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Background and Methods

This study, entitled Recreational
Boating on Delaware's Inland Bays;
Implications Pr Social and Environmental
Car7ying Capacity, provides the first-ever
glimpse of recreational boating carryiag
capacity for a water body in Delaware. It
was a cooperative effort of the Inland
Bays Estuary Program, uader the direction
of the Delaware Department of Natural
Resources and Environmental Control
 DNREC!, Division of Water Resources,
aad the University of Delaware Sea Grant
Marine Advisory Service  UDSGMAS!.
The purpose of the study was to obtain
information f'rom recreational users, bay-
wide, during the sumxner of 1991, to
determine whether problems existed from
a carrying capacity standpoint.

The study had five objectives: �!
establish linkages between recreational
uses aad impacts on the bays and
determine spatial relationships between
the uses; �! identify users' perceptions
about specific environmental quality
problems; �! evaluate the potential of a
raage of management strategies for the
Inland Bays; �! develop recommendations
for integrating cog capacity issues
with other land- aad water-use planning
xnethods; �! develop a Geographic
Information System  GIS! for display aad
analysis of recreational use data

Recreational use data were collected in

Rehoboth, Indian River, and Little
Assawoman Bays by several integrated
methods. Initially, on-site field iaterviews
were conducted at aine sampling locations
around the bays during the summer of
1991. A total of 451 recreational users
were interviewed. Additionally, 600 mail

surveys were seat to shoreline residents
living ia the Inland Bays area. Two
hundred and ninety residents responded to
the questionnaires for a 58 percent
response rate after adjustiag for
noadeliverable addresses. On seven days
during the xnoath of August, on-water
counts of boats were conducted on
Rehoboth and Indian River bays to
ascertain the density levels of boatiag
activity on the bays. Density levels were
exaxxuaed withm distinct zones identified
for each bay system. The nuxnbers of
vehicles parked at major access points
were also counted to help determiae
density levels.

The collected data were analyzed ia
various ways. First, boater survey
responses were examined by user group
classification  permanent resident,
seasonal resident, aad seasonal visitor!.
Other analyses were perforxaed by type of
facility used by boaters  maria:x, boat
ramp, aad shoreline community! aad by
bay of residence  Rehoboth, Indian River,
and Little Assawomaa!. Since the user
group classification represented the
greatest differences statistically, aad this
iaforxnatioa is most relevant to resource
managers, it forms the basis for most of
the study Endings which follow.

Study Findings
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OveraH, seasoaal residents aad visitors
were most likely to have their
permanent homes ia Penasylvaaia,
followed by Delaware aad Maryland.
Seasonal residents lived, on average,
137 xailes from the bays, aad visitors
lived, on average, 238 miles away.



Permanent residents reported the
highest level of boating participation
on the Inland Bays �1 days in 1990!,
while seasonal visitors reported the
lowest frequency �8 days!, and
seasonal residents reported boating an
average of 33 days on the Inland Bays
in 1990.

~ Permanent residents tended to have

the most boating experience �3 years!
and rated their boating skills the
highest, while seasonal visitors were
lowest on both of these measures.

�0%! and shoreline communities
�4%!.

Shoreline community boaters had the
largest boats �3'! and highest
horsepower engines, on average,
�42 HP!. Boat-ramp users had the
smallest boats �7'! and lowest
horsepower engines  87 HP!.

~ Rehoboth Bay boaters tended to have
larger boats �0'! than either Indian
River �8'! or Little Assawoman �8'!
Bay boaters.

~ Boaters samp1ed at marinas were the
least active on the Inland Bays during
1990 �6 days!, whereas those sampled
at shoreline communities were the

most active �4 days!. Boat-ramp
users interviewed reported that they
boated, on average, 18 days on the
Inland Bays in 1990.
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~ Most seasonal visitors  84%!, seasonal
residents �3%!, and permanent
residents �8%! reported owning
powerboats; however, pontoon boats
were used by a signi6cant minority of
permanent residents  V%! and
seasonal residents �1%!.

~ Seasonal residents had the largest
boats �0'! and the highest horsepower
engines �26 HP!. Seasonal visitors
had the smallest boats �7!, and
permanent residents tended to have
the smallest horsepower engines
 88 HP!.

~ Powerboats were used by two-thirds or
more of marma-based boaters, boat-
ramp users, and boaters in shoreline
communities. Pontoon boats were well

represented, however, at both rnarinas

~ The majority of all three user groups
reported that their boating party was
made up of family members. Seasonal
residents were most likely to report a
boating group comprised of both
family and friends. Permanent
residents were more likely than
seasonal residents or visitors to boat

alone.

~ Seasonal residents reported the largest
boating groups �2 people!, and
permanent residents reported the
smallest group size �.7 people!.

~ Those sampled at marinas were the
most likely to boat with family and
friends together and were the only case
where family groups represented less
than the majority. About 60 percent of
both boat-ramp users and shoreline
community residents reported boating
with family members most often.

~ Rehoboth Bay residents tended to boat
in the smallest groups �.2 people!,
while those living on Indian River Bay
reported the largest groups
�.0 people!.
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~ According to survey respondents,
fishing was the most popular boating
activity overall. Seasonal visitors
reported the highest proportion of time
devoted to frshing �6%! compared to
seasonal residents �2%! and
permanent residents �0%!.

~ Powerboating  pleasure cruising! was
significantly more popular atnong both
permanent �4%! and seasonal �0%!
residents than seasonal visitors �0%!.
Little Assawoman Bay boaters �7%!
reported twice as much powerboating
activity as Rehoboth Bay �2%! or
Indian River Bay �5%! boaters,

~ Sailors were a small minority, but were
significantly better represented among
permanent residents �%! than among
seasonal residents �%! and visitors
�%!.

~ Clamming activity was greater in
Indian River Bay than in the other two
bays and was engaged in more often by
boat-ramp users �1%! than by marina
boaters �%! or shoreline commuruty
residents �%!.

~ Little Assawoman Bay �6%! attracted
the most crabbing activity by boaters,
followed by Rehoboth Bay  8%! and
Indian River Bay �%%uo!.

'vi In i Riv r an R h

~ About three-quarters of all the
activities observed in Indian River Bay
were either 6shing �0%! or cruising
�4%!, whereas these same two
activities in Rehoboth Bay constituted

only 41% of the observed activity
 cruising, 21%; fishing, 20%!.

Sailing and sailboarding made up 31%
of the total boating activity observed in
Rehoboth Bay and only 3% of the
activity in Indian River Bay.

Jetskiing activity was observed more
often in Rehoboth Bay  8%! than in
Indian River Bay �%!.

Crabbing and clamming activity in
Indian River Bay accounted for
16 percent of the total activity
observed. The same two activities in

Rehoboth Bay amounted to 12 percent
of the total.

The zone in Indian River Bay between
Channel Markers 30 and 31 had the

highest boat use intensity by acre of
total water surface; the average ratio
was 23 acres/boat.

The least intensely used area, based on
observations, was between Channel
Markers 28 and 30; the average acre to
boat ratio was 58 acres/boat.

~ The most intensely used area in
Rehoboth Bay was the northeast
quadrant where the average ratio was
14 acres/boat.

~ The northwest quadrant of Rehoboth
Bay  excluding tributaries! was the
least intensely used area; the average
acre ta boat ratio was 125 acres/boat.

~ The area between the Indian River
Inlet Bridge and Channel Marker 20
was the most heavily used zone when
total number of boats were counted.

On the average, 186 vessels were
observed in this zone on each samplmg
day  range: 100-311 boats!.
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~ The area in the bays that boaters
reported enjoyiag the least or avoiding
the most was near Indian River Inlet.
'Ihe reasons mentioned most often
were high-use densities, perceived
conflicting usages, and shallow water
conditions.

~ The areas that boaters reported
enjoying the most were dispersed
throughout the bays. The reasons most
often mentioned were good 6shing,
crabbing or clamming, low use
densities, aad lack of crowds.

~ Analyses of reported boating routes
and locations of certain activities
suggest areas of potential coafhct
between cruising boats aad fishermen.

Permanent residents rated the quahty
of their trip 8.0 � to 10 scale!, while
seasonal residents rated their
experience 73, and seasonal visitors
rated their trip 7.2.

AU user groups reported that they
enjoyed their trip and felt it was worth
the money that they spent on it;
however, many noted that it did not
measure up to their ideal or best-ever
boating outing.

All user groups tended to feel that the
bays were moderately crowded �54.9
on a 9-paiat scale index!, but the
number of boats on the bays generally
had little or no effect an their overall
enjoymeat levels.

Permanent residents reported higher
levels of displacement �3 oa a 1 to
5 scale index!, for example, avoidiag
favorite parts of bay due to crowding,
staying off the bays duriag part of the
day due to crowding, giving up
activities because of water quality thaa
seasonal residents �.1! and visitors
�.1!.

~ Most boaters �4-92%! agreed that
conditions oa the bays the day they
baated were safe, and only a minority
�146%! said that they had observed
aay unsafe boating situations.
Permanent resident responses showed
more concern about safety on the bays
than either of the other user groups.

~ Very few boaters �-5%! acknowledged
that they nearly had an accident oa the
day they were sampled, while most �2-
64%! felt that there were adequate law
enforcement patrols on the bays.
Permanent residents �2%! were the
only group where less than a majority
felt that current law enfarcement

patrols were adequate �4%%uo-seasonal
resideats; 52%%ua-seasonal visitors!.

~ Permanent resideats �1%! were more
sensitive to the noise of other boaters

�1'-seasonal residents; 12%%uo-seasonal
visitors!, and they also observed more
inappropriate boater behavior �1%%uo!
thaa seasonal residents �9%! or
visitors �4%!.

Boaters who were sampled on days
with higher boat density levels
perceived crowding to be greater
�.6 on a 1 to 9 scale! �.8-low use;
4.8-medium use! and were more likely
to feel that the increased number of



boaters on the bays had an impact on
their day's trip �.4 on a 1 to 9 scale!
�.8-low use; 5.1-medium use!.

~ High-use-day boaters �0%%uo! were also
more likely to stay off the bays during
parts of the day because there were
too many other boats than either low-
�3%! or medium-density �2%!
boater s.

~ Most boaters wbo were sampled on
low- �.3 on a 1 to 5 scale index!,
medium- �.2!, or high-use days �2!
felt that safe boating conditions existed
on the bays. However, high-use-day
boaters reported observing more
unsafe situations �7%! than boaters
who heated on less crowded days �4%
-low use; 31%-medium use!.

~ Boaters who felt the number of other

boats on the bays decreased their trip
enjoyment were less satisfied overall
with their boating experience �.2 on a
1 to 5 scale index! than boaters who
felt no effect �.6! or felt increased
enjoyment �.7! from the presence of
others.

~ The boating group that reported
decreased enjoyment from the
presence of others also had a higher
level of perceived crowding �.5 on a 1
to 9 scale! than boaters who felt no
effect �.2! or felt increased enjoyment
�.6!.

~ Seventy percent of the boaters in the
group that felt decreased enjoyment
reported that other boats had come
too close to them compared to 25% of
boaters that felt increased enjoyment
from the presence of others and 21%%uo
that felt no effect.

Pr

Very few boaters reported seeing
marine debris or litter during their
boating trips. Permanent residents
 who are more sensitive to litter and
debris! consistently reported a higher
frequency of observing marine debris
and were significantly more likely to
report reduced enjoyment of their trip
because of debris �,1 on a 9-point
scale versus 4.3-seasonal residents; 4.1-
seasonal visitors!.

~ Boaters sampled at shoreline
communities �.8 on a 9-point scale!
were most likely to report that seeing
little or no marine debris enhanced the

quality of their boating experience,
while marina-based boaters �.8! were
more sensitive to the waste they
observed.

'vin R

Permanent residents �7%! were much
more likely than seasonal residents
�2%! and seasonal visitors �7%! to
state that the environmental quahty
 water quality and clarity! of tbe bays
was deteriorating.

Seasonal residents �7%! and visitors
�4%! bad a stronger sense that the
environmental quality of the bays was
improving than did permanent
residents �9%%uo!.

Permanent residents �6%! had a
stronger feeling than seasonal residents
�8%! and visitors �2%! that the bays'
living resources  fish, crabs, clams,
etc.! were deteriorating.

Indian River Bay residents �0%! felt
more strongly that the environmental
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quality of the bays was deteriorating
than either Rehoboth �3%! or Little
Assawoman Bay �3%! residents.

~ A strong majority of the bay residents
sampled felt the bays' living resources
were deteriorating. However, residents
of Indian River Bay  80%! were more
likely thaa residents of Rehoboth Bay
�0%! or Little Assawoman Bay �4%!
to report this.

The majority of all user groups tended
to support most of the management
options presented to them. There was
overwhelming support for prohibiting
ail discharges of pollutants into the bay
waters, establishing off-limit zones to
protect sensitive resources, aad
restricting building aad development.

Permanent residents �0%! favored
restricting the number of marinas more
than seasonal residents �9%! or
visitors �9%!.

Permanent and seasonal residen.ts
�0% each! more strongly supported
stricter limits on harvestiag the bays'
living resources than did seasonal
visitors �5%!.

The majority of all groups �342%!
favored zoning the bay waters for
certain activities, with seasonal visitors
voicing the strongest support.

The least-favored options by all groups
included limitiag the size and power of
boats �5-50%!, restricting the number
of boat ramps �3-39%! and limitiag
the number of boats on the bays �4-
25%!. Permanent residents did,
however, favor these options to a

greater degree than did seasonal
residents or visitors.

Permanent resideats mentioned that
jetskiing should be limited or zoned
within the bays �8%!, boater safety
aad education programs should be
required �5%!, boat speeds and wakes
should be controlled �0%!, aad
pollutioa should be controlled and
sewer systems developed �0%!.

~ Seasonal residents indicated that there
was a need to require boater safety
aad education programs �9%!, limit
or zone jet-skiers �8%!, coatrol
pollution and develop sewer systems
 8%!, and limit boat speeds aad
coatrol wakes �%!.

Seasonal visitors suggested that boat
speed and wakes should be controlled
�1%!, boater safety and education
programs should be required �3%!,
additional marine patrols should be
added to enforce laws �3%!, and the
size and number of powerboats should
be restricted on the bays �3%!

~ Permanent residents favored
controlling pollution in the bays �0%!,
adding additioaal marine patrols to
enforce laws �6%!, aad uadertakiag
additional dredging in the bays �5%!.

Seasonal residents were most

supportive of controlling pollution
�6%!, seekiag additional dredging
�1%!, and having more marine
patrols to enforce the laws  9%!.



Seasoaal visitors identified controlling
poHution �3%!, adding marine patrols
�0%!, conducting more dredging
�1%!, controlling development aad
protecting critical areas �1%!, and
improving fisheries management in the
bays �1%! as their primary
suggestioas for management.

Management Recommendations

~ The Mand Bays Estuary Program
 IBEP! should consider a balanced
approach to mxmni'nag the uses of the
bays aad preserving eavironmental
quality. To reach this goal, clearly
defined maaagement objectives should
be established.

~ The IBEP must decide the relative
importance of planning for distinct
user groups and what priorities, if any,
should be given to the groups.

~ Based upon user preferences, the
current supply of marinas, and the
environmental impacts they cause,
priorities for further boating access to
the bays should be given to additioaal
launch ramps rather than mariaas.

~ DNREC should incorporate the
Geographic Information System GIS
study fiadiags related to boatiag
activities and desirability into their
Inlaad Bays data base to maintain
baseline data for tracking potential
user conflicts.

Long-term monitoring of boating
activity and associated perceptions of
users should be conducted periodically
to modify these recommendations as
growth, development, and use patterns
around the bays change.

~ Monitoring and site-specific analysis of
major tributaries should be examined
in the future if use levels increase.

~ Resource managers should encourage
boaters to play a stronger role ia the
bays' enhancement efforts  the
majority of respondents support paying
additional money for bay
improvements!.

~ While it appears that crowding is not
aa existing problem oa the Inland Bays
as a whole, areas in the bays identified
as "hot spots" should be closely
monitored by resource management
personnel to observe whether safety
concerns or environmental factors

become future problems.

~ The majority of respondents support
zoning bay waters. Officials should
consider zoning options if living
resource or user conflicts are evident.

r m n

~ Many respondents indicated a desire
for additional law enforcemeat on the
bays. DNRKC should review its
current enforcement operations in the
bays and decide whether increased
patrols are warranted. The role the
U.S. Coast Guard can provide, relative
to boatiag safety and added law
enforcement ia the Inland Bays, should
also be reviewed and expanded, if
feasible.

On heavy water-use days, additional
law enforcement personnel should
patrol the areas identified as "hot
spots" to maiataia a safe experience for
all users.



~ All pertinent organizatioas should
consider methods of strengthening
their educational efforts to create more
boatiag safety awareness in the bays.

~ Monitoriag should occur in areas
where high-speed boats create wakes
and high waves near aachored vessels
or drifting Gshing boats.

~ Jetskiing problems appear to be caused
by those renting the watercraft rather
than those owning jetskis. If this is the
case, current legislation should
hopefully control the concerns voiced
by individuals.

~ DNREC should review their current
policies related to crab-pot usage in
the bays and consider establishing off-
limit areas near boat navigation
chaaaels to insure safe boatiag.

DNREC should increase its efforts to
reduce pollution of the bays.

~ If environmental oKcials determine
that larger boats and engines cause
greater deterioration of the Inland
Bays' environment than smaller vessels,
they should consider action to control
boat and engine sizes in the bays.

~ The IBEP should establish criteria aad
coaduct an assessment of sensitive
habitats aad resources and establish
off-limit zones to protect these areas.

~ Environmental groups, along with
state and local officials, should
support the creatioa of greenways
around the bays to protect areas
from further development and
provide additional public access to
the bays.

~ Additioaal education and awareness

should be targeted to individuals about
shallow areas in the bays aad signs
should be erected to mark exact
locations of maintained navigation
channels.

Organizations involved in bay-related
education should consider the distinct
user groups involved and assess
whether uniform educational methods

are effective in reaching aH concerned
groups.

Educational displays should be
developed and placed at key locations
to educate users about the sensitivity
of the bays' resources aad ways to
miniauze potential use coaflicts with
others.

Creating a focus oa the bays by
develoyiag a theme like "Delaware's
Inland Bays: A National Estuary" may
give the bays more prominence aad
develop a stronger sense of personal
ownership and pride on the part of

~ Restricting boating activity in
excessively shallow waters should be
considered to protect valuable
aearshore habitats.
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RECREATIONAL USES ON DELAWARE'S INIWND BAYS:
IMPLICATIONS FOR SOCIAL AND ENVIRONMENTAL

CARRYING CAPACITY

INTRODUCTION

~B~ki~ni$

Delaware's Inland Bays � Rehoboth, Indian River, and Little Assawoman-are
located in the southeastern portion of the state. The bays and their drainage areas com-
prise about 255 square miles of Delaware's Sussex County. The bays are relatively shal-
low, five to eight feet deep, and small  average surface area 15 square miles!. They are
encased by a barrier island complex to the east and fringing marshes on the south, north,
and west  Delaware DNREC 1988!.

Delaware's Inland Bays are threatened by ever-increasixig ixnpacts from anthropo-
genic sources. Since the late 1950s, multiple-use priorities which endanger these ecosys-
tems have emerged. These uses include industrial water supply, wastewater disposal,
coxnmercial propagation and harvesting of fish and shellfish, and various recreational
uses and their related support systems. Delaware has recognized the importance of wa-
ter quality for recreation and has designated tbe Inland Bays as waters of exceptional
recreational and ecological siguficance  ERES!. ERES waters are accorded a level of
protection in excess of that provided most other state waters.

The Inland Bays' area has become increasingly attractive to new residents and
seasonal visitors over the years. A major portion of this permanent and seasonal popula-
tion growth comes from the Mid-Atlantic corridor between Washington, DC, and New
York City. This corridor is the most densely populated coastal region in the United
States  U.S. Department of Commerce 1990!. The resulting growth in Sussex County bas
far exceeded national averages for the past two decades, and its population has increased
from about 80,000 in 1970 to more than 113,000 in 1990. It is projected to increase to
almost 150,000 by 2011  Inland Bays Estuary Prograxn 1992!. This growth has bad and
will continue to have significant impacts on the bays and the surrounding area.

Recreational users are attracted to the Inland Bays' region by its expanse of
ocean-front and the protected waters of the Inland Bays, which provide excellent oppor-
tunities for small-craft sailing and boating, waterskiing, windsurfing, sv~xning and suxx-
bathing. The waters of the bays are also important recreational clamming, crabbing and
6shing areas. Those who use the bays for recreation may be classified into four groups:
permanent residents, seasonal residents  who spend and average of nine weeks per year
ixi the area!, seasonal visitors or renters  who spend three weeks on the average!, and
day-trip visitors  Greeley-Polhemus Group 1986!.

Recreational boating represents an important activity in its own right as well as a
means of participating in other activities like waterskiing and fishing. In 1991 there were



an estimated 40,000 boats registered in the state of Delaware  Delaware DNREC 1991!.
Hollender, Cohen and Associates �989! reported that 35 percent of Sussex County
residents own at least one boat, and 74 percent of these boats are engine powered. In
addition, approximately 1,350 boat-ramp use permits were purchased by out-of-state
registered boaters to use the public launch ramps managed by the Department of
Natural Resources and Environmental Control  DNREC!, Division of Fish and Wildlife
throughout the state  Delaware DNREC 1991!.

Boating access to the Inland Bays is provided by an extensive network of facilities
surrounding the resource. These facilities include about 75 rnarinas which provide over
6,100 boat slips, more than 60 public and privately-operated boat ramps, and in excess of
325 private docks  DNREC 1989!. On weekend days during the summer, boats are pres-
ent over a large percentage of the bay waters. Public opinion appears to be that the
bays are too crowded and that more marinas will generate more boat traffic, degrade
water quality and negatively impact natural resources  Battelle Memorial Institute
198 9b!.

Various documents about the Inland Bays mention a wide variety of' impacts asso-
ciated with recreational use of the bays, such as disturbed submerged aquatic vegetation,
increased turbidity, fuel and oil spills, increased debris, etc. At present, however, there is
very little hard data linking most of these types of impacts to recreational use levels on
the bays. It is generally accepted that the environmental impacts resulting from recre-
ational uses of the bays are minor when compared to other environmental problems
facing the bays.

Most of the pollution of the bays is attributed to non-point sources, since direct
pipeline discharges are relatively few and are stringently regulated. Failing residential
septic systems and the poultry industry appear to be the primary nonpoint source
polluters, contributing 49 to 69 percent of the total nitrogen load to the Inland Bays
 Battelle Memorial Institute 1989b!. In contrast, several studies suggest that recreational
boating contributes less than O.l percent of the nutrient loading of the Inland Bays
 Jensen and Weeks 1977; Ritter 1986; Inland Bays Estuary Program 1992!.

The environmental impacts of boating remain an important issue, however,
because the pollution loading of nutrients in high-use areas like marinas may exceed
relevant water-quality standards. Several studies have been conducted to assess the
effects of recreational boats in concentrated-use areas. Pingree's �990! Labor Day
Weekend Boating Surveys, for example, were undertaken to provide a basis for policies
to determine shellfish harvest closure areas near marinas, In 1992, approximately 1,043
acres of Rehoboth Bay shellfish growing areas and 1,495 acres of Indian River Bay areas
were classified as "conditionally approved" or "prohibited" for harvesting by the Delaware
Division of Public Health, due to the presence of marinas {Pingree 1992!.



Pollutants discharged by boats include toxic substances essential for vessel
operation  oil, gas, antifreeze, etc,!, trash and litter, and human wastes. Much of this
pollution is unintended and is both preventable and controllable  Chesapeake Bay
Program 1991!. The disposal of human wastes was considered the most significant
environmental impact in a recent study of recreational boating pollution on the Chesa-
peake Bay. Most of the recommendations of this study focused on ways of reducing the
discharge of human wastes from boats, including the designation of "no discharge zones,"
the expansion and enhancement of sewage pumpout facilities, encouragement of
municipal plants to accept pumpout wastes and manufacturers to substitute less harmful
disinfectants for those currently in use, educational efforts aimed at informing boaters
about vessel waste problems, and more research to assess the magnitude and location of
poHutant discharges from recreational and commercial boats  Chesapeake Bay Program
1991!. It is notable that the recommendations focused on strategies addressing the major
causal factors leading to the most visible, unacceptable impact of human waste. There
was no mention of the need to restrict the number of boats because of their environmen-
tal impacts.

The situation in Delaware appears to be similar to that on the Chesapeake.
While 12 sewage pumpout units and four dump stations are currently available on the
Inland Bays  Herr 1992!, it is estimated that these units are used only occasionally
 Pingree 1990!. This pattern may reflect the "Catch-22" situation that complicates the
issue of vessel waste discharge management, in which marina operators are reluctant to
install pumpout facilities without adequate boater demand, while boater demand will not
materialize until boaters are adequately informed or required to use pumpout stations
and they are conveniently available at a reasonable cost  Chesapeake Bay Program
1991!.

The public's perception of environmental impacts on the Inland Bays is an
important consideration as weil. Various user groups within the Inland Bays region were
surveyed during the 1980s to obtain their opinions about environmental concerns. About
one-third of the respondents to a recreation use survey conducted by the Greeley-
Polhemus Group �986! said they had perceived a deterioration in the environmental
quality of the bays over the previous six years. Over one-half of the property owners
surveyed by University of Delaware researchers Hastings and Kuennen �984! reported
that water quality in the Inland Bays' area had declined over the previous five years.
Over 80 percent of the property owners considered litter a problem, while 69 percent
viewed contamination of shellfish beds and 70 percent considered boat discharges
problems. One-fourth of Sussex County residents surveyed by Hollender, Cohen
Associates �989! felt that motorboating was harming the environment.

Boating activity is expected to rise in the future as rapid development of Sussex
County continues. Numerous housing development projects are planned for the perune-
ter of the bays, and many of the plans include the construction of marinas. Because of
the complex environmental and socioeconomic issues involved, Delaware officials need
to understand more about the impacts on the bays, as well as perceptions of boaters,
before allowing further marina development or other boating access to continue.
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As noted above, several studies have been conducted in the Inland Bays region to
examine individuals and groups who recreate on the bays' waters. However, there has
never been a focused study to examine use activity levels and the associated impacts and
potential conflicts caused by these activities or to begin assessing the bays' camping
capacity levels. Many of the previous efforts, however, do provide an excellent starting
point to begin assessing what is known about bay users.

As early as 1969, when Governor Russell W. Peterson requested that an environ-
mental study be conducted of the Rehoboth, Indian River, and Little Assawoman Bays, it
was recognized that the waters were good fishing and shellfishing areas. The report
further noted that the calm waters were ideal for pleasure boating and waterskiing. The
report was critical of the changes taking place with regard to the quantity and quality of
the bays resources, as dredging was undertaken to support the increasing number of
recreational watercraft appearing on the waters of the bays  Delaware State Game and
Fish Commission, et al. 1969!.

Hastmgs and Kuennen �984! surveyed 3,000 property owners in the Inland Bays
area during the summer of 1983. The primary objective of the study was to determine
the views of property owners with respect to various environmental and developmental
issues in the Inland Hays area. A 31 percent response rate was achieved. Of the total
response, 33 percent indicated that they were full-time residents, and 56 percent
indicated that they resided in the Inland Bays' area on a seasonal basis. When asked
what the most important reasons were for originally locating in the Inland Bays area, "for
recreational opportunities" was mentioned by 45 percent of the full-time residents and
60 percent of the seasonal residents.

During the summer of 1986, the Greeley-Polhernus Group interviewed 423
individuals engaged in various recreational activities on Delaware's Inland Hays.
Approximately 54 percent of those interviewed engaged in recreational boating during
the season, either as the owner of a boat, as someone who had rented a boat, or as a
passenger or crew member. The group also noted that about 74 percent of those
interviewed said that they spent time fishing or crabbing in the Inland Bays during the
season. The Indian River Inlet area was mentioned as a very popular fishing spot.
Twelve percent of those who were interviewed indicated that they engaged in wind-
surfing, with the majority of windsurfing taking place on Rehoboth Bay.

The Greeley-Polhemus �986! study observed close to 400 boats on the Inland
Bays on a warm, sunny holiday  Saturday, July 5, 1986!, but also estimated that an
average day may have 150-200 boats in use on the bays at any one time. Ae study also
estimated that about 125,000 boat trips occurred on the bays during a 22-week season
from May to October. Estimates of boating activity on the Inland Bays ranged from 284-
338 motorboats, 114-363 boat fishermen, 55-71 sailboats, 19-33 water-skiers, and 18 jet-
skiers All forms of boating tended to be concentrated in certain areas of the Inland
Bays, and there is considerable overlap in the areas preferred for various activities. For
example, motorboating and fishing tended to be done in the same areas of the bays.



Of aotable interest is the fact that 76 percent of those interviewed said that they
would favor "area use restrictions on boating," and another 85 percent mentioned that
they wou1d support policy measures to impose speed limits on boats using the Inland
Bays. Only 38 percent, however, felt that they could support limiting the use of fuel-
powered boats in the bay system  Greeley-Polhemus Group 1986!.

Hollender, Cohen Associates, Inc. �989! conducted a telephone survey of 301
Sussex County residents and found that enjoying the scenery was the most popular
recreational use of the Inlaad Bays  reportedly participated in by 74% of those inter-
viewed!, followed by swimming/sunbathing �4%!, picnicking �1%!, shore/dock fishing
�9%!, boat fishing �8%!, other boating �8%!, shore crabbing �6%!, boat crabbing
�5%!, clamjzuag �2%!, waterskiing �1%!, sailing �1%!, windsurfing �%!, and
jetskiing �%!. The study found that boat ownership was strongly related to the distance
between residences and the Inland Bays; 58 percent of those living within a mile of the
bays owned a boat compared to only 22 percent of those county residents living more
than 15 miles from the bays.

When residents were asked if any bay uses interfered with "their own enjoyment
of the inland waters," eight percent said yes for motorboating, five percent said yes for
jetskiing, and two percent for waterskiing. In contrast, 51 percent of these same
respondents reported that they or members of their househoM were restricted ia the uses
they would like to make of the Mand Bays because of crowds and traffic congestion,
while 46 percent were restricted due to a concern for personal health and 30 percent due
to a concern for personal safety,

The majority of respondents in each of the surveys conducted  Hastings and
Kuennen 1984; Greeley-Polhemus Group 1986; Hollender, Cohen Associates, Inc. 1989!
tended to support controls aimed at protecting environmental quality. Forty-two percent
of property owners surveyed in 1983 were most likely to support the view that stronger
enforcement of existing laws and regulations was the most appropriate means of solviag
the environmental problems in the Mand Bays area  Hastings and Kuenaen 1984!.

Seventy-one to 82 percent of the recreational users surveyed by the Greeley-
Polhernus Group felt the following management actions were very desirable: stricter
enforcement of enviroamental laws  82%!, increased monitoring of water quality  80%!,
iacreased fines for violators of environmental laws  80%!, better communica.tioas with
the public on beach closings and other water-quality issues �4%!, and increased public
information and environmental education programs �1%!. These Inland Bays users also
tended to strongly support the closing of contaminated swimming and shellfishiag areas,
as well as area restrictions aad speed limits for power boats, although they were
generally opposed to limiting the use of powerboats and limiting the number of users or
charging fees at crowded beaches.

The Sussex County residents surveyed by Hollender, Cohen Associates �989!
were even more likely to favor various restrictions for the Inland Bays. Nearly aH  97%!
favored prohibiting all discharges of pollutants into the water, 83 percent favored
restrictions on building and development, 77 percent favored stricter limits on fish aad



shellfish, 68 percent favored zoning the waters to provide for specific uses at specific
places, aad 67 percent supported limiting the size and power of boats using these waters.
In contrast to the recreation user survey  Greeley-Polhemus Group 1986!, nearly half
�8%! of the county residents favored limiting the numbers of boats using the bays,
tributaries and canals.

Falk, et al. �987! conducted a statewide study of Delaware boaters who had their
boats registered in the state during the 1985 season. This study examined responses
from a random sample of 1,300 boaters. The responses from the 62 percent of the
sample who responded to the survey provide additional insight into the importance of
Delaware's Inland Bays as a boating resource.

Fishing was by far the dominant use of boats by Delaware boaters. More than
60 percent of all boaters sampled reported that fishing was the primary use of their boat,
Boaters residing in Sussex County  where the Inland Bays are located! were the most
likely to state that fishing was their primary boating activity �2%!.

Delaware's Inland Bays were the most popular boating areas among the study's
respondents. Approximately 55 percent of all respondents reported some boating activity
on the bays. Seventeen percent of the responding boaters mentioned that they boated in
the bays exclusively. The bays were used heavily by Maryland residents �8% of total
boating activity!, Sussex Couaty residents �6% of total boating activity!, New Castle
County residents �0% of total boating activity! and Pennsylvania residents �8%%uo of total
boating activity!.

r e Inl d BW er- e

The challenge of developing a, water-use plan, as Battelle envisioned it, "was to
untangle the complex interactions of the participants of the water-use groups; determine
the environmental and interactivity conflicts and start to alter the participants' behavior
to reduce the impact to acceptable levels." The goal was to arrive at a feasible compro-
mise that would be in harmony with the natural environment of the estuary and aHow
fair access to the bays for a wide range of responsible water users.

Use areas were to be designated to minimize conQicts between user groups to
allow for high-quality recreational opportunity and promote a healthy estuariae ecosys-
tem. Where there were user-group conflicts without environmental unpacts, the conflict
areas were to be divided to separate the user groups. These areas would be divided
according to the numbers of constituents associated with each group and accordiag to
specified local social, political, and economic factors.

With recreational intensities increasing arid competition for space beginning to
emerge on the bays, the Battelle Memorial Institute was contracted by the Inland Bays
Estuary Program within the Delaware Department of Natural Resources and Environ-
mental Control to develop a water-use plan for the resource in 1989. The purpose of the
task was to provide a detailed characterization of existing and projected uses of the bays,
which could be used to draft guidelines for managing water uses on the bays.



Battelle further stated, "simultaneous management of all water-use activities is the
only fair way to begin achieving the goal of successful water-use planning in the Inland
Bays. Radical restrictions to only a. few high-impact uses such as jetskiing, motorboating,
marina operations, and discharges will almost surely bring resentment and strong
opposition to a water-use plan. The individuals that appeared to defend their activities
were generally open-minded about possible restrictions as long as they could participate
in a fair decision-making process where they would not be unfairly penalized "

From a detailed review of Battelle's water use plan report, it was apparent that
potential use conflicts and problems associated with carrying capacity in the Inland Bays
were nearly all related to recreational boating activity. This activity included personal
watercraft  jetskis!, windsurflng/sailboarding, and any other bay-related activities which
involved the use of a boat or personal watercraft.

Battelle identified the following boating activities and the potential competition
and conflict for water-space usage in the Inland Bays  Battelle Memorial Institute
1989b!:

W' n ' ' -Incompatible with high speed motorized vessels
 wakes! and water pollution sources. Greatest potential for conflict is with
swimmers, when windsurfers are exiting and entering beach areas.

giggjjgg � A primary water-contact activity that competes for space with all other
water-use activities. It is particularly incompatible with other primary water-
contact recreation owing to its pollution and accident potential. It demands
relatively high water quality because the participants often get wet when boarding,
operating, or falling off their craft. Jetskiing can also negatively impact fishing,
crabbing, clamming, nature study, and sightseeing  aesthetic! activities.

~Wi~rljjgg-A primary eater-contact activity. This activity demands a large area
and high water quality, and it conflicts with several other open-water uses. The
activity is generally restricted to areas of the bays that are relatively calm, because
of the high speeds required, the total length of the boat/skier combination, and
the difficulty negotiating safely in rough waters. The potential for accidents rises
significantly when there are many boats with water-skiers in the same area trying
to maneuver around downed skiers. Noise and wakes from the towing boat can
also impact swimming, windsurfing, diving, sailing, rowing, hunting, sightseeing,
and fishing participants.

~M' -C p Ch* 1 ' dip' M d d
uses. Congestion of motorboats during holiday weekends affects other recreation-
al activities involving boats, and irresponsible use is a safety threat to sv~ers,
sailors, divers, and rowers. Large wakes generated by fast motorboating may
cause sailboats to take evasive actions. Environmental effects that may result in
conflicts with other recreational activities include noise and increased turbidity.



+~1'gg-Competes for open water space with all other primary aad secondary
water users, but since sailboats are relatively few and quiet, their only frequent
conflicts are with motorized vessels and their wakes. There may also be some
ingress/egress conflicts at the shoreline between small-boat sailors aad swimmers.

~Rwing-A very low-impact activity, with minimal pollution and noise potential.
Its primary conflict is with the wakes from motor vessels, particularly jet skis,
which can negotiate shallow, sheltered areas that might have previously been used
only by rowers.

P -C p« f p * I I 'g' I" g, P'
diving, scuba diving, aad sailboating. Excessive noise and wake disturbances from
jet- and water-skiers can impose on the required/expected solitude that 6shiag
demands. Motorboats may rua over and cut 6shing lines. Fishing also conflicts
with all users who directly or indirectly degrade Gsh habitat, including shore
development  marinas and private docks! aad major polluters  industrial aad
municipal dischargers!.

f � C p * 'gj ~ *gffg d I gf
open water space aad is ia conflict with habitat degradation from coastal develop-
ment  marinas and private docks! and major pollution sources  recreational,
industrial, aad municipal dischargers!. There may be occasional territory conflicts
between crabbers and fishermen.

f~l~n-Clammers do not compete for space with the commercial operators or
motorized vessels because they work shallow, harder-bottom areas that are
accessible by wading at low tide. All clamming is incompatible with major
degraders of water quality in the bays such as coastal development  rnariaas aad
private docks! and industrial and municipal dischargers.

The information gathered by Battelle provides an initial picture of the recreation-
al uses aad associated impacts in the Inland Bays. However, because there is no analysis
of the relationships between recreational uses and associated impacts, their iaformatioa
falls short of providing a basis for estimating carrying capacities for the bays for recre-
ational activities. While their report is a useful compilation of existing data on an
activity-specific basis, their attempt to estimate capacities was based on the outdated
space standards approach.

This approach assumes that various boating activities require certain amounts of
space, and that the capacity of a y'ven area for boatiag can be determined simply by
dividing the total amount of surface area available by the space standards  amouat of
space required per boat! for all relevant boating activities occurriag in the area. While
early studies of water-based systems focused on space standards as a means of deteraua-
iag capacities, more recent work suggests that this approach fails to recognize the
complexities aad numerous factors involved in determining boating capacities  See
Appendix A of this report for a more detailed discussion of carrying capacity aad related
studies!.



Current models of carrying capacity suggest that there are no absolute capacities,
but rather the carrying capacity for a given area should be viewed as a range of values
that depend on the specific management objectives for the area. The initial concern with
determining carrying capacities has gradually been replaced with an emphasis on
identifying and maintaining the conditions that are defined as acceptable or appropriate
for a given area. Current carrying-capacity frameworks recognize that any ef'fective
resource management must involve both scientiflc and judgmental components. The
scietitific component is needed to document the relationships between use patterns and
resulting impacts on resources and recreational experiences. The judgmental component
is concerned with evaluating the desirability or acceptabiTity of existing conditions.

This project examines the issue of recreational carrying capacity on the Inland
Bays of Delaware. Previous studies provide some information on the use patterns of the
Inland Bays and on the attitudes of residents surrounding the bays, but little attention
has been focused on assessing how much recreational use the bays can sustain. The
question of how many boats there should be on the Inland Bays, for example, remains
largely unanswered. This project addresses this issue through an extensive field survey
conducted during the summer of l991. This 6eld work builds upon previous studies that
have been conducted on the Inland Bays and other water-based recreation resources.

The study was designed to examine the relationships between boating densities
during peak-use periods and boaters' evaluations of the conditions resulting from these
density levels  both social and environmental!. User surveys were conducted to obtain a
description of bay users, including their characteristics, activities, perceptions and
preferences for various management alternatives. Users were asked to provide detailed
information on the locations of their recreational activities and their perceptions of use
and environmental conditions at specified locations on the bays. The study was designed
to obtain information to support the development of a water-use plan for the Mand

Bays. More specifically, the objectives of this study included the following:
Establishing the relationships between recreational uses and impacts on the
Inland Bays through a field monitoring program that included surveys of
recreational users and adjacent landowners, ground counts, and on-water
counts of boating activity. The work focused on boating-related activities
 e.g., pleasure cruising, waterskiing, jetskiing, sailboarding, fishing, crab-
bing! and emphasized determination of spatial relationships between these
activities. The focus was on social considerations such as congestion, user
conflicts, and safety. The ultimate goal of this objective was not to develop
actual capacities, but rather to develop capacity-related recommendations
relative to these activities.



2. Identifying recreational users' perceptions about specific envirorunental
quality problems  e.g., declining fisheries resources, deteriorating water
quality, presence of litter and debris! occurring in the Inland Bays system
Through Geld surveys, users' reactions to proposed management strategies
to protect and restore sensitive resources were also ascertained.

Evaluating the potential of a range of management strategies for the
Inland Bays. Two major elements of this objective included extending the
existing knowledge of the degree to which various publics accept different
strategies  via the surveys conducted for Objective 1!, and evaluating the
applicability of various strategies to the particular circumstances of Dela-
ware's Inland Bays  based on both existing data and data collected during
the study!.

4. Developing recommendations for integrating camping-capacity issues with
other relevant land-use and water-use planning methods.

Developing a Geographic Information System  GIS! data base for display
and analysis of data collected in Objective 1. This work builds upon and is
expected to be compatible with the GIS that currently exists in DNREC
relative to the Inland Bays.
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METHODS

A combination of survey procedures was used to measure boating use patterns
and user perceptions about the conditions they encountered on Delaware's Inland Bays.

User perceptions and opinions were obtained through on-site personal interviews
conducted at major access points surrounding Indian River and Rehoboth Bays on
selected days during the sununer of 1991 from July 4 to August 25. These days included
the peak weekend periods of July 4-5, August 3-4, and August 23-25. Additional
interviewing was conducted on selected mid-week days. A total of 451 on-site surveys
were completed during the data collection period.

The major access points sampled included both publicly- and privately-operated
boat ramps  Rosedale Beach, Massey's Laading, Delaware Seashore State Park! and
marinas  Delaware Seashore State Park, Pier Point, White House Beach, West Bay Park,
Bayshore, and Pot Nets; Figure 1!. Typically, one or two surveyors were stationed at
these access points from approximately 11:00 a.m. to 7:00 p.m. on peak-use weekend
days. Boaters were approached as they returned f'rom boating on the bays  those who
boated only on the ocean were not included in the sample!. One of the persons in the
boating party was randomly selected  if willing! to answer the survey questions.

The on-site survey questionnaire was patterned after similar, previous studies and
was designed to measure boaters' characteristics, activities, and perceptions  Appen-
dix F!. A special version of the survey instrument was developed for sailboarders who
were sampled at the main sailboarding beach  New Road! within Delaware Seashore
State Park  Appendix H!.

M urin B atin Activi

The overall goal of the sampling design was to represent the varying levels of
peak use and patterns of activity that occur on the bays throughout the summer. Boating
activity was measured by counting vehicles at access points  parking lot counts! and
through on-water counts of boating activity on Rehoboth and Indian River bays.

~PPk~ n . On each on-site sampling day, interviewers stationed at
access areas spent part of their time counting the number of vehicles parked at the
sampling site. At the boat ramps, counts were made of automobiles, automobiles with
trailers, and unattached trailers. At the marinas and residential community docks, the
vehicles in the parking lots were counted. These counts were repeated at approximately
two-hour intervals beginning at 12:00 noon and ending at 6:GO p.m. This information
proved useful in verifying use intensities on the on-site sampling days.
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Figure 1. Mand Bays area map and on-site sampling locations.



-W rB . On six dates during August, on-water counts of recre-
ational boating activity were conducted iu Rehoboth and Indian River bays  excluding
the adjoining tributaries!. The sampling procedure was to leave Rosedale Beach public
launch ramp  Oak Orchard! in a powerboat and proceed west up Indian River toward
the Millsboro Dam. The 6rst zone identified in the Indian River Bay system  between
channel markers 31 to 47! was cruised, and counts were made of the boats and various
types of boating activities being conducted in the zone. This procedure was repeated in
seven additional zones with counts being made throughout the Indian River Bay system
 Figure 2!.

Zones were based primarily on locations of channel markers situated along the
navigational channel in the river and bay  Figure 2!. Tbe zones varied in size with Zone
Two, between channel markers 31 to 30, being the smallest zone  about 125 water
surface acres! and Zone Eight, between the Indian River Inlet Bridge and channel
marker 20, being the largest zone  approximately 8,228 water-surface acres!. Water
surface acre estimates were provided by DNREC using the department's Geographic
Information System  GIS!.

Af'ter sampling was completed in Indian River Bay, the same procedure was
undertaken in Reboboth Bay, beginning with the southeast quadrant of the bay and
proceeding clockwise, ending at the northeast quadrant of the bay  Figure 3!. The four
zones in Rehoboth Bay were more equivalent in size than the zones in Indian River Bay,
with the northeast quadrant being the smallest  about 1,082 water-surface acres! and tbe
southwest quadrant being the largest  approximately 2,995 water-surface acres!.

~P- i . " bd ''gp*&  
water boat counts and parking lot counts! were not conducted on every on-site sarnpimg
day, a statistical correlation analysis was performed to measure the relationship between
the on-water boat and parking lot counts for those days when both counts were made.
The degree of this relationship  statistically known as Pearsou r! is a value between -1
and +1. The closer the value is to +1, the more highly and directly related are the two
variables. For example, as the number of vehicles in parking lots increase, we would
expect the number of boats on the water to increase. In fact, the total number of
vehicles observed at the Delaware Seashore State Park facility was higldy and directly
correlated  r = +.97! with the total on-water boat counts. Counts of vehicles from other
sampling sites were also strongly correlated with both the state park totals and the on-
water boat count totals.

Clear differences in boat density levels were observed among Saturdays, Sundays,
and weekdays. Saturday counts were much higher than those on corresponding Sundays.
The average density level as indicated by the number of vehicles parked at the Delaware
Seashore State Park marina aud boat ramp was 149 on sampled weekdays  designated
low-use level!, 258 on Sundays  designated moderate-use level!, and 312 on Saturdays
 designated high-use level!. Tbe parking lot estimates and on-water boat counts made
on Saturday, August 24, represented the highest use levels observed while sampling
during the 1991 boating season. Use levels on many other weekends, including the 4th
of July holiday, were curtailed by inclement weather conditions.



Figure 2. Water-use zones in Indian River Bay.
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Figure 3. Water-use quadrants in Rehoboth Bay.



The names and addresses of approximately 180 bayfront property owners were
provided by DNREC based on permit records for docks, bulkheads or piers directly oa
tbe Inland Bays or one of its tributaries. To supplement this list, the names and
addresses of an additional 420 property owners living adjacent to the bays were selected
randomly from a pool determined on the basis of parcel location from Sussex County tax
maps. Oaly those properties directly on the waters of tbe bays or on one of the tributar-
ies were chosen. If an owner of multiple properties was selected more than once, or if
he/she was already represented on the state-provided list, the owner was included only
once in the sample.

A total of 200 names and addresses were obtained for each bay system. For
example, 200 names were gathered for Rehoboth Bay including some individuals living
along Love Creek, Herring Creek, and Guinea Creek. Indian River Bay included Indian
River  to tbe dam in MiHsboro!, Pepper Creek, Vines Creek, Blackwater Creek, and
White's Creek. Little Assawoman Bay included Miller Creek, Little Bay, and Dirickson
Creek.

Questionnaires were mailed to 300 property owners �00 from each bay system!
on Saturday, August 3, to assure delivery as soon as possible following the on-site
sampling weekend of August 3-4. Included with each questionnaire was a cover letter
explaining the study and a self-addressed, business-reply envelope  Appendices G and I!.
Each questionnaire was coded to monitor responses by bay. Once tbe questionnaire was
returned and logged in, association of each questionnaire with a respondeat ended.

One week after the initial mailing, postcard reminders were seat to those property
owners who had not returned their original questionnaire  Appendix I!. Three weeks
after the initial mailing, a follow-up cover letter, replacement questionnaire  again
coded!, and business-reply envelope were mailed to those who had not yet responded.
All survey materials were mailed first class.

The same procedure was repeated for the other half of the sample following the
on-site sampling weekend of August 24-25. Again, 300 �00 for each bay! coded surveys,
cover letters, and business-reply envelopes were mailed on Saturday, August 24.
Approximately one week later, the postcard reminders were sent; three weeks after the
initial mailing, complete follow-up materials were sent.

A total of 99 questiormaires out of 600 were returned as undeliverable by the U.S.
Postal Service due to insufficient or incomplete addresses, lack of forwarding address, or
other reasons As of mid-October 1991, the deadline for receiving responses, 290
completed questionnaires were returned for a 58 percent response rate.
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Data collected through the various sampling efforts were analyzed in several ways.
Initially, frequency distributions for all questions were tabulated separately for each of
the three versions of the survey  on-site boater survey, on-site sailboarder survey, and
mail survey of residents!. These frequencies are shown on the copies of the survey
instruments included in Appendices F, G, and H. Data from the three surveys were then
merged into a single file containing all the variables included in common across the
survey efforts. This combining of data enabled more complete comparisons of different
segments of the population.

Since various segments of bay users were sampled in different ways, comparisons
were made across several population classification variables. First, respondents were
classified by user group into three categories-permanent residents, seasonal residents,
and seasonal visitors. The mail survey included mainly permanent residents, along with
some seasonal residents, while the on-site field surveys represented all three user-group
classifications.

Statistical comparisons were made to assess whether the primary user groups were
significantly different  i.e., whether differences observed for the samples can be safely
generalized to the populations they represent!. The statistical test used depended on the
type of variable considered. Categorical variables such as boat type, home residence, or
boating activities were analyzed using a chi square statistic, while continuous variables,
such as nuinber of boating days or distance from bays, were analyzed by using an analysis
of variance test. In either case, the level of significance is represented by a value
between 0 and +1. The closer the number is to .000, the greater the probability that
differences found in the sample are not due to chance and thus can be inferred to the
entire population. Following statistical norms, differences significant at the .05 level or
less are noted in the tables. Levels of significance above .05 are termed not significant
and are indicated using the notation ns.

Additional comparisons were made using the same procedures. On-site survey
respondents were further categorized by sampling location into three groups representing
distinct types of boating access facilities  boat ramp, marina, and shoreline residential
community!. Mail survey respondents residing on the three bays  Rehoboth, Indian
River, and Little Assawoman! were coinpared to see the extent to which people living
around the various bays differed in their characteristics, activities, and attitudes. Further,
individuals engaging in different bay-related activities were compared to gain a better
perspective on possible conflicts between different user groups. FinaHy, responses to the
various satisfaction measures and impact indicators were compared by boating density
levels to determine how boaters encountering different densities felt about their experi-
ences.

Each of these comparisons is presented in tables with either averages or percent-
ages provided, as well as the level of significance value. The "n" values shown in the
tables denote the number of cases included in each category. The user-group tables
include data merged from all three surveys  on-site, mail, and sailboard!, while the
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comparisons by type of facility include only on-site respondents, and the bay of residence
comparison tables include only mail-survey respondents. In certain instances, totals
within tables do not equal 100 percent due to rounding.

hi i n m I . A final method of data analysis was to
map and subsequently examine the spatial distribution of boating activity in the bays
using a Geographic Information System  GIS!. This included mapping the desirability of
sites that boaters reported as being most and least enjoyable during their boating trips,
as well as areas that they reported they avoided. Additionally, the locations where
boaters participated in selected on-water activities and their actual boating routes were
examined for evidence of clustering. The daily boating routes were coded and overlaid
with the activity sites to identify areas of potential user conflict.

Of the 422 completed on-site surveys, 318 contained usable spatial information
recorded on maps. The map data from completed surveys were manually digitized,
analyzed, and displayed using IDRISI, a grid-based, geographical analysis software
package. A survey ID number, site code, and desirability or activity code were entered
into the computer. The  X, Y! coordinates were then digitized. Additionally, the Inland
Bays  Rehoboth, Indian River, Little Assawoman! coastline, Delaware-Maryland state
Hne, major roads, streams, and sampling areas were digitized from a base map to provide
a geographic reference.

The reported boating desirability and activity sites were analyzed using measures
of dispersion and arrangement to determine if the locations exhibited clustering.
Significant clustering could suggest areas that experience crowding or overuse. Subse-
quently, these clusters were statistically analyzed to determine whether they were
significantly different from a pattern of complete spatial randomness. The overaH aim of
this analysis was to explore and identify environmental and geographic factors that might
influence the development of these patterns.
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STUDY FINDINGS

n-W t r

An initial way to characterize boating activities in the Inland Bays was through
on-water counts of boats and the uses boaters were engaged in while on the water.
These field observations were conducted to �! verify the reported activities that were
mentioned by boaters sampled at access points and by mail, �! estimate peak daily use
levels, and �! ascertain the density levels of boats in identified zones throughout the two
bays. Peak daily use levels recorded during on-water boat counts ranged from 251 to 848
boats for the two-bay system  Table 1!.

There were notable differences, overall, in the primary activities observed in the
two bays through on-water estimates  Table 2!. However, direct coInparisons between
uses in the two bays cannot be made since they are distinct water bodies with different
environmental and living-resource features. About three-quarters of ail the activities
observed in Indian River Bay were either Qshing �0%! or cruising boats �4%!, whereas
these same two activities in Rehoboth Bay constituted only 41 percent of the observed
activity  cruising, 21%; fishing, 20%!.

Sailing and sailboarding activity probably represented the most distinct activities
in the two bays. They made up 31 percent of the total boating activity in Rehoboth Bay
and only 3 percent of the activity in Indian River Bay. Jetskiing activity was also
observed more often in Rehoboth Bay  8%! than in Indian River Bay �%!.

Crabbing and clamming activity in Indian River Bay accounted for 16 percent of
the total activity observed, whereas the same two activities in Rehoboth Bay amounted
to 12 percent of the total. However, when the activities were examined alone, crabbing
was being engaged in by 10 percent of the boaters observed in Indian River Bay and only
1 percent of the boaters in Rehoboth Bay; whereas 11 percent of the boaters in Reho-
both Bay were clamming versus 6 percent of the boaters in Indian River Bay.

When the two bays were examined for intensity of boating use within the zones, it
is apparent that different parts of the bays are used to varying degrees and for different
purposes. Zone Two, in Indian River Bay, between channel markers 31 and 30  Ta-
ble 3!, had the highest use intensity by acre of water surface. The average ratio was
23 acres per boat. The least intensely used area, based on observations, was Zone Three
 between channel markers 28 and 30!. This zone revealed an average ratio of one boat
per 58 surface acres of water.

Rehoboth Bay had similar ratios within its four quadrants  Table 4! that seem to
indicate, in general, that there typically is not intensive use by boaters in this bay either.
The most intensely used area in Rehoboth Bay was the northeast quadrant, where, on
the average, one boat per 14 acres was observed. The northwest quadrant was the least
used area in Rehoboth Bay. The average acre-to-boat ratio was 125.
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Table l. On-water boat counts in Indian River and Rehoboth bays by boating activity and
samplillg date.

SATURDAY, AUGUST 3
Jct-

sttiets
Watcr-
stticts

Total&ritntncrs

Indian
River

1252117 10

10121633 51

12 1843 52

{100%!�%!�%! �%!�8%!�7%! �%! �%!�%!

AUGUST 4SUNDAY,

57116119

1821412671342

3157161TOTAL

�00%!�%!�%!�%!�1%!�1%! �%!�%! �6%!

SATURDAY, AUGUST 17

In disa
River

14 31D121 114

10 212

149 27

�%! �00%!�%! �%! �%!�%! �%!�%! �8%! �%!�6%!

FRIDAY, AUGUST 23

Iadian
River

1310

10Rchoboth

2767 12 161321

�%! �%! �%!�0%!�2%!  8%! �5%!  IDD%!�%!�%!

SATURDAY, AUGUST 24

Indian
River

13167 510199

5749

1737216

SUNDAY, AUGUST 25

Rchoboth

TOTAL

�5%! �3%! �2%! �%! �0%! �%! �%! �%! �%! �%! �00%!



Some additional observations

shouM be made regarding the lack of
boating intensity within the identifled use
zones. For instance, Zone Eight in Indian
River Bay  between the Indian River Inlet
bridge and channel marker 20! is the
most heavily used zone when number of
boats are counted. On the average, about
186 vessels were observed in this zone on

each sampling day. Although the use
intensity ratio in this zone is low �4-
acres/boat!, this area is considered a
"hot spot" since most of the activity takes
place within a very tight area in or near
the navigational channel, between channel
marker 20 and the Indian River Inlet

Bridge. Shallow-water areas surrounding
the channel force many boaters to com-
pete for this deeper water. Eighty-eight
percent of the total activity within the
zone was observed as drifting or anchored
fishing boats �1%! and cruising boats
�7%!.

Table 2. Percent of boating activity by
bays as observed by on-water counts
during August 1991.

Indian River Rehoboth

Bay Bay
 n = 1882!  n = 1171!

Cruising

Crabbing

Clamming

Beaching

21

10

SaUing

Jetskiing

18

Waterskiing

Sailboarding

S win@ning

13

' Cruising, also referred to as powerboating,
includes aU powerboats  exduding jet-skiers
and water-skiers! that were moving at the
time of the count, Some of these boats may
have been enroute to pursue another station-
ary boating activity.

Each of the four quadrants in Rehoboth Bay displayed relatively low-use intensity
levels; however, each zone had three or more different activities occurring within them at
levels where monitoring may be necessary to prevent future user conflicts. For a
complete listing of daily use intensities and activities observed through on-water boat
counts for both bays  Appendices B and C!.

21

A few zones in Indian River Bay
could be considered areas of multiple use,
where different activities occur at levels

that could create problems. Zone Seven
in Indian River Bay  between channel
markers 20 and 22! exhibits low use inten-

sity overall �2 ares fboat!. However, the uses that occur are diverse--cruising �7%!,
flshing �7%!, beaching �6%!, and clamming �3%!. Conflicts between these users
could occur in this zone if use intensities increased and potential problems were not
closely monitored. Zone Six  between channel markers 22 and 24! and Zone Two
 between channel markers 30 and 31! are two other zones in Indian River Bay where
three or more different activities were observed at levels where future monitoring may
be necessary.



Use intensity and activity counts by zone within Indian River Bay.
 See Figure 2 on page 14 for a map depicting zones in Indian River Bay.!

Table 3.

INDIAN RIVER BAY

Primary Actjvities
 % of Total!

Water

Acreage

539 21

Cruising �5%!, Crabbing �6%!, Waterski-
ing �2%!, Jetskiing �%!, Fishing �%!

53

4719

37

321,095

Zone 1-between

Channel Markers
3147

Zone 2 � between
Channel Markers
30-31

Zone 3--between
Channel Markers
2S-30

Zone 4-between
Channel Markers
26-28

Zone 5--between

Channel Markers
2426

Zone 6-between

Channel Markers
22-24

Zone 7-between
Channel Markers
20-22

Zone S--between
Indian River Inlet
Bridge and Channel
Marker 20

Average
No. of

Watercraft
Observed

Use

Intensity
Acres j

Boat

Crabbing �8%!, Cruising �0%!, Waterski-
ing �%!, Fishing �%!, Jetskiing �%!,
Swimming �%!, Sailing �%!

Cruising �7%!, Crabbing �0%!, Sail-
ing �%!, Jctskiing �%!, Waterskiing �%!,
Fishing �%!

Cruising �1%!, Crabbing �1%!, Beach-
ing �%!, Jetskiing �%!, Waterskiing �%!,
Sailing �%!, Fishing �%!, Svmamug �%!

Cruising �5%!, Crabbing �3%!, Fish-
ing �%!, Jetskiing �%!, Beaching �%!,
Waterskiing  '3%!, SaiTing �%!, Clamming
�%!, Swimming �%!

Cruising �5%!, Clamming �4%!, Crabbing
�1%!, Fishing �1%!, Sailboarding �%!,
Sailing �%!, Jetskiing �%!, Beaching
�%!, Waterskiing �%!

Cruising �7%!, Fishing �7%!, Beach-
ing �6%!, Clamming �3%!, Crabbing
�%!, Sailing �%!, Jetskiing �%!

Fishing �1%!, Cruising �7%!, Clam-
ming �%!, Beaching �%!, Sailing �%!,
Sailboarding �%!, Crabbing �%!, Jetskiing
�%!, Waterskiing   < 1%!



Table 4. Use intensity and activity counts by quadrant within Rehoboth Bay.
 See Figure 3 on page 15 for a map depicting quadrants in Rehoboth Bay.!

Data on bay-user characteristics, activities, aad perceptions were gathered through
three integrated survey efforts: mail survey  N = 290, 39% of respondents!, on-site
survey  N = 422, 57%!, and sailboard survey  N = 29, 4%!. Respondents were asked to
identify themselves as permanent residents  i.e., those residing in the Inlaad Bays area
oa a year-round basis!; seasonal residents  i.e., persons who lived in the area oa a
seasonal basis whose pruaary residence was not ia the Inland Bays area!; aad seasonal
visitors  i.e., persons visiting the area on a short-term basis-tourists!. Of the mail
surveys, the vast majority of respondents �9.6%! were permanent residents, with a
smaller percentage �0.4%! being seasonal residents  Table 5!. The majority of the on-
site respoadents  SS.8%%uo! were seasonal residents, while permanent residents and
seasonal visitors accounted for smaller proportions, 21.2 percent aad 23.0 percent,
respectively. The sailboard survey was somewhat different frotn the other surveys in that
it was focused on a particular group who did their boating ia a particular area of the
Inland Bays. Of those responding to the sailboarder survey, a majority �3.9%! were
seasonal visitors, 21.7 percent were seasonal residents, and 4.4 percent were permaaeat
residents.



Table 5. Sununary of responses by user group.

Mail Survey On-Site Survey
 n = 290!  n = 422!

Sailboard Survey
 n =29!

Combined

 n = 741!

Perntanent Resident

Seasonal Resident

Seasonal Visitor

Totals

4,4%212%45.0% 79.6%

20,4% 21,7%558%39.9%

100.0%100.0%100.0%

P fil f Inl nd Ba

This section summarizes the results of both the on-site aad mail surveys of bay
users. Tables 6 through 8 provide a descriptive profile of survey respondents by user
group, type of facility used, and bay where the respondents' live. As previous studies
have showa, users of the Inland Bays indude a cross section of Delawareans and visitors
from other states. Seasonal residents and visitors were most likely to have their perma-
nent hotnes in Pennsylvania, followed by Delaware and Maryland  Figures 4-6!. Boat-
ramp users reported traveliag tbe shortest distances to the bays. Individuals with
property on Indian River Bay tended to live much closer to the water than those Hving
on either Reboboth or Little Assawoman Bays.

Since the on-site 6eld survey aad mail survey were conducted during the summer
of 1991  aad boating activity for the year was still ongoing! respondents were requested
to provide estimates for total boating activity and Mand Bays boating activity for tbe
previous year � 1990. Inland Bays boaters tend to be relatively active and concentrate
most of their boating activity on the bays. Permanent residents reported the highest
level of boating participation ia 1990 �7 days, 41 of which were on the Inland Bays!,
while seasonal visitors reported the lowest frequency of boating on the bays �8 days!
aad seasoaal residents tended to report levels of boating participation in between the
permanent residents aad the visitors.

24

Permanent residents also tended to have tbe most boating experience �3 years!
aad rated their boating skills highest, while seasonal visitors were lowest on these
measures. Relative to facility type, boaters sampled at marinas tended to be the least
active in 1990 �6 days! and experienced, while those sampled in shoreline communities
were most active �0 days!, particularly with respect to their frequency of boating on the
Inland Bays �4 days!. Boat-ramp users reported that more than one-half of their
boating participation during 1990 �8 of 30 total trips! was on the Inland Bays. This is
consistent with the previous comparison of user groups because most of the respondents
interviewed in shoreline communities were permanent or seasonal residents, while those
using boat ramps aad marinas were more likely to be shorter-term visitors.



Table 6.

USER GROUP

Seasonal
Visitors
 n = 105!

Seasonal
Residents
 n = 277!

Pcrrnanent
Residents
 n = 312!

Average Miles from Principal Home Residence to Inland Bays
Average 1990 Total Boating Participation  days!
Average 1990 Boating Participation on inland Bays  days!
Average Years Boating Experience
Average Perceived Boating Skill Level �-4!
1 = novice; 2 = intermediate; 3 = advanced; 4 = expert

Type of Boat Owned  %!
Powerboat

Pontoon Boat

Sailboat

Rowboat

Jetski

Sailboard

Other

Average Boat Length  feet!
Average Engine Horsepower
Type of Boating Group  %!

Family

Family and Friends
Friends

Alone

Average Group Size

Boating Activities  % of time spent on activity!
Fishing
Powerboating
Crabbing

Sunbathing/Sightseeing
Clamming
Sailing

Waterskiing

Swimining
Sailboar ding
Other

Total'

137

38

33

19 2.6

?38

32

18

15

2.4

33

47

41

23 2.8

7120 2 2 2 2 2
20

126

70 4 2 2 5
16

<1

17

98

58

25

6 6 0
<1

4

19

88

54

29

12 5
3.2

55

19

16

10 2.7

60

21

16 3 3.1
47

8

11

3

6 2 1
16

100

41

20

16

8 3 1
3 1
2

100

29

24

13

13 6 6 4 2 1
3

101

'Totals may exceed 100% due to rounding.

Descriptive profile of Delaware Inland Bays boaters, boats, and charac-
teristics of sampled trips by user group.



FACILITYTYPE OF

Shoreline
Marina Boat Ramp Community

 n = 69!  n = 199!  n = 154!

Average Miles from Principal Horne Residence to Inland Bays
Average 1990 Total Boating Participation  days!
Average 1990 Boating Participation on Inland Bays  days!
Average Years Boating Experience
Average Perceived Boating Sloll Level
� = novice, 2 = intermediate, 3 = advanced, 4 = expert!
Type of Boat Owned  %!

Powerboat

Pontoon Boat

Sailboat

Row Boat

Jetslti

Other

Average Boat Length  feet!
Average Engine Horsepower
Type of Boating Group  %!

Family
Friends

Family and Friends
Alone

Average Group Size
BOating AtXivities  % Of time spent on aCtivity!

Fishing
Powerboating

Crabbing

Sunbathing/Sightseeing
Clamming

Sailing

Watershing

SVADlmmg

Other

Total'

139

23

16

15

98

30

18

19 2.8

65

31

2 1 1 1
23

142

83 1 1
4 4 7

17

87

70

20

5

�

3 2
20

141

60

15

6

30

59

ll

23 6 3.1
33

25

35 7 2.7
42

25

14

1

3 5 4 2 4
100

47

13

17 5
11 1

3 1
4

102

52

10

17

10 2 1
3 1

101

*Totals may exceed 100% due to rounding.

Table 7. Descriptive profile of Delaware Inland Bays boaters, boats, and charac-
teristics of sampled trips by type of facility.



Table 8.

RES 1 DENCEBAY OF

indian Little
Rehoboth River Assawoman
 n = 98!  n = 83!  n = 98!

13

31

26 2.8
Average Miles from Principal Home Residence to Inland Bays
Average 1990 Total Boating Participation  days!
Average 1990 Boating Participation on Inland Bays  days!
Average Years Boating Expericncc
Average Perceived Boating SkiH level
 I = novice, 2 = intermediate, 3 = advanced, 4 = expert!
Type of Boat Owned  %!

Powerboat

Pontoon Boat

Sailboat

Rowboat

Jct Slri

Other

Average Boat Length  feet!
Average Engine Horsepower

Type of Boating Group  %!
Family
Friends

Family and Friends
Alone

Average Group Size
Boating Activities  % of time spent on activity!

Fishing

Power boating

Crabbing
Sunbathing/Sightseeing

Clamming
Sailing
Waterskiing
Swimming
Other

Total'

40

39

36

22 2.7

35

27

21

20 2.7

62

21

7 7
 I 1
18

87

52

34 5
 I

5

18

80

47

27

12 7
<I

7

20

101

54

12

28 6 2,8
7

27

10 3.0

51

16

21

10 2.2

34

25

6

12 6 6 2 3
100

28

22 8
15

4

12 5 3
102

ll

47

16

16

I

3 2 I
3

100

Totals may exceed 100% due to rounding.
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Descriptive profile of Delaware Inland Bays boaters, boats, and charac-
teristics of sampled trips by bay of residence.



Figure 4. Inland Bays boaters' state of principal home residence by user group.



Figure 5. Inland Bays boaters' state of principal home residence by type of facility.



Figure 6. Inland Bays boaters' state of principal home residence by bay of residence.



The comparison of respondents living on the different bays  Table 8! tended to
reveal fewer differences than either the comparison of user groups or facility types. One
noteworthy difference by bay of residence involved the frequency of boating on the bays.
Residents living on Little Assawoman Bay reported the highest level of boating on the
bays for 1990 �6 days! while those living on Rehoboth Bay reported the lowest partici-
pation �4 days!.

Profile f I Ba B

Boats of all sizes and types are used on the Inland Bays  Tables 6-8!. Seasonal
visitors �0%! and boaters sampled at boat ramps  83%! were most heavily dominated
by powerboats, although powerboats represented the majority boat type even among
permanent bay area residents �8%!. Pontoon boats were used by a significant minority
of permanent �5%! and seasonal �0%! residents and were well represented at both
marinas �0%! and shoreline conununities �1%!. In comparing the three bay systems,
pontoon boats were somewhat more common on Little Assawoman Bay, while those
individuals living on Rehoboth Bay showed the widest variation in types of boats used
and the highest percentage using sailboats and "other" boat types  e.g., canoes and
kayaks!.

Seasonal residents �0' average! and those sainpled in shoreline communities �3'
average! tended to have the largest boats and the highest horsepower engines �26 hp
and 142 hp, respectively!. In contrast, seasonal visitors �7' average! and boat-ramp
users �7' average! had the smallest boats. Residents living on Rehoboth Bay reported a
significantly greater average boat length �0'! than those living on the other two bays
�8' average for each bay!.

B tiii -Grpu CharaCteri tieS an A ivi i

The majority of all user groups examined reported that their boating party was
made up of family members, confirming that boating on Delaware's Inland Bays is
largely a family activity. Seasonal residents �2 people! reported the largest boating
groups and were also most likely to report a boating group comprised of family and
friends. Marina-based boaters showed a more even distribution of boating group types
 excluding boating alone! than did the boat ramp or shoreline community boaters.
There was no significant difference in type of boating group for residents of the different
bays, although Rehoboth Bay residents tended to boat in the sinallest groups �.2
people! while those living on Indian River Bay reported the largest groups � 0 people!

Fishing was the most popular boating activity overaH, followed by powerboating,
crabbing�and sunbathing/sightseeing. Permanent residents were more likely to divide
their boating time between different activities, while seasonal visitors reported the
highest proportion of time devoted to fishing �7%!. Powerboating was significantly
more popular among both permanent �4%! and seasonal �0%! residents than with
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visitors, while crabbing represented a consistent ll to 16 percent of the activity of all
three user groups. Sailors were a small minority but were significantly better represented
among permanent residents �%! than among seasonal residents �%! and visitors �%!.

Marina users spent more time powerboating �5%! and sailing �%!, but less tnne
clamming �%!, than users of the other facility types  Table 7!. Residents of shoreline
communities devoted more time than other facility users to sunbathing and sightseeing
�0%!. Fishing remained the dominant activity, however, among users of ail three types
of facilities �2%-marina; 47%%uo-boat ramp; 52%-shoreline community!.

Individuals living on the different bay systems showed quite distinct boating
activity patterns  Table 6!. Those living on Little Assawoman Bay reported the highest
percentage of activity for powerboating �7%! and crabbing �6%! and the lowest effort
devoted to fishing �1%! and clamming �%!. While the level of powerboating among
Little Assawoman respondents may be high considering the size and depth of this bay,
survey respondents indicated that much of this powerboating activity is taking place in
Maryland waters by boaters traveling outside of Little Assawoman Bay. Additionally, the
Little Assawoman Canal, linking this bay to Indian River and Rehoboth bays, is currently
not navigable.

Perce i f B atin 1' n Im

Survey respondents were asked a series of questions about the quality of their
boating experience and the various types of impacts that might interfere with a satisfacto-
ry boating experience. These questions were based on previous boating capacity and
related studies. As in the previous studies, some of these items have been combined into
indices measuring the major types of impacts to the quality of the boating experience
 Table 9!. These indices provide measures that are more sensitive and retable than the
individual questionnaire items themselves.

Inland Bay boaters tended to report relatively high levels of satisfaction with their
sampled boating trips. When asked to rate their trips on a scale of 1 to 10, with 10
being the perfect boat trip, the average response of the various user groups ranged from
7.2 for seasonal visitors to 8.0 for permanent residents  Table 9!. Similarly, responses to
five items composing an overaH satisfaction index showed that most boaters enjoyed their
trip and felt it was worth the money they spent on it. In sum, boaters were generally
satisfied, although for many the sampled boat trip did not measure up to their ideal or
best-ever boating outing. There were few significant differences in responses to satisfac-
tion indicators among the various segments of the overall sample. Those using different
facilities  Table 10! or residing on different bay systems  Table 11! all reported the same
high levels of satisfaction.

Perceptions of crowded conditions were assessed through two 9-point scales that
were combined into a crowding index. Responses to these items showed that boaters
tended to feel the bays were moderately crowded, but the number of boats on the bays
had no effect on most people's enjoyment levels. As in the case of the satisfaction
tneasures, the differences in perceptions of crowding between various user segments
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Values for selected impact indices and their cotnponent items by user
group.

Table 9.

USER GROUP

Permanent Seasonal Seasonal Wvel
Rcsidcnt Resident Visitor of
 n 312!  n u 277!  n e 105! Significance'

Overall Trip Rating' 7.28,0

Crowding Index
Perceived Crowding
Influence of Others

4.9
4.8
5.0

4.8
4.9
5.0

4,9
45
5.4

Conflict Index
Bothered by Noise of Other Boats
Observed Inappropriate Behavior

2.2
11%
19%

2,5
21%
31%

2.2
12%
14%

Variable scored an 1&point scale, with 10 being the pcrfcct mp; value shorrn is mean based on reqxmsm.
Variable scored on 5-point scale, with 1 ~ nrongly disagree and 5 ~ strongly agree. fades ames am thc mean of the items
listed, Values fcrr items listed under each indcr are the percent who agreed or strongly agreed with each statement.
item scoring rcvcrsed for computation af index due to negative statement cording.
Croudhrg index is the mean of penxived croudrng  scored on a 9-point scale, wuh 1 ~ not at all erowdcd and 9 i extremely
crowded! and influence of others  sosred on a 9-point scale anth 1 increased my enjoyment, 5 ~ no effect on my enjoymcnt,
and 9 ~ reduced my euloyment!.
Dichotomous variable; values shovm are percent who said yes, they observed an unsafe boaring situation.

The level af sign Trcance mprescnts thc prababihry that the differences shorm are duc to chanCc; rtr indicates there is no
significant difference between user groups at the .tts level of probability.
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Satisfaction Index
Thorottghly Enjoyed Trip
Trip Not as Enjoyable as Expected
Cannot Imagine a Better Trip
Trip Worth the, Money Spent
Disappointed in Some Aspects of Trip

Displacement Index
Avoided Favorite Parts of Bay
Stayed Off Bays Part of Day
Gave Up Activity Duc to Crowding
Gave Up Activity Duc to Water Quality

Safety lndcx
Other Boats Came Too Close
Consider Law Enforccmcnl Adcquatc
Nearly Had an Accident
Considered Conditions on thc Bay Safe
Observed an Unsafe Boating Situation

3.5
85%
17%
30%
84%
27%

2,3
22%
25%
12%
15%

3.0
40%
42%
5%

74%
46%

35
90%
20%
24%
90%
30%

2.1
12%
14%
7%
8%

3,3
31%
64%
2%

89%
28%

35
89%
21%
17%
92%
30%

2.1
11%
13%
8%
1%

33
30%
52%
3%

92%
21%

,000
.009
.016

.001



Table 10. ValueS fOr Selected itnpact indiCeS ltd their COmpOnent itemg by type
of facility.

TYPE 0 F FACILITY

Shoreline Level
Marina Boat Ramp Community of
 n = 69!  n = 199!  n = 154! Significance'

Overall Trip Ratingl 7.77.7

Crowding Index
Perceived Crowding
Influence of Others

5.0
5.0
5,1

4.9
4,9
5.0

4.8
4.8
4,8

rts

Conflict Index
Bothered by Noise of Other Boats
Observed Inappropriate Behavior

2,2
10%
12%

2.1
5%

20%

2.3
12%
28%

Variable scored on 10-point scale, with 10 being the perfect tttp; value shown is mean based on responses.
Variable scored an ~int scale, with 1 = strongly disagree and 5 = strongly agree. Index smres are the incan af the items
listed. Values for items listed under each index are the pcrccnt who agreed or strongty agreed with each statement.
Item scoring reversed for computatian of index due to negative statement wording.
Crowding index is thc mean of perceived crowding  scored on a 9-point scale, with 1 = not at all crowded and 9 = cxttcmcly
crowded! and influence of others  scored on a 9-point scale with 1 = increased my enjoyment, 5 = no effect on my
enjayment, and 9 = reduced my enjoymcnt!.
Dichotomous variable; values shown arc pcrccnt who said yes, they observed an unsafe boating situation.

Thc level of significance rcpmsents the pmbability that thc differences shown arc duc to chance; rts indicates thcrc is no
significant difference bctwecn facility types at thc .tt5 icvel of probability.

Satisfaction Index
Thoroughly Enjoyed Trip
Trip Not as Enjoyable as Expected
Cannot Imagine a Better Trip
Trip Worth the Money Spent
Disappointed in Sotne Aspects of Trip

Displacement Index
Avoided Favorite Parts of Bay
Stayed Off Bays Part of Day
Gave Up Activity Due to Crowding
Gave Up Activity Due to Water Quahty

Safety Index
Other Boats Carne Too Close
Consider Law Enforcetnent Adequate
Nearly Had an Accident
Considered Conditions on the Bay Safe
Observed an Unsafe Boating Situation

3.6
95%
14%
22%
88%
23%

2.1
15%
9%
10%
3%

33
36%
66%
3%

98%
29%

35
90%
23%
23%
93%
24%

2.2
14%
13%
7%
7%

33
31%
68%
2%

91%
22%

35
91%
20%
18%
91%
37%

2.0
10%
15%
4%
4%

33
32%
62%

1%
82%
32%

.002
.017

.001

.026



Table 11. Values for selected impact indices and their component items by bay of
residence.

RESIDENCEBAY OF

Indian
River

 n = 83!

Little Level

Assawo man of
 a = 98! Significancx

Rehoboth

 n = 98!

Overall Trip Rating 7.773 8,1

Cr~ Index
Perceived Crowding
Influeuce of Others

S.O
4.7
5.4

4.9
43
55

5,1
4.7
5.4

Coaflict Index
Bothered by Noise of Other Boats
Observed Inappropriate Behavior

2.7
25%
39%

2.6
25%
39%

2.6
27%
34%

Variable scored on 10-point scale, with lo being the pcrfcct trip, value shown is mean based tm rcsponscs.
Variable scored on 5-pomt scale, with 1 = strongly disagrcc and 5 = stxongly agrcc. lndcx scores are thc mean of thc items
listed. Values for items listed under each index are thc pcrccnt who agrccd or strongly agreed with each statement.
Item scoxing rcvcrscd for computation of index due to negative statement wording.
Crowding index is thc mean of perceived crowding  scored on a 9-point scale, with 1 = not at all crowded and 9 = cxtrernely
crowded! and influence of others  scored on a 9-point scale with l = mcreascd my enjoyment, 5 = no effect on my
enjoyment, and 9 = reduced my enjoyment!.
Dichotomous variabie; values shown ate percent who said yes, they observed an unsaf» boating situation.

Thc lcvcl of significance rcpxesents thc probability that the dincrences shown arc duc to chance; rtS indicates thcxc is no
SignifiCant diffexenCe between bays of rcsidcnce at the .05 level of probability.
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Satisfaction Index
Thoroughly Enjoyed Trip
Trip Not as Enjoyable as Expected
Cannot Imagine a Better Trip
Trip Worth the Money Spent
Disappointed in Some Aspects of Trip

Displacement Index
Avoided Favorite Parts of Bay
Stayed Off Bays Part of Day
Gave Up Activity Due to Crowding
Gave Up Activity Due to Water Quality

Safety Index
Other Boats Carne Too Close
Coasider Law Enforcemeat Adequate
Nearly Had an Accident
Considered Conditions on the Bay Safe
Observed an Unsafe Boating Situation

3D
81%
18%
30%
83%
30%

23
21%
24%
17%
25%

3.0
47%
38%
5%

69%
55%

33
78%
22%
29%
75%
27%

2,5
30%
29%
20%
16%

2.9
49%
37%
6%

71%
44%

3,8
88%
15%
40%
83%
26%

22
24%
2S%
7%
15%

3.0
32%
22%
5%

74%
53%

rts
rtS
rtS
ltS



generally were not significant. These findings are consistent with many other studies that
have shown that crowding perceptions are highly subjective and are influenced by
people's expectations and preferences, as well as the conditions they encounter.

Displacement refers to various behavioral adjustments boaters might make in
response to unacceptably high density levels. In this study, boaters were asked if they
avoided certain places, stayed off the bays at certain times, or gave up any planned
activities in response to crowded conditions. The majority of each major user group
 Table 9! indicated they had not experienced these types of displacement, although they
were more likely to have avoided certain places �1-22%! or times �3-2S%! than to
have foregone any planned activities �-12%!. The permanent residents reported higher
levels of displacement for all indicators, perhaps reflecting greater flexibility in their
boating activity resulting from their more convenient access to the bays. Among those
sampled at different types of facilities, however, the opposite pattern was found. Boaters
in shoreline communities tended to report slightly lower levels of displacement  Ta-
ble 10!. Concerning the different bays of residence  Table 11!, those living on Little
Assawoman Bay reported giving up boating activities due to crowding less frequently
�%! than those living on Rehoboth �7%! and Indian River bays �0%!.

Additional insight into displacement on the Inland Bays is provided in responses
to some questions asked only of bay area residents in the mail survey. When asked
which times they typically use their boats on the bays, 80 percent said weekdays,
61 percent weekends, and 35 percent holidays.  Respondents could check more than one
response.! It appears that many of those boaters who live adjacent to the bays routinely
adjust their participation towards weekdays to avoid weekend and, especially, holiday
crowding.

When asked how their use of the bays might change if they were less crowded,
only 19% of the adjacent landowners said that they would boat at different times than
they usually do, and even fewer �3%! reported that they wouM participate more
frequently in certain boating activities. Fifty-nine percent indicated, however, that they
would spend less time boating on the Inland Bays if they became more crowded.
Relatively few reported that they would change the times �7%! or activities they
pursued �2%! if crowding increased.

Several questions probed boaters' perceptions of safety on the Inland Bays. Most
respondents �4-92%! agreed that conditions on the bays the day they boated were safe,
and less than a majority of each group said that they had observed any unsafe boating
situations �1-46%!. Even fewer boaters �-5%! acknowledged that they nearly had an
accident, while most felt there were adequate law enforcement patrols on the bays.
Respondents were more evenly split relative to an item asking whether other boats had
come too close to them. The pattern of responses to the safety items, along with the
index created from these items, showed that permanent residents were more concerned
with safety on the bays than were the other user groups  Table 9!. Again, there were no
significant differences in perceptions of safety based on type of facility used  Table 10!
or bay of residence  Table 11!.



Finally, two items focusing on boating noise and inappropriate boater behavior
were included to assess possible conflicts between different types of boaters. As was the
case for many of the other impact indicators, permanent residents living year-round in
the area were more sensitive to these indicators than either seasonal residents or visitors
 Table 9!. They view the bays in a different way than the other users and are probably
more aware of its condition and the effects of users. For example, 21 percent of
permanent residents were bothered by noise of other boats compared to 11 percent of
seasonal residents and 12 percent of seasonal visitors. Similarly, more permanent
residents �1%! observed inappropriate behavior than did seasonal residents �9%! and
seasonal visitors �4%!. Once again, there was little difference between users of
different facilities or residents of different bay systems with respect to these conQict
indicators.

Study respondents' reactions to the various boating quality indicators were also
examined by the primary activity they were engaged in  Table 12! For this comparison,
respondents were included in an activity group if they indicated that they had participat-
ed in that activity more than any other during the sampled trip. Thus, individuals were
assigned to only one group even if they participated in more than one activity. Those
participating equally in more than one activity were omitted from this comparison.

Fishermen, sailors, and sailboarders tended to report the lowest satisfaction
scores, while water-skiers were most satisfied. Similarly, anglers and sailors tended to
perceive conditions as slightly more crowded. Sailboarders gave the lowest ratings for
safety, reflecting a greater concern, particularly for other boats coming too close to them.
With respect to mdicators of boater conflicts, sailors again stood out as the group most
bothered by the noise of other boats and inappropriate boater behavior.

Effect f B a De si n Boatin ali . Establishing the relationships
between the number of boats on the bays and the various measures of the quality of the
boating experience is a critical element in the evaluation and management of current
conditions. Consequently, boaters' responses to the various impact indices and compo-
nent items were analyzed by boat density level  Table 13!. The three density levels
compared in the table represent average conditions observed on weekdays  low use!,
Sundays  medium use!, and Saturdays  high use!.  See the discussion on peak-use
estimates in the Methods section.! This analysis provides a comparison of how boaters
encountering different boat density levels on the bays felt about their experiences. Not
surprisingly, the crowding, displacement, and conflict indices varied significantly by
density leveL

The crowding scale  comprised of perceived crowding and the influence of others
on enjoyment! varied to a greater extent by density level than any other impact index.
The data reflect a consistent pattern in which crowding was felt to be greater on heavier
use days  i.e., Saturdays!. This same pattern held true for several other impact indices,
although the differences were not as pronounced. For example, visitors on peak-use days
reported slightly higher degrees of conflict, greater intentions to alter their boating
activity and perceptions of less-safe conditions.
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Table 12. Values for selected impact indices and component items by pritnary activity
gI'OUP.

ACTIVITY GROUP

Fishing

 n=77!  n=52!  n=32!  n =22! n = 242!  n = 141!  ne 17!  n ~ 30!

75 Ll 6.78.175 7.77.1

32 3. / 3,63.73.4 3.7 3.6

91%87%

14% 12% 27%27% 12% 15% .019

.01532%17%%uo

33% 24% 47%16%21%

52 4,1 3.65.4 4.7 4.44.4 5.2

4.7 3.9 3.64.13.94.455

5.7 42 4,6 .0184,75.0 55

2.6 2.12.2 22

16% 23% 18% 0%13%17%

25% 12%16% 17%

1 l%%uo 24% 6%14%%uo6% 10%

4% 11% 19%16%3% 14% 14%

OVERALL TRIP
RATING' ...,,.

SATISFACIION
INDEX'

Thoroughly En-
joyed Trip ...,,

Trip Not as Enjoy-
ablr. as
Expected'

Cannot Imagine a
Better Trip

Trip Worth thc
Money Spent ...

Disappointed in
Some Aspects of
Trip

CROWDING
INDEX'

Pcrccivcd Crowd-
trtg...,,,......

Inliuence of Oth-
ers...,...,...,

DISPLACEhIENT
INDEX'

Avoided Favoritc
Parts of Bay,....

Stayed Off Bays
Part of Day .....

Gave Up Activity
Duc to
Crowding,,......

Gave Up Activity
Due to
Water Quality

Powcr-
boating

Crabbing ., Clamming SailingSunbathing/
Sigtt tsecing

Watcr-
staing

Sail-
boarding

Level
of

Signijftcancc'



Table 12  ContinIIed!.

ACTIVITY GROUP

Level
of

Significance '

Sunbathing/Crabbing S.. Clamming SailingSightseeing
Saih

boarding
Water-
skiing

Power-
bostingFishing

 n i 77!  n i 52!  n = 32!  n 22!  n ~ 17!  n = 30! n = 242!  n =141!

3.2 27 33 33

25% 46% 29% 7%

3.2 3.4 3.03.2

Other Boats Came
Too Close

42%

Consider Law
Enforcement
Adequate.....

63% 48%

Nearly Had an
Accident'.....

3% 10% 6% 7%1%

Considered Condi-
tions on thc Bay
Safe...........

80% 76% 94% 100%87%

Observed an Un-
safe Busting Situa-
tion

,01841%

CONFUCI IN- 3.0 23 1.92.32.32.4

Bothered by Noise
of Other Boats...

10% 38% 12% 17%14% 13%

Observed Inappro-
priate Behavior

19% 41% 24% 0%31%

'IIt» level of significance represents the probability that thc diffcrcnccs shown arc duc to chance, nS indicates there is no signiScant
difference between activiry groups at thc .05 ieve  o  probability.
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Variablc scored on 10-point scale, with 10 being the perfect trip; val~e shown is mean based on responses.
Variable scored on 5-point scale, with 1 = strongly disagree and 5 = strongly agree. Index scores are the mean of thc items listed. Values
 or items listed under each index are thc pcrccnt who agreed or strongly agreed with each statement.
Item scoring reversed for computation of index due to negative statemeni wording,
Crowding index is the mean of perceived crowding  scored on a 9-point scale, with 1 ~ not at aU ~ and 9 = extrcmcly crowded! and
influence of others  scored on a 9-point scale with 1 increasctt my enjoymcnt, 5 = no effect on my rnjoyment, and 9 = reduced my
enjoyment!.
Dichotomous variable; values shovm are pcrccnt who said yes, they observed an unsafe bcutiung situation.



Table 13. Values for selected impact indices altd component items by density
levels.

DENSITY LEVEL

High Level
Use of

 n = 261! SigntTtcance'

Medium
Use

 n = 207!

Low
Use

 n = 176!

Overall Trip Rating 7,6 7.67.1

Crowding Index
Perceived Crowding
Influence of Others

55
5,6
5.4

.00

.00

.05

4.9
4,8
5,1

4.3
3.8
4,8

.04

.03

Conflict Index
Bothered by Noise of Other Boats
Observed Inappropriate Behavior

2.2

10%
21%

2.4

26%

.02

.03
2.2

17%

Variable scored on 10.point scale, with 10 being the perfect trip; vaiue shown is mean based on responses.
Variable scored on 5-point seal», with 1 = strongly disagree and 5 = strongly agree. Index scores are th» mean of the items
listed, Values for items listed under each index are the percent who agteed or strongly agreed wtth each statcmcnt.
Item scoring reversed for computation of index duc to negative statement wording.
Crowding index is thc mean of perceived crowding  scored on a 9-point scale, with 1 ~ not at all cmwdcd and 9 = extremely
crowded! and influcncc of others  stored on a 9-point scale with 1 = incrcascd my cnjoymcnt, 5 = no effect on my cnjoymcnt,
and 9 = reduced my enjoyment!.
Dichotomous variable; values shown are percent who said ycs, they obscrvcd an unsafe boating situation.

Thc level of significance represents thc probability that the diffcrcnccs shown arc duc to chance; ytS indicates there is no
signtficant difference between density levels at the .05 level of probability.

Satisfaction Index
Thoroughly Enjoyed Trip
Trip Not as Enjoyable as Expected
Cannot Imagine a Better Trip
Trip Worth the Money Spent
Disappointed in Some Aspects of Trip

Displacement Index
Avoided Favorite Parts of Bays
Stayed Off Bays Part of Day
Gave Up Activity Due to Crowding
Gave Up Activity Due to Water Quality

Safety Index
Other Boats Came Too Close
Consider Law Enforcement Adequate
Nearly Had an Accident
Considered Conditions on the Bay Safe
Observed an Unsafe Boating Situation

3.5
88%
21%
29%
86%
32%

2.2
13%
13%
8%
7%

3.3

29%
47%

2%
88%
24%

3.5
89%
20%
17%
92%
26%

2.1

12%
9%
7%

3,3
37%

68%
6%

89%
31%

35
88%
20%
25%
89%
29%

22
15%
20%
9%
8%

3.2

37%
59%

2%

81%
37%

.05

.00

.Ol
,04



To further explore the determinants of quality in the boating experience, a
correlation aaalysis was performed to measure the strength of the relationships bebveea
study variables  Table 14!. The degree of cotTelation between two variables is a value
between -1 aad +1. The closer the value is to +1, the more highly and directly related
are the two variables. For example, the correlation of .40 between the satisfaction and
safety indices indicates that as perceptioa of safety increases, overall satisfaction also
increases. The closer the value is to -1, the more highly and inversely related are the
two variables. For example, the correlation of -.24 between the crowding index and
satisfaction index means that as perceived crowding increases, overall satisfaction
decreases. However, the influence of crowding on satisfaction is not as strong as that of
safety because the coef6cieat is smaller for crowding  -.24 versus .40!. If the value is
near zero or not signi6caat, there is ao association between the two variables.

Table 14. Correlations of density and impact indices.

Overall
Trip Satisfaction Crowding

Rating Index Index

Average
Safety Conflict Density
Index Index Level

Displace-
ment
Index

Overall Trip Rating

Satisfaction Index

Crowding Index

Displacement Index

Safety Index

Conflict Index

Average Density Level

-,09'

4344

-.12"

3gt 4

5504 ]p8

244 4' .01

3944

Qt1

394 t +9@%

.10*

Signiflcant at the .05 level,
Significant at the .Ol level.

The correlation between the two measures of satisfaction  satisfaction index and
10-point overall trip rating! was relatively high  .55!, suggesting that both measures are
valid indicators of satisfaction. Both satisfaction measures tended to be associated with
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There were, ho~ever, ao statistically sigai6cant differences for the various
satisfaction measures in relation to boat density levels. Overall, boater satisfaction was
the same regardless of the number of boats using the bays. In fact, the mean response to
the 10-point satisfaction rating reached its highest on days with higher use. Similarly, the
average score on the satisfaction index did not vary by density level. These 6ndings are
consistent with other studies showing that a satisfactory boating experience is influenced
by many situational  e.g., weather, visible law enforcemeat, caught fish! and subjective
 e.g., individual perception! factors and therefore is not strongly related to use level.
Understanding what contributes to the quality of boating on the Delaware's Mand Bays
clearly requires consideration of more than just the number of boats on the bays.



nearly all of the iinpact indices, although the relationships were consistently much
stronger between the satisfaction index and the various impact indices.

The variables most strongly related to satisfaction were the perception that the
conditions on the bays were safe  .40!, the degree of perceived conflict  -.43!, and
displacement  -.38!. Those variables most weakly associated with satisfaction included
the number of boats on the bays  .01! and subsequent perceived crowding  -.24!.

A wide range of relationships exist between the impact indicators. The degree of
conflict  reflecting the behavior of other boaters and effects of noise! showed an
extremely strong inverse relationship  -.66! with safety  including adequacy of patrols and
other boats coming too close!; in other words, the increased perception of conflict
between boaters was linked to a decreased perception of safety. As one would expect
from the previous analyses, the density level of boats on the bays showed a pattern of
weak or insignificant relationships with the various impact indices. The number of boats
did contribute, however, to the perceived level of crowding on the bays  .25!. Perceived
crowding on the bays, in turn, was moderately associated with the displacement  .39!,
safety  -.39!, and conflict  .39! indices. Thus, while boat density had little direct effect
on boater satisfaction, it did have soine indirect influence on satisfaction through its
relationship with perceived crowding and the subsequent relationships between crowding
and the other indices.

As a final step in understanding the quality of the Inland Bays boaters' experi-
ence, Table 15 presents the various impact indices and component items analyzed by
responses to the question, "How did the number of boaters on the bays impact your
enjoyment of the day's trip?"  a measure of crowding and a component of the crowding
index!. The three categories of boaters compared include those whose experience was
enhanced by the densities they encountered  values 1-4 on the 9-point scale!, those who
reported no effect  value 5 on the 9-point scale; by far the most common response!, and
those reporting decreased enjoyment  values 6-9 on the 9-point scale!. The latter group
can be interpreted as those boaters who felt some degree of crowding, since crowding is
usually defined as a negative impression of a given density level. This group included
26 percent of the study respondents.

As can be seen in Table 15, virtually aH of the impact measures showed signifi-
cant differences across the three groups of boaters. In most cases, there was little or no
difference between the first two groups, or those reporting either increased enjoyment or
no effect from the influence of others. The decreased enjoyment  or crowded! group
stood out as the least-satisfied boaters �.2 versus 3.6 and 3.7!. This group had a much
higher average score on the other measure of perceived crowding �.5 on the 9-point
scale versus 3.6 and 4.2 for the other groups!. They also showed much higher levels of
displacement and conflict and lower levels of perceived safety. Perhaps the most striking
difference is the 70 percent of those in the decreased enjoyment group who reported that
other boats had come too close  compared to 21 and 25 percent of the other two
groups!, which is reinforced by the 53 percent reporting that they had observed inappro-
priate behavior  compared to only 12 and 13 percent of the other groups!. These
findings imply that those boaters who are experiencing unpleasant impacts resulting from
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other boaters are tnost likely responding to certain inappropriate behavior patterns
rather than simply numbers of boaters encountered. In many cases, these behavior
patterns are amenable to managetnent through enforcement of regulations and education
of boaters.

Table 15. Values for selected impact indices and component items by influence of
others on the boating experience.

INFLUENCE OF OTHERS

Level
of

Significance'

Decreased
Enjoyment
 n = 165!

Increased
Enjoyment
 u = 97!

Perceived Crowding 3,6

Conflict Index
Bothered by Noise of Other Boats
Observed Inappropriate Behavior

2.0

6%
12%

2.1

8%
13%

3.0

33%
53%

Variable scored on 5-point scale, with 1 = strongly disagree and 5 = strongly agree. Index scores are the mean of the items
listed. Values for items listed under each index are thc pcrccnt who agreed or strongly agreed with each statcmcnt.
Item scoring reversed for computation of index due to negative statcmcnt wording.
Variable scored on a 9-point scale, with 1 = not at all crowded and 9 = extremely crowded,
Dichotomous variable; values shown are percent who said yes, they observed an unsafe boating situation

Thc lcvcl of significance represents thc probabiTity that thc diffcrcnccs between categories are due to chance.

Satisfaction Index
Thoroughly Enjoyed Trip
Trip Not as Enjoyable as Expected
Cannot Imagine a Better Trip
Trip Worth the Money Spent
Disappointed in Some Aspects of Tripg

Displacement Index
Avoided Favorite Parts of Bays
Stayed Off Bays Part of Day
Gave Up Activity Due to Crowding
Gave Up Activity Due to Water Quahty

Safety Index
Other Boats Came Too Close
Consider Law Enforcement Adequate
Nearly Had an Accident
Considered Conditions on the Bay Safe
Observed an Unsafe Boating Situation

3.7

98%
17%

33%
93%
22%

1.9
7%

12%
7%

5%

3,4

25%
58%

2%
91%
28%

No Effect

Enjoyment
 n = 369!

3.6
91%
16%
27%

90%%uo
22%

2.0
10%
10%
3%
7%

3.4
21%

58%
2%

91%
22%

32
78%
29%

18%
82%
49%

2.6
33%
37%
23%
16%

2.8

70%
38%

7%
65%
62%



M rin W tP r ti f iter

Study participants were asked how often they had seen various types of litter and
marine waste on the day of their sampled trip. Most respondents indicated that they
never saw any of the specified types of waste  Table 16!. Discarded paper or plastic
products  which float! were seen more than discarded glass or metal containers  which
typically sink!. When asked how the amount of debris had impacted their boating
enjoyment, most respondents indicated that it had no effect, while some reported
increased enjoyment due to the low levels of waste they encountered.

Table 16. Perceived amounts of marine waste observed by boaters by user group.

USER GROUP

Seasonal Seasonal Level
Resident Visitor of
 n = ZT7!  n = 105! Significance'

Permanent
Resident

 n = 312!

Variable measured on 4-point scale, with l ~ ncvcr and 4 u an of the time.
Variable mcaaured on 9-point scale, with i = incrcaacd my enjOyment, 5 = no effect on my enjOyment, and 9 = reduced
my enjoymenc

Thc level of significance represcnrs thc probability that thc differences shown arc due to chance; fts indicates tttcrc is no
significant differcnc» bctwccn user groups at the .Qs level of probability,

Permanent residents consistently reported a higher frequency of observing litter
and marine waste. They were also significantly more likely to report a reduced level of
enjoyment  S.l! on their boating trip because of observing marine waste than either
seasonal residents �.3! or visitors �.1!. It is possible that permanent residents are
reportmg marine debris that has floated ashore near their property.

Among the on-site survey respondents, boaters sampled at shoreline communities
�.8! were inost likely to report that seeing little or no marine waste added to the quality
of their boating experience, while marina-based boaters �.8! were more sensitive to the
waste they observed  Table 17!. The only difference between respondents from the
different bays to the marine debris questions involved the frequency of observing floating
algae or plant materiaL Individuals living on Rehoboth Bay reported the highest
frequency of observing floating algae �.2!, while those on Little Assawornan Bay �.8!
reported the lowest incidence  Table 18!.

Frequency Of Observing Marine Wastel
Discarded Plastic Products

Discarded Glass Containers

Discarded Metal Containers

Discarded Paper Products

Floating Algae or Plant Material

Dead Fish, Birds, or Anirnah

Overall Effects of Debris on Enjoytnent

1,6

1.2

13

1.7

1.8

1.2

51

1.4

1.1

1.1

13

1.6

1.2

43

1.2

1,0

l,l

12

13

1.2

4.1



Table 17 Perceived amounts of marine waste observed by boaters by type of
facility.

TYPE OF FACILITY

Shoreline Level
Boat Ramp Cotamunity of
 n = 199!  a = 154! Significance'

Marina

 n = 69!

Frequency of Observing Marine Waste

Discarded Plastic Producers

Variable measured on 4-point scale, with t = never and 4 = all of the time.
Variable mcasurcd on 9-point scale, with 1 = increased my enjoyment, 5 no effect on my enjoyment, and 9 = reduced
my eojoymcnt,
The level of significance rcprcscnts thc probability that the differences shown arc duc to chance; rts indicates there is no
significant diffcrencc between facility types at the .Q5 level of probabihty.

Table 18. Perceived amounts of marine waste observed by boaters by bay of
residence.

BAY OF RESIDENCE

Little Level
Ass awoman of

 a = 98! Significance

Indian
River

 n = 83!
Reboboth

 n = 98!

Frequency of Observing Marine Wastel
Discarded Plastic Products

Discarded Glass Containers

Variable measured on 4-point scale, with I ncvcr and 4 = all of th» time.
Variable mcasurcd on 9-point scale, with 1 = i~ my cnjoymcnt, 5 ~ no effect on my enjoyment, and 9 = reduced
my enjoyment.
The level of significance represents thc probability that the diffcrcnccs shown arc duc to chance; rtr indicates there is no
significrmt diffetence between bays of rcsidcncc at the .05 level of probability.
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Discarded Glass Containers

Discarded Metal Containers

Discarded Paper Products

Floating Algae or Plant Material

Dead Fish, Birds, or Animals

OveraH Effects of Debris on Enjoyment

Discarded Metal Containers

Discarded Paper Products

Floatiag Algae or Plant Material

Dead Fish, Birds, or Aairaals

OveraU Effects of Debris on Eajoyxneat

1,3

1.1

1.1

13

L8

13

4.8

18

1.2

13

1,9

22

13

55

12

1.0

1.1

1.1

13

12

4.1

1.7

13

13

1.9

2.0

13

5.6

13

1.0

1.1

12

L5

l,l

3.8

1,8

1.2

1.4

2,0

1.8

13

5.4



Respondents' perceptions of and reactions to marine waste also varied in relation
to the activities in which they engaged  Table 19!. As was the case for many of the
impact indicators considered earlier, sailors were most sensitive to the various types of
marine waste they observed. They reported seeing it more frequently and were more
likely to indicate that it reduced their enjoyment �.7!. Fishermen, on the other hand,
tended to notice the least amounts of debris and, accordingly, were more likely to
indicate that this relative absence added to the quality of their boating experience.

Table 19. Frequency of observing 1narine waste by boating activity group.

ACTIVITY GROUP

as re  n = 299!  n - "223!  n = 152!  n w 110!  n 55!  n = 23!  n 42!  n 33!  n = 29!
1.6 15 lk 1.4 12t 15 1.6 131.4Plastic

1.1 12 1.1 1,1 1.1 1.4 12 1.1 12Glass

12 12

1,6 1.4

1.2 12 1.3

1,4 Ut 15

1.213Metal 1.2

1.6 1.71.6Paper

Algae/
Plant Mate- 1.6
rial

1.41.6 1,8 2.0 ? 01,91.7

Dead Fish
ot Animals

1,3 13 1.4 1.41,21.3

Effect of
Debris an 43
Enjoyment'

4.7 5.7 4.9 4.74.75.0 4.9

Variable measured on 4point scale, with 1 ~ never and 4 = all of thc time.
Variable measured on 9~at scale, with 1 = ~ my cnjoymcnt, 5 = no effect on nty enjaymcnt, and 9 = reduced
flly enjoyment.
The level of significance reprcscnts the probability that thc differences shown are duc to chance; rtS indicates thcrc is no
significant difference between user groups at the .05 level of probability.

P r ive han e in Envir nment ali an Livin R ur

The survey instruments used in this study included one question asked by
Hollender, Cohen Associates, Inc. �989! in their report entitled "Inland Bays Survey of
Sussex County Residents." This question asked respondents how they felt the environ-
mental conditions  e.g., water quality! of the Inland Bays had changed over the past
10 years. A second question devised for this study asked how the living resources  e.g.,
fish, crabs, clams! of the bays had changed over the same time period. Permanent
residents �7%! were much more likely than seasonal residents �2%! or visitors �7%!
to state that the overall environmental quality of the bays had been deteriorating
 Figure 7!.

Lcvd
Powc�- rSunba�t�ltl/ Water- Sail- of

Marine Fishing boating Crabbing Sightseeing C3amming Sailing skiing Swimming hoarding Significance
w
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Figure 7. Perceived changes in bays' environxneutal quality and living resources over
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Likewise, the permanent residents �6%! were also more likely than seasonal
residents �8%! and seasonal visitors �2%! to report they felt the bays' living resources
were deteriorating  Figure 7!. Seasonal residents and visitors were more evenly divided
about changes in overall environmental quality, with about oae-third seeing improvement
and another one-third seeing deteriorating conditions. For comparisoas, 54 percent of
the residents responding to the Hollender, Cohen Associates, Inc. study reported that the
environmental quality of the bays had deteriorated.

Differences between those using different types of facilities were generally smaller
 Figure 8!. Those iaterviewed at marinas were more likely to state that the eaviron-
mental quality of the bays had been improving �0%! or that they did not kaow �2%!.
Those sampled at shoreline communities were most apt to have definite opinions on
changes in the bays' living resources. These respondents were least likely to say that
they did not know what changes had occurred �%!. They were also most likely to
report that they perceived the living resources in the bays to be improving �4%!.

Relative to the different bay systems, 70 percent of the respondents living oa
Indian River Bay felt environmental quality had been deteriorating, compared to
53 percent for the other two bays. Similarly, those living on Iadian River Bay  80%!
were most likely to feel that the living resources had been deteriorating  Figure 9!.

Survey respondents were presented with a list of possible management options for
the Inland Bays and asked whether they favored, opposed, or were not sure about each
option listed. In general, nearly everyone supported certain options, such as prohibiting
discharges of pollutants and establishing off-limit zones for sensitive resource areas.
Respondents were more evenly divided on alternatives that involved various types of
restrictions, and most were opposed to limiting the number of boats allowed to use the
bays.

Responses to about half of the alternatives varied significantly by user group
 Table 20!. Permanen,t residents generally were more inclined to favor restricting the
number of boat ramps �9%! and marinas �0%! than seasonal residents or visitors, and
78 percent favored restrictions on building aad development. Half of the permanent
residents favored limiting the size aad power of boats using the bays, with one-fourth
favoring lixnits on the numbers of boats. Seasonal residents �5%! and visitors �5%!
were much less likely than the permanent residents to support limiting the size and
power of boats using the bays. Seasonal residents �6%! and visitors �4%! were also
less likely to favor limiting the number of boats on the bays. About half of all three
groups of respondents favored zoning the waters for specific uses, restricting boat use in
shallow areas, and requiring a seasonal boating use permit. More than two-thirds of
permanent and seasonal residents favored stricter harvest limits on fish aad waterfowl,
compared to 55 percent of visitors.
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Table 20. Percent of respondents favoring various management options by user
gf'OUP.

USER GROUP

Prohibiting All Discharges of Pollutants
into the Water

Establish Off-Limit Zones to Protect Sensi-

tive Resources

78% 75% 87%

39%49%

70% 55%70%

62% .0253%54%

56% 61%53%

52% 56% 55%

Lunit the Size and Power of Boats Using
these Waters

35%35%

34%Restrict the Number of Boat Ramps

14%Lunit the Number of Boats Using the
Bays, Tributaries, and Canals

16%

Thc Icvel of signifteancc represents the probability that thc diffcrcnccs shoast arc duc to chance; ttS indicates tbctc is
nO Significant difference between user groups at the .OS tcvct Of probability.

Restrictions on Building and Development

Restrict the Number of Marinas

Stricter Lnnits on the Size and/or Number
of Fish, Crabs, Clams, and Waterfowl That
Can Be Taken

Zoning the Waters to Provide for Specific
Uses at Specific Places

Restrict Boat Use in Excessively Shallow
Waters

Require Purchasing a Seasonal Boating
Use Permit for Bay Use, if the Money
Were Used for Bay Improvement

Perinanent Seasonal Seasonal Level
Resident Resident Visitor of
 n = 312!  n = 277!  n = 105! Significance'



Those sampled at marinas �1%! and boat ramps �8%! were less likely than
those in shoreline conununities �4%! to favor restricting the number of boat ramps
around the bays  Table 21!. Boaters in shoreline communities �3%! favored restricting
marina development inore often than marina-based boaters �6%! or boaters using boat
ramps �9%!. The differences shown in Table 21 probably reflect the user-group
differences discussed previously, since most respondents sampled in shoreline communi-
ties would be permanent or seasonal residents while those sampled at inarinas and boat
ramps are more likely to be visitors.

Again, the sinallest number of significant differences were found when comparing
respondents living on different bays  Table 22!. Those living on Rehoboth Bay �7%!
were more supportive of restricting marina development than those living on either
Indian River �9%! or Little Assawoman �8%! bays. Rehoboth Bay residents �7%!
were also more likely to favor restricting boat ramp developments than Indian River Bay
�2%! or Little Assawoman Bay �6%! residents.

n r d B rmn R tri i

The final question on both survey instruments asked, "Do you have any sugges-
tions for improved management of the Inland Bays?" The mail respondents provided
more suggestions, as well as more detailed responses to this question, than the on-site
respondents. This was probably due to the fact that they had more time to think about
different management suggestions that they felt strongly about. Respondents could offer
up to two restrictions or suggestions for management. These two possibilities were
combined to arrive at the total number of responses for each group of issues listed. For
a complete frequency listing of individual responses see Appendices D and E
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Survey respondents  both mail and on-site! were given the opportunity to provide
open-ended comments about measures they felt would improve the managexnent of the
Inland Bays. In the on-site field survey, after a series of management restrictions were
presented, respondents had the opportunity to recommend additional restrictions. In the
mail survey, those sampled were asked if there were "any other restrictions or inanage-
ment improvements they would suggest." The mail survey question was worded some-
what differently than the on-site survey question, and, thus, some of the "restrictions" that
were offered appeared more like management suggestions. Additionally, some of the
responses provided by on-site survey respondents are not actual restrictions either. In
each case, however, boaters felt strongly about many issues and concerns facing them
and were not hesitant to voice their opinions.



Table 21. Percent of respondents favoring various management options by type of
facility.

TYPE OF FACILITY

18%21%

53%

14% 10% 17% .05

55%48%

57%

Restrictions on Building and Development

97%96% 99%

57% 55% 62%

56%66%

The level of significance represents the ptttbabiiity thai tbe differences shawn are dtte to chance; ns indicates there is no
significant difference between facility types at thc .05 level of probabiaty.
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Restrict the Number of Boat Ramps

Restrict the Number of Marinas

Limit the Number of Boats Using the Bays,
Tributaries, and Canals

Limit the Size and Powc:r of Boats Using
These Waters

Zoning the Waters to Provide for Specific
Uses at Specific Places

Stricter Limits on the Size and/or Number
of Fish, Crabs, Clams, and Waterfowl That
Can Be Taken

Estabhsh Off-Limit Zones to Protect Sen-
sitive Resources

Prohibiting All Discharges of Pollutants into
the Water

Restrict Boat Use in Excessively Shallow
Waters

Require Purchasing a Seasonal Boating Use
Permit for Bay Use, If the Money Were
Used for Bay Improvement

Marina

 n = 69!

Boat Shor ehne Level
Ramp Community of

 n = 199!  n = 154! Significance'



Table 22. Percent of respondents favoring various management options by bay of
residence.

BAY OF RESIDENCE

Rehoboth

 n = 98!

Restrict the Number of Boat Ramps

Restrict the Nutnber of Marinas

42% 36% .0557%

31%

42%

43%

76% 75% 76%

Restrictions on Building and Development

Establish Off-Limit Zones to Protect Sen-

sitive Resources

87%

Prohibiting AH Discharges of PoHutants
into the Water

92%

Restrict Boat Use in Ex~ly ShaHow
Waters

51%57%

55% 39% 54% ns

'rhe lcvcl of significance rcprescnts thc probability that thc differences shown arc doc to chance; rtS indicates thcrc is no
significant dilfcrcnce between bays of residence at thc .t5 level of probability.

Limit the Nutnber of Boats Using the
Bays, Tributaries, and Canals

Litnit the Size and Power of Boats Using
These Waters

Zoning the Waters to Provide for Speci5c
Uses at Speciftc Places

Stricter Limits on the Size and/or Number
of Fish, Crabs, Clams, and Waterfowl That
Can Be Taken

Require Purchasing a Seasonal Boating
Use Permit for Bay Use, If the Money
Were Used for Bay Improvement

Indian
River

 n = 83!

Little Level
Assawoman of

 n = 98! Significance



Table 23 provides a grouping of the restrictions mentioned by ail of the respon-
dents arranged by user group. Overall, the most often-mentioned restriction was "boater
safety/education" �0%!. This is not a maaagement restriction, but respondents felt
strongly eaough about it to mention it as an Inland Bays' concern that should be
considered. Restrictions related to "limitiag/zoning jetskis" �7%!, "limiting boat
speed/controlling wakes" �0%!, and "controlling pollution/developing sewer systems"
 9%! were the next series of most often-mentioned restrictions by all of the respondents.

Eighteen percent of permanent residents felt most strongly about "limit/zoniag
jetskis," followed by "boater safety/education" �5%!, "controlling pollution/developing
sewer systems" �0%!, and "limiting boat speed/controlling wakes" �0%!. Seasonal
residents placed "boater safety/education" �8%! at the top of their list of most often-
mentioaed restrictions. "Liraiting/zoning jetskis" was mentioned by 17 percent of
seasonal residents. "ControHiag pollution/developing sewers"  8%! aad "Limitiag boat
speed/controlling wakes" �%! were the two next most often-listed restrictions. Very few
seasonal visitors responded to this question; however, those who did mentioned that
"limiting boat speed/controlling wakes" �1%! was the restriction they favored the most.
"Boater safety/education," "more marine patrols/enforce laws," aad "restrict the size and
number of powerboats" were all mentioned by an equal number of seasonal visitors
�3%!.

%hen both mail and on-site respondents were given the opportunity to suggest
management improvements for the bays, responses were very similar to those respoases
mentioned as restrictions  Table 24!. Overall, 23 percent of respondents mentioned that
pollution of the bays should be better controlled. Seventeen percent felt that more
dredging was needed. Fourteen percent of all responding boaters felt that more marine
patrols were needed and that current laws should be enforced. "Boater safety/education"
�%! and "controlling development/protecting critical areas" �%! were the next most-
often mentioned management suggestions by the overall sample.

Permanent residents mentioned controlling pollution �0%! as their top manage-
rnent suggestion, followed by "more raarine patrols/enforce laws" �6%! and "more
dredging" �5%%uo!. Seasonal residents mentioned "controlling pollutioa" �6%!, "more
dredging" �1%! and "more marine patrols/enforce laws"  9%! as their three top
maaagement suggestions. Seasonal visitors also mentioned "controlHag pollution" �3%!,
along with "raore marine patrols/enforce the laws" �0%!, as their top management
suggestions. They also supported controlliag development/protecting critical habitat,
improved fisheries management, and increased dredging to an equal degree �1%!.
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Table 23. Percent of respondents offering additional tnattagemettt restrictions for
the bays by user group.

Total
 n = 312!

Restrictions

17% 17%18%

10%10% 21%

Control poUution/develop sewer sys-
tems

4%10%

7%

5% 0%

6% 8%5%

Restrict/zone waterskiing and power-
boating

4%5% 4%

4% 4%3%

2% 0% 3%5%

Control development/protect critical 3%8%

Better channel markings 2% 3%

Limit out-of-staters/increase out-of-
stater fees

4%4% 0% 3%

Restrict size/number of powerboats 2%1%

Restrict commercial/industrial uses in
bay

4% 2%

Restrict federal govenunent/enough
restrictions

0%

100% 100% 100%

Boater safety/education

Limit/zone jetskis

Limit boat speed/control wakes

More marine patrols/enforce laws

More dredging

Control/regulate crab pots

Limit Gsh catches/enforce size limits

Ban jetskis

Eliminate boating fees/taxes in bays

TOTAL

Permanent Seasonal Seasonal
Residents Residents Visitors
 n = 177!  n ~ ill!  n = 24!



Total
 n = 497!

Seasonal
Visitors
 n = 61!

Sensual
Rcsidcnts
 n = 202!

Permanent
Rcsidcnts
 n = 234!

Suggestions

Control pollution

More dredging

More marine patrols/enforce laws

Boater safety/education

21% 11% 17%

14%16%

7%

Control development/protect critical
areas

11%5%

Improved fisheries ruauagcment

Control/regulate crab pots

Limit boat speed/control wakes

Limit/regulate jetskis

Improve boat access

Keep up good work

Restrict size and number of boats

11%3%

7% 3%

1%6%

3% 3%

5%1%

3%3%

2%

Restrict state government/loosen
restrictions

1%

2% 2%Better channel markings

Prohibit jetskis

Generate and use revenues

2%

0% 1%2%

1% 2%

Restrict commercial/industrial uses in
bays

100%TOTAL

ters than 1% respoatung

100% 100%
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Table 24. Percent af respondents offering improved management suggestions for the
bays by user group.
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This GIS analysis focused solely on map data collected from the on-site interviews
of 422 boaters. The reason that only this data was used is that these respondents were
more accurate in answering the tnap questions than in the mail survey. This was due in
part to larger maps being used and the influence of trained interviewers who adminis-
tered the on-site surveys. The recreational use patterns examined in this spatial analysis
included sailing, powerboating, sailboarding, waterskiing, swimming, fishing, crabbing,
clamming, and other uses  including jetskiing!. A further analysis focused on the areas
of the bays that boaters liked most, liked least, and areas that they avoided  desirability
features!.

Figure 10 depicts a map of the study area that was the focus of the on-site surveys
from which the tnap data were derived. This map shows the water areas and coastline,
including Rehoboth Bay, Indian River Bay, and major tributary rivers and streams in
blue. Major roads  including Routes 1, 24, and 26! are shown in red, and access areas
where the on-site surveys were conducted are tnarked with black crosses.

'r ih ite and Clusterin Figure 10 also shows the site desirability areas
reported by boaters. The first three colors represent the sites boaters identified as being
most and least enjoyable and those sites they intentionally avoided. A total of 382 points
were mapped in this desirability analysis as reported in Table 25.

Table 25. Reported point counts by desirability.

Desirability
Sites

Nnmber
Reported

Percentage

Area Most Enjoyed

Area Least Enjoyed
Area Avoided

172

109

101

382

45

29

100Desirability Total

Another method of analyzing boating distribution and activity patterns with
resource managers in mind is through manual manipulation of hand-drawn maps or in a
computer enviromnent using a Geographic Information System  GIS!. A GIS is
designed for the capture, editing, storage, retrieval, management, update, analysis,
output, and display of digital spatial  and non-spatial! data and information for use in a
decision-making, managetnent, or planning-process framework. This analysis is presented
to provide resource managers with another tool to consider for managing boaters in the
Inland Bays. It can be used with much of the other information presented to offer a
dearer picture of activity patterns and begin to assess possible conflicting uses between
users.



Figure 10. Point-pattern map of reported desirability sites.  Points are not to scale
but represent approximate locations.!
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The desirability point pattern maps were analyzed using statistical procedures to
measure the degree of dispersion aad arrangement. To display the results of the
statistical paint pattern analysis graphically, 50-meter interval buffers were generat-
ed,radiating outward from the mapped points. These cluster maps highlight commonal-
ities ia tbe poiat locations, indicating areas of comparable desirability. Tbe strength of
the clusters can be seen by the number of points that intersect at the 6rst black 50-meter
buffer. The more points intersecting at a given buf'fer zone, the more pronounced the
clustering at that level; and the shorter the buffer distances, the more statistica1ly
significant is the clustering. Therefore, the poiats that overlap at short buffer distances
and display a clumping pattern indicate there is some agreement among users on the
desirability of an area. When clusters form at desirability sites, it may indicate areas that
produce a common experience for boaters. The fact that the least-enjoyed and avoided
areas displayed more clumping suggests that there is more agreement among boaters
about these locations thaa the most enjoyable areas.  See Figures 11-13 for cluster
maps.!

The areas that boaters enjoyed most  Figure 11! showed a somewhat lower rate of
clustering with a more dispersed point distribution. This may suggest two things. First,
what people 6ad as most eajoyable is varied and therefore somewhat dispersed. Also,
nearly all of the bay's waters were reported as most enjoyable by someone, suggesting
that overall, people find all sections of the bays enjoyable. Tbe minor clustering
displayed at certain locations throughout the bays may be due to people participating ia
the same activities aad thus Gading tbe areas enjoyable for the same reasons. The most
often reported reason for enjoying these locations was the high quality of the 6shing
experience. This was followed by a perceived lack of crowding at the sites. Other
frequently mentioned reasoas for enjoying an area included good crabbiag and clam-
ming, as well as favorable water or weather conditions.

The areas most commonly reported as least enjoyed and avoided inchded the
area surrounding the Indian River Inlet and the area around Massey's landing. These
areas did exhibit significant clustering, which suggests that many people find the same
areas least enjoyable and that many people avoided these areas. In the cluster map of
areas reported as least enjoyed  Figure 12!, almost all of the observed clustering occurs
just inside the inlet and south of Massey's Landing. This was somewhat predictable
given the sometimes diverse and heavy usage this area receives. There are also a few
less-signi6cant clusters located in tbe main channel of Indian River Bay.



Figure 11. Cluster map of areas most enjoyed by boaters.
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Figure 12. Cluster map of areas least enjoyed by boaters.
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In Rehoboth Bay, there is a weak cluster of least-enjoyed areas located just north
of Massey's LUrding. This is also probably due to increased traKc passing through the
confined area of the dredged channel at Massey's. The balance of Rehoboth Bay
exhibits no significant clusters, and, in fact, the points are significantly dispersed.

The most-often reported reason for the low desirability of an area was too xnany
people or boats. The next most often-cited reasons for dissatisfaction were unpleasant
water and adverse weather conditions. The unfavorable water conditions most often
mentioned were high waves or choppy conditions, foHowed by shallow water. Other
reasons included perceived conflicts with jet-skiers, lack of Ash, crabs or clams; and
observing reckless or unsafe boating practices.

Figure 13 displays the cluster map of areas that boaters reported avoiding. Again
there is substantial clustering evident in the Indian River Inlet area. 716s is probably
due to elevated use levels in and around the navigation channels. The most common
reason for avoiding an area was shallow water or sandbars. The next most common
reason was crowded conditions  too many people or boats!. Other reasons included
water conditions other than depth  e.g., waves, poor water quality, or dirty water!, unsafe
area, reckless or inconsiderate boaters, and jet-skiers.

It is important to note that the areas avoided, unlike aH of the other points
exatnined, do not represent recreational boaters' activity patterns. They are, in fact,
locations from which these users were absent by choice due to various factors. These
areas represent a displacement of users to another place, activity or time.

These map results conclude that some minor spatial clustering of points reported
as most enjoyable by boaters occurred in the data. Additionally, substantial clustering of
points reported as least enjoyable and avoided is evident from the statistical analyses.
The causes of this clustering are largely attributable to measurable factors such as use
levels and water depth.

8 a r Activi S' R e R te . Figure 14 displays all of the sites
 represented by 10 colors! where boaters reported engaging in an activity. Mere were a
total of 403 activity sites located on the maps as reported in Table 26. The most
common activities reported were 6shing �9%!, followed by crabbing �2%!, power-
boating �0%!, and clamming �%!. The remainder accounted for less than 15 percent
of the total activity locations reported. Powerboating is probably under-represented
since many respondents boated throughout the bays, yet did not specify a particular
location for powerboating. Activities such as sailboarding and jetskiing may also be
under-represented in this analysis due to sampling methods.
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Figure 13. Cluster xaap of areas avoided by boaters.



Figure 14. Point-pattern map of reported activity sites.  Points are not to scale, but
represent approximate locations of activity sites.!



Table 26. Reported point counts by activity.

Ntnnber
PercentageReported

Activity Sites

Figure 14 shows the use of the bays to be fairly even throughout the entire bay
system, with higher concentrations in the area between Massey's Landing, Pot Nets and
the Indian River Inlet. This increased density is most apparent in and around the inlet
with a second concentration just south of Massey's Landing. This observation is
consistent with the on-water counts of boating activity as reported earlier.

Figure 15 is a map showing a random sample of trip routes that boaters reported
taking during their day on the bay. A sample was used to represent the entire data set
due to the cluttered, uninterpretable maps produced when all the routes were displayed.
This sample includes approximately one-quarter of all the reported routes and is
representative of the entire data base. The areas that displayed the greatest route
densities were the Indian River Inlet area and the area around Massey's Landing. It is
also interesting to note that the southern side of Indian River Bay and the center of
Rehoboth Bay displayed very low use levels.

Activi Sites and Poten ial onfHcts. The next series of Ggures shows the
distribution of selected on-water activities and areas of potential conflict due to certain
uses. Figure 16 shows areas of fishing activity and powerboat routes. Besides being the
most common activity, fishing also appears to be the most highly concentrated. The
primary fishing area is Indian River Bay from Pot Nets east to Indian River Inlet and out
to the ocean. There is a secondary and much less dense area of reported fishing use in
southern Rehoboth Bay extending through Massey's Landing. This area connects with
the primary use area discussed earlier. There is another smaller concentration located in
the north section of Rehoboth Bay.

Fishmg
Crabbing
Power boating
Clarnining
Sunbathing/Sightseeing
Swimming
Watershing
Other
Sailing
Activity Total

197
86
42
25

14
13

13 9 4
403

49
2210 6 4 3 3 2 1

100



Figure 15. Map of reported boating routes.  Boating routes are not to scale, but
represent approximate locations.!
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Figure 16. Map of reported locations of fishing activity and reported boating routes.
 Points and boating routes are not to scale, but represent approximate
locations of activity sites.!



Figure 16 also shows areas of potential conflict between fishermen and power-
boaters. Overall, these two activities seem to have the most potential for conflict. Their
primary use areas overlap almost completely. Additionally, the type of usage differs,
with fishermen reporting primarily anchored or drift fishing, whereas powerboating by
nature is mobile. The main area of potential conflict is the area from Indian River Inlet
to Massey's Landing. It appears that the major boating channels near the inlet also tend
to be the best 6shing spots. This is due, in part, to the numerous shallow sandbars that
preclude boating and fishing in some parts of the area.

The areas identified as crabbing sites, the second most popular activity, are
displayed in Figure 17. This map shows the primary areas of crabbing as the points
where Indian River and other tributaries flow into Indian River Bay. There is a second
concentration of crabbing in the northwest corner of Rehoboth Bay where numerous
tributaries enter the bay. Potential conflicts between crabbers and powerboaters fail to
emerge when the boating routes are overlaid  Figure 17!. An explanation may be that
most crabbing is done in shallow water and in the tributaries, whereas powerboating is
Hmited more to the deep sections and channels. The sites up Indian River do exhibit the
possibility for conflict due to the narrow, confined nature of the bay at those points.
However, this may be distorted somewhat in that the boating routes displayed may have
been the crabbers themselves. A second, minor potential boat/crabbing conflict area is
located in the miMe of Indian River Bay.

Figure 17 also shows areas of clarruning activity reported by boaters
 the fourth most popular activity!. This plot shows that the primary clamming areas
include the east shore of Rehoboth Bay, with the highest concentration just east of
Massey's Landing. Additionally, a few areas in Indian River Bay along the north shore
and on the east shore south of Indian River Inlet were identified. These areas are fairly
shallow and are therefore easily accessible to clammers.

Most of the reported clamming activity is located in the extreme eastern side of
both bays with no activity reported in the far northern end of Rehoboth Bay or any of
the western reaches of Indian River Bay. This reflects the fact that these areas are
closed to clanuning during the summer months due to high bacteria levels. This suggests
a number of interesting points. First, this analysis lends credibility to the GIS method,
implying that clammers know the area where they participated in their activity. It also
suggests that clammers respect the shellfish closure designation and refrain from taking
clams in the restricted zone.

Figure 17 shows few areas of potential conflict between powerboaters and
clammers. By examining this map, it is apparent that the primary areas of clarmming
activity are not the primary boating routes, due mainly to inadequate water depth
required for powerboating. There is one notable exception in the area to the east and
south of Massey's Landing, west of Burton Island.
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Figure 17. Map of reported locations of crabbing and clamming activity and reported
boating routes.  Points and boating routes are not to scale but represent
approximate locations.!
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From this data, there is not enough evidence to indicate that clannning and
powerboating are a common source of use conQict. However, due to the type of conflict
and safety issues  i.e., unprotected clammers with just heads and shoulders above water
in an area with powerboaters!, these two activities should be monitored and/or segre-
gated.

/I'm~. Based on the results of this spatial analysis of boating distributions and
patterns, the Inland Bays do not appear to presently exhibit substantial crowding or
major use conflicts. There are, however, a few areas that may experience problems,
especially during peak-use periods. The main area of concern appears to be the area
from Indian River Inlet to Massey's Landing. This area should be monitored, especially
during peak-use periods and if overall use increases. Resource managers should not
overlook the value that this GIS analysis can provide in helping to manage the bay's
diverse recreational user groups.
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CONCLUSIONS

This report provides the first-ever glimpse of recreational boating carrying
capacity for a water body in Delaware. Various social and environmental considerations
were discussed that can be used to address a variety of management issues and decisions
affecting Delaware's Inland Bays. Initially, the data provide a broad overview of the
population of boaters using the bays. Information such as group size and composition,
activities and locations of use, intensity of use, type of boats, their sizes and engine
horsepower, means of access to the bays, and frequency of boating use were described so
managers may better understand boater characteristics and the assortment of boats using
the resource.

In addition, the data were presented so that managers can examine boaters from
various vantage points. For instance, boaters were classified as either permanent
residents, seasonal residents, or seasonal visitors. The data are also arranged by the type
of facility that boaters use � marina, launch ramp, or shoreline community. Finally, there
was a grouping by bay of residence--Rehoboth Bay, Indian River Bay, or Little Assa-
woman Bay. This level of detail allows managers to take into account boater differences
based on these classifications. Managers must decide which segments of the results are
most important when developing management strategies for boaters.

A further level of data analysis examined boating densities and use activities in
distinct zones within Rehoboth and Indian River bays. This analysis showed where use
intensities are the greatest, where boating "hot spots" are located, and where use
activities might lead to conflicts. A Geographic Information System  GIS! analysis used
map data to suggest potential user group conflicts. These spatial analyses may help
resource managers predict where future boating activity will be greatest. In anticipation
of these heavier use pressures, managers can impose measures to control boating activity
in the areas, post warnings, or provide additional educational messages, and/or employ
greater numbers of enforcement personnel to prevent conflicts and safety problems.

Some of the more important data generated from the study relates to attitudes
and perceptions of boaters about their boatitig experiences. Delaware resource manag-
ers may have had their own opinions about existing conditions on the bays, but prior to
this study they had no reliable data regarding boaters' perceptions. Thus, while rnanag-
ers may base their decisions on any criteria they consider relevant, data on boater
perceptions and attitudes provide one additional source of information for decision-
making.

If resource managers determine that additional regulations and controls need to
be enacted to better manage boating activity in the bays, these study results provide
boaters' opinions about certain measures. If regulations are considered that are
supported by a majority of boaters, there should be wider acceptance and less likelihood
of non-compliance. Conversely, if management measures are considered that do not
have widespread support, additional education and stronger enforcement may be
necessary.

72



The survey questions measured attitudes about safety, aspects of crowding,
elements of boater displacernent, and other behavioral factors. No matter what activity
boaters engage in, they are searching for a safe and satisfactory experience. If their
expectations are not being met, they may choose to relocate to a different boating
environment or pursue other recreational pursuits.

I Ii ti f r a 'n

Resource managers can examine these study findings to help answer the multi-
faceted question, "Are there too many boats on Delaware's inland bays?" However,
these managers must first ask themselves whether or not current conditions are accept-
able. While this study does not answer this question directly, it does provide the data
needed to address the question. The data presented can be used as a basis for establish-
ing quantitative standards of acceptability for a wide range of potential social and
environmental indicators.

As described more fully in Appendix A, current resource management frameworks
rely on standards to make the evaluation process objective and systematic. Standards
provide a means of describing the type of experience that is to be provided in measur-
able terms. Problem identification then is based on the comparison of existing condi-
tions and their corresponding standards. In this case, there were no pre-existing
standards for determining a quality boating experience on the Inland Hays. Therefore, it
is difficult to accurately say there are too inany boats using Delaware's Inland Bays.
Information on the current levels of impacts occurring on the bays, however, can be used
as a baseline for the determination of an initial set of standards.

For example, Inland Bays' boaters interviewed during 1991 rated the overall
quality of their boat trip between 7.2 and 8.0  on a 10-point scale!. One-fourth �6%! of
those sampled reported that their enjoyment was reduced because of the number of
other boaters they encountered on the bays. The vast majority �4% to 92%! considered
conditions on the bays to be safe on the day they were interviewed. If resource manag-
ers consider these conditions acceptable, then such statistics can be used to set a
standard against which future measurements can be compared.

Data from other sources can also be integrated into the evaluation of existing
conditions. For example, DNREC statistics on boating accidents provide another
perspective for evaluating safety on the Inland Bays. The available statistics reveal that
the number of accidents reported has been quite stable for the years 1990-1992, although
the number of accidents involving jetskis has increased during this brief period
 Table 27!. The relatively low numbers of accidents reported statewide echo this study's
finding that very few study respondents �-5%! indicated that they nearly had an accident
due to crowded conditions. The increasing frequency of accidents involving
jetskis  almost all of which occurred on the Inland Bays! is consistent with comments
froin some study respondents about problems they encountered with jetskis. These data
suggested that it is important to maintain and review statistics on boating accidents,
especially in the Inland Bays, on a routine basis.



Table 27. Summary of boating accidents reported to DNREC, Division of Fish and
Wildlife �990-1992!.

Activity Sites 1991

Number of Accidents Reported
Number of Watercraft Involved
Percent of Accidents on bdand Bays
Number of Accidents Involving Jetskis
Percent of Jetski Accidents on Inland Bays

22
35

50%
10

90%

28
43

54%
8

88%

After assessing the acceptability of current conditions, a second type of informa-
tion needed to address boating capacity is knowledge of the relationship between boater
use patterns and the impacts one is trying to control. It is necessary to demonstrate a
link between cause  boater use! and effect  impacts on either the envirornnent or the
boating experience!, The stronger this relationship is, the more precise one can be in
estimating carrying capacities. If there is no significant relationship, it is not possible to
detertnine a capacity because the impact remains constant regardless of the use level. In
such a case, a capacity limit would serve no purpose.

While the documented relationships between boating use levels and resulting
impacts were insufficient for determining an overall capacity, study results can be used to
evaluate the potential effects of proposed facility development options. The likely effects
of new or expanded facilities on the Inland Bays would naturally depend to some degree
on the type, size, and location of the planned facilities. There are three basic findings of
this study, however, that shouM be kept in mind when any future facility developments
are considered.

Ran e of Peak-Use Den i Levels. The density of boats using the bays at one
time in summer 1991 weekend days varied several orders of magnitude, from a low of
251 to a high of 848 boats counted. Boating activity at access areas sampled  marinas,
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Study fmdings revealed relatively weak relationships between use levels and the
quality of the boating experience on the Inland Bays. The most noticeable impact of
higher boating densities was a higher degree of perceived crowding. Crowding, in turn,
was accompanied by other impacts, including boater displacement, safety, conflict, and
satisfaction. However, the number of boats on the bays seemed to have less of an
impact than certain objectionable behaviors engaged in by some boaters. For example,
30 to 40 percent of the boaters interviewed reported that other boats had come too close
to them while they were boating. Such incidents were one of the greatest safety concerns
among Inland Bays' boaters, but these incidents were also unrelated to boating density
levels. This informatiorI suggests that managers should consider actions to reduce the
frequency of boats coming too close to each other. Limiting the number of boats on the
bays would have little effect since the problem is due to behavior patterns rather than
the number of boaters encountered. Expanding enforcement of existing regulations and
offering educational programs aimed at making offending boaters aware of the impacts
of their actions are more likely to bring about improvements in this situation.



launch ramps, shoreline community facilities! also varied widely throughout the summer.
This variation in peak-use intensity results largely from the influence of weather condi-
tions. It is reasonable to expect that the use patterns of any new facilities would mirror
those of the existing facilities on the bays. Thus, additional facilities would be used to
their full capacity relatively infrequently  mainly on holiday weekends and Saturdays
during the months of July and August!. On these peak days, the additional access
provided could lead to total use levels above the maximum recorded in this study.
However, for the remaining nonpeak weekends and weekdays, the total number of boats
on the Inland Bays would remain largely within the range observed during 1991.

B t f ' in n 'i n. Most boaters surveyed were quite
satisfied with their boating experiences. Relatively few boaters reported that they had
been displaced by crowded conditions on the bays, experienced safety problems, or
noticed other boating conflict situations. While these results do not guarantee that
inland bays boaters will accept higher boat densities, they do document that most current
users do not feel that the bays are already overused. Approvals to increase boating
facilities would be more questionable if boaters perceived that there was already a
greater problem with existing conditions.

W R 1 i hi 8 nB 0 ii B 'n ali . Asnoted
earlier, most measures of boating quality and the associated impacts that might interfere
with a quality experience showed little or no variation in relation to different boat
densities. Thus, within the range of densities represented in this study, actions that
influence the number of boats using the bays should have little impact on the experience
of boaters. There is greater uncertainty in predicting the effects of actions that could
greatly increase boating densities beyond the range included in the study.

The weak association between use levels and boating quality/impact variables,
however, coupled with the tendency for mxomum use to occur only infrequently, imply
that increasing densities will have little impact. Of course, one cannot rule out the
possibility of a nonlinear relationship between boat density and boating quality. Such a
relationship would be characterized by a threshold use level above which large portions
of the boating public become disturbed. Clearly, no such threshold was reached during
the 1991 boating season. The safest way to avoid reaching an unacceptable use level in
the future would be to consider facility development proposals incrementally, allowing
only relatively small expansions in boating access at any one time, and monitoring the
responses of boaters to the resulting new conditions.

F r M nit rin Needs

Regardless of what management and development alternatives are implemented
in the future, the effects on boating quality can u1timately be determined only through a
monitoring program. Future monitoring should focus on those variables that were most
critical in this study. The following discussion considers the various mdicators measured
in this study in light of three criteria. These criteria include frequency of occurrence  to
what extent was each indicator prevalent on the Inland Bays!, correlation with boat
density  to what extent was the indicator associated with changing boat density levels!,
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and correlation with the satisfaction index  to what extent did the indicator contribute to
boaters' overall satisfaction levels!. It is suggested that future monitoring efforts include
those indicators with high values on one or more of these criteria.

~li~ggg~iin. Satisfaction is an important variable because it indicates boaters'
overall reactions to their boating experiences. As in many other studies, boater
satisfaction was relatively high and did not vary siyuficantly at different boat density
levels. In spite of these generally favorable findings, satisfaction should be monitored in
the future to detect changes that may occur in response to changing boating conditions.

Of the two satisfaction measures included in tbe study, the l0-point overall trip
rating is less sensitive and precise, but can be obtained and analyzed more easily and
thus has a practical advantage over the satisfaction index  comprised of Gve separate
items!. The satisfaction index did play an important role in this study by allowing a
more complete examination of the factors that influenced boater satisfaction and by
providing a validity check for the other satisfaction measure. Because of the relatively
strong correlation  r = .55! between the two satisfaction measures, use of tbe 10-point
rating should provide an adequate means of detecting unacceptable changes in the
quality of boating on the Inland Bays. If monitoring does reveal lower satisfaction on
this scale at some point in the future, it would be useful to conduct an in-depth study
similar to the current investigation and then include the more complete, Gve-item
satisfaction index in that study.

Of all the impact indicators measured, the crowding index was the
variable that was most strongly correlated with boat density  r = .25!. Considering the
moderate crowding levels recorded during this study and the relationship between
crowding and other impact measures, the degree of perceived crowding may be one of
the most important limiting factors to future growth of boating on the Inland Bays. Both
crowding measures used in this study  perceived crowding and impact of crowding on trip
enjoyment! should be monitored regularly in the future.

h r Irn a Indi t r . The impact of other boats coming too close was the
most frequent type of impact cited by Inland Bays' boaters. It is noteworthy that this
impact was not related to boat density, but occurred consistently regardless of the
number of boats on the bays. Future monitoring of this indicator is important in order
to evaluate the effectiveness of changes in enforcement and/or boater education.

The indicators associated with boating time, place, and activity displacement all
occurred with similar frequency and showed similar relationships with boat density and
satisfaction. Because they directly relate to all three criteria for evaluation, each of these
displacernent indicators should be included in routine monitoring efforts.

Seventy-four to 92 percent of the boaters surveyed felt that boating conditions on
the bays were safe, and the perceived safety index was also relatively strongly correlated
with the boater satisfaction index  r = .40!. Hence, perceptions of safe conditions should
also be monitored. Similarly, asking boaters to report whether they observed an unsafe
boating situation would provide a useful indicator of boating safety on the Inland Bays.
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In addition to collecting information from boaters, future monitoring should also
include measures of boat density and use patterns, as well as other available data, such
as the reported accident statistics discussed earlier. Following the procedures used in
this study, periodic counts of vehicles at major access points, coupled with on-water
counts of the number of boats on the bays at a single time, should be made. This data
should be integrated with future surveys of boater perceptions to allow examination of
the relationships between boating quality and future peak-use levels.

DNREC resource managers should consider one additional step in their attempts
to monitor boating quality and carrying capacity on the Inland Bays. This would involve
initiating environmental monitoring in conjunction with future boating quality monitor-
ing. One environmental indicator easily sampled could be water turbidity. This can be
measured over the course of a boating season and then compared with boating-use
intensities on the same sampling days. Additionally, water samples could be collected
and analyzed to determine the composition of the suspended material. Only through an
integrated monitoring approach such as this will there ever be a reliable method of
associatmg boating activity with environmental disturbances.

Finally, there are important parts of the Inland Bays that were not included within
the scope of this study. These are the major tributaries in the bay system  i.e., Herring
Creek, Love Creek, White's Creek, Pepper Creek, and upper Indian River! These areas
are subject to intense recreational uses and potential user conflicts. Key should
especially be monitored in the future to observe whether they might pose problems
related to environmental or social carrying capacity.



INLAND BAYS MANAGEMENT RECOMMENDATIONS

Pgiiy

In order for the results of this study to have relevance for resource managers, the
Mand Bays Estuary Program  IBEP! inust develop clearly defined management
objectives for the bays. These objectives should identify any applicable standards
against which existing conditions can be compared. The IBEP and its committees
should consider a balanced approach to maramizing the use of the bays and
preserving environmental quality. These objectives should become more apparent
as the process of developing an Inland Bays Comprehensive Conservation and
Management Plan  CCMP! progresses.

Three distinct user groups were identified and analyzed as part of these findings:
permanent residents, seasonal residents, and seasonal visitors. The study findings
suggest that the three groups are distinct in their perceptions and preference for
Inland Bays' management options. The IBEP must decide the relative importance
of these distinct user groups and what priorities, if any, should be given to the
groups in f'uture planning efforts.

Resource managers should encourage boating groups and organizations  as well as
individual boaters! to play a stronger role in the bays' enhancement efforts. Fifty-
two percent of permanent residents, 56 percent of seasonal residents, and 55 per-
cent of seasonal visitors favored the purchase of a seasonal boating use permit for
bay use, if the money were used for bay improvement. Many boaters emphasized
that the moneys should be "earmarked" for the bays. This is an indication that the
majority of boaters are willing to help finance resource enhancement measures for
the bays.

There is no substantial evidence, based on this current user perception survey, to
suggest that carrying capacity problems exist in the Inland Bays as a whole. There
are, however, potential "hot spots" where activity levels and density levels are
higher than in other areas. These areas must be closely monitored by DNREC
personnel to observe whether safety concerns or environmental factors become
critical to users or the resource.

More than one-half of all the respondents supported the idea of zoning
waters to provide for specific uses at specific places. DNREC should con-
sider zoning the bay waters if living resource or user conflicts appear evi-
dent. From current observations, no inajor conflicts between users have
materialized. Certain activities seem to have already "zoned themselves"
and are undertaken, almost exclusively, in these areas  e.g., sailboarding in
northern Rehoboth Bay, sailing in Rehoboth Bay, fishing in Indian River
Bay!,



Survey respondents had stronger feelings about restricting the development of new
marinas in the Inland Bays than they did about restricting boat ramps. Between
one-quarter and one-third of permanent residents, seasonal residents, and season-
al visitors felt additional boat-ramp development around the bays should be re-
stricted; however, between 40 percent and 70 percent of each group felt marina
development should be restricted. Based upon these user preferences, and in
light of the current supply of marinas around the bays and the environmental
impacts caused by them, priority for development of further boating access to the
bays should be given to additional launch ramps rather than full-service marinas.

DNREC should incorporate the GIS study 6ndings related to boating activities
and desirability into their Inland Bays data base to maintain baseline data for
tracking potential user conflicts and behavior patterns.

Evidence suggests that certain use activities occurring in the tributaries of the
Inland Bays  e.g., Herring Creek, Love Creek, White's Creek, Pepper Creek, up-
per Indian River! could lead to future con6icts or resource degradation problems.
Since these areas were not exanuned as a component of this study, future moni-
toring and site-speci6c analyses of these areas shouM be considered by resource
managers.

As growth, development, and use patterns continue around the bays, further as-
sessments and rnodi6cations should be made to these recommendations. Long-
term monitoring of boating and other recreational activity in the bays and associ-
ated perceptions of users are needed for state and local officials to make these
modi6cations.

Twenty-five percent of on-site field survey respondents and 50 percent of mail
survey respondents indicated a desire for additional marine police and law en-
forcement of6cials on the waters of the Inland Bays. Further, those individuals
providing open-ended management suggestions ranked "additional law enforce-
ment" as the third highest management option for IBEP officials to consider.
DNREC's Division of Fish and Wildlife Enforcement Section should review its

current enforcement operations in the bays and decide whether increased patrols
are warranted. The role the U.S Coast Guard can play, related to boating safety
in the Inland Bays, should also be reviewed and expanded, if feasible.

On major water-use days  i.e., holiday weekends and Saturdays, primarily! addi-
tional law enforcement personnel shouM patrol the areas identified as "hot spots"
to maintain a safe and enjoyable experience for a11 users.



DNREC, the IBEP, and other organizations should consider methods of strength-
ening their educational efforts to create more boating safety awareness in the
bays. Boater safety education for Inland Bays boaters was the highest rated con-
cern of survey respondents offering open-ended survey comments. Much of this
response is directed at boaters who �! do not follow the "rules of the road," �!
are discourteous when approaching other boaters, or �! create large wakes and
go too fast when passing stationary vessels.

Many respondents provided open-ended comments mentioning the problem asso-
ciated with high-speed boats creating wakes and high waves near stationary or
drifting fishing boats. This is a nuisance problem that could become serious if
accidents or other safety concerns in the higher use areas become apparent.
Courtesy should be adhered to by all moving boaters as they approach stationary
boats. DNREC officials should pay particular attention to tbe popular fishing
spots near Massey's Landing, South Shore Marina, Delaware Seashore State Park
Marina, and Indian River Inlet. Since the Indian River Bay navigation channel
cuts through this major "hot spot," accidents related to boat speed and wakes are
possible here.

Jetskis have received much media attention as being a major concern in the In-
land Bays due to noise, unsafe handling practices, damage to sensitive shallow wa-
ter areas, etc. Based on on-site field interviews, the major problem with jet-skiers
does not appear to be with those owning the personal watercraft, but rather with
those who rent the vessels for brief time periods. Many jetski owners are sensi-
tive to the criticism that has been directed at them and realize that they must
practice safe, responsible boat handling. The Delaware General Assembly passed
jetski legislation in July 1991. The bill outlined restrictions and regulations for
personal watercraft  jetski! operators to promote the safe operation of such wa-
tercraft. It is hoped that this legislative action is adequate to control the ixnme-
diate concerns voiced by certain individuals.

Open-ended responses by survey respondents indicated a need to control and
regulate crab pots in boat channels and other areas of the bays. DNREC should
review its current policies related to crab-pot usage in the bays. It should consid-
er establishing off-limit areas in and adjacent to marked navigation channels, and
a crab-pot marking systein should be instituted to control violators.



Envir

Less than one-third of each user group indicated that they thought the environ-
mental quality of the bays was improving, and less than 25 percent thought the
bays' living resources were improving. Although very few respondents reported
that they observed refuse or discarded wastes on the waters of the Inland Bays,
there was still a major concern voiced that the bays were not becoming cleaner.
This "unseen" pollution is typically thought of in the form of nitrate contamina-
tion, sewage plant discharge, septic tank leachate, agricultural runoff, and other
point and nonpoint pollution sources. Virtually all survey respondents favored
prohibiting all discharge of pollutants into the water. DNRKC should consider
these findings as solid support to increase its efforts to reduce the total amount of
"unseen" pollution being discharged into the bays' waters.

There was varied support for limiting the size and power of boats using the
bays. Permanent residents �0%! supported this idea more than seasonal
residents �5%! and visitors �5%!. Given the limited support for this
idea, environmental officials should consider action to control boat and
engine sizes in the bays only if they determine that larger boats and en-
gines cause greater deterioration of the Inland Bays' environment than
smaller vessels.

More than 80 percent of all survey respondents supported the establishment of
off-linut zones to protect sensitive resources in the bays. The IBEP should con-
duct an assessment of sensitive habitats and resources in the bays and develop a
habitat/living resource management plan. They should also conduct the necessary
education to make boaters and other users aware of these sensitive resource
zones.

More than 50 percent of all respondents favored restricting boat use in excessively
shallow waters. Many felt that this would be a common sense rule that boaters
would naturally adhere to. From a habitat standpoint these shaHow-water areas
are considered environmentally sensitive and invaluable nursery grounds. There
are additional concerns over boat wakes causing erosion of wetlands and personal
property and prop scour disturbing bottom habitat. With these concerns evident,
restricting boats in shallow waters shouM be considered. Adequately marked
navigation channels and arteries could also help protect valued shallow-water
habitats.

More than 75 percent of each user group responded that restrictions on building
and development around the bays should be considered. With this support, state
and local officials should consider the creation of parks or greenways around the
bays for passive and low-intensity recreation and to provide additional public
access to the bays. DNREC Division of Parks and Recreation personnel have
begun a statewide greenway system that should take into consideration the Inland
Bays as a priority location.
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Dredging boat channels and other areas of the bays was an issue mentioned by
some survey respondents in open-ended suggestions. DNREC has a state dredg-
ing policy in effect for the bays. Additional education and awareness about
shallow areas in the bays and the exact location of nmntained navigational
channels should be targeted to individuals. This may help alleviate some of the
concern associated with this issue.

Education is a key ingredient in making bay user groups more aware as they use
the resource in a safe and environmentally conscious manner. Those organiza-
tions involved in provide bay-related education should consider the distinct user
groups involved and assess whether they all can be reached in a similar fashion
 e.g., permanent residents may respond differently to educational initiatives than
seasonal visitors!.

3. Educational displays should be developed and placed at key locations  state parks,
marinas, tourist information centers! around the bays. These displays will educate
various user groups about the sensitivity of the bays' resources and the uniqueness
of the watershed, as well as provide information to minimize potential use
conflicts with others.

Federal, state, and local officials should consider mechanisms to create a more
visible focus on the bays. Creating a theme like "Delaware's Inland Bays: A
National Estuary" will give the bays a more pronunent position, much like
national parks and national wildlife refuges. Signs could be placed at key loca-
tions throughout the bay watershed giving this "national" designation greater
visibility.
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APPENDIX A:
THE CONCEPT OF CARRYING CAPACI1Y AND RELATED STUDIES

Attempts to establish recreational carrying capacities have puzzled rescarchcrs and managers for
morc than 25 years. Wagar �964! define crag capacity as the 'level of recreational usc an area can
withstand whi!c providing a sustained quality of recreation." Implicit in this definition, as well as other
writings of the time, was recognition of at least two components of cam/ing capacity � a quality natural
environment and a quality recreation experience. Subscqueat research has produced a large and diverse
voluinc of literature, with environmental studies generally refcrrcd to under thc rubric, ecological canying
capacity, and research related to the recreation experience labeled social carrying capacity.

Previous writers have in fact rcccgnized cvcn morc types of carrying capacities, including physical,
faciTity, and econoinic capacity  Pigram 1983, Shelby aad Heberlein 1986!.

Physical Carryiag Capacity is coaccracd with absolute space requirements and represents the
maximuin number of people that can bc physically accommodated by a givea recreational resource
 Department of the Army 1989!. Physical capacity is exceeded when use levels are greater than
those at which recreational activities can occur in a safe and efficien inanaer.

Facility Capacity focuses on manmade improveinents such as parking lots, boat ramps, and so on.
Facihty capacity is genera!!y relatively easy to iueaswe, but is rare!y the most limiting factor in
recreational settings.

Social Capacity refers to the impacts of user deasities oa the quality of the recreational experience.
Social iinpacts iavo!ve the number, type, and location of encounters between visitors to a recreation
area and thc visitors' reactions to these encounters.

Ecological Capacity is concerned with the iinpacts of recreational use oa the natural environment.
Pigram �983! defines eco!ogica! capacity as the "maximum level of recreational use ia terms of
numbers and types of activities that can be accommodated by an area or an ccasystein before an
unacceptable or irreversible dec!iae in ecosystem va!ues occurs."

Economic Carrying Capac!ty refers to the level of activity above which recreation has an unaccept-
able economic impact on other resource uses  Dcpartinent of the Army 1989!. This concept is most
applicable in multiple usc situations, such as a water resource that provides water supply aad wildlife
and fisheries habitat in addition to recreation. Economic capacity is exceeded when the added
operation and maintenance costs associated with recreational activities exceed the benefits derived
from recreation.

Each of the above types of capacity may impose constraints on the recreational opportuaitics that
can be provided from a givea area. Previous studies suggest, however, that the social capacity is most likely
to be the luniting factor in most instances  Shelby and Heber!ein 1986; Department of the Anny 1989!.

Most recent research emphasizes that carrying capacity is not an absolute nuinber, but rather
represents a range of values that must be related to the specific managemeat objectives for a given area.
Nowadays, carrying capacity tends to be define ia terms of levels ar types of use beyond which impacts to
either thc enviroiuncnt or recreational experience exceed acceptable levels. This view of canyiiig capacity
came about ia response to a large volume of research that demonstrated how complex recreational impact
and capacity issues usua!!y become.
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Impact Interrelationships. There is no single, predictable environmental or behavioral
response to increasing recreational use. Instead, an interrelated set of impact indicators cau
be identiTied, Some forins of impact are more direct or obvious than others, but any impact
indicator or combination of indicators could serve as the basis for estimating capacities or
selecting manageincnt strategies. Thus, to understand how a given water resource is
affected by recreational use, it is necessary to consider a broad range of possible impact
variables.

Use-Impact Relationships. Various impact indicators are related to the amount of
recreation use a given area receives, although the strength and nature of the relationships
vary widely for different types of impacts. Most unpacts do not exhibit a direct linear
relationship with visitor density levels. Use-impact relationships vary for diiffercnt ineasures
of visitor use and are influcnced by a variety of situational factors.

Varying Tolerance tu Impacts. One of the most important factors affecting use-impact
relationships is the inherent variation in tolerance among environments and user groups.
Not aH areas respond in the same way to recreational use. Soine spccics may bcncfit at thc
expense of others who are negatively impacted or displaced. The same holds true for
various recreational user groups. Some groups may enjoy high user densitics while others
find such use levels unacceptable,

Activity-Specific Influences. Some types of recreational activity create imparts faster or to a
greater degree than other types of activity. Thc extent of impact resulting from a given
activity can vary according to such factors as the type of equipment used and visitor
characteristics such as party size and behavior.

Si~pec Tc In6uenecs. The impacts of recreation are influenced by a variety of site-
specific and seasonal variables. That is, given a basic tolcrancc lcvcl to a particular type of
rccrcation, thc impacts of recreational use inay still depend greatly on the time and place of
the recreational activity.

One of the important implications of the above considerations is that they seein to be applicable
regardless of the type of impact problem one is dealing with That is, these considerations apply whether
one is focusing on ecological, physical, or social impacts. For exainple, Figurc Al illustrates the impact
interrelationships discussed in the first principle for both the ecological and social iinpacts of increasing
recreational use. The upshot of these considerations is that recreational impacts to both the natural
envirorunent and recreation experience are complex and mediated by a number of factors besides use levels.
Current visitor-management and carrying-capacity frameworks rcci~ize this complexity and therefore
emphasize managing for specified ecological and social conditions rather than searching for magic numbers

at' Recreational a citieA r aches t

A variety of approaches have been suggested for addressing the question of recreational carrying
capacity. These approaches range from formula-based carrying capacity models to more general land-use
planning methods that incorporate impact and capacity issues. The initial widespread concern with "finding
the carrying capacity' has gradually been replaced with an emphasis on identifying and maintaining the
conditions defined as acceptable or appropriate for a given area. Current camping-capacity fraineworks are
built on the recognition that any effective inanagement strategy involves both scientific and evaluative  or
judgmental! components. The scientific component focuses on documenting use-iinpact relationships within
the systein and thereby provides the data needed to predict the impacts of different planning and develop-
meut alternatives. The evaluative component is concerned with the desirability or acceptability of the
iinpacts associated with various alternatives,





Th Limi A 1 Pl ' Fr w . In 1985, the U.S. Forest Service
developed the Limits of Acceptable Change system as aa alternative for assessing recreational capacities aad
impacts  Staakcy et al. 1985!. Designed initially as an approach for planning aad m~ recreational usc
of wilderness areas, the LAC built upon the earlier concept of the Rccrcatioa Opportunity Spectrum  ROS!,
The Recreation Opportunity Spectrum, as currently implemented by the U S. Forest Service and Bureau of
Land Management, is basically a zoning concept that offers a means of classifying recreation lands along a
continuum designed to ensure provision of a wide range of recreational opportunities. This continuum
follows a gradation from unmodified natural areas to those heavily dcvcloped and having higher degrees of
social interaction aad maaageinent controls. The LAC approach builds upon the ROS system by providiag a
means through which differen types of areas are managed to provide distinct recreational experiences.

Thc central element of LAC is a nine-step process for establishing the luaits of acceptable change
 Figure A2!, This process identifies a logical sequence of steps that lead to setting standards for social aad
eaviroiunental settings defmcd for a range of opportunity classes. Thc process also incorporates coasider-
atioa of a range of alternatives for allocation of areas to various opportunity dash and recognition that
soiac user iiapacts arc inevitable and some diversity of conditioas is accessary to meet thc broad range of
user needs.

The LAC approach argues that the carrying-capacity concept is but one choice by which recreation
can be inauaged and provides a means by which iaaaagernent actions can be based oa specific standards that
r~gaizc both social aad euvironmental dimensions of recreation impacts. While the LAC was developed
primarily for use ia wilderness settings, its basic concepts and logic could be applied to any type of natural
area used for recreational purposes. The LAC approach has become widely known among recreation
resource managers aad offers several ideas aad tools that may be useful in assessing recrcatioaal capacities
oa Delaware's Inlaad Bays,

H rleia' mea Pr - a . Shelby and Heberleia
�986! introduced a gcncral conceptual framework that sorts out many of the difficultie encountered in
estimating recreational capacities. A key feature of their approach is the delineation of the DESCRIFTPW and
EVALUATIVE componeatS Of Camping capacity  Figure A3!. The descriptive componeat is COnCerned with the
relatioaships between recreational use patterns and the impacts associated with this use. This component is
further broken down iatO two important typeS of variables: MANAGEMENT PARAMETERS and IMPACT
PARAMETERs, Anything an agency can directly manipulate, such as the type or amount of use, is a
maaagemeat parameter, Exaiaplcs of management parainctcrs for a water-based resource might include the
type and amount of access to the water, the types of uses allowed, aad systems for zoaiag areas for specified
uses. Impact parameters, oa the other hand, describe what happens to either users or thc eaviroament as a
result of visitor use patteras aad other management parameters. Changes in water quality and the frequency
of encounters with other users at boat rainps are examples of impact parameters,

The descriptive compoacat identifies how a recreation system works, but it does aot determine the
camjag capacity of the area. This determination requires iaput froin the second component of car~jiug
capacity, EVALUATION. Thc evaluative cOmponen  defines the management ObjeCtiveS aad Spcci6es
acceptable levels of social aad eaviroameatal impacts, For successful implemeatatioa, it is important that
this evaluation result in a set of standards spewing the type of experience to be provided ia terms of
appropriate impact parameters.
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Figure A3. The Shelby and Hcbcrlein �986! model for carrying-capacity studies.



Shelby and Heberlein �986! suggest that carrying capacities can be determined only when the
following three conditions are inet;

1! there is a known relationship between usc lcvcl, or other management parameters, aad
relevant impact parameters;

2! there is agreemcat among relevant groups about the types of recreation experience to be
provided; and

3! there is agreement among the relevant groups about the appropriate levels of the relevant
impact parameters.

When these conditions are met, their process for determining e.~iag capacity indudes the following steps:

1! Organize and evaluate background information. This process includes compiling existing
information ou the geographical coatext, management structures, pohlical chmate, usc
patterns, etc.

2! Identify ia general terms thc type of experience to be provided. This indudcs a review of
legal mandates, agency guidelines, and management objectives, as weU as the spectrum of
recreation opportunities within rcsourcc capabilities.

3! Identify the iiaportant impacts. The task herc is to select measurable parameters represent-
iag the potentially important ecological, physical, facility aad social impacts.

4! Collect detailed inforruation needed to refine study objectives, establish evaluative standards,
aad document existing conditions.

5! Develop maaagement alternatives that would liinit impacts to acceptable levels.

6! Select a management strategy

7! Monitor impacts to insure that they faU within acceptable limits and adjust management
policies if necessary.

The C-Cap approach has been used primarily as a basis for capacity asscssmeuts in back-country
recreation settings. It has also been used, however, to estimate boating carrying capacity at the Apostle
Islands Natioaal Seashore oa Lake Superior  Heberleia ct al, 1986!.

The Apostle Ishmds National Lakeshore: A C~p Case Study. Heberleia et aL �9&6! conducted
a study to determine if the C-Cap carrying-capacity model, which had been developed largely on the basis of
linear wilderness systeins like trails and rivers, could be used ia more complex systems involviug aoawilder-
uess types of recreation. This study focused speciTicaUy on prediding the effects of additional marina slips
on thc boating experience at Apostle Islands National Lakeshore,

The study area encompasses 22 islands aad a strip of mainland along the south shore of Lake
Superior near Bayfield, Wisconsin. At thc time of the study �981!, there were five marinas with a total of
584 boat slips in the Bayfield area. Most of these slips are occupied by sailboats which are used primarily to
sail around the islands within the national lakeshore. The only other access facility ia the area is a single
boat ramp with parking for up to 15 trailers.

As described earlier, the C-Cap model includes both descriptive and evaluative componeuts. In this
case, the descriptive component focused on documenting the nuinber of boats leaving the existing mariaas  a
inaaagement parameter! aad the mooring locations of boats among the islands, or more specificaUy, the
number of boats moored at the two most popular locations in the islands  an iinpact parameter!. Consider-
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ation was given to including additional impact parameters, such as the number of boats scca or thc number
of boat collisions reported, but such indicators were not deemed to be pertinent because of the vast amount
of water surface area �00 square miles in the inunediate area! and the relatively smaU number of boats
using the area,

The evaluative component focused on the question, how many boats is too many? As is typically the
case, the management objectives for thc arcs werc too vague  e.g� to provide rccrcatioa! to provide any
dehnitive guidance for this question. Conscqueatly, the investigators turned to the boaters for their input.
Visitor surveys were used to develop contact preference curves" which indicated how boatcrs felt about
varying numbers of boats at selected locations.

Methods, Data werc collected for 74 days during the summer of 1981. Data collection focused on
three key variables, two measured through observational procedures aad the third using a questionnaire.
The number of empty marina slips was counted daily between 9 and 10 AM to provide an indicator of boat
density in the islands. Thc number of boats moored at thc two most popular locations was measured from
fly-ovcrs aad counts by National Park Service rangers, The contact preference curves were derived from a
sample of 323 boaters participating in onsite and tnaU surveys. Subjects were asked how they would feel
about seeing varying numbers of boats at selected locations, using a scale ranging from very pleasant to very
unpleasant. Thc contact prefcreacc curves were created by connecting the mean values of visitors' responses.
The pomt crossing the neutral line represents the maximum number of contacts acceptable to boaters, while
the highest positive poiat on the curve depicts the optimum coatact level from the boaters' standpoint,

Results. Study results showed that the largest number of boats out of the mariaas on any givea day
was 31 percent of aU possible boats. The average weekday use level was 13.4 percent  about 70 boats!, while
the average wcckcad use rate was twice as high �7,6%, or about 150 boats!. The number of empty slips
was a good predictor of the total number of boats moored in the islands, as indicated by a correlation
coeKcient  Pearson r! between these two variables of r = .78.

While the area offers more than 20 potential mooring sites, boaters were coaceatrated in a few
areas. The two most popular sites averaged eight boats  maximum = 33! and 5 boats pcr night  maximum
= 26!, respectively, Analysis of the relationships between variables resulted ia the prediction that 10 percent
of the boats leaving the marinas would use the most popular site, and 6 percent would usc the second most
popuhu location.

The user preference data showed that boaters responded most favorably to sharing a site with only
oae other boat, and the pleasantness rating declined as the number of boats increased. Users were generaUy
positive to seeing between one aad flve boats, and neutral to between seven aad eleven. Their responses
became consistently negative at densities of 15 or more boats, suggesting that 15 boats could be viewed as a
standard represeatiag the maximum tolerable contact leveL

The standard of 15 boats was well above the average numbers of boats using any location, but was
exceeded l7 perceat of the uigbts at the most popular area �% of weekdays and 46% of weekends!,
Further analysis revealed that adding 100 to 200 more boat slips in the area would cause relatively little
change ia the percentage of nights where peak use would exceed the standard of 15 boats �8% of weekend
nights for 100 more slips; 63% for 200 slips!. In contrast, 300 new slips would have a more dramatic effect,
with 75 percent of weekend nights and 16 percent of weekday nights above capacity. Tbe authors concluded
that 200 new sflps is the largest amount that could be accepted before noticeable impacts would be observed.

Conclusions. This study demonstrates how information on use-impact relationships, coupled with an
evaluative standard, can be used to assess the capacity of a given area for boating. What is particularly
noteworthy about this case is that social capacity became an issue prunarily because of spatial concentrations
of boaters at certain locations. With a relatively smaU number of boats using a vast water area, determining
the capacity using the space standards approach would have resulted in very different conclusions that would
not have reflected the use patterns of the area.



Th V' i r Im n Fr w k. Visitor Impact Managcmcnt is an approach to
recreational carrying capacity that was developed by the National Parks and Conservation A!sociation
 Graefe et al. 1990!. Like C-Cap and LAC, the VM process is built upon the recognition that effective
management involves both scientific and judgmental considerations. VIM also stresses that effective
management includes more than carrymg capacities and use limits. While use quotas represent one potential
strategy for reducing the unpacts of visitors, it is unportant to retncinber the lessons from previous studies
that found only weak or indirect relationships between impacts and overafl usc levels  Gracfe et al. 1984;
Kuss and Graefc 1985!. In such instances, establishing capacities and Emits may do little to reduce the
impact problems they were intended to solve, whereas other potential management strategies may be quite
effectiv in reducing the impact conditions,

The VIM fraruework includes an eight-step sequential process for assessing and man@jag visitor
impacts  Figure A4!, The steps in this process, however, are esscntiafly designed to facilitate dealing with
three basic issues that are inherent to impact management: �! the identification of problem conditions  or
unacceptable visitor impacts!; �! the determination of potential causal factors affecting the occurrence and
severity of thc unacceptable impacts; and �! the selection of potential management strategies for ameliorat-
ing the unacceptable impacts,

The first fivc steps in the process arc devoted to the important, yet often slighted, task of problem
identification, While this may appear to bc a simple matter, it has often proved to be a stumbling block to
effective resource management and related investigations. Consequently, this first basic issue was separated
into several steps to isolate the various decisions that must be made in asressmg existing conditions.

Step L The Preassessrnent Data Base Review. The fust step in the pr~ involves compiTing and
reviewing pertinent existing information, The amount of relevant material inay vary froni situation to
situation, but there will always be some background information that can be used to establish an initial
perspective on the problem. Policy documents and plans may include useful basehne information on area
resources and visitors as weH as management guidance and constraints, The. real objective of Step 1 is to
identify and summarize what is already known about the situation so that existing information can be put to
its best use as the process continues.

During the prcassessmcnt data base review, it will be necessary to delineate the physical area to be
included throughout the visitor impact manageincnt process. For localized unpact probleins, this physical
area may be smaH and have obvious boundaries. For larger scale applications, visitor management areas
could be patterned after managcinent zones already in place. It may be desirablc to define visitor manage-
ment subunits within existing management zones. Current visitor use patterns may serve as the basis for
defining a visitor management area, In other instances, resource characteristics such as endangcrcd species
habitat may provide the basis for defining the management area. What is most iinportant is to identify an
area that is workable from a management standpoint and that encompasses the zone of mflucncc over the
impact situafion under consideration.

Step 2; Review of hfanagetnent Objectives, Thc second step in the process is to review the
management objectives pertinent to the situation at hand. The importance of dear and spccific manageinent
objectives has become a dominant theinc in the literature on recreational carrying capacity. To be effective,
management objectives need to define the type of experience to be provided in terms of appropriate
ecological and social conditions  Stankey 1980!.

The definitio of the type of conditions to be provided in a given area in essence requires a decision
selecting one type of experience over competing experiences requiring different types of conditions. While
resource managers may be reluctant to make such decisions cxphcitly, it is important to rcco8~ that this
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judgment is inherent to the resource management task aad will occur by default if it is not made dehbcrately.
Avoidance of this decision essentlaHy aHows those activities that caa preeinpt other opportunities to
dctexmme the recreational character of the area  Scbreyer 1976!.

Step 3: Selection of Key Indicators. Thc third step in the process involves identifying measurable
indicators for thc pertinent xnanagement objectives. Once objcctivcs have described the type of cnviroiunen-
tal conditions and visitor experience to bc provided, this step serves to identify how the specified conditions
«nd cxperiencc wiH be measured. The specific decision required here is the sclcction of the most important
variables to serve as indicators of the desired conditions,

It is important to recognize that there is no single indicator or set of indicators that is appropriate
for aH situations. The choice of indicators depends upon the particular type of impact under consideration
and the specific characteristics of tbe site. Several criteria can be used, however, to evaluate the potential
usefulness of alternative indicators. The most useful indicators include those that are directly observablc,
relatively easy to measure,, directly related to thc objectives for the area, sensitive to changing use coaditions,
and amenable to management. Examples of both environmental and social ixapact indicators to consider are
included in Table Al.

Step 4: Selection of Standards for Key Impact Indicators. This step adds one further layer of
specificit to the VIM process through the selection of standards for the previously selected ixapact
indicators. This step, in essence, calls for a restatexneut of management objectives in quantitative terms.
Standards differ from management objectives by specifying appropriate levels or acceptable lixnits for thc
ixnpact indicators designated in Step 3. The standards selected become thc basis against which the existing
situation is evaluated. Thus, this step serves the ixnportant function of describing the environmental
conditions and type of experience to bc provided in units of measurement which arc compatible with
available measures of the conditions that currently exist.

Step 5: Comparison of Standards and Existing Conditions. After tbc first four steps in the process
have ciarified the conditions one is trying to achieve in a given area, the cxistiag situation caa be compared
to this desired state of affairs. Step 5 requires some assessxnent of current conditions for those impact
indicators that were selected in Step 3. This assessment does not necessarily require elaborate or costly
studies. What is necessary, however, is a level of observafion and measurement that provides for a
reasonable comparison of existing conditions and their corresponding standards.

If there is ao discrepancy between current measures of key impact indicators and their correspond-
ing standards, there is no aced for direct xnanagemcnt intervention. In this instance, the area is currently
providing the environmental conditioas and type of experience that have been defined as appropriate for the
area  i.e,, there is no problem!. Monitoring of the selected indicators should be conducted, however, to
detect changes that may develop in the future. This monitoring should include both the ixnpact indicators
that are most susceptible to change and the use patterns that may lead to changes in the status of these
impact indicators.

If measures for certain indicators do not xneet the standards for the area, a problem situation is
documented. It is then appropriate to move on to the identification of probable causes of tbe unacceptable
ixnpacts.

Step 6; Identification of PmbabIe Causes of impacts. Because of the xnany potential factors that may
contribute to impact conditions, the chaHenge of Step 6 is to isolate the most significant cause s! of the
problem. This task can be approached by examining the relationships between visitor use patterns and the
iinpact indicators that have exceeded their respective standards. In examining potential causal factors, it is
important to consider aH of the specific aspects of visitor use that may influence tbe situation, including the
type of use, leagth of stay, size of group, time of use, coacentrafion of use, frequency of high-use periods,
overaH amount of use, and behavior of visitors. !t is also important to remember that use-ixnpact relation-
ships may be mediated by site characteristics and consequently may vary for different times and places,
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Subinerged aquatic vegetation  SA V!
Dissolved oxygen
Phytoplankton concentrations  red tide!
Turbidity  prope0er wash!
Runoff and erosion
Human wastes
Lass of waterfowl habitat
Loss of fish nursery areas
Bacterial concentrations ~a~~~
Litter
Trampled benthic life
Noise impacts on waterfowl and fishcries
Trampled shoreline vegetation/erosion
Decreased estuarine production  catches of fish!
Loss of wetlands

Fuel oil spills
Vehicle pollution
Disposal of fish cleaning wastes
Area of shellfish beds dosed

ENvt ttoNMENrAt. INDtmmRs:

Conflicts between activities
Percent reporting interferencc with usc
Perceived crowding
Displacement
Percent reporting usc limited due to various factors
Percent reporting change in activity participation
Loss of enjoyment
Increase in number of accidents

Noise
Perceived environmental quality
Percent reporting environmental quahty deteriorating
Percent reporting activity hurts the environment
Percent reporting that controls are needed
Extent of water-related illnesses

SoctAL INDtmmtts:

Table A1. Potential environmental and social impact indicators for evaluating
recreational capacities.



Completion of this step may require some additional studies focusing on the relationships betweea key
iiapact indicators and visitor use patterns.

Srep 7: Jdenrijication ojManugenienr Srrnregies, With some understanding of how the amount, type,
aad distribution of people using a given area affect the pertinent impact indicators, it is possible to identify a
range of alternative maaageinent strategies. Just as many aspects of use may contribute to the problem,

any iaanagement alternatives are available for dealing with the problem. It is nnportant at this phase to
focus on the probable causes of the visitor impacts rather than on the impact conditions themselves. It is
also important to recognize that one may never have a coinplete understanding of the causes underlying
certain visitor impacts, nor can one predict exactly how a given management action will affect a problem
situation.

Management techniques aimed at reducing a particular impact may adversely affect other aspects of
the situation or may introduce other probleins for inanagers. For this reason, a inatrix approach for
evaluation of alternative inanageinent strategies is recommended  Figure AS! This matrix approach
provides a vehicle for evaluating a range of management alternatives ~ a set of selection criteria. The
suggested criteria cover a variety of issues related to the iinplementation of any inanagement program. A
givea management option may seem quite desirable according to some of the criteria but less attractive from
the perspective of other criteria. A strategy with high odds of producing the desired outcoine may be
impractical due to the difficulty or cost of impleineatation, or it may be inadvisable if it causes as many
problems in terms of visitor acceptance or other indicators as it solves. There are generally no single right
or wrong aaswers for dealing with visitor impacts. It seems most reasoaable to strive for a balance among
criteria when selecting a particular management strategy.

Step 8: Implernenrudon. The, selected management strategies should be implemented as soon as the
necessary resources are available. Because the nature and causes of visitor uapacts are highly variable,
inaaagemeat programs designed to deal with these impacts should be flexible and quick to respond to
changing conditions,

The task of managing visitor impacts is not over when a iaanageinent program has been implement-
ed. Monitoring of key impact iadicators aad use patterns is critically unportant to determine whether the
inanageinent actions are producing the desired outcomes without creating other undesirable side effects.
Future monitoring is needed regardless of the outcome of any particular step in the process, Thus, the
process is a continuous framework for the evaluation and managemeat of visitor impacts that builds a data
base as it responds to conditions at various points in time.

The Visitor Impact Management framework has been pilot tested in several U.S. National Parks and
has also served as the basis for several studies in other areas. Of particular relevance to the current project
is an application of VIM to the assessment of boating capacity at Raystowa ~e ia central Pennsylvania

Boating Capacity on Rnystnwn Lake: A VIM Case Study. Raystown Lake is an 8/00-acre reservoir
located ia central Pennsylvania and managed by the US. Anny Corps of Engineers. The reservoir is unique
among corps water projects in that it was constructed primarily to provide recreation opportuaities for
residents in the region. The lake's geographic location places it within easy driving distance, of many boat
owners in Pennsylvania and neighboring states. Raystown's physical dimensions make it especially attractive
to owners of high-performance aad medium-sized to large freshwater boats. The lake does not appear to be
desirable for sailiag or canoeing. It is very popular among fishermen, who account for most of the boating
activity on the lake during the spring and fall seasons.

Recreation use at Raystowa Lake increased from 475,000 recreation days in 1975  the first year of
operation! to 1,421,000 visitor days in 1986. This visitation includes a wide variety of recreation activities.
Increases ia boating activity over the years have led to concerns about congestion aad the impacts of the
numbers of boats oa the quality of the boating experience. Use of the lake is currently limited by the

97



.Figure AS, Matrix for evaluatioa of alternative maiiagement strategies.



capacity of the existing facilities providing access to the lake. It is anticipated, however, that pressures to
increase lake access through uew constructioa or expansion of existing facilities wiII continue to grow.

This study was not a step-by-step application of the VIM framework, but rather was an investigation
designed to support certain compoacnts of tbe VIM process  Graefe ct al. 1988!, The objective of the study
was to examine the relationship between boating dcasitics on Raystowa Lake during peak-use periods aad
visitor perccptioas of tbe conditions rcsuking frora these peak-use levels. Emphasis was placed on the
identification aad measurement of relevant iadicators of quality in tbe recreation cxpericnce. The informa-
tion collected provided a basis for: �! evaluation of cxistiag peak-use boating conditions, �! identificatio of
management actions designed to improve current coaditions, and �! prediction of the likely consequences of
potential expansioas in faciTity development on thc lake, The study also provided recommendations for
monitoring boatiag conditions oa Raystown Lake in tbe future.

Methods. Peak boat use patterns and their effects on boating quality at Raystown Lake were
examined during the summer of 1987. A combination of survey procedures was used to measure boating use
patterns and visitor perceptioas about the conditions they encountered. Peak boat densities were identified
through aerial photography of the entire lake surface aad ground counts of vehicles at aU major access
points. Visitor perceptions were obtained through oa-site personal interviews conducted at aII major access
points on the same days as boat use was being measured. Since the study focused on the assessmeat of
peak-use conditions, data collcctioa was conducted on selected weekends during thc 1987 boatiag season.
The sampling schedule was designed to represent the varying levels of weekend use aad included a total of
eight days of data collectioa, two of which fell during the Memorial Day and Fourth of July holiday
weekeads. A total of 1,170 boaters were interviewed duriag the course of the study.

Measruernenr of Impact Indicators. Overall use levels, determined through aerial photos taken
between 1:00 and 3:00 p.m., ranged from 794 boats �05 acres per boat! to 1,101 boats �D acres pcr boat!.
The lowest boating densities were found on sampling days during August, while the highest use level found ia
the study occurred during the Fourth of July hohday weekend.

Results of the visitor survey suggest that Raystawn Lake boaters were generally satisfied with their
boating experiences On a scale of 1 to 10  with 10 being the perfect trip!, 61 percent rated their experience
aa eight or higher. Nearly one-fourth of the boaters rated their experience a 10, and the average satisfaction
level was 75.

Questions related to perceptioas of crowding revealed that boaters tended to feel most crowded
while out on tbe lake and least crowded at the access areas at the start of their trips. Very few sarapled
boaters were dissatisfied with the amount of time they had to wait to get on tbe water. About oae-fourth of
tbe respondents reported being displaced from favorite parts of the lake because of the number of boats
there, Similarly, 27 percent stayed off the lake during parts of the day, and 23 percent chose not to
participate ia some boating activities because of crowded conditions on thc lake, Very few boaters were
bothered by noise from other boats, but nearly one-fourth reported that the behavior of other boaters
interfered with the quality of their experiences. The most frequent types of behavior causing these reactions
were boaters coming too dose or going too fast aad boaters failing to observe ao-wake zones. Although
one-third of the sampled boaters reported that other boats came doser to them than they would like, only
17 percent felt there was an unsafe number of boats on the water.

Comparing the perceptioas of three major user groups oa the lake  campers, marina users, aad boat
ramp users! revealed few significant differences. Thus, although these three types of users were quite
distinct in their patterns of boating and the boats they used, all three groups generally perceived their boating
experiences very similarly.

Evatuaaon of Existing Conditions. The VIM process, as weII as other current management
frameworks, suggests that evaluating the acceptability of current conditions depends on a comparisoa of
existing measures with the standards one is trying to achieve in a given area. Thus, while this study caa



show, for example, that thc average satisfadion of weekend boaters during 1987 was 73 on a 10-point scale,
lake managers must decide if this satisfaction level is consistent with what they are trying to provide.

In this case, there were no pre-existiag standards for the boating cxpcrience at Raystown Lake.
Knowledge of the current levels of various impact indicators gained through thc study can provide a baseline
against which an initial set of standards can be determined. If rnaaagers decide that current conditions are
adaptable and their objeWve is to prevent conditions from deteriorating in the future, thea thc cxistiag
levels for various impact indicators can set the quantitative standards for future assessments. Thus, the
standard for boater satisfaction would be set at 7.5 on the 10-point scale, If, oa the other hand, managers
feel that current measures for certain indicators are already unacceptable, they may wish to set more
stringent standards for such indicators as a goal of their management program. In such a case, the standard
for satisfaction might be sct at 8.0 rather than 7D oa the 10-point sade. Standards for other key impact
indicators could be established in a similar inanner, based on managers' evaluations of the current conditions.

Use/Inipucl Relationships. Estabhshing the relationships between the number of boats on the lake
and the various measures of experiential quality is a critical element in the evaluation and management of
existing conditions. Ia this case, boaters were generaHy satisfied with conditions regardless of thc number of
boats at the lake, Use levels were related, however, to other impact indicators such as perceived crowding
on the lake, perceptioas of safety, and the various types of displacement behavior.

The perception that conditions oa the lake were safe was the indicator that was most strongly
associated with ovcrafl boating satisfaction  r =.48!. Many other impact indicators, however, were also
strongly correlated with boater satisfactioa. The exceptions, or those indicators most weakly associated with
satisfaction, included noise from other boats, waitiag time to get on the lake, and the actual number of boats
on the lake. As noted above, however, thc number of boats on the lake did contribute to the level of
perceived crowdiag, which in turn was relatively strongly associated with satisfactioa.

These finding are consistent with the results of inany other studies aad suggest that boating quality
is a multifaceted and complex concept. Maintaining boating quality, therefore, will require payiag attention
to the interrelated set of indicators that are most stroagly associated with overall satisfaction.

Considerudon of Management Alternatives, Results suggest that current peak-use conditions were
acceptable to most Raystown boaters Conditions could be improved, however, by focusing management on
those indicators with the greatest iafluencc on satisfaction. For example, one-third of the boaters sampled
reported that other boats had come too dose to them while they were boating, Such incidents were one of
thc greatest safety concerns among Raystowa boaters. This information suggests that it would be helpful for
management to pursue actions that wiH reduce the frequency of boats coming too dose to each other.
Maaipulating the number of boats oa the lake would have little effect since the problem was due to thc
behavior, rather than the number, of boaters encountered. Expaading enforcement of existing regulations
and offering educatioaal programs aimed at making offeading boaters aware of the impacts of their actions
arc more hkely to bring about improvements in this situation.

Tbe probable effects of facility expansion on Raystown Lake vary according to the type and
magnitude of expansion considered. Since existing facihties were rarely used to capacity, iacreasing boatiag
access would only infrequently lead to total use leveLs above the range observed during 1987. Thus, the
potential impacts resulting from new faalities would hkely be noticed only on relatively few peak use days
during thc boatiag season.

Additional parking spaces at boat ramps  as weH as development of a new ramp! would have the
ost direct influenc oa peak-use levels because these areas would tend to fiH to capacity on peak-use days.

Additional marina capacity would increase the number of boats on the lake to a lesser degree, as study
results showed that a maximum of one-fourth to oae-third of the boats stored in the marinas could be
expected to be out on the lake at any one time. Similarly, additional campsites would have relatively Httlc



impact oa the total number of boats on the water, since many campers do aot have boats and those with
boats have much flexibiTity ia when they go out on the water.

Monitoring Recommendations. Regardless of what management and development alternatives arc
unplcmcnted in the future, thc cffeds on boating quality can ultimately be determined oaly through a
monitoring program. Results of this study provided a baseline against which future conditions can be
coinpared. Future inonitoring should indude measures of both boatiag densities and selcctcd impact
indicators. Key indicators for future moaitoring should inc!ude those variables that played thc most
important roles in the Raystowa study. These indicators could be selcctcd on thc basis of frequency of
occurrence  to what extent each iudicator was prevalent on the !ake!, correlation with boat density  to what
extent tbe indicator was associated with changiag boat density levels!, and correlation with satisfaction  to
what extent the indicator contributed to boaters' satisfaction!.

Monitoring of boating densities could bc incorporated into thc routine duties of rangers stationed at
inajor access points on weckcnds. The impact indicators induded in this study caa be monitored only
through direct contact with samples of exiting visitors. Rangers oa patrol could also routine!y collect this
data by administering a brief �- to 3-minute! interview with sc!ected boatcrs, On a !ess frequent basis
 perhaps every fiv years!, it would bc useful to pursue a more ia-depth visitor survey to more fully examine
the relationships between boating patterns aad the quality of the boatiag cxperieace,

Condusions. This study focused on thc relationship between boat density levels aad visitor
pcrceptioas of the conditions encountered at varying use !cve!s. The results of the study caa be used to
support a variety of visitor-impact manageinent decisions, inc!udiag the evaluation of existing conditions,
identificatioa of management actions aimed at improving these conditions, evaluatioa of the probable impacts
of various potentia! options for facility deve!opmcnt on the lake, aad development of procedures for
monitoring thc quality of boating at the lake in the future.

Study results also demonstrate the scientific principles that underlie the Visitor Impact Management
process. Thc examination of use-impact relationships showed that boatiug quality is influence by aa
interrelated set of impacts with varying degrees of association with usc levels.

umm d Im li tioas. All of the previous approaches to recreational carry~ capacity, and
particu!ar!y the three f'rameworks described above, offer useful iinplications for the assessment of visitor
impach aad carrying capacities. The C-Cap model, for example, provides a dear conceptual framework for
or!psni mig complex impact and capacity-related questions. LAC aad VIM both provide systeinatic processes
for identification of problem conditions aad selection of management strategies based oa area inventories
and standards.

The approaches takea together complement weaknesses evident when considering each of them
individually. LAC and VIM, for examp!c, are much inore explicit than thc C-Cap framework in identifying
problem conditions and in dealing with the diversity of visitor expcctatioas aad preferences. Several LAC
steps are devoted to defining opportuaity c!asses and allocatiag resources accordingly, In contrast, the C-Cap
approach makes a dearer distinction between science aad value judgements and deals morc specifically with
how to isolate the use levels and other aspeixs of recreational use aad managciaent that have caused or
contributed to the prob!em conditions.

The VIM aad LAC frameworks are rea!!y very siinilar processes that differ froin each other
primarily ia the degree of emphasis placed on various components. For example., VIM indudes an explicit
step anaed at identifying the probable causes of iinpact conditions, while LAC p!aces greater einphasis oa
defining opportunity c!asses and developiag alternative c!ass allocatioas. Both processes, however, were
developed as alternatives to the traditional camping-capacity concept. Both frameworks re!y on tbe use of
indicators and standards as a means to defme uaacceptable unpacts. And both VIM and LAC emphasize
consideration of a broad range of management alteraatives and require future inonitoriag.
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Earlier studies focusing on water-based systems tended to emphasize space standards as a means of
determining capacities. This approach was based on the notion that various recreational activities require
varying amounts of space to avoid safety problems or conflicts between user groups.

For example, a wide variety of space standards for sclectcd types of recreational boating have been
proposed  Table A2!. While there appears to be some agreement that certain types of boating, hke
waterskiing and powerboating, require inore space than other boating activities, there is little agreement
about the actual amount of space needed for a given type of boating. Published standards for particuhr
types of boating vary by as much as several orders of magnitude; the standards for waterskiing, for example,
range from three to 40 acres per boat. As a result, such standards are now considered rather arbitrary and
are often treated only as general guidelines for particular types of boating.

Thc dcvclopment of uaifonn space standards for boating is difficult because water resources vary in
terias of size, depth, aad shoreline developinent. A lake with iaaay inlets and bays, for example, can
accommodate morc boats than a circular lake with the same surface area. Space standards also ignore other
important factors, indudiag concentrations of boating activity at certain locations and potential coaflicts
between boating and other recreational activities, Regulations may also influence boating space standards.
For example, speed hmits could effectively lower the space required for high speed power boating  Depart-
ment of the Army 1989!,

Space standards also exist for swunming beaches, but these standards also vary widely  Fogg 1981,
U,S. Bureau of Outdoor Recreation 1970!, For example, Fogg �981! proposed standards of eight and
twenty persons per foot of shoreline for low- and high-density beaches, respectively.

Ashton and Chubb �972! attempted to extend thc usc of space standards by developiag regression
models to relate boating use levels to user satisfaction on several heavily used Michigan lakes. Their work
obtained measures of satisfaction through surveys of boaters and waterfront property owners as well as
detailed estimates of boat use at one-hour intervals via aerial photography, The carryiag-capacity estunates
that resulted from analyzing relationships between these variables were highly suspect, however, because little
of the variability in satisfaction was cxphined by boat use levels.

A follow-up study by Ritteager �976! which attempted to refine the methods used by Ashton and
Chubb had even less success in estimating a social carrying capacity on another Michigan lake. His work
failed to find a significant correlation between use level and user satisfaction, and thus he was not able to
estimate the social capacity. Many subsequent studies have found similar results when searching for
relationships between density and satisfaction  Graefe et al. 1984!. In light of these research findings, it
appears that the method proposed by Ashton and Chubb �972! offers little potential.

Roy Maaa Associates Iac. �974! produced one of the first recreational boatiag carrying-capacity
plans for the Chesapeake and Chincoteague bays. They based their recreational boating carryiag-capacity
plan on the following criteria: �! identify the presmaed recreational boating ca~kg capacity of individual
sub-areas of thc Maryland bays; �! identify cnvironinental sensitivities aad the indicators which reveal the
points at which recreational boating may have adverse affects on them; �! sct limits on user numbers,
permitted uses, or use intensities at levels safely below thresholds of user dissatisfaction and environmental
degradation; �! provide for new facilities or suitable locations of excess carrying capacity up to the presumed
safe limits; �! encourage and regulate the lessening of use or intensity in areas or at times of dehcit carrying
capacity or when environmental degradation attributable to recreational boating may occur; �! be flexible,
pragmatic, and adaptable for use by public officials responsible for boatiag activity and faciTity construction
decisionm aking.



Table A2. Boat space standards  acres per boat!.

Allegheny National
Forest

20.01.0 1.05.0

Bureau Outdoor
Recreation

7,0-20.02.0-10.0 3,0.18,0

California Recreation
Comm.

1.0

Army Corps of
Engineers

1.0

3,0D5 3,G05Fogg �981!

Great Lakes Basin

Jaakson �984!

10.0

0,33

Louisiana Park
Recreation Comm.

B.D

50,0

10.0

6,08,0 15.0-20.06.0-LO

15

75

10.0

02'-I.B

Soil Conservation
Service

5.G 02- 0353.D

20.040.0 12-ID.O

400 B.D

20.G40.0 8.0

5,0

10.0-20.01.0

20.0

Manitoba

Minnesota DNR

New fork State

New Hampshire

Ohio DNR

Ontario

Sirles �968!

Sowman �987!

Tichacek �975!

Wisconstn OR Plan

Wisomsin DNR

General power P~r power WaterNon-Power Sailing Fishing
Standard  <10 ltp.! Skiing



Roy Mann Associates Iac. suggested an 11-step recreational boating carrying-capacity planning
system to meet the above mcntioncd criteria. It included the followiag.

1. The delineation of management units within sub-areas of Chesapeake and Chincoteaguc
bays.

2. Classification of the water bodies  sub-bay units and management units! delineated carher.

3. Detailed shoreline aad nearshore analysis.

4. Benthic life analysis, cspccially those species sensitive to boating impact factors in deeper
waters.

5. Existing peaking and congestion determination to determine whether use is approaching
capacity.

6 Individual zones within inaaagement areas should be established and should be based on
general activity, harbor zoaes, passage zones, special activity zones, and inshore zones.

The establishment of use priorities  e.g., low-speed crui~~�general activity, waterskiing,
etc.! in the delineated use zones will need to be based on departmental policies, recreation
aeeds, environmental sensitivity indicators, community property-owner desires, and other
considerations that have been identified through the boating capacity planning system.

8, Development of boatiag activity inodels for management units.

9. Modify activity inodels with data on environmental sensitivity and institute manageinent
measures.

10, Determine existence of excess or deficit capacities for each management unit.

ll. Develop recommended program for new and expanded boating facilities  Roy Mann
As~eciates Inc. 1974!.

In 1980, the Army Corps of Engineers published aa alternative method of determining camping
capacities oa lakes. This method based social carryiag-capacity cstimatcs on user preference distributions."
These prefereace distributions defiae the range of distances that individuals prefer to be away from other
recreationists, The general preference distributions can be tailored to specific situations by adjusting for
various social and eaviroamental factors. Ultimately, the distance distributions selected for a given site are
converted into space standards. Thus, whiile this approach does offer a refinement of the space-standard
approach by incorporating user preferences, it still suffers from many of the same problems that render the
space standard approach ineffective,

User density standards derived from Corps of Engiaeers user preference distributions were also used
by Klar et al. �983! in a study designed to aid in the development of a recreation management plan for the
Quabbin Reservoir in Massachusetts. What is most noteworthy about this study, however, is the use of a
complex model that integrated a variety of economic, environmental, and social factors to determine the
optiinal mix of recreational arctics for the reservoir {Figure A6!. In this study, sensitivity to phosphorous
loading proved to be the most significant limiting factor to recreational use of the reservoir, This ecological
constraint was mitigated, however, by placement of sewage-retaining vaults at recreational sites to eliminate
potential phosphorous loading from human wastes.



F~e A6. Model for detertniniug the optimal mix of recreational activities on a water-supply reservoir
 from Klar et al. 1983!.
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Anne Arundel County Office of Planning and Zoning �980! coaducted a boating and marina study
for Anne Arundel County, Maryland, during 1978. This study analyzed boating activity pattcras in the major
rivers and tributaries in the county. Aerial photographs were taken and analyzed to dctcrmine the iatensity
of use on the water bodies. The number of boats in the photos were coinpared to the water acreage being
used in each individual waterway, and a figurc for boating intensity per water area being used wus calculated.
For tbe seven water bodies invcstigatcd  Rockhold Creek, Bodkin Creek, Rhode River, Severn River,
Magothy River, South River, aad West River!, tbe intensity of usc ranged from 1.97 acres pcr boat
 Rockhold Creek! to 12.44 acres per boat  West River! on a givea day, Ia order to relate these usc
intensities to boaters' enjoyment, two questions about crowding and boating enjoyment were asked of
registered boatcrs in tbe county,

The registered boaters' answers did aot support the hypothesis that the enjoyment of boaters is
negatively related to the iatensity of boating activity. This Ending is supported by others who have
reseaxched this issue of crowding and boater satisfaction. kt is suggcstcd that constrictions in watcrways and
conflicts between different boatiag activities may have a greater negative influence on the enjoyment derived
from a boating experience than tbe intensity of activity.

Based oa the fmdings of the Anne Aruadel County study, a limit on the number of boats that could
use the waters at a given point in time could not be established. At higher intensities af activity or with
additional coaQicts in activities or additional constrictions in waterways, such as long piers, a saturatioa level
of boating activity could be reached. The report further stated that if such a level is reached, it could be
maintained through the voluntary actions of boatcrs, since those who feel that the dcasity of boats is too high
or that the coaflicts are too great when they go boating may elect to go at other tunes or reduce their
participation, thus keeping the number of boats present at one tune from going any higher.

Sowman �987! apphed a framework that integrates the major physical, ecological, and social
constraints ~ the development of aa enclosed estuary in South Africa  Figure A7!. This approach relies on
information obtained through direct observations, questionnaires, intei views, ecological consultants, and the
literature on boating space standards, Recommendations of the study focused oa rcgulatiag current and
projected recreational activities to prevent overcrowding.

A 1988 boating management study of the Rideau Lakes was conducted for the Caaada Department
of the Environment by Michael Michalski Amaciates and Aatbony Usher Planning Consultant �988! to
provide tbe agency with recommendations on the optimum levels and types of boatiag activities which should
be permitted in the Rideau Lakes portion of the Ridean Canal. Optimum use referred to the maximum
number and tnix of watercraft, given the various types of usc demands, which can be accommodated safely at
any one tiine so that users can enjoy a safe recreation experience without prejudice to thc objectives of the
Rideau Canal system.

A major component of the study was to estimate the recreational boatiag carryiag capacity for the
lakes. After a comprehensive analysis of boatiag activity, it was determined that there existed no boating
capacity probleni on aay of thc Rideau Lakes taken as a whole, The authors also stated that it was not
conccivablc that any lake-wide capacit problems would develop in the foreseeable future.

An overall recommendation to the parks agency was that they should not hesitate to consider
stringent regulation of user activity � whether through quotas on boat entry to a canal system, broad
restrictions on major classes of boats or boating activities, boat operator licensing, broad restrictions on
water lot disposition, or other means-if necessary to maintain and enhance environmental and recreational
quality on the canals. However, the study indicated there was no need to take any action at the present time.
A series of 10 recommendations was presented that focused on limiting development around the lakes and
enhancing boating safety and navigation.
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Michael Micbalski Associates and Anthony Usher Planning Consultant �989! were also cominis-
sioned by the Canada Departineat of the Environment to assess the present level and type of boater services
and provide recommendations on the need for additional facilities to meet the needs of water surface users
in the Kars to Black Rapids section of the Rideau CanaL They were aLso to provide the parks service with
recommendatioas on the appropriate levels and types of water surface and shoreline land-use activities which
should be permitted on this section of the canal.

After observing boat use levels and revicwiag data from a boater survey conducted in 1986, the
authors agaia concluded that from Kars to Long Island Locks, taken as a whole, there did aot appear to be a
significant boatiag capacity problem. There did appear to be frequently high, seasoaal capacity problems in
one area, and ia a few other areas, thc problems were only occasionaL

Thc authors noted that they believed that the parks agency should aot hesitate to coasider stringent
regulation of user activity like in the Rideau Canal system. That level of regulation was not needed at the
present time however. They stated that there is nothing in tbe presented situation that warrants any
additional restrictions oa boater access to the water. The most iinporlant capacity issues, thc authors
explained, in the study area related not to the present situation but to the impacts of future dcvclopment,
particularly in the planned south urban community. The mos  iinportant control over how much the study
area's water surface will be used in future will be how much additional boater access to water is permitted
along the shoreline. Twenty-three recommendatioas were suggested that dealt with inarina and boat-ramp
development, speed and wake controls, public information and education efforts, and efforts related to
shoreline protection.

Rogers, Golden and Halpcrn, Inc. �990! conducted an assessment of Barnegat Bay, New Jersey,
examining water quality, ecosystem vitality, and human activities that rely on or affect the bay. They
examined boating use in the bay and cstuaated that the capacity of the bay overaH is about 6,000 boats at
cne time. It was noted that this level is weH below the reported 53~ boats using tbe bay in 1989,
However, as in most bay systems, there arc several areas, inost notably the northern portions where boat use
does exceed the local carryiag capacity. The authors recominended the, foHowing anxious to aHeviate
problems:

1, Impose speed limitations on boats in the bays or in specific areas of the bays.

2. Allocate boat access to the bay such that boat use congestioa is not worsened.

3. Develop a data collection program to determine geographic and temporal boat use patterns.
Use the results of the data coHection to develop a comprehensive boat use management
program for the bay.

4. Implemeat strict enforcement of restrictions oa overboard disposal of sewage.

Previous studies attetnpting to estiinate recreational ca~kg capacities on lakes and other water
resources have demonstrated tbe complexity and difficulty of pursuing this task. Taken together, these
studies lead to several conclusions that should be kept in mind when examining capacity-related issues in any
given area:

Assessing recreational capacities requires descriptive data oa both the use patterns and the
Unpacts associated with this use for the area in question. Many existiag studies address only
recreational uses or impacts, While such studies can provide some preliminary understand-
ing of capacity-related issues, they offer httle direct utility in estimating capacities because
they siinply lack the necessary data.



Carrying capacities can bc estimated only when the relationship between use levels and
relevant unpacts is known. Even those studies that collect data on both uses and impacts
often do not examine tbe relationships between the two, Sometimes these relationships are
weak or insignificant, suggesting that there is no capacity problem because tbe unpacts are
caused by something other than the number of users

Besides the need for descriptive data, carrying capacity also involves an evaluative or
judgmental component that specifies the objectives for tbe area in question. Thc manage-
ment objectives included in most resource managcmcnt plans are typically too general to be
useful in carr jag capacity assessment. Hentx:, it is often necessary to collect data on user
preferences to define the conditions one is trying to achieve in a given area.
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APPENDIX B:

DAILY ON-WATER BOAT AND ACTIVITY COUNTS

BY ZONE WITHIN INDIAN RIVER BAY



No. of
Watercraft
Observed

Observation
Date

Water
Acreage

Primary Activities Observed

15

14

21

21

No. of
Watercraft
Observed

Use
intensity

Acres/Boat

Observation
Date

Water
Acreage

Primary Activities Obsenred

14

14

42

18

42

August 3

August 4

August 17

August 23

August 24

August 25

AVERIGE TOTALS

August 3

August 4

ALlgust 17

August 23

August 24

August 25

AVERIGE TOTAlS

INDIAN RIVER BAY

Zone 1
 betttreen CIfannel Merltefa 31<7j

Cruising �7%!, Crabbing �3%!

Crabbing �3%!, Cruising �2%!

Crabbing � ya!, Cruising �5%!

Crabbing �0�L!

Crabbing �3%!, Cruising �6%!, Waterslding �6%!

Crabbing �2%!, Cruising �PX!

Crabbing �8'!, Cruising �011!, Waterskiing  fyL!,
Fishing �%!, Jetskiing �%!, Swimming �%!, Sailing �%!

Zone 2
tb4fhtfeen Channel Ma/kere 30-31!

Crabbing �7%!, Cruising �3%!

Crabbing �4%!, Cruisirig �4%!

Cruising �00% !

Crabbing ��!t!, Waterskiing �0%!

Cruising �3%!, Waterskiing �3%!

Cruising �PX!, Crabbing �3%!

Cruising �5%!, Crabbing �6%!, Waterskiing �2tt!, Jetski-
ing �%!, Fishing �L!



INOIAN RIVER BAY

Use
Inta nsity

Acres/Boat

No. of
Watercraft
Observed

Primary Activities ObservedWater
Acreage

Observation
Date

August 3

Crabbing �0%!, Cruising �0%!August 4

18

No. of
Watercraft
Observed

Use
Intensity

Acres/Boat

Observation
Date

Water
Acreage

Grabbing �1'L!, Cruising �8'L!August 3

17

72

1923

Cruising �5%!, Gabbing �0L!August 24

August 25

AVERAGE l'OTALS 15

August 17

August 23

August 24

August 25

AVENGE TOTALS

August 4

August 17

August 23

Zofle 3
 betttfeten Channe! Narltere 2840!

Cruising �3'a!, Grabbing �6%!, Jetskiing � 1%!

Grabbing �09S!, Cruising �0%!

Crabbing �0%!, Cruising {50%!

Cruising P8%!, Sailing  t 1%!

Cruising � 00%!

Cruising �7%!, Crabbing �0%!. Sailing �%!, Jetskiing �%,!,
Waterskiing �%!, Fishing �%!

Zone 4
 betWeen Channel Markefa ~28!

Cruising �3%!, Grabbing �89k!, Waterskiing �8%!

Cruising p3%!, Crabbing �7%!

Cruising �7%!, Beaching �gtt!

Cruising �1%!, Crabbing �1tt!, Beaching �%!, Jetskiing �%!,
Waterskiing �%!, Sailing �%!, Fishing �%!, Swimming  t'L!



INDIAN RIVER BAY

Pnmary Activities ObservedObservation
Date

Water
Acreage

Cruising �2%!, Crabbing �2%!

Cruising �4'L!, Crabbing �6%!

Cruieing  83%!, Grabbing �7%!76

3'I

Cruising �5%!, Fishing  Zi%!

4719

No. of
Watercraft
Observed

Use
Intensity

Acres/Boat

Primary Activities ObservedObservation
Date

Water
Acreage

24

31

8110

114

August 3

August 4

August 17

August 23

August 24

August 25

August 3

August 4

August 17

August 23

August 24

August 25

Zone 5
tbebeen Channel Markera 2~!

Cruising �3%!, Jelskiing �8%!, Clamming �1%!, Oiab-
bing �1%!

Cruising �8%,!, Crabbing �9%!, Fishing �8%!, walerski-
ing �3%!

Ciuisjng �5>!, Qabbing �3%!, Fishing �%!, Jetskiing �'L!,
Beaching �%!, Waterskiing �%!, Sailing �%!, Qamming �1 !.
Swimming �% !

Zone 8
 between Channel Narkerl 22-24!

Cruising �&f !, Qamming �1%!, Fishing  I P%,!

Cruising �5%,!, Grabbing �4%!

Cruising �2%!, Qamming �9%!, Fishing �3%!

Cruising �0%!, Sailing �0!

Cruising �7%!, Fishing �814!, Clamming �9tt!

Sailboarding  89%!, Cruising �1L!

Cruising �5%!, Clamming �4%!, Crabbing �1%!, Fish-
ing �1%,!, Sai1boarding �9L!, Sailing �%!, Jetskiing �%!,
Beaching �%!, Waterskiing �%!



INDIAN RIVER BAY

No. of
Watercraft
Observed

Uss
Intensity

Acres/Boat

Water
Acreage

August 3

August 4

August 17

August 23

17August 24

August 25 10 'I 10

No. of
Watercraft
Observed

Use
Intensity

Acres/Boat

Observation
Date

Water
Acreage

Fishing �7%!, Cruising �1%!August 3

August 4

311

AVERAGE TOTALS

August 17

August 23

August 24

August 25

Zone 7
 between Channel Narkara 20-22j

Fishing �8%!, Cruising �6%!

Cruising �3%!, Crabbing �1%!, Fishing �6%!

Beaching �8%!, Cruising �8%!, Qamming �2%!

Beaching �5%!, Cruising �0%!, Fishing �5%!

Cruising �5%!, Fishing �3%!, Qamming �1%!, ~
ing �4%!

Rshing �0%!, Qamming �0%!, Cruising �0%!

Cruising �7%!, Fishing �7%!, Beaching �6%!, Qam-
ming �3%!, Crabbing �%!, Sailing �%!, Jetskiing �%!

Zone 8
~tween Indian Rtver Inlet Sndge and Channel Marker 20

Fishing �7%!, Quising �1%!, Crabbing �%!

Fishing �8%!, Cruising �5%!

Fishing �2%!, Cruising �2%!, Clamming  9%!

Fishing �5%!, Cruising �8%!, Qamming �0%!

Fishing �4%!, Cruising �9%!

Fishing �1%!, Cruising �7%!, Qamming �%!, Beaching �%!,
Sailing �%!, Saiibcarding �%!, Crabbing  t%!, Jetskiing �%!,
Waterskiing  �%!



APPENDIX C:

DAILY ON-WATER BOAT AND ACTIVITY COUNTS

BY QUADRANT WITKIN REHOBOTH BAY



REHOBOTH BAY

ym~ a~rant!

Intensity
Acres/Boat

Water
Acreage

Observation
Oats

19

19

13

24

21

g4grtheaet Quadrant!

No. of
Watercraft
Observed

Use
Intensity

Acres/Boat

Observation
Date

Water
Acreage

1574August 3

August 4

August 17 12

August 23

124August 24

August 25 1572

AVERAGE TOTALS 14

August 3

August 4

August 17

August 23

August 24

August 25

Cruising �3%!, Sailing �7%!, Clamming �%!, Waterskiing �%!

Cruising �8%!, Fishing �1%!, Sailing �6%!

Cruising �3%!, Sailing �7%!, Waterskiing �1%!

Sailing �4%!, Cruising �8%!, Sailboarding  8%!

Fishing �3%!, Sailing �9%!, Cruising �1%!. Damming  8%!,
Ssiiboarding  8%!

Cruising �7%!, Waterskiing �3%!

Cruising �6%!, Sailing �9%!, Rshing �1%!, Waterskiing �%!,
Damming �%!, Sailboerding �%!, Jetskiing �%!, Swim-
ming �%!

Sailboarding �5%!, Jetskiing �3%!, Sailing  8%!

Sailboarding �5%!, Jetskiing �5%!, Sailing �5%!

Cruising �2%!, Sailbcarding �2%!, Sailing �8%!, Jet-
skiing  t 2%!,

Sailboarding �3%!, Sailing �3%!, Jetskiing �3%!, Cruis-
ing  9%!

Sailing �6%!, Sailboarding �7%!, Jetskiing �5%!, Cruis-
ing �0%!

Ssilboarding �0%!, Sailing �5%!, Jetskiing �0%!

Sailboarding �1%!, Sailing �6%!, Jetskiing �5%!, Cruis-
ing �1%!, Waterskiing �%!, Crabbing �%!, Clamming �%!,
Swimming  < 1%!, Beaching  < 1%!



August 3

August 4

August 17

August 24

12

51

tSOutheaet Quadrant!

Prtrnary Activities Observed

24August 3

45

41

1297 13

15

Jetskiing �7%!, Fishing �3%!August 25

118

Observation
Date

Observation
Date

August 4

August 17

August 23

August 24

Water
Acreage

Water
Acreage

No. of
Wats rcrafl
Obsenred

No. of
Watercraft
Observed

Use
Intensity

Acres/Boat

Use
Intensity

Acres/Boat

Cruising �5%!, Fishing �3%!, Qamming �8%!, Beach-
ing �5%!

Rshing �7%!, Cruising �7%!, Qamming �3%!

Gruising �7%!, Qamming �7%!. Fishing �0%!, Beach-
ing �8%!

Cruising �0%!, Qamming �8%!, Fishing �8%!, Beach-
ing �5%! Sailing �2%!,

Fishing �7%!, Beaching �5%!, Qamming �4%!, ~is-
ing �5%!

Fishing �2%!, Cruising �2%!, Qarnming  8%!, Sailing  Ã6!

Fishing �9%!, Cruising �8%!, Qamming �0%!, Beach-
ing �5%!, Sailing �%!, Jetskiing �%!, Swimming �%!, Water-
skiing �%!

Fishing �2%!, Clamming �3%!, Cruising  8%!

Rshing  90%!, Clamming �0%!

Rshing �5%!, Cruising �5%!

Fishing �8%!, Clarnrning �8%!, Cruising �3%!

Fishing �8%!, Qamming �2%!, Cruising �1%!

Rshing �5%!, Qamming �5%!, Cruising �8%!, Sailing �%!,
Jstskling �%!, Swimming  < 1%!, Beaching  <1%!



APPENDIX D'

FREQUENCY OF MANAGEMENT RESTRICTIONS

OFFERED BY SURVEY RESPONDENTS
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APPENDIX E:

FREQUENCY OF NIANAGEMENT SUGGESTIONS

OFFERED BY SURVEY RESPONDENTS
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APPENDIX F:

SURVEY INSTRUMENT WITH SUMMARY OF RESPONSES

FOR ON-SITE SURVEY OF BOATERS



am with the University of Delaware, College of Marine
Studies. We are doing a study of boating on the Inland Bays.
Will you answer a few quesrions about your er,perience here
today?

INTRODUCE YOURSELF, SAY

My questions wN only take 10-15 minutes.
You were se ecrcd as part of a representative mnple. so your
answers are very "pcmtanL Your answers are confldenrial and
wiU only be ~ed as statistics.

IF RESPONDENTREFUSESAGAIN, SAY

1hank you, enjoy your visit

I. Are you staying in the local area? Yes ~K No V~  If "no, go to ¹2! Location:

Are you a:
a. ~<~ Permanent, year round residenL ¹ of Years X = t8

b, 54» S~ Resident  Property owner!

¹ofyears~t. Lenyho¹Stayx-~t> S'. ¹ofvisits perseason ¹~8

c, ~~~ S~ Rcntai or Visitor  Circle!

Condo, House, Apt, R.V.ttCam per, Morel etc.  Circle! ¹ of Years!~<= I, Length of Stays = q <~

la. What percentage of time during your stay  your leisure or rezeauonal time! will be devoted to Bay reiared activities?
x = v$%

2. Are you a day trip visitor? Yes lZL No880, If "Yes", How many years have you been coming to the Inland Bays,~a= ~ .5y

Thank you. Now I must choose a person in your
party who is wiIBng to answer the questions.
Who in this party  IS years or oI hr! ~y
operated the boat today?

NUMBER
LOCATION
DATE
START TIME
1ÃfER VIEWER
BOAT REGIST. ¹:



t 3. Where is your pnncipal home residence?
 town!  zip!

4. About how many miles, otic way, is it from your residence to this location 'p
� '= aa � "'

5. How many people were tn your boating group today?  Include all Im le QQpg d,e b ~y !
Males xrl. X Females

6. Which of the following best describes the composition of your gmu p?
1. Family- 5C 4 4. Business associates- o
2. Friends- t 72 5. Alone- 4'2
3. Family 4 friends -dr 2 6. Other- < i 2e

7. How many YEARS have you been a boater?
x.=QO

8, How would you rate YOURSELF as a boater?
3n 3r.a <Z

l. Novice 2. Intermediate 3. Advanced 4. Expert

F AT RAMP, OBSERVE � OTHERS'ISE ASK:

9. What kind of boat do you have at the bay today?
I. Cabin Cruim- f37 6.Jetski -32
2. Runabrmt - >I 2 7. Pontoon boat - /52
3. KayaI~noe- <t y, 8. Bass bott 3g
4. Sail boat - g2 9. Sailbeard - o
5. Row boat-A2 10,Other- 3>

.0

a. What is rhe total hcrru-prnver of your hp.

11. Including all the boating you did, how many days did you boat in 1990?

12. How many days did you boat in the, Inland Bays hist year?

HAND RESPONDENT INFORMATION CARD Say: "Now, I would like to ask about
today's experiences."

= Jl'pod.w13. What time did you start boating today?

13a. Here is a list of boating activities you might have participated in today. Phase teII me which of these activities your
boating group did. What percent of time did you spend on each of the following activities?



14. Qn a scale of 1 to 10  with 10 being the perfect trip!, how would you rate the QUALfIY of your experience today?
 rating!



'7,!

23.

1 am going to read some statements about boating on the inland bays. Based on your experience here today, please rate your
level of agreement or disagreement with each statement 1 read, using the ftnal scale on the card,

ge.!
Strongly

Agree AgreeDis allbee Undecided

D-7   U" 9 A- O SA-4

D -5 U-'tt A-4R SA-Bk1 thorougMy enjoyed my boat trip today

My boating trip was not as enjoyable as
1 expected it to be U3 A-19 SA -1

D-5g U -f A-lg SA-3

D Q U-g A-g5 SA-+

SD- Q.

SD- >P

SD- 8

1 cannot imagine a better boating trip

A - Q SA � 2D-Q U-!SD- IO

D-P8 U-2 A � 8 SA -~!SD -/Q.

U-$ A-~ SA- /4D-VSD-t

Discarded whole cr pieces of plastic products
Discarded whole cr pieces of glass contaircrs
Discarded whole or pieces of inetal containers
Discarded whole or pieces of paper products
Floating algae or plant material
Dead fish, birds or animals

L
25. 1 avoided ry favorite parts of the bays

today bemm there were too many boats there

I
29. Other boats came cIMer to my boat than 1 liked

3G, 1 stayed off the bays during parts of

i
the day because there were too many boats

31, The noise of other boats reduced my
enjoyment on the bays

32, My boat trip was weH worth the money
1 spent to take it

Never

1- fP
1- 'f3
I-8V

1 �
I-8t

Strongly
Disagree

SD-tt

SD-  

Occasionally
2.W

2- 3
2- f

2-15
2-3I
2-13

Most of

the Time
3-I
3-0
3-0
3 I
3- C
3- i

All of

thc 1 trna
4-a

4-0
4-0
4-c. i
4 I
4- a l



D-Qi U-il A-~ SA � 8SD- 9

U /  A-3V SA-2.SD � 5

D  c2 U-3 A M SA � tSD-Q

36. If I had known what it was going to be like here
today. I would have not boated on the Bays D-Q U- l A-5 SA- lSD- fg

D-80 U" ISD- le SA- IA-l

C~eE t t'l -l5%; C l To YlB'5 t6HT- - -N

39. Boating conditions on the bays were safe SD-C D-$ U-3 A -8,t SA -8

SD-g D-4 5 U-4 A- lg SA- 3

y -5.0

SD- t3 D-80 U-I A -Q SA-0

IF RESPONDENT AGREES

C-

There are adequate Iaw enforcement
patrols ou the Inland Bays

34. Powerboat activities have negative
environmental impacts on the bays

35, I was ~inted with some aspects of
my boat trip today

37. I nearly had an accident on the bays today
beaum of crowded conditions

38, The behavior of other boaters interfered
with the quality of my boating experiience

40. Amount of public access limits my use of the
Inland Bays

42. I did not participate in some boating
activities because of en'~ conditions

SD-Ik D-@ U-4 A- J5 SA- V

Can you describe how the behavior of other boaters interfered?  ~= 94!

Which activities?  q = 4 ,!
� El'?o 5h



Over the past 10 years or since you have been visiting the area, do you think the environmental quality of the
Inhmd Bay, tribuiaries and canals has been.

improving not changing very much
~ 4 deteriorating don't know, not sure

Over the past 10 years or since you have been visiting the areado you think the bay's living ream  fish,
cmbs, dams, etc.! have been:

9 Z unpfovljig 18< not changing very much
dete onit' g don't know, not sure

41.

48. Would you favor or oppose each of the following restrictions for the inland Bays, canals and tributaries:

U.!
Favor Oppose Not sure

1- I'll 2-t' r 3-~V

1- VV 2-VC 3-/0'b. Restrict the number of marble

c. Limit the nmnber of boats using the
bays, tributaries and canals 1- I 3

d. Limit the size and power of boats
using these warm 2-A 3-+

e. Zoning the waters to provide for
specific uses at specific phices 1-55

1-4k

3-8g. Restrictions cai building and development

h. Establish "Off Limits" zones to protect
sensitive resources 1-89 3-4

i. Prohibiting all disctuuges of pollutants
into the water 3

f. Stricter hm its on the size and/or
number of fish, crabs, clams and
watafowi that can be taken 2- E2,

2- I4



Favor Not Sure48 cont'd.

I-55j. Restrict boat use in excessively shallow waters

lt. Require purchasing a seasonal boating use
permit for bay use, if the money were used
for bay irnpmvement I-S+ 3-9

lf you favor bmuing use permits, how much would you be willing to pny nnnunllyV~>olCe
-a~

49. Are there any other restrictions you would favor?

Do you have any suggestions for improved management of the Inland Bays?

SCAN R Oi f

That concludes our survey, thank you for your tbne.r

50. If boating opportunities were not available on the Inland Bays, would you still  visitftlive in! coastal Sussex County?
Yes 5VQ NO ~On



1. Did you boat on the Inland Bays this past Saturday, August 3?
4'3Z No

2. How many people were in your boating group that day?

Males X=1 > Females lc = - f Number underage 16

%hieh Of the fOllOwing beSt deSCribeS the compOSinOn of your gmup? C?d ~
1. Family � 59 4. Business associates -0
2. Friends- I ~ 5 Alone- 0
3. Family k Friends -2td 6. Other- ~

7. While you were on your iwar oitt, how oiren did you ohaen e: Qttel
Never Occasitynalty Very Often

4-2

4 � t

Often

2-SoDisant whole or pieces of plastic products

Discarded whole or pieces of glass containers

Discarded whole or pieces of metal containers

Discarded whole or pieces of paper products

Floating algae or plant matetial

Dead fish, birds or animals

2-/81-3g

I-� 4-l

4-S

t

1- 30 2-5W 3- f2.

3- Qo

3- 5>-P3 2- Q3

4. On a scale of 1 to 10 with 10 being the perfect trip!, how would you rate the {?UAL!1T of yourboating
experience? ~7. Y  radng!



Listed below are some statements about boating on the Inland Bays. Based on your experNtntce ON 1'HE D4Y
SPECIFIED, please rate your level of agreetnent or disagreement with each statement.

Strongly Strongly
Disagree Disagree Undecided Agree Agree

9. I avoided my favorite parts of the bays
bemuse there were too many boats there SD-Qt/ D- Vo U-/P A-do SA-5

U-$ A-fog SA-/4D-+SD- 310, I thoroughly enjoyed my boat trip that day

D-I'/ A-5/

SD-9 D-35 U-P3 A- 3O12. I cannot imagine a better boating trip

U- r/ A-3o

14. I stayed off the bays during parts of the day
because there were foo many boats SDPS DQQ U-5' A-/8 SA-8

15. The noise of other boats reduced my enjoyment
on the bays SD-2f D 9 / U-q A �  8

16. My boat trip was well worth the mortey 1 spent
to take it SD-$ D U-/3 A-toP SA- t 3

17. There are adequate Iaw enforcement patrols on the
Inland Bays SD- M D-3o U-lg A-34, SA- Q

18. Powerboat activities have negative
environmental impacts on the bays SD-/tff D-Q$ U-3$ A-g5 SA-!Z

19. I was disappoimed with sane aspects of
my boat trip SD-3 D-A9 U-/5 A- t/Q SA-/4

20. If I had known what it was going to be like that day,
I would not have boated on the Bays SD-gy D-~ U-/f A- Q SA- 3

21. I nearly had an accident on the bays
because of crowded conditions SD -gy D-53 U-tt A- f SA-/

11. My boating trip was not as enjoyable as I
expected it to be SD- t

13. Other boats came closer to tny boat than I liked SD -/5 D -39

SA- QO

SA- 3

SA-/L



Strongly
Agree

Strengly
Disagree Disagree Undecided Agree

SD 3 D- 8 U-8 A +4 SA-523. Boating conditions on the bays were safe

24.

PkaSe refer to the map OIg the faCing page

On the map, please draw the route that you followed in your boat on the day specified.25.

Below is a list of boaring activities you might have participated in. Please indicate which of these activities
your boating group did on this day. What percent of tiine did you spend on each of the following activities?

26.

Using the initials from the activity list above, please show on the map where you participated in each
acttvt ty,

27.

Which areas of the bays did you MOST ENJOY?  Record these on the map with an "E"! pe. lt,y!28.

Why did you enjoy these areas? MCC t'-0o i -~'!. &re t/Ch -lO @OP Fl5Hlt46- l lQ

Which areas of the bays did you LEAST ENJOY?  Record these on the map with an "L"!  p = i t o!29.

30,

Why did you not enjoy these areas't S 4nlt - 5 C~ps-le% <ao H&tr BaiQ-ll'!e
SETKJ &k<- ll%

Were there any parts of the bays you deliberately AVOIDED?  Record these on rhe map with au "A" Q=Qg!

Why did you avoid these areas. 1~0 SHlt/4d-~EL QMD>-2<7t 3t   <4 AS &Pa
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Smmgly $mmgly
Diaagree Disarm- Undecided Agree

31.

x=5,c

32.

33.

35. If boating opportunities were not avaihble on the Inland Bays, would you still live in coastal Sussex County?
Yes' No ~E~.

36. Do you have any suggestions for improved management of the Inhnd Bays?

Ee &Pi L=

That concludes the survey, thank you for your time.~

Please return the completed survey form in the stamped,
self addressed envelope provided.



APPENDIX G:

SURVEY INSTRUMENT WITH SUMMARY OF RESPONSES

FOR MAIL SURVEY OF INLAND BAYS' RESIDENTS





4. Please answer the following questions with regard to the boat that you use mrrst ofler at the Inland Bays.
Feet

88b, What is the total horsepower of your engines?

c. Which of the following best describes your boat? L%h
~Cabin cruiser Jet ski
~Runabout ~Pontoon boat
~KayakJCantx: ~Bass boat
~Sailboat Sailboard
~Row Boat

Hp

5 How many years have you been a boater? ~ Yeats

6. How would you tate yourself as a boater?

~Novice ~!e Inte~te ~1i Advanced ~ c ~ Expert

7, Including nN the boating you did, how many days did you boat last year? X=5S Days

<-5X Days8. How many days did you boat on the Inland Bays last year?

9. Which of the following times do you typically use your boat on the Inland Bays?
 Please check all that apply! 7. CC.SPOMtilhlG YE&

~Weekdays ~Weekends 3~~Holidays

10, If the bays were ksr crowded, how would it affect your use of the bays?
 Please check aII that apply! 7o gp~+gItlQg "'f -'$"

I would spend inure time boating on the Inland Bays
I would boat at different tiines than I usually do.  When?
I would participate inore hequently in certain boating activities
 Please describe what activities! F NtlH6 ~ l+6 g jj

 o=M> E,it

LJtckenrI5-404
Lkdcdtrv5- 1 it%

11. If the bays were more crowded, how would it affect your use of the bays?
 Please check aII thatapply! 7O gt;5'ltONDlN q ' V65"

5R I would spend less time boating on the inland bays
I would boat at different times than I usually do.  When?
I would participate less frequently in certain boating acnvities
 Please describe what activities! tM4- St  -

 r =Db

tJe k,de& -+~ �GK � 'I

PARTII. INLAND BAYS ENVIRONMENTALCONCERNS

2. During the last 10 years or since you have been visiting the area. do you think the bay's living resources  fish,
crabs, clatns, etc.! have been: L'? !

improving ~l not changing very much
deteriorating don't know, not sure

1. During the last 10 years or since you have been visiting the area, do you think the environmental quality af the
Inland Bays and tributaties and canals has been:   !a!

l 5 improving not changing very much
deterioratn g 4 don't know, not sure



Would you favor or oppose each of the following restrictions for the Inland Bays, canals and tributaries:
�.!

Favor Oppose Not Sure

a. Restrict the number of boat ramps

b. Restrict the number of marinas 3-I 2- /P

c. Limit the nuinber of boats using the
bays, tributaries and canals 3-B.

d, Limit the size and power of boats
tising these w8fcK I-S'0 3-/32-3P

e. Zoning the waters to provide for
specific uses at specific places 2-3g 3-/ 

f. Stricter limits on the size and/or
nuinber of fish, crabs, clams and
waterfowl thaI carl be taken 2-/4, 3-7

3- ,2- Qg. Restrictions on buikling and development

h, Estabhsh "Off Limits" zones to protect
sensitive resources 2-9

i. Prohibiting all discharges of pollutants
into the water 3-5

2-33 3-3 j. Restrict boat use in excessively shallow waters

k Require purchasing a seasonal boating use
permit for bay use if the money were used
for bay iinprovemeut 3-g

NOTE: If you favor boating use permits, how much would you be willing to
pay annually?+~~8 i 90PE = 425

If you currently boat on the Inland Bays, please continue to Part III.

If you disant~ this concludes the survey, Thank you for your input!
Please return the completed form in the stamped, self addressed envelope provided.

4, Are there any other restrictions or management improvements you would suggest?  n = 159!
L XuCN&f Ãs06l 6- IQ . LQesc ~ GtkeCCHQP-/.7.



APPENOIX H:

SURVEY INSTRUMENT WITH SUMMARY OF RESPONSES

FOR ON-SITE SURVEY OF SAILBOARDERS



Weather. ~: Sunny Partly Cloudy Cloudy Rainy
~: Light �-7! Gentle  g-l2! Moderate �3-24! Heavy�5+ !
~: Calm Light Chop Hcavy Chop Whitecaps
.~i/Jr,l~tr Xhh:

INTRODUCE YOURSELF, SAY: I am with the Uuiversity of Delaware, College of Marine Studies. We are doing a study of
boating and recreational water uses of thc Ialand Bays. Will you aaswcr a few qucstioas about your experience bere today?

IF RESPONDENT REFUSES, SAY: My questioas wiQ take only 10-15 minutes. You were selected as part of a rcprcscntative
sataple, so your aaswers arc very importatn, Your answers are con&iential and will ouly be reported as st;~saic':~

IF RESPONDENT REFUSES AGAINk SAY: Thank you, enjoy yom visit.

IF RESPONDENT AGREES, CONTINUE' Thank you. So that thc answers will bc reliable, I need to read thc questions exactly
as they arc written.

1. Are you staying in the local area? Yes ~ Na ~  if 'no go to 42! Dtcatioa:

Are you a:
a. 'I'Fn Permanent, year round resident. 4 of Years ~
b~ Season Resident  Property owner!

tie of years~. Length of stays+! 0 visits per season x s>5
c.~ Seasonal Renter or Visitor  Circle!

Condo, House, Apt�R.V./Camper, Motd, etc.  Cirde!
4 of years~>7 E. Length of Stay k= 9+i

+ What percentage of time during your stay  lcisurc time for resident! will be devoted to Bay related a~?
X=St%

2. Are you a day trip visitor? Ycs ~ ~ !n No ~.

3, Where is your principal home rcsideace?
Vb-St.'l. UP-4P
tyA- t8l. oE- t I'b

 ~ty!  st te!  ~p!

4. About how many tniles, onc way, is it from your residence to this location?
~s= miles  check to see that mileage is one nny!.

5. How many years have you been a sailboarder?
yeats.

4. Espert -0
6. How would you rate yourself as a sailbtaarder? <7th!

1. Novice - 2 L 2. Intermediate - &R 3. Advanced-I tt

Number

Locatjoa

Date
Start Titnc
latcrvicwer



'7. Besides sailboarding, do you participate in any other water related activities on thc Inl anc} Bays?
Yes ~ No~ If yes, which activities? = SALtHC - 'L I I C�

8. What is thc total time you wiII spend at this sailboarding site today?
~S hoasa

9. What time did you start ~ding today? X~~i;RS~ time.

10. What~reentagc o  time will actually be spent on the water today,

� if less than 100% aslt- What other activities wiII you participate in? ' n = $5!
 - 3'L lN6, 317. EAT166 1%

11. How maay days dsd Yoll sailboasd hiss yoasy ~X= 5 days.

12. Out of those, how many days did you saiRxmd on thc Inland Bays?
1 I days.

13. On a scale of 1 to 10  with 10 being thc perfect day!, how would you rate thc rlunhty of your Mulboardmg
today? X~~ rating.

6-3 7- 3 8-7

%ghtly
crowded

Moderately
crowded

Not at all
crowded

crowded

19. Using thc fo~ cnjoymcnt scale  refer to card!, how did the number of other sailboardcrs intpact your ~joymcnt of thc
days trip? C'Je!

5- V84 -lf2- nf 3-tg 9-0

No effect
on my enjoyment

Reduced -.3s
my enjoyment

18, Using thc croysyding scale  refer to card!, how would you dcscribc thc overall editions  including
watercraft! on thc bays today? Bo3

I-Qr 2-/7- 3-IP 4-/f 5- J+ 9



20. Using thc following enjoyment scale  refer to card!, how did the number of boats/jet skis or other watercraft impact your
enjoyment of thc days trip?   Jo!

7-31- t  2 0 3 $ 9-08-34-0

Reduced- q 
my entoynRGt

Increased

my enjoymcnt
No effect

on my cnjoymcnt

21, While you were g~h~ how often did you observe:
Never Occasionally Often Very often

1-72 2-~ t

I-gk 2-/0

1-&8 2- q

3-7Discarded whole or pieces of plastic products

Discarded whole or pieces of glass containers

Discarded whole or pieces of metal containers

Discarded whole or picccs of paper products

Floating algae or plants

Dead fish, birds, or ~

4 � 0

4-03-3

4-03-3

2-28 4-o

1-P2 2-/P

1- 9k 2 - Ig

3-JO 4-0

3-to 4-3

Increased

my cnjoymcut
No effect

on my cnjoymeut
Reck.wed

my cnj~~ X=9>

I am going to read some statements about sadboarding on thc inland hays. Based on your experience bere today, plcasc rate your
level of agrcetnent or disagreement with each statement I read, usiug the final scale on thc card.

C1.!
SD 26 D4g U-7 A-0 SA-0

24. I thoroughly enjoyed my sailboarding trip
today SD-e D-g U-P A g SA 3l

25, Sailbtunding has not been as enjoyable as I
expected It to be today SD-'3l D-V~ U-a A-3'  SA-0

26. There were an unsafe number of watercraft on
the bays SD-g D-9! U-0 A-$ SA-0

SD- e D-t� U-Io A-08 SA-+27. I canuot imagine a better sailboarding trip

28. Other watercraft  iududing other sailboards!
came doser to my board than I liked. SD lP D-3X U-3 A-+

29. The noise of watercraft reduced my enjoyment
on the bays SD- Q I D-9Q U-0 A- I+ SA -0

22. Using thc following enjoymcnt scale  refer to card!, how did the amount of debris on the bay and thc shore impact your
enjoymcnt of thc day's trip?  Q!
I-� 2 W 3-3 4-C> 5-S9 6-/Q 7-3 8-0 9-3



30, My sailboarding cxpcricnce herc today was
well worth thc money I spent to do it SD0 D+ U-O A4Q SA 3I

31, Thcrc arc adequate law cnforccmcnt patrols
on thc Inland Bays SD C D- + U-9 A-g5 SA- +

32. Powerboat activities have negative
cnvironmcntal impacts ou thc bays SD-0 D- 3 U- JO A-A SA-3l

33. I was disappointed with some aspects of my
sailboard trip today SD- o D- tf  U-0 A- V8 SA-0

34. The number of sailboards on thc bays reduced
my enjoyment SD-2l D -W o U-0 A-3 SAM

35. I nearly had an accident on the bays today
bccausc of crowded conditions SD-3'I D+> U-0 A- 7 SA- 0

36. Thc behavior of others  all watercraft users!
intcrfcrcd with thc quality of my sailboarding
cxpcricnce SD-P D-93 UW A-0 SA-0

IF RESPONDENT AGREES Can you describe how the behavior of others interfered?

37. Sailboarding conditions on thc bays
were safe

38. Lack of public access limits my usc
of thc Inland Bays

SD-o D-o U-0 A-PQ SA-Qttt

SD-2t D-98 U-/0 A-/0 SA-3

39. Did you obscrvc any unsafe sailboarding situations on the bay today?
1. No ? Yes pie>- gP, Ygg- g!,

IF RESPONDENT ANSWKRS 'YES'- � � Could you describ the unsafe situations you observed?Cn= I l
wr Jca.

40 in thc last 10 years  or since you' ve been visiting!, do you think the environmental quality of the Inland bays, tributaries and
canals has been: C~i!

~ improving not changing very much
~ deteriorating ~ l don't know, not sure

41. In the last 10 years  or since you' ve been visiting!, do you think the bay's living rcsourccs  fish, crabs, ~ etc.! have been: fr
l 0 improving ~ not chanIpng very tnuch

~ deteriorating 52 don't know, not sure



43. Are there any other restrictions you would favor? = 72 EC< Ituttk LP.<'~ A AQBR5 ~ ax%
~15

45, Do you have any suggestions for improved ~ment of the Iqhnd Bays" CA= 2R3
~T a >VAN'H sar &i/&a -  IQo ' CaaH-KI 'P Jf~~dN-~7 10

aw Acre

THAT CONCLUDES OUR SURVEY, TH QW YOU FOR YOUR TIME!

44. If saiiboarding opportunities were not available on the Inland Bays, would you still  visit/live in! ~ Sussex county?
Yes~Be No~i



APPENDIX I:

MISCELLANEOUS MAIL SURVEY MATERIALS





Dear Delaware Inland Bays Resident/Visitor.

Last week a questionnaire seeking information on your use of the Delaware
Inland Bays was mailed to you. If you have already completed and returned the
questionnaire, please accept our sincere thanks. If not, please do so today.

We are seeking information from persons residing, pmnanently and seasonaHy
on Delaware's Inland Bays, as weH as boaters using the launch ramps and marinas
on the Bays, If the results of the study are to accurately represent the views of aU
Bay users, it is extremely important that your responses be included.

Than' again for your help and cooperation

Sincerely,

James M. Falk

Marine Advisory Service Leader



~ ~

University
of

Delaware

QFFlCE: �02! 84S4235
FAX: �02! 8484007SEA CRANT COLLECE PROCRAIE

Marine Advisory Service
Cannon Laboratory
Marine Studies Complex
Lewes, Delaware 19958-1298

Summer 1991

Dear Delaware Inland Bays Resident/Visitor:

About three weeks ago, we sent you a questionnaire about your boating experiences
on Delaware's inland Bays. If you have already completed your questionnaire, we
thank you for your prompt response. If you have not completed the survey, would
you please take the time to do so today? lt should only take you about 15 minutes.

We are writing to you again because if our results are to be as reliable and useful as
possible, it is important that each questionnaire be completed and returned.
Remember, all responses will be summarized and handled in strict confidentiality.

A copy of the questionnaire and reply envelope are enclosed in case you did not
receive, or have misplaced, the original materials we sent to you. Once the survey
has been completed, drop the envelope in any mailbox; you need not add any
postage.

Your cooperation is greatly appreciated.

Sincerely,

James M. Falk

Program Leader

Enclosure

AP: OLlAL OP~OR 4 rs uNIVCRSI

At the present time, little information is available concerning boating and its associated
impacts on the Inland Bays. Management decisions need to consider you, the bay
user-yOur eXperienCeS, inSightS, and OpiniOnS. Whether yOu are the Owner Of thiS
property or a temporary occupant, your views are important.


