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Maine Vibrio parahaemolyticus Risk Assessment and Illness Review - 2019

Introduction

Maine Department of Marine Resources (DMR) is the Shellfish Control Authority for the 
State of Maine and is responsible for classifying the shellfish growing waters.  The Bureau 
of Public Health oversees the implementation of the National Shellfish Sanitation Program 
(NSSP) within the State of Maine. This program is administered by the Interstate Shellfish 
Sanitation Conference (ISSC) in order to keep molluscan shellfish safe for human 
consumption.  This is accomplished by making sure that a common set of standards are 
used to classify shellfish growing areas and handle shellfish when they go to market.  The 
latest set of standards is published in The Guide for Control of Molluscan Shellfish 2017 
also known as the Model Ordinance (MO).  

2017 NSSP MO Chapter II @.07 of the MO requires that all states conduct a risk 
assessment and have a Vibrio parahaemolyticus (Vp) Control Plan (VPCP) if it is 
determined that an illness is reasonably likely to occur on an annual basis.   Additionally, 
if a state has a shellfish growing area that was the source of oysters or hard clams that were 
epidemiologically linked to an outbreak (two or more cases) of Vibrio parahaemolyticus
within the past five years, or where the average daily water temperature (not more than 30 
day period) exceeds 60°F for waters bordering the Atlantic Ocean (NY and north), the state 
must develop and implement a VPCP.

Maine has not had any Vibrio parahaemolyticus illness outbreaks epidemiologically linked 
to oysters or hard clams harvested in Maine.  Monthly average harvest area water 
temperatures do meet or exceed 60°F June through September in most of the significant 
oyster and hard clam harvest areas.  The risk assessment described in this report concludes 
that a Vp illnesses are not reasonably likely to occur on an annual basis.  However, Maine 
developed a Vibrio Control Management Plan for the Damariscotta River harvest area in 
2016 and has expanding the VPCP to include the Upper New Meadows Lakes and the 
upper Sheepscot River. 

Risk assessment

“The evaluation shall consider each of the following factors, including seasonal variations 
in the factors, in determining whether the risk of Vibrio parahaemolyticus infection from 
the consumption of oysters or hard clams harvested from an area (hydrological, 
geographical, or growing) is reasonably likely to occur: (For the purposes of this section, 
"reasonably likely to occur" shall mean that the risk constitutes an annual occurrence).” 
(2017 NSSP Guide, Chapter II, @.07, A.) 
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1. The number of Vibrio parahaemolyticus cases epidemiologically linked to the 
consumption of oysters or hard clams commercially harvested from the state:

There were no single-source cases of Vibrio parahaemolyticus epidemiologically 
linked to the consumption of oysters commercially harvested from Maine in 2019.

2. Levels of total and tdh+ Vibrio parahaemolyticus in shellfish or water:

The state of Maine began testing levels of total and tdh+ in the New Meadows Lakes 
in 2017, some sample results were positive.  Industry sponsored sampling in the 
Damariscotta River showed positive results for total Vp in 2015 and 2016. Maine 
does not have an ongoing program to test tdh+ Vibrio parahaemolyticus.

3. Water temperatures:

Wild and aquaculture grown oysters and hard clams are harvested from the bays and 
estuaries of the Maine coast.  Water temperatures are collected as part of the 
systematic random sampling (SRS) strategy for shellfish harvest classification.  
These are surface wat
inches of water and suspending a thermometer within six inches of the water surface.  
Stations from seven growing areas that encompass oyster and hard clam aquaculture 
sites were chosen.  These sites were selected to span the geographical areas of oyster 
and hard clam production and harvest, represent all types of oyster and hard clam 
growing areas and to include the Damariscotta River where the majority of oysters are 
grown in Maine.  The chosen growing area sites extend from Eliot to Sullivan, ME.  
Five years of data from 2015 through 2019 were used.  These temperatures are taken 
in seawater close to the shore, generally much closer and shallower than the location 
of oyster or hard clam aquaculture lease sites or harvest locations.  Most of the 
oyster aquaculture lease sites are close to shore but subtidal as opposed to SRS 
sample sites which are located in intertidal areas.  Therefore, the SRS temperatures 
generally reflect warmer temperatures than would be expected at the aquaculture sites.  
The monthly averages of the temperatures evaluated are displayed in Table 1.  Water 
temperatures are below the temperature of concern (a monthly average of 60°F or 
15.5°C) for most of the year with the exception of the period between June and 
September.  

Table 1. Average Monthly Water Temperatures for Growing Areas Evaluated 
Harvest Area Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Bagaduce River 6.3 9.7 14.1 17.9 16.9 18.3 11.9 7.7
Casco Bay 1.2 2.9 2.6 5.3 12.2 16.0 18.8 23.0 16.6 12.8 5.9 3.1
Damariscotta R. 1.0 2.3 3.7 5.0 12.0 15.3 19.3 20.4 17.2 12.6 5.1 1.0
New Meadows River 0.0 2.0 6.7 10.5 16.2 21.2 20.1 16.5 11.5 5.8 3.6
Piscataqua R. 1.5 3.0 5.3 11.5 17.8 25.6 21.8 20.3 13.0 8.0 1.5
Saco Bay 1.0 3.5 6.2 9.8 15.6 17.3 17.8 17.3 12.0 7.3 3.3
Sheepscot River 2.0 0.0 2.5 5.3 12.8 15.8 17.0 19.2 18.7 13.0 4.0 7.0
Taunton Bay 2.3 1.3 1.9 7.8 9.3 16.5 19.5 19.0 15.6 15.0 5.0 1.0
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4. Air temperatures:

Air temperature data were collected from Worldclimate.com. for Newcastle, ME on 
the Damariscotta River, the predominant oyster aquaculture growing area in Maine.  
During May through September the average monthly maximum temperatures ranged 
from 65 to 78°F.  The average monthly maximum air temperatures places Maine at 
Level 3 in the time/temperature matrix in the NSSP Model Ordinance.

5. Salinity:

Salinity and Vp in shellfish and seawater is a complicated issue, some studies have 
shown a relationship between salinity and Vp levels in water and shellfish, while 
others have not.  In studies where salinity has been shown to have an effect, 
optimum salinity or the range of salinities where Vp increases or decreases differs (1, 
2, 3, 4, 5, 6).  A 2010 study observed a nonlinear relationship between salinity and 
Vp levels, Vp levels increasing with salinity up to an optimal point and then the Vp 
levels decreasing with higher salinities (3).

Monthly average salinities at the seven growing areas considered ranged between 
9.7‰ and 33.6‰ with the lowest monthly average in the Sheepscot River (Table 2).  

Table 2. Average Monthly Salinities for Growing Areas Evaluated 

6. Harvesting techniques:

Both American and European oysters grow in Maine waters.  American oysters can 
be harvested at any time; however European oyster harvest is restricted to June 15 to 
September 15.  Aquaculturists are exempt from this restriction on European oysters.

Harvest Area Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Bagaduce River 28.1 28.9 28.8 31.8 32.1 31.6 31.3 29.3
Casco Bay 26.9 29.3 27.1 17.3 25.1 26.8 30.6 30.0 30.6 29.9 26.8 26.4
Damariscotta R. 25.3 28.7 25.4 23.7 26.0 28.8 30.4 31.0 30.8 30.4 28.4 21.3
New Meadows River 28.0 26.5 28.1 25.8 29.3 30.9 31.2 31.5 31.8 29.8 30.0
Piscataqua R. 28.0 22.4 18.0 19.8 27.3 30.4 30.0 30.6 30.6 29.5 23.3
Saco Bay 30.0 29.0 25.7 24.9 28.9 29.3 31.4 30.6 28.6 29.1 28.0
Sheepscot River 24.0 25.0 19.0 9.7 17.0 24.8 28.0 28.8 28.7 28.0 20.0 20.0
Taunton Bay 26.0 31.0 30.0 27.1 27.4 30.4 31.0 32.9 33.6 33.0 30.5 30.0

January February March April May June July August September October November December

Average 
Monthly high 
in °F:

29° 33° 41° 53° 65° 73° 78° 76° 68° 56° 46° 35°

Average 
Monthly low 
in °F:

13° 17° 24° 35° 44° 53° 59° 58° 51° 41° 32° 21°
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Wild oysters are primarily a subtidal fishery in Maine.  They are generally harvested 
by diving or dragging.  Oyster aquaculture is carried out primarily in subtidal waters.  
The general practice is to grow oysters on the sea bottom; however juveniles may be 
floated in cages on the surface and some growers have transitioned to all surface 
culture.  Actual harvest practices may vary depending on the aquaculturists; that is, 
whether oysters are always harvested directly from the sea bottom or whether they are 
floated at the surface before harvesting.  There is also an emerging wild fishery of 
American oysters in the Damariscotta River that occurs in the intertidal zone.  

Hard clams are an intertidal and subtidal fishery in Maine.  They are generally 
harvested by hand (clam hoe/bull rake) or by dragging.   They are also grown in 
similar fashion to oysters on aquaculture sites.  

7. Quantity of harvest and uses:

The major portion of Maine oyster harvest is from aquaculture grown oysters.  The 
majority of the oyster aquaculture takes place west of the Damariscotta River.  In 
past years, the Damariscotta River accounted for over 75% of the total oyster harvest.  
In 2010 and 2011, MSX was a problem for growers in the Damariscotta River.  
MSX was the cause of the significant decline in landings, as growers reported high 
mortalities.  Landings started to rebound slightly in 2012 as MSX resistant strains 
were cultivated and harvested and by 2014 had recovered to 2010 levels.  The oyster 
landings and value for the past five years are displayed in Table 3.  Most oysters are 
sold for the half shell market.  There are no post harvest processing facilities in 
Maine.

Table 3. Maine Oyster Landings

YEAR WEIGHT VALUE
2015 1845250 4491791
2016 2081782 5013725
2017 2800178 6679667
2018 2790213 7286107
2019 3251124 7622441

The hard clam fishery in Maine is primarily wild harvest with some limited 
aquaculture production.  Similar to oysters, the majority of the harvest takes place 
west of the Penobscot River.  The hard clam landings and value for the past five 
years are displayed in Table 4.  

Table 4. Maine Hard Clam Landings
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YEAR WEIGHT VALUE
2015 1013067 1363417
2016 988577 1411164
2017 1183507 1744123
2018 1638852 2657025
2019 2076377 3761074

Discussion:

The results of the risk assessment indicate that air and seawater temperatures are below the 
levels that increase risk of Vp illnesses for most of the year.  The water temperatures 
indicate that they are of potential concern from June to September.  However, the oyster 
and hard clam resources are primarily subtidal in Maine.  The majority of oysters are 
harvested from aquaculture lease sites with tighter time and temperature controls and 
resubmergance or wet storage activities.   Maine has determined it is not necessary to 
develop a Vibrio parahaemolyticus Control Plan. However, Maine opted to develop a 
Vibrio Control Plan in 2015 which took effect in January 2016.  Chapter 115 requires 
mandatory harvester and dealer education, approved harvest and purchase plans and 
reduced time to temperature requirements for several growing areas.  
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Table 1. Average Monthly Water Temperatures ( ) for Growing Areas Evaluated 

4.

Worldclimate.com
ME 5 9

65 18.3 78 25.5 NSSP 

Harvest Area Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Bagaduce River 6.3 9.7 14.1 17.9 16.9 18.3 11.9 7.7
Casco Bay 1.2 2.9 2.6 5.3 12.2 16.0 18.8 23.0 16.6 12.8 5.9 3.1
Damariscotta R. 1.0 2.3 3.7 5.0 12.0 15.3 19.3 20.4 17.2 12.6 5.1 1.0
New Meadows River 0.0 2.0 6.7 10.5 16.2 21.2 20.1 16.5 11.5 5.8 3.6
Piscataqua R. 1.5 3.0 5.3 11.5 17.8 25.6 21.8 20.3 13.0 8.0 1.5
Saco Bay 1.0 3.5 6.2 9.8 15.6 17.3 17.8 17.3 12.0 7.3 3.3
Sheepscot River 2.0 0.0 2.5 5.3 12.8 15.8 17.0 19.2 18.7 13.0 4.0 7.0
Taunton Bay 2.3 1.3 1.9 7.8 9.3 16.5 19.5 19.0 15.6 15.0 5.0 1.0
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5.

Vp Vp

Vp 1, 2, 3, 4, 5, 6
2010 Vp 

Vp Vp 
(3)

7 9.7 33.6
2

Table 2. Average Monthly Salinities ( ) for Growing Areas Evaluated 

6.

6 15 9 15

Harvest Area Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Bagaduce River 28.1 28.9 28.8 31.8 32.1 31.6 31.3 29.3
Casco Bay 26.9 29.3 27.1 17.3 25.1 26.8 30.6 30.0 30.6 29.9 26.8 26.4
Damariscotta R. 25.3 28.7 25.4 23.7 26.0 28.8 30.4 31.0 30.8 30.4 28.4 21.3
New Meadows River 28.0 26.5 28.1 25.8 29.3 30.9 31.2 31.5 31.8 29.8 30.0
Piscataqua R. 28.0 22.4 18.0 19.8 27.3 30.4 30.0 30.6 30.6 29.5 23.3
Saco Bay 30.0 29.0 25.7 24.9 28.9 29.3 31.4 30.6 28.6 29.1 28.0
Sheepscot River 24.0 25.0 19.0 9.7 17.0 24.8 28.0 28.8 28.7 28.0 20.0 20.0
Taunton Bay 26.0 31.0 30.0 27.1 27.4 30.4 31.0 32.9 33.6 33.0 30.5 30.0

January February March April May June July August September October November December

Average 
Monthly high 
in °F:

29° 33° 41° 53° 65° 73° 78° 76° 68° 56° 46° 35°

Average 
Monthly low 
in °F:

13° 17° 24° 35° 44° 53° 59° 58° 51° 41° 32° 21°
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Table 3. Maine Oyster Landings

YEAR WEIGHT VALUE
2015 1845250 4491791
2016 2081782 5013725
2017 2800178 6679667
2018 2790213 7286107
2019 3251124 7622441

5 4

Table 4. 

YEAR WEIGHT VALUE
2015 1013067 1363417
2016 988577 1411164
2017 1183507 1744123
2018 1638852 2657025
2019 2076377 3761074
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Virginia 
Department of 
Health Division 

of Shellfish 
Safety Vibrio 
Control Plan

2020

The National Shellfish Sanitation Program (NSSP) requires every 
shellfish producing state to conduct Vibrio parahaemolyticus and Vibrio 
vulnificus risk evaluations annually. This report is intended to present 
data collected and evaluated by the Division of Shellfish Safety, in 
cooperation with the Interstate Shellfish Sanitation Conference (ISSC), 
to identify and control Vibrio parahaemolyticus and Vibrio vulnificus 
risks associated with the consumption of oysters or clams.

Total number of Vibrio parahaemolyticus and Vibrio vulnificus 
illnesses. VDH has received reports of 22 Vibrio parahaemolyticus 
illness (2015, 5 cases; 2016, 8 cases;
2017, 4 cases; 2018, 2 cases; 2019, 3) from the consumption of shellfish 
harvested solely in Virginia in the past four years. Post-harvest handling 
and shipping violations were found while investigating one of the 2015 
cases. Post-harvest handling was also identified in one of the 2016 cases. 
Post-harvest handling or shipping violations were found concerning one 
case from 2017. Post-harvest handling or shipping violations were not 
found in either case from 2018 or in the three cases from 2019. In 
addition, Virginia growing areas have been identified as the source of 
eight cases of Vibrio vulnificus illness in the past ten years (2011, 1 case; 
2012, 2 cases; 2013, 1 case; 2015, 1 case; 2016, 1
case; 2017, 1 case, 2018, zero cases; 2019, 1 case). Data on other cases 
has been inconclusive either because shellfish from multiple sources 
were also consumed by the patient, or because the restaurant serving the 
shellfish handled product from two or more areas and could not identify 
which was served to the patient.

Outbreaks. There have been no confirmed outbreaks of Vibrio 
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parahaemolyticus illness from shellfish harvested from Virginia waters 
have occurred in the past five years.

Water Temperatures. VDH obtained water temperature data from 
NOAA sites distributed throughout Virginia coastal waters. The data was 
queried to provide the average of daily maximum (AMM) temperatures 
by month for all sites, and separately for the average of maximum 
temperatures during established harvest curfew times (Table 1).
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Table 1. Water temperatures from NOAA buoys for the years 2015 through 2019.

Daily 
AMM 

Curfew 
(5-10am) 

Curfew 
(5-11am) 

Curfew 
(6am-12pm) 

January 42.3 
February 43.0 
March 47.9 
April 59.4 
May 70.5 68.5 
June 79.1 77.2 
July 83.9 82.1 
August 83.0 81.5 
September 78.8 77.7 
October 69.5 
November 56.7 
December 48.5 

Air Temperatures. VDH acquired temperature data from the NOAA 
National Weather Service. Norfolk International Airport site was chosen 
as a reference site since it is centrally located in the Eastern Virginia 
region. The average monthly maximum (AMM) daily values as well as 
maximum curfew time values are presented in Table 2.

Table 2. Wet bulb air temperatures from NOAA-NWS at Norfolk International 
Airport for the years 2015 through 2019.

Daily 
AMM 

Curfew 
(5-10am) 

Curfew 
(5-11am) 

Curfew 
(6am-12pm) 

January 43 
February 46.9 
March 49.4 
April 58.8 
May 67.4 63.3 
June 73.4 68.9 
July 77.1 72.9 
August 75.9 71.9 
September 73.4 70.9 
October 64.4 
November 54.3 
December 50.2 

Salinities. Salinities range from near zero to near 35 PPT.
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Oysters are grown on natural reefs, and are cultivated in floats, 
cages, and loose on bottom. Clam harvest is primarily on-bottom 
aquaculture and to a lesser degree wild harvest.

Travel times to harvest sites generally do not exceed one hour. Although 
seasonal restrictions apply to harvest from public grounds, shellfish may 
be harvested from private leases at all times of the year. Warm Water 
Harvest Regulations (WWHR), attached as Appendix A, limit times from 
harvest to refrigeration during the months of May through September for 
oysters, and require that all harvest vessels provide shading over shellfish 
storage areas. Oyster harvesters without a means of cooling oysters on 
the vessel must either:

A. land and refrigerate their catch by 11:00am from May 1 through 
May 31, 10:00am from June 1 through August 31, and by 
12:00pm from September 1 through September 30; or

B. limit harvest and transportation to refrigeration times to five hours 
for the months of May and September, three hours for June, and 
two hours for July and August; or

C. Label oysters with a green restricted use tag indicating that 
the oysters are for shucking by a certified dealer or 
post-harvest processing only.

Any oyster harvest after curfew times requires either a special permit for 
the use of ice or mechanical refrigeration; requires that the harvester 
carry a GPS tracking device to confirm that harvest and transportation 
times did not exceed time limits; or requires that the dealer use 
state-issued green restricted use tags. White shellstock harvester tags are 
required to document compliance with the time to temperature controls 
by placing the start time of harvest and when oysters are offloaded and 
placed into refrigeration.

Post-harvest Handling requirements.  All land-based deliveries of 
shellfish greater than one hour must be in mechanically refrigerated 
conveyances or iced beginning May 1 through September 30 each year. 
In addition, all certified shellfish dealers handling oysters must cool 
oysters to 55º F or below within 5 hours of being placed into 
refrigeration from May 1 to October 31 (i.e. onboard a vessel, in a truck 
or at a facility).

Quantity of Harvest and Uses. Quantities of harvest vary greatly 
through the region. Oysters harvested are used for both shucking and 
box (half shell) trade, and most clam harvest is sold as shellstock. No 
product is currently marketed as post-harvest processed for reduction of 
Vibrios.
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Oyster harvest in Virginia has increased from an annual harvest of 
23,523 bushels in 2004 to 641,462 bushels1,2 for the 2018-2019 season3.
Relative to production, there continues to be a low incidence of Vibrio 
parahaemolyticus illness from consumption of oysters. However, the 
incidence continues to be an annual occurrence and supports the 
continuation of established harvest controls.

Clam harvest has averaged 143 million clams per year since 2008. 
During this period, three cases of Vibrio parahaemolyticus illness from 
consumption of clams harvested solely in Virginia have been reported 
for an estimated risk per serving of 1 case in 30,650,714 servings, and is 
not an annual occurrence. Additional harvest controls are not indicated at 
this time.

Evaluation based solely on the water temperatures and air temperatures 
suggests that Vibrio risks are possible for a portion of the year. Illness 
reporting information, while limited, also supports the implementation of 
Vibrio controls for oyster harvest. These data were evaluated using the 
FDA Vibrio parahaemolyticus Risk Calculation Worksheet (see 
Appendix B), which incorporated established harvest time limitations in 
order to minimize risk. Using this method, a reasonable likelihood of 
Vibrio parahaemolyticus risk was not identified based on air and water 
temperatures. In addition, the FDA Vibrio vulnificus Risk Calculator was 
utilized to determine appropriate harvest control times for both all day 
harvest and for harvest limited to morning curfew hours. These are 
attached as Appendix C, and were used to establish the harvest controls 
adopted in the Warm Water Harvest Regulations.

Shellfish are grown and harvested in Virginia waters year round, and are 
often shipped to markets intended for raw consumption. Virginia meets 
the NSSP triggers for implementation of Vibrio parahaemolyticus and 
Vibrio vulnificus control plans for oysters. Environmental conditions exist 
during a portion of the year that would support Vibrio parahaemolyticus 
and Vibrio vulnificus growth to the extent that it presents a reasonable 
likelihood of risk in oysters and supports the mandatory implementation 
of the WWHR harvest controls to minimize these risks during the warm 
weather season. Illness data for cases of Vibrio illness from clam 
consumption do not constitute an annual occurrence, and no additional 
WWHR controls are indicated.

The adoption and implementation of the WWHR and post-harvest 
handling controls limits times from harvest to refrigeration for the 
months May through September. These regulations provide harvest 
restrictions that are in place each year throughout the period of the year 
when conditions promoting Vibrio parahaemolyticus and Vibrio 
vulnificus risks occur. Data available at this time indicate that no 
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additional controls are required.

1 Public and Private Harvest
2 based on 300 Oysters per bushel
3 July 2018 through June 2019
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Warm Water Harvest Regulations 
(http://mrc.virginia.gov/regulations/FR1230.shtm) 4VAC20-1230-10
et.seq, effective April 1, 2018

PREAMBLE

This chapter establishes, for the public health, harvest restrictions for shellfish taken 
from Virginia waters. This chapter is promulgated pursuant to the authority contained 
in §§ 28.2-201 and 28.2-801 of the Code of Virginia. This chapter amends and 
re-adopts, as amended, previous Chapter 4 VAC 20-1230- 10 et seq., which was 
adopted August 26, 2014 and made effective October 1, 2014. The effective date of 
this chapter is April 1, 2018. 

 

 
The purpose of this chapter is to establish harvest times and handling procedures for 
shellfish, excluding seed oysters and seed clams, harvested for commercial purposes or 
any other use. 

 

 
The following words and terms when used in this chapter shall have the following 
meanings unless the context clearly indicates otherwise: 

 
“Clam” means any shellfish of the species Mercenaria mercenaria¬ and genera Noetia and 
Anadera. 

 
"Container" means any bag, box, sack, tote, or other receptacle that contains shellfish 
to be held, in any type of conveyance, for transport from the harvest area to the 
landing site and from the landing site to the point of sale or other use. 

 
“Conveyance” means any form of transport, such as a boat, truck or other vehicle, or 
trailer that is used to transport shellfish from the harvest area to the landing site or 
from the landing site to a licensed buyer or other use. 

 
“Direct marketing” means any shellfish or shellstock that is landed and sold 
without shucking or postharvest processing. 

 
"Harvest" means the act of removing any shellfish or shellstock from a designated 
harvest area and placing that shellfish or shellstock in a container or on or in a 
conveyance. 

 
“Harvest Time” means the time from initial harvest to when temperature control of 
that harvest is required. Harvest time begins once the first harvested shellstock is no 
longer submerged and extends to the time that any harvested shellstock is placed in 
Virginia Department of Health, Division of Shellfish Sanitation-approved temperature 
controlled storage. 

 
“Layer” means a single thickness or coating spread out and covering an entire surface. 
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“Mechanical refrigeration” means storage in a container that is approved by the 
Virginia Department of Health, Division of Shellfish Sanitation and capable of cooling 
to and maintaining an ambient 
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temperature of 45° F or less. 
 

“Oyster” means any shellfish of the species Crassostrea virginica. 
“Restricted-use shellstock” means shellstock or shellfish harvested from approved 
shellfish growing areas that shall not be sold for raw consumption or directly 
marketed for raw consumption. 

 
“Restricted-use shellstock tag” means a Virginia Marine Resources Commission-issued 
green tag that shall only be used by a licensed buyer who has a current certificate of 
inspection as a shucker packer for shellstock or shellfish harvested from a single 
harvest area in any one day. Use of any such tag indicates that shellstock is intended 
for further processing prior to distribution to retail or food service. 

 
“Seed Clams” means any shellfish of the species Mercenaria mercenaria that is less 
than 30 mm in shell length and more than six months from harvest for human 
consumption. 

 
“Seed Oyster” means any oyster taken, by any person, from natural beds, rocks, or 
shoals that is more than 30 days from harvest for human consumption. 

 
“Shading” means to shelter by intercepting the direct rays of the sun to protect the 
shellfish from heat using a tarp or cover. 

 
“Shellfish” or “shellstock” means all species of bivalve molluscan shellfish. 

 
“Shucker packer” means a person who shucks and packs shellfish under a certificate of 
inspection issued by the Virginia Department of Health, Division of Shellfish Sanitation. 

 
“VDH-approved temperature controlled storage” means a container or conveyance 
that is equipped with mechanical refrigeration capable of maintaining 45°F or less or 
is continuously and completely covering shellfish with a layer of ice, according to 
procedures approved by the Virginia Department of Health, Division of Shellfish 
Sanitation. 

 

 
A.

 
B.

 
C.
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D.
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not be required for vessels transporting clam seed or seed oysters for replanting. 
 

E.

 
F.

 

 
A.

 
B.

1.
2.
3.
4.
5.
C.

1.

 
2.
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3.

a.
b.
c.
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D.

1.

 
2.

 
3.

E.

1.

 
2.

 
3.

F.

 
G.
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From May 1 through September 30, all land-based deliveries of clams requiring more 
than 60 minutes after offloading is complete shall be made aboard trucks or other 
conveyances equipped with VDH- approved temperature controlled storage. 
Mechanically refrigerated containers for clams shall be in operation during transport. 
Any operator of a truck who is delivering clams using a truck not owned by a licensed 
shellfish buyer shall possess a truck refrigeration certificate issued by the Virginia 
Department of Health, Division of Shellfish Sanitation. Upon receiving any clams, 
licensed shellfish buyers shall immediately place any clams received from the 
individual under temperature control. 
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A.

 
B.
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FDA Vibrio parahaemolyticus (Vp) Risk Calculation 

Worksheets Worksheet for monthly average of 24 

hour maximum temperatures:

Atlantic (subtidal harvest)

mont
h

water
temperatu

re (F)

air

temperatu
re (F)

maximum 
time

unrefrigerat
ed (hr)

expected 
cases
per 

100,000 
(servings

)

lower 
confidence 

limit
on expected 

cases per 
100,000

VPCP
needed
?

maximum 
time (hr)
for lower

confidence 
of 1 per 
100,000

Jan 42.3 43 10.4 0.0022 0.00017 N
Feb 43.0 46.9 11.4 0.0026 0.00021 N
Mar 47.9 49.4 12.6 0.0054 0.00043 N
Apr 59.4 58.8 13.7 0.063 0.005 N
May 68.5 63.3 4.5 0.17 0.014 N
Jun 77.2 68.9 2.5 0.63 0.05 N
July 82.1 72.9 1.5 1.4 0.11 N
Aug 81.5 71.9 1.5 1.2 0.095 N
Sep 77.7 70.9 4.5 1.1 0.087 N
Oct 69.5 64.4 11.8 0.46 0.037 N
Nov 56.7 54.3 10.6 0.023 0.0018 N
Dec 48.5 50.2 9.8 0.0061 0.00048 N

Atlantic (subtidal harvest)

month
water 

temperature 
(F)

air

temperature 
(F)

maximum 
time 

unrefrigerated 
(hr)

expected 
cases

per 100,000 
(servings)

lower confidence 
limit

on expected cases 
per 100,000

VPCP
needed?

Jan 42.3 43 10.4 0.0022 0.00017 N
Feb 43.0 46.9 11.4 0.0026 0.00021 N
Mar 47.9 49.4 12.6 0.0054 0.00043 N
Apr 59.4 58.8 13.7 0.063 0.005 N
May 70.5 67.4 4.5 0.32 0.025 N
Jun 79.1 73.4 2.5 1.2 0.095 N
July 83.9 77.1 1.5 2.4 0.19 N
Aug 83.0 75.9 1.5 2 0.16 N
Sep 78.8 73.4 4.5 1.8 0.14 N
Oct 69.5 64.4 11.8 0.46 0.037 N
Nov 56.7 54.3 10.6 0.023 0.0018 N
Dec 48.5 50.2 9.8 0.0061 0.00048 N
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Appendix C

FDA Vibrio vulnificus (Vv) Risk Calculators

V. Vulnificus Risk Calculator
Monthly average of 24 hour daily maximum

month water 
temperatur

e (F)

Baseline air 
temperatur

e during 
harvest

(F)

Baseline: 
maximum 

time 
unrefrigerate

d
(hr)

Baseline: 
maximu
m time

to    
cooldow

n
(hrs)

air (oyster)

temperatur
e during 
harvest

(F)

maximum 
time 

unrefrigerate
d

(hr)

maximu
m time

to    
cooldow

n
(hrs)

mean 
log1

0
Vv/g 

at 
retail

risk 
(per 

100,00
0

servings)

from 
baseline

Jan 50.0 43 36 10 43 10 10 -1.1 0.00 1.75
Feb 50.0 46.9 36 10 46.9 11 10 -1.1 0.00 1.75
Mar 50.0 49.4 36 10 49.4 13 10 -1.1 0.00 1.75
Apr 59.4 58.8 14 10 58.8 14 10 0.76 0.03 1.75
May 70.5 67.4 12 10 67.4 4.5 5 2.4 0.73 1.75
Jun 79.1 73.4 12 10 73.4 2.5 5 3.2 2.02 2.50
July 83.9 77.1 10 10 77.1 1.5 5 3.4 2.48 3.00
Aug 83.0 75.9 10 10 75.9 1.5 5 3.3 2.38 3.00
Sep 78.8 73.4 12 10 73.4 4.5 5 3.2 2.21 2.50
Oct 69.5 64.4 12 10 64.4 12 5 2.4 0.76 1.75
Nov 56.7 54.3 14 10 54.3 11 10 0.22 0.01 1.75
Dec 50.0 50.2 36 10 50.2 10 10 -1.1 0.00 1.75

V. Vulnificus Risk Calculator - Curfew
Monthly average of 24 hour daily maximum

month water 
temperature 

(F)

Baseline air 
temperature 

during 
harvest

(F)

Baseline: 
maximum 

time
unrefrigerated 

(hr)

Baseline: 
maximum 

time
to

cooldown 
(hrs)

air (oyster)

temperature 
during 
harvest

(F)

maximum 
time

unrefrigerated 
(hr)

maximum 
time
to

cooldown 
(hrs)

mean 
log10 
Vv/g 

at 
retail

risk 
(per 

100,000
servings)

from 
baseline

Jan 50.0 43 36 10 43 10 10 -1.1 0.00 1.75
Feb 50.0 46.9 36 10 46.9 11 10 -1.1 0.00 1.75
Mar 50.0 49.4 36 10 49.4 13 10 -1.1 0.00 1.75
Apr 59.4 58.8 14 10 58.8 14 10 0.76 0.03 1.75
May 68.5 63.3 12 10 63.3 4.5 5 2 0.42 1.75
Jun 77.2 68.9 12 10 68.9 2.5 5 2.9 1.56 2.50
July 82.1 72.9 10 10 72.9 1.5 5 3.2 2.18 3.00
Aug 81.5 71.9 10 10 71.9 1.5 5 3.2 2.09 3.00
Sep 77.7 70.9 12 10 70.9 4.5 5 3.1 1.91 2.50
Oct 69.5 64.4 12 10 64.4 12 5 2.4 0.76 1.75
Nov 56.7 54.3 14 10 54.3 11 10 0.22 0.01 1.75
Dec 50.0 50.2 36 10 50.2 10 10 -1.1 0.00 1.75
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2020

(NSSP) 
ISSC

VDH (Virginia  Department of Health)
2015 5 2016 8 2017 4

2018 2 2019 3 2015 1

2017 1 2018
2019 3

10 8 2011
1 2012 2 2013 1 2015 1 2016 1 2017 2018 0 2019 1

2

5

VDH NOAA 
AMM

1
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1.   2015 2019 NOAA

AMM 5
10  

5
11  

6
12  

 42.3
 43.0(6.1) 
 47.9(8.8) 
 59.4(15.2) 
 70.5(21.3) 68.5(20.2) 
 79.1(26.1) 77.2

 
 83.9(28.8) 82.1(27.8) 
 83.0(28.3) 81.5(27.5) 
 78.8(26.0) 77.7(25.8) 
 69.5(20.8) 
 56.7(13.7) 
 48.5(9.1) 

VDH NOAA National Weather Service 

AMM 2

2. NOAA-NWS 2015 2019

 5
10  

5
11  

6 12  

 43(6.1) 
 46.9  
 49.4(9.6) 
 58.8(14.8) 
 67.4(19.6) 63.3(17.3) 
 73.4(23) 68.9(20.5) 
 77.1(25.0) 72.9(22.7) 
 75.9(24.3) 71.9(22.1) 
 73.4(23) 70.9(21.6) 

10  64.4(18) 
11  54.3(12.3) 
12  50.2(10.1) 

35 PPT
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1
A

WWHR 5 9

A. 5 1 5 31 11 6 1 8 31 10 9
1 9 30 12

B. 5 9 5 6 3 7 8 2
C.

GPS

1 5 1 9 30

5 1 10 31
5
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2004 23,523 2018-2019 
641,462 1,2 3

2008 1 4,300 
3 1

30,650,714 1

FDA
B

FDA 

C

NSSP 

WWHR  (Warm Water Harvest Regulations) 

WWHR 

WWHR 5 9

1 

2 300
3 2018 7 2019 6
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A

(http://mrc.virginia.gov/regulations/FR1230.shtm) 4VAC20-1230-10 et.seq
2018 4 1

28.2-201 28.2-801
2014 8 26 2014 10 1 4 VAC 20-1230-10 et seq.

2018 4 1  
 
4 VAC 20-1230-10.  
 

 
 
4 VAC 20-1230-20.  
 

 
 
“ ”  Mercenaria mercenaria Noetia Anadera  
 
“ ”

 
 
“ ”

 
 
“ ”

 
 
“ ”

 
 
“ ”

Department of Health, Division of Shellfish Sanitation
 

 
“ ”  
 
“ ”
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45°F(7.22  
 
“ ” Crassostrea virginica  
“ ”  

 
 
“ ” 1 1

 
 
“ ”  Mercenaria mercenaria  30mm 

 6  
 
“ ”

30  
 
“ ”

 
 
“ ”  “ ”  
 
“ ” 

 
 
“VDH ”
45°F(7.22

 
 
4 VAC 20-1230-30  
 

A. 2014 12 1

2015 1 1
5

 
 

B.  
 

C.  
 

D. 5 1 9 30
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E. 5 1 9 30  
 

F. 6 1 8 31 1
 

 
4 VAC 20-1230-31  
 

A. 5 1 9 30 VDH

 
 

B. 5 1 9 30 (i) (i)1 5 (ii) (c d)

 
VDH 

 
1. 5 1 5 31 11  
2. 6 1 6 30 10  
3. 7 1 7 31 10  
4. 8 1 8 31 10  
5. 9 1 9 30 12  
C. (i) (i) B (ii) 1 3

 
1. B

 
 

2.

VDH
 

 
3. VDH

 
a. 5 9 5  
b. 6 3  
c. 7 8 2  
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D. (i) (b) (c) (ii) 1 3
 

1.

 
 

2.
 

 
3. VDH

 
E. 5 1 9 30 1 3

 
1.

 
 

2.  
 

3. 12:00 VDH
 

 
F. 5 1 9 30

2-1/2
2-1/2

 
 

G.
B

B

 
 
4 VAC 20-1230-32  
 
5  1  9  30  60 
VDH 
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4 VAC 20-1230-35.[ ] 
 
4 VAC 20-1230-40  
 

A.

§28.2-232
 

 
B. §28.2-903

3 12
2 1  
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FDA  Vp

24

10
10

10 1

42.3 43 10.4 0.0022 0.00017 N
43.0 46.9 11.4 0.0026 0.00021 N
47.9 49.4 12.6 0.0054 0.00043 N
59.4 58.8 13.7 0.063 0.005 N
70.5 67.4 4.5 0.32 0.025 N
79.1 73.4 2.5 1.2 0.095 N
83.9 77.1 1.5 2.4 0.19 N
83.0 75.9 1.5 2 0.16 N
78.8 73.4 4.5 1.8 0.14 N

10 69.5 64.4 11.8 0.46 0.037 N
11 56.7 54.3 10.6 0.023 0.0018 N
12 48.5 50.2 9.8 0.0061 0.00048 N
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10
10 10 1

42.3(5.7) 43(6.1) 10.4 0.0022 0.00017 N
43.0(6.1) 46.9(8.2) 11.4 0.0026 0.00021 N
47.9(8.8) 49.4(9.6) 12.6 0.0054 0.00043 N

59.4(15.2) 58.8(14.8) 13.7 0.063 0.005 N
68.5(20.2) 63.3 4.5 0.17 0.014 N
77.2(25.1) 68.9(20.5) 2.5 0.63 0.05 N
82.1(27.8) 72.9(22.7) 1.5 1.4 0.11 N
81.5(27.5) 71.9(22.1) 1.5 1.2 0.095 N
77.7(25.3) 70.9(21.6) 4.5 1.1 0.087 N

10 69.5(20.8) 64.4(18.0) 11.8 0.46 0.037 N
11 56.7(13.7) 54.3(12.3) 10.6 0.023 0.0018 N
12 48.5(9.1) 50.2(10.1) 9.8 0.0061 0.00048 N
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FDA Vv

1 24

   

log10 
Vv/g

10

50.0 43(6.1) 36 10 43 10 10 -1.1 0.00 1.75
50.0(10.0) 46.9(8.2) 36 10 46.9 11 10 -1.1 0.00 1.75
50.0(10.0) 49.4(9.6) 36 10 49.4 13 10 -1.1 0.00 1.75
59.4(15.2) 58.8(14.8) 14 10 58.8 14 10 0.76 0.03 1.75
70.5(21.3) 67.4(19.6) 12 10 67.4 4.5 5 2.4 0.73 1.75
79.1(26.1) 73.4(23.0) 12 10 73.4 2.5 5 3.2 2.02 2.50
83.9(28.8) 77.1(25.0) 10 10 77.1 1.5 5 3.4 2.48 3.00
83.0(28.3) 75.9(24.3) 10 10 75.9 1.5 5 3.3 2.38 3.00
78.8(26.0) 73.4(23.0) 12 10 73.4 4.5 5 3.2 2.21 2.50

10 69.5(20.8) 64.4(18.0) 12 10 64.4 12 5 2.4 0.76 1.75
11 56.7(13.7) 54.3(17.9) 14 10 54.3 11 10 0.22 0.01 1.75
12 50.0(10.0) 50.2(10.1) 36 10 50.2 10 10 -1.1 0.00 1.75

50.0 43(6.1) 36 10 43 10 10 -1.1 0.00 1.75
50.0(10.0) 46.9(8.2) 36 10 46.9 11 10 -1.1 0.00 1.75
50.0(10.0) 49.4(9.6) 36 10 49.4 13 10 -1.1 0.00 1.75
59.4(15.2) 58.8(14.8) 14 10 58.8 14 10 0.76 0.03 1.75
70.5(21.3) 67.4(19.6) 12 10 63.3 4.5 5 2 0.42 1.75
79.1(26.1) 73.4(23.0) 12 10 68.9 2.5 5 2.9 1.56 2.50
83.9(28.8) 77.1(25.0) 10 10 72.9 1.5 5 3.2 2.18 3.00
83.0(28.3) 75.9(24.3) 10 10 71.9 1.5 5 3.2 2.09 3.00
78.8(26.0) 73.4(23.0) 12 10 70.9 4.5 5 3.1 1.91 2.50

10 69.5(20.8) 64.4(18.0) 12 10 64.4 12 5 2.4 0.76 1.75
11 56.7(13.7) 54.3(17.9) 14 10 54.3 11 10 0.22 0.01 1.75
12 50.0(10.0) 50.2(10.1) 36 10 50.2 10 10 -1.1 0.00 1.75
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VIBRIO PARAHAEMOLYTICUS CONTROL PLAN – NORTH 

CAROLINA
Average 5-year water temperatures for many North Carolina growing areas exceed 81°F from June through 

September (Table 1) and portions of late May and early October can exceed as well.

North Carolina’s Vp Control plan is implemented during the months of May, June, July, August and early 

October. 

The Vp Control Plan places the following restrictions on all oysters harvested during May 1 – October 

14:

- All oysters must be shaded over the area where the harvested oysters are stored on the 

harvest vessel, any floating container where the oysters are not submerged,

transportation conveyance such as vessel or vehicle, or by directly covering the

oysters with a light colored, non-toxic material such as a tarp or fabric.

- All oysters must be placed under mechanical refrigeration by a certified shellfish

dealer within five hours of start of harvest.

- Shellfish dealers must chill the oysters to an internal (shell) temperature of 50°F or

less within 10 hours and prior to shipment.
Additionally, the risk evaluation found that certain pre-harvest culture practices such as the

desiccation of oysters and cages (such as flipping OysterGro gear, etc.), as well as removing

oysters from the shellfish lease for tumbling, culling, etc. could elevate Vibrio levels. The

following restrictions apply to oysters greater than 25mm in length between May 1 – October

14:

- Oysters that are exposed greater than 5 hours must be re-submerged for a minimum of 

14 days total prior to harvest in order that elevated Vibrio levels can return to 

background levels.

- All oysters requiring re-submergence are required to be tagged accordingly on the

lease and recorded in a re-submergence logbook or other division approved record

keeping system.

The oyster season in North Carolina is set by Proclamation from the Division of Marine Fisheries Director:

Requirements for Harvester Time to Temperature Control.

Under Proclamation SS-2 the Shellfish Sanitation Section specifies time to temperature controls for oysters 

harvested off leases between May 1 and October 14. Shellstock oysters must be placed under mechanical 

refrigeration by a licensed shellfish dealer within five hours of start of harvest. 

Initial Chilling Requirements of the Dealer.

Dealer HACCP plans require that any oysters received during the Vp control plan months be chilled to an 
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internal or shell temperature of 50° or less within 10 hours after being placed under refrigeration. 

Records.

Proclamation SS-2-2020 specifies time to temperature and receiving records. A suggested form is provided 

to all dealers to meet the record requirements of both Vibrio control plan oysters under SS-2-2020 and 

non-matrix shellfish under SS-1-2020.

Verification.

Verification is accomplished by the Division of Marine Fisheries by Marine Patrol and Shellfish Sanitation 

inspectors. HACCP records (time to temperature and chilling requirements) are verified by Shellfish 

Sanitation during plant inspections and may include: 

1. Review of receiving records/trip tickets. 

2. Review of oyster sales records. 

3. Spot checks on product temperature and time since delivery to the dealer. 

4. Cooler audits using temperature data loggers. 

5. Patrol of lease areas. 

Requirements for Tagging;

Harvest Tags- It is unlawful in North Carolina to possess shellfish in a commercial fishing operation 

without a harvest tag recording the time of the start of harvest, shellfish lease or franchise number if 

applicable.

It is also unlawful to possess or sell oysters, clams, or mussels in a commercial fishing operation without a 

harvest tag affixed to each container of oysters, clams or mussels. 

Tags shall be affixed by the harvester or dealer and shall meet the following criteria:

- Tags shall be identified as harvest tags. They shall be durable for at least 90 days, water resistant, and a

minimum of two and five-eighths inches by five and one-fourth inches in size.

- Tags shall be securely fastened to the outside of each container in which shellstock is transported. A

harvester or dealer tag shall be securely fastened to the outside of each container at a dealer location except, 

bulk shipments of shellfish in one container and from the same source may have one tag with all required 

information attached. Harvesters who are also certified shellfish dealers may use only their dealer tag if it 

contains the required information. - The required information shall be included on all lots of shellfish 

subdivided or combined into market grades or market quantities by a harvester or a certified shellfish 

dealer.

(3) Tags shall be attached to all shellfish stored at a dealer location.

(4) Tags shall contain legible information arranged in the specific order as follows:

(a) The harvester's name, address and shellfish license or standard or retired standard commercial fishing 

license with shellfish endorsement number.

(b) The date of harvest.
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(c) The most precise description of the harvest location as is practicable (e.g., Long Bay, Rose

Bay) that can be easily located by maps and charts.

(d) Type and quantity of shellfish.

(e) The following statement in bold, capitalized type: "THIS TAG IS REQUIRED TO BE

ATTACHED UNTIL CONTAINER IS EMPTY AND THEREAFTER KEPT ON FILE

FOR 90 DAYS".

Off-site Tags- It is unlawful to possess oysters greater than 25mm in length, or clams greater than 12mm in 

length off-site of a shellfish lease or franchise for the purposes of transport, sorting, grading or cleaning 

without an off-site tag recording the following information:

1. Shellfish lease or franchise number;

2. Date;

3. Shellfish Growing Area;

4. The time the first shellfish was removed from the water, or in the case of intertidal gear, the

time of first exposure by the receding tide; and

5. Number of containers (if bulk off-site tag)

The use of a single bulk off-site tag identifying multiple containers of shellfish to be transported,

sorted, graded or cleaned is acceptable if it identifies the number of containers. Tags shall be

durable, water resistant, and a minimum of two and five-eighths inches by five and one-fourth

inches in size. If any shellfish are to be harvested after sorting, grading or cleaning activities, a harvest tag 

is then required to be attached to each container in accordance with Section II (B) above, with the original 

time of harvest recorded.
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Requirement for Transport and Storage:

Harvesters must deliver shellfish harvested from Coastal Fishing Waters to the licensed dealers with 12 

hours of the time of the start of harvest. Conversely, it is prohibited for a dealer to receive shellfish in 

contravention of this requirement. 

A licensed shellfish dealer to must record the following information at the time of receipt of shellfish from 

Coastal Fishing Waters:

i) Harvester;

ii) Harvest area;

iii) Time of the start of harvest;

iv) Quantity and type of shellfish received;

v) Time shellfish were received; and

vi) Time shellfish were refrigerated.

A shellfish dealer to must place shellfish under mechanical refrigeration within two hours of receipt from a 

harvester.

Requirements for re-submergence:

Shellfish which are the size of seed (clam- 12mm; oyster 25mm) if moved from one growing area to 

another shall be re-submerged for a minimum of 21 days prior to being harvested unless the shellfish 

lease/franchise holder is a certified shellfish dealer and has a permit for wet storage. 

Record of all re-submergence activities must be kept in a logbook, or other Division approved

record keeping system, and make available for presentation to Officers or other Division staff at the

point of landing. Minimum re- submergence record entries shall include:

i) Date shellfish are re-submerged;

ii) Shellfish lease or franchise number;

iii) Quantity, type and number of containers;

iv) Location of re-submerged shellfish on shellfish lease; and

v) Date re-submergence tags are removed.

Requirements for Shading of Clams 

It is unlawful to fail to protect clams from sun exposure from June 1 through September 30 during

harvesting, storage and transport to a licensed dealer by:

i) Providing shading over the area where the harvested clams are stored on the harvest vessel, any floating 

container where the clams are not submerged, transportation conveyance such as vessel or

vehicle, or;

ii) Directly covering the clams with a light colored, non-toxic material such as a tarp or fabric during the 

operations in (a).

iii) This restriction will apply at all times during the designated time period.

Requirements for Dealer Training 
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i) Shellfish dealers shall ensure that all employees that manufacture, process, pack or hold food are

qualified and obtain training in the principles of food hygiene and food safety, including the importance of 

employee health and personal hygiene, in accordance with 21 CFR 117.4.

ii) Shellfish dealers shall be allowed (30) days following initial hiring of a new employee to provide the

required education.

iii. Proof of training for all employees shall be required prior to initial certification or recertification.

iv. The dealer shall maintain the record of the complete
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