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STATE-MANAGED SPECIES - ESTUARINE STRIPED BASS

Figure 5. Recreational striped bass landings, TAL, and angler hours in the ASMA, NC, 1991-2017.

Figure 6. Recreational striped bass landings, TAL, and angler hours in the RRMA, NC, 1991-2017.
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Figure 7. Recreational striped bass landings broken out by major river system in the CSMA, NC, 2004-2017.
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Figure 8. Juvenile abundance index (JAI) of Albemarle/Roanoke striped bass from the NCDMF juvenile trawl
survey, western Albemarle Sound, NC, 1955-2017.
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Figure 9. Relative abundance of age 4-6 Albemarle/Roanoke striped bass from the NCDMF fall/winter and spring

independent gill net surveys, Albemarle Sound area, NC, 1991-2014. Source: Stock Status Update of

Albemarle Sound-Roanoke River Striped Bass, 2016.

400
—o—Total abundance
350 -
5 300 -
2
= 250 -
o
5 200 -
[
S 150 -
&
Q -
= 100
>
Z 50 -

0 T T T T T T T T T T T T T T T T T T T T T T T
AN NMITLO O~ O TN MIT O~N0OOODOANMT
DA DO OO OO0 OO0 O O v v oo o
DD DOOOOOOOOODODO0O0OOOO
Adddddd I dNNNNNNNNNNNNNNN

Year
Figure 10. Relative abundance of Albemarle/Roanoke striped bass from the NCWRC spawning grounds

electrofishing survey, Roanoke River at Weldon, NC, 1991-2014. Source: Stock Status Update of

Albemarle Sound-Roanoke River Striped Bass, 2016.
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Figure 11. Relative abundance of age 9+ Albemarle/Roanoke striped bass from the NCWRC spawning grounds
electrofishing survey, Roanoke River at Weldon, NC, 1991-2014. Source: Stock Status Update of
Albemarle Sound-Roanoke River Striped Bass, 2016.
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FISHERY MANAGEMENT PLAN UPDATE
HARD CLAM
AUGUST 2018
STATUS OF THE FISHERY MANAGEMENT PLAN
Fishery Management Plan History

Original FMP Adoption: August 2001

Amendments: Amendment 1 — June 2008
Amendment 2 — February 2017

Revisions: None
Supplements: None
Information Updates: None
Schedule Changes: None
Next Benchmark Review: 2022

The 2001 N.C. Hard Clam Fishery Management Plan (FMP) recommendations included adding a
new mechanical clam harvest area in Pamlico Sound and rotating openings in this area with
northern Core Sound, decreasing the daily harvest limit for mechanical harvest in Core Sound,
changing some of the lease requirements, increasing relay of clams, and increasing funding for
Shellfish Sanitation (NCDMF 2001).

The N.C. Hard Clam FMP Amendment 1, adopted in 2008 recommended the hard clam fishery
from public bottom continue harvesting at current daily limits, eliminating the mechanical clam
harvest rotation in Pamlico Sound, instituting a resting period in the northern Core Sound
mechanical clam harvest area, and developing sampling programs to collect information
necessary for the completion of a hard clam stock assessment (NCDMF 2008). Amendment 1
also endorsed several changes to the shellfish lease program to increase the accountability of the
leaseholders and to improve public acceptance of the program.

The N.C. Hard Clam FMP Amendment 2, adopted by the N.C. Marine Fisheries Commission
(NCMFC) in February 2017 recommended maintaining status quo on recreational harvest limits,
eliminating mechanical harvest in Pamlico Sound by rule, instituting shading requirements for
harvesters from April 1 to September 30, implementing modifications to shellfish lease
provisions, and adding to convictions of theft on shellfish leases and franchises to the types of
violations that could result in license suspension or revocation.
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Life History

Hard clams (Mercenaria mercenaria) are mostly estuarine-dependent, filter-feeding shellfish
found in sandy and vegetated bottoms from Prince Edward Island, Canada to the Yucatan
Peninsula, Mexico. Spawning occurs from May through November when water temperatures are
between 68 degrees and 86 degrees Fahrenheit. The larvae go through several stages before
settling onto a suitable bottom. During the juvenile stages, hard clams tend to be dominantly
male and then become either male or female as they mature into adults. Sexual maturity is
reached in hard clams when individuals reach a certain size, and the timing is therefore
dependent on the rate of growth. Growth rates are highly variable because of temperature, food
availability, and genetic disposition. Legal size (one inch thick) is typically reached at age 3 in
North Carolina, with the oldest individual known living to 46 years.

Management Unit

All hard clams (Mercenaria mercenaria) occurring within North Carolina coastal waters.

Goal and Objectives

The goal of N.C. Hard Clam FMP is to manage hard clam stocks in a manner that achieves

sustainable harvest and protects its ecological value. To achieve this goal, it is recommended that

the following objectives be met:

1. Protect the hard clam stock from overfishing, while maintaining levels of harvest at
sustained production, providing sufficient opportunity for both recreational and commercial

hard clamming, and aquaculture.

2. ldentify, develop, and promote research to improve the understanding of hard clam biology,
ecology, population dynamics, and aquaculture practices.

3. Initiate, enhance, and continue studies to collect and analyze economic, social, and fisheries
data needed to effectively monitor and manage the hard clam fishery.

4. ldentify, develop and promote efficient hard clam harvesting practices while protecting
habitat.

5. Promote the protection, restoration, and enhancement of habitats and water quality so that
the production of hard clams is optimized.

6. Consider the socioeconomic concerns of all hard clam resource user groups, including
market factors.

7. Promote public awareness regarding the status and management of the North Carolina hard
clam stock.
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STATUS OF THE STOCK
Stock Status

The status of the hard clam stock in North Carolina is unknown due to the paucity of data
available to assess the population, therefore benchmark reference values could not be determined
for the stock (NCDMF 2017). Amendment 2 of the FMP recommends the status continue to be
defined as unknown due to the continued lack of data needed to conduct a reliable assessment of
the stock.

The statutory obligation to manage hard clams according to sustainable harvest cannot be met
until the appropriate data are collected. While landings records reflect population abundance to
some extent, the relationship is confounded by changes in harvest effort and efficiency.

Stock Assessment

Data limitations prevent North Carolina Division of Marine Fisheries (NCDMF) from
conducting a hard clam stock assessment and calculating sustainable harvest. Currently, the only
data available for the stock in most areas are the commercial landings and associated effort. For
this reason, the current assessment focused on trends in catch rates in the commercial hard clam
fishery from 1994 through 2013 (NCDMF 2017). Commercial landings of clams are considered
a biased index of population size. Fisheries-dependent data are often not proportional to
population size due to a number of caveats (e.g. area closures and market fluctuations) and
should be interpreted with caution if the interest is relative changes in the population.

The North Carolina commercial hard clam fishery is subject to trip limits, which could bias catch
rates (Mike Wilberg, University of Maryland Center for Environmental Science, personal
communication; John Walter, National Oceanic and Atmospheric Administration Fisheries,
personal communication); that is, the trip limits can affect the amount of catch that is observed
per unit effort, preventing the true value of the variable from being observed. A censored
regression approach was applied to calculate an unbiased index of relative abundance using data
collected from a fishery with trip limits. Preliminary analysis found that for years in which
greater than or equal to 50 percent of transactions equaled or exceeded the trip limitin a
particular water body, the censored regression produced nonsensical results. For this reason, such
years were removed from those water bodies where this occurred. (Note: this was only an issue
for mechanical harvest data)

Data were obtained from the North Carolina Trip Ticket Program for 1994 through 2013. The
censored response variable (catch per unit effort—the number of clams per transaction) was fit
within a Generalized Additive Models for Location Scale and Shape framework using the
‘gamlss.cens’ (Stasinopoulos et al. 2014) and ‘survival’ (Therneau 2014) packages in R (R Core
Team 2014). Catch rates were estimated for both hand harvest and mechanical harvest in each of
the major water bodies from which hard clams are harvested, and where sufficient data were
available (see previous paragraph). Hand harvest occurs year-round and is summarized by
calendar year. The majority of mechanical harvest occurs from December through March with
some harvest occasionally allowed during other times of the year in specific areas; therefore,
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mechanical harvest is summarized by fishing year (December through March). Only landings
from public bottom were examined because planting of seed clams, grow-out availability, and
market demand often artificially drives landings from private leases. Fisheries-dependent catch
rates were expressed as numbers harvested per transaction. Catch rates were consistently higher
for mechanical harvest than for hand harvest.

The Mann-Kendall test was performed to evaluate trends in the annual percentages. The Mann-
Kendall test is a non-parametric test for monotonic trend in time-ordered data and allows for
missing values (Gilbert 1987). The test was applied to the percentage of trip limits for hand
harvest and mechanical harvest by area. Trends were considered statistically significant at o =
0.05.

Based on the Mann-Kendall test, there were significant increasing trends over time detected in
eight areas for hand harvest: Bogue Sound, Core Sound, Inland Waterway, New River, Newport
River, North River/Back Sound, Shallotte River, and White Oak River. A significant decreasing
trend was found in the hand harvest catch rates in Pamlico Sound. The remaining water bodies
showed no trend in hand harvest catch rates over time. The Intercoastal Waterway, New River,
Newport River, North River/Back Sound, and Stump Sound demonstrated significantly
increasing trends in mechanical harvest catch rates over time. No trends were detected in Bogue
Sound, Core Sound, or White Oak River catch rates for mechanical harvest.

Trends observed in fishery-dependent indices must be interpreted with strong caveats. In order
for a fisheries-dependent index to be proportional to abundance, fishing effort must be random
with respect to the distribution of the population and catchability must be constant over space
and time. Other factors affecting the proportionality of fishery-dependent indices to stock size
include changes in fishing power, gear selectivity, gear saturation and handling time, fishery
regulations, gear configuration, fishermen skill, market prices, discarding, vulnerability and
availability to the gear, distribution of fishing activity, seasonal and spatial patterns of stock
distribution, change in stock abundance, and environmental variables. Many agencies, such as
the NCDMF, do not require fishermen to report records of positive effort with zero catch; lack of
these “zero catch” records in the calculation of indices can introduce further bias.

STATUS OF THE FISHERY
Current Regulations

Hard clams cannot be taken from any public or private bottom in areas designated as prohibited
(polluted) by proclamation except for special instances for: Shellfish Management Areas
(NCMFC Rule 15A NCAC 03K .0103), with a permit for planting shellfish from prohibited
areas (NCMFC Rule 15A NCAC 03K .0104), and for the depuration of shellfish (NCMFC Rule
15A NCAC 03K .0107). Hard clams cannot be taken between the hours of sunset and sunrise of
any day. Beginning in April 2014, time and temperature control measures were initiated for hard
clams to prevent post-harvest growth of naturally-occurring bacteria that can cause serious
illness in humans.

122



STATE-MANAGED SPECIES - HARD CLAM

Public Bottom

The minimum size limit for hard clams is one-inch thickness (shell width). Daily commercial
harvest limits on public bottom are no more than 6,250 hard clams (25 bags at 250 clams per
bag) per fishing operation in any coastal fishing waters regardless of the harvest methods
employed. Size, daily harvest limits, and season and area limitations do not apply in some
situations on public bottom for: 1) temporary openings made on the recommendation of shellfish
sanitation; and 2) maintenance dredging operations, where waste of the hard clam resource is
apparent due to these activities and Shellfish Sanitation deem the area safe from public health
risks.

The daily hand harvest limit on public bottom is 6,250 hard clams and the fishery is open year-
round. Rakes no more than 12 inches in width or weighing no more than six pounds can be used
to take hard clams in any live oyster bed, in any established bed submerged aquatic vegetation or
in an established bed of salt water cordgrass.

The public mechanical hard clam harvest season can occur from December 1 through March 31,
and is opened by proclamation to only very specific locations. The mechanical harvest season
usually begins the second Monday in December and extends through the week of March 31st.
Harvest is allowed only from 7:30 a.m. to 4:00 p.m. on Monday through Friday until before the
Christmas holiday and then Monday through Wednesday after December 25th for the remainder
of the open harvest season.

Internal waters that can open to public mechanical hard clam harvest can only be in areas in Core
and Bogue sounds, Newport, North, White Oak and New rivers and the Intracoastal Waterway
north of "BC" Marker at Topsail Beach which have been opened at any time from January, 1979,
through September, 1988. Public hard clam mechanical daily harvest limits vary by waterbody.
In some instances mechanical harvest areas are rotated (alternately open and close) with other
areas (Table 1). The White Oak River, New River, and the Intracoastal Waterway of Onslow and
Pender counties (Marker 65 to the BC Marker at Banks Channel) are fished mainly with
escalator dredges and are rotated on a yearly basis with maximum daily limits of 6,250 hard
clams (25 bags at 250 hard clams per bag) per operation. The mechanical harvest area from
Marker 72A to the New River Inlet is opened annually with a maximum daily harvest limit of
6,250 hard clams. The maximum daily harvest of 3,750 hard clams is allowed in North River,
Newport River, and Bogue Sound (Table 1). Since 2008, upon adoption of Amendment 1 to the
Hard Clam FMP, Core Sound has been divided into two areas and the northern area is open
every other year while the southern portion is opened annually. Each area in Core Sound has a
daily harvest limit of 5,000 hard clams per operation.

Recreational harvest limits from public bottom are 100 hard clams per person per day and no

more than 200 hard clams per vessel. Hard clams can only be taken by hand for recreational
purposes.
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Private Bottom

Leases and franchises in internal waters must adhere to the minimum one-inch thick size limit
for the sale of hard clams for consumption. There is no daily maximum harvest limit applied to
the taking of hard clams from private bottom in internal waters. Public bottom must meet certain
criteria in order to be deemed suitable for leasing for shellfish cultivation and there are specific
planting, production, and marketing standards for compliance to maintain a shellfish lease or
franchise. Also, there are management practices that must be adhered to while the lease is in
operation, such as: marking poles and signs, spacing or markers, and removal of markers when
the lease is discontinued.

Possession and sale of hard clams by a hatchery or aquaculture operation, and purchase and
possession of hard clams from a hatchery or aquaculture operation are exempt from the daily
harvest limit and minimum size restrictions. The possession, sale, purchase and transport of such
hard clams must be in compliance with the Aquaculture Operation Permit. Leases that use the
water column must also meet certain standards as outlined in G.S. 113-202.1 in order to be
deemed suitable for leasing and aquaculture purposes.

There is a specific application process to obtain a lease and a public comment process that is
required before a shellfish lease is granted, allowing any member of the public to protest the
issuance of a lease. Owners of shellfish leases and franchises must provide annual production
reports to the NCDMF. Failure to furnish production reports can constitute grounds for
termination. Cancellation proceedings will begin for failure to meet production requirements and
interfering with public trust rights. Corrective action and appeal information is given prior to
lease termination A lease may be transferred to a new individual before the contract terms ends,
however there are specific requirements to do so.

Commercial Landings

Hard clam harvest has fluctuated historically, often in response to changes in demand, improved
harvesting, and increases in polluted shellfish area closures. Since 2007 it is known that about 90
percent (2007-2016 combined estimates) (NCDMF 2017) of the total commercial hard clam
harvest come from public bottom in North Carolina. It is assumed that trends in hard clam
landings from both sources (private and public bottom) combined can be attributed to changes in
hard clam landings from public bottom since they make up the largest component to the overall
harvest. Adverse weather conditions (i.e., hurricanes, heavy rain events) can impact the annual
landings. One of the greatest impacts to clam harvest occurred in 1987-1988 due to red tide. The
red tide was a dinoflagellate bloom that caused the closure of over 361,000 acres of public
bottoms to shellfish harvest from November 1987 to May 1988. These closures affected 98
percent of the clam harvesting areas, and had its greatest impact on the clam fishermen. The
dinoflagellate responsible for the red tide, Karenia brevis, produced a neurotoxin, which was
concentrated in shellfish, making them unfit for consumption. Ten tropical cyclones (hurricanes
and tropical storms) have made landfall in North Carolina since 1996 (http://www.nc-
climate.ncsu.edu). Freshwater runoff after storm events often increase shellfish harvest area
closures and causes a reduction in hard clam harvest effort for short term periods. Hard clams are
a live product that have to go to market relatively quickly after harvest. Competition with hard
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clams grown in private culture from other states is also a known contributor to reduced market
demand for wild harvested hard clams since a more consistent product can be provided from
private grow out facilities.

Annual average hard clam landings from 2008-2017 was 18.4 million clams (Figure 1). Annual
landings in 2017 were the lowest on record since 1975 at 14.4 million clams. There was a slight
uptick in hard clam landings from 2011 to 2014, followed by a gradual decline through 2017.
The landings during this period hover around only one-fourth of their peak in the 1980s. Hard
clams are a live product and must to go to market and sold relatively quickly after harvest
because of a short shelf life. Competition with hard clams grown in private culture from other
states is also a known contributor to reduced market demand for hard clams in the wild since a
more consistent product can be provided from private growers.

Hand Harvest Fishery Off Public Bottom

Hand harvest from public areas is a year-round fishery and has average landings of 14.4 million
clams a year (2008-2017) (Figure 2; NCDMF 2017). Most hand harvest for clams occurs in the
spring and summer when warm water is conducive to wading. Annual public hand harvest for
hard clams has remained fairly constant overall, with some yearly fluctuations from 2008 to
2017 (Figure 2; NCDMF 2017).

Mechanical Harvest Fishery Off Public Bottom

Hard clam landings from public harvest, using mechanical methods, has average landings of 2.3
million clams each fishing year (2008-2017) (Figure 2). The mechanical clam harvest season
usually has the highest landings at the beginning of the fishing season in December and declines
as the season progresses. Landings outside of the usual mechanical clam harvest season are from
temporary openings for the maintenance of channels and temporary openings in Core Creek
when bacteriological levels are at acceptable levels to harvest clams. Hard clam landings and
trips fluctuate from fishing year to fishing year and appear to be greatly influenced by harvest
from the New River mechanical harvest area. Since 1994, when the public mechanical harvest
area of New River is open, 48 to 97 percent of the total mechanical harvest landings are from this
area (NCDMF 2017).

Private Culture

The NCDMF administers the shellfish lease program whereby state residents may apply to lease
estuarine bottom and water columns for the commercial production of shellfish. The NCDMF
does not differentiate between clam, oyster, bay scallop, and mussel leases; therefore allowing
shellfish growers to grow out multiple species simultaneously or as their efforts and individual
management strategy allows. For the period of 2007-2013, roughly 35 percent of all private
culture operations harvested only clams (NCDMF 2017).

Private enterprise has provided over 10 percent of the total commercial hard clam harvest in

North Carolina between 2008 and 2017 (Figure 3). The annual average hard clam landings from
2008 to 2017 from private production were 1.8 million clams.
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Recreational Landings

The recreational harvest of hard clams in North Carolina does not require a fishing license, and
due to this the total amount of recreational landings cannot be estimated and remains unknown.
However, a mailout survey has been used since 2010 to estimate harvest from Coastal
Recreational Fishing License holders. This population of recreational harvesters makes up an
unknown proportion of total recreational harvest, but still provides insight into catch rates,
harvest trends, and scale of harvest. In 2010, surveys were only mailed out November and
December, so harvest and effort estimates are very low (Table 2). Effort has been consistent in
all full years of the survey (2011-2017). Harvest and catch rate have seen minimal fluctuations,
except for 2016, which was well below average for both. This is most likely due to large rainfall
events in July and August which caused widespread shellfish closures.

MONITORING PROGRAM DATA
Fishery-Dependent Monitoring

Currently, the only data available for the stock in all areas are the commercial landings and
associated effort from the Trip Ticket Program. Sampling of commercial catches of hard clams
has been ongoing in the Southern District, Morehead City Office since 1998. Additional
sampling of other areas followed later as funding became available for expansion. Hard clam
catches are sampled at the dealers year round when available. Trip ticket information is also
obtained of the total catch in the trip. Information on the location(s) of the catch also is obtained
in as much detail as possible (e.g. water body, nearest landmark, marker number, etc.). Questions
to the fisherman include: What gear or gears were used, gear parameters, (i.e. length of teeth,
width of escalator, headrope length), how many minutes fished with each gear, location and
depth of water fished. Additional questions include whether the catch came from public bottom
or leased bottom, and if catch originated from a NCDMF Shellfish Rehabilitation area.
Biological information on landed catch of hard clams is collected, including: shell length (mm)
and shell width (depth; in mm) by market grade.

A total of 53,773 hard clams were measured from 2008 to 2017 at fish houses (Table 3). Mean
shell length has ranged from 60 mm (2.4 inches) to 73 mm (2.9 inches) in that timeframe with a
minimum shell length of 27 mm (1.1 inch) to a maximum shell length of 173 mm (6.8 inches) for
clams measured at the fish house (Table 3).

Fishery-Independent Monitoring

A fisheries-independent monitoring program (Program 640) is currently underway in Core
Sound to provide baseline data on hard clam abundance and gather environmental information.
In the future, it may be possible to expand this sampling into other areas to evaluate the entire
population. Thirty randomly selected stations are sampled each year within three strata. The
three designated strata were: Shellfish Mapping Strata (ST), Known Fishing Areas (FA), and
Closed Shellfish Areas (CA). Sampling is performed at each station location within each stratum
using small patent tongs on a 25-ft flat bottom boat. The patent tongs have an opening of 0.51
square meters. Samples are by station and three samples at each station are taken.
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All hard clams are measured for thickness and length to the nearest millimeter using calipers.
Environmental data collected includes depth (in meters), surface and bottom salinity (parts per
thousand), surface and bottom temperature (degrees Celsius), surface and bottom dissolved
oxygen (milligrams per liter), secchi depth (meter), weather and wind elements, water level,
distance from shore (meters), and altered state. Sediment type is qualitatively described.

Very few hard clams are caught in this program due to the nature of the gear and random
stratified sampling design. The Catch per Unit Effort (CPUE) or number of clams per station has
ranged annually from 0.39 to 1.27 clams per station from 2008 to 2017 (Table 4). No trend is
apparent from this sampling, but it is considered a short time series with only 11 years in
development (Figure 4).

MANAGEMENT STRATEGY

There are no management triggers or methods to track stock abundance, fishing mortality, or
recruitment between benchmark reviews from the current FMP. Landings and effort have
decreased over time. There are no data to track the recreational fishery.

Amendment 2 was adopted in February 2017 with rule changes in effect May 1, 2017. The

selected management strategies of the Marine Fisheries Commission from Amendment 2 for

hard clams taken from public bottom included:

e removing the Pamlico Sound mechanical clam harvest areas in rule no longer in use

e taking latitude/longitude coordinates of the poles marking the open mechanical clam harvest
area in New River

For private culture of hard clams, the preferred management options in draft Amendment 2

included:

e adding convictions for theft of shellfish from leases or franchises to the list of convictions
that may result in revocation of fishing licenses to implement stronger deterrents to shellfish
theft and intentional aquaculture gear damage

e clarifying how production and marketing rates are calculated for shellfish leases and
franchises to meet minimum production requirements

e expanding the maximum proposed lease size to 10 acres in all areas

e specifying criteria that allow a single extension period for shellfish leases of no more than
two years per contract period to meet production and marketing requirements in the case of
unforeseen circumstances, and reorganize the rules for improved clarity.

Amendment 2 also recommended implementing shading requirements for clams on a vessel,
during transport to a dealer, or storage on a dock from June through September.

See Table 5 for Marine Fisheries Commission selected management options under Amendment
2.
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RESEARCH NEEDS

The specific research recommendations from Amendment 2, with its priority ranking are
provided below. The prioritization of each research recommendation is designated either a
HIGH, MEDIUM, or LOW standing. A low ranking does not infer a lack of importance but is
either already being addressed by others or provides limited information for aiding in
management decisions. A high ranking indicates there is a substantial need, which may be time
sensitive in nature, to provide information to help with management decisions. Proper
management of the hard clam resource cannot occur until some of these research needs are met,
the research recommendations include:

e Support all proposed implementation actions under the priority habitat issue on
sedimentation in the CHPP — HIGH (Ongoing)

e Improve the reliability for estimating recreational shellfish harvest — HIGH (Incomplete)

e  Survey commercial shellfish license holders without a record of landings to estimate hard
clam harvest from this group — MEDIUM (Incomplete)

e Determine the consequences to hard clams from impacts to habitat due to harvest practices —
LOW (Incomplete)

e Develop regional juvenile and adult abundance indices — HIGH (Incomplete)

e  Complete socioeconomic surveys of recreational clam harvesters - MEDIUM (Incomplete)

e  Continue to complete socioeconomic surveys of commercial clam fishermen — LOW
(Incomplete)

e  Support collaborative research to more efficiently track bacterial sources for land-based
protection and restoration efforts - MEDIUM (Ongoing)

e Quantify the relationship between water quality parameters and the cumulative effect of
shoreline development units - MEDIUM (Incomplete)

e Investigate impacts of clam trawls and escalator dredges on sandy bottom environments —
LOW (Incomplete)

e Investigate the effects of mechanical harvest on clam recruitment and clam mortality in the
mechanical harvest areas —- MEDIUM (Incomplete)

FISHERY MANAGEMENT PLAN RECOMMENDATION
Recommend maintain the current timing of the Benchmark Review. Amendment 2 of the N.C.

Hard Clam FMP was adopted by the NCMFC in February 2017 with rule changes in effect on
May 1, 2017.
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TABLES

Table 1.  Current daily mechanical hard clam harvest limits by water body. Season can only be opened from
December 1 through March 31 by proclamation.

Waterbody

Daily harvest limit
(number of clams)

Additional information

Northern Core Sound

Southern Core Sound
North River
Newport River

Bogue Sound
White Oak River

New River

New River Inlet

ICW Onslow/Pender counties
area

5,000

5,000
3,750
3,750

3,750
6,250

6,250

6,250

6,250

Rotates one year open and
one year closed opposite the
open/close rotation of the
New River

Limit reduced from 6,250 in
2001. Open annually

Open annually

Open annually

Open annually

Rotates one year open and
one year closed opposite the
open/close rotation of the
New River

Rotates one year open and
one year closed opposite the
open/close rotation of the
White Oak River and the
ICW in the Onslow/Pender
counties areas

Open annually from Marker
72A to the New River Inlet
Intracoastal Waterway
(maintained marked channel
only) from Marker #65, south
of Sallier's Bay, to Marker
#49 at Morris Landing. All
public bottoms within and
100 feet on either side of the
Intracoastal Waterway from
Marker #49 at Morris
Landing to the "BC" Marker
at Banks Channel. Open
every other year when the
New River is closed.
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Table 2. Estimated number of trips, number of clams harvested, and catch rate (clams per trip) per year of Coastal

Recreational Fishing License holders, 2010-2017

Year Number Trips  Clam Harvest Catch Rate
2010 528 8731 18.4
2011 6,350 127,597 22.9
2012 6,726 146,151 27.3
2013 8,644 191,842 26.2
2014 6,325 162,656 28.8
2015 7,637 166,419 27.4
2016 8,456 84,199 12.3
2017 3,435 75,171 21.8

Table 3. Observed annual mean, minimum and maximum shell length (mm) of hard clams measured from

commercial catches at the dealer, 2008 — 2017.

Mean Shell  Min Shell  Max Shell ~ Total Number
Year Length Length Length measured
2008 69 41 120 1,383
2009 64 39 112 1,862
2010 63 39 104 5,358
2011 64 38 111 10,670
2012 62 40 109 5,851
2013 63 40 108 4,750
2014 60 27 115 7,447
2015 60 34 111 6,218
2016 60 30 105 6,460
2017 73 41 173 3,774
10 year
average 64 27 173 53,773
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Table 4. Independent hard clam sampling (Program 640) annual estimates of catch per unit effort (CPUE=Number
of clams per station) and their standard deviations, 2007 to 2017 for Core Sound.

Number of CPUE

Total number  stations with  Number of (Number of Standard
Year of stations zero catch clams  clams/station) deviation
2007 30 22 20 0.67 1.54
2008 31 24 12 0.39 0.80
2009 30 15 38 1.27 1.82
2010 30 19 22 0.73 1.36
2011 30 26 14 0.47 2.03
2012 30 17 21 0.70 1.21
2013 30 25 16 0.53 1.53
2014 30 24 21 0.70 1.78
2015 30 22 15 0.50 0.50
2016 30 22 16 0.53 0.23
2017 30 22 35 1.17 2.57

Table 5. Summary of the Marine Fisheries Commission selected management strategies from Amendment 2 of the
N.C. Hard Clam Fishery Management Plan.

Management strategies Implementation status
MANAGEMENT OF PUBLIC BOTTOM
1. Status quo (Continue the daily harvest limit for No action required

recreational purposes at 100 clams per person per day not to
exceed 200 per clams per vessel per day)

2. Status quo (Maintain management of the mechanical clam  No action required
harvest in existing areas from Core Sound south to Topsail

Sound, including modifications to the mechanical clam

harvest lines to exclude areas where oyster habitat and SAV

habitat exist based on all available information)

3. Remove the Pamlico Sound mechanical clam harvest areas Rule change to 15A NCAC 03K .0302
in rule no longer in use in effect May 1, 2017
4. Take latitude/longitude coordinates of the poles marking Completed in 2015
the open mechanical clam harvest area boundary in the New

River, still with the flexibility to move a line to avoid critical

habitats

5. Allow mechanical clam harvesters to have access to the No action required
bottom before maintenance dredging occurs

6. Status quo (Maintain current definitions and enforcement No action required
of hand harvest methods)
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Management strategies

Implementation status

7. Allow Shellfish License holders to be eligible to acquire a
Standard Commercial Fishing License after they show a
history of sale of shellfish. Continue to allow commercial
harvest of all other shellfish (clams included) as currently
allowed

PRIVATE CULTURE

1. Support modification of G.S. 113-208 and G.S. 113-269 to
add minimum fines for violations on shellfish leases and
franchises. With minimum fines set at $500 for the first
violation and $1,000 for the second violation

2. Support modification of G.S. 113-269 to include protection
to all shellfish leases and franchises, not just those with water
column amendments

3. Modify Rule 15A NCAC 030 .0114, regardless whether
statute changes occur, so that a first conviction under G.S.
113-208 or G.S. 113-269 the Fisheries Director shall revoke
all licenses issued to the licensee

4. Status quo (Adhere to Regional Conditions of USACE
NWP48 with no adverse effect to SAV from shellfish leases
and following measure identified in the interim)

5. Continue the moratorium of shellfish leases in Brunswick
County

6. Establish a rule to support extensions for where “Acts of
God” prevent lease holder from making production, with a
two year extension and only one extension allowed per term

7. Allow leases returned to the state to remain delineated for
a period of one year to allow the pre-existing leased bottom
to be re-issued to other shellfish growers

8. Improve public notice of proposed lease applications on
the physical lease, at fish houses, and/or through electronic
notices

9. Allow a maximum of ten acres in both mechanical
methods prohibited areas and mechanical methods allowed
areas

ENVIRONMENT AND PUBLIC HEALTH

1. Implement shading requirements for clams on a vessel,
during transport to a dealer, or storage on a dock during June
through September. These requirements would be
implemented as a public health protection measure under
15A NCAC 03K .0110 by proclamation annually.

No action required

Amend G.S. 113-208 and
G.S. 113-269

Amend G.S. 113-269

Rule change to 15A NCAC 030 .0114
in effect May 1, 2017

No action required

No action required

Rule change 15A NCAC 030 .0201 in
effect on May 1, 2017

Amend G.S. 113-202

Ongoing

Rule change 15A NCAC 030
.0201(a)(3) in effect on May 1, 2017

Existing proclamation authority,
implemented beginning April 1, 2017
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Figure 1. Annual hard clam landings (millions of clams) from private and public bottom in North Carolina, 2008 -

2017.
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Figure 2. Annual hard clam landings (Number of clams) from hand and mechanical harvest off of public bottom,
2008 - 2017.
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Figure 3.  Annual hard clam landings (Number of clams) from private and public bottom, 2008 - 2017.
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Figure 4. Annual catch per unit effort (Number of clams per stations) of hard clams in Core Sound from the
independent sampling program 640, 2007 - 2017.
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FISHERY MANAGEMENT PLAN UPDATE
KINGFISHES
AUGUST 2018

STATUS OF THE FISHERY MANAGEMENT PLAN

Fishery Management Plan History

Original FMP Adoption: November 2007
Amendments: None
Revisions: None
Supplements: None
Information Updates: November 2015
Schedule Changes: None

Next Benchmark Review: July 2020

The original 2007 Kingfish Fishery Management Plan (FMP) developed management strategies
that ensure a long-term sustainable harvest for recreational and commercial fisheries of North
Carolina. The plan established the use of trend analysis and management triggers to monitor the
viability of the stock. The N.C. Marine Fisheries Commission (NCMFC) also approved a rule
which included proclamation authority for the North Carolina Division of Marine Fisheries
(NCDMF) director the flexibility to impose restrictions on season, areas, quantity, means and
methods, or size of kingfish (NCMFC Rule 15A NCAC 03M .0518), if needed. An Information
Update was completed for the Kingfish FMP in November of 2015. The best available data and
techniques used for the trend analysis and management triggers were refined and modified to
better assess population trends as part of this FMP Information Update.

Management Unit

The North Carolina Kingfish FMP includes the three species of kingfishes (southern
Menticirrhus americanus, Gulf M. littoralis, and northern M. saxiatlis) in all coastal fishing
waters of North Carolina. Southern kingfish is designated as the indicator species for this
assemblage. The management unit identified in this plan does not encompass the entire unit
stock range for any of the three species of kingfishes inhabiting North Carolina. This is the
primary reason that a quantified state-specific stock assessment could not be conducted and
further, why a regional stock assessment approach is recommended as the most appropriate
mechanism for determining the stock status and the long-term viability of this stock (NCDMF
2007).
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Goal and Objectives

The goal of the 2007 Kingfish Fishery Management Plan is to determine the health of the stock
and ensure the long-term sustainability for the kingfishes stock in North Carolina (NCDMF
2007). To achieve this goal, it is recommended that the following objectives be met:

1. Develop an objective management program that provides conservation of the resource and
sustainable harvest in the fishery.

2. Ensure that the spawning stock is of sufficient capacity to prevent recruitment overfishing.
3. Address socio-economic concerns of all user groups.

4. Restore, improve, and protect critical habitats that affect growth, survival, and reproduction
of the North Carolina stock of kingfishes.

5. Evaluate, enhance, and initiate studies to increase our understanding of kingfishes' biology
and population dynamics in North Carolina.

6. Promote public awareness regarding the status and management of the North Carolina
kingfishes stock.

STATUS OF THE STOCK
Life History

Three species of kingfishes occur in North Carolina: southern (Menticirrhus americanus), Gulf
(M. littoralis), and northern kingfishes (M. saxatilis). Kingfish refers to a single species while
kingfishes refers to multiple species. Kingfishes are demersal (live near and feed on the bottom)
members of the drum family. Southern kingfish is the most abundant kingfish species from
North Carolina to the east coast of Florida and Gulf of Mexico with a range extending as far as
Cape May, New Jersey southward to Buenos Aires, Argentina. Northern kingfish is the most
abundant kingfish species from Massachusetts to North Carolina, with a range extending from
the Gulf of Maine into the Gulf of Mexico. Gulf kingfish is the most abundant kingfish species in
the surf zone south of Cape Hatteras, North Carolina, and has a range extending from Virginia to
Rio Grande, Brazil. The northern and southern kingfishes prefer mud or sand-mud bottom types
while Gulf kingfish prefer the sandy bottoms of the surf zone. Kingfishes move from estuarine
and nearshore ocean waters to deeper offshore waters as water temperature cools. Spawning
takes place in the ocean from April to October. The kingfishes have several regional names
including sea mullet, king whiting, king croaker, sea mink, roundhead, hard head, whiting, hake,
Carolina whiting, and Virginia mullet.

Stock Status

The stock of kingfish is unassessed, thus overfishing/overfished status cannot be determined.
However, results from the trend analysis suggests there are no concerns with the stock and no

137



STATE-MANAGED SPECIES - KINGFISHES

need for management at this time. A coast-wide stock assessment is a high research priority that
needs to be addressed before biological reference points relative to overfished and overfishing
can be determined.

Stock Assessment

The 2007 Kingfish FMP selected the use of trend analysis with management triggers as the
management strategy to monitor the viability of the kingfish stock in North Carolina (NCDMF
2007). During the review of the 2007 Kingfish FMP as part of the 2015 FMP Information
Update, best available data and techniques used for the trend analysis and management triggers
were refined and modified to better assess population trends. The trend analysis incorporates
management triggers to alert NCDMF and NCMFC to the potential need for management action
based on stock conditions. The activation of any two management triggers (regardless of trigger
category) two years in a row warrants further evaluation of the data and potential management
action. The analysis is updated each year and all trends relative to management triggers are
provided as part of this annual update. Current management triggers are based on fishery
independent indices of abundance for Young-of-Year (YOY), adult fish, the proportion of catch
greater than size at 50% maturity (Lso) and a relative fishing mortality index. YOY fish includes
new fish that enter the population that year. Lso is the length at which 50% of the adult
population is sexually mature and ready to spawn.

A formal quantitative stock assessment is not available for kingfish in North Carolina; therefore,
no determination can be made relative to an overfishing or overfished status. Prior attempts at a
stock assessment during the 2007 FMP development were not successful, primarily due to
limited data. From these prior attempts, all reviewers noted a lack of migration (mixing) data to
determine the movement patterns of kingfishes along North Carolina and the entire Atlantic
coast. A regional (multi-state) stock assessment approach is likely needed to best determine the
stock status for kingfish along the Atlantic coast including North Carolina. In 2008 and 2014,
Atlantic States Marine Fisheries Commission (ASMFC) South Atlantic Board met to consider
regional management by reviewing data on kingfishes. However, due to no major concerns with
kingfish stocks, it was decided no further action was necessary. As a result, kingfish
management in North Carolina continues to fall solely within the framework of the state FMP
process.

STATUS OF THE FISHERY
Current Regulations

For shrimp or crab trawls, there is a three-hundred-pound trip limit for kingfishes south of Bogue
Inlet from December 1 through March 31 (NCMFC Rule 15A NCAC 03] .0202 (5)). No other
harvest limits are in place specific to kingfish in any other fisheries.

Commercial Landings

Commercial landings for kingfishes include southern, northern, and Gulf kingfishes combined.
Landings have fluctuated historically, but have been on an increasing trend since 2011. The 2017
landings increased 12 percent from 2016 (Figure 1). The vast majority of kingfishes landed are
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from the ocean gill net fishery. The average landings from 2008 to 2017 were 555,941 pounds.
Harvest of kingfishes is seasonal with peak landings in April and November. Peaks in landings
coincide with seasonal movements of kingfishes along the Atlantic coast.

Recreational Landings

Recreational landings for kingfish include southern, northern, and Gulf kingfishes. Total
recreational landings had been on an increasing trend from 1983 — 2015. In 2016 and 2017,
recreational landings declined, with 2017 having the lowest landings since 1999 (Figure 2). Most
kingfishes are landed from the ocean and the majority of the fish are caught from man-made
structures, such as piers, jetties, or bridges, or from beaches. A smaller portion of kingfishes are
caught in estuarine waters of the state and the majority of those fish are harvested by anglers
fishing from private vessels. Recreational harvest of kingfishes is also seasonal with the majority
of fish harvested during the spring and the fall, and lowest during the summer.

MONITORING PROGRAM DATA
Fishery-Dependent Monitoring

Kingfishes are sampled from a variety of commercial fishery surveys, including the estuarine
long haul, ocean trawl, pound net, ocean gill net, estuarine gill net and ocean beach seine
fisheries in N.C. A total of 50,984 kingfishes were measured from 2008 to 2017 (45,250
southern, 2,896 northern and 2,838 Gulf; Table 1). Mean length for southern kingfish ranged
from 286 to 306 mm, with a minimum of 160 mm and a maximum of 558 mm. Mean length for
northern kingfish ranged from 311 to 340 mm, with a minimum of 110 mm and a maximum of
445 mm. Mean length for Gulf kingfish ranged from 305 to 337 mm with a minimum of 199 mm
and a maximum of 464 mm.

Recreational lengths are collected as part of Marine Recreational Informational Program (MRIP)
by recreational port agents. A total of 7,976 kingfishes were measured from 2008 to 2017 (5,558
southern, 249 northern and 2,169 Gulf; Table 2). Mean length for southern kingfish ranged from
267 to 293 mm, with a minimum of 134 mm and a maximum of 505 mm. Mean length for
northern kingfish ranged from 255 to 333 mm, with a minimum of 157 mm and a maximum of
406 mm. Mean length for Gulf kingfish ranged from 255 to 301 mm, with a minimum of 150
mm and a maximum of 463 mm.

Fishery-Independent Monitoring

Fishery-independent data are collected through the NCDMF Pamlico Sound Survey (Program
195), the Southeast Area Monitoring and Assessment Program — South Atlantic (SEAMAP-SA)
Coastal Survey and the NCDMF Independent Gill Net Survey (Program 915). The Pamlico
Sound Survey catches the most kingfishes of any of the NCDMF fishery independent sampling
programs, and the majority of those are southern kingfishes. This survey has been running
uninterrupted since 1987. From 1991 to present, the Pamlico Sound Survey has been conducted
during the middle two weeks in June and September. The stations sampled are randomly selected
from strata based upon depth and geographic location. Tow duration is 20 minutes at 2.5 knots
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using the R/V Carolina Coast pulling double rigged demersal mongoose trawls. The sample area
covers all of Pamlico Sound and its bays, as well as Croatan Sound up to the Highway 64 Bridge,
the Pamlico River up to Blounts Bay, the Pungo River up to Smith Creek, and the Neuse River
up to Upper Broad Creek. However, most kingfish are caught in Pamlico Sound proper, and very
few from the Neuse, Pamlico, and Pungo rivers. The September portion of the Pamlico Sound
Survey is used to calculate a YOY index of relative abundance because there are more southern
kingfish collected in the fall, and more YQOY are present in the catch at this time. The relative
index derived from Programs 195 survey was calculated using a stratified generalized linear
model (GLM) approach. The Program 195 YOY relative abundance index peaked in 2009, but
has been on a decreasing trend since 2013, and remained low in 2017 (Figure 3 Table 3).

The Southeast Area Monitoring and Assessment Program-South Atlantic (SEAMAP-SA)
Coastal Survey is conducted by the South Carolina Department of Natural Resources-Marine
Resources Division, and provides long-term fishery independent data on the distribution and
relative abundance of coastal species (Cowen and Zimney 2016). Stations are randomly selected
from a pool of stations in each stratum, and sampled using paired mongoose-type Falcon trawls
with tow times of 20 minutes. SEAMAP-SA Coastal Survey cruises are conducted each year in
spring (mid-April to the end of May), summer (mid-July to mid-August), and fall (the first of
October to mid-November). The summer portion of SEAMAP-SA Coastal Survey is used to
calculate an adult index of abundance and the fall portion of SEAMAP-SA Coastal Survey is
used as a young of year index of abundance. The indices derived from the SEAMAP-SA Coastal
Survey were computed using standard (non-stratified) GLMs. After a peak in 2012, the
SEAMAP-SA Coastal Survey adult index of relative abundance has been on a declining trend,
which continued in 2017 (Figure 4; Table 3). The YOY index of relative abundance increased to
well above the average in 2015, and has since returned to approximately the average in 2016 and
2017 (Figure 5; Table 3).

The Independent Gill Net Survey is designed to characterize the size and age distribution for key
estuarine species in Pamlico Sound and its major river tributaries. Sampling began in Pamlico
Sound in 2001 and was expanded to the current sampling area (including tributaries) in 2003.
Each array of nets consists of floating gill nets in 30-yard segments of 3.0, 3.5, 4.0, 4.5, 5.0, 5.5,
6.0, and 6.5-inch stretched mesh, for a total of 240 yards of nets. Catches from an array of gill
nets comprise a single sample; two samples (one shallow, one deep) totaling 480 yards of gill net
are completed each trip. Gill nets are typically deployed within an hour of sunset and fished the
following morning. Efforts are made to keep all soak times within 12 hours. Gill net sets are
determined using a random stratified survey design, based on area and water depth. The Lso
management trigger is based on a conservative proportion of adults in the population. This is the
length at which 50 percent of the population is mature. For southern kingfish, this is 8.25 inches
(210 mm) in length. One of the data sources for this management trigger comes from the
Pamlico Sound Survey and has been stable over the time series (Figure 6).

Table 2 summarizes the age data for kingfishes (southern, northern, and Gulf), collected from
2008 through 2017. The majority of kingfish age samples came from Independent Gill Net
Survey (Program 915), followed by the commercial ocean gill net fishery. Southern kingfish
ages ranged from 0 to 9 years old. Northern kingfish ages ranges from 0 to 5 years old. Gulf
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kingfish ages ranged from O to 7 years old. The modal ages ranged from 1 to 3 years for southern
and Gulf kingfishes, and 0 to 2 for northern kingfish.

MANAGEMENT STRATEGY

The 2007 Kingfish FMP selected the use of trend analysis and management triggers as the
management strategy to monitor the viability of the kingfish stock in North Carolina (NCDMF
2007). A second management strategy promotes work to enhance public information and
education. The trend analysis and management triggers are updated annually and results are
presented to the NCMFC as part of the annual FMP Update. The trend analysis incorporates
triggers to alert managers to the potential need for management action based on stock conditions.
The activation of any two management triggers two years in a row (regardless of category)
warrants further data evaluation and potential management action. The NCMFC will be notified
should this criterion be met. The Pamlico Sound Survey, the Independent Gill Net Survey and
the SEAMAP-SA Coastal Survey data are currently used for management triggers for kingfishes
in North Carolina.

The Lso management trigger is based on a conservative proportion of adults in the population.
This is the length at which 50 percent of the population is mature. For southern kingfish, this is
8.25 inches (210 mm) in length. Data sources for this management trigger come from two
fisheries-independent surveys; the summer component of the SEAMAP-SA Coastal Survey, and
the June component of the Pamlico Sound Survey.

Relative F is a simple method for estimating trends in F (Sinclair 1998). It is estimated as catch
(commercial landings plus recreational harvest) divided by a fisheries-independent index of
relative abundance. Here, catch (commercial landings plus recreational harvest) was divided by
the SEAMAP-SA Coastal Survey spring index (Onslow, Raleigh, and Long bays, inner—
shallow—strata) of relative abundance, given that the majority of catch occurs in the spring.

The kingfish management triggers are summarized as follows:

Biological Monitoring

Proportion of adults > length at 50 percent maturity (Lso) for NCDMF Program 195 June (Figure

7)

Proportion of adults > Lso for NCDMF Program 915 (Figure 6)

Proportion of adults > Lso for SEAMAP-SA Coastal Survey summer (Figure 8)

—> If the proportion of adults > Lso falls below 2/3 of the average proportion of adults > Lso for
the time series, then the trigger will be considered tripped.

Fisheries-Independent Surveys—Juvenile and Adult

NCDMF Program 195 September index of YOY relative abundance (Figure 3)

SEAMAP-SA Coastal Survey summer index of adult relative abundance (Figure 4)

SEAMAP-SA Coastal Survey fall index of YOY relative abundance (Figure 5)

- If a fisheries-independent survey falls below 2/3 of the average abundance for the time series
(through 2017), then the trigger will be considered tripped.
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Other

Relative fishing mortality rate (F) (Figure 9)

—> If relative F rises above the average +1/3 of relative F for the time series (through 2017), the
trigger will be considered tripped.

A summary of the various management triggers by year is provided in Table 3. Bold values
indicate years when a particular management trigger was activated. In 2017, one management
trigger was activated and only one trigger (the YOY index from the September portion of
Pamlico Sound Survey) was slightly below the management trigger threshold. No action is
required at this time.

RESEARCH NEEDS

The division reviewed and prioritized the research recommendations during the 2015 FMP
Information Update (NCDMF 2015). The prioritization of each research recommendation is
designated as a high, medium, or low priority. A low ranking does not infer a lack of importance
but is either already being addressed by others or provides limited information for aiding in
management decisions. A high ranking indicates there is a substantial need, which may be time
sensitive in nature, to provide information to help with management decisions. Proper
management of the kingfishes resource cannot occur until some of these research needs are met.
The research recommendations include:

»  Conduct a coast-wide stock assessment of southern kingfish along the Atlantic Coast
including estimation of biological reference points for sustainable harvest — HIGH (No
action)

* Validate YOY and adult indices used in trend analysis — HIGH (UNCW has conducted seine
surveys in the ocean to determine trends for all three species)

» Develop a fisheries-independent survey in the ocean for juvenile and adult kingfishes —
HIGH (No action)

»  Collect observer data from commercial fishing operations to estimate at-sea species
composition of the catch, discard rates, and lengths — HIGH (NCDMF has observers
collecting data at sea for the shrimp fishery, flounder gill net fishery and other fisheries)

» Improve recreational data collection, particularly the species composition of discards,
discard rates and associated biological data — HIGH (Steps have been taken to improve
sampling in recreational fisheries, including a carcass collection program)

* Improve dependent commercial data collection of more sample sizes for life history
information — MEDIUM (NCDMF ageing study collects kingfish for life history data)

» Evaluate and potentially expand the NCDMF fishery-independent gill net survey to provide
data on species composition, abundance trends, and population age structure by including
additional areas of North Carolina’s estuarine and nearshore ocean waters — MEDIUM (No
action)

»  Continue bycatch reduction device studies in the shrimp trawl fishery to decrease bycatch —
MEDIUM (Ongoing research through NCDMF and various federal agencies)

»  Determine stock structure using genetics of kingfishes along North Carolina and the Atlantic
Coast — LOW (Grant approved for UNCW and NCDMF to use genetic markers to delineate
the population structure)
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»  Develop tagging study to estimate natural and fishing mortality, to investigate stock
structure, and to understand movement patterns — HIGH (No action)

»  Collect histological data to develop maturity schedule with priority to southern kingfish —
HIGH (NCDMF currently collecting histology samples in order to validate and update
maturity schedules)

»  Conduct an age validation study with priority to southern kingfish — HIGH (No action)

»  Conduct study to estimate fecundity with priority to southern kingfish —- MEDIUM (No
action)

»  Conduct study to identify spawning areas with priority for southern kingfish - MEDIUM
(No action)

o Sample inlets and river plumes to determine the importance of these areas for kingfishes and
other estuarine-dependent species — LOW (Sampling in the nearshore ocean through N.C.
Adult Fishery Independent Survey was initiated in 2008 but discontinued in 2015. Gill net
sampling in Cape Fear, New, Neuse, Pamlico, and Pungo rivers continues)

. Determine the effects of beach re-nourishment on kingfishes and their prey — LOW (Grant
approved for UNCW to investigate effects of beach renourishment)

» Conduct a study to investigate how tidal stages and time of day influence feeding in
kingfishes — LOW (No action)

* Increase the sample size of surveyed participants in the commercial kingfish fishery to
better determine specific business characteristics and the economics of working in the
fishery — LOW (NCDMF conducted a study of CRFL holders in 2009/2010)

»  Update information on the participants in the recreational kingfish fishery — LOW
(Socioeconomic study was conducted by NCDMF on piers)

FISHERY MANAGEMENT PLAN RECOMMENDATION
The NCDMF recommends maintaining the current review schedule.
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TABLES

Table 1. Summary of length data sampled from the kingfish commercial fishery, 2008 - 2017.

Southern Kingfish

Year Mean Length  Minimum Length Maximum Length ~ Total Number Measured
2008 290 160 446 9,956
2009 289 176 418 6,131
2010 293 170 558 3,927
2011 295 206 461 3,250
2012 290 203 433 4,646
2013 306 164 409 1,593
2014 300 211 532 3,732
2015 297 195 402 4,560
2016 303 181 437 3,353
2017 290 200 410 4,102

Northern Kingfish

Year Mean Length  Minimum Length  Maximum Length  Total Number Measured
2008 319 110 423 335
2009 317 174 401 301
2010 321 228 406 186
2011 317 219 431 208
2012 322 197 445 318
2013 335 218 406 930
2014 339 277 423 156
2015 324 253 422 84
2016 315 224 432 213
2017 340 255 442 165
Gulf Kingfish
Year Mean Length  Minimum Length Maximum Length ~ Total Number Measured
2008 306 199 447 487
2009 313 251 406 351
2010 318 260 412 135
2011 337 219 455 366
2012 321 233 406 163
2013 328 246 443 545
2014 309 234 394 182
2015 324 268 413 161
2016 315 206 464 192
2017 313 238 425 256
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Table 2. Summary of length data sampled from the kingfish recreational fishery, 2008 - 2017.

Southern Kingfish

Year Mean Length ~ Minimum Length Maximum Length ~ Total Number Measured
2008 278 134 410 517
2009 277 160 459 689
2010 283 161 413 968
2011 277 185 418 583
2012 281 154 410 828
2013 267 156 402 370
2014 293 197 505 383
2015 273 162 475 258
2016 283 197 419 490
2017 274 199 392 472

Northern Kingfish

Year Mean Length  Minimum Length  Maximum Length  Total Number Measured
2008 257 216 365 20
2009 278 223 383 19
2010 284 220 390 20
2011 321 181 406 70
2012 298 211 383 58
2013 283 157 375 26
2014 280 225 342 2
2015 308 259 359 7
2016 255 200 299 3
2017 333 248 367 24
Gulf Kingfish
Year Mean Length  Minimum Length Maximum Length  Total Number Measured
2008 262 167 402 321
2009 255 183 428 203
2010 274 150 463 363
2011 296 191 427 223
2012 266 162 415 406
2013 265 152 438 180
2014 289 165 411 203
2015 301 215 406 63
2016 266 192 358 81
2017 286 191 401 126
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Table 3. Kingfish age data collected from all sources (commercial and recreational fisheries and fishery
independent sampling programs) combined, 2008 - 2017.

Southern Kingfish

Modal  Minimum Maximum

Year  Age Age Age Total Number Aged

2008 2 0 9 324
2009 2 2 5 15
2010 2 1 5 163
2011 2 0 6 243
2012 1 1 6 228
2013 2 1 5 298
2014 3 0 5 269
2015 2 0 5 353
2016 1 0 7 530
2017 2 0 6 413

Northern Kingfish

Modal  Minimum Maximum

Year  Age Age Age Total Number Aged

2008 0 0 5 50
2009 1 1 3 14
2010 2 1 3 4
2011 2 0 4 115
2012 1 0 3 17
2013 2 1 3 26
2014 2 2 2 1
2015 2 0 2 40
2016 1 1 4 49
2017 2 1 3 13

Gulf Kingfish

Modal Minimum  Maximum

Year  Age Age Age Total Number Aged

2008 1 0 7 47
2009 - - - 0
2010 3 3 3 1
2011 2 1 6 28
2012 1 0 4 98
2013 1 1 4 44
2014 2 1 4 38
2015 2 0 4 78
2016 1 0 5 116
2017 2 0 5 167
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Table 4. Summary of management trigger organized by category. Bold indicates values that activate a trigger.

BIOLOGICAL MONITORING

FISHERIES-INDEPENDENT

SURVEYS OTHER
Proportion of Adults >= L50 YOY Indices Adult Index | Relative F
Program 195  Program 915 SEAMAP Program 195 SEAMAP SEAMAP

Year June July-September  Summer September  Fall Summer Relative F
1987 0.611 ' 1.1 '
1988 0.450 1.3
1989 0.300 0.585 1.7 6.4 4.1 47,084
1990 0.563 0.463 3.2 6.4 15 135,272
1991 0.667 0.894 5.4 4.7 20 40,705
1992 0.429 0.622 3.8 1.8 8.0 44,678
1993 0.543 0.456 0.1 2.0 7.7 158,612
1994 0.794 0.917 55 5.7 1.3 189,532
1995 0.440 0.486 10 15 5.0 93,382
1996 0.872 0.780 0.4 5.6 2.7 89,697
1997 0.589 0.373 0.5 1.1 5.6 46,676
1998 1.000 0.769 0.3 6.1 2.7 27,432
1999 0.920 0.608 5.9 7.1 14 60,475
2000 0.733 0.929 8.9 35 55 123,301
2001 0.660 0.983 0.303 5.9 2.8 12 51,543
2002 0.704 0.978 0.882 8.2 6.0 5.6 50,484
2003 0.872 0.978 0.645 7.0 25 9.3 16,509
2004 0.513 0.963 0.284 5.4 6.2 22 16,902
2005 0.594 0.970 0.666 2.9 3.7 9.2 24,747
2006 0.541 0.979 0.423 39 3.1 12 31,103
2007 0.343 1.000 0.521 10 4.4 3.6 84,264
2008 0.488 0.987 0.520 17 4.6 1.9 77,346
2009 0.586 1.000 0.389 39 15 8.3 74,052
2010 0.529 0.981 0.786 2.3 4.2 55 37,126
2011 0.432 1.000 0.507 28 16 9.3 45,170
2012 0.511 1.000 0.368 6.8 4.0 30 12,822
2013 0.659 0.941 0.558 29 55 19 13,797
2014 0.422 0.981 0.548 8.2 4.9 19 44,156
2015 0.534 0.980 0.550 10 93 16 21,375
2016 0.358 0.963 0.345 3.0 9.4 14 7,067
2017 0.503 0.953 0.684 5.1 6.9 7.2 5,464
Threshold <0.392 <0.652 <0.385 <5.9 <5.3 <6.8 >76,817
Total Years 31 17 29 31 29 29 29
Years Trigger
Activated 3 0 5 16 16 11 8
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Table 5. Summary of the N.C. Marine Fisheries Commission management strategies and their implementation

status for the 2007 Kingfish Fishery Management Plan.

Management Strategy

Implementation Status

Fisheries Management

The proposed management strategy for kingfishes in North
Carolina is to 1) maintain a sustainable harvest of kingfishes over
the long-term and 2) promote public education. The first strategy
will be accomplished by developing management triggers based on
the biology of kingfishes, landings of kingfishes, independent
surveys, and requesting a stock assessment of kingfishes be
conducted by Atlantic States Marine Fisheries Commission
(ASMFC). The second strategy will be accomplished by the
NCDMEF working to enhance public information and education.

Accomplished

Recommend ASMFC conduct a coastwide stock assessment on sea
mullet.

ASMFC determined a stock assessment for the kingfishes
was not necessary due to the positive trends in SEAMAP
southern kingfish CPUE.

Endorse additional research to reduce bycatch in the shrimp trawl
fishery, primarily shrimp trawl characterization studies involving
at-sea observers and investigations into fish excluder devices with a
higher success rate for reducing the harvest and retention of
Kingfish in shrimp trawls.

Ongoing

Implement rule giving NCDMF director proclamation authority to
manage Kingfish.

Accomplished. Rule 15A NCAC 3M .0518 in effect since
October 1, 2008

Habitat and Water Quality

The NCDCM should continue promoting the use of shoreline
stabilization alternatives that maintain or enhance fish habitat. That
includes using oyster cultch or limestone marl in constructing the
sills (granite sills do not attract oyster larvae).

Endorsed through the Coastal Habitat Protection Plan
(CHPP)

To ensure protection of kingfish nursery areas, fish-friendly
alternatives to vertical stabilization should be required around
primary and secondary nursery areas.

Endorsed through the CHPP

The location and designation of nursery habitats should be
continued and expanded by the NCDMF.

Endorsed through the CHPP

No trawl areas and mechanical harvest prohibited areas should be
expanded to include recovery/restoration areas for subtidal oyster
beds and SAV.

Endorsed through the CHPP

Expansion and coordination of habitat monitoring efforts is needed
to acquire data for modeling the location of potential
recovery/restoration sites for oysters and SAV.

Endorsed through the CHPP

Any proposed stabilization project threatening the passage of
kingfish larvae through coastal inlets should be avoided.

Endorsed through the CHPP

All coastal-draining river basins should be considered for NSW
classification because they all deliver excess nutrients to coastal
waters, regardless of flushing rate.

Endorsed through the CHPP

Efforts to implement phase 11 stormwater rules must be continued.

Endorsed through the CHPP

The EEP process should be extended to other development projects.

Endorsed through the CHPP

Reduce sediment and nutrient loading by addressing multiple
sources, including:
e improvement and continuation of urban and agricultural
BMPs,
e more stringent sediment controls on construction projects,
and
< implementation of additional buffers along coastal waters.

Endorsed through the CHPP

148


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	ADP98F1.tmp
	UMarine Fisheries Commission Rules
	The NCMFC has established several rules that directly govern the harvest of blue crabs. Below are rules and excerpts from rules that directly affect the blue crab fishery. The rules below do not cover all gear, area, or other rules which may impact th...
	UWildlife Resources Commission Rules
	1. Required one additional escape ring in crab pots and one of the three escape rings must be located within one full mesh of the corner of the pot and within one full mesh of the bottom of the apron/stairs (divider) of the upper chamber of the pot.

	ADP893.tmp
	Implementation Status

	ADPA507.tmp
	Gear          Gear
	Fishing Year

	ADP9AE4.tmp
	General Rules
	Rules Specific to Commercial Nets, Pots, Dredges, and Other Fishing Devices
	Rules Specific to Shrimp
	Recreational Licenses and Limits
	Federal Regulations

	ADPC429.tmp
	FISHERY MANAGEMENT PLAN UPDATE




