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Abstract
The goal of this study was to quantify the microbial load (enterococci) contributed by the different
animals that frequent a beach site. The highest enterococci concentrations were observed in dog feces
with average levels of 7.4 × 106 CFU/g; the next highest enterococci levels were observed in birds
averaging 3.3 × 105 CFU/g. The lowest measured levels of enterococci were observed in material
collected from shrimp fecal mounds (2.0 CFU/g). A comparison of the microbial loads showed that
1 dog fecal event was equivalent to 6,940 bird fecal events or 3.2 × 108 shrimp fecal mounds.
Comparing animal contributions to previously published numbers for human bather shedding
indicates that one adult human swimmer contributes approximately the same microbial load as one
bird fecal event. Given the abundance of animals observed on the beach, this study suggests that dogs
are the largest contributing animal source of enterococci to the beach site.

Keywords
enterococci; animal feces; enumeration; recreational water; bacteria indicators; non-point pollution
sources

Introduction
Marine beach advisories are based upon measurements of enterococci in the water column
(U.S. EPA 1986) and, in many cases, the cause of elevated levels of this fecal indicator bacteria
is unknown, especially for beaches characterized by non-point sources of pollution. The most
obvious ultimate source of fecal indicator bacteria to a beach site are humans (Hanes and Fossa,
1970; Smith and Dufour, 1993; Gerba 2000) and animals including wildlife (Dunlap and Thies
2002; Harwood et al. 1999), shorebirds (Graczyk et al. 1998; Jones et al. 1978; Lévesque et
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al. 1993, 2000; Fujioka et al. 1988; Davies et al. 1995; Hatch 1996; Alderisio and DeLuca
1999; Jones and Obiri-Danso 1999; Obiri-Danso and Jones 2000), and domestic animals (Calci
et al. 1998; Cox et al. 2005; Kühn et al. 2003; Meals and Braun 2006). Recent studies have
indicated that bird feces may be a primary cause for elevated fecal indicator levels, specifically
within some recreational waters (Boehm et al. 2005; Haack et al. 2003; Wither et al. 2005;
Edge and Hill 2007) as well as beach sands which influence recreational waters (Bonilla et al.
2007). In addition to shorebirds, dog feces have been identified in very few studies as a potential
significant contributor to fecal indicator contamination. For example, Martin and Gruber
(2005) found that decomposing marine vegetation containing remnants of dog feces along the
wrack or seaweed line were shown to have elevated enterococci concentrations (5 × 105 MPN/
g) in comparison to marine vegetation without fecal waste (5 × 104 MPN/g). In addition, shrimp
within the sea bed and their fecal pellets (Ziebis et al. 1996; Manning and Kumpf 1959)
represent an as yet-unexamined source of fecal indicator microbes to the water column.

Although several studies have measured the concentration of fecal indicator bacteria in the
feces of animals, few provide enough information for establishing a mass balance approach
for evaluating the relative contributions of different non-point sources to a recreational water
body. A mass balance approach requires establishing a microbial load per human/animal source
in conjunction with enumerating each of these contributing sources. The product of the two
provides the total load from each source. Studies which measure animal loads using such an
approach are very limited in that the number of animals is difficult to quantify and typically
requires the use of cameras to document variations in numbers in time and space. Furthermore,
when establishing the load for a particular animal, most studies focus on measuring the microbe
concentration of feces and in many cases the mass of the feces, which is necessary for a mass
balance analysis, is not included. Although one study is available that utilized a completed
mass balance approach to establish that birds are a significant source of fecal indicator bacteria
(Grant et al. 2001), few, if any, have evaluated dogs and none have evaluated the significance
of aquatic organisms such as shrimp. The few studies which provide a fecal load per dog (U.S.
EPA 2001) typically provide the load for another fecal indicator such as fecal coliform instead
of enterococci which is the primary indicator microbe for monitoring recreational marine
waters in the U.S.

The objective of the current study was to evaluate the direct enterococci inputs from animals
at a recreational marine beach using a mass balance approach. For comparative purposes, the
inputs from humans that frequent the beach were also estimated. The animal loads provided
in this paper (which includes the enumeration of enterococci concentrations plus mass of feces)
are intended to add to the extensive literature focusing on bird contributions and the limited
literature which describes contributions from dogs and shrimp. These animal loading rates can
be coupled with counts at other beach sites to establish similar mass balance comparisons
between different sources at other non-point source beaches. Furthermore human and animal
count information, in particular the relative distribution between humans and animals and the
spatial distribution of animals between land and water may be relevant to other studies, as such
information is lacking within the literature.

Materials and Methods
Site Description

The study recreational beach is located within a subtropical climate characterized by an average
ambient temperature of 24.8°C (27.6°C during the summer months and 22.0°C during the
winter) and annual average rainfall of 149 cm (total of 109 cm during the wet season (May
through September) months and 39 cm during the dry season (October through April). The site
is located on Virginia Key, a small island on the eastern edge of Biscayne Bay that is
immediately east from the coast of Miami, Florida, U.S.A. (Fig. 1). This site was chosen
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because 30 swimming advisory/warnings have been issued for the recreational bathing beach
since the inception of the Florida Healthy Beaches Program in August 2000 (Fl. Dept. of Health,
2007), and previous research had shown elevated levels of enterococci (Shibata et al.
2004,Durbin et al. 2005) which have been attributed to non-point sources. The study site is
also the only beach within Miami-Dade County where people are allowed to bring their pets
including dogs. Dog owners are not required to clean up their dog waste, even though the beach
is a designated recreational swimming area. In addition to dogs and humans, birds had been
observed to gather near the shoreline in particular during the early morning hours, and shrimp
fecal mounds were readily observable in submerged beach sediments throughout the study site.

The study beach is approximately 1.6 km long; the focus area of this study was the eastern 360
m of the beach that faces towards the southwest, on the bay side of the island. The width of
the beach was defined by a local-access paved road that runs parallel to the beach at a distance
of approximately 13 meters from mean high tide. One bathroom facility was located at the
northwestern end of the beach. There were no storm drains at the site and runoff from the paved
road flowed directly to the beach. The beach was characterized by relatively weak water
circulation because the bottom slope is small and headland features are found at both ends.
Movement of water near the shoreline was dominated by tidal action. The average fluctuation
in tidal height at the study site was 58 cm. This tidal height resulted in a 5 to 12 meter horizontal
translation of the instantaneous shoreline between high and low tide given the relatively
shallow slope (approximately 0.06m/m) within this area of the beach. The sand area that
received periodic wetting and drying during the tidal cycles is herein referred to as the “inter-
tidal zone.”

The opposite side of Virginia Key from the study beach is also home to a wastewater treatment
plant. The outfall from this plant is located approximately 3.25 km further out in the Atlantic
Ocean. Observations show, however, that remote sources, such as this outfall do not impact
enterococci levels at the study site; prior studies have consistently shown a decreasing gradient
offshore from the site with mostly below detection levels of enterococci in chest deep waters,
whereas the shallow water near the shoreline was characterized by higher levels (Shibata et al.
2004). Thus, the major source of enterococci to this site comes from the inter-tidal zone (or
swash zone). Of note, sand at this site has been shown to have high levels of enterococci within
the inter-tidal zone (39 ± 20 CFU/g dry sand) and within the “dry zone” (380 ± 200 CFU/g dry
sand) located 1 m above the inter-tidal zone (Durbin et al. 2005). The cause of the elevated
indicator levels in the sand is not yet fully understood. Suspected sources to the sand as
previously mentioned include direct and indirect animal and human inputs, and potential
survival and regrowth of enterococci along the shoreline in the sand.

Sample Collection
Feces collection occurred over a period of 8 months between June 2005 and January 2006.
Specifically, fecal samples from dogs, birds, and shrimp were analyzed for enterococci
concentration and were weighed for total fecal mass; the product of the two provided the total
enterococci load per animal fecal event. During collection, all samples were aseptically
transferred into pre-weighed Whirl-Pak® sampling bags or pre-sterilized tin containers using
scoops or spoons. Sample collection occurred carefully to minimize the inclusion of non-fecal
matter (such as sand, twigs and rocks). All samples were transported from their respective
collection sites to the laboratory in an iced cooler and analyzed within 4 hours.

Prior to the enterococci enumeration, the total mass was determined for each sample, where
the weight of the container was subtracted from the total mass of the container plus feces. After
weighing, an aliquot of the fecal sample was used for enterococci enumeration, and a separate
aliquot was used for water content analysis to allow reporting of enterococci numbers in units
of colony forming units (CFU) per gram of dry feces.
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Dog feces were collected by asking a dog owner:1) if a fecal event occurred; 2) the time it
occurred; and 3) the location of the event or by following the dog until a fecal event occurred.
In some cases, the researchers also observed the defecation. Once the fecal event was identified,
the sample was then collected. Dogs were identified as either large (> 9 kg) or small (< 9 kg).
Dog owners were asked if the dog had any medical condition or was currently taking any
medications. (No participant dogs were known to have medical conditions, and none were
taking medications.) Information about the dog’s age, weight and breed were also documented.
A total of 9 samples were collected from the study site. In addition to the above mentioned
samples, the total mass of a dog fecal event was measured for two dogs, one large (23 kg) and
one small (3.2 kg), each of which were monitored for a week. During this week, each dog fecal
event was collected, and then weighed to obtain the total mass of feces produced per day by
each dog.

Bird feces were collected from the beach, a zoo, and a native bird rehabilitation center within
Miami-Dade County. The sample collected at the beach was obtained by watching birds early
in the morning at sunrise, and waiting for a fecal event to occur. At the beach, only one sample
from an Ibis (Eudocimus albus, E. ruber, Plegadis falcinellus, or P. chihi) was collected after
several attempts of sample collection over a span of two weeks. Due to this difficulty, sampling
efforts were expanded to include native birds from a local zoo and a local native bird
rehabilitation center, both of which were fed a wild diet. The native bird exhibit at the local
zoo consisted of an artificial lake that included a small island located in the center of the lake
and a concrete border that surrounded the lake. Samples were collected from a plastic tarp that
was placed under a tree on the island. In the afternoon once the zoo closed to the public, the
plastic tarp was sanitized, and the concrete border was repeatedly scrubbed and washed. The
following morning six feces samples from birds, Ibis and Heron (Ardea herodias, Butorides
striatus, Egretta caerulea, Egretta tricolor, Nycticorax nycticorax and N. violaceus), known
to congregate overnight in the tree on the island were collected from the tarp. Seven fecal
samples were collected from the concrete border corresponding to Ibis, a Heron, Duck
(unidentified species), and Coot (Fulica americana). For the bird rehabilitation center, fecal
samples were collected from: a) cages located indoors which housed Pelicans (Pelicanus
occidentalis and carolinensis) (4 samples, n=4); b) a concrete pad located outdoors where
Pelicans congregate (n=2); and c) dock facility where Gulls (Larus atricilla and
delawarensis) and Pigeons (Columba leucocephala) frequent (n=6). Indoor cages were
sanitized and lined with newspaper and a plastic mat prior to housing the birds. The concrete
pad was washed with water prior to sample collection; the dock had no prior cleaning. A total
of 26 bird fecal samples were collected and analyzed from the 3 study sites.

Ghost shrimp fecal pellets (sand mounds which contained shrimp (Callianassa
californiensis; Murphy and Kremer 1992) were collected by scooping the sand directly into a
Whirl-Pak® bag underwater to minimize the loss of fine sediments. Preliminary studies showed
no statistical difference when only a portion of the mound (with fecal pellets) or entire mound
was collected, resulting in the entire mound being used for analysis. Nine mounds were
collected from the study site out to a distance of 50 m within the inter-tidal zone where colonies
of shrimp live on the ocean floor. Mounds were easily identified above water due to the shallow
and clear water (3.6 Nephelometric Turbidity Units, NTU).

Laboratory Methods
Enterococci were extracted from the fecal samples using a modified version of the procedure
outlined by Van Elsas and Smalla (1997). The method required two basic steps. The first step
was to measure the water content of the feces. Water content was determined by measuring
the weight difference of feces before and after drying (110°C for 24 h). The second step required
the extraction of enterococci from the feces to a predefined volume of sterile water. In order
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to accomplish this, approximately 2.0, 2.6 and 4.6 g for dogs, birds, and shrimp, respectively,
of fresh un-dried feces (wet fecal matter) were aseptically removed from the sampling bags
and placed into sterile pre-weighed jars. Approximately 30 to 50 ml of sterile phosphate buffer
dilution water (PBS) was then added to each jar. The jars were manually shaken for 30 seconds,
and then placed in a sterile graduated cylinder and raised up to a volume of 100 ml with PBS.
This solution was then analyzed for enterococci concentration using a standardized membrane
filtration (MF) method (U.S. EPA 2002, Method 1600). In brief, the MF method was based
upon a selective medium (mEI agar, Becton Dickinson, Sparks, MD) and incubation of filters
at 41°C for 24 hours. All colonies that were blue or characterized by a blue halo were recorded
as “enterococci colonies.”

Animal Enumeration
Two methods were used to enumerate the instantaneous number of animals (humans, dogs,
birds, and shrimp mounds) at any given time during daylight hours: camera image analysis,
and in-field visual counting surveys. The camera image analysis was based upon the use of a
digital camera (C-8080WZ, Olympus) with pan, tilt and zoom capabilities. This camera was
placed in an environmental housing and mounted near the top of a pole, approximately 3 m
from the ground. The pole was located across the bay on private property, approximately 440
m from the study site (Fig. 1). The camera took 3 images of the beach area every 15 minutes.
The 3 images were subsequently assembled into one panorama for disk storage. Each panorama
corresponded to the eastern 360 m of the 1.6 km total beach length and the numbers from the
panorama were thus multiplied by 4.4 to obtain total numbers for the entire beach. The numbers
obtained from these images were representative of the entire beach as the distribution of people
and animals is relatively uniform because of the long narrow geometry. Fifty images were
analyzed over a period of 16 months (beginning April 2005 and ending July 2006), with the
addition of 16 images analyzed during Labor Day weekend due to increased human volume at
the study site (September 2005). The study camera database contained the following animal
counts: people within the backshore zone of the beach, people in the water, small and large
dogs in the backshore zone and in the water, and birds (Crows, Ibis, Gulls, Anhingas, Pelicans,
Herons and Vultures).

Two general approaches were used for in-field visual counting surveys. The first method was
used to count humans and dogs, and the second method was used to count shrimp mounds.
Humans and dogs were enumerated at one instant during the day using a grid consisting of 3
boxes within the study site (Fig. 1). Humans and dogs within each box were counted to find
the total number of people both in the water and on the beach. The numbers from each of the
three boxes were added together giving the total within the 360 m long focus area of the study.
These numbers were then scaled to obtained the number for the entire 1.6 km length of beach.
Humans and dogs were counted from images collected during 13 days from June 2004 and
May 2005. All days were non-holiday weekday counts, except for Memorial Day (Monday)
2005. The second in-field visual counting survey method, used for counting shrimp fecal
mounds, was based upon establishing a set of five 6 m by 3 m plots which extended out from
the shoreline within grid box “b” (Fig. 1). Shrimp mounds were then counted during high tide
and during low tide within each plot during two consecutive days (two high tide counts and
two low tide counts during the 2-day period). The entire procedure was conducted twice, once
during the summer (August 2 and 3, 2006) and once during the winter (December 21 and 22,
2006).

In order to compare contributions between non-point sources, the assumption was made that
the presence of an animal represented a fecal event, meaning one dog had one fecal event while
at the beach and one bird had one fecal event, one shrimp mound equals one fecal event.
Humans were assumed to contribute enterococci three times per day from skin shedding
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directly into the water while bathing according to the values estimated by Elmir et al. (2007)
who conducted a human shedding study at this same study site.

Results
Enteroccoci

Highest enterococci concentrations on average were found in dog feces (3.9 × 107 CFU/g dry
feces), then bird feces (3.3 × 105 CFU/g), with the lowest counts in shrimp fecal mounds (2.0
CFU/g). All averages included only those samples that did not exceed the detection limit. The
microbial load from dog feces, bird feces, and shrimp fecal mounds were measured at 3.2 ×
109 CFU per dog event, 4.7 × 105 CFU per bird fecal event, and 10 CFU per shrimp fecal
mound. These results indicated that one dog fecal event had the same enterococci loading as
6,940 bird fecal events and 3.2 × 108 shrimp fecal mounds.

Of the nine dog fecal samples collected, two were above the detection limit. The range for the
samples that were within detection limits was from 5.7 × 104 to 2.4 × 108 CFU/g dry feces.
The median concentration (which included the samples that were above detection limits) was
1.0 × 107 CFU/g feces (Table 2). The two samples that measured above the detection limit
were observed to contain greater than 4.9 × 107 CFU/g feces. The average enterococci
concentration for large dogs was 6.4 × 107 CFU/g feces (n=4), while the average for small
dogs was 5.9 × 106 CFU/g feces (n=3). The mass of dog feces in terms of dry weight per event
was 79 g for large dogs and 28 g for small dogs. The microbial load was computed at 5.6 ×
109 CFU/event for large dogs and 1.5 × 108 CFU/event for small dogs, on average. For large
and small dogs evaluated in this study, the computed microbial load was 3.3 × 109 CFU/event
overall. The results from the collection and weighing of dog feces over a period of a week
showed fecal masses within the same order of magnitude. The total mass (grams of dry feces)
produced per day from a large dog was 52 g, while the small dog produced 7.6 g daily.

Bird feces showed variable concentrations of enterococci ranging from 347 to 3.1 × 106 CFU/
g dry feces, with a median value of 2.0 × 104 CFU/g feces for the entire 26 sample data set.
Of the 26 samples, eight were above the detection limit, which resulted in a total sample size
of 18 within detection limits. Enterococci concentrations by bird group ranked from lowest to
highest included: Ibis, Gull or Pigeon, Coot, Duck, Heron, and Pelicans, respectively (Fig. 2).
The combined average concentration for Ibis, Coot, Duck, Gull and Pigeons was 8.0 × 103

CFU/g feces; the combined average for Heron and Pelicans was 9.7 × 105 CFU/g feces. The
average dry mass of a bird fecal event was 0.82 g, with the smallest mass of 0.027 g for a Gull
or Pigeon and the largest for a pelican (1.7 g). The smallest contribution in terms of microbial
load was from a Gull or Pigeon (53 CFU/event), and the largest contribution was calculated
from Pelicans (5.1 × 106 CFU/event). The average microbial load from all types of birds was
4.7 × 105 CFU/event.

Shrimp fecal mound concentrations ranged from 0.65 to 7.7 CFU/g, with a median value of
0.95 CFU/g. The shrimp mounds contained fecal pellets mixed with sand. Durbin et al.
(2005) measured the enterococci levels of sand within the inter-tidal zone sand at the study site
as 39 ± 20 CFU/g dry sand, thus the material used by the shrimp in developing their mounds
appeared to contain less enterococci than the surface sediment within the inter-tidal zone. The
average mass of shrimp mound samples was 6.9 g, resulting in an average microbial load of
10 CFU per mound.

Animal Enumeration
Human enumeration results from both camera image analysis and in-field counting surveys
(instantaneous values at the time of counting) demonstrated that the highest human count
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during weekdays was 276 (avg. 55 ± 19, 95% confidence limit) and during a non-holiday
weekend day was 351. The largest number of people was observed during holiday weekends
(2,640 people maximum at one time, with an average of 1,330). The maximum population of
2,640 people corresponded to a density of 1 person per 8 square meter of beach. The overall
average number of people during weekends on the beach (considering both non-holiday and
holiday weekends) was 1090. During the weekends, more people were observed along the
shore out of the water (695 on average) compared to in the water (392 on average). For data
collected during weekdays, the distribution between people who were in the water versus on
dry land was available only from the camera image analysis. Camera images indicated that the
average number of people at the beach during weekdays was 46 people, with 33 people on the
shore and 13 people in the water.

Of the 65 days of data (from both camera image analysis and field sampling days), 36 days
corresponded to no dogs. For days when dogs were observed, the overall average number of
dogs during weekdays was found to be 12 dogs, with the highest number at 89 dogs. During
the one non-holiday weekend, 13 dogs were observed at the beach at any given time; during
holiday weekends, the maximum number observed was 196, with an average of 83 dogs. For
weekends as a whole (including non-holiday and holidays), 66 dogs were observed on average.

Dog counts were separated by size for camera image analysis only. From the camera images,
large dogs were observed to represent the majority of the population, with their proportion
varying from 60% to 90%. The location of dogs was documented from the visual counting
survey conducted during a holiday weekend. This survey showed roughly 57% of the dogs on
shore, with the remaining dogs in the water.

Thirty-three of the 53 days of camera images evaluated contained countable birds. No counts
were taken visually in-field. The average number of birds (combined species) documented per
camera image over the 53 days was 150, with a maximum number of 587 birds. The number
of birds (when present) was typically in the 1 to 50 range. An additional peak of bird frequency
was observed within the range of 301 to 350, suggesting that birds frequented the site
predominantly as individuals and in flocks of over 300. Gulls were observed most frequently
(31 days), and were characterized by the highest counts (maximum of 587); the average count
was 151 per day during these 31 days. Pelicans and Anhinga (Anhinga anhinga) were seen
four days, and averaged 22 and 4 per day, while Vultures were observed three days and
averaged 12 per day when present. Herons were observed two days, and had an average count
of 13. The bird species observed the least were Crows and Ibis which were documented only
one time each, with counts of 89 and 9, respectively.

Shrimp fecal mounds, as estimated from in-field counting surveys, showed an overall average
of 984 mounds for the entire 1.6 km of beach, with a median value of 919. The overall maximum
count occurred during high tide (1,837 mounds). The average number of mounds observed
during high tide was 1,180, while during low tide the average was 787 mounds. The maximum
number of mounds observed during low tide was 1,310.

Discussion
The highest numbers observed during the enumeration process for all animals (including
humans) was combined with the mean microbial load to provide the potential contribution of
enterococci to the beach from non-point sources evaluated as part of this study (Table 1). This
evaluation estimates that during the weekend the enterococci contribution to the beach could
be as high as 6.4 × 1011 CFU. Calculating an average (average enumeration numbers multiplied
by the mean microbial load) for the weekend resulted in a mean weekend contribution per
image of 2.1 × 1011 CFU. The highest weekday enterococci contribution (2.9 × 1011 CFU per
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image) and average weekday contribution (3.6 × 1010 CFU per image) were between a factor
of 3 to 10 times lower than the corresponding weekend values.

When comparing the amount of enterococci shed from humans via swimming to enterococci
concentrations in animal feces, the results (CFU per event) indicated that one dog feces equated
to 1,872 people, 6,940 bird feces, and 3.2 × 108 shrimp fecal mounds. The enterococci
contribution from dog feces far exceeded the contribution from human shedding or from bird
feces. This observation was especially significant as people, birds, and shrimp outnumbered
the quantity of dogs. The enterococci contribution from dog feces was most significant because
of the high concentration of enterococci in the feces coupled with the large mass, resulting in
an exceedingly large contribution per dog event.

The microbial load for dog feces could be highly variable. The literature is very limited with
respect to documenting the enterococci concentration associated with dog feces. Although data
were available with respect to total bacterial and fecal coliform levels (Calci et al. 1998) and
data existed concerning the characterization of enterococci isolates (Rodriques et al. 2002; De
Leener et al. 2005; De Graef et al. 2005; Delgado et al. 2007), only one such study had measured
total enterococci counts for one dog fecal sample (1.13 × 104 CFU/g feces in wet weight;
Anderson et al. 1997). Using the moisture contents measured in the current study, the 1.13 ×
104 CFU/g in wet weight is estimated at 2.3 × 104 CFU/g feces in units of dry weight. The
current study found that enterococci concentrations from dogs can be variable (5.7 × 104 to
2.4 × 108 CFU/g dry feces) and high in comparison to the value reported by Anderson et al.
(1997). Of note, Anderson et al. (1997) observed up to 5 orders of magnitude difference in the
enterococci concentrations of other animal species and the range in enterococci concentration
observed in the current study among dogs is consistent with the variability observed by
Anderson et al. (1997) in other animals.

In the current study, the mass of dog feces used to estimate the total daily load corresponded
to fecal masses that were collected and analyzed at the study site. This was an accurate
assessment in terms of the contribution of enterococci from those dogs present during that
sampling event. However, the mass of dog feces was subjective and directly corresponded to
the size of the dog and the dog’s food consumption. The literature suggests that a large-sized
dog (weights ranging from 19 to 32 kg) produces approximately 40 g per day of dry feces
(range of 32 to 49 g) (Spears et al. 2004, Murray et al. 1997, NRC 1985). The dog feces weights
measured over the course of a week in this study (52 g for a large dog and 7.6 g for a small
dog) was consistent with the published literature but the variation in masses can add another
order of magnitude in the variability of the enterococci contribution from dogs.

Enterococci concentrations in bird fecal samples from the current study (1.2 × 104 CFU/g dry
feces for ducks and 1.0 × 104 CFU/g dry feces for gulls or pigeon) were low when compared
to the literature. For ducks, Roll and Fujioka (1997) reported 1.4 × 106 CFU/g dry feces and
Anderson et al. (1997) reported 3.5 × 104 to 1.7 × 107 CFU/g equivalent dry weight; thus
indicating that the concentration observed in duck feces within the current study was in the
low range of that observed in other studies. For pigeons, Oshiro and Fujioka (1995) found 4.0
× 105 CFU/g (unspecified whether dry or wet weight) feces and Anderson et al. 1997 found
4.5 × 106 CFU/g equivalent dry fecal weight, while Haack et al. (2003) found enterococci in
gull and duck feces, on average, at 5 × 107 CFU/g wet feces. These values converted to
enterococci per gram dry feces using the water contents measured in this study resulted in much
higher concentrations by four orders of magnitude (1.2 × 108 CFU/g dry feces). Most studies
found wide ranges in enterococci levels in bird fecal samples. Fogarty et al. (2003) found that
gull feces from the Great Lakes region contain between 104 to 108 CFU/g dry feces and Haack
et al. (2003), for all birds, found a range of 1.2 × 102 to 3.2 × 1010 CFU/g equivalent dry feces,
the maximum values being much higher than concentrations reported in previous research and
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in the current study. The enterococci concentrations on average (3.3 × 105 CFU/g dry feces)
observed in bird feces from this study appear to be in the lower range and contribute somewhat
to the decreased significance of bird fecal contributions to this particular study site.

The overall mass of bird feces observed in this study ranged from 0.027 to 1.6 g, dry weight.
Kushlan (1977, 1979) suggested that an overall daily average mass of fecal matter on dry basis
for an Ibis was approximately 10 g. The current study measured 1.7 g for an Ibis for one event
suggesting that an Ibis has on the order of 5 to 6 fecal events per day. Bedard et al. (1980)
found that a housed ring-billed gull produced 8.3 g of fecal matter and Gould and Fletcher
(1978) found that the average amount of feces excreted by a gull per day ranged from 11.2 to
24.9 g. The current study documented 0.11 g per fecal event for gulls, which suggested many
fecal events per day for gulls. The assumption made (i.e. one observed bird equates to one fecal
event) is potentially incorrect. It is possible that birds may deposit more than one fecal event
per visit. However, given the difficulty in finding bird fecal samples on the beach, the
assumption of one event per bird was assumed to be adequate for the purposes of this study.

Conclusion
Shrimp fecal mounds were found to be negligible, but dog contributions indicated an overall
concern. The results (combined weekdays and weekends) showed that the average contribution
from dogs was 1.2 × 1011 CFU per image. Enterococci load from humans and birds were
smaller at 9.9 × 108 and 7.0 × 107 CFU for the images evaluated. The load of enterococci from
shrimp fecal mounds was even lower at 1.9 × 104 CFU (avg. 1.0 × 104). Given these values,
dogs are believed to contribute the bulk of the total enterococci load, whereas humans, birds,
and shrimp contributed a much smaller amount.

Results from this study provide evidence that dog feces represent the largest animal source to
the study site. Improved management of dog feces at the beach could potentially reduce
enterococci inputs to the beach, thereby decreasing the number of advisories for beach sites
which are frequented by significant numbers of dogs In order to better estimate the relative
contributions of enterococci from animals and humans to the site, a greater number of camera
images should be analyzed so that daily, weekly and seasonal variations in populations can be
established. Once these variations are established, the results from the current study (CFU/
animal) should be integrated over time to estimate the enterococci contribution per day or per
year from each animal/human source. With such estimates, the relative contribution of dogs
relative to other sources would be more accurate as it takes into consideration the amount of
time each animal spends at the beach. Furthermore, the development of a beach management
plan would also benefit from the evaluation of additional indirect sources of enterococci, such
as enumerating the contribution from rainwater runoff and potential regrowth of enterococci
within beach sands. The relative contribution from these in-situ sources should be compared
with direct animal contributions as such information would be useful for establishing policies
for improving water quality.
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Figure 1.
The study beach was located within Biscayne Bay on Virginia Key, east of Miami, Fl. The
focus area is identified as the eastern most 360 m. Bottom inset shows location of camera.
Boxes within the bottom inset show grid boxes used for in-field visual counting surveys for
dogs and humans. Top inset shows transect and plots used for the in-field visual counting
surveys for shrimp.
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Figure 2.
Enterococci concentrations (per gram of dry feces) from feces from different types of birds
and the respective sample size in parenthesis. Error bars represent the standard deviation for
the respective type of bird within that sample size.

Wright et al. Page 14

Mar Pollut Bull. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wright et al. Page 15
Ta

bl
e 

1

R
es

ul
ts

 fo
r t

he
 e

nt
er

oc
oc

ci
 lo

ad
 p

er
 e

ve
nt

, a
ni

m
al

 e
nu

m
er

at
io

n,
 a

nd
 to

ta
l c

on
tri

bu
tio

n 
fo

r p
eo

pl
e,

 d
og

s, 
bi

rd
s, 

an
d 

sh
rim

p 
m

ou
nd

s g
iv

en
 th

e 
in

st
an

ta
ne

ou
s

en
um

er
at

io
n 

re
su

lts
. M

ax
im

um
 c

on
tri

bu
tio

ns
 p

er
 im

ag
e 

co
rr

es
po

nd
 to

 th
e 

pr
od

uc
t o

f t
he

 a
ve

ra
ge

 v
al

ue
 o

f t
he

 e
nt

er
oc

oc
ci

 c
on

tri
bu

tio
n 

pe
r e

ve
nt

 a
nd

 th
e

m
ax

im
um

 n
um

be
rs

 o
f a

ni
m

al
s o

r h
um

an
s o

bs
er

ve
d.

So
ur

ce
E

nt
er

oc
oc

ci
E

nu
m

er
at

io
n

E
nt

er
oc

oc
ci

 L
oa

d 
(C

FU
 p

er
 im

ag
e)

T
yp

e
D

ay
a

(C
FU

/e
ve

nt
)

M
ax

im
um

A
ve

ra
ge

M
ax

im
um

A
ve

ra
ge

W
2,

64
4

1,
08

8
4.

6 
× 

10
9

1.
9 

× 
10

9

Pe
op

le
D

1.
7 

× 
10

6 , b
27

6
55

4.
8 

× 
10

8
9.

6 
× 

10
7

A
2,

64
4

12
9

2.
5 

× 
10

9
9.

9 
× 

10
8

W
19

6
66

6.
3 

× 
10

11
2.

1 
× 

10
11

D
og

s
D

3.
2 

× 
10

9
89

11
2.

9 
× 

10
11

3.
6 

× 
10

10

A
19

6
19

4.
6 

× 
10

11
1.

2 
× 

10
11

B
ir

ds
A

4.
7 

× 
10

5
58

7
15

0
2.

7 
× 

10
8

7.
0 

× 
10

7

Sh
ri

m
p

D
1.

0 
× 

10
1

1,
83

7
98

4
1.

9 
× 

10
4

1.
0 

× 
10

4

a W
 =

 O
ve

ra
ll 

w
ee

ke
nd

 (n
on

-h
ol

id
ay

 w
ee

ke
nd

 a
nd

 h
ol

id
ay

 w
ee

ke
nd

s)
, D

 =
 W

ee
kd

ay
 d

ay
lig

ht
 h

ou
rs

, A
= 

A
ll 

7 
da

ys
 o

f t
he

 w
ee

k

b R
ef

er
s t

o 
on

e 
pe

rs
on

 sw
im

m
in

g 
3 

tim
es

 d
ur

in
g 

a 
be

ac
h 

vi
si

t

Mar Pollut Bull. Author manuscript; available in PMC 2010 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wright et al. Page 16

Table 2

Dry masses, enterococci concentrations, and enterococci loads from dog feces evaluated in this study

Description of Dog Weight of Dog
(kg)

Weight of
Feces

(g)

Enterococci
Concentration

(CFU/g dry feces)

Enterococci
Load per fecal event

(CFU)

Boxer 16 32.3 >2.8 × 108 >8.8 × 109

Boxer 27 69.1 >4.9 × 107 >3.4 × 109

Labrador Retriever 38 88.5 2.5 × 108 2.2 × 1010

Arabian Kanubau Mix 29 53.6 1.0 × 107 5.5 × 108

Chesapeake Bay >9 130 2.0 × 105 2.7 × 107

Labrador Retreiver 27 45.1 5.7 × 104 2.6 × 106

Small Dog <9 49.7 7.5 × 106 3.7 ×108

Small Dog <9 6.6 1.0 × 107 6.5 × 107

Small Dog <9 26.8 1.1 × 105 3.0 × 106
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