting considerable differences | 

are seen in survival between species (Table 1). Best survival was 

found for pop ash (99%) and elm (88%) which were planted at the wettest 

sites. Red maple planted in drier plots also survived well (70%) but 

did much better (91%) where the water table was near the surface. | 

Baldcypress (63% survival) also showed its best growth and survival at 

wet sites (79%). Magnolia had poor survival (41%) overall, but did 

well (69%) at two plots where the average water table for 1986 was over 

a meter below the surface. Laurel oak did well at some sites in an 

intermediate moisture range, but could not tolerate extended periods of 

standing water. Only one species, loblolly bay, indicated a preference 

for low pH. It had poor survival (13%) but failed to become estab- 

lished at any site with a pH greater than 6.8 where 31% survived. 

Swamp bay (28% survival) was killed by standing water greater than two 

months but did not show a preference for low pH soils typical of bay 

Swamps . 

Soil Amendments 

Plots were divided into three parts with hay from a feed supply 

store and floodplain forest litter introduced as two treatments to 

assess their value as a soil amendment. No significant difference was 

found in survival or growth between treatments or compared to no 

treatment (P > 0.05) (Table 2). The only advantage to adding forest 

litter was the introduction of some seeds which increased the diversity 

of planted plots. Better results would have been seen if more atten- 

tion had been paid to time of collection and donor site selection. 

Litter collected at the end of February had the most seedlings germin- 

ate (Table 3). 

DISCUSSION 

Seedling Success 

Forested wetlands in the south are organized along a resource 

gradient from small often stagnant isolated wetlands and headwater 

streams to strong water flow alluvial rivers and floodplains (Odum 

1984). For example, evergreen bay trees grow in bogs with no nutrient 

or water flow except from rainfall. Isolated wetlands of upland swamps 

which have small drainage basins are colonized by pond cypress. As 

more water converges from larger areas a baldcypress strand association 

is typical. Finally with large inflows of water on a regional scale 

diverse mixed hardwood swamps predominate. Which system is the most 

suitable as a reclamation alternative for clay settling ponds in — 

central Florida? 
Monk (1966, 1968) divided Florida wetlands into two climax types 
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Table 1. Survival of tree seedlings planted in clay settling ponds arranged by water table depth. 
eee 

SITE WATER TREE SPECIES (% SURVIVAL) pH 
TABLE © 
(CM) ACER GORL NYSS QUEL SABP TAXD LIQS MAGG FRAC’ PERP  ULMA —_— eee 

AG-1 -183 33 0 0 44 22 6 -- -- -- -- -- 7.8 
AG-2 -157 23 0 0 20 10 10 -- -- -- -- -- 7.9 
TR-4 -134 76 50 -- 37 0 “2 11 72 -- -- -- 6.8 
AG-3 -110 65 0 6 44 6 ll -- == -- -- te 7.8 
TR-1 -102 67 0 -- 44 6 -- 39 65 -- -- -- 5.8 PR-3 -69 50 16 18 33 22 56 -- -- -- -- -- -- 
WR-2 -66 72 72 6 78 39 78 -- -- == “= -- 6.4 
TR-3 -52 100 0 17 17 6 89 -- -- -- -- -- 7.2 
WR-3 -49 “= 17 6 78 50 39 44 -- == -- a 6.3 nO TR-2 -30 94 0 28 17 11 61 -- -- -- -- -- 7.4 > TR-5 -22 83 17 6 50 0 83 -- -- -- -- -- 6.7 AG-4 -10 88 0 -- 75 67 -- 63 26 -- -- -- 7.6 AG-5 -5 89 0 23 39 50 56 -~ 0 100 61 -- 7.7 WR-1 0 -- -- 89 0 -- 89 -- -- 100 0 100 6.3 WR-4 0 -- -- 44 6 “= 94 -- -- 100 0 83 6.9 TR-6 0 -- -- 83 44 -- 94 -- -- 100 88 100 7.6 GA-5 6 -- -- 47 6 -- 94 -- -- 100 0 76 7.5 PP-5 7 -- -- 0 22 -- 84 -- -- 100 39 82 7.1 AG-6 8 -- -- 6 35 -- 29 -- -- 95 38 79 7.6 GA-4 16 -- -- 39 0 -- 100 -- -~ 100 0 94 7.3 
AVERAGES 70 13 25 34 22 63 39 41 99 28 88 

eee 
ACER = Acer rubrum (red maple) TAXD = Taxodium distichum (baldcypress) 
GORL = Gordonia lasianthus (loblolly bay) LIQS = Liquidambar styraciflua (sweetgum) 
NYSS = Nyssa biflora (black gum) MAGG = Magnolia grandiflora (magnolia) 
QUEL = Quercus laurifolia (laurel oak) FRAC = Fraxinus caroliniana (pop ash) SABP = Sabal palmetto (cabbage palm) PERP = Persea palustris (swamp bay) ULMA = Ulmus americana var. floridana (elm)



Table 2. Percent survival and growth for two mulch treatments and a 
control show no significant differences between treatments. 

Values with the same letter are not significantly different. 

a 

Tree Species Control Litter Hay Probabilities 
a 

PERCENT SURVIVAL Chi-square 

AFTER 2 YEARS 

Acer rubrum 63 69 76 0.270 

Gordonia lasianthus 13 18 14 0./02 

Nyssa biflora 29 23 23 0.486 

Quercus laurifolia 30 38 — 35 0.457 

Sabal palmetto 19 = 18 (24 0.584 

Taxodium distichum 68 66 62 0./02 

PERCENT GROWTH PR > F 

1986 TO 1987 

Acer rubrum 104 A 126A 100 A 0.462 

Gordonia lasianthus 57 A 84 A 67 A 0.637 

Nyssa biflora 38 A 39 A 73 A 0.361 

Quercus laurifolia 43 A 73 A 80 A 0.372 

Sabal palmetto 246 A 324A 350 A 0.771 

Taxodium distichum 35 A 24 A 25 A 0.463 

according to pH, nutrients, and depth of maximum flooding. In general 

the bayhead swamp was more sterile, more acid, and not flooded as 

deeply as the mixed swamp habitat. Dominated by broad-leaved evergreen 

trees whose acid soils are high in organic matter, bayhead vegetation 

includes sweetbay, swamp bay, and loblolly bay. Bay swamps are typical 

of seepage areas and headwater streams and not floodplains of larger 

rivers (Gross 1987; Clewell et al. 1982). Mixed hardwood swamps are 

dominated by broad-leaved deciduous species (Monk 1966, 1968). They 

occur along high energy, nutrient enriched creeks, river, sloughs and 

basins that are seasonally flooded. Typical tree species are cabbage 

palm, ash, elm, and baldcypress. Other wetland species are generalists 

with a wide environmental tolerance and are common in a variety of 

wetland habitats. These include laurel oak, water oak, red maple, 

sweetgum, and blackgum. _ 

When one compares the survival rate for the eleven species planted 

in clay settling ponds, the most successful seedlings were habitat 

generalists and those found in mixed swamps along alluvial floodplains 

(Table 4). None of the species common to low nutrient wetlands had 

greater than 27% survival. — | 

A slightly different conclusion emerges from seedlings planted in 
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Table 3. Number of seeds germinating from litter transferred from 
wetland forest to clay settling pond seedling plots. 

eee 

SITE NAME DATE # OF *DONOR SITE # SEEDS SPECIES 
INTRODUCED PLOTS GERMINATING GERMINATING ne 

Gardinier 7-12-85 2 Whidden Creek 0 
Floodplain 

2-1-86 4 Ft. Meade Park 0 
at Peace River 

Tenoroc 7-23-85 2 Saddle Creek 0 
Floodplain 

8-4-85 2 Saddle Creek 0 
Floodplain 

9-28-85 2 ~ Saddle Creek 0 
, Floodplain 

Pruitt Ranch 8-3-85 4 Adjacent Creek 0 
S. Prong Alafia 0 

Peace River 5 Peace River 0 
Park 1-24-86 at 640 bridge 

Agrico 2-8-86 2 Ft. Meade Park I Carya aquatica 
at Peace River 

3-11-86 4 Lake Alice 55 Acer rubrum 
Gainesville, FL 1 Celtis laevigata 

0. H. Wright 2-8-86 4 Ft. Meade Park 20  Ulmus americana 
at Peace River 10 Celtis laevigata 

| 8  Carya aquatica 
a 

*Nine 113.55 liter garbage bags of litter were placed in 4 x 9 meter 
section in each plot. 

**Description of dominant tree species in donor site (see below). 

Dominant tree species in donor sites: 

Saddle Creek Floodplain: Taxodium distichum, Liquidambar styracif lua, 
Acer rubrum, Ilex cassine, Cephalanthus occidentalis, Quercus 
laurifolia, Fraxinus Caroliniana. 

Pruitt Ranch Floodplain: Quercus laurifolia, Saba] palmetto, Magnolia 
virginiana, and Pinus elliotii. 

south Prong of Alafia River: Quercus laurifolia, Gledistia aquatica, 
Fraxinus caroliniana, Ulmus americana var. floridana, and Cephal- | 
anthus occidentalis. 

Peace River Floodplain: Taxodium distichum, Acer rubrum, Ulmus ameri- 
) cana var. floridana, Quercus spp., Gledistia aquatica, Carya 

aquatica, and Fraxinus caroliniana. 
Whidden Creek: Magnolia virginiana, Acer rubrum, and Ulmus americana 

var. floridana. 
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Table 4. Percent survival two years after planting compared to wetland 
community type. 

Common Community Edaphic* Percent 
Scientific Name Name Type Factors Survival 

FRAXINUS CAROLINIANA Pop Ash Mixed Swamp HIGH 99 
ULMUS FLORIDAN Florida Elm Mixed Swamp HIGH 88 
ACER RUBRUM Red Maple Generalist ALL 71 
TAXODIUM DISTICHUM Bald Cypress Mixed Swamp HIGH 65 
MAGNOLIA GRANDIFLORA Magnolia Mixed Swamp HIGH Al 
LIQUIDAMBAR STYRACIFLUA Sweet Gum Generalist ALL 39 
QUERCUS LAURIFOLIA Laurel Qak Generalist ALL 35 | 
PERSEA PALUSTRIS Swamp Bay Bay Swamp LOW 2/ 
NYSSA BIFLORA Black Gum Cypress Dome LOW 25 
SABAL PALMETTO Cabbage Palm Mixed Swamp HIGH 23 
GORDONIA LASIANTHUS Loblolly BayBay Swamp LOW 14 

*Sensu Monk 1966, 1968 
Edaphic factors: pH, maximum flooding, Ca, Mg, K, and P. | 

several clay settling ponds by the Florida Division of State Forestry 
(Harrell 1988). Many pioneer species had poor success when counted 
after the first year. Only 45% of laurel oak survived, 46% of red 
maple and 17% of cottonwood. However, the sweetgum did well with 66% 
Survival and two pine species became established, slash pine had 58% 
survival and loblolly pine had 63%. A cypress-gum association did well 
with 60% survival for baldcypress and 64% for blackgum. Loblolly bay 
was the only evergreen bay planted and 54% survived. 

Conflicting results from the two studies indicate it is probably 
premature to predict the most appropriate climax community type for the 
new situation of clay settling ponds. However, the results of this 
study indicate the diverse association found along alluvial floodplains 
with clay soils are a more promising alternative than those from 
cypress domes or bayheads. 

Mulch Treatments 

Loamy soils are considered ideal for plant growth. Clay settling | 
pond substrate are heavy clays (about 80% clay sized particles and 20% 
silt). Sharkey clay soils in Mississippi with characteristics similar 
to clay pond substrate demonstrate clays are not as productive as 
medium texture soils for silviculture (Krinard & Kennedy 1983; Johnson 
& Krinard 1985). Organic matter can modify the effects of clay by 
promoting granular-type aggregates in surface soils which increases 
soil porosity (Brady 1974; Ferry & Olsen 1975). In an effort to 
ameliorate the negative effect of clay soils, forest litter and straw 
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mulch were introduced as treatments to clay settling pond soils. It 
did not significantly improve seedling growth or survival when added on 
top of the clay. Greater benefit might have been seen if the mulch had 
been incorporated into the clay surface. However, other experiments on 
clay soils also showed little effect with mulch treatments. For 
example, in one three year experiment (Unger & Jones 1981) sorghum 
planted on clay loam soils responded to mulch treatments only on plots 
with moisture stress. In another experiment (Laverdiere & De Kimpe 
1984) adding organic amendments at the rate of 10 t/C - ha as peat or 
manure on heavy clay soils did not improve the yield of oats in growth 
Chamber experiments. 

) Experiments with topsoiling have shown beneficial effects from 
added seeds (Farmer et al. 1982; Howard & Samuel 1979; Tracey & Glossop 
1980). Fresh topsoil from 5 to 20 cm thick provide quick effective 
cover and the most successful species were those that Spread by 
rhizomes. In this study mulching with forest litter during the winter 

) introduced tree seedlings and increased diversity (see Table 3). Ifa 
layer of topsoil had also been used an even greater benefit may have 
been realized. 
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APPENDIX 

LIST OF TREE SPECIES USED IN TEXT 

Acer rubrum red maple 
Carya aquatica water hickory, swamp hickory 
Fraxinus caroliniana pop ash, carolina ash 
Gordonia lasianthus loblolly bay 
Liquidambar styraciflua sweetgum 
Magnolia virginiana sweet bay 
Magnolia grandiflora southern magnolia, magnolia 
Nyssa sylvatica var. biflora blackgum, swamp tupelo 
Persea palustris swamp bay | 
Pinus elTiot it Slash pine 
Pinus taeda loblolly pine 
Populus deltoides cottonwood 
Quercus laurifolia laurel oak 
Quercus nigra water oak, pin oak, red oak 
Sabal palmetto cabbage palm 
Taxodium ascendens pondcypress, pond cypress 
Taxodium distichum baldcypress | 
Ulmus americana var. floridana American elm 

SITE ABBREVIATIONS USED IN TEXT | 
(see site descriptions for more detail) 

AG Agrico 
TR Tenoroc | 
PR Pruitt Ranch | , 
PP Peace River Park 
WR O. H. Wright 
GA Gardinier 
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ABSTRACT 

The concept of mitigation banking was developed in the early 1980s 
as an innovative mechanism to obtain full compensation for unavoidable 
habitat losses primarily associated with the Section 10/404 permit 
programs for wetland development projects. Mitigation banks can 
involve wetland creation, restoration, enhancement, preservation, or 
some combination of these activities. Defining characteristics of a 
mitigation bank include: (1) the mitigation activities occur prior to 
the project impacts for which they serve as mitigation, and (2) a 
crediting and debiting procedure is used to define the credits avail- 
able from the mitigation bank and the project-related losses that will 
be charged against the bank credits. Mitigation banks, once estab- 
lished, can be used to compensate for unavoidable and necessary losses 
from specific future wetland development actions and appear especially 
applicable to projects where individual losses are relatively small 
(but collectively significant) and cannot be fully mitigated on, or 
immediately adjacent to, the project site. Although mitigation banks 
can provide a timely and significant opportunity for wetland creation 
and restoration projects within the permit process, they are a rela- 
tively new mitigation tool. Most banks have not yet been implemented 
long enough to determine their final success as wetland creation or 
restoration efforts. In other cases, lack of provisions for long-term 
monitoring and evaluation have hampered assessment efforts. Of the 
eight mitigation banks discussed, wetland restoration apparently has 
been successful with one bank, there appears to have been some degree 
of success with restoration and creation efforts with three banks, it 
is unclear if any monitoring or evaluation has occurred with one bank, 
and it is too early to determine success for the other three. banks. 

INTRODUCT ION 

Development projects in wetland settings are regulated by a 
variety of complex and often overlapping State and Federal laws. 
Wetland development projects may be permitted when they conform to 
applicable laws and policies, are judged to be in the public interest, 
and are accompanied by an acceptable plan to mitigate unavoidable, 
necessary, project-related habitat losses. Compensation for impacts, 
which may involve habitat replacement, is part of a mitigation planning 
process that emphasizes impact avoidance or minimization whenever 
possible (U.S. Fish and Wildlife Service 1983). 
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Mitigation of unavoidable, necessary resource impacts may take the 
form of onsite enhancements or offsite activities designed to compen- 
sate for losses at the project site. Although onsite mitigation 
opportunities have higher priority than offsite actions, onsite 
mitigation opportunities may be unavailable or insufficient to meet 
project mitigation needs. Restoration of historic wetlands and 
creation of new wetlands to replace losses of existing wetlands have 
received increasing attention among regulatory agencies, developers, 
and environmental groups when offsite mitigation is being considered. 
Wetland creation or restoration activities have become a common feature 
in the permit process, often in the form of mitigation banking pro- 
posals. 

Mitigation banking was developed as an innovative mechanism to 
obtain compensation for habitat losses primarily associated with 
Section 10 (Rivers and Harbors Act) and Section 404 (Clean Water Act) 
wetland resources development projects. Section 404 provides Federal 
agencies with permit authority over the discharge of dredged or fill 
material into waters of the United States, while Section 10 requires a 
Federal permit for dredging, filling, or other activities that impact 
the navigable capacity of any water of the United States. Mitigation 
banks are not intended as a short-cut to the legal requirements of 
either of these Acts. Defining characteristics of a mitigation bank 
include: (1) the mitigation activities occur prior to the project 
impacts for which they serve as mitigation, and (2) a crediting and 
debiting procedure is used to define the credits available from the 
mitigation bank as a result of bank establishment and management 
activities and to determine the project-related losses that will be 
charged against the bank credits. 

Entities likely to be involved in the mitigation bank planning 
process include development interest groups and other permit appli- 
cants, Federal and State permitting agencies, county or city planning 
commissions or other local permitting agencies, Federal and State 
commenting agencies, and environmental groups. The first prerequisite 
is that one or more of the involved entities, usually the permit 
applicant, is willing to develop a bank site prior to its use as 
mitigation for project impacts. Formal, written banking agreements 
establish consensus among the planners about the characteristics and 
use of the bank. 

A mitigation bank, once established, can be used to compensate for 
losses from one or more future development actions. Even though a 
variety of agencies may have been involved in the establishment of the 
bank, there usually is no commitment to approve the use of bank credits | 
for the offsite mitigation of specific future projects. Each project 
proposed for debiting against bank credits during the Section 10/404 
permitting process is considered on its own merits. Use of mitigation 
bank credits is considered only when project losses are necessary and 
unavoidable, onsite mitigation possibilities are unavailable or 
insufficient to compensate fully for project impacts, other offsite 
mitigation options are either infeasible or inappropriate, and the 
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mitigation bank has the appropriate type and number of habitat credits 
available to offset project losses. Conceptually, mitigation banks are 
intended to provide a more predictable and less complex process for 
complying with mitigation requirements, thus improving the effective- 
ness of mitigation projects. Banks appear to be especially applicable 

| to projects where individual losses are relatively small (but collec- 
tively significant) and cannot be fully mitigated on, or adjacent to, 
the project site. 

STUDY BACKGROUND AND RESULTS 

The U.F. Fish and Wildlife Service (Service) developed interim 
guidance on mitigation banking in the early 1980s in response to a 
number of requests that the Service consider banking fish and wildlife 
management credits for future use in mitigation. The Service currently 
is involved with 13 implemented mitigation banks, 12 of which are 
related to the Section 10/404 program. The two most prevalent types of 
projects for which banks are being used are highway and port develop- 
ment, with five banks each. The remaining three banks involve oil and 
gas exploration, industrial development, and a Bureau of Reclamation 
Federal water development project. In addition to the 13 established 
mitigation banks, there are at least 10 potential banks in some stage 
of negotiation. 

Mitigation banks can involve wetland creation, restoration, 
enhancement, preservation, or some combination of these activities. 
Eight of the 13 implemented mitigation banks with Service involvement 
have included wetland creation activities or the restoration of 
historic wetlands that were either filled or drained. These eight 
banks are described briefly below (Short 1988). 

Astoria Airport Mitigation Bank 

The Astoria Airport Mitigation Bank consists of 13.4 ha (33 acres) 
in Clatsop County, Oregon. The land was diked brackish marsh prior to 
bank establishment, which involved exposing the site to tidal inunda- 
tion by breaking dikes; creating islands, ponds, and new tidal chan- 
nels; and building a new dike to prevent flooding of the Astoria 
Airport. Bank credits are available to mitigate port and harbor 
development projects (and possibly other types of projects) between the 
tip of Tongue Point to the west bank of the Skipanon River along the 
Oregon side of the Columbia River Estuary. 

The formal bank agreement for the Astoria Airport Mitigation Bank 
was signed in October 1986, and it is too early to determine how 
effective wetland restoration activities will be at the bank site. The 
bank is considered a pilot project, and provisions have been made to 
adjust the number of available bank credits if the predicted number of 
credits is not substantiated by later monitoring and evaluation. There 
will be an interagency review of the site, which will include a 
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complete evaluation, after 5 years. 

Bracut Wetlands Mitigation Marsh 

The Bracut Wetland Mitigation Marsh consists of 5.3 ha (13 acres) 
in Humboldt Bay, Humboldt County, California. The bay is about 8 km (5 

miles) northeast of the city of Eureka; the bank site is about 1.6 km 
(1 mile) south of Jacoby Creek and is contiguous with the Humboldt Bay 
National Wildlife Refuge. The bank site was a former tidal marsh on 
the Humboldt Bay shoreline that had been filled with gravel, soil, and 
wood debris and used as a lumberyard. The wetland was restored by 
breaking the dike after excavating and recontouring the area. The site 
restoration plan also called for placing rip-rap along the outer levee 
and planting marsh vegetation. The bank was established to offset 
wetland losses from industrial development within the city of Eureka, 

in particular the loss of pocket marshes (marshes no larger than 0.8 ha 

[2 acres] in size). 

The Bracut Wetland Mitigation Marsh was implemented in 1981. 
Because of the unique soil conditions in an area formerly used as a 

lumberyard, it was not possible to predict success of restoration 
activities in terms of production and habitat quality. In May 1987, a 
field study of the bank was conducted to evaluate the physical and 

biological characteristics of the site. A number of problems were 

noted, including a substantial amount of wood debris floating to the 
surface and drifting out into Arcata Bay; slow and poor establishment 
and an unexpected distribution of marsh plants; a hard, largely barren, 
gravel surface in some parts of the bank; and the presence of hydrogen 
sulfide gas in some of the tidal channels. The study also found that a 
number of important habitats had been established within the bank, 
including tidal pools and freshwater/brackish water wetlands, and that 

benthic invertebrate abundance was relatively high throughout the site. 
Habitat improvement recommendations, based on the study results, 
included removing the sill at the dike break, excavating the tidal 
channels to improve tidal drainage, and reducing the elevation of 
islands to alleviate acidic soil problems. Although few of the 
problems have been quantified, there is concern about how successful 
the mitigation bank has been in providing replacement habitat for the 

wetland sites that have been lost. The bank has certainly provided a 
learning experience in terms of restoration of wetland sites. 

Port of Los Angeles/PacTex- 
Batiquitos Lagoon Mitigation Bank 

The Port of Los Angeles/Pactex-Batiquitos Lagoon Mitigation Bank 

consists of 241 ha (596 acres) in Batiquitos Lagoon, San Diego County, 

California. The Batiquitos Lagoon is an elongated coastal basin that 

extends approximately 4 km (2.5 miles) inland and is 0.8 km (0.5 miles) 

in width. Tidal volume in the lagoon has been substantially reduced 
due to sedimentation, particularly within the last quarter century. 
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seasonal freshwater inflow and elimination of tidal influence have 
resulted in fresh or brackish water inundation after winter rains, with 
subsequent evaporation during the dry season that results in high 
salinity levels and large salt flats. Large areas of the lagoon dry up 
completely in dry years. Bank establishment will involve restoring 
tidal influence in the lagoon by reestablishing and maintaining an open 
ocean entrance and creating additional marshland. Bank credits will be 
available to mitigate fill projects in the Port of Los Angeles. 

The formal agreement for the Port of Los Angeles/Pactex-Batiquitos 
Lagoon Mitigation Bank was signed in November 1987. Mitigation 
activities have not yet occurred, and it is too early to determine how 
effective restoration efforts will be. Physical and biological 
monitoring will be done after lagoon restoration is completed in 1990. 

Port of Long Beach Pier A- 
Newport Bay Mitigation Bank 

The Port of Long Beach Pier A-Newport Bay Mitigation Bank consists 
of 11.7 ha (29 acres) in the Upper Newport Bay Ecological Reserve 
(UNBER), city of Newport Beach, Orange County, California. Bank lands 
were a predominantly barren, superlittoral area of degraded saltmarsh. 
Bank establishment involved restoration, including some dredging, of 
tidal influence to the area. Bank credits are available to offset 
losses in marine habitat from port development landfill projects in the 
harbor district. 

The formal banking agreement for the Port of Long Beach Pier A- 
Newport Bay Mitigation Bank was signed in March 1984, Restoration 
activities at this bank appear to be successful. The site consists of 
subtidal and intertidal mudflats and saltmarsh of high value to coastal 
marine fishes and migratory birds. The restored area is a shallow, 
protected embayment that provides shoreline habitat and critical 
nursery habitat for marine fish and shellfish of commercial and 
recreational importance. 

Port of Long Beach Pier J- | 
Anaheim Bay Mitigation Bank 

Long Beach Pier J-Anaheim Bay Mitigation Bank consists of approxi- 
mately 44.5 ha (110 acres) in three separate parcels in the Seal Beach 
National Wildlife Refuge, located within the Seal Beach Naval Weapons 
Station, Orange County, California. Bank land is “weedy uplands" of 
low habitat value. Bank construction will involve the creation of 
tidally-influenced wetland and water habitat and should begin in late 
1988. Specific actions will include developing some slope and islands 
in the area, constructing light-footed clapper rail (Rallus longi- 
rostris levipes) nesting mounds on the islands, and placing culverts 
under existing roadbeds to provide permanent unimpeded flushing of each 
parcel by tidal waters. Bank credits will be available to offset 
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project losses in the Port of Long Beach and also may be transferred to 
other port districts in the Southern California Bight as appropriate. 

The formal banking agreement for the Port of Long Beach Pier J- 
Anaheim Bay Mitigation Bank was signed in February 1986. Wetland 

creation activities at the mitigation site have not yet been completed, 
and it is too early to determine how effective these efforts will be. 
Selection of the bank site was based, in part, on the existence of 

tidal sloughs and saltmarsh with adjacent upland or diked areas that 

could be returned to tidal influence through excavation and improved 

tidal conduits. 

Minnesota Department of Transportation 
Wetland Bank 

The size of the statewide Minnesota Department of Transportation 

Wetland Bank is variable; additional credit lands can be added to the 

bank at any time. The habitat measures used to establish bank credits 

are, in order of priority, wetland restoration (particularly prairie 

potholes), enhancement of existing wetlands, and creation of wetlands 

out of upland borrow pit sites. Bank credits are available for highway 

projects, and debit and credit accounting occurs separately for each 

Minnesota Department of Transportation District. 

A technical memorandum concerning the Minnesota Department of 

Transportation Wetland Bank was issued in January 1987. Mitigation 

plans are developed separately for each credit area accepted into the 

bank. In most cases, bank credit areas are freshwater wetlands of 

value to migratory waterfowl and other wetland species. It is unclear 

how, or if, success of wetland creation or restoration efforts at 

individual credit sites is being monitored or evaluated. 

Goose Creek Mitigation Bank | 

The Goose Creek Mitigation Bank consists of 4.5 ha (11 acres) on 

Goose Creek, a tributary of the west branch of the Elizabeth River in 

7 Chesapeake, Virginia. The bank land was a former tidal wetland. Bank 

establishment involved restoring the area as a tidal coastal saltmarsh 

by excavating and grading an existing borrow pit, excavating a tidal 

flow channel between the borrow pit and Goose Creek, and planting 

indigenous species of wetland vegetation. Bank credits are available 

to offset small highway projects in the Suffolk District that affect 

Saltmarsh wet lands. 

The Goose Creek Mitigation Bank was implemented during 1982-1984 

as restored tidal coastal saltmarsh. Although the Service wanted to do 

follow-up monitoring and assessments of the success of the habitat 

improvement measures, it has not had the resources to do so. In 1982, 

the Virginia Institute of Marine Science expressed an interest in long- 

term monitoring of the bank site as a developing marsh system and 

wildlife habitat. However, the Institute did not get the anticipated 
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funding for their effort and monitoring plans were greatly reduced. 
The bank appears to be functional and manageable at 4.5 ha (11 acres), 
although bank design has a manmade, rather than a natural, appearance. 
Vegetative establishment at the bank site has been incomplete, and it 
is unclear if the problem will remedy itself over time or if there will 
be a need to replant the unvegetated areas or take some other remedial 
action. 

North Dakota State Highway 
Department Mitigation Ban 

There is no fixed size to the North Dakota State Highway Depart- 
ment Mitigation Bank; bank credit lands can be added as opportunities 
arise. Credit areas theoretically can be anywhere in the State, but, 
for all practical purposes, they are limited to areas north and east of 
the Missouri River. Bank establishment measures include creating 
wetlands, impounding wetlands, restoring drained wetlands, and develop- 
ing subimpoundments. Use of bank credits is restricted to replacement 
of easement wetlands impacted by highway construction. 

The formal agreement for the North Dakota State Highway Department 
Mitigation Bank was signed in August 1975. Restoring drained wetlands 
is the most desirable mitigation action associated with the bank. 
Replacement wetland habitats accepted as bank credit include con- 
structed wetlands (both excavated and impounded) and restored drained 
wetlands. The agreement does not require monitoring or evaluation of 
the bank credit areas. However, research on constructed wetlands in 
North Dakota is supportive of their value as functional replacement 
habitats, based on the level of waterfowl use of these areas. 

DISCUSSION 

In recent years, there has been a proliferation of wetland 
development proposals that include wetland creation or restoration as 
mitigation goals (Golet 1986). The adoption of these concepts into the 
Section 10/404 permit process has significant ramifications for the 
Nation's wetlands. Although techniques have improved greatly in the 
past decade, there still is considerable debate over the advisability 
of using wetland creation and restoration as mitigation tools. The 
record of previous wetland restoration and creation efforts indicates 
that the technology is still experimental and unpredictable and there 
are no guarantees that created or restored wetlands will serve as 
permanent substitutes for lost wetlands (Race 1985). It is difficult, 
at best, to determine if replacement wetlands function as well, or 
provide the same values, as the wetlands they are intended to replace 
(Golet 1986). In addition, it may take years before replacement 
wetlands even begin to approach the structural and functional comp lex- 
ity of the lost wetlands. 

Additional concerns in terms of the Section 10/404 permit process 
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are that compliance with permit mitigation conditions in general 
appears to be low (Quammen 1986) and the frequent inability to monitor 
project-related mitigation after a permit has been issued. Unfortun- 
ately, issuance of a permit does not guarantee suitable replacement 
wet land habitat, even when such mitigation has been made a condition of 
the permit. When wetland creation and restoration techniques are 
combined with the permit process as mitigation for wetland losses, the 
risk is the loss of even more wetland area if the establishment project 
is unsuccessful. 

Initial approaches to the use of wetland creation and restoration 
as mitigation have been largely intuitive (Race 1986). Although 
mitigation banks can provide a timely and significant opportunity for 
wetland creation and restoration projects within the permit process, 
they are a relatively new mitigation tool. Most banks have not yet 
been implemented long enough to determine their final success as 
wet land creation or restoration efforts. In other cases, lack of 
provisions for long-term monitoring and evaluation have hampered 
assessment efforts. Of the eight mitigation banks discussed above, 
wetland restoration apparently has been successful with one bank, there 
appears to have been some degree of success with restoration and 
creation efforts with three banks, it is unclear if any monitoring or 
evaluation has occurred with one bank, and it is too early to determine 
success for the other three banks. 

All of the above factors need to be taken into consideration when 
a mitigation bank involving wetland creation or restoration is con- 
Sidered as a mitigation option. Balancing these concerns are a number 
of potential advantages in associating wetland creation and restoration 
activities with mitigation banks. Banks, where habitat mitigation 
credits are established in advance of project impacts, eliminate the 
time lag between losses of fish and wildlife habitat at the development 
site and compensation for those losses. Successful wetland creation or 
restoration efforts typically take 5 years or more to become fully 
functional (Riddle 1986). In a banking situation, bank credits against 
which project impacts can be debited are not, at least theoretically, 
established until the wetland values are present. This is a far 
different situation from the mitigation requirements generally imposed 
by permitting agencies, which, at best, call for concurrent initiation 
of mitigation and development projects, resulting in considerable delay 
before replacement habitat is functional. 

There also may be economies of scale and more management options 
when wetland creation and restoration projects involve large blocks of 
habitat, as mitigation banks often do. In some situations, a mitiga- 
tion bank may provide a better option for habitat compensation than to 
require small, individual mitigation projects. For example, the 
establishment of small, scattered wetlands may be counterproductive in 
areas where local or regional goals involve creation or restoration of 
large contiguous wetlands that contain a diversity of fish and wildlife 
habitats. 
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Three questions need to be addressed when the establishment of a 
mitigation bank involving wetland creation or restoration is being 
considered as a mitigation option (Larson 1987): 

1. How well can we measure the functions of the wetland that will 
be lost? 

2. Do we know enough about the existing wetland functions to 
create a functional analog at another site? 

3. Where specific information is lacking, has there been enough 
practical field experience to provide reasonable guidance for wetland 
creation or restoratton pending further research? 

In addition, both short- and long-term assessment studies of 
mitigation banks are needed to determine if the wetland creation and 
restoration efforts are implemented as planned and to evaluate how well 
the new wetlands are functioning. Development of successful evaluation 
criteria depends both on a valid sampling design and on written 
documentation that clearly states the wetland creation or restoration 
objectives and provides sufficient detail about project design. The 
banking agreement should include a description of the types of wetland 
habitats and functions that are to be created or restored and the area 

7 of each type. Technical specifications related to where, when, and how 
the wetland creation or restoration activities will occur need to be 
clearly stated. 

Implemented banks involving wetland creation and restoration 
efforts have met with mixed success. However, with proper long-term 
monitoring and evaluation, mitigation banks represent an excellent 
opportunity to learn more about the predicted and actual gains in 
habitat value with various types of creation and restoration efforts. 
Project monitoring and evaluation cannot be over-stressed as important 
components of banking efforts; both to provide information about the 
extent of the actual mitigation to offset losses and to develop a 
scientific data base that can be used in planning future wetland 
creation and restoration efforts. The existing knowledge base is far 
from complete about the length of time necessary to establish a 
functioning wetland, the number and extent of areas needed to provide 
an equivalent of the wetlands that will be lost, and whether or not all 
of the functions of an existing wetland can be duplicated in a mitiga- 
tion bank wetland (Riddle 1986). The political reality of the situa- 
tion is that our ability to mitigate for development project losses 
through wetland creation and restoration will have to be largely 
learned on the job. As Daylor (1987) aptly put it, economic develop- 
ment pressures will not tolerate a “stop everything until we know 
everything" attitude about these two mitigation possibilities. 
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