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Introduction

NOAA's Office of Ocean and Coastal Resource Management (OCRM)
administers the U.S. Coastal Zone Management (CZM), National Estuarine
Research Reserve, and National Marine Sanctuary Programs. OCRM has
established a site on the World Wide Web to disseminate information to
coastal managers, academics, and the public throughout the world on these
programs. This poster outlines the goals and objectives of the OCRM Web
site, explains its design and features, summarizes its structure, and offers
conclusions on the development of the site.

Background

The Internet is a worldwide network of computer networks that
communicates using Transmission Control Protocol/Internet Protocol
(TCP/IP). The Internet offers electronic mail, file transfer, and access to
remote servers and files. The World Wide Web (or "Web") provides "point
and click" access to text files, photographs, graphics, audio and video, data,
and other files on the Internet, and allows users to easily jump between
remote servers and files using hypertext links. A homepage on the Web is
the starting point for users to navigate the full suite of data that an
organization or individual has made available on its server, or Web site.
The World Wide Web has grown tremendously in recent years as
universities, government iastitutions, private companies, and individuals
have established Web sites to disseminate information, provide
entertainment, promote causes, and sell products.

NOAA's National Ocean Service (NOS) established a Web site in 1994 to
make available basic information on NOS and its line offices, including
OCRM. Subsequently, OCRM decided to develop its own, more
comprehensive site on the NOS server. OCRM began developing the Web
site in 1995, and it is still a work in progress. The OCRM Web site can be
reached at:

< http://www.nos.wiaa.gov/ocrm >
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Goals and Objectives of the OCRM Web Site

The goal of the OCRM web site is to provide information on OCRM, its
programs, and coastal management issues generally, to coastal management
professionals - particularly U.S. state coastal zone management program,
National Estuarine Research Reserve, and National Marine Sanctuary
managers and staff - and the general public. The site also allows users to
interact with OCRM and it will provide recipients of OCRM funding a
mechanism for on-line administration of their financial awards.

Specific objectives of the Web site are:

1) to make available relevant information in an easily understood fashion;
2) to allow users with both high and low end Web browsers to easily
navigate the site;
3) to create a "common look" throughout the site to remind users of
OCRM's role in the highlighted programs and to allow users to easily
return to the homepage;
4) to provide a focus on OCRM's programs and activities while also
providing information on each state coastal management program and
National Estuarine Research Reserve site;
5) to establish a communication network between OCRM and its program
partners, and among the partners;
6) to streamline OCRM's financial award processing by providing on-line
administration of the awards;
7) to be a source of information on recent OCRM activities; and
8) to be a clearinghouse for coastal management information by providing
links to other coastal agencies and organizations.

Design and Features of the Web Site

The design of the OCRM Web site Is based on the principles articulated in
the goals and objectives. To easure that all Web users have equal access to
the OCRM site, the site was designed simply. The effectiveness of a Web
site depends greatly on the type of Internet connection, Web browser, and
computer of the users. For example, large color photographs and complex
images do not show up well on many monitors and the images may take up
to several minutes to load. Also, some Web browsers cannot read certain
Hypertext Markup Language (HTML) codes. Therefore, the OCRM Web
site generally avoids large color photographs in favor of clip art images and
icons. And, the text was encoded using a version of HTML compatible with
most browsers.

A standard design format was used throughout the site. It consists of a
simple header identifying OCRM and a footer containing a link back to the
OCRM homepage. Each page also contains the date of the most recent
update and an e-mail link to the page's author for user comments. The
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Web site consists of many pages of information on diverse coastal and
ocean-related topics. The standard design format reminds users that they
are within the OCRM site, and illustrates OCRM's comprehensive
management focus.

When completed, the Web site will contain a summary page for all 29 state
coastal zone management programs and 21 National Estuarine Research
Reserve sites. The standard design format will be used on these pages also
to illustrate that the individual state programs/reserves are elements of the
national coastal zone management program. These pages will provide an
overview of the individual programs/reserves and are intended to be
updated infrequently. Where a stateor reserve has established its own Web
site, the OCRM page will include a link to that site. The OCRM site
containssummary pages for all Sanctuaries, also. Several National Marine
Sanctuaries have established homepages, which are linked to the OCRM
site.

OCRM works closely with other government agencies and outside
organizations to administer its programs. The Web site reflects this
coordination by providing links to these organizations. For example,
OCRM has collaborated with NOS's Office of Ocean Resources
Conservation and Assessment (ORCA) on an interactive homepage which
allows recipients of OCRM funding to administer their financialawards via
a Web-based reporting form. The form is located on ORCA's server and
accessible through the OCRM Web site. This is a pilot project now under
development. Also, OCRM's coastal hazards initiatives involve interaction
with the Federal Emergency Management Agency (FEMA), the U.S. Army
Corpsof Engineers, and otheragencies. So, the coastal hazardsdescription
on the OCRM Web site provides links to these agencies and discusses the
collaborative efforts.

Structure or the Web Site

Users of the OCRM Web site arrive first at the homepage. The homepage
must contain enough information to entice users to continue through the
site, but not too much text to appear boring. The homepage is composed
of a mix of text, consisting largely of links to the rest of the site, and
coastal-related images. The "What's New" link, a common element on
many homepages, allows users to quickly find out the latest news and
activities from OCRM.

Figure 1 illustrates the structure of the OCRM Web site. From the
homepage users may select items that interest them, from information on
coastal conservation, to OCRM's programs, to a state-by-state summary of
coastal related activities.
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Most of the Web site's information is devoted to OCRM's programs: the
national coastal zone management, Estuarine Research Reserve, and Marine
Sanctuary programs. Figure 2 shows how the Web site presents
information on the coastal zone management program.

The first page in the coastal zone management section provides an overview
of the program and offers links to information on individual program
elements. For example, users may view and download the text of the
Coastal Zone Management Act, keep informed on current federal
consistency issues and send an e-mail message to OCRM's Federal
Consistency Coordinator, and read a summary of individual state coastal
zone management programs. Information on issues such as coastal hazards
and nonpoint source pollution is also available.

Conclusions

Thus far, OCRM's experience has been limited to the development of the
Web site. The site has not been operational for long enough to measure its
success. To develop a worthwhile Web site, the site must have dear goals
and objectives and be designed with them in mind. Also, user feedback
during development is essential: OCRM gathered opinions periodically from
staff and outside users of the Web site, including a presentation at a
meeting of the coastal zone management program, National Estuarine
Research Reserve, and National Marine Sanctuary managers last March.

To ensure that the site is useful to coastal management professionals,
OCRM must focus on making the site truly interactive. That is, to enable
OCRM's partners in the state coastal zone management programs,
Estuarine Research Reserves, and Marine Sanctuaries to share financial
award applications, performance reports, and other information with
OCRM via the Web site. Currently the site is primarily a one-way street,
with OCRM presenting information to the outside world. For long-term
utility of the site, it must become more interactive.

Finally, OCRM must devote sufficient resources to the project to keep the
site current. The site was designed to require minimal maintenance, since
OCRM has limited resources. Nevertheless, regular updates are needed,
particularly the "What's New" feature. Ultimately, it will be the accuracy
and timeliness of information, as well as the site's potential for streamlining
program administration - not the pictures and logos - that will make the site
a success.
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Figure 1: Overview of OCRM Web Site
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Figure 2: Coastal Zone Management Program
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SURF AS A NATURAL RESOURCE:

CAN IT BE REPLACED?

Chad Nelsen, Duke University and
Peter Howd, Duke University

Over the last 40 years countless surf breaks have been altered or destroyed
by coastal development in California. One of the most famous cases was the
destruction of a renown Southern California surfing locale, "Killer Dana,"
by a large system of jetties that were constructed to create Dana Point
Harbor. Historically, efforts to stabilize the coast and ward off erosion
hazards have ignored surfers and surf breaks. However, with increased
numbers and organizations such as the Surfrider Foundation, the surfers
are making their argument heard.

After 10 years of controversy over the construction of a groin in EI Segundo
and the degradation of surfing conditions, Surfrider Foundation, the
California Coastal Commission and Chevron Corporation-El Segundo
announced a collaboration to enhance surfing near the El Segundo groin
(Figure 1). Through the installation of an artificial surfing reef the
triumvirate intends to restore quality surfing in the area. This case marks
a number of firsts. By agreeing that restoration of the surf is a
compensatory resolution for construction of the groin, the California
Coastal Commission is recognizing recreational surf as a natural resource
worth preserving. In El Segundo the degraded surf is to be enhanced by
the installation of an artificial surfing reef. Enhancement or creation of
"surfable" waves by an artificial reef is an untested science so the outcome
of the project is unpredictable. The success or failure of the project may
set an interesting precedent for coastal management.

Thousands of shoreline engineering structures have been installed along the
coasts of the world in an attempt to interrupt the littoral flow of sand,
thereby slowing erosion of the "upstream" side of the structure or allowing
safe entry into a harbor. By the very nature of their construction objective,
shoreline engineering structures alter the nearshore beach face. As waves
propagate shoreward their breaking shape and geometry are related to the
shallow water bathymetry (Denny, 198S), thus alterations of the beach will
affect the waves breaking on that beach. In many cases engineering
structures can have a positive effect on surfing near these structures. A
good example of a surfing area enhanced by an engineering structure is the
Wedge, in Newport Beach, CA. Owing to wave reflection off the Newport
Harbor jetty, waves at the Wedge double in height and provide a
spectacular setting for body surfing. However, these structures can also
have negative effects on surfing conditions, as seen in Dana Point and EI
Segundo. The El Segundo situation is unique because another shoreline
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engineering structure, theartificial reef,will be installed to enhance the surf
altered by the groin.

The artificial reef will be approximately 600 cubic meters in volume and
approximately 50 meters long. The reef will be comprised of large
geotextile bags filled with clean sand. Depending on deployment method the
size of the bags will range from about 3 cubic yards (4 tons) to 10 cubic
yards (15 tons). The geotextile bags are advantageous because the reef can
easily be expanded or removed dependent on the success of the project.
Although the reef will be very similar to a submerged breakwater, which
has a long design history, the intended surfing effects are a new objective.
Because no other engineering structures have been created to enhance or
createsurfing in a naturalsetting, modeling may help predict import design
parameters. In order to design an artificial reef that will enhance the surf
in El Segundo and create "surfable" waves, preliminary computermodeling
will investigate reef designs and locations. Modeling reef designs under
differing wave climates will help test the sensitivity of the parameters
involved in creating a "surfable" wave. The model includes the following
nearshore wave parameters: wave height, wave period, wave direction, and
beach steepness. The reef design parameters are volume, reef height, the
angleof the nose, the toe steepness, and the iashorelocation (Figure 2). By
investigating the "typical"wave climates that should produce "ridable" surf
in El Segundo and modeling these conditions with multiple reef designs
important parameters will be investigated.

Many of the physical processes that define a high quality surfing waves are
not well understood by the scientific community. This creates an extra
challenge for the engineer and emphasizes the difficulty in creating a
successful surfing reef. Certain physical parameters that describe breaking
type and breaking geometry in the science community may not translate to
what a surfer considers a high quality surfing wave. Becauseof the gap in
methodologies between nearshore physical scientists and the surfing
community, it will be important to clearly define the criteria for success of
the surfing reef. It will be necessary for both groups to come to a
consensus on how to evaluate the success of the reef.

The success or failure of the artificial reef has interesting implications to
coastal management and the preservation of surf "spots" as a natural
resource. If the artificial reef is considered a success, will it imply that any
area that known for its surfing may be altered as long as an artificial reef
is installednear by to "re-enhance" the altered area. Will artificial surfing
reefs be built to create surf in areas that have never had surfing? Will surf
"spots" destroyed in the past he reclaimed through construction of artificial
reefs? If the artificial reef is considered a failure, will that imply that
"surfable" waves cannot be recreated through engineering and therefore
surf "spots" must be protected asany other fragile andirreplaceable natural
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resource? The future of surf as a natural resource may he foreshadowed
by the creation of the first artificial surfing reef.
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IMPACTS OF ELEVATED INORGANIC CARBON

CONCENTRATIONS ON THE AUTOTROPHIC COMPONENTS
OF COASTAL SUBMERSED MACROPHYTE COMMUNITIES

William M. Rizzo,
Hilary A. Neckles, Ronald G. Boustany,

DOI/National Biological Service
David R. Meaux and Martha R. Griffis,

Johnson Controls World Services

As concentrations of atmospheric carbon dioxide (COj) increase, water
column concentrations of dissolved inorganic carbon (DIC = CO, + HCO,
+ COj) will rise. Higher DIC concentrations may increase rates of
photosynthesis and primary production. Submersed aquatic vegetation
(SAV) supports an abundant and diverse fauna which would be affected by
changes in primary productivity. In this study we assess the photosynthetic
responses of SAV, phytoplankton, and benthic microalgae from freshwater,
brackish, and marine environments. Halodule wrightii was collected from
Galveston Bay, Texas (20-30 ppt), Ruppia maritima from Rockefeller
Wildlife Refuge, Louisiana (0-5 ppt), and Vallisneria americana from
Cameron Parish, Louisiana (0 ppt).

Phytoplankton bioassays were conducted at all sites, while benthic
microalgal bioassays were conducted at sites 1 and 3. Quarterly sampling
began in May 1993 at sites 1 and 3 and May, 1994 at site 2. No winter
sample was conducted at site 2 because there was no aboveground
vegetation. Sampling was conducted twice each season, except for winter,
at site 3 in 1994.

Methods

AH incubations were carried out within 2 C of the ambient temperature at
the time of collection, and under saturating light conditions (> 500 uE m'2
s"1). Five replicates were ased in all experiments. Incubation times were 24
h for phytoplankton, 4 h for benthic microalgae and 1-2 h for macrophytes.

Additions of 300 uM CO, or HCOj, were made to phytoplankton and
benthic microalgal communities, except in 1994 when 1 mM HCO, additions
were made. Water for the sediment incubations was pre-filtered through
0.45-um membrane filters.

Macrophytes were acclimated in filtered ambient water for 2 days prior to
the experiment. Plants were maintained in natural orientations during
acclimation. Healthy, whole plants were incubated in 3.54 I stirred
chambers, except for Halodule, which was incubated in 100 ml chambers
because of its small size. The smaller chambers were shaken by hand every
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five minutes during the course of an experiment. Roots of VaUisneria and
Ruppia were enclosed in 125 ml Erlenmeyer flasks during incubation. C02
was added at concentrations of 50, 100, 400, and 600 uM, and HCO, at
either 0.3 mM (1993) or 1 mM (1994).

During 1993, we conducted a growth experiment with Halodule and
VaUisneria. Intact sods were collected to a depth of 17 cm. Halodule was
collected from upper Laguna Madre, TX, and VaUisneria from Site 3. The
sods were planted in 120-cm diameter fiberglass tanks within 48 h of
collection. Eight tanks of each species were planted. Tanks containing
Halodule were filled with artificial seawater at 20 ppt to a depth of 30 cm.
Tanks containing VaUisneria were filled with a freshwater culture solution
(Smart and Barko, 1985) to a depth of 50 cm. Low densities of snails were
added to the tanks as microalgal grazers, and 3 minnows were added to
freshwater tanks to control macroalgal growth.

Water within each tank was aerated continuously and circulated through
heat exchangers to maintain ambient field temperatures. Tanks were
illuminated by natural sunlight. Plants were acclimated for 8 weeks
(Halodule) or 5 weeks (VaUisneria). Treatments were applied from
September 3 toOctober 12,1993, by enriching the airstream to3Xambient.
Each treatment was applied to four replicate tanks.

Shoot density, canopy height, and epiphyte biomass were measured pre- and
post-treatment on replicate suhsamples within each tank. Macrophyte
biomass was measured by destructive harvest at the end of the experiment.
Differences between treatments were assessed using analysis of covariance
with initial conditions as covariates (density, height, epiphyte biomass) or
analysis of variance (ANOVA; biomass). Pre- and post-treatment C02
enrichment bioassays were carried outas above, toevaluate the potential for
photosynthetic acclimation in each species.

Results

Results of ANOVA showed no significant effect of COj or HCOj additions
on benthic microalgal photosynthesis. There were also no significant
treatment effects for phytoplankton at either themarine (site 1) or brackish
(site 2) sites (Table 1). However, photosynthesis was enhanced by COj
addition in 4 of 9 experiments at site2, while addition of HCO, enhanced
and suppressed net production in 3 experiments each (Table 1). In
experiments where enhancement occurred, C02 increased production 1.7X
ambient rates. HCO, increased production by 4.3X ambient rates in one
experiment, while in two others, ambient rates were negative while rates
with bicarbonate addition were positive.

The results of the macrophyte experiments are shown in Table 2.
VaUisneria photosynthesis increased with CO, addition in all experiments,
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while Ruppia photosynthesis did not respond to C02 addition. Halodule
photosynthesis increased in response to C02 addition in half the
experiments. No species responded to additions of HCO,. Photosynthesis
was enhanced to a maximum of 8.3X ambient rates.

The results of the growth experiment are shown in Table 3. There was no
difference in final shoot density or total macrophyte biomass between
treatments for either species. The final ratio of shoot:root + rhizome
biomass decreased significantly with C02 enrichment for Halodule, while
VaUisneria showed a similar trend. Epiphyte biomass increased with CO,
enrichment for Halodule, but not for VaUisneria which had little epiphyte
accumulation. The enhancement of photosynthesis by CO, addition at the
end of the experiment was greater for plants grown under enriched
conditions than for plants grown under ambient conditions for both species.

Discussion

The lack of photosynthetic respoase to DIC additions of the benthic
microalgae and phytoplankton communities from Galveston Bay and the
phytoplankton communities of Rockefeller Refuge are probably due to use
of HCO,, which is present in high concentrations. DIC concentrations at
the Rockefeller site were actually higher than concentrations in Galveston
Bay despite lower salinities, probably as a result of decomposition processes
in these very organic-rich sediments. At the Cameron Parish site, sediment
heterotrophic metabolism exceeded autotrophic demand, so that CO, was
probably never limiting to benthic microalgal photosynthesis. However,
DIC can apparently limit photosynthesis by the plankton communities at the
Cameron Parish site, even though DIC concentrations exceeded 1 mM. On
dates with significant response to CO, additions, calculated free C02
concentrations averaged only 0.10 mM, compared to 0.32 for dates when no
significant differences were found. Also, the negative values for most of
1994 indicate little ambient phytoplankton, suggesting that there is probably
a threshold biomass value for phytoplankton which must be exceeded
before C02 limitation ensues for a given ambient concentration.

On a number of occasions, the magnitude of the response of the SAV
species in our study was substantially greater than the two fold response
generally predicted for submersed species (Wetzel and Grace, 1983). The
lack of respoase by Ruppia may result from both extremely high DIC
concentrations (>3 mM) at the site, and from efficient use of HCO,, as for
the phytoplankton. In contrast, Halodule responded strongly to C02
additions during spring and summer, despite a HCO, rich environment.
Thus it is unlikely that photosynthesis in Halodule is saturated by HCO, as
has often been presumed for seagrasses, agreeing with similar recent
findings for Thalassia (Duniko, 1993). The lack of response of VaUisneria
to HCO, addition suggests that if HCO, is ased by this species, uptake is
already occurring at maximum rates under ambient conditions.

763



The increased biomass allocation to below- ground tissue for plants grown
under C02 enrichment in our experiment is consistent with a large bodyof
research on other systems. The lackof growth response in our experiment
contradicts previous research and suggests that additional factors such as
soil fertility were also limiting. The potential for increased epiphyte
accumulation with C02 enrichment suggests shifts in the balance between
epiphytes and macrophytes with the continued rise in atmospheric C02. If
epiphyte growth becomes excessive, a decline in SAV production and
survival could result. The photosynthetic response after growth in a C02
rich environment showed an enhanced capacity for photosynthesis, rather
than acclimation.

Ecosystem studies over longer time scales are necessary to evaluate the
interaction of C02 enrichment with other environmental controls and to
predict the consequences of rising atmospheric C02 fornatural submerged
macrophyte communities.
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Table 1. Results of additions of dissolved inorganic carbon on the net
production of the phytoplankton communities of beds of submersed aquatic
vegetation. Mean rates + standard deviations (mg 02/l/h) areshown. Each
"*" indicates significant enhancement, while "**" indicates significant
suppression at P>0.05.

Site Date Ambient C02 HC03

1 5/93 0.279 + 0.037 0.274 + 0.020 0.293 + 0.019
8/93 0.269 + 0.035 0.246 + 0.007 0.268 + 0.019

10/93 0.006 + 0.006 0.000 + 0.007 0.013 + 0.007
2/94 0.112 + 0.019 0.116 + 0.012 0.114 + 0.009

2 5/94 0.497 + 0.023 0.506 + 0.028 0.512 + 0.023
8/94 1.073 + 0.039 1.023 + 0.074 1.063 + 0.125

10/94 0.902 + 0.038 0.994 + 0.083 0.949 + 0.079

3 5/93 0.081 + 0.014 *0.110 + 0.018 **0.053 + 0.008
8/93 0.118 + 0.005 *0.169 + 0.006 **0.097 + 0.012

10/93 0.034 + 0.006 *0.062 + 0.009 *0.148 + 0.005
2/94 -0.052 ••• 0.005 -0.045 + 0.005 -0.046 + 0.002
3/94 -0.016 -t• 0.008 -0.008 + 0.005 *0.000 + 0.000
5/94 -0.048 4• 0.009 *-0.030 + 0.008 ♦-0.024 + 0.004
6/94 -0.067 4 ' 0.008 -0.043 + 0.002 **-0.131 +0.011
9/94 -0.019 + 0.030 -0.011 + 0.022 -0.026 + 0.018

10/94 0.115 + 0.047 0.094 + 0.023 0.090 + 0.011
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Table 2. Mean + standard deviation for photosynthesis (mg Q,/[g dry wt.
Ieaves]/h) for three species of submersed vegetation. Pa represents ambient
photosynthetic rates, P,,^ represents the maximum photosynthethic rate
achieved by addition of C02, and the photosynthetic rate with bicarbonate
addition is given under P^,. Each "*" indicates a significant difference
from the ambient rate at P>0.05.

Site Date Ambient C02 HC03

1 5/93 2.88 + 2.72 *23.87 + 2.97 -1.87 + 5.33

8/93 -7.17 + 6.15 *5.55 + 2.06 -4.33 + 4.69

10/93 3.36 + 0.70 5.01 + 2.08 3.35 + 0.88

2/94 2.93 + 1.22 4.68 + 1.09 4.31 + 1.05

2 5/94 8.72 + 3.34 13.99 + 7.54 11.11 •+ 4.09

8/94 2.22 + 0.19 2.47 + 0.46 1.90 + 0.32

10/94 31.74 + 3.32 35.96 + 3.81 32.33 + 4.43

3 5/93 1.47 + 0.44 * 8.89 + 1.14 2.51 + 1.32

8/93 2.33 + 0.60 * 9.38 + 1.46 2.97 + 1.53

10/93 2.00 + 0.40 * 6.73 + 0.86 2.26 + 0.75

2/94 1.81 + 0.85 * 4.11 + 1.75 -0.67 + 1.25

3/94 9.11 + 1.71 *13.44 + 1.89 6.28 + 0.85

5/94 6.51 + 0.61 * 9.30 + 1.50 5.80 + 1.24

6/94 4.42 + 0.34 *10.35 + 9.24 2.87 + 2.29

9/94 3.09 + 1.02 * 7.62 + 1.69 3.10 + 1.24

10/94 2.57 + 1.36 * 7.61 + 2.38 0.78 + 0.50
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Table 3. Growth variables for two species of submersed vegetation grown
under ambient or three-fold C02 concentrations. Probabilities from
analyses of covariance are shown.

Variable Species Ambient Enriched Prob.

Shoot Density
{No. vt-2)

VaUisneria

Halodule

360

1940

400

1860

0.17

0.74

Macrophyte Biomass
(g B-21

VaUisneria

Halodule

132

40

156

39

0.34

0.88

Shoot:Root + Rhizome VaUisneria

Halodule

1.94

0.68

1.66

0.46

0.14

0.03

Epiphyte Biomass
(mg DW ca-2)

VaUisneria

Halodule

0.4

0.6

0.4

1.0

0.88

0.07

Enhancement of

Photosynthesis with
C02 addition

VaUisneria

Halodule

2.0

1.4

2.8

1.9
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NATIONAL CZM EFFECTIVENESS STUDY:

WETLANDS AND ESTUARY PROTECTION CASE EXAMPLES

John Weber, Oregon State University
Jay Charland, Oregon State University
John Olson, Oregon State University

Kelly Chapin, Oregon State University

Introduction

Past evaluations of coastal zone management at the national level have
tended to focus on procedural and qualitative assessments of state
programs, and their progress toward national goals. This study is a first
attempt to look at on-the-ground outcomes of implementation of CZM
programs designed by states approved at the national level. The federal
Coastal Zone Management Act (CZMA) has established several objectives
for state programs, four of which are the focus of this outcome oriented
evaluation:

- Protecting natural resources, including estuaries and coastalwetlands,and
beaches, dunes, bluffs, and rocky shores
- Providing for public access
- Providing for coastal dependent uses and water front revitalization
• Improving governmental coordination and consistency

This poster illustrates a few of the contributions that state CZM programs
make to the protection of estuaries and coastal wetlands. Caseexamples of
particularly effective or innovative approaches with demonstrated success
are presented.

An Overview of Estuaries and Wetlands

It is widely recognized today that estuaries and coastal wetlands are among
the most environmentally and economically important natural resources in
the United States. These resources - salt marshes, seagrass beds, tidal
flats, freshwater marshes, forested wetlands, and open water function -
perform a variety of ecological functions that translate into valuablesocietal
services. They provide habitat for a vast array of fish and wildlife
resources, including many endangered or threatened species. On the East
and Gulf coasts, for example, 60-90% of the fish species caught
commercially are dependent on estuaries or wetlands for some portion of
their life cycle. Estuaries and wetlands help control water pollution by
transforming nutrients and other chemicals, and by removing sediments
from the water column. Wetlands anchor the shoreline agaiast erosion,
buffer storms, and in some areas, serve as temporary flood storage areas.
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This widespread recognition of the values of estuaries and coastal wetlands
is relatively new. In the past, estuaries and coastal wetlands were places to
be dredged and filled for port and harbor development, industry, and
expansion of cities for a growing nation. They were diked and drained for
agriculture, their waters diverted for other uses, and generally abused as
dumps for much of the waste of a rapidly growing nation. This all changed
relatively dramatically in the 1960s and early 1970s. One national study
after another chronicled the abuses of estuaries and wetlands and the

mounting costs. Among the most important was the 1969 Stratton
Commission report, "Our Nation and the Sea," which called for the
establishment of a national coastal zone management program that would,
among other things, help reverse the decline and abuses of estuaries and
coastal wetlands. This and other state-level initiatives led to the 1972
Coastal Zone Management Act (CZMA), which resulted in the establishment
and enhancement of a variety of estuary and wetland protection programs
at the state level.

Estuary and Wetland Portion of the CZM Effectiveness Study

State coastal zone management programs and their contributions to the
protection of estuaries and coastal wetlands is one of the focus areas of the
nationwide CZM Effectiveness project. As with the other parts of this
study, the emphasis is on identifying on-the-ground outcomes of CZM
processes and tools that result in real protection of these vital resources. For
virtually every state coastal program, estuary and wetland protection has
been and remains an important issue and, in some areas, a vital one. A
wide array of management processes and tools that contribute to estuary
and wetland protection have been developed and implemented by states as
part of their CZM programs.

To obtain the level of detail and accuracy necessary for such a study, a
format for data collection has been developed. Heavy interaction with the
state CZM agencies themselves is a key, for although some states may have
a substantial list of publications, changing and fine-tuning of policies and
regulations (and sometimes even agencies) is an ongoing process. A data
collection form (DCF) has been coastmcted which attempts to capture and
describe these various management tools. In that regard, the following data
collection processes and tools are utilized:
1. National-level data collected - sources such as Coastal Wetlands of the US

(NOAA), National Estuarine Inventory (NOAA).
2. State-level data collected - Sources include those available or easily
compiled. Onus is on research team, not state, to collect and analyze
information from:

- Program documents/products/evaluations
- Published literature

- Existing databases and Geographic
• Information System (GIS) information
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interviews with state agency personnel
3. DCF completed using standard protocol.
4. DCF sent to state for review and comments.

5. State program profile developed from state-reviewed DCF.

To characterize a state CZM program's protection of estuaries and wetlands
as accurately as possible requires interaction with the state agency people
who are, after all, the experts for that state. Additional background
information, often anecdotal, from phone interviews provides key current
contextual information for operation of a state CZM program. While the
burden of the data collection aspect of the study lies on the research team,
the interaction with personnel in the state programs is important for
information collection and review.

To document the use of the array of CZM management policies, programs,
processes, and toolsstates use to protect estuaries and coastal wetlands, six
broad categories of possible management processes and tools have been
examined:

1. Information and Research Tools - inventories, mapping efforts, ecosystem
functional assessments, ecosystem change monitoring, databases,
Geographic Information Systems.
2. Regulatory Tools - state and/ or local permits, application of federal and
state consistency, CWA 401 certification, tideland leasing regulations, EIA
requirements, mitigation and mitigation banks, compliance monitoring,
development setbacks and buffers, other land or water use exclusion/
limitation

policies.
3. Planning Tools - land use planning, zoning, utilization of SAMPs,
planning/management for areas of environmental concern, Advanced
Identification planning with EPA.
4. Acquisition Tools - direct and/ or indirect land acquisition utilizing either
fee simple or less-than-fee methods.
5. Nonregulatory Tools - non-regulatory wetland restoration and
enhancement, education and awareness.
6. Coordination Tools - joint state-federal (USACOE) permit applications/
notices, interagency coordination forums, Memoranda of agreement.

Four of these six categories have on-the-ground outcome indicators which
we attempt to evaluate. For example, in the Regulatory Tools category,
permitting data are examined for trends in numbers of permits issued,
denied, permit violations, land area affected by permitting decisions, etc.
Zoning area, land/water area in localor regional land use plans, land/water
area delineated as areas ofenvironmental concern (or similarly categorized),
and/or area of existing SAMPs is determined for the Planning category.
Area of acquired land with CZM involvement is compiled for the
Acquisition category, and Nonregulatory Tool outcome data can coasist of
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amount of habitat restored and/or enhanced. (Additionally, for the
Information and Research Tools category, state databases, digitized map
sources, and GIS systems are listed which are utilized for estuary/ wetland
protection.) It should be pointed out that the availability of data for these
four outcome indicators is in many cases scattered, and that data which is
retrievable is sometimes of questionable quality.

The broad range of issues facing individual states is almost as large as the
number of innovative management techniques states have developed in
response. Particulars of a state such as geography, amount of wetland or
estuarine habitat, development pressure on such habitats, population and
population growth (both seasonally and year-round), climate, economy,
political atmosphere, and others all factor in to the details of state CZM
programs. Any overview of state programs should contain documentation
wherever possible of these factors.

State CZM Estuary and Wetland Protection Cast Examples

Because of the latitude given to states in developing CZM plans, and the
wide variety of factors involved in the protection of estuaries and wetlands,
states have arrived at a variety of means for approaching the estuary and
wetland protection issue. An important aspect of this study's
documentation effort is the highlighting of particularly innovative methods
states utilize in balancing the ditlicult issues involved in estuary and wetland
habitat protection. Case examples have been prepared for these
management techniques. One case example for each of the four categories
of management tools with on-the-ground outcome indicators will be
presented:

1. Regulatory Tools - South Carolina's tidal wetlands regulatory program
and the use of federal consistency to manage non-tidal wetlands.

2. Planning Tools - Oregon's estuary zoning program.

3. Acquisition Tools - North Carolina's Coastal Reserve System.

4. Nonregulatory Tools - Connecticut's tidal wetlands restoration program.

Conclusion

The CZM Effectiveness Study hopes is highlighting specific state
management techniques that may he of interest nationwide. Estuary and
wetland protection is an area of natural resource management continually
evolving in importance and practice, from the "fill wetlands to get usable
land" approach historically, to the current inclination toward balancing of
conservation and development. Management techniques such as mitigation
banking, special area management planning, and other examples of
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innovative approaches taken by states illustrate the important roles of these
programs in protecting estuaries and wetlands.

John Weber

Oregon State University
Industrial Building #124
Corvallis, OR, USA 97331

Ph (503) 737-2967
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CONTROLLING AN INVASIVE PLANT

IN THE COASTAL ZONE:

THE LESSONS OF SPARTINA spp.
IN WASHINGTON STATE

Kate Wing, School of Marine Affairs
University of Washington

Washington's coast currently hosts three exotic species of cordgrass:
Spartina altemijlora, S. anglica, and S. patens. These three species are most
often collectively referred to by the genus name, Spartina, but have also
been called "Demon Grass" and "the evil weed". In the past ten years
Spartina has reportedly increased its rate of spread along the Pacific Coast
and in Puget Sound; accompanying this botanical growth has been a growth
in funding and legislative activity supporting eradication of the plants. This
rapid rise in natural resource agency activity, coupled with a public
information effort, have created controversy over how to best control the
plant or even whether, in some areas, to attempt any control at all. As the
demand for eradication grows louder, parties involved in Spartina efforts
are caught between gathering the hest information possible and making
immediate decisions. In particular, this analysis targets the difficulties of
merging a political timeline with that of a scientific research program.

This study focuses on the players involved in Spartina control, with attention
given to individuals as well as organizations. The following factors were
identified as significant in contributing to the efficiency of the management
plan:

1. How decisions were made, and who was held accountable for the results.
2. Who was invited to he part of the decision-making process.
3. How information was transferred among the parties.
4. How the different agencies interacted, both formally and informally.
5. How long-term goals were established, and what attempt was made to
correlate the tools ased to achieve these goals with the desired outcome.

An analysis of the current state of affairs was made based on interviews and
discussions at both official and unofficial meetings, during the period from
August 1995 until May 1996. Interviews were conducted in person, when
possible, and included persons who had identified themselves as having
worked with or currently working with Spartina; thus, meeting participants,
private landowners who had contacted the State Noxious Weed Board,
volunteers with monitoring and surveying agencies, and consultants who had
done removals were, among others, included in the sample. Historical
information about Spartina was gathered from these sources, as well as from
a periodical review including academic and non-academic publications. An
attempt was made to contact other areas where Spartina spp. are invasive
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in order to compare management strategies, but these results are currently
inconclusive.

The complex web of Washington state agencies has, from time to time,
taken advantage of the local scientific community and non-governmental
agencies (NGOs). Public citizens, many of whom fund and fuel the NGOs,
have been instrumental in persuading legislators to appropriate funds for
control; and the agencies rely on these same property owners for survey
data and manpower for removals. This creates a two-tiered system of state
and local individuals trying to craft a comprehensive management plan,
with occasional input from researchers and federal agencies. Such a
comprehensive management plan is now required by the legislature, and its
structure has been largely left up to the members of the Spartina Working
Group — a loose coalition with representatives from most of the
aforementioned groups. The working group is chaired by the Department
of Agriculture (DOA), which has taken over the job of lead agency for
Spartina from the Department of Natural Resources (DNR). The working
group has had two impacts on the community of people working with
Spartina: it has facilitated management decisions and it has formalized
information exchange among interested parties. Is unclear, at this point,
how well the working group will he able to adapt their plan to changes in
the system, and if even the finest plan developed could achieve the goal of
eradicating Spartina from the state.

Washington State's natural resource agencies overlap in their jurisdictions,
but each retains unique permit granting powers, allowing them to essentially
veto a management decision. This separation of powers often forces
agencies to find coaseasus on an Issue before a single player can take any
action. In addition, DOA, DNR, the Washington Department of Fish and
Wildlife (WADFW), and the Department of Ecology (DOE) all have
scientists on staff to evaluate the status of a resource. In the past, data
collection and interpretation have not always been coordinated or made
available to the public. The passage of SSB 5633 in 1995 provided a
streamlined permitting process for Spartina control, in particular, chemical
control using glyphosate. This was a relief in terms of agency coordination,
since DOE could now grant regional permits to DOA, who would in turn
monitor local activities. However, since DOE is responsible for water
quality monitoring, it removed them from the information cycle, and made
DOA a repository for information about specific herbicide applications.
This could have negative impacts on a watershed level, as other estuarine
chemical applications are not compiled in the same repository as those
related to Spartina control.

While information flows more freely since the codification of the working
group, it may not be true that the working group actually improves the
situation. The very personal respoase of many individuals involved with
Spartina has led them to seek out others with similar beliefs in concerted
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eradication efforts. One of the best attended meetings in the past year was
organized by a professor at a stateuniversity, who acted outside the agency
channels to bring together people he knew were interested in the topic.
Parties who had not been represented at working group or weed board
meetings showed up for an all day session to talk about their experiences.
Spartina bumper sticker and limerick contests were held, and the meeting
concluded with a cheer of "Spartina you're toast!". The urgency and
devotion of the meeting attendants was apparent in their dedication to
removing Spartina, and would have propelled them to continue their efforts
without the coordination of the working group.

Finally, perhaps the most pressing concern in the development of a
management plan is the lack of scientific research supporting control
methodology. Monsanto, the company which produces the only approved
herbicide, has made claims of chemical control effectiveness which have not
been duplicated in the field. Application of herbicide, itself a very
controversial subject, has heen donein a haphazardmethod, using a variety
of tools and with little or no scientific rigor. Experiments with the three
most common removal methods ~ mowing, hand-pulling and herbicide
application - are often done without efforts to control for seasonal
variation, the impacts of previous efforts or any other independent
variables. Additionally, since the emphasis has heen on removing the plant
assoonas possible, hy any means possible, littlestudy hasbeen madeof the
plants' physiology except when categorizing them as "alive" or "dead."
Most of the botanical information has been derived from literature from the
east coast, where S. altemijlora and S. patens are protected species. It is
probable that the three plants haveadapted to the Pacific Northwest in such
a way that this physiological data is inaccurate, and there is little or no
funding available to do physiological studies in this area. A study was
funded (through the University of Washington's WET team, and UW
Cooperative Extension) to look at the ecological impacts of Spartina, with
a focus on invertebrate communities and impacts on shorebirds and juvenile
salmonids; the study concluded in the fall of 1995 and it Is unlikely to be
re-funded.

Spartina management is in a precarious position in Washington State. The
strong community support for removal and high degree of agency
cooperationare powerful toolswhich the Department of Agriculture can use
to its advantage. However, without an iterative process for learning more
about the ecology of the plant and success of various control methods, it
may not he possible to achieve the goals of the working group. And,
without better integration of scientific information into the decision-making
process, the working group may find itself removing Spartina without
restoring the ecosystem to their desired condition.
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WISCONSIN SEA GRANT'S "ZEBRA MUSSEL WATCH":

A MULTI-INSTITUTIONAL STATE, REGIONAL, AND
NATIONAL NONINDIGENOUS SPECIES OUTREACH EFFORT

Stephen Wittman,
University of Wisconsin Sea Grant Institute

Bio-Pollution

The last 100 years has seen the largest introduction of nonnative species to
North America since the century following Columbus' arrival in 1492. No
region has escaped the invasion. In some instances, invading species have
taken over healthy native ecosystems, causing environmental chaos as well
as considerable economic loss and, occasionally, public health threats.
Many of these invading species are aquatic plants and animals, and the
introduction of nonindigenous fishes and other aquatic organisms continues
to increase at an alarming rate. To date, an estimated 350 nonindigenous
marine and estuarine plants and animals have been introduced to U.S.
coastal waters. The Great Lakes alone are home to about 130 foreign
species, most of them arriving since the opening of the St. Lawrence Seaway
in 1959.

Perhaps the most significant aquatic invader in recent years is the Eurasian
zebra mussel (Dreissena spp.). This prolific hiofouling mussel poses
significant social, economic and ecological concerns for the entire nation.
A freshwater mollusk whose potential range encompasses much of North
America, it tends to attach in huge numbers to any solid submerged object,
including docks, locks, boat hulls, navigation aids, and, most notably, water
intake pipes. Zebra mussels rapidly colonize water intakes, forming layers
up to eight inches thick containing tens of thousands of mussels. This
thumbnail-sized mussel thus poses an unprecedented threat, in terms of its
nature and scope, to the nation's supplies of drinking, cooling, processing,
and irrigation water.

First found in Lake St. Clair near Detroit in 1988, this small but prolific
mussel spread rapidly throughout the Great Lakes basin, colonizing and
clogging the water intakes of dozens of coastal communities and lakeshnre
power plants. It is estimated that zebra mussels will cost the Great Lakes
region alone nearly $5 hillion by the end of the century. The zebra mussel
also has been implicated in the local extirpation of commercially valuable
native freshwater clams (Unionid spp.) in some areas.

Hitchhiking on barges and trailerable boats, zebra mussels have since
spread to rivers and lakes in 20 central U.S. states and two Canadian
provinces (Figure 1). Virtually every lock and dam and several power
plants along the upper Mississippi River is infested; the lower Mississippi
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is infested from Memphis, Tennessee, to New Orleans, Louisiana. The
mussel now inhabits the entire length of the Illinois River, all of the Ohio
River below Pennsylvania, the Arkansas River as far upstream as
Oklahoma, large stretches of the Hudson and Mohawk rivers in New York,
and portions of the Tennessee and Cumberland rivers from Kentucky to
Alabama. More than a dozen inland lakes in Wisconsin, Michigan, Ohio,
Indiana, and Kentucky are infested.

With control and prevention costs estimated in the billions of dollars, the
zebra mussel invasion demonstrates why comprehensive, collaborative and
coordinated outreach efforts are needed in affected as well as vulnerable

adjacent watersheds to prevent and control the spread of exotic aquatic
nuisance species.

Sea Grant's Response

Created in 1967, the National Sea Grant College Program supports a
national network of29 university-based programs of research, outreach and
education dedicated to the protection and sustainable use of America's
coastal, ocean and Great Lakes resources. These programs are funded via
the National Oceanic and Atmospheric Administration and participating
coastal states.

The nation's network of Sea Grant programs has been a leading player in
zebra mussel outreach at the state, regional, and national levels. The six
programs that form the Great Lakes Sea Grant Network were among the
first institutions in the region to react to the zebra mussel invasion. Within
a month of the first confirmed sighting in Lake Erie, Ohio Sea
Grant-funded scientists were studying ways to deal with the massel. Besides
research, the Great Lakes Sea Grant Network also provided the region's
first major zebra massel outreach and education programs.

Since 1991, the National Sea Grant College Program has supported more
than 100 scientific studies on the zebra mussel, over half of which were
devoted to control strategies and assessing the mussel's environmental and
economic impacts. Other research has focused on the mussel's basic biology
and ways to predict its spread. Sea Grant also supported a wide range of
state and regional outreach efforts to rapidly transfer and disseminate the
results of these studies.

Within a year of the mussel's discovery in Lake St. Clair, it was found in
Lake Erie. By 1990, the Duluth harbor on Lake Superior and southern tip
of Lake Michigan. By this time, all six Great Lakes Sea Grant Network
programs (Illinois-Indiana, Michigan, Minnesota, New York, Ohio, and
Wisconsin) had launched zebra massel outreach and public information
efforts. In 1989, Ohio Sea Grant organized the first U.S. zebra mussel
research conference, and network programs have taken turns hosting such
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conferences (now cpspoasored and alternately hosted in Canada) every year
since. With power industry support, New York Sea Grant in 1990
established and today still operates a national zebra mussel research
information clearinghouse on behalf of the entire network. In a related
effort a few years later, IVIichigan Sea Grant established a loan library of
graphics of zebra mussels and other nonindigenous species in the Great
Lakes for journalists and scientists as well as network outreach personnel.

Wisconsin's Zebra Mussel Watch

The first step in launching a successful public information campaign is to
generate basic public awareness of the problem or issue. To that end, the
University of Wisconsin Sea Grant Institute in 1991 created a wallet-sized
"Zebra Mussel Watch" card (Figure 2). This single-fold features a life-size
color photo of a single zebra mussel on the cover, and a photo of a typical
cluster of mussels on the back. Inside, the card briefly tells why zebra
musselsare a problem, and describes how to identify the mussel and report
new sightings as a way to help prevent its spread.

About the same time, we initiated a free, statewide "Zebra Mussel Update"
newsletter for public officials, power industry, newsmedia, researchers, and
other interested individuals. The primary purposes of the ZMU was to
serve as a vehicle for disseminating the results of UW Sea Grant's zebra
mussel water intake and harbor monitoring program. However, it soon
proved very popular and extremely useful as a means of disseminating
research results, reporting on the mussel's spread elsewhere, and
announcing new zebra mussel-related publications, conferences, and
meetings. By 1991, the ZMU had nearly 2,000 subscribers throughout the
Great Lakes region, including many in Canada.

Related public information efforts included issuing a dozen news releases
and arranging for 69 newsmedia interviewsfor Sea Grant-funded scientists
and outreach staff, including appearances on local television news programs
and statewide radio call-in talk shows. This intensive outreach effort also
included 86 presentations to a wide range of audiences, such as boaters,
anglers, civic and environmental groups, researchers, local and state
government officials, utility managers, etc. These efforts earned the UW
Sea Grant Institute a Gold Medal for community relations from the
National Council for the Advancement and Support of Education in 1991.

In 1992, in partnership with the Wisconsin Broadcasters Association and the
Wisconsin Department of Natural Resources, we produced 10-, 15- and 30-
second public service announcements about the zebra mussel that were
broadcast a total of nearly 3,000 times by 124 radio stations and all 18
television stations in Wisconsin throughout the month of August, the
mussel's peak reproduction period.
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The Regional Effort

Passage of the federal Nonindigenous Aquatic Nuisance Species Prevention
and Control Act of 1990 provided the necessary funding and impetus for the
Great Lakes Sea Grant Network to begin coordinating its zebra mussel
outreach efforts on a more formal basis. Given a total of only about $1
million annually with which to address a huge regional problem, the
network's six programs agreed on a strategy of identifying priority outreach
projects and avoiding duplicative efforts, with an emphasis on cooperation
and the sharing of information materials, in order to maximize our "bang
for the buck."

Given its existing regional readership, WisconsinSea Grant's "Zebra Mussel
Update" thus became the network's premier regional outreach newsletter.
Encouraged to "freely duplicate and distribute this newsletter," the ZMU's
2,000 subscribers indicated in a 1993 survey that they shared their copy of
the ZMU with an average of 10 others, indicating a total readership of
20,000. Even more gratifying was that 92% of those responding gave the
ZMU an overall rating of very good (55%) to excellent (37%).

Likewise, the contact information on our Zebra Mussel Watch card was
customized for local use in each Great Lakes state and the Canadian
Province of Ontario. During 1992-93, we printed and sold, at cost, more
than 635,000 of these cards in partnership with other Sea Grant programs,
concerned state and federal agencies, and other organizations in more than
a dozen states and two Canadian provinces. Meanwhile, we purchased and
distributed the various zebra mussel facts sheets, videotapes and other
information products created by the other Great Lakes Sea Grant
programs.

In 1994, it was Wisconsin Sea Grant's turn to organize and host the 4th
International Zebra Mussel Conference. Held in Madison, Wisconsin, the
conference also served an outreach purpose in drawing the attention of state
capital policy-makers and news media attention to the problem.

The National Effort

After the zebra mussel spread beyond the Great Lakes basin, the Sea Grant
network expanded the scopeof its outreach and beganactively transferring
its knowledge and informational materials to concerned resource
management agencies in affected inland states as well as Sea Grant
programs in East Coast and Gulf Coast states. The Zebra Mussel Update
is now a collaborative effort involving eight Sea Grant programs and serves
as the network's national zebra massel outreach newsletter. The ZMU is
presently printed in Columbus, Ohio, compliments of Mercury Marine, a
Brunswick company, and distributed via OhioSea Grant. The mailing list
for newsletter now totals more than 10,000; if as widely shared as by 1993
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subscribers, the ZMU readership now stands at 100,000 nationally.
Another readership survey will be conducted in late 1996 to find out.

In addition, we continue to print customized versions of the Zebra Mussel
Watch card for use as a first-order public awareness tool in affected or
threatened inland and coastal states. To date, Wisconsin Sea Grant has
printed more than 1.34 million Zebra Mussel Watch cards on behalf of
other Sea Grant programs, state and federal agencies, and private
businesses in 21 coastal and inland states, and the Province of Ontario
(Table 1).

On behalf of the national Sea Grant network, Wisconsin in 1995 compiled
and published "Aquatic Exotic," a catalog of all zebra mussel-related
information and outreach tools created by national the Sea Grant network
so far. So far, more than 12,000 copies have been distributed via the
national Sea Grant network as well as direct-mailed to water resource

managers in all affected watersheds in seven inland states. Another 600
copies of the catalog were also provided in March 1996to all registrants for
the Sixth International Zebra Mussel and Other Aquatic Nuisance Species
Conference, hosted by Michigan Sea Grant, at Dearborn, Michigan.

During the last two years, the Great Lakes have been invaded by two more
exotic aquatic nuisance species —the Eurasian ruffe and round goby —and
the Great Lakes Sea Grant Network is pursuing a similar collaborative
outreach effort. For example, customized versions of a "Ruffe Watch" and
"Round Goby Watch" cards have already been produced by Minnesota Sea
Grant on behalf of each program in the network. Illinois-Indiana Sea
Grant has produced fact sheets about these new exotic fish for the
network's use, and Wiscoasin Sea Grant, given its two decades of
experience producing the "Earthwatch" science and environmental news
radio program, has taken on the respoasibility of producing public service
announcements about these exotics for broadcast in invaded areas.

How effective have this outreach effort heen? It's difficult to say, as few
formal evaluatioas of these outreach efforts have heen conducted, and the
quality and level of outreach effort has varied greatly from state to state.
However, research has shown that the primary mechanism of zebra mussel
transport to inland lakes is via trailerahle boats from infested waters.
Wisconsin has nearly 500,000 registered motorboats —about one for every
10 residents, 41% of whom participate in boating. And while a variety of
other factors may he involved, to date ~ five years since zebra mussels
became residents of the state's Great Lakes coastal waters — zebra mussel

larvae or adults have heen discovered in only seven of Wisconsin's 14,000
inland lakes.
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TABLE 1: Customized "Zebra Mussel Watch" Cards Printed (as of Febniary 1996)

VERSION NUMBER PRINTED

Generic version (1992) 82350

JArkansas Game &Fuh Commission (1992) 15.100

jConnecticut Sea Grant (1995) 9.650

| Delaware Sea Grant (1992.1995) 12.300

Illinois-IndianaSea Grant (1991,1992,1993,1995) 41.690

IllinoisDept of ConservationandCity Water ResourcesDepi.-Springfield (1992) 8.500

LakeChamplainBasinProgram-Grand Isle.Vl (1992,1993,1995)
Canadian French version (1993)

66300

19300

Louisiana Sea GrantandVS. Fish& WildlifeService-Baton Rouge(1993.1995) 10370

Maryland Sea Gram and MarylandDept.of Natural Resources(1992,1994) 229.700

Michigan Sea Grant Extension (1991.1992,1995) 46300

MinnesotaSea Gram and MinnesotaDept of Natural Resources(1991-95) 162.125

MTTSeaGranl/Umversiry of Massachusetts-Ambem andU.S. Fish&.Wildlife
Service (1992)

7/450

Mississippi-Alabama SeaGrant(1995-96) 17.150

| New Jersey Sea Grant (1992-95) 34J50

| New York Sea Grant Zebra Mussel Information acaruighonsc (1991-93) 84300

1Norm Carolina Sea Grant (1992,1994-95) 140.100

j Ohio Sea Grant (1991-92) 4,100

Okl^omaDqjt.ofWTlolifeConjerviUOo&U^.AraiyCorpJofEngineets-Tulia 20.000(1993)

OntarioMinistryof Natural Resources(1991,1995)
Canadian French version (1991.1995)

45.600
6.100

SAMPO-BarnevebL N.Y. (1992) 7.450

South Carolina Sea Grant (1994-95) 23.700

Tennessee Shell Company-Ctmden (1992) 7300

U.S. Deptof Interior Bureau of Reclamation-Denver. Colo. (1992.1995) 13.600

VS. AnnyCorpsof Engineers-SiPaul. Minn.(1991) 52.885

VS. ArmyCorpsof Engineers-Nashville, Tenn. (1992) 7.650

MS. Fish & Wildlife Service-Lakewood. Colo. (1995) 20.800

VS. Fish & Wildlife Service-Winoua, Minn. (1991-93) 22.700

VS. Fish &.Wildlife Service-Tlshomlngo. Okla. (1994) 7.920

Wisconsin SeaGrant, Wisconsin Dept.of Natural Resources and U.S.Fish&Wildlife
g Service (1991,1992)

123.800

|| TOTAL (1991-95) 1350,840
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