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Abstract 

The acres of productive shellfish waters in coastal areas of the United States closed to 
shellfishing are increasing. Contamination by fecal coliform bacteria, an indicator used to 
signal if waters are safe for shellfish, is the primary cause of those closures. The sources 
responsible for contaminating affected waters are the feces of warm-blooded animals (birds 
and mammals) which are deposited in, or wash into, marine waters. In salt waters exposed to 
sunlight fecal coliform bacteria rapidly die or become unculturable. Because of this rapid 
disappearance of fecal coliform bacteria, the causes of shellfish closures are local in nature 
and thus amenable to local solutions. 

This study of a 600-acre watershed in coastal North Carolina attempts to develop a 
community-based solution to reopening shellfish waters. The primary sources of fecal 
coliform responsible for the recent closure of 40 acres of the adjacent estuary were 
investigated. The watershed, located in Carteret County, is drained by Cow Pen Creek, which 
empties into the North River Estuary. Possible sources of bacteria include 250 homes with 
septic systems, domestic pets, and wildlife in the forest and marshland of the watershed. The 
patterns of fecal coliform contamination in the watershed were examined over a two-year 
period in 1996 - 1997. Results suggested that wildlife and domestic pets were the major 
sources of fecal coliform bacteria. 

The study suggests how managers can implement simple community oriented strategies to 
address local problems of fecal coliform contamination. The management plan developed for 
Cow Pen Creek outlines a strategy for the reopening of the shellfishing waters. The benefits 
of managing each source of fecal coliform bacteria are considered and the societal challenges 
of implementing the plan are discussed. The result is a model approach for state agencies 
and for the public in addressing current and future closures of shellfishing areas on a case by 
case basis. 
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Summary and Conclusions 

The focus of our study was to develop management strategies to reopen closed shellfishing 
areas. The criteria used to select the site of our study were: 

1. Located in Carteret County, N.C. 
2. Temporarily or permanently closed to shellfishing. 
3.  Contained a significant shellfish resource. 
4. Had a distinct, small, and easily defined watershed. 
5. Was separated from other closed areas by open areas. 
6. In the opinion of the consultants, could be amenable to implementation of physical 

alterations or land use changes that might be necessary. 

The creek selected is identified on topographic maps as Newby Creek but is known locally as 
Cow Pen Creek. Cow Pen Creek is a tributary of the North River Estuary located north of 
Beaufort, N.C. The creek is the main hydrologic feature of a 600-acre watershed that drains a 
mixed land-use region typical of coastal North Carolina. US Highway 70 is the major road 
in the watershed. Two housing developments, Shell Landing located to the south of the 
creek and Oakwood Acres located to the north are the primary residential feature of the 
watershed. In addition, there are two unnamed groups of homes, one group on a street 
located to the west of highway 70 and one group to the east. The groups both consist of a 
single street with 15 and 20 homes respectively. Three agricultural fields (approximately 90 
acres) drain into the creek. The northern border of the watershed is a 75-acre hardwood and 
pine mixed forest. A tidal salt marsh forms the east border of the watershed, and the 
southern border is a combination of wooded and residential areas, as well as 15 acres of 
fallow agricultural land. 

The navigable portion of Cow Pen Creek consists of a main canal and two secondary canals. 
In the early 1970's the original marsh creek was widened and straightened to provide 
deepwater access. The main canal and two smaller canals were dug as laterals following 
existing drainage. Prior to conversion to residential use, the watershed was used for 
agriculture and low-intensity forestry. Two communities were subsequently developed: 
Oakwood Acres and Shell Landing. The majority of the lots in Oakwood Acres were 
developed during the late 1970's and early 1980's. New home construction in Shell Landing 
occurred primarily during the 1980's and early 19901s, however in both communities 
undeveloped lots remain and new home construction is ongoing. 

In 1978, the State of North Carolina began to collect water samples at the mouth of the creek 
and found low average fecal coliform most probable numbers (FC-MPN). The creek and 
adjacent estuarine waters remained open to shellfishing until 1990 when the main canal and 
the two smaller canals were closed to shellfishing. The estuary outside the creek (with two 
oyster leases) remained open. In 1994 an additional 25 acres beyond the creek's mouth, 
including the two shellfish leases, was closed. The area around the creek remains open and 
the closure has not been enlarged since 1994. 



In order to develop recommendations for management of Cow Pen Creek, two questions 
were investigated: What are the sources and distribution of FC in the creek, and is there a 
correlation of FC with salinity, turbidity, pH, tidal stage, time of day, location, and rainfall? 
Initial sampling for FC at 24 sites took place in 1996 in the estuary, creek, and ditches 
draining into the creek. In the fall of 1996, a series of 24-hour studies addressed the question 
of the importance of time and tidal stage. In 1997, studies emphasized small tidal ditches and 
fresh water drainage ditches. 

With the exception of stations out in the North River Estuary, none of the stations sampled 
met the state FC water quality standards for approved SA waters (suitable for commercial 
shellfishing and all other tidal salt-water uses). FC concentrations were generally higher in 
the upper reaches of the watershed, and lower near the mouth of the creek. The high levels 
of FC were observed following dry periods as well as periods with significant rainfall, 
suggesting that "within creek" sources of FC from marshes and tidal ditches were as 
important as FC provided by fresh water runoff High counts located midway up the main 
canal likely were due to inputs from the two tidal ditches. Since counts were relatively high 
throughout the creek, especially in tidal ditches, the best hypothesis for sources is either 
petlwildlife or general septic tank failure. Since sanitary surveys by N.C. Division of 
Shellfish Sanitation have not turned up significant septic problems and we observed no septic 
problems, the main source appears to be the wildlife and domestidferal pets. In addition to 
sources, the enhanced speed of runoff due to hydrologic modifications (ditching, shaping 
land, and improved drainage) probably plays a significant role in the rapid transport of 
naturally occurring bacteria from creeks to shellfish producing areas. 

Four management strategies were developed to deal with the FC contamination of Cow Pen 
Creek: (1) take no action, (2) move the oysters to a site that is not contaminated, (3) control 
the sources of FC, or (4) control the movement of FC. Each option was considered and 
options 1 and 2 are not recommended. Options 3 and 4 are discussed in detail. It is 
concluded that reduction of the amount of FC deposited in the watershed and control of 
where it is deposited can be addressed. It is also concluded that measures that increase 
exposure of ditch drainage to sunlight or salt or that increased the time required for FC to 
reach the shellfish area should be considered. 



Recommendations 

The study of Cow Pen Creek has shown that efforts to address the closures of shellfishing 
areas are complex. Initial hypotheses for important sources (septic tanks, waterfowl, and 
wildlife) had to be modified to a focus on wildlife and domestidferal pets. For each small 
watershed, management strategies for reducing FC concentrations should be developed based 
on the characteristics of the site rather than assumptions based upon sources common in other 
watersheds. 

The recommendations are to work towards control of sources of FC as the simplest and most 
cost effective measure. If no FC are permitted to enter the watershed, the FC counts will 
decline and the problem will be resolved. However, it is not feasible to remove all sources 
fiom the watershed. Therefore, measures should address reducing the amount of FC in the 
area rather than a total removal. There are three elements to consider as part of this strategy. 
First, reduce the contribution from wildlife and waterfowl. Second, reduce the contribution 
fiom domestic pets. Third, ensure the contribution from humans is insignificant. The most 
effective methods to accomplish this goal will be community based, meaning that the local 
residents will have to be involved in management of FC inputs. 

The other strategy to consider is to modify the timing of transport of FC from the source to 
the shellfish beds. This strategy is based on the premise that if given enough time outside of 
the host, the FC will die naturally. Therefore, anything that can be done to slow the 
movement or increase the stress on the bacteria can be an effective measure. The control of 
surface water in coastal environments is challenging. The placement of water control 
structures such as weirs and other obstructions in ditches has been shown effective in control 
of FC. Additionally, the use of buffer strips along ditches or detention ponds or artificial 
wetlands to detain the surface flow and allow the bacteria to settle out and die is an effective 
strategy. These strategies are more costly than source control and will require a cooperative 
interaction among communities and local and state agencies. 

Time is of concern. Many of the measures required to reopen shellfishing areas will become 
more difficult as more land is developed and less land is available for management of the FC. 
While an effort to reopen 40 acres of shellfish beds may not seem significant when compared 
to the 350,000 acres in the state that are affected, this approach is a good example of where to 
begin halting and then reversing shellfish closures. This study recommends that reopening of 
FC affected waters be addressed at the local level and that the strategies developed fiom this 
example can be applied to other affected watersheds. 

The specific steps recommended for reopening Cow Pen Creek to shellfishing are as follows: 
1. First, the results of this study must be shared with the landowners, shellfish resource 

users, and applicable government and non-government entities. Informing the 
community is the first, and perhaps most critical, step. Care must be taken to assure that 
no blame is implied based on this study. There remain questions as to the actual sources 
of FC in the watershed, however the remediation of the problem can move forward 
without clarifying that uncertainty. 

... 
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2. Second, steps must be taken to reduce FC sources in the watershed. The 
recommendations are to work towards control of sources of FC as the simplest and most 
cost-effective measure. There are three elements to consider as part of this strategy. 
First, reduce the contribution from wildlife through a concerted effort at trapping and 
removal and discourage the feeding of waterfowl. Second, reduce the contribution from 
domestic pets through education of owners and removal of feral pets. Third, ensure the 
contribution from humans is insignificant by carefbl inspection of septic systems and 
repair of malhnctioning systems. 

3.  Third, surface water management measures should be established for waters flowing into 
the creek, and the measures should be monitored for effect. A team consisting of 
representatives from the watershed, a hydrological engineer, a biologist knowledgeable in 
FC ecology, and representatives from Carteret County government, and the N.C. Division 
of Water Quality, Division of Health, and Division of Coastal Management should meet 
with the community to design an implementation plan. The high level of interest from the 
community in restoring the watershed to its full use must be fblly exploited. There exist 
several opportunities for technical and financial support to carry out this plan. In the state 
of North Carolina, resources such as the Clean Water Management Trust Fund, Section 
3 19 grants, N.C. Agricultural Cost Share Program, and other federal and state programs 
can provide financial and technical assistance to implement and monitor the effectiveness 
of this strategy. 

xiv 



Background and Introduction 

The FC Standard 

North Carolina's shellfish resources are both nationally and regionally significant. However, 
the state continues to experience a decline in this valuable resource. The N.C. Blue Ribbon 
Advisory Council on Oysters found that oyster populations in the state have been declining 
for almost 100 years. This trend is attributed to a combination of factors including outbreaks 
of oyster diseases, degradation of oyster habitat, over-harvesting, and substantial 
deterioration of coastal water quality (N.C. Division of Water Quality 1997). Further, those 
oysters that remain are increasingly found in waters that are closed to shellfishing due to 
pollution. In North Carolina, more than 350,000 acres are currently closed to shellfishing, 
and the area of closure of estuarine waters to shellfishing is increasing. The proximate 
causes of these closures are the increased concentrations of FC in the waters overlying the 
shellfish resource. The sources responsible for contaminating affected waters are the feces of 
warm-blooded animals (birds and mammals) which are deposited in, or wash into, marine 
waters. In salt waters exposed to sunlight, FC rapidly die or become unculturable. Because of 
this rapid disappearance of fecal coliform bacteria, the causes of shellfish closures are local 
in nature and thus amenable to local solutions. 

Oysters and other shellfish are filter feeders. Suspended phytoplankton and particles in the 
water pass over the animal's gills and are filtered out by the shellfish. Human pathogens 
(bacteria and viruses) may become concentrated in the shellfish tissue via this filtering 
activity. These pathogens do not threaten the health of the shellfish. However, because 
shellfish are often consumed raw or not hlly cooked, specimens collected from polluted 
waters pose a risk to human health. Therefore, it is desirable to have shellfish waters devoid 
of human pathogens. 

FC are currently used as indicators of the presence of intestinal pathogens resulting from 
fecal pollution by warm-blooded animals (N.C.  Division of Environmental Management, 
Water Quality Section 1994). As commonly defined, a water quality indicator should 
indicate the possible presence of more serious pathogens. A "good" indicator is said to have 
the following characteristics: (1) it should be consistently and exclusively associated with the 
source of the pathogen(s), (2) it should be present in numbers, ielative to the pathogen, high 
enough to reflect accurately the potential presence of the pathogen, (3) it should approach the 
resistance to environmental stress and disinfection of the most resistant pathogen, (4) it 
should not multiply in the aquatic environment, and (5) it should be countable by easy, 
inexpensive methods with precision, accuracy and specificity (Duncanson and Saad 1989). 
The current North Carolina standard for FC in waters classified appropriate for shellfishing is 
14MF/100ml (MI? is an abbreviation for the Membrane Filter procedure for determining FC 
concentrations). The standard of 14 MF/100ml in shellfishing waters in intended to ensure 
that shellfish harvested from these waters are safe to eat. The N.C. Division of 
Environmental Health (DEH) applies the same numerical standard (14) to shellfish growing 
areas but DEH is required to use a different method of analysis. DEHYs standard is that 
established by the National Shellfish Sanitation Program of the U.S. Food and Drug 



Administration. That standard states that a shellfishing area must have a median or geometric 
mean FC-MPN not greater than 14/100ml and that not more than 10% of the samples from 
any particular area are in excess of 43FC-Ml?N/100mI. The FC-MPN is derived fiom using 
the multiple-tube method of sample analysis (N.C. Division of Water Quality 1997). The 
standard for shellfishing waters is the most stringent bacteriological standard applied to 
surface waters. 

Sources and Fates of FC 

FC is typically associated with the intestinal tract of any warm-blooded animals. Presnell 
and Miescier (1971) determined the contribution of FC fiom some animals likely to be found 
in coastal North Carolina watersheds (Table 1). 

Table 1. Contribution of FC from some animals present in eastern North Carolina 
watersheds (Presnell and Miescier 1971) (* indicates estimated daily weight) 

Human 
Duck 

1 E Z e n  
Cow 
Turkey 
Pig 
Muskrat 
Raccoon 
Mouse 

The per-individual contribution of FC is the important metric to consider. One domestic duck 
produces five times as many FC bacteria per day as does an average human, while one 
chicken produces approximately 10% of what a human produces. The level of FC per gram 
of feces is substantially higher in ducks and raccoons than in humans. This "high potency" 
of some wildlife feces is significant given that wildlife feces are deposited directly on the 
land or often directly in the water. On the other hand, human and some domestic animal 
waste is typically treated in some manner prior to reaching surface waters. 

FC can be transported via several pathways fiom the intestine of a warm-blooded animal to 
the shellfish growing waters. Feces are deposited on land or directly into the water. On land, 
the material can be transported by surface runoff fiom rainfall or by tidal action in the case of 
the coastal marshes and streams in this study. Once the FC is suspended in the water, its 
movement to the shellfish area is controlled by the general hydrodynamic processes affecting 
the region. Movement may be dominated by tides, wind, stream flow, groundwater flow, or 
by eddy diffision. 



Deposition on the land surface, as in the case of wildlife or birds, has been shown to be a 
significant contributor to bacterial contamination of surface waters when there is sufficient 
surface runoff of either tidal or storm flow (Weiskel et al. 1996). In tidal environments, mud 
flats, sand bars, and other shallow features are exposed at low tide and may be used by 
animals for feeding or other purposes. These animals regularly leave feces, which is then 
submerged by the subsequent high tide and therefore contribute bacteria directly to the 
surface waters. Feces deposited above the high tide line are typically transported to the 
surface waters via surface runoff following rainfall. In coastal environments with water 
tables close to the surface, surface runoff is more common when the ground becomes 
saturated. 

Subsurface deposition is also a factor to consider. Domestic onsite wastewater disposal 
systems (septic systems) are the primary source of subsurface deposition. Cogger et al. 
(1988) found that the distance below a septic field to the water table was significant in 
determining the ability of a septic system to remove FC before the effluent reached the water 
table. In a test on sandy soil similar to that found frequently in eastern North Carolina, a 
septic system that averaged at least a 30cm distance between the water table and the bottom 
of the septic trench was effective at removing virtually all of the measurable FC. A system 
with less than lOcm distance between the water table and its drainage trench, located in 
identical soils, performed poorly and was likely contributing to contamination of 
groundwater. 

The currently used indicator system for shellfish sanitation may be less than optimal for a 
number of reasons. FC do not act as a conservative property in the environment. Depending 
upon conditions, they can die at variable rates with changing light and salinity, they can be 
viable but unculturable, they can attach to suspended particles, and they can persist or even 
grow. The most common genera of pathogenic organisms found in water are Sahonella, 
ShigeNa, Vibrio, Mycobacterium, Pasteurella, and Leptospira (Geldreic h 1 966). However, 
their rate of disappearance in estuarine waters is not the same as the rate for FC. Furthermore, 
shellfish-acquired human diseases are usually viral and thus the public health significance of 
FC from non-human sources cannot be clearly tied to the FC standard. On the other hand, 
risks from bacterial pathogens and parasites (e.g. Cryptosporidium, Giardia) which can come 
from non-human warm-blooded animals are not addressed by the FC standard. One common 
source of false positives is a coliform genus, Klebsiella, commonly associated with wood 
bark as well as feces. These non-fecal bacteria may be culture&during laboratory analysis of 
FC, producing a "false positive" for FC (N.C. Division of Environmental Management, 
Water Quality Section 1994). As a practical matter, the management of shellfish waters will, 
in the near future, be based upon the FC standard. Although human health risks may not be 
adequately addressed by the standard, the economic problems caused by the closing of 
shellfishing waters are tied directly to the FC standard. 

Large-scale programs for FC reduction, such as those addressing entire river basins, may not 
be successfbl if they fail to recognize that the causes for the problem are local in nature. FC 
normally do not travel far from their source before they become unculturable, adsorb to 
sediments or die. A new system, 'Pinpoint' identification, as applied in this study, can 
identify sources of pgtential contamination at the local level. Pinpoint source identification, 



modeled after that done by Simmons et al. (1995), tracks increasing FC counts at a scale of 
meters rather than miles. The technique is based upon the simple assumption that locations 
with FC counts higher than counts in surrounding waters are always closer to the source of 
the bacteria. Using this method, individual sources such as failing septic systems, wildlife 
feces, waterfowl roosts, or other sources of FC can be identified for management purposes. 
At the local level, federal and state policies and regulations are often insufficient or 
underutilized for adequate, efficient control of FC runoff into the shellfish beds. It is 
suggested that local and community based efforts be given increased consideration in 
management of FC impacts. 

Management of FC 

The ecology of FC, and their impact on shellfish, and shellfish waters is complex. However, 
it is only part of the information required to understand and resolve the challenges facing the 
shellfishing industry. The systems for management of FC sources and shellfishing waters are 
discussed below. The federal, state, and local roles are described, and the applications of 
these policies are explained. 

The focus of our study was the waters and surrounding watershed of Cow Pen Creek located 
off the North River Estuary in Carteret County, North Carolina. The waters and intertidal 
areas of North Carolina are considered public waters of the State. Public land begins at the 
mean high tide line and extends seaward; private ownership occurs above the mean high tide 
line. Coastal counties, Carteret in this case, has little authority over the activities on the 
water or on the submerged lands; however, they do have the authority to regulate the 
activities on land that may affect the water. 

Policies designed to insure harvest of oysters safe for human consumption are included in 
federal and state legislation, rules, and regulations. At the federal level, the most significant 
policy initiative is the Clean Water Act (CWA), first authorized in 1972. The primary 
objective of the CWA is to restore and maintain the chemical, physical, and biological 
integrity of the nation's waters. The 'integrity' of the nation's waters includes, but is not 
limited to, the protection of all uses that have been traditionally achieved. The CWA 
attempts to achieve its mandate of fishable and swimmable waters through enforcement of 
technology-based effluent standards on individual dischargers. The federal government 
retained responsibility for establishing effluent limits for categories of sources and is 
responsible for issuing and enforcing terms of permits to individual dischargers. States were 
given the option to assume the responsibility for permits and enforcement. Multiple federal 
agencies have developed regulations resulting from the CWA including the Environmental 
Protection Agency (EPA), the Army Corps of Engineers (ACOE), and agencies within the 
Department of Interior P O I )  and within the National Oceanic and Atmospheric 
Administration (NOAA). 

Bridging the gap between federal and state policies is the National Shellfish Sanitation 
Program (NSSP)(Fowler 1993). NSSP is a cooperative program with participants from the 
U.S. Food and Drug Administration, the shellfish harvesting states and the shellfish industry. 
NSSP is designed to protect human health and prevent illness associated with consumption of 



shellfish. North Carolina must comply with the criteria contained in the NSSP "Manual of 
Operations" if it wishes to engage in interstate commerce in shellfish. 

The State of North Carolina, through its policies and legislated objectives, has demonstrated 
commitment to protecting the water quality of the state to at least the level mandated by the 
federal policies and in general has attempted to achieve an even more stringent standard in 
the state's waters. The North Carolina clean water policies incorporate the federal CWA into 
law and add an additional classification system of "Outstanding Resource Waters7' which 
apply to certain waters that have exceptional ecological and recreational significance. The 
site used as an example in this paper, Cow Pen Creek, is not considered Outstanding 
Resource Waters, but the state philosophy needs to be understood in order to examine Cow 
Pen Creek. 

Surface salt waters in the state are assigned a primary water classification, and they may 
receive one or more supplemental classifications (Table 2). 

( Sup~lemental I Special Considerations 

Table 2. Classifications of surface waters in the State of North Carolina. 
Primary 
Classification - 
C/SC 
SB 
S A 

Best Uses 

Aquatic life propagatiodprotection and secondary recreation 
Primary recreation and class C/SC uses 
Commercial shellfishing and all other tidal salt water uses 

Clrssification, - 
SW 

1 I biological and physical/chemical characteristics or waters which have 

Swamp Waters: recognizes waters that will naturally be more acidic 

HQ W 
(have lower pH values) and have lower levels of dissolved oxygen. 
High Quality Waters: Waters which are rated as excellent based on 

I I have been identified as having excellent water quality in conjunction 

ORW 
received some other special designation fiom another agency. 
Outstanding Resource Waters: Unique and special waters that are of 
exceptional state or national recreational or ecological significance 
which require special protection to maintain existing uses. These waters 

microscopic or macroscopic vegetation that require the control of 
nutrient inputs. 

NSW 

The responsibility to classify shellfishing waters and to test those waters for water quality 

with at least one important resource value. 
Nutrient Sensitive Waters: Waters that are subject to growths of 

standards is given to the N.C. Division of Environmental Health, Shellfish sanitation section 
@EH-SSS). The authority to close an area to shellfishing is given to the Division of Marine 
Fisheries (DMF). DMF officially "closes" and "opens" areas by proclamation based on 
recommendations fiom DEH-SSS. The N.C. Division of Water Quality @WQ) categorizes 
all waters of the state. Salt waters are designated as SC, SB, or SA (The S indicates salt 
water). Shellfish waters must be SA. SA is the most 'stringent classification requiring the 



cleanest water quality. DWQ policy states that SA waters shall, among other items, meet the 
following criteria: 

Shall support market shellfishing, recreation, and aquatic life propagation. 
Shall meet the strictest standards for sanitary and bacteriological standards 

and shall be suitable for shellfish culture. 
Any source of water pollution that precludes these uses shall be a violation. 

The waters near Cow Pen Creek were designated SA by the DWQ and therefore they are 
considered suitable for shellfishing according to that agency. 

The classification system used by DEH-SSS fbrther classifies the SA waters into Approved, 
Restricted, Prohibited, or Conditionally Approved. Only Approved waters comply with the 
DWQ SA classification. The other classes fail to support market shellfishing or to meet the 
standards set for shellfish culture. The restricted waters of Cow Pen Creek therefore are not 
supporting the designated uses and thus the waters are considered out of compliance. 

The question to ask is how the "out of compliance" situation continues to exist when three 
N.C. State agencies have knowledge of the problem? The answer lies in the authority or lack 
thereof, given to each agency. The DEH-SSS has no regulatory authority over the sources of 
pollution coming from the land based or water-based sources which may be the cause of the 
closure. DEH-SSS's authority is primarily limited to the regulation of harvest activities and 
does not extend to the activities that affect the water quality. DMF is only involved in the 
proclamations opening or closing waters and in enforcement of shellfishing regulations. 
DEH-SSS, with DMF is fblfilling their mandate to regulate shellfishing with the goal of 
protecting public health. The regulation of the water quality itself is the authority of DWQ. 
However, in the past, DWQ was focused more on designation and less on restoration of 
water quality. DWQ is very effective in controlling point sources of FC such as sewage 
treatment plants. DWQ recognizes the extreme difficulty in determining the specific origin 
of FC causing any specific closure (North Carolina Division of Environmental Management, 
Water Quality Section 1994). In the case of controlling the causes of increasing areas of 
shellfish closures, DWQ does not appear to have the management tools necessary to fblfill 
the mandate of the Clean Water Act. 

Local governments in North Carolina have not traditionally been involved in the permitting 
or regulation of shellfishing waters. The designation of all tidal lands below the high tide 
line as state lands limits the authority of the counties and municipalities over these areas. In 
the case of Carteret County there is no active enforcement or permitting of the shellfish 
waters by the county. However, there is a significant opportunity to strengthen the county's 
role and improve shellfish water conditions by means of local land use planning and zoning 
authority. The State of North Carolina, through the N.C. Division of Coastal Management, 
requires the counties and municipalities along the coast to develop land use plans. These 
plans could include protection of shellfish waters as a goal. 

Governments are not the only players involved in, or interested in, shellfish. Possibly even 
more important than regulatory agencies are the public users and residents of the shellfish 



area and adjoining lands. The harvest of shellfish from the waters of the state is considered a 
public right. Therefore, the state's shellfish, with the exception of leases as noted below, are 
available to any person for harvest. The public is entitled to an interest and indirectly 
considers the state responsible for the protection of the shellfish waters. 

North Carolina law allows for the leasing of some state tidal bottomlands for shellfish 
harvest. Private citizens may attain exclusive rights to grow shellfish in a designated area 
and restrict harvest of those shellfish by the public. Variations on the rights of the lease 
owner include control or no control of the waters directly above the bottom lease. In all 
cases, regardless of the water column rights, the leaseholder does not have any rights or 
special responsibilities outside the designated lease boundary. 

Finally, the property owners who manage property adjacent to shellfish areas or which drains 
into the shellfish area must be considered. Water quality is a genuine and reasonable concern 
of waterf?ont property owners. Interest in boating, swimming, and fishing from their 
property includes these property owners in discussions of water quality in general, and 
shellfishing in particular. Undeniably linked to their interest however is their potential to 
contribute to the solution or to the problems of declining water quality. 

In small watersheds there exist all of the necessary biological, physical, and social elements 
required for the successfbl control of FC runoff to reopen the shellfish resource without the 
need for new regulatory or legal mandates. In some cases, simple changes to drainage 
patterns or establishing wildlife barriers can reduce the FC counts overlying the shellfish 
(Simmons et al. 1995). Use of internal incentives to implement these changes may be more 
effective than government mandates in reopening the shellfish area to harvest. Within the 
watershed, a community-based effort, using internal incentives, would bridge the gap 
between the water and the land. The effort would develop links between the land-based 
sources of the contamination and the resource users who live or work in the watershed. 
Resource users can influence landowners to affect changes necessary for water quality 
improvements. Educating landowners about how their decisions and actions affect the 
resource users will help change their behavior. 





The Site 

A meeting was held in July 1996 to discuss the project and select potential sites for study. 
Representatives from N.C. Division of Marine Fisheries, N.C. Division of Coastal 
Management, and the N.C. Division of Environmental Health, Shellfish Sanitation Section 
were present. Preliminary sites were selected based on the following six criteria: 

1. Located in Carteret County, N.C. 
2. Temporarily or permanently closed to shellfishing. 
3. Contained a significant shellfish resource. 
4. Had a distinct, small and easily defined watershed. 
5. Was separated from other closed areas by open areas. 
6. In the opinion of the consultants, could be amenable to implementation of 

physical alterations or land use changes that might be necessary. 

Nine potential sites were selected. Field visits to all nine sites and a review of recent DCM 
aerial photos was used to select two creeks for preliminary sampling. Other creeks were 
eliminated for reasons including (1) distance from Duke University Marine Laboratory, (2) 
difficult access to watershed, (3) undesirable land use. Two creeks, Oyster Creek (Newport 
River Estuary) and Cow Pen Creek (North River Estuary) were selected for preliminary 
sampling based on this review. 

The Oyster Creek watershed is dominated by managed forest including pine and hardwoods. 
Forestry and some agriculture have been the historical land-use in this watershed since the 
1700's. Some pasture and fallow agricultural fields, and approximately 10 homes are located 
in the watershed. Site visits confirmed a significant shellfish resource was located in Oyster 
Creek. Water sampling indicated FC counts above 14mpn/100ml in areas of the creek 
sampled at low tide. However, the lack of a significant number of waterfront landowners was 
considered a drawback in developing a community-based interest in improved water quality. 

Cow Pen Creek (Figure 1) is the main hydrologic feature of a 600-acre watershed that drains 
a mixed land-use region typical of coastal North Carolina. US Highway 70 is the major road 
in the watershed. Two housing developments, Shell Landing located to the south of the 
creek and Oakwood Acres located to the north are the primary residential feature of the 
watershed. In addition, there are two unnamed groups of homes, one group on a street 
located to the west of highway 70 and one group to the east. The groups both consist of a 
single street with 15 and 20 homes respectively. Three agricultural fields (approximately 90 
acres) drain into the creek. The northern border of the watershed is a 75-acre hardwood and 
pine mixed forest. A tidal salt marsh forms the east border of the watershed, and the 
southern border is a combination of wooded and residential areas, as well as 15 acres of 
fallow agricultural land. Cow Pen Creek was selected for study because of the potential 
involvement of homeowners in remediation efforts. 

In the early 1970's the original Cow Pen Creek was widened and straightened creating the 
main canal. Two smaller canals were dug in the general area of existing drainage ditches @. 
Willis, Oakwood Acres resident,personal communication 1997). The creek was modified to 
provide deepwater accg?s and to encourage subsequent residential development. 



Figure 1. Map of Cow Pen Creek and the surrounding watershed. 
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Prior to conversion to residential use, the watershed was used for agriculture and low- 
intensity forestry. With few exceptions, it appears that the land currently in residential use 
was originally high ground and was probably improved by deepening the drainage system. 
The exceptions are several lots on the east side of the community that appear to be fill placed 
on top of the saltmarsh. Two communities were subsequently developed: Oakwood Acres 
and Shell Landing. The majority of the lots in Oakwood Acres were developed during the 
late 1970's and early 80's. New home construction in Shell Landing occurred primarily 
during the 1980's and early 19901s, however in both communities, undeveloped lots remain 
and new home construction is ongoing. 

There is no record, prior to 1978, of monitoring for FC levels in Cow Pen Creek. In 1978 - 
1979 the State of North Carolina collected water samples at the mouth of the creek and, 
except for a single sample, found low FC-MPN (Table 3). Possibly, because of the low 
counts observed during 1978-79, or for other unknown reasons, the state did not return to 
sample the creek for the following 6 years. Beginning in 1986 and continuing until 1990, the 
creek was sampled 3 to 4 times per year. The FC-MPN during this period ranged from 2- 
240, with an average of 35. On April 23, 1990, the canals inside the mouth of the creek were 
closed to shellfishing. From 1990 to 1993 sampling outside the creek continued. The FC- 
MPN for this period ranged from 1.7 - 350, with an average of 73. Based on the increased 
counts recorded at the mouth of the creek, the closed area was expanded in March of 1994 to 
include an additional 25 acres beyond the creek's mouth. The closure included two shellfish 
leases. The closure has not been enlarged since 1994. 

Table 3. State of North Carolina FC measurements recorded at the mouth of Cow Pen 
Creek for the period 197 

There are not enough data to tell if the increase in FC counts correlate directly with the 
development of the watershed. Significant development occurred during the 1970's and 
early 1980's. However, the majority of new homes in the area were constructed during the 
mid- to late 1980's. It was not until 1994 that the FC counts measured by the state forced the 
closure of 25 acres of North River adjacent to the creek. 

1979 
80-85 

3.6'240 
No measurements taken 





Methods 

In sampling for FC, water samples were collected in sterile 360 ml glass jars (5 x 25 cm) 
with plastic screw lids or in sterile eight ounce plastic bottles. Unless noted, samples were 
collected during the last two hours of a falling tide and were collected moving from 
downstream towards upstream in order to minimize contamination of the subsequent 
sampling site due to sampling activity. Care was taken to collect samples a minimum of 1-2" 
below the surface of the water to minimize potential inclusion of bacteria occumng in the 
surface film. Samples were collected in shallow flowing ditches using similar techniques; 
however, in some cases the ditches were too shallow to hlly submerge the sample bottle and 
some surface water layer was collected as well. Samples were returned to the lab in insulated 
containers protected from the light. 

Samples collected at the site were analyzed at the Duke University Marine Laboratory 
(Dm). Samples were analyzed using the FC-MPN procedure for A-1 medium as 
described in Standard Methods (American Public Health Association 1995). Analysis began 
within four hours of collection. Salinity was measured in the laboratory with a YSI model 33 
S-C-T meter. Turbidity was measured in Nephelometric Turbidity Units 0 with a 
HACH model 2100A turbidity meter. pH was measured with a Hanna Instruments 9023C 
pH meter. Water temperature ("C) was measured in the field with a thermometer. Rainfall 
data were obtained from DEH-SSS records made at Howland Rock on the North River, a 
development located approximately 0.75 miles south of Cow Pen Creek. 

Time series sampling was conducted with Sigma 1350 automatic samplers. The samplers 
were programmed to collect 350 ml samples, with a pre-rinse of the intake tubing. A post 
sample rinse was also programmed. The intake was located 20 cm below the water surface 
on a float which was attached to a pole placed in the streambed so that the intake would rise 
and fall with the tides. Samplers were programmed to sample every two hours for 24 hours, a 
period that covered two tidal cycles. Based upon the predicted times of the tides, samples 
were assigned one of the following tidal stages: high tide, 2-hr falling, 4-hr falling, low tide, 
2-hr rising, or 4-hr rising. The samplers were packed with ice prior to sampling, and samples 
were kept dark and chilled until analysis at DUML within four hours of the conclusion of the 
sampling period. 

Tides at Cow Pen Creek were predicted based on forecast tides for the Duke Marine 
Laboratory dock. To determine the average tidal lag between the predicted tide and the tide 
at Cow Pen Creek, a Remote Data Systems Water Level Recorder was placed in the north 
canal of the creek. Water depth was recorded at 15-minute intervals. Tidal peaks were 
compared with predicted times for DUML. The average tidal difference was plus two hours, 
meaning low tide in Cow Pen Creek occurs approximately two hours after it occurs at the 
DUML dock. 

Individual station data were log transformed to calculate geometric means as recommended 
in Standard Methods (American Public Health Association 1995). A linear regression 
analysis was conducted on the log transformed FC data to determine the correlation between 
FC and other factors qeasured. 



Sites were grouped together according to location (estuary, north canal, ditch, etc.) and by 
percent upstream (estuary, lower third, middle third, upper third) and the data were compared 
using geometric means of the samples collected. The Mann-Whitney test was used to 
determine whether the geometric means of groups were significantly different fiom one 
another. 

Initial sampling took place in the period July to October of 1996 with the goal of developing 
an initial understanding of the FC patterns in the watershed. Two tropical storms affected the 
area during the sampling period; Hurricane Bertha passed over the area on July 12 and 
Humcane Fran passed over on September 4. No samples were collected for at least 10 days 
after each storm. Spatial sampling was conducted on seven days during this initial period. 
Twenty-four sampling sites were established during the summer of 1996. 

Twenty-four hour time series sampling was done on seven dates in October and November 
1996. Two sites were sampled simultaneously. Samples were collected at either end of a 
major canal every two hours. On two occasions, the automatic samplers did not fkction 
correctly and samples were incomplete. 

In the summer of 1997, sampling stations were established in all regions of the watershed. 
Based on the indication fiom the 1996 sampling that highest counts, and therefore the highest 
probability of sources, was occumng within the Creek itself, sampling during this period 
emphasized the ditches and upstream portions of the watershed with particular emphasis 
placed on Dog Pen Ditch. The expanded ditch sampling was done to try to rule out any fresh 
water point source (such as "straight piping") that might have been being mixed into the 
creek waters. Thirty-eight stations were sampled on one or more of 17 dates. 

In the spring of 1998, additional samples were taken by Michael Swift, an undergraduate 
student, fiom near the mouth of a marsh creek draining a large marsh area just north of the 
mouth of Cow Pen Creek (Figurel). Samples were collected by the automated sampler on 
five dates in March and April. Water was collected approximately 5 meters inside the mouth 
of the marsh creek near the north edge of the shellfish lease. Near times of high tide, 
seawater could flow in and out of the marsh along its edge exposed to the North River. From 
mid-falling tide, through low tide and back to mid-rising tide, -water entering or leaving the 
marsh was confined to the creek. . 

For management options, a method was devised to determine the potential impact of sections 
of Cow Pen Creek on shellfishing areas at the mouth of the creek. The watershed was divided 
into three sub-units; the main canal, the north canal and the south canal. The potential impact 
of each sub-unit was determined by considering drainage area, relative fresh-water flow into 
the sub-unit through culverts, the mean FC-MPN in each, and the tidal volume of each. 
Drainage area was determined by locating all drainage ditches in the area and mapping their 
extent, their location, where they intersected and where they entered the creek. Using a 
computer generated map the relative land drainage-area of each sub-unit and the relative 
surface area of the sub-units within the creek were determined. The drainage pattern of larger 
ditches entering each sub-unit is shown in Figure 1. The relative fresh water inflow to each 



unit was determined by measuring the fresh water flow (at low tide) through all the culverts 
entering the creek sub-units (cross-sectional area x velocity) and converting this estimate to 
percentage of the total. Flow estimates were done on a single occasion in the winter of 1998. 
FC-MPN averages were from the downstream station in each sub-unit using 1996. Sections 
were assigned ranking of 1 - 3 for each parameter, with 1 having the greatest impact and 3 
the least. 





Results 

Rainfall 

Rainfall can influence FC counts in shellfishing waters by transporting bacteria fiom the land 
surface, marsh surface, and tidal creeks to the shellfish area. Rainfall near Cow Pen Creek 
(Figure 2) is used in interpretation of the results of the FC studies presented below. Rainfall 
in the summer of 1996 was more frequent and more intense than in the summer of 1997. 

Figure 2. Daily rainfall (inches) near (0.75 miles) Cow Pen Creek from July 1996 - July 
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1996 Summer and Fall Discrete Sampling 

The data set for the summer of 1997 includes FC, salinity, pH, and turbidity values from 24 
stations and 7 dates (Table 4). The stations were located (Figure 3) from headwater culverts 
to the open North River Estuary near the shell fishing beds. For analysis, the stations were 
grouped in different combinations and these are discussed below. 

Table 4. Data collected from summer and fall 1996 sampling of Cow Pen Creek Station 
locations are given in Figure 3. L= station location, FC = Fecal coliform (FC-MPN), S = 
salinity (PSU), T = turbidity (NTU). Averages for FC are geometric means; for the 
other parameters, they are arithmetic. R = total rainfall for 4 days (inches). 

L 
1 

2 

3 

4 

5 

6 

7 
8 
9 
10 
11 

12 
13 

16 

18 

19 

20 

21 
22 

23 

24 

R 

FC 
2 
1 

2 

4 
2 

8 

17 

70 

140 
300 

900 

900 
80 

14280 

15900 
170 

17170 

900 

1.45 

Average 
FC 

2 2 0 7 . O E + 0 0  
7.OE+00 

4.9E+01 
4.7E+01 

1.OE+02 

1.6E+02 

1.6E+02 

1.2E+02 

2.OE+02 
2.8E+02 
2.8E+02 

2.7E+02 
2.4E+02 
5.8E+02 

7.4E+02 
6.2E+02 

2.8E+02 

7.3E+02 

1.4E+03 

1.8E+02 

3.1E+02 

04.OE+01 

6.5E+02 

9.4E+01 

7-25 

S 
28 

28 

28 
28 

28 

27 

27 

24 

22 
27 

15 

8 
26 
17 

11 
25 

26 

14 

S 
24 
24 

24 
24 

23 

23 

22 

20 

22 
23 
21 
20 

23 

20 
17 

22 

18 

13 

4 

0 

0 

0 

4 

0 

FC 
23 

7.8 

79 
23 

170 

240 

240 

170 

140 

240 

140 
350 
46 

540 

23 

170 

1600 

540 

46 

350 

0.00 

8-8 

S 
22 

22 

22 
22 

19 

17 

17 

16 

22 

22 

22 
22 
21 

9 

20 

15 

2 

1 

0 

0 

FC 

8 

8 
22 

130 

17 

23 

49 

220 
350 

540 

540 
49 

350 

350 
220 

110 

49 

1600 

350 

540 

49 

1600 

0.55 

8-13 

S 
2 2 8  

27 

26 
26 

26 

27 

27 

27 

26 
26 
23 

23 
26 

23 

26 

26 

1 

0 

0 

0 

0 

DATE 

FC 
14 
2 

49 
23 

33 

49 

350 

170 

540 
79 
26 

49 
280 
170 

350 
350 

170 

49 

1600 

130 

79 
70 

350 

180 

0.00 

FC 
1.8 
1.8 

49 
7.8 

27 

540 

23 

240 

31 
920 
49 

33 
350 

251600 

920 
271600 

920 

130 

1600 

95 

540 
33 

220 

23 

0.00 

9-22 

S 
23 
23 

23 

23 
23 

22 

22 

15 

22 
22 
22 

22 
22 

21 

9 

2 

0 

0 

0 
0 

0 

0 

8-20 

S 
28 
28 

27 
27 

26 

26 

25 

24 

24 
27 

26 

26 
26 

25 
25 
24 

23 

21 

16 

0 

0 
0 

11 

0 

FC 
4 

4 

80 
8 

170 

130 

130 

50 

80 
110 

90 
50 

500 
171600 

161600 

1600 

300 

1600 

1600 

220 

110 

500 

0.00 

10-15 

S 
19 
19 

19 
19 

19 

19 

18 

16 

17 
18 

18 
18 

18 
15 

-17 

14 

9 

8 

3 

0 

0 

0 

0 

FC 

22 

79 
240 

170 

130 

350 

79 

170 
46 

130 
140 
79 
23 

540 

350 

130 

920 

1600 

240 

240 

8 

350 

79 

0.04 

10-22 

S 

20 

20 
20 

19 

20 

19 
19 

19 
20 

19 
18 

20 
18 

18 

20 

20 

20 

5 
0 

0 

0 

0 



Table 4. Continued. No ph or T data for 7-25. 

In the first group analysis all data were grouped by location, with the ditches considered part 
of the region that they drained into (Table 5). The FC counts in the estuary were 
significantly lower than those at all other locations. Within the creek (Figure l), the main 
canal and north canal were similar with higher FC-MPN than other locations. The south 
canal and the mixing area were similar with counts lower than the other locations. 



Figure 3. Location of stations sampled in the summer and fall 1996. 
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Table 5. 1996 FC-MPN results. Samples grouped by location with ditches considered 
part of the region into which they drain. YES = Significant difference using the Mann- 
Whitnev test (D <= 0.05). 

Estuary 1,2,3,4 14 21 
Mixing %6 64 14 
Main 13,14,15,16,17,18,20,21,22,23~24 263 66 
North 10,l 1,12,19 449 27 
South 7,8,9 108 20 

In the second analysis, all data were grouped by location, and with Dog Pen Ditch considered 
as a separate unit (Table 6). The FC counts in the estuary were significantly lower than those 
at all other locations. Within the creek, the south canal was lower than the Dog Pen ditch and 
the north canal but not different from the other two areas. Both the main canal and the north 
canal were not significantly different from Dog Pen ditch. 

Estuary 
Mixing 
Main 
North 
South 

Table 6. 1996 FC-MPN results. Samples grouped by location with ditches considered 
part of the region they drain into and Dog Pen Ditch considered a separate region. YES 

Estuary Mixing Main North South 
-------- YES YES YES YES 

------------ YES YES NO 
------------- NO YES 

----------------- YES 
----------------- 

Mixing %6 64 14 
Main 13,14,16,17,18,22,23,24 232 47 
North 10,l 1,12,19 449 27 
South 7,8,9 108 20 
Dog Pen 15,20,2 1 346 19 
Ditch 

Mixing 
Main 
North 
South 
Dog Pen 

Estuary 

I ----------- YES YES NO YES 
------------- NO NO NO 

--------------- YES NO 
-------------- YES 

Estuary Mixing Main North South Dog Pen 
-------- YES YES YES YES YES 



In the third analysis, all data were grouped by distance away from the estuary, with the 
ditches considered a separate location (Table 7). The estuary was significantly lower than all 
other groups. The ditches were significantly higher than the mixing area but were not 
different from the other locations within the creek. 

Table 7. 1996 PC-MPN results. Samples grouped by distance away from the estuary 
with ditches considered a separate unit. YES = Significant difference using the Mann- 
Whitnev test (D <= 0.05). 

I Estuary 14 21 
Mixing 545 64 14 
Lower 7,10,13,14 170 28 
Middle 8,l 1,15,16 301 28 
Upper 9,12,17,18 196 26 
Ditches 19,20,2 1,22,23,24 391 3 1 

Mixing 
Lower 
Middle 
Upper 
Ditches 

Estuary 
--------- NO NO NO YES 

---------- NO NO NO 
------------ NO NO 

--------- NO 

Estuary Mixing Lower Middle Upper Ditches 
-------- YES YES YES YES YES 

In the fourth analysis all the data were grouped by location, with the ditches considered a 
separate unit (Table 8). The estuary was significantly lower than any of the creek locations. 
The main canal was significantly higher than the mixing area, the north canal, and the south 
canal but was not different from the ditches. The north canal, south canal, and mixing area 
were not significantly different from each other. 

Table 8. 1996 FC-MPN results. Samples grouped by location with ditches considered a 

Estuary 14 21 
Mixing 5,6 64 14 
Main 13,14,15,16,17,18, 3 14 41 
North 10,11,12, 154 21 
South 7,8, 9 108 20 
Ditches 1 9,20,2 1,22,23,24 391 3 1 



Table 8. Continued. 

During the summer and fall of 1996, the average salinity within the creek was only slightly 
lower than that of the adjacent estuary, but the ditches draining into the area were fresh water 
(Table 9). Taken together with the data on FC counts these salinity data suggest a large 
within creek source of FC. If the ditches were the only source of FC then based upon salinity 
there should be an approximate 20-fold dilution of FC counts in the creek. Thus, the creek 
would have been expected to have mean counts of approximately 20 (ditch average of 
391120-fold dilution). Instead the creek had counts of approximately 200 to 300 or an order 
of magnitude higher than expected based upon salinity. Average pH and turbidity differed 
little among the stations. Regression analysis of log transformed FC data indicated no 
significant correlation with salinity (r2=0.06), pH (r2=0.01), or turbidity (r2=0.003). 

Estuary 
Mixing 
Main 
North 
South 
Ditches 

Table 9. Average values for salinity (PSU), pH, and turbidity (NTU) in Cow Pen Creek 
for the summer and fall of 1996. 

Estuary Mixing Main North South Ditches 
-------- YES YES YES YES YES 

------ YES NO NO YES 
-------- YES YES NO 

---------- NO NO 
--------- YES 

------- 

1996 Fall Time Series Sampling 

Salinity 
PH 
Turbidity 

In an effort to examine possible tidal and/or day-night patterns of FC-MPN, two sampling 
stations were established for time series sampling in the north canal. Station A was close to 
station 10 while station B, located "upstream, was close to station 12. Samples were 
collected every two hours for seven separate twenty-four hour periods. On four occasions, 
the automatic sampler at station B did not function correctly and samples were incomplete. 

Estuary Mixing Lower Middle Upper Ditches 
24 23 22 20 18 1 

7.76 7.54 7.43 7.34 7.2 1 6.86 
10 9 7 7 8 10 

Data were analyzed to determine if there were temporal patterns evident (Tablelo). At station 
A, a statistical comparison among all the time periods found that MPN 1 1 :30 AM to 1 :30 PM 
values were significantly greater than those taken at 1 :30 to 3 :3O PM, 3 :3O to 5:30 PM and 
7:30 to 9:30 PM. No other differences were significant. Site A is a place where mallard 
ducks frequently congregate. However, since we did not make observations of their presence 
during these sample dates, we cannot associate the high counts with their presence. There 
were no significant time patterns in FC-MPN values at station B. 



Table 10. FC-MPN for downstream (A) and upstream (B) stations in the north canal 
sampled over 24-hour periods. 

Station A 
Time 

1:30-3:30PM 
3:30-5:30 
5:30-7:30 
7:30-9:30 
9:30-1 l:3O 
11 ~30-1:30AM 
1:30-3:30 
3:30-5:30 
5:30-7:30 
7:30-9:30 
9:30-1 l:3O 
ll:30-1:30PM 

Station B 
Time 

1:30-3:30PM 
3:30-5:30 
5:30-7:30 
7:30-9:30 
9:30-1 l:3O 
ll:30-1:3OAM 
1:30-3:30 
3:30-5:30 
5:30-7:30 
7:30-9:30 
9:30-1 l:3O 
ll:30-1:30PM 

Start Date for 24-Hour Sampling 

Start Date for 24-Hour Sampling 

11/17 11/18 Geomean 
49 49 26.1 
33 33 32.0 
23 5 48.5 
23 11 32.6 
17 23 53 .O 
11 49 47.5 
17 350 47.2 
8 79 40.3 

23 49 53.6 
17 130 63.6 
13 79 68.6 

170 23 100.9 

Geomean 
63.1 
29.2 
23.2 
28.2 
25.3 
43.7 
40.3 
85.3 
3 6.8 
38 .2  
64.9 
77.7 

Data were examined to determine if tidal stage had a significant effect on measured FC-MPN 
(Table 11). There were no significant differences among the Station A samples by tide stage. 
Using the Mann-Whitney test, the only significant differences at Station B were the low tide 
samples that were significantly higher than the high tide and the 4-hour falling tide samples. 
Station B was located immediately adjacent to a culvert draining a marsh so that it is not 
surprising that the counts were higher at low tide. Salinity ranged from approximately 20 to 
30 PSU across the seven dates sampled. Within any one set of samples, salinity varied only a 
few PSU and the two sites had essentially the same salinity at any one time. These data 
suggest that sources of FC may be associated with the marshes within the Creek system. 



Table 11. FC-MPN from samples collected by auto-samplers during seven 24-hour 
experiments in the fall of 1996. Station A located downstream and Station B located 
upstream in the North Canal of Cow Pen Creek GM = Geometric Mean 

During several visits to the North Canal, oranges were released at various stages of the tidal 
cycle at both upstream and downstream locations to monitor water flow patterns. Flow was 
extremely weak even on mid-rising or mid-falling tides and the oranges were influenced 
mostly by wind. In one case the floats moved upstream during a falling tide when the wind 
was blowing in that direction. Although no predictable flow patterns were observed, the data 
do suggest that within Cow Pen Creek the water does not move in or out rapidly with the 
tides. Therefore, wind mixing and other dispersive forces are probably more important than 
advective export in controlling the dilution of FC present. 

1997 Summer Sampling 

Sampling was conducted during the summer of 1997 (Figure 4) to firther investigate the FC 
patterns in the creek (Table 12). 1996 sampling had indicated that highest counts, and 
therefore the highest probability of sources occurred within the Creek itself Therefore 1997 
sampling emphasized the ditches and upstream portions of the watershed with particular 
emphasis placed on Dog Pen Ditch. The expanded ditch sampling was done to try to rule out 
any fresh water point source (such as "straight piping") that might have been being mixed 
into the creek waters. The stations were grouped according to their relative position upstream 
in the appropriate axis. Ditches were grouped as one set regardless of ditch size. Mixing area 
sites are those located where the three canals come together. Estuary sites are located beyond 
the mouth of the creek. 



Figure 4. Location of Sampling Sites in Cow Pen Creek in the Summer 1997. 



Table 12. 1997 FC-RIPN data from Cow Pen Creek Station locations are shown in 
Figure 4. G M  = Geometric Mean. R = total rainfall for 4 days (inches). 
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Table 12. Continued. 



In general, when all 1997 data were considered together, the samples near the mouth of Cow 
Pen Creek (22 and 23) had the lowest average FC-MPN and the ditches had the highest FC- 
MPN. The estuary sites immediately outside the mouth (23A - 23D) were sampled only two 
or three times in the late summer and they were not sampled on days when creek samples 
were taken. The relatively high numbers found on 3 1 July remain unexplained. 

Stations were grouped in three arrangements for analysis of patterns in FC-Ml?N counts. 
First, they were grouped by distance away from the estuary upstream, with ditches 
considered a separate group (Table 13). Second, they were grouped by location, with the 
ditches considered a separate unit (Table 14). Third, they were grouped by location, with 
Dog Pen Ditch considered a separate location (Table 15). Dog Pen Ditch had extremely high 
FC-MPN counts and the ditches had very high counts that were all significantly higher than 
any other sites. The mixing zone was significantly lower than sites further up the canals but 
because there were only four samples taken over the summer these differences should not be 
emphasized. There were no other significant differences among locations. 

One station (20) in Dog Pen Ditch was sampled during two 24-hour periods for FC-MPN 
(Table 16). On all but one occasion (high tide), samples collected on 6/26 exceeded 16,000 
FC-MPN. A few days later, on 6/30, counts had dropped but were still were extremely high. 
It is suspected (although not proven) that pet feces placed in the canal was the cause of the 
high numbers. As was true with several of the ditches sampled, Dog Pen Ditch fills and 
empties with water as the tides rise and fall. Any fecal material placed in these ditches will 
make its way into the open waters of Cow Pen Creek and its canals on subsequent tides. 

Table 13. 1997 FC-MPN results of summer sampling with stations grouped by distance 
from the estuary and with ditches considered a separate unit. YES = Significant 

Estuary 10,23A-E 30 
Mixing 22,23 7.7 
Lower 3,2 1,24, 26 5 1 
Middle 12,13,15,27 1.4 1 
Upper 14,18,25 103 
Ditches 1,2,4,5,6,7,8,9,11,16,16~17,19, 792 

20.20G20B.28.29.30.3 1 

Mixing 
Lower 
Middle 
Upper 
Ditches 

Estuary 
-------- NO YES YES YES 

-------- NO NO YES 
--------- NO YES 

------- YES 

Estuary Mixing Lower Middle Upper Ditches 
-------- NO NO NO NO YES 



Table 14. 1997 FC-MPN results of summer sampling with stations grouped by location 
and ditches considered a separate unit. YES = Significant difference using the Mann- 
Whitney test (p <= 0.05). 

I Estuary 10,23A-E 30 12 I 
Mixing 22,23 7.7 4 
Main 12,13,14,15,21 127 14 
North 3,18,26,27 104 8 
South 24,25 25 5 
Ditches 1,2,4,5,6,7,8,9,11,16,16~17,19, 792 79 

20,20A,20B,28,29,30,3 1 

Mixing 
Main 
North 
South 
Ditches 

Estuary 
YES 

Estuary Mixing Main North South Ditches 
-------- NO NO NO NO YES 

YES NO YES 
NO NO YES 

NO YES 
-------- YES 

--------- 

Table 15. 1997 FC-MPN results of summer sampling with stations grouped by location 
and Dog Pen Ditch considered a separate unit. YES = Significant difference using the - 
Mann-Whitney test (D <= 0.05). 

I Estuary 10,23A-E 30 12 I 
Mixing 22,23 7.7 4 
Main 8,12,13,14,15,21 127 14 
North 3,18,26,27 104 8 
South 24,25 25 5 
Dog Pen 1,6,16,1 6A,2O720A,20B 143 1 36 

Estuary 
Mixing 
Main 
North 
South 
Dog Pen 

Estuary Mixing Main ~ o r t h ' .  South Dog Pen 
-------- NO NO NO NO YES 

------- YES YES NO YES 
------- NO NO YES 

------ NO YES 
------- YES 



Table 16. Data from a time series sampling of Dog Pen Ditch, June 26 and 30,1997. 

1 2400114:50 - High Tide ( 5400/12:40 - Low Tide I 

June 26 
FC-MPNITime 

1 ~16000120:50 I No Sample I 

June 30 
FC-MPNITime 

1 >l6OOO/Z 1 :5O - Low Tide 1 1 lOOOll9:4O - High Tide 1 

Spring 1998 Sampling 

In the spring of 1998 samples were collected from near the mouth of a marsh creek draining 
a large marsh area just north of the mouth of Cow Pen Creek (Figurel). FC-MPN counts 
were extremely high on four of the five dates sampled (Table 17). High counts were observed 
at dl stages of the tide. High counts on falling tides could be due to FC draining out of the 
marsh while those on rising tides could be FC washed by wave action from sources along the 
edge of the marsh. Currents in these shallow open waters are complex and were not 
measured. Unfortunately, there are no weather data available, other than rainfall, which 
might be used to interpret the data. Rainfall (72 hour) was 0.4 inches for 411 and 0.5 inches 
for 4/19, thus rainfall does not appear to be related to the high counts. 
































