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3. EXECUTIVE SUMMARY

Three species of kingfishes occur in North Carolina: southern kingfish (Menticirrhus
americanus), Gulf kingfish (M. littoralis), and northern kingfish (M. saxatilis). These species
support significant recreational and commercial fisheries. Southern kingfish is the most
abundant kingfish in the South Atlantic Bight and was chosen as the indicator species for this
assemblage. All three species are short-lived, demersal fish that inhabit nearshore ocean and
estuarine habitats. The sharp decline in the commercial landings for the South Atlantic from
1986 to 1998 and for North Carolina from 1993 to 1998 has raised concerns. This decline may
have been due to a decrease in the population of kingfishes, decreasing effort in the fisheries,
and/or regulations on the shrimp trawl, gill net, and ocean trawl fisheries.

Two different stock assessments were modeled to determine sustainable harvest levels,
but peer reviewers and the Kingfish Fishery Management Plan Development Team (PDT)
rejected the stock assessments due to deficiencies in the data. A major deficiency cited by all
the reviewers was the lack of migration (mixing) data to determine the movement of kingfishes
along the North Carolina coast as well as the Atlantic coast. Since a stock assessment did not
pass peer review, the stock status of kingfish as classified by the North Carolina Division of
Marine Fisheries will remain “unknown” until a coastwide stock assessment is completed.
Although the stock status will remain unknown, management measures were considered to
ensure a sustainable harvest of kingfishes. Trend analyses were conducted for southern
kingfish in lieu of a stock assessment and were used as a guideline for the management of the
three species.

Trend analyses indicated that the majority of the indices for the kingfish stocks are
encouraging: increasing trends in dependent and independent catch per unit effort, no clear
indication of growth overfishing, a healthy age structure and an increase in the number of
citation fish being captured by recreational anglers. Management actions taken in the mid
1990s including the flynet closure south of Cape Hatteras, the mandatory use of fish and turtle
excluder devices in trawls and the implementation of the “50-50” rule for trawl fisheries (1998)
have all had a positive impact on the stocks of kingfishes by reducing the number harvested
and protecting smaller fish.

Research recommendations were endorsed by North Carolina Marine Fisheries
Commission (NCMFC), PDT and the Advisory Committee (AC) that will address deficiencies,
which currently exist in the data and the recommendations will increase our understanding of
the biology and population dynamics of kingfishes. The NCMFC, PDT and the AC agreed on
proclamation authority for the director with management triggers that will provide managers the
flexibility to initiate management actions to maintain a sustainable harvest. A 30 day comment
period prior to a proclamation release by the NC DMF Director was originally recommended by
the AC, then later rescinded. Neither the NCMFC nor PDT supported the 30 day comment
period. In response to comments by reviewers and migratory nature of kingfishes, the PDT
further recommended that the Atlantic States Marine Fisheries Commission or South Atlantic
Fisheries Management Council manage the stock. This recommendation was not supported by
the NCMFC nor AC. A technical amendment to rule 15A NCAC 3J .0202. (5) was supported by
all groups. The wording in the rule was inadvertently switched from “lawful” to “unlawful”, which
was discovered in the development of this fishery management plan.



4. INTRODUCTION

4.1 LEGAL AUTHORITY FOR MANAGEMENT

All authority for management of North Carolina’s fishery for kingfishes is vested in the
state of North Carolina. Management of the fishery includes all activities associated with the
use, maintenance, and improvement of populations of kingfishes and their habitats in the
coastal area, including: research, development, regulation, enhancement, and enforcement.
North Carolina’s jurisdiction over kingfishes is limited to ocean waters located within three miles
of the states coastline.

The North Carolina General Assembly has provided a very powerful and flexible legal
basis for coastal fisheries management. Many state laws provide the necessary authority for
fishery management in North Carolina. General authority for stewardship of the marine and
estuarine resources by the North Carolina Department of Environment and Natural Resources
(NCDENR) is provided in G.S. 113-131. The Division of Marine Fisheries (NCDMF) is the
agency of NCDENR that carries out this responsibility. G.S. 113-136 provides enforcement
authority for NCDMF enforcement officers. General Statute 113-163 authorizes research and
statistical programs. The North Carolina Marine Fisheries Commission (NCMFC) is charged to
“manage, restore, develop, cultivate, conserve, protect, and regulate the marine and estuarine
resources of the State of North Carolina” (G.S. 143B-289.51). The NCMFC can regulate fishing
times, areas, fishing gear, seasons, size limits, and quantities of fish harvested and possessed
(G.S. 113-182 and 143B-289.52). The NCMFC also has authority to establish individual permits
for various commercial fishing gears and activities under G.S. 113-169.1. General Statutes
113-221 and 143B-289.52 allow the NCMFC to delegate authority to implement its regulations
for fisheries “which may be affected by variable conditions” to the Director of NCDMF by issuing
public notices called “proclamations”. The North Carolina General Assembly retained for itself
the authority to establish commercial fishing licenses and fees and to limit entry into specific
coastal fisheries.

The Fisheries Reform Act of 1997 (FRA) establishes a process for preparation of coastal
fisheries management plans in North Carolina. The FRA states, “The goal of the plans shall be
to ensure the long-term viability of the State’s commercially and recreationally significant
species or fisheries. Each plan shall be designed to reflect fishing practices so that one plan
may apply to a specific fishery, while other plans may be based on gear or geographic areas".
Each plan shall:

a. Contain necessary information pertaining to the fishery or fisheries, including
management goals and objectives, status of the relevant fish stocks, stock assessments
for multi-gear species, fishery habitat and water quality considerations consistent with
CHPPs (CHPP) adopted pursuant to G.S. 143B-279.8, social and economic impact of
the fishery to the state, and user conflicts.

b. Recommend management actions pertaining to the fishery or fisheries.
C. Include conservation and management measures that will provide the greatest overall
benefit to the state, particularly with respect to food production, recreational

opportunities, protection of marine ecosystems, and will produce a sustainable harvest.

d. Specify a time period, not to exceed 10 years from the date of adoption of the plan, for



ending overfishing, if it is occurring and achieving a sustainable harvest. This time
period shall not apply to a plan for a fishery where the biology of the fish or
environmental conditions make ending overfishing and achieving a sustainable harvest
within 10 years impractical.

Sustainable harvest is defined in the FRA as “The amount of fish that can be taken from
a fishery on a continuing basis without reducing the stock biomass of the fishery or causing the
fishery to become “overfished”. Overfished is defined as “The condition of a fishery that occurs
when the spawning stock biomass of the fishery is below the level that is adequate to replace
the spawning class of the fishery”. Overfishing is defined as “fishing that causes a level of
mortality that prevents a fishery from producing a sustainable harvest”.

4.2 RECOMMENDED MANAGEMENT PROGRAM
4.2.1 Goals and Objectives

The goal of the 2007 Kingfish Fishery Management Plan is to determine the status of the
stock and ensure the long-term sustainability for the kingfishes stock in North Carolina.

Objectives:

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.

4.2.2 Sustainable Harvest

Sustainable harvest in the North Carolina fishery for kingfishes is defined as the amount
of harvest that can be taken without reducing the kingfishes spawning stock below a level
necessary to ensure adequate reproduction. The reference point for sustainable harvest
(overfishing/overfished) cannot be determined due to deficiencies in the data required for a
stock assessment. Sustainable harvest will be based on trends in the southern kingfish
population since this kingfish has the most biological data available and has accounted for the
largest portion of the harvest of kingfishes.

4.2.3 Management Strategy



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 NCDMF working to enhance public information and
education.

4.3 DEFINITION OF MANAGEMENT UNIT AND UNIT STOCK

The management unit for the North Carolina FMP includes the three species of
kingfishes (southern, Gulf, and northern), their habitat, and the fisheries that harvest these
species in all coastal waters of North Carolina. To the extent practicable, an individual stock of
fish should be managed as a unit throughout its range, and interrelated stocks of fish should be
managed as a unit or in close coordination (National Standard 3 of the Magnuson-Stevens Act).
The correct identification of the unit stock is important for proper management. If subunits of
the population that spawn separately, have distinct growth and mortality characteristics, are
fished by a different set of fishermen, and are grouped into a single unit, the combined stock
may appear to be in reasonable shape even though some component is being over fished. On
the other hand if the defined unit fails to include all the stock, the estimates of fishing mortality
and population size will be distorted. In the absence of supporting data and for management
needs, the precautionary approach is to define the unit stock in the broadest terms (Berkes et
al. 2001). The unit stock of kingfishes is herein defined as their geographical range along the
Atlantic coast (New York to Florida).

4.4 GENERAL PROBLEM(S) STATEMENT
4.4.1 Environmental Issues

Healthy and productive habitats are crucial to the sustainable harvest of kingfishes and
the coastal ecosystem of North Carolina. The kingfishes rely on variety habitats defined in the
CHPP including: water column, submerged aquatic vegetation, wetlands, shell bottom, soft
bottom, and hard bottom (Street et al. 2005) as well as a balanced ecosystem. These habitats
provide kingfishes and other fauna with refuge and/or an energy source. Habitat and water
quality protection, conservation, and restoration are essential to the long-term sustainability of
kingfishes and the ecosystem of the coastal waters of North Carolina.

4.4.2 Management Measures for Kingfishes

Determining sustainable harvest levels requires a stock assessment be conducted;
however, the stock assessment for kingfishes did not pass peer review. A major concern of the
assessment was it only addressed a portion of the southern kingfish stock. A lack of
comprehensive length and age data also hindered the stock assessment. A stock assessment
should be conducted with the broadest definition of a stock to ensure all sources of mortality are
incorporated into the model (Berkes et al. 2001). Three management measures were
recommended to maintain a sustainable harvest. The first measure, management triggers, was
recommended by the Kingfish Advisory Committee (AC), Plan Development Team (PDT), and
Marine Fisheries Commission (NCMFC) to manage kingfishes on a sustainable level. The
triggers are based on biological, landings, and independent survey data. Consideration for a
management action will occur if one of the triggers below is met:



Biological Monitoring
Mean fish length by fishery compared to last five years
Proportion of age one kingfishes greater than 50% of fish 11.0 to 11.8” TL
Catch Per Unit Effort (CPUE)
Commercial < 2/3 of the mean harvest from 1999 to 2004
Recreational < 2/3 of the mean harvest from 1999 to 2004
Surveys Juvenile and Adult
Pamlico Sound fall 2/3 below mean CPUE
Southeast Area Monitoring and Assessment Program (SEAMAP) fall 2/3 below
mean CPUE

The triggers listed above should provided the NCDMF with information to determine if the
population is experiencing a precipitous decline that needs rapid implementation of a
management action. The actions would be enacted using proclamation authority granted to the
director.

The second management measure, recommend the ASMFC or SAFMC manage
kingfishes, was only recommended by the PDT. This option was selected by the NCDMF to
address concerns in the stock assessment. Kingfishes likely migrate along the Atlantic Coast;
and therefore, should be managed by a group with interjurisdictional authority until migration
and mixing rates are determined. Neither the AC nor the NCMFC supported this measure.

The third management measure supported by the AC, PDT, and NCMFC recommended
the technical amendment to the rule 15A NCAC 3J .0202. (5). The rule was inadvertently
changed from “lawful” to “unlawful to possess 300 Ib of kingfish (Menticirrhus sp.) taken south of
Bogue Inlet regardless of the amount of shrimp, crabs, or fish taken” in the 2004 rule book
supplement. The rule was reworded to capture the intent of the original rule (see Appendix 6).

A forth management measure was proposed by the AC for a 30 day comment period
prior to release of a proclamation by the NCDMF director. The intent of the measure was to
allow the public and AC members have a chance to comment on the proposed regulations.
After hearing comments from regional AC, public, and PDT, the kingfish AC rescinded their
recommendation. This recommendation was not supported by the AC, NCMFC, or PDT.

45 EXISTING PLANS STATUTES, AND RULES
451 Plans

There are no existing state or federal fishery management plans along the US Atlantic
coast for kingfishes.

45.2 Statutes

There are few General Statutes (G.S.) that govern specific aspects of finfish
management in North Carolina. Instead, the North Carolina General Assembly has given the
NCMFC broad authority to promulgate rules that may be used for species specific management.
General statutes that may apply to the kingfish fisheries include:

- ltis unlawful to fish in the ocean from vessels or with a net within 750 feet of a properly
licensed and marked fishing pier. G.S. 113-185



- ltis unlawful to engage in trash or scrap fishing (the taking of young of edible fish before
they are of sufficient size to be of value as individual food fish) for commercial disposition as
bait, for sale to any dehydrating or nonfood processing plant, or for sale or commercial
disposition in any manner. The NCMFC'’s rules may authorize the disposition of the young
of edible fish taken in connection with the legitimate commercial fishing operations, provided
it is a limited quantity and does not encourage “scrap fishing”. G.S. 113-185

- Itis unlawful for any person without the authority of the owner of the equipment to take fish
from nets, traps, pots, and other devices to catch fish, which have been lawfully placed in
the open waters of the state. G.S. 113-268 (a)

- ltis unlawful for any vessel in the navigable waters of the state to willfully, wantonly, and
unnecessarily do injury to any seine, net or pot. G.S. 113-268 (b)

- ltis unlawful for any person to willfully destroy or injure any buoys, markers, stakes, nets,
pots, or other devices or property lawfully set out in the open waters of the state in
connection with any fishing or fishery. G.S. 113-268 (c)

The NCMFC may also approve rules that give the Fisheries Director the ability to issue
proclamations establishing temporary provisions for finfish management due to the existence of
variable conditions. These authorities are discussed in Section 4.1. Similarly, the statutory
licensing and reporting requirements for fishing activities apply equally to all types of finfish
harvest and there is no statute that would affect kingfish directly.

45.3 Marine Fisheries Commission Rules

The following rules adopted by the NCMFC affect management of kingfishes in North
Carolina. The version of the rules shown below is taken from North Carolina Fisheries Rules for
Coastal Waters effective January 1, 2005. These rules are codified in Title 15A Chapter 3 of
the North Carolina Administrative Code (15A NCAC 03).

SUBCHAPTER 03J — NETS, POTS, DREDGES, AND OTHER FISHING DEVICES
SECTION .0100 — NET RULES, GENERAL

.0101 FIXED OR STATIONARY NETS

It is unlawful to use or set fixed or stationary nets:

(1) In the channel of the Intracoastal Waterway or in any other location where it may constitute
a hazard to navigation;

(2) So as to block more than two-thirds of any natural or manmade waterway, sound, bay,
creek, inlet or any other body of water;

(3) In the middle third of any marked navigation channel;

(4) In the channel third of the following rivers: Roanoke, Cashie, Middle, Eastmost,
Chowan, Little, Perquimans, Pasquotank, North, Alligator, Pungo, Pamlico, and Yeopim.

History Note: Authority G.S. 113-134; 113-182; 143B-289.52;
Eff. January 1, 1991.

.0103 GILL NETS, SEINES, IDENTIFICATION, RESTRICTIONS

(@) It is unlawful to use a gill net with a mesh length less than 2% inches.

(b) The Fisheries Director may, by proclamation, limit or prohibit the use of gill nets or
seines in coastal waters, or any portion thereof, or impose any or all of the following
restrictions on the use of gill nets or seines:

(1)  Specify area.



(c)

(f)

(2)  Specify season.

(3) Specify gill net mesh length.

(4) Specify means/methods.

(5)  Specify net number and length.

It is unlawful to use fixed or stationary gill nets in the Atlantic Ocean, drift gill nets in the

Atlantic Ocean for recreational purposes, or any gill nets in internal waters unless nets

are marked by attaching to them at each end two separate yellow buoys which shall be

of solid foam or other solid buoyant material no less than five inches in diameter and no
less than five inches in length. Gill nets, which are not connected together at the top line,
shall be considered as individual nets, requiring two buoys at each end of each

individual net. Gill nets connected together at the top line shall be considered as a

continuous net requiring two buoys at each end of the continuous net. Any other marking

buoys on gill nets used for recreational purposes shall be yellow except one additional
buoy, any shade of hot pink in color, constructed as specified in Paragraph (c) of this

Rule, shall be added at each end of each individual net. Any other marking buoys on gill

nets used in commercial fishing operations shall be yellow except that one additional

identification buoy of any color or any combination of colors, except any shade of hot
pink, may be used at either or both ends. The owner shall always be identified on a buoy
on each end either by using engraved buoys or by attaching engraved metal or plastic

tags to the buoys. Such identification shall include owner's last name and initials and if a

vessel is used, one of the following:

(1)  Owner's N.C. motor boat registration number, or

(2) Owner's US vessel documentation name.

It is unlawful to use gill nets:

(1)  Within 200 yards of any pound net with lead and pound or heart in use;

(2) From March 1 through October 31 in the Intracoastal Waterway within 150 yards
of any railroad or highway bridge.

It is unlawful to use gill nets within 100 feet either side of the center line of the

Intracoastal Waterway Channel south of Quick Flasher No. 54 in Alligator River at the

southern entrance to the Intracoastal Waterway to the South Carolina line, unless such

net is used in accordance with the following conditions:

(1) No more than two gill nets per boat may be used at any one time;

(2) Any net used must be attended by the fisherman from a boat who shall at no time
be more than 100 yards from either net; and

(3) Any individual setting such nets shall remove them, when necessary, in sufficient
time to permit unrestricted boat navigation.

It is unlawful to use drift gill nets in violation of 15A NCAC 03J .0101(2) and Paragraph

(e) of this Rule.

It is unlawful to use unattended gill nets with a mesh length less than five inches in a

commercial fishing operation in the following areas:

(1) Pamlico River, west of a line beginning at a point on Mauls Point at 35° 26.9176’
N - 76° 55.5253" W; to a point on Ragged Point at 35° 27.5768 N - 76°
54.3612’ W;

(2) Within 200 yards of any shoreline in Pamlico River and its tributaries east of the
line from Mauls Point at 35° 26.9176’ N - 76° 55.5253’ W; to Ragged Point at 35°
27.5768' N - 76° 54.3612' W and west of a line beginning at a point on Pamlico
Point at 35° 18.5906' N - 76° 28.9530" W ; through Marker #1 to a point on Roos
Point at 35° 22.3622' N - 76° 28.2032' W;

(3) Pungo River, east of a line beginning at a point on Durants Point at 35° 30.5312
N - 76° 35.1594' W, to the northern side of the breakwater at 35° 31.7198"' N -
76° 36.9195' W,



Within 200 yards of any shoreline in Pungo River and its tributaries west of the
line from Durants Point at 35° 30.5312"' N - 76° 35.1594' W; to the northern side
of the breakwater at 35° 31.7198' N - 76° 35.1594' W, and west of a line
beginning at a point on Pamlico Point at 35° 18.5906' N - 76° 28.9530' W;
through Marker #1 to a point on Roos Point at 35° 22.3622' N - 76° 28.2032' W,
Neuse River and its tributaries northwest of the Highway 17 highrise bridge;
Trent River and its tributaries;

Within 200 yards of any shoreline in Neuse River and its tributaries east of a line
from the Highway 17 highrise bridge and west of a line beginning at a point on
Wilkinson Point at 34° 57.9116' N - 76° 48.2240' W; to a point on Cherry Point at
34° 56.3658' N - 76° 48.7110' W.

It is unlawful to use unattended gill nets with a mesh length less than five inches in a
commercial fishing operation from May 1 through October 31 in the following internal
coastal and joint waters of the state south of a line beginning at a point on Roanoke
Marshes Point at 35° 48.3693' N - 75° 43.7232' W; to a point on Eagle Nest Bay at 35°
44.1710' N - 75° 31.0520" W to the South Carolina state line:

(1)

(2)

All primary nursery areas described in 15A NCAC 03R .0103, all permanent
secondary nursery areas described in 15A NCAC 03R .0104, and no trawl areas
described in 15A NCAC 03R .0106 (3),(4),(6), and (7);
In the area along the Outer Banks, beginning at a point on Core Banks at 34°
58.7853" N - 76° 09.8922' W; to a point on Wainwright Island at 34° 59.4664' N -
76° 12.4859' W; to a point at 35° 00.2666' N - 76° 12.2000" W; to a point near
Beacon “HL” at 35° 01.5833' N - 76° 11.4500" W; to a point near North Rock at
35° 06.4000' N - 76° 04.3333' W; to a point near Nine Foot Shoal Channel at 35°
08.4333' N - 76° 02.5000' W; to a point near the west end of Clark Reef at 35°
09.3000' N - 75° 54.8166' W; to a point south of Legged Lump at 35° 10.9666’ N
—75°49.7166’ W; to a point on Legged Lump at 35° 11.4833' N — 75° 51.0833’
W; to a point near No. 36 in Rollinson Channel at 35° 15.5000’ N — 75° 43.4000°
W; to a point near No. 2 in Cape Channel at 35° 19.0333' N - 75° 36.3166' W; to
a point near No. 2 in Avon Channel at 35° 22.3000’ N — 75° 33.2000° W; to a
point on Gull Island at 35° 28.4500' N - 75° 31.3500' W; to a point west of Salvo
at 35° 32.6000’ N — 75° 31.8500’ W; to a point west of Rodanthe Pier at 35°
35.0000° N — 75° 29.8833’' W; to a point near No. 2 in Chicamacomico Channel,
to a point west of Beach Slough at 35° 40.0000' N — 75° 32.8666’ W; to a point
west of Pea Island at 35° 45.1833' N - 75° 34.1000' W; to a point at 35° 44.1710’
N - 75° 31.0520’ W. Thence running south along the shoreline across the inlets
to the point of beginning;
In Back and Core sounds, beginning at a point on Shackleford Banks at 34°
39.6601"' N - 76° 34.4078"' W, to a point at Marker #3 at 34° 41.3166' N - 76°
33.8333"' W; to a point at 34° 40.4500' N - 76° 30.6833' W; to a point near
Marker “A37" at 34° 43.5833' N - 76° 28.5833"' W; to a point at 34° 43.7500' N -
76° 28.6000' W; to a point at 34° 48.1500' N - 76° 24.7833"' W; to a point near
Drum Inlet at 34° 51.0500' N - 76° 20.3000' W; to a point at 34° 53.4166' N - 76°
17.3500'; to a point at 34° 53.9166' N - 76° 17.1166' W; to a point at 34° 53.5500'
N - 76° 16.4166' W; to a point at 34° 56.5500' N - 76° 13.6166' W; to a point at
34° 56.4833' N - 76° 13.2833' W; to a point at 34° 58.1833' N - 76° 12.3000" W;
to a point at 34° 58.8000' N - 76° 12.5166' W; to a point on Wainwright Island at
34° 59.4664' N - 76° 12.4859' W; to a point on Core Banks at 34° 58.7832' N -
76° 09.8922' W; thence following the shoreline south across Drum and Barden
inlets to the point of beginning;
Within 200 yards of any shoreline, except from October 1 through October 31,



south and east of Highway 12 in Carteret County and south of a line from a point
on Core Banks at 34° 58.7853' N - 76° 09.8922' W; to Camp Point at 35°
59.7942' N - 76° 14.6514"' W to the South Carolina state line.

History Note: Authority G.S. 113-134; 113-173; 113-182; 113-221; 143B-289.52

Eff. January 1, 1991;

Amended Eff. August 1, 1998; March 1, 1996; March 1, 1994; July 1, 1993;
September 1, 1991;

Temporary Amendment Eff. October 2, 1999; July 1, 1999; October 22, 1998;
Amended Eff. April 1, 2001.

Temporary Amendment Eff. May 1,2001;

Amended Eff. August 1, 2002.

SECTION .0200 — NET RULES, SPECIFIC AREAS

15A NCAC 3J .0202 ATLANTIC OCEAN

In the Atlantic Ocean:

(1)

(2)

It is unlawful to use nets from June 15 through August 15 in the waters of Masonboro
Inlet or in the ocean within 300 yards of the beach between Masonboro Inlet and a line
running southeasterly through the water tank 34° 13.1500'N - 77° 47.300' W on the
northern end of Wrightsville Beach, a distance of 4400 yards parallel with the beach.

It is unlawful to use trawls within one-half mile of the beach between the Virginia line and

Oregon Inlet.

It is unlawful to use a trawl with a mesh length less than four inches in the main body,

three inches in the extension, and one and three-fourths inches in the cod end or tail bag

inshore of a line beginning on the western side of Beaufort Inlet Channel at a point 34°

41.3000' N - 76° 40.1333' W; running westerly parallel to and one-half miles from the

shore off Salter Path to a point 34° 40.5333' N - 76° 53.7500" W.

It is unlawful to use trawl nets, including flynets, southwest of the 9960-Y chain 40250

LORAN C line (running offshore in a southeasterly direction) from Cape Hatteras to the

North Carolina/South Carolina line except:

(a) Shrimp trawls as defined in 15A NCAC 03L .0103;

(b) Crab trawls as defined in 15A NCAC 03L .0202; or

(c) Flounder trawls as defined in 15A NCAC 03M .0503.

Finfish taken with shrimp or crab trawls:

(a) It is unlawful to possess finfish (including pursuant to 15A NCAC 03M .0102)
incidental to shrimp or crab trawl operations from December 1 through March 31
unless the weight of the combined catch of shrimp and crabs exceeds the weight
of finfish except as provided in Sub-ltem (5)(b) of this Rule;

(b) It is unlawful to possess more than 300 pounds (Ib) of kingfishes (Menticirrhus,
sp.) taken south of Bogue Inlet regardless of the amount of shrimp, crabs or
finfish taken.

It is unlawful to use unattended gill nets or block or stop nets in the Atlantic Ocean within

300 yards of the beach from Beaufort Inlet to the South Carolina line from sunset Friday

to sunrise Monday from Memorial Day through Labor Day.

It is unlawful to use gill nets in the Atlantic Ocean with a mesh length greater than seven

inches from April 15 through December 15.

It is unlawful to use shrimp trawls in all waters west of a line beginning at the

southeastern tip of Baldhead Island at a point 33° 50.4833' N - 77° 57.4667' W; running

southerly in the Atlantic Ocean to a point 33° 46.2667' N - 77° 56.4000" W; from 9:00



.0402

P.M. through 5:00 A.M.

It is unlawful to use gill nets from September 1 through November 15 in the Atlantic
Ocean off the eastern end of Bogue Banks from a point at the western end of Fort
Macon State Park, offshore 350 yards to a point at 34° 41.4269'N - 76° 44.7856’W, then
running west to a point 350 yards offshore of the Raleigh Street stop net area at 34°
41.6824'N -76° 44.5351'W, then to shore at the Raleigh Street site at 34° 41.8666'N -
76° 44.5333" W., unless such nets are used in accordance with the following conditions:
Only gill nets with a maximum length not exceeding 160 yards may be used;

No stationary gill nets shall be used in a zone 200 yards wide beginning at a
point 150 yards from the beach at mean low water and extending offshore in a
southerly direction;

No gill nets may be set within 750 feet of an ocean fishing pier; and

No gill nets may be set within 450 yards east of a deployed stop net, as
measured from where both nets connect with the shore.

(@)
(b)

(c)
(d)

SECTION .0400 — FISHING GEAR

FISHING GEAR RESTRICTIONS

It is unlawful to use commercial fishing gear in the following areas during dates and
times specified for the identified areas:

Atlantic Ocean - Dare County:

Nags Head:

(1)

(A)

A)

(i)

(ii)

Seines and gill nets may not be used from the North Town Limit of

Nags Head at Eight Street southward to Gulf Street:

)] From Wednesday through Saturday of the week of the
Nags Head Surf Fishing Tournament held during October
of each year the week prior to Columbus Day.

(1 From November 1 through December 15.

Commercial fishing gear may not be used within 750 feet of

licensed fishing piers when open to the public.

Oregon Inlet. Seines and gill nets may not be used from the Friday
before Easter through December 31:

(i)

(ii)

Within one-quarter mile of the beach from the National Park
Service Ramp #4 (35° 48' 15" N - 75° 32' 42" W) on Bodie Island
to the northern terminus of the Bonner Bridge (35° 46' 30" N - 75°
32' 22" W) on Hwy. 12 over Oregon Inlet.

Within the area known locally as "The Pond", a body of water
generally located to the northeast of the northern terminus of the
Bonner Bridge.

Cape Hatteras (Cape Point). Seines and gill nets may not be used within
one-half mile of Cape Point from the Friday before Easter through
December 31. The closed area is defined by a circle with a one-half mile
radius having the center at Cape Point (35° 12' 54" N - 75° 31' 43" W).
The closed area begins one-half mile north of Cape Point at a point on
the beach (35° 13' 26" N - 75° 31' 39" W) and extends in a clockwise
direction, one-half mile from Cape Point, to a point on the beach (35° 13'
23" N - 75° 31' 59" W) northwest of Cape Point.

Atlantic Ocean - Onslow and Pender Counties. Commercial fishing gear may not
be used during the time specified for the following areas:

Topsail Beach. From January 1 through December 31, that area around
Jolly Roger Fishing Pier bordered on the offshore side by a line 750 feet
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from the end of the pier and on the northeast and southwest by a line
beginning at a point on the beach one-quarter mile from the pier
extending seaward to intersect the offshore boundary.

(B) Surf City:

(i)

(ii)

From January 1 to June 30, those areas around the Surf City and
Barnacle Bill's Fishing Piers bordered on the offshore side by a
line 750 feet from the ends of the piers, on the southwest by a line
beginning at a point on the beach one-quarter mile from the piers
and on the northeast by a line beginning at a point on the beach
750 feet from the piers extending seaward to intersect the offshore
boundaries.

From July 1 to December 31, those areas around the piers
bordered on the offshore side by a line 750 feet from the ends of
the piers, on the southwest by a line beginning at a point on the
beach 750 feet from the piers and on the northeast by a line
beginning at a point on the beach one-quarter mile from the piers
extending seaward to intersect the offshore boundaries.

(3) Atlantic Ocean - New Hanover County. Carolina Beach Inlet through Kure
Beach. Commercial fishing gear may not be used during the times specified for
the following areas:

(A) From the Friday before Easter to November 30, within the zones adjacent
to the Carolina Beach, Center and Kure Beach Fishing Piers bordered on
the offshore side by a line 750 feet from the ends of the piers and on the
north and south by a line beginning at a point on the beach one-quarter
mile from the pier extending seaward to intersect the offshore boundary,
except the southern boundary for Kure Beach Pier is a line beginning on
the beach one mile south of the pier to the offshore boundary for the pier.

(B) From May 1 to November 30, within 900 feet of the beach, from Carolina
Beach Inlet to the southern end of Kure Beach with the following
exceptions:

(i)

(ii)

(iif)

From one-quarter mile north of Carolina Beach Fishing pier to

Carolina Beach Inlet from October 1 to November 30:

H Strike nets may be used within 900 feet of the beach;

(1 Attended nets may be used between 900 feet and one-
quarter mile of the beach.

Strike nets and attended gill nets may be used within 900 feet of

the beach from October 1 to November 30 in other areas except

those described in Part (a)(3)(A) and Subpart (a)(3)(B)(i) of this

Rule.

It is unlawful to use commercial fishing gear within 900 feet of the

beach from Carolina Beach Inlet to New Inlet from October 15

through October 17.

It is unlawful to use gill nets or seines in the following areas during dates and times
specified for the identified areas:
(1) Neuse River and South River, Carteret County. No more than 1,200 feet of gill
net(s) having a stretched mesh of five inches or larger may be used:
(A) Within one-half mile of the shore from Winthrop Point at Adams Creek to
Channel Marker "2" at the mouth of Turnagain Bay.
(B) Within South River.
(2) Cape Lookout, Carteret County:
(A) Gill nets or seines may not be used in the Atlantic Ocean within 300 feet
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(8)

History Note:

of the Rock Jetty (at Cape Lookout between Power Squadron Spit and
Cape Point).

(B) Seines may not be used within one-half mile of the shore from Power
Squadron Spit south to Cape Point and northward to Cape Lookout
Lighthouse including the area inside the "hook" south of a line from the
COLREGS Demarcation Line across Bardens Inlet to the eastern end of
Shackleford Banks and then to the northern tip of Power Squadron Spit
from 12:01 a.m. Saturdays until 12:01 a.m. Mondays from May 1 through
November 30.

State Parks/Recreation Areas:

(A) Gill nets or seines may not be used in the Atlantic Ocean within one-
quarter mile of the shore at Fort Macon State Park, Carteret County.

(B) Gill nets or seines may not be used in the Atlantic Ocean within one-
quarter mile of the shore at Hammocks Beach State Park, Onslow
County, from May 1 through October 1, except strike nets and attended
gill nets may be used beginning August 15.

(©) Gill nets or seines may not be used within the boat basin and marked
entrance channel at Carolina Beach State Park, New Hanover County.

Mooring Facilities/Marinas. Gill nets or seines may not be used from May 1

through November 30 within:

(A) One-quarter mile of the shore from the east boundary fence to the west
boundary fence at US Coast Guard Base Fort Macon at Beaufort Inlet,
Carteret County;

(B) Canals within Pine Knoll Shores, Carteret County;

(©) Spooners Creek entrance channel and marina on Bogue Sound, Carteret
County; and

(D) Harbor Village Marina on Topsail Sound, Pender County.

Masonboro Inlet. Gill nets and seines may not be used:

(A) Within 300 feet of either rock jetty; and

(B) Within the area beginning 300 feet from the offshore end of the jetties to
the Intracoastal Waterway including all the waters of the inlet proper and
all the waters of Shinn Creek.

Atlantic Ocean Fishing Piers. At a minimum, gill nets and seines may not be

used within 300 feet of ocean fishing piers when open to the public. If a larger

closed area has been delineated by the placement of buoys or beach markers as
authorized by G.S. 113-185(a), it is unlawful to fish from vessels or with nets
within the larger marked zone.

Topsail Beach, Pender County. It is unlawful to use gill nets and seines from

4:00 p.m. Friday until 6:00 a.m. the following Monday in the three finger canals

on the south end of Topsail Beach.

Mad Inlet to Tubbs Inlet — Atlantic Ocean, Brunswick County. It is unlawful to use

gill nets and seines from September 1 through November 15, except that a

maximum of four commercial gill nets per vessel not to exceed 200 yards in

length individually or 800 yards in combination may be used.

Authority G.S. 113-133; 113-134; 113-182; 113-221; 143B-289.52;
Eff. March 1, 1996.

SUBCHAPTER 03M — FINFISH

SECTION .0100 — FINFISH, GENERAL
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.0102 UNMARKETABLE FOOD OR SCRAP FISH

(a) It is unlawful to land or dispose of finfish as trash or scrap fish if in violation of minimum
size or possession limits established by rule or proclamation.
(b) It is unlawful to land or dispose of finfish as trash or scrap fish taken in connection with

legitimate commercial fishing operations which are unmarketable as individual food fish
by reason of size, except that a quantity not exceeding 5,000 pounds per vessel per day
may be:
(1) Landed and sold to a licensed finfish dealer, a licensed fish dehydrating
plant or licensed finfish processing plant, and
(2) Purchased or accepted by a licensed finfish dealer, a licensed finfish
dealer, a licensed fish dehydrating plant or licensed finfish processor.
(c) Menhaden, herring, and gizzard shad are exempt from this Rule.
History Note: Authority G.S. 113-134; 113-185; 143B-289.52;
Eff. January 1, 1991.

.0103 MINIMUM SIZE LIMITS
It shall be unlawful to possess, sell, or purchase fish under four inches in length except:

(1) for use as bait in the crab pot fishery in North Carolina with the following provision:
such crab pot bait shall not be transported west of US Interstate 95 and when
transported, shall be accompanied by documentation showing the name and
address of the shipper, the name and address of the consignee, and the total weight
of the shipment.

(2) for use as bait in the finfish fishery with the following provisions:

(a) It shall be unlawful to possess more than 200 pounds of live fish or 100
pounds of dead fish.
(b) Such finfish bait may not be transported outside the state of North
Carolina.
Bait dealers who possess valid finfish dealers license from the Division of Marine Fisheries are
exempt from Subitems (2)(a) and (b) of this Rule. Tolerance of not more than five percent shall
be allowed. Menhaden, herring, gizzard shad, pinfish and live fish in aquaria other than those
for which a minimum size exists are exempt from this Rule.

History Note: Authority G.S. 113-134; 113-185; 143B-289.52; Eff. July 1, 1993.
4.5.4 Other States Kingfish Rules and Regulations

Georgia has a 10” size limit for kingfishes, which was enacted in 1998. South Carolina
is proposing a 10” size limit for kingfishes.

455 Federal Regulations

Pursuant to Title 33 US Code Section 3, the US Army Corps of Engineers has adopted
regulations which restrict access to and activities within certain areas of coastal and inland
fishing waters. Federal Rules codified at 33 CFR 334.410 through 334.450 designate prohibited
and restricted military areas, including locations within North Carolina coastal fishing waters,
and specify activities allowed in these areas.

Gill nets are prohibited in federal waters from the North Carolina/South Carolina border

to New Smyrna Beach, Florida in response to an entanglement and mortality of a northern right
whale (Eubalaena glacialis). A closure was enacted first on 15 February, 2006 through 31
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March, 2006 and listed in the Federal Registry (US Office of the Federal Register 2006a). A
permanent closure in these waters is expected (US Office of the Federal Register 2006b).
Currently, the waters are closed from 15 November, 2006 through 15 April, 2007 using the
Federal Registry Notice (US Office of the Federal Register 2006c). Maps of the closure area
are available in the Federal Registry (2006b) or
http://sero.nmfs.noaa.gov/pr/EmergencyRuleGilinetClosure.htm
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5. STATUS OF STOCK

5.1 LIFE HISTORY
5.1.1 Background

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 members of the drum
family (Sciaenidae). Southern kingfish is the most abundant kingfish in the South Atlantic Bight
(SAB) and Gulf of Mexico (Irwin 1971; Dahlberg 1972; Crowe 1984; Smith and Wenner 1985;
Harding and Chittenden 1987) with a range extending from Cape May, NJ southward to Buenos
Aires, Argentina (Fischer 1978). Northern kingfish is the most abundant kingfish in the Mid-
Atlantic Bight (Hildebrand and Schroeder 1928; Schaefer 1965; Ralph 1982) with a range
extending from the Gulf of Maine into the Gulf of Mexico (Fischer 1978). Gulf kingfish is the
most abundant kingfish in the surf zone south of Cape Hatteras, NC, and has a range extending
from Virginia (Welsh and Breder 1923; Irwin 1971) to Rio Grande, Brazil (Fischer 1978). Past
reports had listed a fourth species, M. focaliger, but the species was determined to be southern
kingfish (Irwin 1971). 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 (Welsh and Breder 1924).

Kingfishes are an elongate fusiform fish with a single chin barbel and an S-shaped
caudal fin. The three Atlantic species are morphologically and meristically similar causing
difficulty in species identification. A rough key is outlined in the Adult Section below and a more
detailed key is given in Carpenter (2002).

Since all three species are harvested in North Carolina, the FMP will include discussions
on the three species (if data are available). However, the focus of the management plan will be
on southern kingfish due to its greater abundance relative to the other two kingfish species and
a larger amount of published research. Gulf and northern kingfishes will be included as an
initial effort to describe information on life history, biology, and fishery importance in North
Carolina’s waters.

Length will be reported as total length (TL) in millimeters (mm) unless otherwise noted.
Millimeters can be converted to inches by dividing mm by 25.4.

5.1.1.1 Development

Only general descriptions will be used in the next sections since past studies may have
confused the three species (Fahay 1983; Ditty et al. 2006).

5.1.1.2 Eggs

The eggs are pelagic and buoyant with many oil globules (1-18) and a diameter of 0.7 -
0.9 mm. Incubation lasts 46-50 hours at 20 to 21° C (Welsh and Breder 1923).

5.1.1.3 Larvae

The larvae are 2.0 - 2.5 mm TL at hatching. Early larvae have 3 vertical bands of
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chromatophores on the tail posterior to the vent, and melanophores in the anterior-dorsal finfold.
At 3.7 mm the head is large and deep and melanophores form along the ventral surface of the
abdomen in rows. Pigmentation on upper lip and patch on the roof of mouth is visible
externally. At 5 mm, almost all soft dorsal and anal fin rays are developed (Lippson and Moran
1973). At 8-10 mm, all fins are present and the upper jaw projects beyond the lower jaw [Figure
5.1 (Lippson and Moran 1973; Able and Fahay 1998)]. Body and fins are covered partially or
wholly with melanophores (Able and Fahay 1998). Pigmentation patterns occur at different
sizes in juveniles collected from the Gulf of Mexico and juveniles from the Atlantic Coast (Ditty
et al. 2006). The caudal fin is asymmetrically elongate (Welsh and Breder 1923).

Dorsal Side

—Ventral Side

Abdomen Anal Fin

Melanophores Spinous Dorsal

Soft Dorsal
Chin barbel @ a 7= 4 Caudal Fin
20 mm
Figure 5.1. Larval and juvenile southern kingfish with a key to morphological characters.

Modified from Johnson, G.D. 1978.
5.1.1.4 Juvenile

At 18-20 mm, a small knob begins to form the single chin barbel (Figure 5.1). The tail
becomes more pointed asymmetrically (Lippson and Moran 1973). The spinous dorsal fin is
distinct from the soft dorsal fin. The soft dorsal fin is about twice the length of the anal fin and
body pigmentation is dusky to dark (Able and Fahay 1998). Juveniles begin to display adult
characteristics by 100 mm.

5.1.1.5 Adults

Adult kingfishes are an elongate fusiform fish with a single chin barbel and a S-shaped
caudal fin. The spinous dorsal fin contains 10-11 rays and the soft dorsal fin contains 19-27
rays. The anal fin has 1 spine with 6-9 soft rays (Carpenter 2002).

Southern kingfish color are variable and ranges from silvery to a blotchy gray with 7-8
faint oblique bars. The inner side of the gill cover is often black (Carpenter 2002).

Gulf kingfish are silvery in color with black etching on the upper lobe of the caudal fin
and has reduced scales on the pelvic (breast) plate. The inner side of the gill cover is dusky
(Carpenter 2002).

Northern kingfish have a large dorsal spine that extends approximately half way down

the second (soft) dorsal fin, 5-6 oblique bars on both sides, and a longitudinal stripe beginning
behind the pectoral fin that continues into the caudal fin. The second and third bars on the side
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form a V-shape under the spinous dorsal fin. The inner side of the gill cover is dusky
(Carpenter 2002).

5.1.2 Physio-Chemical Preferences and Tolerances
5.1.2.1 Temperature

Kingfishes are temperate fishes generally found in waters warmer than 10° C. Southern
kingfish have been collected in waters with temperatures ranging from 8.0° C (Bearden 1963) to
37.3° C (Irwin 1971). Larval and postlarval southern kingfish were found in warmer temperature
waters (12.0 - 37.3° C) than adults (Crowe 1984). Since kingfish spawn during the early spring
to early fall, it would be unlikely to find larval and postlarval kingfish in cold water (<10° C). As
temperatures cool southern kingfish move to deeper, warmer water or migrate south (Bearden
1963). Southern kingfish were not collected in water with temperatures less than 8.0° C
(Bearden 1963).

Northern kingfish occur in water temperatures of 7.8 to 35.8° C (Irwin 1971). Northern
kingfish first appear in the surf zone between 7.8 and 10° C and begin to migrate from the shore
when the water temperature drops below 15.6° C (Schaefer 1963). The greatest concentration
of northern kingfish occurs in temperatures between 24 and 26° C (Ralph 1982).

Gulf kingfish were collected in water temperature ranging from 10.8 to 31.0° C (Irwin
1971). Few studies have reported temperature tolerances of Gulf kingfish.

5.1.2.2 Salinity

Kingfishes are euryhaline and inhabit waters that range from nearly fresh (2.0 part per
thousand (ppt)) to hypersaline (36.6 ppt) depending on the species (Bearden 1963; Irwin 1971;
Crowe 1984). Southern kingfish have been observed in ocean and estuarine waters with
salinities as low as 2.0 ppt. Mean length increases with salinity indicating inshore waters act as
a nursery area for juveniles and sub-adult southern kingfish (Crowe 1984). Most southern
kingfish are found in salinities greater than 20 ppt (Bearden 1963; Irwin 1971).

In North Carolina, Gulf and northern kingfishes are more common in the surf zone than
southern kingfish (Ross and Lancaster 2002). Northern kingfish have been collected in waters
with salinities as low as 8 ppt but are most common in waters with salinities greater than 16 ppt
(Irwin 1971). Smaller northern kingfish are associated with lower salinity waters while adults are
in higher salinity waters indicating the importance of estuaries as nursery habitats (Ralph 1982).
Gulf kingfish are almost exclusively oceanic but have been found in waters with salinities as low
as 17.9 ppt (Irwin 1971).

5.1.3 Food/ Feeding

The kingfishes are opportunistic benthic feeders that use a single chin barbel to detect
epibentic prey or benthic prey (Viosca 1959; Irwin 1971; Chao and Musick 1977). Southern
kingfish consume polychaetes, crabs, mysids, pelecypod siphon tips, and mole crabs
(Hildebrand and Cable 1934; Viosca 1959; Irwin 1971; McMichael and Ross 1987). Northern
kingfish switch from feeding on copepods, mysids, crabs, and amphipods as juveniles to mole
crabs, amphipods, mysids, hermit crabs, polychaetes, and small fishes as adults (Irwin 1971;
Chao and Musick 1977; McMichael and Ross 1987). Dietary analyses of Gulf kingfish found
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crustaceans, polychaetes, molluscs, fishes, and pelecypod siphon tips (Viosca 1959; Irwin
1971; McMichael and Ross 1987).

Ontogenetic change in diet observed for the kingfishes has been attributed to the
atrophication of the swimbladder (Bearden 1963; Irwin 1971; Delancey 1984; McMichael and
Ross 1987). The swimbladder of southern and northern kingfishes begins to atrophy at
approximately 3.9 inches [100 mm TL (Irwin 1971; Ross et al. 1987)]. As the swimbladder
atrophies, the diet shifts from epibenthic or planktonic prey to more benthic items such as
pelecypod siphon tips, polychaetes, and mole crabs (Bearden 1963; Irwin 1971; Delancey 1984;
McMichael and Ross 1987).

Tidal stage and day/night feeding may have an influence on the diets of kingfishes.
Delancey (1984) observed tidal variation in the diet of Gulf kingfish. Ross et al. (1987) found a
significant difference between day and night diets but did not observe a difference in the tidal
stage. More detailed studies need to be conducted to understand the feeding habits of
kingfishes.

5.1.4 Biology
5.1.4.1 Age and Growth

Juvenile growth rates were estimated using length frequency and direct estimation by
tagging. Kingfishes have rapid growth as juveniles. Growth has been documented as much as
2 mm/day (Miller et al. 2002). After the first winter, the growth rate decreases (Schaefer 1965,
Smith and Wenner 1985).

Adult growth rates have been estimated using length frequency, scale aging, and otolith
aging. An age and growth study conducted by NCDMF estimated length at age using otolith-
based age estimates. Growth curves were developed for males and females of each kingfish
species because kingfishes exhibit a sexual dimorphic growth rate with females attaining a
larger maximum size than males (Table 5.1).

The NCDMF length at age for southern kingdfish is larger than those reported by Smith
and Wenner (1985). The difference in size at age may be attributed to selectivity by gear since
a majority of the NCDMF kingfishes collections were from gillnets. Size selectivity of gillnets will
generally capture the fastest growing young fish and slow growing older fish. The asymptotic
size for male southern kingfish is 12.0 inches (305 mm), slightly larger than previously reported
size of 11.5 inches [292 mm (Smith and Wenner 1985)]. Female asymptotic size estimated by
NCDMF [14.3 inches (362 mm)] was much lower than the 18.8 inches (477 mm) previously
reported (Smith and Wenner 1985). The hook and line fishery was investigated to determine if
significantly larger fish were present. There was no evidence of substantially larger fish being
captured in the hook and line fishery. Therefore, the 14.3 inches (362 mm) asymptotic size was
accepted as an estimation of the average maximum size for female southern kingfish.

The length at age for northern kingfish is similar to other published studies up to age 2
(Schaefer 1965; Ralph 1982). After age 2, the NCDMF study predicts a much smaller size at
age and asymptotic size for both males and females. The selectivity of gillnets may have
influenced the results of the length at age estimation, but the previous reports had few fish
greater than 14.3 and 14.5 inches (364 and 369 mm), the predicted asymptotic sizes for male
and female northern kingfish, respectively.
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Results of the aging study on Gulf kingfish conducted by NCDMF indicate that Gulf
kingfish growth rates are similar to northern and southern kingfishes growth rates. Females
reach a larger size at age and have a larger asymptotic size than males. The asymptotic sizes
for Gulf kingfish are 15.4 inches (392 mm) for males and 16.0 inches (406 mm) for females.

Table 5.1 Predicted length at age for the Atlantic Coast kingfishes captured in NC waters.
Kingfishes were aged using otoliths by NCDMF (2001-2004).

Southern Gulf Northern

Age Male Female Male Female Male Female
1 8.2 8.9 9.2 10.2 104 11.0
2 9.9 11.2 10.7 12.5 12.2 13.0
3 10.9 12.6 11.9 13.9 13.2 13.9
4 11.4 13.3 12.7 14.7 13.7 14.3
5 11.7 13.7 13.4 15.2 14.0 14.4
6 11.8 13.9 13.9 14.2

5.1.4.2 Length-Weight Relationship

A separate length-weight relationship was developed for each species and sex. The
three species exhibit differing growth patterns. Among the three kingfish species, the southern
kingfish has the greatest growth coefficient (3.18 and 3.21), which indicates the southern
kingfish weighs more per unit length than do northern and Gulf kingfishes (Table 5.2). In each
of the length-weight equations estimated by the NCDMF, the values for the y-intercept are
higher than previous studies due to differing scalar values. The weights for the kingfishes in the
study were in kilograms and length in millimeters. The other studies used grams to develop the
length-weight relationship. Since the equation was linearized, the choice of the weight measure
only shifted the y-intercept and not the slope of the line (i.e. the growth coefficient).

Table 5.2 Length-Weight relationship for the three Atlantic Coast kingfish species. The
variables are log transformed to linearize the data.

Southern Kingdfish

log W =-5.32 + 3.15 log TL (Smith and Wenner 1985)

log W =-5.79 + 3.33 log TL (Harding and Chittenden 1987)
log W =-4.49 + 2.93 log SL (Crowe 1984)

log W =-19.56 + 3.21 log TL (female NCDMF)

log W =-19.41 + 3.18 log TL (male NCDMF)

Northern Kingfish

log W =-5.17 + 3.07 log TL (Schaefer 1965)
log W =-5.20 + 3.11 log TL (Ralph 1982)
logW =-19.72 + 3.23 log TL (female NCDMF)
log W =-19.90 + 3.25log TL (male NCDMF)

Gulf Kingfish
logW =-18.85+3.08 log TL (female NCDMF)

logW =-18.83 + 3.08 log TL (male NCDMF)
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5.1.4.3 Maximum Size and Age

The International Gamefish Association records world record sizes for kingfishes caught
recreationally. The current world record sizes are 18.0, 19.0, and 18.3 inches (457 mm, 483
mm, and 464 mm) for southern, Gulf, and northern kingfishes, respectively (D. Blodgett,
personal communication, July 16, 2003). Harding and Chittenden (1987) reported a maximum
size of 16.5 inches (419 mm) for southern kingfish in the Gulf of Mexico. The fish was aged
using length frequency analysis and estimated to be 4 years old. The maximum size for
southern kingfish recorded in the aging study by NCDMF was 16.1 inches (410 mm) aged at 5
years old. The maximum observed length for a southern kingfish in all NCDMF sampling was a
18.5 inch (471 mm) fish captured in a gillnet (no aging sample was collected).

The maximum observed age in NC (using otoliths) is a 12.6 inch (320 mm) male aged at
8 years old collected during an age validation experiment (Collier, personal observation). The
oldest age class for males included in the NCDMF study was slightly lower at 6 years old and
ranged from 11.3 to 13.1 inches [287-334 mm (n=4)]. The oldest female in the study was a 6
year old at 13.1 inches (333 mm).

The maximum age for Gulf kingfish males and females was 7 [13.1 inches (332 mm)]
and 5 years old [15.0- 16.3 inches (380-413 mm, n=3)], respectively. The largest Gulf kingfish
was 17.9 inches (454 mm) aged at 3 years old.

Northern kingfish were aged to 6 years old for males [12.8 inches (324 mm)] and 5 years
old for females [14.3 inches (362 mm)]. The largest northern kingfish aged by NCDMF was a
17.1 inch (435 mm) female at 3 years old.

Although not plotted here, there is considerable overlap in the length at age for
kingfishes as indicated by the data above on the maximum size and age of kingfishes. The
largest fish for each species was aged at 3 years old and the oldest fish tended to be near the
predicted average maximum size for each species.

5.1.5 Reproduction
5.1.5.1 Spawning Location

Spawning locations are unknown off North Carolina. Anecdotal evidence suggests
spawning occurs on the bottom (Ralph 1982) in the nearshore ocean and possibly inshore.
Ripe kingfishes and kingfish eggs have been collected in nearshore ocean and estuarine waters
from early spring to September (Hildebrand and Cable 1934; Bearden 1963; Hoese 1965; Smith
and Wenner 1985; Bourne and Govoni 1988).

5.1.5.2 Spawning Seasonality

Based on the appearance of juveniles in surf zone seine surveys, the spawning season
of kingfishes occurs from April through October (Welsh and Breder 1924; Hildebrand and
Schroeder 1928; Bearden 1963; Schaefer 1965; Smith and Wenner 1985). Southern and
northern kingfishes spawn earlier than Gulf kingfish based on peak juvenile abundance in the
surf zone (Irwin 1971; Modde 1981; McMichael and Ross 1987).
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Spawning seasonality for southern kingfish was determined by NCDMF to be from April
to September using macroscopic determination of female gonadal development as well as
gonadosomatic index (GSI) (Figure 5.2). The GSI values are the percent of gonad weight/ (total
weight-gonad weight). GSlI is a technique to standardize gonad weight for fish of all sizes to

enable quantitative investigations of spawning seasonality.
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The percent of southern kingfish females in the 5 stages of reproductive

development (n=686) and gonadosomatic index (GSI) by month. The stages
were based on macroscopic descriptions from Smith and Wenner (1985). GSI
values graphed are an average for females by month.

The spawning season for Gulf kingfish begins in May and extends through September
based on length frequency data from seine studies (Bearden 1963; Modde 1980; McMichael
and Ross 1987). NCDMF collected ripe fish from April to October and developing fish from
March to October (Figure 5.3). The GSI values are highest in late spring and early summer and
decrease monthly until November when fish were either resting or immature.
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Figure 5.3.  The percent of Gulf kingfish females in the 5 stages of reproductive development
(n=257) and gonadosomatic index (GSI) by month. The stages were based on
macroscopic descriptions from Smith and Wenner (1985) for southern kingfish.
GSI values graphed are an average for females by month.

The spawning season for northern kingfish extends from late June through August
(Welsh and Breder 1923; Schaefer 1965; Miller et al. 2002). NCDMF has collected northern
kingfish in the ripe condition in May and September and developing fish from April to October
(Figure 5.4). The GSI values indicated peak spawning occurs in the early summer and then
drops dramatically in late summer (after June).
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Figure 5.4.  The percent of northern kingfish females in the 5 stages of reproductive
development (n=256) and gonadosomatic index (GSI) by month. The stages
were based on macroscopic descriptions from Smith and Wenner (1985) for
southern kingfish. GSI values graphed are an average for females by month.

5.1.5.3 Maturity Schedule

Female kingfishes begin to mature at 6.7 inches (170 mm) with most kingfishes (>75%)
mature by 10 inches TL (250 mm). Length at maturity varies for each kingfish species as well
as sex. Southern kingfish mature sexually at a total length of approximately 5.3 inches (135
mm) for males and 7.6 inches (192 mm) for females (Smith and Wenner 1985). Southern
kingfish females mature at 8.2 inches (209 mm) in North Carolina (n=686) (NCDMF unpublished
data) (Figure 5.5). The length at maturity was defined as the point at which 50% of the fish are
mature using logistic regression.

23



100% - .
90% - ¢ Observed
80% - —— Predicted
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0%

Q S \QQ ,\(OQ f],QQ q(?Q %QQ (b(oQ D(QQ DEOQ ‘OQQ

Percent Mature

Total Length (mm)

Figure 5.5 The percent of southern kingfish females mature by size as estimated by
NCDMF. Total length was grouped into 10 mm size bins to increase sample
sizes in each size class. The squares represent observed percent mature and
the line is the predicted maturity schedule using a logistic equation.

The smallest female southern kingfish observed maturing in NC was 7.2 inches (183
mm). Males mature at a smaller size than the females. The smallest mature male southern
kingfish was a 3.9 inch (99 mm) fish (SC DNR unpublished data) and smallest mature female
was 7.1 inches [180 mm (Smith and Wenner 1985)].

Gulf kingfish females begin to mature at 7.4 inches (187 mm), and 50% of the fish are

mature at 8.7 inches [221 mm (Figure 5.6)]. The females are fully mature by 10.6 inches [270
mm, n=257 (NCDMF unpublished data)].
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Figure 5.6 The percent of Gulf kingfish females mature by size as estimated by NCDMF.
Total length was grouped into 10 mm size bins. The squares represent observed
percent mature and the line is the predicted maturity schedule.

Northern kingfish females began to mature at 7.0 inches (178 mm) with 50% of the fish
mature at 7.9 inches (201 mm) in NC [n=256 (Figure 5.7) (NCDMF unpublished data)].
Northern kingfish are all mature at 11.8 inches (300 mm). Past studies did not report length at
maturity for northern kingfishes.
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Figure 5.7 The percent of northern kingfish females mature by size as estimated by

NCDMF. Total length was grouped into 10 mm size bins. The squares represent
observed percent mature and the line is the predicted maturity schedule.
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5.1.5.4 Age at Maturity

Kingfishes begin to mature during their second summer (Hildebrand and Cable 1934;
Schaefer 1965; Smith and Wenner 1985). The age at maturity is defined differently than length
at maturity since kingfishes are 50% mature between age 0 and 1 (Figure 5.8). Individuals of all
three species begin to mature at age 0 and most individuals are mature by age 1 with southern
kingfish females having the smallest proportion mature at 85%. All kingfishes are mature by
age 3. The NCDMF assigned the birth date of kingfishes as May 1 based on the presence of
annulus on the otolith and peak GSI for southern and Gulf kingfishes (Figures 5.2 and 5.3).
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Figure 5.8.  The percent mature at age for female southern, Gulf, and northern kingfishes.
Ages are rounded down to the nearest whole year.

5.1.5.5 Sex Ratio

The sexually dimorphic growth rates of kingfishes causes changes in sex ratio
depending on the length of the fish (Figure 5.9). The ratio of southern kingfish females to males
begins to increase after 9.8 inches (250 mm). All southern kingfish are females by 13.4 inches
(340 mm). Gulf kingfish are 100% female by 15.4 inches (390 mm). The proportion of northern
kingfish females was greater than 50% for all lengths except 6.3 to 7.0 inches (160-179 mm)
and had an increasing trend in percent of females as length increased for sizes greater than 6.3
inches (160 mm).

Most of the southern kingfish (79%) landed in the shrimp trawl fishery were female
(Smith and Wenner 1985); however, more recent work by NCDMF noted only 60% to be female
(Table 5.3). In Smith and Wenner (1985), only the fish retained by the fishermen [>7.5 inches
(190 mm)] were included in the ratio, while in the NCDMF study all fish caught were included.
Since southern kingfish have an increasing percentage of females with increasing size, the
ratios in the NCDMF study would be expected to have a smaller percentage of females than
Smith and Wenner study (1985). The sex ratio of southern kingfish for all gears combined is
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skewed toward females (73%).

Gulf kingfish are the only kingfish to have similar proportions of males and females.
Seines and hook and line tended to harvest more females than males, but the overall
percentage was 54% female.
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Figure 5.9 Percent female of southern, Gulf, and northern kingfishes grouped in 20 mm
length classes. The size classes were grouped into 20 mm bins to reduce the
variability in the data.

Contrary to an earlier study that found the sex ratio for northern kingfish did not differ
from a 1:1 ratio statistically (Ralph 1982), the NCDMF study found 71% of the northern kingfish
to be female. The bias in the NCDMF study could be due to the size selective nature of
commercial gears, which tend to harvest larger individuals. The ratios were similar among gill
nets, seines, and trawls.

Table 5.3 Proportion female by gear for the southern, Gulf, and northern kingfishes.
Sample sizes are listed for each gear category in parentheses. For gears with
less than 10 fish, the proportion was not listed but was included in the grand total
for species composition.

Pound Beach Long Haul Hook and
Species Net Gill net Seine Seine Line Trawl  Grand Total
Southern 0.94 (16) 0.81 (837) 1.00 (13) 0.71(21) 0.76 (50) 0.60 (644) 0.73 (1581)
Gulf 0.50 (151) 0.70 (63) 0.64 (112) 0.50 (303) 0.54 (629)
Northern 0.74 (255) 0.73 (56) 0.67 (253) 0.71 (565)

5.1.6 Movements and Migrations

In the surf zone, juvenile kingfishes are regarded as spring-summer residents (Tagatz
and Dudley 1961; Bearden 1963; Dahlberg 1972; Modde 1980; Modde and Ross 1981;
McMichael and Ross 1987). Abundance of juvenile southern and northern kingfishes (<150
mm) in the surf zone peaks during May throughout the SAB and Gulf of Mexico slightly before
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the peak abundance of juvenile Gulf kingfish (Irwin 1971; Modde 1980; Modde and Ross 1981;
McMichael and Ross 1987). The difference in peak abundances of the kingfishes has been
explained by interspecies resource partitioning or by varying temperature tolerances (Ross et al.
1987). Adult kingfishes (> 150 mm) are most common at depths less than 26 meters (Ralph
1982; Crowe 1984; Harding and Chittenden 1987) but have been reported in the ocean as deep
as 99 meters (Bearden 1963).

5.1.6.1 Larval Transport

Little is known about the spawning of kingfishes, and therefore, the mechanisms that
transport larvae are poorly understood. The eggs of kingfishes are buoyant. Buoyant eggs and
larvae of other species are transported into estuaries by wind driven currents, Ekman transport,
and advection pushing the buoyant eggs and larvae toward shore (Lawler et al. 1998). The
spawning of kingfishes likely takes place in the near shore ocean (Hoese 1965) with some
kingfishes spawning inshore (Bourne and Govoni 1988). These inshore spawned kingfishes
need to be retained within the nursery habitat for protection and food resources. Mechanisms
to transport southern and northern kingfishes into estuaries and retention of kingfishes in the
surf zone need to be studied to better understand the recruitment dynamics of kingfishes.

5.1.6.2 Juvenile Movement

Young of the year (YOY) tend to be found in shallower water than adults but it varies
among species. Northern kingfish juveniles utilized the surf zone in New Jersey and began to
egress as the fish grew (Miller et al. 2002). A North Carolina study found Gulf kingfish to exhibit
site fidelity in which Gulf kingfish remained in an area throughout a summer (Ross and
Lancaster 2002). As waters cool, YOY migrate from the surf zone to deeper water (Bearden
1963; Schaefer 1965; Miller et al. 2002).

5.1.6.3 Adult Migration

Offshore trawl surveys observed that adult abundance is lowest in summer and peaks in
the winter (Hoese 1965; Anderson 1968; Smith and Wenner 1985). A gradual increase in the
abundance of kingfishes occurs with decreasing latitude during the winter along the Atlantic
coast (Anderson 1968; Smith and Wenner 1985). The increase in abundance during the winter
has been hypothesized to represent a southerly migration of kingfishes (Smith and Wenner
1985). A tagging study was conducted in Southeastern North Carolina to determine migration
patterns of adult kingfishes off North Carolina, but the study had very few tag returns limiting the
conclusions of the study (Beresoff and Schoolfield 2002).

5.2 STOCK STATUS

The status of the North Carolina kingfish stock is unknown. The status was classified as
unknown because of unknown discard rates, the defined management unit did not address the
unit stock of kingfish, and unknown fishing mortality rates (a peer reviewed stock assessment
was not accepted).

5.3 TREND ANALYSIS
Two different stock assessment models were attempted to determine sustainable

harvest levels, but peer reviewers and the Kingfish Fishery Management PDT rejected the stock
assessments due to deficiencies in the data. A major deficiency cited by all the reviewers was
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the lack of migration (mixing) data to determine the movement of kingfish along North Carolina
(NC) as well as the Atlantic coast. Clearly, if management addresses only one part of a large
resource that is being affected by heavy exploitation in other areas, its chances for success will
be constrained by those outside forces (Berkes et al. 2001). Other deficiencies included: low or
no correlation between the indices used in the biomass dynamic model, gaps in the aging data
from 1997 to 2001 along with a low sample size of aged fish, lack of discard data, and low
fishery dependent sample sizes in the directed kingfish sink net fishery.

Trend analysis was conducted for southern kingfish in lieu of a stock assessment.
Trend analysis was conducted on dependent and independent data to detect relative changes
in kingfish abundance. ldeally, these data sources would be representative of the kingfish
population in number, size, and age. Dependent data are data collected from the different
fisheries (both recreational and commercial) by the NCDMF. Dependent data included the
South Atlantic commercial and recreational, NC commercial and recreational, and FL
commercial landings. Independent data are collected through biological studies by NCDMF or
other agencies. Independent data included the SEAMAP and Pamlico Sound Survey (PSS).
Analyses used to determine trends in the kingfish stock included: regression analysis, length
frequency plots, survivorship curves, and age distribution. This paper includes a brief
description and summary of the life history and landings for kingfish. A more detailed review is
included in the Life History, Commercial Fishery, and Recreational Fishery sections.

The trend analysis section should be used as a guideline for the management of
kingfish. The stock status of kingfish will remain unknown until a coastwide stock assessment is
completed. Although the stock status will remain unknown, management measures can still be
considered to ensure a sustainable harvest of kingfish.

5.3.1 Life History and Distribution

Three species of kingfishes occur in NC: southern kingfish (Menticirrhus americanus),
Gulf kingfish (M. littoralis), and northern kingfish (M. saxatilis). Southern kingfish is the most
abundant kingdfish in the SAB and Gulf of Mexico (Irwin 1971; Dahlberg 1972; Crowe 1984;
Smith and Wenner 1985; Harding and Chittenden 1987) with a range that extends from Cape
May, NJ to Buenos Aires, Argentina (Fischer 1978). Northern kingfish is most abundant in the
Mid-Atlantic Bight (Hildebrand and Schroeder 1928; Schaefer 1965; Ralph 1982) with a range
that extends from the Gulf of Maine into the Gulf of Mexico (Fischer 1978). Gulf kingfish is most
abundant in the surf zone south of Cape Hatteras, NC, and has a range that extends from
Virginia (Welsh and Breder 1923; Irwin 1971) to Rio Grande, Brazil (Fischer 1978).

Juvenile kingfishes are regarded as spring-summer residents of the surf zone (Tagatz
and Dudley 1961; Bearden 1963; Dahlberg 1972; Modde 1980; Modde and Ross 1981;
McMichael and Ross 1987). Abundance of juvenile southern and northern kingfishes [<5.9
inches (150 mm)] in the surf zone peaks during May throughout the SAB and Gulf of Mexico
slightly before the peak abundance of juvenile Gulf kingfish (Irwin 1971; Modde 1980; Modde
and Ross 1981; McMichael and Ross 1987). Southern kingfish also use estuarine waters as
habitat. They are frequently captured in the NCDMF PSS and by shrimp boats and gillnets in
estuarine waters of NC. However, little research has been done to describe the utilization of
estuarine habitats by southern kingfish and migration of southern kingfish out of the estuaries.
Adult kingfishes (> 5.9 inches) are most common at depths less than 85 feet (Ralph 1982;
Crowe 1984; Harding and Chittenden 1987) but have been reported in the ocean as deep as
325 ft (Bearden 1963).

29



Length at maturity varies by sex and species. Males mature at a smaller size than the
females. Southern kingfish on average mature at a TL of 5.3 inches (135 mm) for males and
7.6 inches (192 mm) for females in the SAB (Smith and Wenner 1985). However in NC,
southern kingfish females mature at a slightly larger size, 8.2 inches (209 mm) [n=686 (NCDMF
unpublished data)]. Most individuals of each species are mature by age 1 with southern
kingfish females having the least percent mature at age 1 (85%). All kingfishes are mature by
age 3.

Spawning seasonality for southern kingfish was from April to September based on the
presence of developing and ripe females as well as a gonadosomatic index. Although
spawning locations are unknown off NC, anecdotal evidence suggests spawning occurs on the
bottom (Ralph 1982) in the nearshore ocean and possibly in high salinity estuarine waters.
Ripe kingfishes have been collected in nearshore ocean waters from early spring to September
(Bearden 1963; Smith and Wenner 1985). Ripe fish and eggs have also been collected in
estuarine waters (Hildebrand and Cable 1934; Hoese 1965; Bourne and Govoni 1988).

Adult growth rates have been estimated using length frequency, scale aging, and otolith
aging. Otoliths were found to be the most precise aging structure, and therefore, the NCDMF
aging study used otolith-based age estimates to predict length at age (Collier, NCDMF,
unpublished data). Kingfishes were found to exhibit sexually dimorphic growth rates with
females attaining a larger maximum size than males for each species (Table 5.4).

Table 5.4 Predicted total length at age for the Atlantic coast kingfishes captured in NC waters.
Kingfishes were aged using otoliths by NCDMF (2001 - 2004).

Species
Southern (n=1,801) Gulf (n=629) Northern (n=565)

Age Male Female Male Female Male Female
1 8.2 8.9 9.2 10.2 10.4 11.0
2 9.9 11.2 10.7 12.5 12.2 13.0
3 10.9 12.6 11.9 13.9 13.2 13.9
4 11.4 13.3 12.7 14.7 13.7 14.3
5 11.7 13.7 13.4 15.2 14.0 14.4
6 11.8 13.9 13.9 14.2

Current evidence suggests that kingfish migrate south and offshore during the fall and
north during the spring. Abundance gradually increases with decreasing latitude during the
winter along the South Atlantic coast (Anderson 1968; Smith and Wenner 1985). During the
summer, abundance was lower and more evenly distributed along the South Atlantic coast. A
kingfish tagging project conducted off Southeastern NC had limited success in describing
kingfish migratory patterns due to few tag returns (Beresoff and Schoolfield 2002). However,
evidence of southerly migration was present with one fish released off Holden Beach, NC
recaptured off Tybee Island, SC, which is just north of the GA border.

5.3.2 Landings Data
5.3.2.1 Commercial

The Atlantic coast states (Maine to Florida) have accounted for 71% of the commercial
kingfish landings since 1950 with the remainder coming from Gulf states (Personal
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communication from the National Marine Fisheries Service (NMFS), Fisheries Statistics
Division). The South Atlantic states (North Carolina, South Carolina, Georgia, and Florida) have
contributed 96% of the total Atlantic coast landings (1950-2004). Landings in the South Atlantic
have shown a significant downward trend since 1950 (Figure 5.10). The east coast of Florida
accounted for the highest percentage (48%) of the South Atlantic kingfish landings followed by
North Carolina 37%, Georgia 9%, and South Carolina 6%.

More recent landings for the South Atlantic (1989-2004) have shown a slightly steeper
decrease. However, the decline in North Carolina’s landings over the same time period was not
as dramatic (Figure 5.11). Regulations that were enacted in Florida (gill net ban) and North
Carolina (flynet restrictions, 50-50 rule) most likely accounted for some of the decrease
although the decline in landings began before any of these regulations were passed. The
percent contribution of South Atlantic landings has shifted with North Carolina accounting for the
greatest proportion (50%) of landings since 1989. The other South Atlantic states had a
decrease in percent contribution of landings with Florida dropping from 48% to 43%, Georgia
from 9% to 3%, and South Carolina from 6% to 4%.
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Figure 5.10 Commercial landings of kingfishes and overall trend for the South Atlantic (North
Carolina to Florida), 1950 — 2004.
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Figure 5.11  South Atlantic and NC commercial harvest of kingfishes, 1989 - 2004.

North Carolina’s commercial landings peaked in 1954 at 1.8 million Ib [Figure 5.12
(Personal communication from the NMFS, Fisheries Statistics Division)] and had a low in 1976
harvesting 123,700 Ib. Landings gradually increased in the 1980’s and 1990’s. Landings
decreased from 1993 to 1998 in conjunction with the phase out of the flynet fishery south of
Cape Hatteras and harvest restrictions placed on the shrimp trawl fishery. Landings of
kingfishes averaged 581,380 Ib from 1999 to 2004.
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Figure 5.12 Commercial landings of kingfishes for North Carolina, 1950 - 2004.

The majority of landings of kingfishes have come from the ocean (84%) and, to a lesser
extent, Pamlico (9%) and Core (4%) sounds. Harvest and effort in the fisheries for kingfishes
are seasonal with peak landings and effort occurring in the spring and fall. Since 1994, the gill
net fishery has dominated the landings (62%) while shrimp trawls ranked second (23%) and fish
trawls third (8%).

5.3.2.2 Recreational

Recreational data have been collected since 1981 by the Marine Recreational Fisheries
Statistics Survey (MRFSS). The recreational catch for all three species is substantial averaging
1.2 million Ib from 1981 to 2004 in the South Atlantic for all modes and strata [Figure 5.13
(Personal communication from the NMFS, Fisheries Statistics Division)]. The landings in 2001
and 2004 were the two highest on record catching over 2 million Ib. The dominant species
(1981-2004) was southern kingfish averaging 783,291 Ib or 68% of the total kingfish catch. Gulf
kingfish were second in Ib caught averaging 237,787 Ib (21%) and northern kingfish averaged
132,312 1b (11%).
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Figure 5.13  The recreational landings of southern, Gulf, and northern kingfishes for the South
Atlantic, 1981 - 2004.

Recreational landings of all three species in NC have fluctuated from 1981 to 2004
averaging 277,004 Ib [Figure 5.14 (Personal communication from the NMFS, Fisheries Statistics
Division)]. The NC harvest averaged 24% of the total landings for the South Atlantic and ranked
second behind FL. The highest landings occurred in 2001. Southern kingfish was the most
common kingfish averaging 150,718 Ib or 54% of the total NC kingfish catch. Northern kingfish
ranked second averaging 108,922 Ib (39%) and Gulf kingfish averaged 17,363 Ib (6%). The
recreational data for kingfish caught in NC have a fairly high proportional standard error (PSE)
that should be considered. Tables of the total landings and corresponding PSEs by species are
listed in Recreational Fishery section of the FMP.
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Figure 5.14  Recreational landings of southern, Gulf, and northern kingfishes for NC, 1981 -
2004.

5.3.3 Trend Analysis

The trend analysis uses data broken down to the finest level of detail. Commercial
fisheries data from the North Carolina Trip Ticket Program (NCTTP) does not differentiate
among species but the recreational fishery has species level data available. The Kingfish PDT
recommended using southern kingfish as the indicator species for this complex. This decision
was based on three criteria: 1) Southern kingfish are the most abundant kingfish in the SAB
(Irwin 1970; Dahlberg 1972; Smith and Wenner 1985), 2) NCDMF’s biological data are primarily
southern kingfish data, and 3) Species-specific management measures would be difficult to
develop because all three are caught and landed as a functional unit. Therefore, based on fish
house sampling, commercial landings were converted to southern kingfish landings using
proportion by weight and by gear. The proportions in the major commercial fisheries were 0.837
for ocean sink net, 0.99 for estuarine fisheries, and 0.877 for ocean fisheries excluding sink nets
for all years combined. An average proportion by fishery was calculated due to limited fishery
dependent sampling in some years. Proportions were based on NCDMF’s dependent sampling
where species-specific identifications were made.

The years described in the trend analysis included 1989 to 2004. This time span
represented NCDMF’s best time series of data. The SEAMAP and PSS surveys had been
conducted since 1989. The MRFSS survey had consistent sampling methodology since1989.
The NCTTP started in 1994, limiting the analyses of dependent data to 1994 through 2004.
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5.3.3.1 Data Sources

Dependent

CPUE can be used as a proxy for stock abundance although this type of analysis is often
hindered by several problems. Populations may experience hyper-aggregation as stock size
decreases causing CPUE to increase as stock size decreases. Fishermen may change the unit
of effort by increasing gear size or by becoming more efficient due to advances in technology
(Hilborn and Walters 1992; Walters and Martell 2004). Despite these precautions and a lack of
better dependent data, CPUEs were developed for data from the NCTTP (1994 - 2004) and
MRFSS (1989 - 2004). The sink net and recreational fisheries were analyzed for trends. The
unit of effort for all dependent indices was a trip since this was the finest level of detail available
from 1994 to 2004 in the commercial fisheries.

The sink net fishery targets kingfishes and was included due to this gears dominance in
landings. However, this fishery is particularly problematic for CPUE analysis due to selectivity
and effort. Selectivity in gilinets can change with mesh size and effort can change by increasing
or decreasing the soak time and amount of gear used. The sink net CPUE was calculated for
all trips for a subset of fishermen that were known to target kingfishes in the ocean using sink
nets as the primary gear, and also reported landing kingfishes on the trip ticket.

The recreational fishery has likely been the most consistent relative to catchability since
rules have not been implemented on the recreational fishery. Harvest from MRFSS was
calculated for trips in the ocean (< 3 miles), sound, and river from piers, docks,
bridge/causeway, private boats, and rental boats. CPUEs were calculated for both the South
Atlantic and NC to determine if the trend observed in NC was similar along the coast.

Commercial shrimp trawl, ocean trawl, and long haul seine CPUEs were not included in the
trend analysis due to a lack of confidence in the data and significant regulations placed on the
three fisheries. The long haul seine fishery was included in the length frequency analysis since
it was the only inshore fishery with adequate samples to develop length frequency plots.
However, cull rings were required in the bunt of the seine and may have impacted the size
selectivity.

Trends for FL commercial fisheries were provided for additional insight into the kingfish
population since the population is likely to mix throughout the South Atlantic. FL has been a
major contributor to the commercial kingfish landings ranking second to NC in total of kingfish
commercially landed from 1989 to 2004. FL catch per trip was analyzed for the top four
fisheries (trawls, gillnets, cast nets, and beach seines) from 1989 to 2004 (Personal
communication from Steve Brown, Florida Fish and Wildlife Conservation Commission).

Independent

SEAMAP (1989-2004) and NC PSS (1989-2004) were the two best independent data
sets available to detect trends in the population abundance of southern kingfish. Independent
CPUEs were calculated as the number of fish captured per tow with an assumption that
catchablity has remained consistent. These two independent data sources were separated into
adult and YOY CPUEs. Since many of the fish caught in the independent studies were not
aged directly, an upper size limit was established for YOY based on length at age and month of
sampling.
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SEAMAP was initiated in 1986 to provide a long-term independent data on the seasonal
abundance and biomass of finfish in the nearshore ocean along the southeastern US Atlantic
coastline (SEAMAP 2004). The survey design was replicated after the NMFS Groundfish Fish
Survey and is conducted in the spring, summer, and fall of each year. The fishing effort unit
was a 20-minute tow of a paired 75 foot mongoose-type Falcon trawl net without a turtle
excluder device (TED). Since the SEAMAP survey is conducted from Cape Hatteras to Cape
Canaveral, the survey allowed for a direct comparison of the NC subset of the SEAMAP data
with the overall trend for the South Atlantic. This comparison was done for a combined yearly
CPUE (number of individuals) for all southern kingfish. Southern kingfish captured along the
NC coast were further separated into YOY and adults based on lengths with 5.9 inches (150
mm) the maximum length for YOY during the summer and 8.1 inches (205 mm) the maximum
length for YOY during the fall. CPUEs (combined summer and fall surveys) were calculated and
regressed to detect a trend in the CPUE.

The PSS was initiated in 1989 to develop a long-term database of species diversity,
richness, and length composition in the Pamlico Sound and its tributaries. The survey is
conducted in the summer and fall of each year. Pamlico Sound was sampled in both shallow
(1.8-3.7 m or 6-12 ft) and deep (greater than 3.5 m or 12 ft) strata by towing a double-rigged 30
foot demersal mongoose trawl without a TED for 20-minutes. The length cutoff to separate
YOY southern kingfish from adults was 5.9 inches (150 mm) for the summer and 7.5 inches
(190 mm) for the fall, based on the length at age key.

5.3.4 Trend Analysis Methods
5.3.4.1 General Linearized Model (GLM)

Regression analysis (Proc GLM) was used to determine if a linear trend in the CPUE
was evident in the surveys (SAS 1985). A 0.10 level of significance was chosen because of the
low sample size (11 or 16 years) and the high natural variation in population sizes (Walters and
Martell 2004).

Two dependent (sink net and MRFSS) and two independent (SEAMAP and PSS)
surveys were combined and then analyzed to determined their respective trends. A Z -
transformation (normal deviate) was used to standardize the CPUEs. The standardization was
conducted with CPUEs during identical time periods to eliminate confounding effects associated
with comparing means with different time periods. The standardization was calculated as:

Z = (x-mean(survey))/std(survey)

Where x = yearly data point, mean (survey) is the mean calculated for each survey, std (survey)
is the standard deviation for each survey. Using this technique standardizes the data sets to
zero with a standard deviation of 1 (Zar 1984). The dependent data included: sink net and
MRFSS CPUE. The MRFSS data were limited to 1994 to 2004 since the NCTTP data were
limited to that time period. The Z calculation is reliant on a mean, which is influenced by a
change in time analyzed or in the population size. The SEAMAP and PSS surveys were
combined to calculate separate CPUEs for YOY and adult surveys. The dependent and
independent data were modeled using a Proc GLM to determine if a linear trend was present
(SAS 1985). The Z transformation has an assumption of normality. Normality was tested using
the Kolmogorov-Smirnov test (SAS Proc Capability). Normality was violated for the SEAMAP
adult index (p=0.01). Additionally the Kolmogorov-Smirnov test is often inaccurate at low
samples [type Il error (Zar 1984)]. The CPUEs for all indices were transformed using log
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(CPUE+1). After the data was transformed, all indices met the criteria for normality.
5.3.4.2 Length Frequency

Length frequencies can be used to detect growth overfishing. Growth overfishing is
defined as harvesting the population before individuals have had a chance to grow and are
relatively small (Haddon 2001, Jennings et al. 2002). If a population has a truncation in the size
structure or a decrease in the modal size, the population may be experiencing growth
overfishing. Length frequency distributions were created by year for the sink net, fish trawl, and
long haul seine fisheries as well as SEAMAP and the PSS surveys. Additionally, the percent of
fish greater than 13 inches was investigated to determine if growth overfishing was present in
the fisheries. This length was selected because less than one third of the measured fish were
greater than 13 inches and the length was close to the average maximum size for females (14
inches). The selectivity of fish was assumed to remain constant over time.

5.3.4.3 Population Age Structure

Age structure was described using survivorship curves and catch at age in the sink net
and recreational fisheries. The survivorship curves were created for southern kingfish based on
a constant natural mortality rate of 0.55 (based on the mortality equation of Hoenig 1983) and
fishing mortality rates ranging from O to 1 to determine the number of kingfish that would survive
to each age class. The survivorship curves assume that recruitment and catchability have
remained constant. The curves were compared with raw aging data from SEAMAP for the
South Atlantic from 1996 and 2002 (only two years available for comparison) to estimate fishing
mortality and to determine if the age structure has changed. The SEAMAP survey has collected
aging structures on a random sampling design as opposed to NCDMF’s collection of aging
structures, which uses a size-based collection method. The random sampling design collects
individuals representative of the overall population in the sample.

The percent at age was calculated as the number at each age divided by the total
number aged. Since kingfish were not fully recruited to the SEAMAP study until age 1, only fish
age 1 and greater were plotted. The total number aged included all aged fish. A line plot was
created to investigate the distribution of ages observed in the SEAMAP aging data set with a
theoretical population that has experienced either no fishing or a fishing mortality rate of 1.0.

A catch at age was developed for the landings of the sink net and recreational fisheries.
A yearly length at age key was used to expand the length frequency distributions observed in
biological samples to the two fisheries. When aging samples were not available for a given
size, pooled length at age keys were constructed. Histograms were based on numbers at age
for each fishery to illustrate the age distribution of the fisheries. The years 2002 to 2004 were
selected since these were the years that had the best aging data to describe NC fisheries and
the length samples appeared representative of the two fisheries.

5.3.5 Trend Analysis Results
5.3.5.1 North Carolina Landings and CPUEs

Commercial landings were highly variable from 1989 to 2004 with peaks in 1993 and
1995 followed by a low in 1998 (Figure 5.15). The commercial landings were variable but a

declining trend from 1992 to 1998 was apparent. Since the flynet closure south of Hatteras was
finalized in 1998, there has been a slight increasing trend in landings (see Commercial Section).

38



Recreational landings have been fairly stable from 1989 to 2004 with the exception of 2000 and
2001 that were relatively high. The low in the recreational fishery occurred in 1998 (54,478 Ib),
which was the same year that the commercial fishery had its lowest landings.
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Figure 5.15 NC commercial and recreational landings of southern kingfish, 1989 - 2004.

The CPUEs for the sink net and MRFSS data indicated a slightly increasing trend with
the sink net fishery showing the largest increase (Figure 5.16). The MRFSS trend was heavily
influenced by the high CPUE in 2000. These data were transformed using the Z transformation
and combined in a model to determine the resulting trend using Proc GLM (Figure 5.17). The
significance of the model (p=0.079, r’=0.146) was below the acceptable significance of 0.10.
The slope of the line was positive indicating that the CPUE is increasing; however, the low r?
value indicates little of the variation in CPUE is explained by year alone.
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Figure 5.16  CPUEs for the NC sink net (Ib per trip) and NC MRFSS (number per trip), 1994 -
2004. Sink net CPUE is on the left axis and MRFSS is on the right axis.
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Figure 5.17  Predicted model developed using a GLM for the log transformed CPUE of NC

sink net and NC MRFSS data sets (p=0.079).
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5.3.5.2 Florida Commercial Fisheries CPUEs

The trawl, gillnet, beach seine, and cast net fisheries accounted for 86.9% of Florida’'s
Atlantic coast commercial landings of kingfishes from 1989 to 2004. The CPUEs were highly
variable and no significant trends were present (Figure 5.18). The CPUE in 2004 (350 Ib per
trip) was more than three times the average CPUE from 1989 to 2003. This rapidly developing
gilinet fishery was a concern for stocks of kingfishes.
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Figure 5.18. Florida catch of kingfishes (Ib) per trip for trawl, gill net, cast net, and beach
seine, 1989 - 2004.

5.3.5.3 MRFSS CPUE

The recreational CPUE for southern kingfish has been stable in the South Atlantic from
1990 to 1999 [Figure 5.19 (Personal communication from the NMFS, Fisheries Statistics
Division)]. After 1999, the MRFSS CPUE for the South Atlantic had an increasing trend. The
NC MRFSS CPUE for southern kingfish was variable from 1998 to 2004. A low occurred in
1998 followed by a high two years later in 2000. The increasing trend evident in the South
Atlantic CPUE after 1999 was not present in the NC subset of the MRFSS data.

41



0.16

—— NC
0.14 - —e— South Atlantic
0.12
a 0.1+
E
5 0.08 -
©
O 0.06 -
0.04 -
0.02 -
O I I I I I I I I I I I I I I I
O O N b O > HPT O A DD OO O NAD DO N>

Year

Figure 5.19 MRFSS southern kingfish data for the South Atlantic and NC, 1989 - 2004.
These included all trips for strata likely to catch southern kingfish.

5.3.5.4Independent CPUEs

SEAMAP South Atlantic CPUEs

The SEAMAP survey for the South Atlantic collected 76,945 southern kingfish from 1989
to 2004. Overall, there is no discernable trend and the data were variable (Figure 5.20). The
variability from year to year inhibits the use of a regression line to describe either the South
Atlantic (p=0.97) or NC (p=0.53) data. However, there appears to be an increasing trend since
1998 in the South Atlantic. This analysis combined both YOY and adults and was not designed
to look at differences between the abundance of YOY and adult indices.
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Figure 5.20 The catch (numbers) per tow of southern kingfish from the SEAMAP survey
along the South Atlantic coast and NC, 1989 - 2003.

SEAMAP North Carolina CPUEs

SEAMAP collected 19,039 southern kingfish off NC from 1989 to 2004 during the
summer and fall surveys (Table 5.5). A majority of kingfish were collected in the fall survey
(80%). The SEAMAP CPUE was relatively stable from 1989 to 1998. Since 1998, the
fluctuation in the CPUE has increased for both the YOY and adult indices (Figure 5.21). The
regression analysis for the YOY index was not significant (p=0.578). The adult regression
(p=0.081) was slightly below the acceptable alpha level of 0.10. The regression line predicted
an increasing CPUE for adults over time; however, the variability in the data raises concern
about the accuracy of the model (r*=0.239).
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Table 5.5 Catch data for YOY and adult southern kingfish in the NC portion of the SEAMAP
Survey (1989 - 2004). YOY were less than 5.9 inches (150 mm) TL during the
summer and 8.1 inches (205 mm) TL in the fall.

Summer Fall
YOY Adult YOY Adult
Year N  Percent N  Percent N Percent N Percent
1989 7 6.19 106 93.81 203 48.86 212 51.14
1990 75 14.23 450 85.77 241 44 .82 297 55.18
1991 59 10.03 529 89.97 242 31.45 527 68.55
1992 2 0.73 278 99.27 77 17.16 374 82.84
1993 16 4.40 354 95.60 78 30.80 176 69.20
1994 19 44.19 24 55.81 260 55.16 211 44 .84
1995 110 44.00 140 56.00 89 57.79 65 42.21
1996 56 32.18 118 67.82 206 68.44 95 31.56
1997 4 3.08 126 96.92 27 12.56 188 87.44
1998 43 31.78 93 68.22 191 46.10 223 53.90
1999 9 2.13 420 97.87 305 16.92 1,499 83.08
2000 11 8.94 113 91.06 172 35.83 308 64.17
2001 34 4.70 699 95.30 168 48.82 176 51.18
2002 11 5.88 170 94.12 255 6.38 3,734 93.62
2003 19 3.51 514 96.49 140 50.19 139 49.81
2004 62 4.07 1,462 95.93 973 4798 1,055 52.02
Total 537 5,596 3,627 9,279
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Figure 5.21  Arithmetic mean per tow from the NC portion of the SEAMAP Survey for southern

kingfish YOY and adults, 1989 - 2004. The dashed line is the linearized
regression of the adult CPUE.
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Pamlico Sound Survey

The PSS captured 3,723 southern kingfish from 1989 to 2004 (Table 5.6). A majority
(62%) was collected during the fall portion of the survey. There were 2,845 YOY collected:
2,227 in the fall and 618 in the summer. Most of the adults (73%) were collected in the summer
(n = 878). The CPUE for the YOY index was variable from year to year but had a significant
increase [p=0.089, r*=0.193 (Figure 5.22)]. The adult index was more stable and also had a
significant increase (p=0.024, r’=0.316).

Table 5.6 Catch data for YOY and adult southern kingfish in the PSS (1989 - 2004). YOY
were less than 6.9 inches (175 mm) TL during the summer and 7.5 inches (191
mm) TL in the fall.

Summer Fall
YOY Adult YOY Adult

Year N Percent N Percent N Percent N Percent
1989 43 81.13 10 18.87 81 93.1 6 6.9
1990 45  73.77 16 26.23 114  98.28 2 1.72
1991 48 88.89 6 11.11 162 98.78 2 1.22
1992 34 37.78 56 62.22 113 90.4 12 9.6
1993 30 27.03 81 72.97 47  77.05 14  22.95
1994 39 5342 34 46.58 157 95.15 8 4.85
1995 40 60.61 26  39.39 263 89.76 30 10.24
1996 35 42.68 47 57.32 56 91.8 5 8.2
1997 33 36.67 57 63.33 52 8254 11 17.46
1998 46  85.19 8 14.81 43 69.35 19 30.65
1999 40 61.54 25 38.46 135 90 15 10
2000 27 23.89 86 76.11 261 97.39 7 2.61
2001 38 44.71 47  55.29 166  95.95 7 4.05
2002 38 57.58 28 4242 227 94.19 14 5.81
2003 46 54.12 39 4588 204  93.58 14 6.42
2004 36 31.58 78 68.42 146  68.22 68 31.78
Total 618 644 2,227 234
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Figure 5.23.

—e— Pamlico YOY
— 4 — Pamlico Adult

Arithmetic mean per tow of southern kingfish in the PSS for YOY and adults,
1989 - 2004. The solid line is the linearized regression of the YOY CPUE and
the dashed line is the linearized regression of the adult CPUE.

The combined CPUEsS for the NC portion of SEAMAP/PSS were standardized using the
Z transformation and modeled for YOY and adults independently. The YOY regression model
was not significant (p=0.183). However, the adult regression model was significant (p=0.005,
r’=0.239) and had an increasing trend (Figure 5.23).
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Predicted model developed using a GLM for the log transformed CPUE of
SEAMAP/PSS adult southern kingfish indices (p=0.005).
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5.3.5.5 Length Frequency

Dependent

Southern kingfish from the sink net fishery during the period 1992 to 2004 ranged from
8.7 t018.9 in TL (220 to 480 mm) with most fish (>70%) between 10.6 to12.6 inches [270 and
320 mm (See Appendix 4 Figure 1)]. The largest individual observed was an 18.9 inches (480
mm) but was not included in the length frequency plots. The modal size fluctuated between
11.0 and 13.4 inches (280 and 340 mm) with 11.8 inches (300 mm) modal size being most
common. The largest modal size was in 1997 [13.4 inches (340 mm)]. All length frequency
plots are in the Length Frequency Appendix (Appendix 4).

The southern kingfish in the ocean trawl fishery ranged from 8.7 to 17.7 inches (220 to
450 mm) with most fish between 9.8 and 12.6 inches [250 and 320 mm (App 4 Figure 2)]. The
modal size fluctuated from 9.8 t013.0 inches (250 to 330 mm) with 11.4 inches (290 mm) being
the most common modal size. The decrease in the harvest by fish trawls has reduced the
harvest of small females.

Historically, the long haul seine fishery has accounted for only a small part (< 5%) of the
southern kingfish landings. The size range of the kingfish retained for sale by the long haul
seine fishery was 8.7 to 17.2 inches (220 to 430 mm) and a large percentage (>50%) of the fish
were smaller than 11.4 inches [290 mm (App 4 Figure 3)]. Modal size was usually between
10.2 and 10.6 inches (260 and 270 mm).

The expanded length frequencies based on total landings from the sink net, ocean trawl,
and long haul seine fisheries were combined for each year over the period from 1994 to 2004
(App 4 Figure 4). The modal size was consistently between 11.0 and 11.8 inches (280 and 300
mm) with the exception of 1997. The length distribution has remained stable due to the
dominance of the sink net fishery, which is size selective and limited by minimum mesh size of 2
1/2” stretched mesh. This fishery has harvested the largest number of southern kingfish since
1997 and tended to retain larger kingfish than the other two fisheries.

Harvest numbers of southern kingfish in the ocean trawl fishery were highest in 1994
and 1996 when a large number of small kingfish were harvested. However, the number of fish
harvested smaller than 9.8 inches (250 mm) from the combined harvest of sink net, ocean trawl,
and long haul seine fisheries has decreased since the ocean fishery was eliminated south of
Cape Hatteras in 1998. This increase in size has allowed a higher percentage of southern
kingfish to reach sexual maturity prior to being harvested.

The southern kingfish in the recreational harvest had a larger size range (6.0 to 17.8
inches [150 to 440 mmy]) than fish from the commercial fisheries (App 4 Figure 5). The modal
size varied from 10.2 to 12.6 inches (260 to 310 mm) with 11 and 11.4 inches (280 and 290
mm) the most common modal lengths. There was no apparent trend due to low sample sizes in
some years.

The average proportion of southern kingfish greater than 13.0 inches (330 mm) in the
recreational fishery from 1992 to 2004 (14.4%) was similar to the percent frequency of kingfish
in the sink net (16.7%) and ocean trawl fisheries (14.4%) greater than 13.0 inches. The long
haul seine fishery had fewer fish greater than 13.0 inches (7.8%). The catchability of these
larger/older fish may decrease as kingfish increase in length/age or fish may die due to natural
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and fishing mortality prior to reaching sizes larger than 13.0 inches. However, changes in the
percent composition of the larger individuals overtime can provide evidence of growth
overfishing. The yearly plots of the percent of southern kingfish greater than 13.0 inches did not
have a consistent trend across fisheries (Figure 5.24). The sink net fishery had a decreasing
trend in the percent greater than 13.0 inches while the MRFSS data were more positive. The
decreasing trend in the sink net fishery could be explained by a shift of sampling effort by
NCDMF and this shift in sampling effort was a major flaw in the attempt to conduct an age-
based stock assessment. Most dependent samples prior to 2000 were from the weakfish
fishery, which used sink nets with mesh sizes larger than mesh sized typically used to target
kingfish. The length frequencies observed in more recent years are more representative of the
harvested population than data from prior to 2000 yet a decreasing trend was still present
(Figures 5.24 and App 4 Figure 1).
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Figure 5.24  The yearly percent of southern kingfish greater than 13.0 in harvested in the sink
net, long haul seine, fish trawl, and recreational (MRFSS) fisheries.

The percent of fish in MRFSS data greater than 13.0 inches was over 10% of the total
fish measured every year since 1993 with the exception of 1999. The percent of fish greater
than 13.0 inches was greater than 20% of the total fish measured from 1995 to 1998 and 2000.
Also, the increasing trend in the number of citations issued by NCDMF indicates the presence
of more fish larger than 13 inches. NCDMF awards citations for hook and line caught kingfishes
that weigh 1.5 Ib or greater. The number of citations issued since 1996 had an increasing trend
with the exception of 2001, when only 102 citations were issued (Figure 5.25).
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Figure 5.25. The number of citations rewarded by NCDMF to recreational fishermen for
kingfishes greater than 1.5 Ib.

Independent

The summer and fall SEAMAP surveys off NC caught 15,487 southern kingfish from
1989 to 2004. The SEAMAP survey captured a larger modal size fish than the PSS over the
same time period. These differences could be an artifact of gear selectivities and/or sampling
location. Southern kingfish lengths ranged from 2.4 to 15.3 inches (60 to 390 mm) with most
fish (72%) being 7.9 inches (200 mm) and greater in SEAMAP surveys (App 4 Figure 6). The
modal sizes ranged between 5.1 and 10.2 inches (130 and 260 mm) with 7.1 inches (180 mm)
being the most common. No clear trend in the length distribution was evident.

The PSS caught 3,723 southern kingfish from 1989 to 2004. These ranged in length
from 1.6 to 14.6 inches (40 to 370 mm) with greater than 70% smaller than 7.9 inches [200 mm
(App 4 Figure 7)]. The modal size has fluctuated from 3.9 to 11.4 inches (100 to 290 mm) with
a mode less than 5.9 inches (150 mm) in most years. There has been no discernable trend in
the distribution of southern kingfish lengths in the PSS.

5.3.5.6 Population Age Structure

The theoretical survivorship curves indicated few individuals (<15%) would be remaining
in the populations of kingfishes after age 3 even if no fishing occurred (Table 5.7). The model
predicted the population would have 57.7% of the starting population remaining at age 1 and
only 33.3% remaining after age 2 assuming no fishing mortality. Few kingfish would survive to
age 4 (11%). The number surviving to each age class decreased as the fishing mortality (F)
rate increased with an F of 1.0 having less than 1% alive at age 4 (Table 5.7 and Figure 5.26).
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Table 5.7 Percent surviving at age for kingfishes with a constant natural mortality rate of
0.55 over a range of fishing mortality rates.

Fishing Mortality

Age 0 0.25 0.5 0.75 1
0 100 100 100 100 100
1 57.7 44.9 35.0 27.3 21.2
2 33.3 20.2 12.2 7.4 4.5
3 19.2 9.1 4.3 2.0 1.0
4 11.1 4.1 1.5 0.6 0.2
5 6.4 1.8 0.5 0.2 0.0
6 3.7 0.8 0.2 0.0 0.0
7 2.1 0.4 0.1 0.0 0.0
8 1.2 0.2 0.0 0.0 0.0
100% -
80% -
2 60% -
=2
c
>
n
X 40% -
20%
0%

Figure 5.26  Survivorship curves for kingfishes experiencing a constant natural mortality rate
of 0.55 and a range of fishing mortality rates.

The hypothetical lines where no fishing occurred and with a fishing mortality rate of 1.0
are displayed with the percent age composition of 1996 and 2002 SEAMAP aging data (Figure
5.27). Although a fishing mortality rate of 1.0 is high for a population with a natural mortality rate
of 0.55, this curve indicates that the fishing mortality rate is likely below 1.0 and the age
structure was improving in more recent years. The 2002 SEAMAP female aging data had
higher percentage of fish at age 2 and 3 compared to the 1996 data set, which is indicative of a
population that is recovering. Males also had a higher percent at age in the 2002 data set for
ages 2, 3, and 4 (1996 n=1,065 and 2002 n=552). These data can be heavily influenced by
changes in the recruitment in any year class since the number in the other year classes
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influences the percent in each year class.
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Figure 5.27  Survivor curves and percent at age for female southern kingfish aged in the
SEAMAP Survey (1996 n=1,488 and 2002 n=735).

The catch at age keys developed for southern kingfish females caught in the ocean sink
net (Figure 5.28) and recreational (Figure 5.29) fisheries indicated fish from age 0 to age 6 were
present. Ages 1 to 3 were the most common and accounted for 91% of the harvest. From the
survivorship curve, it was predicted that few fish (<10%) would survive to age 3 with a fishing
mortality rate of 0.25. The catch at age for these fisheries indicated that 23% of the average of
total number caught from 2002 to 2004 were age 3, 6% were age 4, and 1% were age 5. This
catch at age for these fisheries represent landings from a population that appears to have a
healthy age distribution. Additionally, age 6 was the maximum observed age for females from
2002 to 2004, which was the same maximum age observed in a past study of southern kingfish
in the South Atlantic (Smith and Wenner 1985).
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Figure 5.28 Catch at age of southern kingfish for the NC sink net fishery, 2002 - 2004.
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Figure 5.29  Catch at age of southern kingfish for the NC recreational harvest, 2002 - 2004.
5.3.6 Discussion

A concern for the kingfish population was the sharp decline in the combined recreational
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and commercial landings for the South Atlantic from 1986 to 1998 (Figure 5.30) and for NC from
1993 to 1998 (Figure 5.31). The decline may have been due to a decrease in the kingfish
population, decreasing effort in the fisheries, and/or regulations on the shrimp trawl, gilinet, and
ocean trawl fisheries. This concern is somewhat offset since negative trends were not observed
in any of the regression analyses for fishery dependent and independent data from the South
Atlantic, FL, or NC. The Z transformed GLM of the CPUE for sink net and MRFSS from NC had
an increasing trend. The combined GLM approach for the SEAMAP/PSS for adults had a
significant increase in the CPUE. Additionally, both the adult SEAMAP and PSS surveys had
an increasing trend in arithmetic mean per tow.

4,000,000 .
O Recreational
3,500,000 - B Commercial

3,000,000 -

2,500,000 -

2,000,000 -

Pounds

1,500,000

1,000,000
500,000
0

N
NS
N

%o %) A )
> > Qo) Qo) O
NN N\

Figure 5.30 Recreational and commercial landings of all kingfishes in the South Atlantic,
1981 - 2004.
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Figure 5.31  Recreational and commercial landings of all kingfishes in NC,1981 - 2004.

Although the annual range in the length frequency data for NC southern kingfish has not
changed from 1992 to 2004 as one might expect from a population that shows positive trends in
abundance, the interpretation of length frequencies from commercial fisheries can be
misleading. Commercial gears are often size selective (Hilborn and Walters 1992; Haddon
2001). Despite the selective nature of the commercial fisheries, both the commercial and
recreational fisheries have similar length frequencies and a similar percent of fish greater than
13 inches. The similar length frequencies among the different fisheries through time indicate
that growth overfishing may not be occurring. However, the sexually dimorphic growth rate
observed in kingfish and selectivity of commercial gear may limit our ability to detect changes in
the length frequency distributions. Therefore, age data should provide more insight into the
health of the population.

The age structure of the population of southern kingfish appears healthy in the South
Atlantic and in NC. Evidence of this was supported by the increase in percent at age greater
than 2 for the survivorship curve with SEAMAP aging data and the distribution of ages in the
harvest ranging from age 0 to 6. Fish aged in 2002 in the SEAMAP data set had a higher
percentage of age 2 and 3 individuals for females and age 2, 3, and 4 for males when compared
to 1996. The age distribution of female southern kingfish indicated that a majority of the harvest
was individuals age 1 to 3 with a maximum age of 6. Combined, these data indicate older, more
fecund females are present in the population and the current maximum age observed in the
harvest is the same as observed in a past aging study on southern kingfish (Smith and Wenner
1985).

The apparent expansion of the age structure from 1996 to 2002 could be due to several

regulations that impacted commercial fisheries since 1992. The incorporation of bycatch
reduction devices (BRD) into shrimp trawls was initiated in October of 1992. The flynet closure
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south of Cape Hatteras beginning in 1993 significantly reduced the harvest of small individuals.
Although both of these regulations were passed to protect weakfish stocks, the regulations had
a positive impact on stocks of kingfishes by reducing the overall number harvested and
protecting smaller fish.

The shrimp trawl fishery also had regulations passed that helped to reduce the harvest
of kingfishes. The mandatory use of excluder devices (TED and BRD) in the shrimp trawl
fishery decreased the bycatch in this fishery. The “50-50” rule (1998) limited the shrimp and
crab trawl fisheries to a possession limit of no more than 50% of the total catch biomass could
be finfish (from December 1 to March 31). The final and only rule directed for kingfishes was a
bycatch trip limit of kingfish not to exceed the harvest of shrimp or crabs by 300-pound in trawls
south of Bogue Inlet (December 1 to March 31). These rules have had a positive impact on the
stock of kingfishes and ensured that a targeted trawl fishery for kingfishes would not be initiated.

Additionally, the gillnet ban in FL (< 3 miles) was enacted during the time period of the
apparent improvement of the kingfishes stock and likely had a positive impact on kingfish
populations. In 2004, FL had a rapid expansion in a gillnet fishery targeting kingfish (> 3 miles),
and landings were similar to those prior to the inshore gilinet ban. However, the gillnet fishery
for kingfishes off FL was restricted in 2006 due to a take of a right whale (Eubalaena glacialis) in
the gillnet fishery off FL (Southeast Fishery Bulletin FB06-007). The ocean west of 80" 00' W
longitude and between 27" 51’ N (near Sebastian Inlet, FL) and 32" 00’ N (GA/SC border)
latitude was closed to gillnetting from February 2006 to March 2006. Another emergency rule
was enacted from November 15" 2006 until April 15" 2007, which eliminated gillnet fishing in
the ocean from west of 80" 00’ W longitude between 29" 00’ N (New Smyrna Beach, FL) and 32’
00’ N (GA/SC border) (US Office of the Federal Register 2006b). A permanent rule is now in
effect.

The majority of the signs for the southern kingfish stock are encouraging: increasing
trends in dependent and independent CPUEs, regulatory protection in the trawl fisheries, an
increase in the number of citation fish being captured by recreational fishermen, no clear sign of
growth overfishing, and a healthy age structure. A more detailed analysis using a stock
assessment for the Atlantic coast unit stock would provide a more precise estimate of the
current status of the stock.

5.3.7 Research Recommendations

A stock assessment should be completed for the Atlantic coast unit stock of southern
kingfish using an age-structured population model and complemented with a biomass dynamic
model or other accepted stock assessment model. The stock assessments that were attempted
by NCDMF were not accepted in peer review due to deficiencies in the data. Research should
be initiated to address these deficiencies. First, fishery dependent and independent sampling
for age structures and length distribution should be continued and expanded to provide more
extensive and better quality data for the next assessment. The collection of age data from
these two survey types should be designed differently. The collection of aging data from an
independent survey should use a random sampling design while the dependent sampling would
continue as currently designed to collect fish based on length. The age structure for fish
collected in the independent study could be used to describe the age structure in the population
through time where as the dependent sampling could be used to develop growth curves and get
estimates of maximum age. These additional data will allow NCDMF to have more flexibility in
the choice of an appropriate stock assessment model. It should be noted that a sufficient time
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span (one generation) of quality data will be required before the suggested age structured
model would be applicable.

Second, the landed and discarded catch of kingfishes in shrimp trawls has not been
adequately sampled. Several studies have been conducted to address the bycatch in the
shrimp trawl fishery but the results documented few kingfishes as bycatch (Diamond-Tissue
1999; Taylor and Donello 2000; Ingraham 2003; Johnson 2003). Shrimp trawl landings and
discards need to be sampled for length frequencies to increase the accuracy of an age-
structured assessment. The lack of reliable discard data was a major deficiency in data
available for an assessment since this non-directed fishery accounted for 23% of the NC
commercial harvest from 1994 to 2004.

Third, discard estimates from all commercial and recreational fisheries should be
improved. The current at-sea observer program should continue and be evaluated for improved
effectiveness. Since the amount of discards and mortality rate of the discards are likely to be
highly dependent on gear type and time of year, the number of discards (with size) and mortality
rate should be determined for each gear type by season.

Fourth, gear used in fishery dependent and independent surveys may exclude the
largest/oldest fish and limit conclusions drawn using these adult indices. The NCDMF conducts
an independent gill net program that targets various adult finfish species, however kingfish
sample sizes are small and the program has only been conducted since 2001. This program
should be expanded to include statewide coastal coverage. A sampling methodology should be
developed to incorporate all habitats of kingfishes, particularly the near shore ocean. The
development of an adult specific fishery independent survey would greatly improve estimates
from a stock assessment.

Finally, this trend analysis concentrated on the NC portion of the southern kingfish stock.
It assumed that kingfish stocks would be affected primarily by regional regulations and
management. It is extremely important to define the stock structure and mixing of populations, if
any. This will determine if regional management or coast wide management is required. A
tagging study would provide the most useful information, but would need to be conducted at a
minimum along the South Atlantic. A properly designed tagging study would provide data to
determine the amount of mixing along the coast, to estimate the population size, and to estimate
mortality rates with increased accuracy.
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6. STATUS OF FISHERIES

6.1 COMMERCIAL FISHERIES

Kingfishes are commercially important to the state of North Carolina due to the high
quality of their flesh. Landings increased during the early 1900’s reaching a peak in 1954 at 1.8
million Ib (Figure 6.1). Landings dropped after 1954 and fell to a low in 1976 of 123,700 Ib.
Landings rebounded in the 1980’s and 1990’s. After 1993, the landings decreased again. The
landings have stabilized at approximately 500,000 Ib per year since 1999. These fluctuations
may be due to changes in environmental conditions (i.e. water temperatures and salinities that
prevail in nursery areas (see Life History Section)), fishing pressures, population size, and/or
regulations.

Landings reported in the following commercial sections will be reported for all three
species as a single unit. Commercial fishermen rarely differentiate the kingfishes since all three
species occur in the same general areas. Southern kingfish are the most common of the three
species in North Carolina based on observations of commercial fisheries.

The gears that harvest the maijority of the landed kingfishes are fish trawls, gill nets, and
shrimp trawls. Historically, the fish trawl fishery landed the maijority of landings from 1950 to
1979. The targeted gill net fishery for kingfishes became the dominant gear in 1981. The gillnet
has remained the dominant gear since 1984.
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Figure 6.1 Commercial landings of kingfishes, 1897 - 2004. Prior to 1950 data were not
reported annually.

6.1.1 Collection of Commercial Statistics

North Carolina commercial fishery landings and harvest data were collected by the
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NMFS and a study by Chestnut and Davis (1975) from 1950 to 1977. Landings data were
expanded to include information on additional commercially important species in 1972. A
cooperative statistics program between NMFS and North Carolina Cooperative Statistics
Program obtained harvest data from 1978 to 1993 (Lupton and Phalen 1996). Data were
gathered by surveying fish dealers for landings and value information. Although the survey
provided managers with needed data, there were concerns over the reliability of the data.
These concerns arose since cooperation was voluntary and not all dealers agreed to
participate, which resulted in unreported landings. Another shortcoming of the program was the
lack of effort data. Therefore, beginning in 1992, NCDMF began to design a mandatory trip
ticket program that would provide reliable harvest and effort data at the gear/trip level.
Legislation that created the NCTTP program was passed by the North Carolina legislature and
data collection began January 1, 1994 (Lupton and Phalen 1996). The program requires
dealers to complete a trip ticket on each transaction and to submit these reports to the NCDMF.
Data collected since 1994 is considered the most reliable due to the mandatory reporting
requirements of the dealers. Therefore, managers have less confidence in the data collected
prior to 1994 and caution should be exercised when comparing these data to NCTTP data.

6.1.2 Primary Waters Fished

The majority of kingfishes landings from 1962 to 2004 came from the ocean (84%) and,
to a lesser extent, Pamlico (9%) and Core (4%) Sounds (Figure 6.2). Landings from other water
bodies only represented 3% of the total kingfishes landings. Since the inception of the NCTTP,
these numbers changed little from the historical percentages. Landings from the Pamlico
Sound increased slightly from 9% to 12%, while the ocean and Core Sound decreased less
than 1% each.

58



1,400,000 - ®=— Ocean
—— Pamlico Sound

1,200,000 - — -A—Core Sound

1,000,000 -

800,000 -

Pounds

600,000 -

400,000 -

200,000 -

NS

O ™ O O K H P
P F ST S S

Year

Figure 6.2 Harvest of kingfishes by water body, 1962 - 2004.
6.1.3 Primary Counties of Landings

The top five counties in landings of kingfishes over the 43-year period (in descending
order) were Carteret, Onslow, Dare, Pamlico and Brunswick/New Hanover (tie). Landings by
counties were examined during three different time frames: 1962 — 1971, 1972 — 1993, and
1994 — 2004 (Figure 6.3). Carteret has consistently been the highest producer of kingfishes
averaging 46% of the landings since 1962. Carteret County’s proportion of total landings
decreased from 55% (1962-1971) to 38% (1994-2004). Onslow, Dare, Brunswick and New
Hanover counties’ shares increased. Onslow County had the second highest landings (15%).
Landings in Onslow County were only 1% of the total landings from 1962 to 1971 but increased
to 20% between 1972 and 1993. The percent contribution for Onslow County from 1994 to
2004 further increased to 24% of the landings.

59



1962-2004 Carteret

Brunswick
469
4% %

Other
1%

Unknown
8%

1962-1971
. Carteret
Brunswick 55%

2%

Other
1% Dare
8%

Unknown New

Pender Dare 259, H
0 0, (¢} anover
3% pamiico 12% H;Se Pender 0%
5% New 0 0% Hyde
OnsLow Hanover ° Pamlico Onslow 0‘2 y
15% 4% 8% 1% °
1972-1993 1994-2004
Carteret Carteret
Brunswick 449, Brunswick 38%
Other 5% Other. 6%
1% 0%
Dare
Dare Pender 19%
13% 1%
° Hyde

Pender
6% Hyde Pamlico
2% New 3% New

Pamlico Onslow Hanover Onslow

Hanover
4%  20% 5% 24% 5%

Figure 6.3 Percent of total kingfishes landings by county for 1962 - 2004, 1962 - 1971, 1972

- 1993, and 1994 - 2004.
6.1.4 Seasonal Harvest and Effort

Harvest and effort in the kingfishes fishery is seasonal with peak landings and effort
occurring in the spring and fall (Figure 6.4). Peak landings (24%) and effort (17%) occurred in
April from 1994 to 2004. Effort and landings decreased in May, remained low during the
summer months (June through September), and then increased in October and November.
November accounts for 21% of the landings and 13% of trips. The April and November peaks
coincide with seasonal movements of kingfishes along the Atlantic coast (Smith and Wenner
1985).
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Figure 6.4 Total catch of kingfishes and trips catching kingfishes by month, 1994 - 2004.
6.1.5 Primary Gears Fished

Since 1962, fish trawls (combination of flounder trawl and flynet), gill nets, and shrimp
trawls were the primary gears used to harvest kingfishes (Figure 6.5 and Table 6.1). However,
the percent of kingfishes harvested with gilinets and shrimp trawls increased while the share
harvested with fish trawls decreased. The mean catches for the primary gears from 1962 to
2004 were: 38% for gill nets, 30% for fish trawls, and 16% for shrimp trawls. Since 1994, the gill
net fishery has dominated the landings (62%) while shrimp trawls ranked second (23%) and fish
trawls third [8% (Figure 6.6)]. Fish trawls were restricted beginning in 1993 and a rule was
implemented in 1996 banning fish trawls (specifically flynets) south of Cape Hatteras to the
South Carolina line. This rule has reduced the number of kingfishes harvested by fish trawls.

The landings by gear differed among water bodies. Fish trawls were used almost
exclusively in the ocean (Figure 6.7). Gill nets, shrimp trawls, long haul seines and other gears
had catches in the ocean, Pamlico and Core sounds, and other areas. Landings in gill nets
(87%) and shrimp trawls (68%) were highest in the ocean. Long haul seines had their highest
landings in the Pamlico and Core sounds. The other category (including beach seines, hook
and line, crab pots, etc.) had most of its landings come from the beach seine fishery (83%),
which was primarily prosecuted in the ocean.

The length of the vessel varied by the fishery and was analyzed by combining all gear
trips and landings. Boats between 10 and 30 ft using gilinets were the most common
vessel/gear combination (39%) and boats between 30 and 50 ft using gillnets made an
additional 10% of the trips. Fish trawl trips were most frequently made in boats greater than 50
feet but only accounted for 1% of the trips. Shrimp trawl trips were made in boats ranging from
10 to greater than 50 feet with boats greater than 50 ft making the largest percent of the trips.
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Figure 6.5 Landings of kingfishes (Ib) by gear, 1962 - 2004. The trawl fisheries were not
distinguished between shrimp and fish trawls in 1962 and 1963.
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Table 6.1 NC commercial landings (Ib) by gear from 1962 to 2004.

Shrimp Long haul Beach

Year Gill Net Trawl* Fish trawl trawl seine seine Other Total
1962 222,400 877,500 151,900 0 10,500 1,262,300
1963 202,300 729,300 134,700 0 5,000 1,071,300
1964 157,400 729,500 120,400 82,800 51,200 0 1,141,300
1965 163,800 912,500 124,700 85,000 51,000 0 1,337,000
1966 11,400 553,200 93,900 10,100 95,000 3,000 766,600
1967 95,600 591,600 83,700 23,400 37,000 8,000 839,300
1968 3,600 411,400 106,100 15,600 92,000 6,700 635,400
1969 93,300 532,000 69,900 4,600 133,000 9,900 842,700
1970 127,200 198,300 56,000 19,200 153,800 8,500 563,000
1971 87,800 256,500 51,200 31,600 48,200 2,900 478,200
1972 164,812 287,979 114,950 22,340 68,892 24,075 683,048
1973 57,565 191,901 90,999 47,472 36,404 4,306 428,647
1974 64,918 136,641 70,755 24,301 15,597 2,372 314,584
1975 11,743 111,067 48,596 15,514 23,373 2,237 212,530
1976 1,906 68,459 31,068 3,659 16,583 2,221 123,896
1977 9,972 124,426 56,540 7,310 5,291 1,064 204,603
1978 25,126 41,574 38,286 41,168 2,730 5,070 153,954
1979 17,855 183,348 83,755 19,268 0 6,277 310,503
1980 62,165 77,081 139,103 54,717 > 9,414 342,605
1981 130,831 49,787 43,026 27,809 0 3,198 254,651
1982 80,927 74,573 133,508 54,384 308 17,352 361,052
1983 129,925 78,781 158,945 44,450 19,072 10,708 441,881
1984 175,815 109,917 114,745 51,534 5,270 7,070 464,351
1985 225,199 199,811 160,075 40,268 2,299 4,788 632,440
1986 387,691 349,175 162,440 84,993 3,334 5,757 993,390
1987 536,566 167,130 137,750 96,120 14,213 8,149 959,928
1988 208,958 144,644 75,218 64,554 7,479 3,096 503,949
1989 351,193 138,338 54,143 13,772 3,836 1,142 562,424
1990 451,023 115,625 117,732 35,891 14,464 3,877 738,612
1991 622,381 121,753 73,913 29,097 15,050 2,457 864,651
1992 606,721 192,143 38,006 2,203 10,316 2,319 851,708
1993 534,047 490,679 80,652 32,289 54,109 2,448 1,194,224
1994 265,730 204,606 94,716 28,894 22,370 4,572 620,889
1995 643,314 115,974 229,930 25,437 40,529 3,601 1,058,785
1996 219,150 46,363 203,158 22,102 34,960 2,528 528,260
1997 484,830 109,552 229,096 17,993 28,057 3,360 872,888
1998 263,834 17,295 80,470 17,143 17,250 3,321 399,313
1999 339,097 7,146 237,542 13,274 7,633 2,774 607,465
2000 335,063 11,702 156,961 15,570 30,236 2,409 551,940
2001 384,821 17,024 47,564 17,143 20,081 3,109 489,743
2002 468,439 9,239 114,947 10,828 14,361 1,922 619,737
2003 532,742 3,785 68,093 29,318 9,857 8,841 652,636
2004 407,870 4,515 109,009 29,014 14,358 1,893 566,659

*Trawl was only used in 1962 and 1963. Afterwards trawls were separated to shrimp and fish trawl.
** Indicates confidential data.
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Figure 6.7 Combined catches of kingfishes by water body and gear, 1962 - 2004. Excludes
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Figure 6.8 The percent of all trips catching kingfishes for the top four fisheries and other
fisheries grouped by vessel length (feet), 1994 - 2004.
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6.1.5.1 Gill Net Fishery

Gill nets dominated the kingfishes catch from 1994 to 2004 accounting for an average of
62% of the total commercial harvest. Landings from the gill net fishery fluctuated widely from
1994 to 1998, then increased steadily to 2003 before decreasing in 2004 (Figure 6.10). The
number of trips landing kingfishes also fluctuated until 1998 when trips began to decrease.

Most of the gillnet harvest occurred in the ocean. The catch of kingfishes in the inside
waters including Pamlico and Core sounds has been low (Figure 6.11). The harvest in these
areas is likely a bycatch from other fisheries. Gill net landings in the ocean and Core Sound are
seasonal with most of the catch occurring in April and November as the fish were intercepted
during their seasonal movements (Figure 6.12).

The three counties with the highest gill net landings were Carteret, Onslow, and Dare
counties [in descending order (Figure 6.13)]. The other category was made up of 22 other
counties with catches that contributed only a small portion to the total catch.

Catches were placed into 50 Ib categories based on the weight of kingfishes landed for
each trip and then summed from 1994 to 2004 (Figure 6.14). The trips that had the highest
summed landings were trips that harvested over 1,000 Ib. These trips accounted for 1% of the
trips and landed 21% of the total landings of kingfishes. Trips that landed less than 50 Ib had
the second highest landings. These trips with very low catch per trip accounted for 76% of the
trips landing kingfishes but only landed 8% of the catch.
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Figure 6.10  Gill net landings of kingfishes and number of gill net trips catching kingfishes,
1994 - 2004.
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Figure 6.11  Gill net landings of kingfishes in the ocean, Pamlico Sound, Core Sound, and
other inside waters, 1994 - 2004.
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Figure 6.12  Gill net landings of kingfishes by month in the ocean, Pamlico Sound, Core
Sound, and other inside waters, 1994 - 2004.
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6.1.5.2 Shrimp Trawl Fishery

Historically, the shrimp trawl fishery, which operates in both inshore and ocean waters,
has been a significant contributor to landings of kingfishes in North Carolina. Since 1962,
shrimp trawls accounted for an average of 15.6% of the total landings. Kingfishes were the top
finfish species by weight that were sold as bycatch from ocean shrimp trawls from 1994 to 2003
(Figure 6.15, NC Shrimp FMP 2006). Ocean shrimp trawl landings of kingfishes have fluctuated
since 1994 (Figure 6.16), which may have been caused by the availability of kingfishes in a
given year, the amount of effort in the spring pink shrimp (Farfantepenaeus duorarum) fishery
and the fall white shrimp (Litopenaeus setiferus) fishery, and/or regulation changes. The
banning of flynets south of Cape Hatteras in March 1996 (rule 3 j /.0202) caused some
fishermen to modify shrimp trawls in order to target finfish south of Cape Hatteras. This
targeting of finfish by shrimp trawls led to higher landings of kingfishes in 1996 and 1997 and
resulted in the NCMFC passing the 50 — 50 rule for shrimp and finfish that was implemented in
December 1997 (see Legal Authority Section). High ocean catches of kingfishes in 1999
coincided with a strong white shrimp year in the fall. Shrimp trawl landings of kingfishes from
1994 to 2004 by water body indicate that 71% of the fish were harvested from the Atlantic
Ocean while 28% were harvested from the Pamlico Sound. Small amounts of kingfishes (less
than 1 %) were landed from Core Sound and other coastal water bodies (Figure 6.17).

The ocean shrimp trawl fishery landed the greatest amount of kingfishes while
prosecuting the pink shrimp fishery in the spring and the brown (F. aztecus) and white shrimp
fishery in the fall. Catches of kingfishes were low in the Pamlico Sound until the brown and
white shrimp fishery began in June. Pamlico Sound trawl landings peaked in August and
gradually decreased as the inside shrimp fishery subsided (Figure 6.18). Landings in other
water bodies of the state are small relative to the ocean and Pamlico Sound (Figure 6.17). The
majority of kingfishes in the state are landed in Carteret County followed by Onslow and
Pamlico counties (Figure 6.19).

Most (80%) of trips harvesting kingfishes with shrimp trawls caught less than 50 Ib.
These trips only accounted for 20% of the total kingfishes landed in trawl fisheries, which is
expected in a bycatch fishery. However, large portions of the landings (trips > 1000 Ib) were
harvested by only a few trips. This is attributed to large catches of kingfishes during 1996 and
1997 when shrimp trawls were used to target finfish by some boats that were circumventing
flynet rules (Figures 6.19 and 6.20).

69



13%
Squid
5%
Kingfishes
Flounder 43%
10%
Croaker

13%
Spot
15%
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Figure 6.16  Landings (Ib) and number of trips landing kingfishes from the shrimp trawl fishery
in the ocean and inside waters, 1994 - 2004. Inside waters included all North
Carolina waters other than the ocean.

70



Pounds

Figure 6.17

150,000 -

100,000 -

50,000 -

300,000 -
250,000 -
200,000 -
150,000 -
100,000 -

50,000 -

250,000 - —&— Ocean

—— Pamlico Sound
200,000 - —0O— Core Sound
Other
0 +—&m—=— ’D.‘ﬁ[\ I e B B e e i e i

X \8) (o) A N %) Q N v ‘o) X
%) %) %) %) ) %) Q Q Q Q Q
N N\ I\ U SN S SIS
Year

Shrimp trawl landings of kingfishes in the ocean, Pamlico Sound, Core Sound,
and other inside waters, 1994 - 2004.

450,000 - ® Ocean
400.000 - —<&— Pamlico Sound
— -&~ - Core Sound
350,000 - Other
0 B e e VSN S VS % . 2

S’bo Qéo @fb& ?QK @’b\\ 5\3(\ 5& Vpo-’ %Q)Q Oc} eOA OQO

Month

Figure 6.18 Landings of kingfishes (Ib) in the shrimp trawl fishery combined by month for the

ocean, Pamlico Sound, Core Sound, and other inside waters, 1994 - 2004.
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6.1.5.3 Fish Trawl Fishery

Fish trawls (composed of flynets and flounder trawl) were the dominant gear used to
capture kingfishes prior to 1980 (Figure 6.5 and Figure 6.21). The contribution of landings from
fish trawls declined after 1993. This decline was due to area closures in the flynet fishery.
Flynets were banned beginning in 1993 west of Cape Lookout, which limited the fishery to north
of Cape Lookout (Proclamation FF-6-93). In 1995, the flynet fishery was excluded south of
Cape Hatteras with the exception of the first three weeks of January, February, and March
(Proclamation FF-18-94 and FF-31-94). After 1995, the flynet fishery was banned south of
Cape Hatteras (Proclamation FF-22-95) and a rule was passed by the NCMFC banning flynets
south of Cape Hatteras in March 1996 (rule 3J/.0202 (4)).

Landings of kingfishes in fish trawls decreased ten-fold from 1994 at 204,606 Ib to a low
of 3,785 Ib in 2003 (Figure 6.22). Since 1996, landings from this gear landed less than 50,000
Ib with the exception of 1997. Landings from fish trawls have not exceeded 10,000 Ib since
2002.

Most of the harvest of kingfishes in fish trawls (79%) was centered in Carteret County
from 1994 to 2004 (Figure 6.23). Dare County ranked second and accounted for 12% of the
total landings. In recent years, with the elimination of the flynet fishery, Dare County has
accounted for a higher percentage of the landings (Figure 6.24).

Most of the harvest of kingfishes with fish trawls (81%) occurred in the winter months
[January-March (Figure 6.25)]. Fish trawls generally targeted fish in the ocean that have moved
out of the sounds or are migrating southward during the winter. The summer and early fall
harvest is very small. Of the trips that harvested kingfishes, the largest percent by weight of
landings was from trips with greater than 1000 Ib, even though these trips accounted for only
5% of the total trips (Figure 6.26).

Flynets and flounder trawls averaged 8% of the commercial landings in 1994-2004
period. Flynets averaged 6% and flounder trawls averaged 2%. Flynet landings of kingfishes
declined after restrictions limiting harvest areas for the fishery were passed (Figure 6.27). Since
1998, the highest landings of kingfishes occurred in 2000 with 6,283 Ib. This pales in
comparison to the high of 199,372 Ib between 1994 and 2004. The number of trips in the flynet
fishery also decreased. Trips declined from an average of 128 trips per year (1994 to 1997) to
an average of 50 trips per year after 1997.

Flynet landings for kingfishes (1994-2004) primarily occurred in Carteret County (Figure

6.28). However, Dare County has accounted for the largest percent landing of kingfishes since
1998, averaging just over 3,000 Ib.
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Figure 6.21  Percent of kingfishes landings from the three dominant gears used to harvest

kingfishes, 1972 - 2004. The arrow on the left hand side of the figure indicates
the first year fish trawls were not the dominant gear. The arrow toward the right
hand side of the figure indicates 1993, the year when regulations were initiated
on the fish trawl (flynet) fishery.

74



250,000 - T 300
—e— Pounds
200,000 - —=—Trips + 250
-+ 200
» 150,000 -
© n
= + 150 &
O =
8- 100,000 -
-+ 100
50,000 - 1 50
O I I I I I I I I I T O
> H HO RN DD O N D >
\) Q" O L O
ORI N SN I S PSP P

Year

Figure 6.22  Landings of kingfishes and trips catching kingfishes using fish trawls, 1994 -
2004.
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Figure 6.23  Percent landings of kingfishes by county in the fish trawl fishery, 1994 - 2004.
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Figure 6.24  Landings of kingfishes from fish trawls for Carteret, Dare, and other NC counties,
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Figure 6.25 Landings of kingfishes by month in the fish trawl fishery, 1994 - 2004.
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Figure 6.26  Total pounds of kingfishes and trips catching kingfishes in the fish trawl fishery
by pounds landed on each trip (50 Ib. increments), 1994 - 2004.
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Figure 6.27  Landings of kingfishes and trips catching kingfishes in the flynet fishery, 1994 -
2004.

77



200,000 - —e— Carteret

180,000 - —m— Dare
160,000 - — A — Other

140,000 -
120,000 -
100,000 -
80,000 -

60,000 -

40,000 +

20,000 -

0

Pounds

Figure 6.28 Landings of kingfishes from flynet fishery for Carteret, Dare, and other NC
counties, 1994 - 2004. Asterisks indicate confidential data.

Flounder trawl landings were variable from 1994 to 2004. Flounder trawls are not
efficient at catching kingfishes due to large mesh in the tailbag (5.5 inches), which enables
escapement and the area fished (greater than 200 feet deep) does not seem to be a preferred
habitat for kingfishes. The peak in landings occurred in 1996 with 34,951 Ib after a low of 5,234
Ibin 1994. Since 1996, landings have decreased, with the lowest landings occurring in 2004
(515 Ib). The number of trips that caught kingfishes had a similar trend (Figure 6.29). Carteret
County had the majority of the flounder trawl fishery landings from 1994 to 2004 with most of the
landings occurring from 1995 to 1997. Dare County landings have increased in more recent
years (2002-2004) but flounder trawl landings of kingfishes are low [<10,000 Ib (Figure 6.30)].
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Figure 6.29 Landings of kingfishes and trips catching kingfishes in the flounder trawl fishery,

1994 - 2004.
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Figure 6.30 Landings of kingfishes in the flounder trawl fishery for Carteret, Dare, and other
NC counties, 1994 - 2004. Asterisks indicate confidential data.
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6.1.5.4 Long Haul Seines, Beach Seines and Other Fisheries

Traditionally, the beach and long haul seines accounted for as much as 23% of the total
landings from 1962 to 2004 (Figure 6.31). Beach and long haul seines each have averaged 3%
of total kingfishes landings in North Carolina since 1994. Other commercial gears (gears other
than gill nets, fish trawl, shrimp trawl, beach seine, and long haul seine) fished in North Carolina
accounted for an average of 1% of the landings (Figure 6.6).

The NC long haul seine fishery operates primarily in Core and Pamlico sounds with most
of the activity occurring in northern, and southern Pamlico Sound and, to a lesser extent, Core
Sound. Target species are weakfish, Atlantic croaker, and spot while kingfishes are landed
incidentally to the target species. The majority of trips landed between 100 and 150 Ib of
kingfishes. Annual landings of kingfishes in the long haul seine fishery decreased from 28,895
Ib in 1994 to 10,829 Ib in 2002, then rebounded in 2003 and 2004 (Figure 6.32). The number of
trips landing kingfishes demonstrated a similar pattern (Figure 6.33).

Kingfishes are landed in long haul seines from April through December. In Core Sound,
monthly landings increased through the spring and early summer, peaked in August, and
declined until ending in November. Landings in Pamlico Sound slowly increased April through
August, followed by a peak in October, and then rapidly declined into December (Figure 6.34).

The beach seine fishery, which operates in ocean waters along the beach in the
northern coastal counties, targets Atlantic croaker, bluefish (Pomatomus saltatrix), butterfish,
spot, weakfish and striped bass (during a limited season). Most trips (70%) landed between 1
and 50 Ib of kingfishes. Landings and number of trips both decreased from 1994 to 2004
(Figure 6.32 and 6.33). Landings were highest in 1995 at 40,529 Ib and decreased to 7,633 |b
in 1999. Trips landing kingfishes were the highest in 1994 (599 trips) but declined reaching a
low of 111 trips in 2003. Most of the beach seine catch occurred in April and May with a smaller
seasonal peak in October and November (Figure 6.34).
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Figure 6.31 Landings in the beach seine and long haul seine fisheries and the combined
percent of beach and long haul seines to the total landings (Combined BS and
HS) for kingfishes, 1962 - 2004.
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Figure 6.33  Trips catching kingfishes in the beach seine, long haul seine, and other fisheries,
1994 - 2004.
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Figure 6.34  Landings of kingfishes (Ib) in the beach seine in the ocean (BS Ocean) and long
haul seine fishery in Core (HS Core Sound) and Pamlico (HS Pamlico Sound)
sounds combined by month, 1994 - 2004.

6.2 RECREATIONAL FISHERY

Kingfishes are highly sought after recreational fishes along the Atlantic coast. They are
generally caught by anglers on bottom fishing rigs using natural baits such as sand fleas,
bloodworms or shrimp. North Carolina has two surveys that collect data on the recreational
finfish harvest. The MRFSS collects data on angler landings from ocean and inside waters
along the entire North Carolina coast. In addition, beginning in 2002, NCDMF began collecting
data from recreational fishermen who are allowed to harvest recreational limits of finfish while
using commercial gear if they posses a Recreational Commercial Gear License (RCGL).
However, since the inception of the RCGL survey, kingfish harvested by these users has been
negligible. Consequently, all data from recreational fishing is derived from the MRFSS survey.

MRFSS provides data that are used to estimate the impact of marine recreational fishing
on marine resources (NCDMF 2005). Data gathered from telephone surveys combined with an
intercept survey of anglers from charter/ head boats, manmade structures such as piers,
bridges and jetties, private rental boats and the shoreline provide managers with information on
effort and catch rates. The intercept data are collected from March — December (in two month
waves) by creel clerks who interview anglers who have just completed fishing in one of the four
modes. Harvest estimates include the PSE, which is a measure of the precision of the estimate.

Small PSEs indicate precise estimates while high PSEs are less reliable. Estimates with a PSE
of 20 or less are considered reliable while PSEs greater than 20 are less reliable.
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6.2.1 Historical Trends in Landings and Effort

Recreational landings of all kingfishes have been trending upward but not without
fluctuations over the last 16 years (Figure 6.35). During the period from 1989 to 2004, the
kingfish recreational catch has equaled 45.2% of the commercial catch with an average of
293,646 Ib landed by anglers. Recreational landings approached 439,000 |b in 2004, an
amount that was equal to 77.4% of the total commercial landings during that year. Relative to
other recreational species, kingfish ranked fourth by number and ninth by weight in 2004. DMF
awards citations for hook and line caught kingfish that weigh 1.5 Ib or greater. With the
exception of 2001, when only 102 citations were processed, the number of citations issued
since 1989 shows an increasing trend (Figure 6.36).

Unlike NCDMF'’s trip ticket program, kingfish data are collected at the species level in
the MRFSS survey. By number, southern kingfish accounted for 55.4% of the fish landed while
northern kingfish constituted 37.0% and Gulf kingfish the remaining 7.6% (Figure 6.36).
Species composition is variable between years in ocean and inside waters (Figures 6.37 and
6.38). Since kingfish species are morphologically and meristically similar, taxonomic
identification is difficult and this difficulty may be compounded in the field as fish become
discolored and fins broken. Although length frequencies from both inside and ocean fisheries
are presented for each species, any catch restrictions recommended would not differentiate
among species. Therefore, length frequencies of all kingfishes measured in the MRFSS survey
from 1989 to 1994 are presented (Figure 6.39).

Estimates of angler CPUE in North Carolina were calculated by analyzing areas and
modes that consistently contributed to the kingfishes harvest from 1989 to 2004. CPUE values
are based on the kingfishes caught per angler trip and was calculated for trips in the ocean (< 3
miles), sounds, and rivers from piers, docks, bridge/causeway, private boats, and rental boats.
The MRFSS CPUE data showed a slightly increasing trend during the sixteen-year period
(Figure 6.40).
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Figure 6.35 North Carolina recreational kingfish landings and citations, 1989 - 2004.
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Figure 6.36  North Carolina recreational landings (pounds) of the three kingfish species, 1989
- 2004.
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Figure 6.37  Species composition, by number of ocean captured kingfishes, 1989 - 2004.
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Figure 6.38  Species composition, by number of kingfishes captured in inside waters, 1989 -
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Figure 6.39  North Carolina MRFSS total length (TL) frequencies of all kingfishes measured,
1989 - 2004.
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Figure 6.40 North Carolina MRFSS CPUE (catch per trip), 1989 - 2004.
6.2.2 Southern Kingfish

Recreational landings have fluctuated since 1989 averaging 162,807 Ib and 289,392 fish
(Table 6.2). Catches of southern kingfish ranged from 54,478 Ib in 1998 to 418,440 Ib in 2000.
Mean lengths of retained fish ranged from 9.7 inches in 1990 to 11.7 inches in 2004. Mean
weights ranged from 0.4 Ib to 0.7 Ib over the same period (Table 6.2).

Although southern kingfish were landed from all four modes represented in the MRFSS

survey, the majority of fish were caught from man made structures such as piers, jetties, bridges
etc. and private/rental vessels (Figure 6.41).
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Table 6.2 Southern kingfish North Carolina recreational catch, 1989 - 2004.

Mean Mean

Harvest Weight Length Weight
Year Number PSE (Ib) PSE (inches) (Ib) PSE Releases
1989 103,955 14 59,983 16 10.2 0.7 18 39,178
1990 388,756 19 174,970 19 9.7 0.4 27 186,936
1991 361,242 16 163,544 16 9.9 0.4 23 146,660
1992 186,588 15 89,277 18 10.3 0.4 28 75,955
1993 299,733 19 129,752 15 9.9 0.4 24 86,237
1994 250,552 12 121,024 12 10.4 0.4 18 164,559
1995 364,686 15 215,081 15 111 0.7 19 230,494
1996 243,639 27 149,789 31 11.4 0.7 37 114,758
1997 117,640 15 77,505 15 11.2 0.7 21 33,566
1998 86,485 14 54,478 14 11.5 0.7 18 52,965
1999 138,566 24 74,635 24 11.4 0.4 42 86,413
2000 612,867 18 418,440 20 11.6 0.7 28 377,236
2001 637,195 22 316,201 21 11.0 0.4 36 314,904
2002 311,868 16 195,323 27 11.5 0.7 35 178,440
2003 188,912 14 130,792 16 11.5 0.7 22 263,487
2004 337,595 14 234,166 14 11.7 0.7 21 359,274
Party/Charter

Private/Rental EPLICIE
agw L K Man Made
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fffff
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Figure 6.41  Southern kingfish recreational landings (Ib) by mode combined from 1989 to
2004.

Between 1994 and 2004, coastwide catches showed a decreasing harvest trend with

increasing latitude. East Florida had the highest catch accounting for 31.8% followed by
Georgia (25.3%), South Carolina (19.8%) and North Carolina 18.2% (Table 6.3).
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Table 6.3 Recreational southern kingfish landings, combined from 1994 to 2004.

Mean

Harvest Mean Mean Length

State (number) PSE Weight (Ib) PSE Percent (inches)
East Florida 5,597,651 15 3,478,849 15 31.8 11.4
Georgia 4,962,802 16 2,764,473 17 253 10.9
South Carolina 4,094,782 18 2,169,005 20 19.8 10.6
North Carolina 3,236,914 18 1,987,434 19 18.2 11.3
Virginia 1,202,092 35 533,017 35 4.9 104

Fish caught in the estuarine and ocean waters from 1994 to 2004 were measured by
creel clerks, and unweighted length frequency distributions were developed based on these
measurements. Ocean caught fish showed a normal (bell shaped) distribution with a mode of
11 inches [280mm (Figure 6.42)]. Lengths ranged from a minimum of 5 inches (127mm) to a
maximum of 17.7 inches (450mm). A total of 3,463 ocean landed southern kingfish was
measured during the 11-year period.

Southern kingfish that were captured in the estuarine waters of North Carolina showed a
similar distribution but with a modal peak of 11.4 inches (290mm). Lengths of retained fish
caught in inside waters ranged from 6.7 to 16.9 inches (170mm to 430mm). A total of 602 fish
was measured during the same 11-year period (Figure 6.43).

Catches by weight and wave were examined from 1994 to 2004. Southern kingfish
catches indicated a consistent pattern during waves 2 (Mar-Apr) through 4 (Jul-Aug) with peak
catches in wave 5 (Sep-Oct) followed by a significant drop during wave 6 [Nov-Dec (Figure
6.44)].
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Figure 6.44 MRFSS North Carolina catch of southern kingfish (Ib) by wave, 1994 - 2004.
6.2.3 Gulf Kingfish

Since 1989, recreational landings of Gulf kingfish have been the lowest of the three
species, averaging 22,192 Ib from 1989 to 1994 (Table 6.4 and Figure 6.39). However, 2004,
Gulf kingfish landings increased to 97,492 |b (164,477 fish) a four-fold increase over the 16-
year average. The PSE calculated in the 2004 recreational catch was the lowest of the period,
indicating the most precise estimate. The lowest landings during the 11-year period occurred in
1990 (1,307 Ib). Mean weights have ranged from 0.4 to 0.7 Ib over the same time (Table 6.4).

Gulf kingfish prefer the surf zone and to a lesser extent the near shore ocean bottom
(Irwin, 1970). Data from MRFSS survey indicates more fish are captured from man made
structures such as piers and jetties than from the beach bank or private rental operations
(Figure 6.45).

According to MRFSS survey, North Carolina and Florida are the two states that catch
the greatest number of Gulf kingfish. Other Atlantic coast states may harvest significant
quantities of Gulf kingfish but the data are not captured in the survey. PSEs in the Florida
survey data and for the latter years in the North Carolina data imply more reliable estimates
(Tables 6.4 and 6.5).
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Table 6.4 Gulf kingfish North Carolina recreational catch, 1994 - 2004.

Mean Mean

Harvest Weight Length Weight
Year Number PSE (Ib) PSE (inches) (lb) PSE Releases
1989 7,110 356 5,192 37.3 11.2 0.7 55 2,671
1990 2,987 57.0 1,307 48.9 9.9 04 69.2 1,481
1991 53,150 145 25,840 154 9.6 04 232 21,671
1992 15,801 233 7,573 25.3 10.4 04 36.8 6,979
1993 30,437 211 15,560 22.2 10.6 04 351 9,149
1994 53,772 23.0 23,250 25.2 9.9 0.4 33 37,824
1995 56,479 521 30,613 57.4 10.4 04 879 36,475
1996 45,884 195 11,737 424 10.3 0.4 431 21,806
1997 38,978 24.0 18,942 276 9.3 04 397 9,809
1998 44,200 40.2 28,203 46.9 10.6 0.7 56.8 26,332
1999 34,589 316 24,046 458 9.8 0.7 564 19,073
2000 15,972 34.0 10,227 36.3 10.6 0.7 46.6 9,440
2001 31,700 221 16,153 22.7 10.6 04 36.1 16,321
2002 30,983 259 12,593 27.6 9.9 04 342 18,840
2003 48,918 20.2 26,338 221 10.4 04 36.2 89,148
2004 167,477 171 97,492 18.2 10.8 0.7 21.9 202,087
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Figure 6.45 North Carolina Gulf kingfish landings (Ib) by mode combined from 1994 to 2004.
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Table 6.5 Recreational Gulf kingfish landings, combined from 1994 to 2004

Mean

Harvest Mean Mean Length

State (number) PSE Weight (Ib) PSE Percent (inches)
East Florida 4,965,861 16 3,236,351 17 91.5 12
North Carolina 568,952 28 299,594 34 8.5 10

Unweighted length frequencies of Gulf kingfish landed by anglers from the ocean
peaked from 9.4 to 9.8 inches (240 and 250 mm) with a greater proportion of smaller fish than
the northern or southern kingfishes (Figure 6.46). Since Gulf kingfish are found almost
exclusively in the surf zone, shore based anglers catch very few fish in inside waters. During
1994 — 2004, creel clerks in the intercept survey measured only 28 Gulf kingfish from inside
waters but 576 were measured from ocean waters.
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Figure 6.46  Length frequency of North Carolina ocean caught Gulf kingfish, 1994 - 2004.
Catch by wave data for Gulf kingfish indicate most fish are caught in Wave 5 (Sep-Oct)

followed by Wave 3 (May-Jun). The fewest number of fish were caught during the summer
months (Figure 6.47).
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Figure 6.47  North Carolina Gulf kingfish catch by wave, 1994 — 2004 estimated from MRFSS.
6.2.4 Northern kingfish

With the exception of 1997 when 240,912 Ib of northern kingfish was harvested,
recreational landings since 1989 have been mostly stable averaging 108,647 |Ib and 181,269
fish (Figure 6.39 and Table 3). The lowest recreational catch was in 1989 when 40,565 Ib was
caught. Mean lengths of retained fish ranged from 10.8 inches (275 mm) in 1994 to 12.0 inches
(305 mm) in 2000. Mean weights ranged from 0.4 to 0.7 Ib over the sixteen years (Table 6.6).

Northern kingfish were captured almost equally from beaches, piers and private/rental
boats (Figure 6.48). However, PSEs from this portion of the MFRSS survey are high (range 20-
45) implying wide confidence intervals. Northern kingfish are available to anglers from all
different modes with the exception of charter boats.
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Table 6.6 Northern kingfish North Carolina recreational catch, 1994 - 2004.

Mean Mean

Harvest Weight length  weight
Year number PSE (Ib) PSE (inches) (lb) PSE Releases
1989 89,613 16 40,565 23 9.4 0.4 28 34,376
1990 186,632 21 83,792 20 10.5 0.4 29 91,045
1991 200,793 11 112,029 12 10.6 0.7 14 81,303
1992 221,871 15 154,999 16 11.7 0.7 24 92,791
1993 209,347 13 146,244 12 11.3 0.7 19 55,425
1994 215,406 10 121,599 10 11.3 0.7 12 145,751
1995 164,847 15 87,875 15 10.8 0.4 25 99,721
1996 191,357 17 105,940 18 11.3 0.7 20 92,192
1997 362,226 29 240,912 31 11.7 0.7 41 94,287
1998 104,529 25 63,715 28 11.3 0.7 34 63,543
1999 201,041 29 115,876 32 10.8 0.7 37 149,569
2000 143,242 15 98,396 15 12.0 0.7 22 90,352
2001 178,052 21 113,876 24 11.6 0.7 30 91,538
2002 96,741 29 56,178 29 11.6 0.7 35 58,791
2003 139,085 19 89,231 20 11.7 0.7 26 247,430
2004 195,519 20 107,122 18 11.3 04 33 222,187
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Figure 6.48 North Carolina northern kingfish landings (Ib) by mode, 1994 - 2004.

Along the Atlantic coast, northern kingfish landings were concentrated in three states:
New Jersey, Virginia, and North Carolina. North Carolina landed the most pounds of northern
kingfish accounting for 48.8% of the catch. New Jersey and Virginia followed with 26.7% and
25.5% of the catch (Table 6.7).
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Table 6.7 North Carolina recreational northern kingfish landings, combined from 1994 to 2004.

Mean

Harvest Mean Mean Length

State (number) PSE Weight (Ib) PSE Percent (inches)
New Jersey 89,337 43 57,126 44 25.5 11.9
Virginia 112,359 44 57,314 44 26.7 11.4
North Carolina 181,095 21 109,156 22 48.8 11.5

During 1994-2004, measurements of northern kingfish retained by anglers were
recorded by creel clerks and used to generate length frequencies in the ocean and estuarine
fisheries (Figures 6.49 and 6.50). Ocean captured northern kingfish exhibited a normal
distribution with a modal peak of 11 inches (280mm). Lengths ranged in size from 5.5 to 16.9
inches (140mm to 430mm) and 3,166 northern kingfish were measured by creel clerks over the
11-year time frame, 1994-2004.

The estuarine frequency indicates a modal peak of 13.4 inches (340 mm) which is larger
than the modal peaks of southern and Gulf kingfish. The distribution is shifted more towards
larger fish. This may be function of the size of fish in the estuary or it may be due to the smaller
sample size. Distributions are unweighted and based on measurements of 280 fish over the 11
years.
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Figure 6.49 Length frequency of North Carolina ocean caught northern kingfish, 1994 - 2004.
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Figure 6.50 Length frequency of estuarine caught northern kingfish, 1994 — 2004.

The catch by wave indicates that northern kingfish are captured during all sampling
regimes with the greatest catches occurring during waves 2 and 3 (Mar—May) and the least
during wave 4 [Jul-Aug (Figure 6.51].
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Figure 6.51  North Carolina Northern kingfish by wave, 1994 — 2004, estimated by MRFSS.

97



6.3 BYCATCH ASSOCIATED WITH COMMERCIAL CATCHES OF KINGFISHES
6.3.1 History

Fishery managers continually face the issue of bycatch and discards in fisheries
throughout the world (Gray 2002). Discards impact fishery yields and fishery managers’ ability
to accurately assess fishery stocks (Fennessy 1994, Hall 1999). The NCMFC adopted a policy
in November 1991 directing the NCDMF to establish the goal of reducing bycatch to the
absolute minimum and incorporates that goal into actions. Bycatch is defined as “the portion of
a catch taken incidentally to the targeted catch because of non-selectivity of the fishing gear to
either species or size differences” (ASMFC 1994). Bycatch can be divided into two
components: incidental catch and discarded catch. Incidental catch refers to retained or
marketable catch of non-targeted species, while discarded catch is that portion of the catch
returned to the sea as a result of regulatory, economic, or personal considerations.

While it is becoming increasingly apparent to scientists, natural resource managers, and
much of the general public that bycatch is an important issue that must be addressed,
characterizing the nature and extent of bycatch has proven extremely difficult. These difficulties
are generally attributed to inadequate monitoring of many pertinent characteristics including
actual bycatch levels, effort of the directed fishery, distribution of the bycatch species, and the
mortality rate of the discarded species. The problem is exacerbated by the patchy distribution of
effort and finfish in both time and space. The amount of bycatch in a particular trip is usually
skewed, with many tows having some bycatch and very few tows with high bycatch.
Additionally, available effort data are often inadequate. Although research indicates that tow
duration is often a significant factor when estimating bycatch losses, the NCDMF and most
other agencies typically record effort data by trip without any accompanying information on tow
duration or the number of tows made during a trip. Mortality of bycatch captured in commercial
gear varies by species, in addition to tow time, water temperature, fishing location, and gear
configuration.

The lack of reliable discard estimates has not stopped researchers from investigating
impacts on fish stocks, but it has prevented increases in precision. Most assessments address
the range of bycatch estimates through sensitivity analyses by comparing basic assessment
results over the range of bycatch estimates and assumptions. If none of the results seems
plausible, the assessment may proceed without the bycatch estimates included but with the
caveat that results may be biased or contain additional uncertainties due to unknown levels of
missing catch. The following discussion will explore the issue of bycatch from the major
commercial fisheries that land kingfishes.

6.3.2 Description of Fisheries Landing Kingfish
6.3.2.1 Shrimp trawl fishery

The gear and effort used to catch shrimp depends on the target species and area fished.
Conventional two-seam otter trawls are used for pink and brown shrimp. White shrimp are
harvested with a four seam and tongue trawls. Large Pamlico Sound vessels stay out four or
five days and tow from one to three hours, often working day and night. Smaller vessels make
daily trips and employ shorter tow times. In the Core Sound area, the fishery occurs mainly at
night, with trips lasting one night. In the southern area, fishing is conducted in the ocean and
estuarine waters on a day-trip basis, mostly during daylight hours.
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6.3.2.2 Crab trawl fishery

The crab trawl fishery has received a large amount of attention due to the bycatch of
finfish (mainly southern flounder) and sub legal crabs. There are few (less than 25) trawlers that
exclusively harvest blue crabs in North Carolina’s internal coastal waters. The number of
vessels that reported crab trawls as at least one of the fishing gears used has ranged from 179
to 418 vessels since 1994, and averaged 290 vessels (NCTTP) per year. The majority (60%) of
the effort in the crab trawl fishery, based on number of trips, occurs between March and June.

Crab trawl headrope lengths for double-rigged vessels ranged from 30 to 45 ft, while
twin-rigged vessels pulled four nets in the 30-ft range. Crab trawlers working in the western
portion of Pamlico Sound and the rivers (Pamlico, Pungo, and Neuse) are required to use 4”
tailbag, while crab trawlers working in the eastern side of the sound must use at least a 3”
tailbag (15A NCAC 3L.0202(a)). Tow times generally decrease as biomass and/or temperature
increases.

6.3.2.3 Hard crab, peeler and ghost crab pots

The two management issues relating to finfish bycatch in crab pots are: 1) the
composition, quantity, and fate of the marketable, and unmarketable discarded bycatch in
actively fished pots; and 2) the composition, quantity, and fate of finfish bycatch in “Ghost pots”.
The NCTTP was used to determine marketable bycatch in crab pots and various North Carolina
Fishery Resource Grant (FRG) studies were used to assess the unmarketable bycatch of
kingfishes.

Ghost crab pots are defined as those pots that, either through abandonment or loss
(float lines cut by boats, storm events, etc.) continue to catch crabs and finfish. Concern
stemmed from the significant increase in the numbers of crab pots, the long life of vinyl coated
pots, and the pot’s ability to continue to trap crabs and finfish.

While data exist on the fate and quantity of blue crabs in ghost pots, little information is
available on finfish bycatch since dead fish are quickly consumed by blue crabs, leaving only
bones and fins (Guillory 1993, NCDMF unpublished data 1993). Due to this lack of finfish
bycatch data from ghost pots, the NCDMF initiated studies in 2002 to address this. Analysis of
these studies is not complete; therefore, no bycatch or discard data are available for kingfishes.

6.3.2.4 Long haul seine fishery

The North Carolina long haul seine fishery operates primarily in Core and Pamlico
Sounds with most of the activity occurring in northern, and southern Pamlico Sound. The
fishery is prosecuted using a long haul seine (usually between 1,000 and 1500 yards) that is
stretched and pulled between two boats for a distance before the boats come together and
close a circle with the net. As the net is hauled, the fish are forced into the bunt section where
they are removed (Guthrie et al. 1973).

The long haul seine fishery harvests fish between April and November. It is a multi-
species fishery with target species consisting of Atlantic croaker, spot and weakfish and
occasionally bluefish and spotted seatrout. The long haul seine fishery in Pamlico Sound has
two major areas of activity, one in northern Pamlico Sound and the other in southern Pamlico
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Sound. These areas are divided geographically by Bluff Shoal, an 8.9—11.1 ft deep shoal
bisecting the sound north to south and surrounded by deeper water (17.1-21.0 ft deep) on both
sides. The deeper waters on either side of Bluff Shoal have been documented to have
differences in species composition and abundance (Ross and Moye 1989).

Participation in the long haul seine fishery has been declining. Recently, there are only
seven traditional long haul seine and swipe net crews working. Three crews work northern
Pamlico Sound, behind the Outer Banks from Hatteras Island to Oregon Inlet and Roanoke
Sound. A second center of activity, worked by only one crew, is located in southern Pamlico
Sound and Core Sound. The other three crews located in Core Sound work the areas of
Atlantic, Davis and Sea Level (Potthoff 2004).

6.3.2.5 Gill net fishery

Most kingfishes are captured in the small mesh (<5 inches) ocean gill net fishery but a
few are taken incidentally in the large mesh (>5 inches) estuarine flounder fishery. Primary
species harvested in the ocean with small mesh gear include Atlantic croaker, bluefish,
kingfishes, spot and weakfish. The majority (62.4%) of kingfishes commercially harvested in
North Carolina from 1994 to 2004 were captured with this gear. The type of small mesh gill nets
targeting kingfishes is referred to as a sink or drop net. Most of the fish are captured with
stretched mesh sizes between 2 2 and 3 inches. Kingfishes are targeted in southern areas of
the state, mostly in the ocean, but they represent only a portion of a multispecies ocean catch in
other areas. Gill nets may be set overnight or opportunistically on suspected fish aggregations.
The harvest of kingfishes is concentrated in the central and southern ocean waters of the state
and to a lesser extent, the northern waters. Recent years have seen the percent of landings
from small mesh gill nets rising while the landings from fish trawls, primarily flynets, has
drastically decreased (see commercial section) due to restrictions on harvest areas.

6.3.2.6 Winter trawl (flynet) fishery

The flynet fishery is prosecuted in the ocean by North Carolina trawlers that fish for
weakfish, Atlantic croaker, bluefish, butterfish, kingfishes and scrap (bait) fish. The fishery
generally takes place October through April in waters less than 36 meters from Oregon Inlet to
Cape Hatteras. Flynets are high profile trawls that fish just off the bottom. The nets range from
80 to 120 ft across with wing mesh sizes from 16 to 64 inches. The tailbags of these trawls are
3.5 inches square or 3.75 inches diamond hung. Concern over the over exploitation of weakfish
led to the regulation (15A NCAC 3J .0202 (4) which prohibited flynets from fishing south of Cape
Hatteras. This rule, which became permanent March 1, 1996 significantly reduced landings of
kingfishes from flynets (see commercial section). Flynet landings prior to 1998 were a major
contributor to kingfish landings but since 1998, landings have averaged only 2% of the total
catch (NCTTP 1994-2004).

6.3.2.7 Beach seine fishery

The beach seine fishery involves setting and hauling a seine from the beach (Atlantic
Ocean) to target nearshore migrating fish populations. Beach seines are set using dories
launched from the beach, and retrieved back to the beach with 4-wheel drive trucks. The
fishery presently occurs primarily along the northeastern NC coast, from the NC/VA border to
Cape Hatteras.

The beach seine may consist of a wash net, bunt and wing. The most common beach
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seine is a “hybrid net” constructed of monofilament-nylon net (wash net, wings) and a
multifilament-nylon bunt, but some beach seiners use nets that are constructed of
monofilament-nylon throughout (wash net, wing and bunt). Small mesh beach seines range in
length from 600-1,500 ft, but are restricted to a total length of 1,000 ft from May 1-October 31,
NC/VA border to Cape Lookout, NC (BNDTRP, Final Rule, April 26, 2006, FR, Vol 71, No. 80).
The fishery is currently listed under the Mid-Atlantic haul/beach seine fishery as a Category Il
fishery under the Marine Mammal Protection Act's (MMPA's) List of Fisheries (LOF).

The small mesh beach seine fishery operates predominantly during the spring (April-
May) and fall (September-October). Small mesh beach seines typically consist of 2 7 to 3 4
inches stretched mesh. There also is a large mesh (7 to 9 inches stretched mesh) beach seine
fishery that targets striped bass. The striped bass beach seine fishery is limited to a seasonal
quota, and opens by the proclamation authority of the NCDMF Director, typically during the
winter (December-February). The large mesh beach seine fishery rarely captures kingfish and
is not included herein.

6.3.3 Bycatch Results in Fisheries Landing Kingfishes
6.3.3.1 Shrimp trawl
Marketable bycatch

An average of 428,173 Ib of finfish are landed annually by shrimp trawls (NCTTP 1994-
2004). Kingfishes are the most common finfish species landed accounting for 34% of the total.
Although most kingfishes captured are incidental to shrimp trawling, a directed fishery using
shrimp trawls occurred in the Atlantic Ocean in 1996 and 1997. In 1996, 34% of the kingfishes
landed by shrimp trawls were from trips that had no shrimp landings. This number increased to
54% in 1997 (Table 6.8). Annual shrimp trawl landings of these species were 143,863 Ib.
Seventy-one percent of the landings were from the Atlantic Ocean and 27% from Pamlico
Sound (Table 6.9). The majority (40%) of the kingfishes landed from the ocean were caught
from 0-3 miles south of Cape Hatteras. Eighty-eight percent of the ocean landings occurred
from October through March, while 92% of the inside landings occurred July through November
(Table 6.10).
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Table 6.8 Comparison of kingfish landings from shrimp trawls with and without shrimp
landings (NCTTP).

Total reported kingfish Kingfish landings from shrimp trawls  Percent

Year landings from shrimp trawls with no reported shrimp landings difference
1994 94,477 1,233 1.31%
1995 243,100 9,194 3.78%
1996 202,326 69,373  34.29%
1997 229,079 123,930 54.10%
1998 80,470 1,627 2.02%
1999 237,427 6,352 2.68%
2000 156,870 2,170 1.38%
2001 47,542 128 0.27%
2002 114,285 711 0.62%
2003 68,088 229 0.34%
2004 108,825 1,296 1.19%
Total 1,582,492 216,243 13.66%
Average 143,863 19,658
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Table 6.9 Yearly landings (Ib.) of kingfishes from shrimp trawls, by waterbody, for North Carolina (1994-2004). CH= Cape
Hatteras and IWW=Inland Waterway

Year Percent
Waterbody 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 Total Average of total
Ocean 0-3 mi, S of CH 0 18,708 82,727 68,265 37,365 159,425 99,405 16,438 50,469 32,767 65,171 630,739 57,339.92 39.86%
Pamlico Sound 50,426 67,122 39,821 36,577 13,911 46,943 46,902 25,931 41,949 24,647 39,057 433,285 39,389.57 27.38%
Ocean less than 3 miles® 35,200 79,605 34,031 17,081 2,654 14,284 0 0 0 0 0 182,855 16,623.14 11.55%
Ocean >3 mi, S of CH 0 9,274 11,371 63,797 24,234 8,807 7,117 4,421 18,093 9,333 3,743 160,189 14,562.62 10.12%
Ocean more than 3 miles® 7,768 56,295 19,579 38,844 1,733 192 0 0 0 0 0 124,411 11,310.05 7.86%
Ocean >3 mi, N of CH 0 0 12,370 2,213 * 2,646 12 0 157 * * 17,606 1,600.55 1.11%
Ocean 0-3 mi, N of CH 0 9,652 171 379 50 1,703 1,785 0 1177 2 11 14,930 1,357.27 0.94%
Core Sound 549 1,411 42 1,149 132 805 514 389 303 817 466 6,575 597.68 0.42%
Neuse River 74 182 1,835 374 16 1,134 24 0 581 * * 4,519 410.82 0.29%
New River 23 151 59 82 25 31 808 82 711 48 59 2,078 188.91 0.13%
Cape Fear River 158 40 83 58 68 280 145 60 638 193 65 1,788 162.50 0.11%
Pamlico River 48 616 98 216 93 115 18 206 192 49 0 1,651 150.05 0.10%
Bogue Sound * 0 16 * 0 * 13 * 0 0 91 1,187 107.91 0.08%
Bay River 150 * 0 26 * * 14 0 0 * 0 221 20.09 0.01%
IWW * 7 0 * 10 0 68 * 9 23 0 127 11.53 0.01%
White Oak River 0 0 * 0 0 0 0 0 0 0 0 123 1118 0.01%
North River/Back Sound 46 14 * 0 0 0 0 0 0 0 0 61 5.55 0.00%
Croatan Sound 0 4 0 5 0 6 28 7 3 0 0 53 4.82 0.00%
Newport River 0 * 0 0 0 0 * 0 0 0 0 25 227 0.00%
Roanoke Sound 7 6 0 3 0 * 0 0 5 0 0 23 212 0.00%
Stump Sound * * 0 0 0 0 0 0 0 0 0 18 1.64 0.00%
Masonboro Sound 0 0 0 0 * 0 * * 0 * 0 9 0.82 0.00%
IWW (Onslow Co.) 0 0 0 0 0 0 0 0 0 * 7 8 0.73 0.00%
Topsail Sound * 0 0 0 0 0 0 0 0 0 0 7 0.64 0.00%
IWW (Brunswick Co.) 0 0 0 0 0 0 0 0 0 5 * 6 0.55 0.00%
Total 94,477 243,100 202,326 229,079 80,470 237,427 156,870 47,542 114,285 68,088 108,825 1,582,492 143,862.90 100.00%

*Confidential data

% Only available from NCTTP 1994 to 1999.
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Table 6.10 Percent monthly contribution of kingfishes landings from shrimp trawls, by waterbody, for North Carolina (1994-2004).
CH= Cape Hatteras and IWW=Inland Waterway
Month

Waterbody Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Ocean 0-3 mi, S of CH 339% 058% 6.23% 2.05% 1.63% 1.86% 1.90% 1.98% 1.99% 19.23% 43.30% 15.87%
Pamlico Sound 0.03% 0.08% 0.03% 021% 1.08% 4.35% 18.28% 28.34% 12.77% 17.95% 14.89% 1.97%
Ocean less than 3 miles 519% 17.61% 14.80% 588% 251% 223% 4.15% 1.73% 1.86% 6.66% 28.45% 8.94%
Ocean >3 mi, S of CH 729% 27.28% 6.73% 1.25% 3.28% 343% 2.02% 0.85% 1.56% 13.82% 28.96% 3.53%
Ocean more than 3 miles  13.68% 20.09% 21.02% 1.76% 0.80% 0.78% 299% 1.62% 0.89% 279% 7.86% 25.70%
Ocean >3 mi, N of CH 0.00% 12.39% 69.09% 0.00% 0.34% 0.15% 0.15% 0.47% 1.66% 4.15% 11.59% 0.00%
Ocean 0-3 mi, N of CH 466% 0.00% 0.00% 0.36% 0.00% 0.76% 0.28% 0.77% 0.67% 6.99% 26.81% 58.71%
Core Sound 0.24% 15.36% 0.67% 8.60% 6.28% 7.61% 30.92% 11.01% 254% 4.84% 11.90% 0.02%
Neuse River 0.00% 0.00% 0.00% 0.00% 0.00% 6.17% 32.27% 21.44% 528% 2.15% 32.00% 0.69%
New River 0.00% 0.00% 1.06% 3.95% 3.34% 0.46% 1.97% 0.70% 10.73% 45.64% 29.36% 2.79%
Cape Fear River 297% 0.00% 16.22% 6.32% 0.06% 0.17% 3.13% 3.47% 13.20% 12.56% 30.88% 11.02%
Pamlico River 0.00% 0.00% 0.00% 0.00% 6.06% 10.18% 28.05% 19.27% 10.48% 9.30% 16.48% 0.18%
Bogue Sound 0.00% 0.00% 0.00% 1.94% 0.34% 042% 7.41% 0.00% 0.25% 0.34% 89.30% 0.00%
Bay River 0.00% 0.00% 0.00% 5.43% 13.12% 6.33% 67.19% 1.36% 4.07% 249% 0.00% 0.00%
IWW 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 61.12% 2.37% 22.08% 6.55% 7.89% 0.00%
White Oak River 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
North River/Back Sound 0.00% 0.00% 0.00% 3.28% 1.64% 0.00% 0.00% 47.54% 31.15% 0.00% 16.39% 0.00%
Croatan Sound 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 5.66% 43.40% 47.17% 3.77% 0.00% 0.00%
Newport River 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%  0.00%
Roanoke Sound 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 4.28% 40.02% 51.41% 4.28% 0.00% 0.00%
Stump Sound 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Masonboro Sound 0.00% 0.00% 0.00% 55.56% 0.00% 11.11% 0.00% 0.00% 0.00% 33.33% 0.00% 0.00%
IWW (Onslow) 0.00% 0.00% 0.00% 25.00% 25.00% 0.00% 0.00% 12.50% 37.50% 0.00% 0.00% 0.00%
Topsail Sound 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
IWW (Brunswick) 0.00% 0.00% 0.00% 0.00% 16.67% 0.00% 66.67% 0.00% 0.00% 16.67% 0.00% 0.00%
Ocean total 533% 9.44% 10.21% 247% 1.87% 1.98% 2.35% 1.70% 1.77% 14.23% 34.25% 14.40%
Inside total 0.04% 030% 011% 0.38% 1.18% 4.42% 1851% 27.66% 12.50% 17.61% 15.34% 1.95%
Monthly total 382% 6.83% 733% 187% 167% 268% 6.96% 911% 4.83% 15.19% 28.85% 10.85%

°Only available from NCTTP 1994 to 1999.
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Unmarketable bycatch

Although a long-term characterization study of bycatch in the shrimp trawl fishery has
not been conducted for North Carolina waters, preliminary investigations were conducted in
1995 (Diamond-Tissue 1999) and 1999 (Johnson 2003). Additionally, two FRGs were funded
by North Carolina Sea Grant to compare bycatch rates between day and night in the southern
portion of the state (Taylor and Donello 2000; and Ingraham 2003).

Diamond-Tissue’s (1999) 1995 characterization study examined 52 tows conducted over
15 trips. Sampled boats had one or two nets, and all nets contained the required TED and
BRD. Ninety-two different species, including 66 species of finfish, 10 species of crabs, and 13
other invertebrates were identified. Data was provided for the top ten species by number and
weight for each waterbody. These top ten species accounted for between 85 and 95% of the
total catch by number and weight in each waterbody. Kingfishes were not part of the top ten
species in any waterbody.

Johnson (2003) quantified the catch of shrimp trawlers working in Core Sound (n=46
tows) and the Neuse River (n=8 tows) during the summers of 1999 and 2000. Spot (48%),
Atlantic croaker (13%), and pinfish (12%) accounted for 73% of the finfish bycatch from Core
Sound. In the Neuse River, Atlantic croaker (44%), and spot (33%) accounted for 77% of the
finfish bycatch. No kingfishes were observed in either area.

Taylor and Donello (2000) examined shrimp trawl catches from estuarine waters in the
southern portion of the state (New River to Ocean Isle Beach bridge) from May through
November (no tows in July). Catches from 54, 45-minute tows were examined. Data was only
provided for species whose combined catch weight exceeded four kilograms. No data was
reported for kingfishes, so if captured, the combined total weight was less than four kilograms.

Ingraham (2003) examined ocean (0-3 miles) shrimp trawl catches from Topsail Inlet to
the Little River Inlet. Catches from 40 tows (20 daytime, and 20 nighttime) collected during
May-June, and September-December were analyzed. Kingfishes were the 8" most abundant
category, accounting for 1.2 percent of the total catch weight. Kingfish catches were
significantly higher in December than any other month, and nighttime catch rates were
significantly higher than daytime catch rates (0.14 Ib/minute night, and 0.04 Ib/minute daytime).

Bycatch reduction in the shrimp trawl fishery

The NMFS, along with the Gulf and South Atlantic Fisheries Development Foundation
(GSAFDF), began a cooperative bycatch research program. Beginning in February 1992 and
continuing until December 1996, observers were placed aboard cooperating vessels to
characterize bycatch and to test BRDs during normal commercial shrimp trawling. More than
150 taxa have been identified from shrimp trawl catches in the South Atlantic, and the average
overall catch rate was 57.33 Ib per hour (Nance 1998). Finfish comprised 54% of the catch by
weight, shrimp 18%, other invertebrates 18%, and the remaining 13% were crustaceans.
Seasonal distribution of finfish bycatch in the South Atlantic indicates that the highest
percentage by weight occurred in the summer but by number, the highest was in the spring.
The top ten species by weight were: cannonball jelly (14%); white shrimp, spot, and Atlantic
menhaden (9%); brown shrimp, other jellyfish and Atlantic croaker (6%); and southern kingdfish,
blue crab (4%), and star drum (3%).

Numerous gear evaluation studies have been conducted in North Carolina waters
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(McKenna and Monaghan 1993; Coale et al. 1994; Murray et al. 1995; and McKenna et al.
1996). However, these data should not be used for characterization analysis since these
studies were often conducted during times of low shrimp catch rates. Therefore, the bycatch
data are not representative of times when shrimp catch rates are higher. For example, the fish
to shrimp ratio for gear studies conducted in 1994 (McKenna et al. 1996) was 5.5 to 1, while
characterization studies conducted in 1995 by Diamond-Tissue (1999) calculated the fish to
shrimp ratio to be 1.6 to 1. Although these data should not be used for characterization
analysis, catches provide information on presence or absence and size of species.

Gear testing was conducted on a commercial trawler in Pamlico Sound in 1991. Data
was collected from 41, 90-minute tows during May (n=6), August (n=18), and September
(n=17). Kingfishes comprised 1.5% of the total finfish catch, and averaged 3.4 Ib per tow. May
catches accounted for the highest average catch per tow (4.6 Ib) and represented 4.5% of the
total finfish catch. August and September had the same percent contribution of kingfishes to
total finfish (1.3%). On average, 3.6 Ib of kingfishes were captured per tow in August, and 2.8 Ib
in September.

Gear testing in 1994 was conducted in Pamlico, Croatan and Core sounds, and the
Newport, New, and Cape Fear rivers. Work in the Pamlico Sound complex (Pamlico and
Croatan sounds) was performed aboard commercial and state vessels. All work in the other
areas was conducted aboard commercial trawlers. New River had the highest overall catch-
per-unit-effort (CPUE) of kingfishes (1.39 Ib/tow), followed by, the Cape Fear River (0.60 Ib/tow),
and Pamlico Sound [0.55 Ib/tow (Table 6.11)]. Overall, kingfishes were observed in 24% of the
sampled catches. The Cape Fear River had the highest percentage (62%) of the tows with
kingfishes, while Core Sound and the Newport River had the lowest [2% (Table 6.11)].

Table 6.11 Kingfish data for control nets from gear testing conducted in North Carolina in

1994.
Weight (Ib) Percentage of tows
Kingfish
Number Percent CPUE  without with

Area of tows Finfish Kingfish kingfish (Ib/tow) kingfish  kingfish
Cape Fear River 32 2,033 19 0.95% 0.6 38.33% 61.67%
New River 115 8,551 160 1.87% 1.4 51.40% 48.60%
Core Sound 165 3,772 0 0.01% 0 98.33% 1.67%
Newport River 60 137 0 0.02% 0 98.33% 1.67%
Pamlico Sound 129 16,690 71 0.42% 0.6 68.63% 31.37%
Croatan Sound 43 2,576 1 0.05% 0.03 90.38%  9.62%
Total 544 33,759 252 0.75% 0.46 76.14%  23.86%

The length frequency of kingfishes captured during gear testing in 1994 is shown in
Figure 6.52 and is overlapped with the length frequency of kingfishes captured during the PSS
from 1987 through 2005. The PSS is a fishery independent survey conducted in June and
September of each year. This survey uses two 30-foot mongoose trawls with a 1 2z inch
stretched mesh tailbag, which is the minimum required mesh size for shrimp trawls. The
distribution of lengths in both studies was similar even though sample sizes were much higher
in the PSS. The similarity of the lengths reflects the selectivity to the gears and abundance of
kingfishes.
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Figure 6.52  Length (mm) frequency distribution of kingfishes captured during gear testing in
Pamlico Sound (1994) and the PSS, 1987 - 2005.

While the effect shrimp trawl bycatch has on kingfish stocks is unknown, the reduction of
fishing mortality on unmarketable juvenile finfish stocks might result in more individuals
recruiting into the spawning stock, recreational and other commercial fisheries. Methods and
management options to reduce kingfish bycatch in the shrimp trawl fishery are addressed in the
management strategies issue paper.

6.3.3.2 Crab trawl results
Marketable bycatch

Finfish landings from crab trawls averaged 80,620 Ib per year (NCTTP 1994-2004). The
main species landed was southern flounder accounting for 81% of the total. Kingfish landings
accounted for 2% of total finfish landings from this gear and averaged 1,324 |b per year. April
(42%), March (18%), November (12%) and December (15%) accounted for 87% of the kingfish
landings. Pamlico Sound accounted for 93% of the kingfish landings from crab trawls.

Unmarketable bycatch

McKenna and Camp (1992) assessed the finfish bycatch of the crab trawl fishery in the
Pamlico River. During this study, 15 trips were made March through June aboard commercial
crab trawlers. The mean number of tows made during a trip was 3.3, and ranged from 1 to 5.
Tow times ranged from 1 to 4 hours and averaged 2.87 hours. An average trip consisted of
9.46 hours of towing. No kingfishes were captured in 50 tows.
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Bycatch reduction in the crab trawl fishery

Two gear studies conducted to determine the feasibility of reducing crab trawl bycatch
through the alteration of the tailbag mesh size provided some limited data on kingfishes
bycatch. McKenna and Clark (1993) tested the effects of different tailbag mesh sizes on
reducing bycatch in the crab trawl fishery. This study was performed by the NCDMF between
November 1991 and November 1992. The testing was conducted in the Pamlico, Pungo, and
Neuse rivers during the fall and winter and in Adam’s Creek during the summer using 3, 4, and
42 inch (stretched mesh) tailbags. Seventy-one tows were conducted aboard a research
vessel towing two nets at a time, the control net with the 3 inch tailbag and the test net with
either the 4 inch tailbag (31 tows) or 4% inch tailbag (40 tows). Tow times were one hour at
night during the winter and spring and 30 minutes during the day in the summer. During this
study, 587 Ib of finfish were captured of which 0.5 Ib (0.1%) were kingfishes.

Another study on different tailbag mesh sizes for crab trawls was examined by Lupton
(1996) between June 1995 and May 1996. Two hundred twenty tows were conducted during
the day in Bay River aboard a research vessel towing two 30-foot nets, the control net with the 3
inch tailbag and the test net with either the 4 inch tailbag (110 tows) or 4%z inch (110 tows)
tailbag. Tow times were one hour during the winter, and spring and 30 minutes in the summer.
Only nine Ib of kingfishes were capture in 868 Ib of finfish. Kingfishes comprised 1% of the
finfish catch and averaged 0.04 Ib per tow.

6.3.3.3 Hard crab and peeler pot results
Marketable bycatch

Annual landings of the marketable portion of the incidental finfish bycatch from hard crab
pots averaged 59,208 Ib (NCTTP 1994-2004). Kingfishes are the 18" most common finfish
species landed from this gear. Annual landings of kingfishes from hard crab pots averaged 254
Ib (NCTTP, single gear trips only). Eighty-nine percent of the landed kingfishes were captured
April through July. Kingfishes landed from hard crab pots have been reported from 12
waterbodies. Pamlico Sound accounted for the majority (78%) of the landings, followed by
Roanoke Sound (8%), Albemarle Sound (4%), and Croatan Sound (4%). Single gear trips
reported an average annual finfish landings from peeler pots are 855 Ib (NCTTP 1994-2004).
Peeler pots landed a total of 5 Ib of kingfishes from 1994 through 2004.

Discarded unmarketable bycatch

Four crab pot fishermen kept records of bycatch in their hard and peeler pots from
March through October 1999 (Doxey 2000). Hard crab pot data were collected from 283 trips
during which 149,649 hard crab pots were fished. Peeler pot data were collected from 11 trips
taken in May during which 1,950 peeler pots were fished. Seventeen finfish species were
observed in hard crab pots and nine in peeler pots. No kingfishes were observed in any of the
pots examined.

Thorpe et al. (2004) reported hard crab pot bycatch data (May — December 2003) from
Core Sound [CS (28 trips)] and Brunswick County [BC (28 trips)]. The number of pots fished
per trip ranged from 68-84, with average soak times of 2 %2 (BC) and 2 % days (CS). A total of
19 finfish species were observed. No kingfishes were captured.
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6.3.3.4 Long haul seine results
Incidental marketable bycatch

The long haul seine fishery harvests fish between April and November. This is a minor
fishery for kingfishes representing a 3.3% average of total landings from 1994 to 2004. Target
species are Atlantic croaker, spot and weakfish and occasionally bluefish and spotted seatrout.
Kingfishes are incidental with some trips landing between 100 and 150 Ib of kingfishes, primarily
on the south side of Bluff Shoals. Fish house sampling from 1994 to 2003 indicated that
kingfishes represented less than 1% by number and weight of all catches. Species
compositions for 42 trips sampled in 2003 are shown in Table 6.12 (Potthoff 2004). Species
composition has changed little since 1982.

Scrapfish

A significant portion of long haul seine catches is sold as scrapfish (bait). Annual mean
scrapfish percentages by weight have ranged between 30 and 45% of the total catch (Potthoff
2004). The dominant species in the scrapfish each year was Atlantic croaker, spot, Atlantic
menhaden and pinfish, accounting for nearly 90% of the scrapfish by weight and number (Table
6.13). Kingfishes constituted only a trace amount of the long haul seine scrap fishery ranging
from 0.04% in 2004 to 0.3% in 2002. NCDMF sampled the scrapfish component of 42 long haul
seine catches in 2003 and the mean weight of kingfishes per catch was 0.89 Ib.
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Table 6.12 Species composition of long haul seine catches, Pamlico Sound area, April
October, 2003, N=42.

Weight (Ib) Number
Mean fish  Percent
Species Mean Percent Mean Percent weight (Ib) occurrence
Spot 3,321.40 39.80 11,464 34.40 0.10 100.00
Atlantic croaker 1,466.50 17.60 7,777 23.30 0.10 88.10
Weakfish 1,191.80 14.30 2,105 6.30 0.30 97.60
Pinfish 937.60 11.20 8,275 24.80 0.10 100.00
Atlantic menhaden 463.00 5.50 1,453 4.40 0.10 45.20
Pigfish 329.60 3.90 1,352 4.10 0.10 88.10
Bluefish 188.30 2.30 272 0.80 0.30 90.50
Black drum 161.60 1.90 47 0.10 1.60 40.50
Spotted seatrout 66.40 0.80 46 0.10 0.60 76.20
Southern kingfish 53.80 0.60 107 0.30 0.20 54.80
Sheepshead 31.30 0.40 12 0.00 1.20 64.30
Houndfish 24.00 0.30 9 0.00 1.20 19.00
Silver perch 21.20 0.30 139 0.40 0.10 47.60
Harvestfish 15.40 0.20 39 0.10 0.20 21.40
Spadefish 12.80 0.20 28 0.10 0.20 23.80
Unknown fishes 9.50 0.10 54 0.20 0.10 2.40
Florida pompano 6.60 0.10 8 0.00 0.40 42.90
Cownose ray 5.50 0.10 1 0.00 1.70 7.10
Striped mullet 4.90 0.10 7 0.00 0.30 4.80
Atlantic thread herring 4.40 0.10 36 0.10 0.10 7.10
Southern flounder 4.20 0.10 3 0.00 0.70 14.30
Butterfish 4.00 0.00 30 0.10 0.10 31.00
Red drum 3.70 0.00 1 0.00 1.70 19.00
Flounder species 2.90 0.00 2 0.00 0.70 16.70
Kingfish species 2.40 0.00 5 0.00 0.20 9.50
Spanish mackerel 2.20 0.00 2 0.00 0.40 26.20
Lookdown 2.20 0.00 32 0.10 0.00 11.90
Northern puffer 1.80 0.00 3 0.00 0.30 14.30
Blue crab 1.80 0.00 10 0.00 0.10 11.90
Striped burrfish 1.50 0.00 2 0.00 0.40 14.30
Crevalle jack 1.30 0.00 7 0.00 0.10 7.10
Atlantic stingray 1.30 0.00 . 0.00 . 4.80
Bighead sea robin 1.30 0.00 17 0.10 0.00 240
Summer flounder 0.70 0.00 3 0.00 0.10 7.10
Mullet species 0.70 0.00 1 0.00 0.30 7.10
Striped Sea robin 0.40 0.00 3 0.00 0.10 4.80
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Table 6.13 Species composition of scrapfish in Pamlico Sound area long haul seine catches,
April- October, 2003, n=42.

Weight (Ib) Number

Mean fish
Species Mean Percent  Mean Percent weight (Ib)
Atlantic croaker 1231.90 33.00 7,594 31.70 0.20
Pinfish 906.70 24.30 8,361 34.80 0.20
Spot 820.80 22.00 5,057 21.10 0.20
Atlantic menhaden 474.20 12.70 1,489 6.20 0.20
Pigfish 190.90 5.10 982 4.10 0.20
Bluefish 43.90 1.20 130 0.50 0.40
Silver perch 21.80 0.60 142 0.60 0.20
Weakfish 7.30 0.20 51 0.20 0.20
Harvestfish 6.40 0.20 1 0.00 0.70
Cownose ray 570 0.20 2 0.00 3.70
Atlantic spadefish 510 0.10 21 0.10 0.20
Atlantic thread herring 4.40 0.10 37 0.20 0.20
Butterfish 3.10 0.10 28 0.10 0.20
Lookdown 2.20 0.10 33 0.10 0.20
Blue crab 1.80 0.00 1M 0.00 0.20
Northern puffer 1.50 0.00 3 0.00 0.70
Striped burrfish 1.50 0.00 2 0.00 0.90
Crevalle jack 1.30 0.00 7 0.00 0.20
Striped searobin 1.30 0.00 18 0.10 0.00
Southern kingfish 0.90 0.00 4 0.00 0.20
Summer flounder 0.70 0.00 3 0.00 0.20
Bighead searobin 0.40 0.00 3 0.00 0.20
Black drum 0.20 0.00 1 0.00 0.20
Longspine porgy 0.00 0.00 <1 0.00 0.20
Leopard searobin 0.00 0.00 2 0.00 <01
Planehead filefish 0.00 0.00 <1 0.00 <0.1

6.3.3.5Gill net results
Ocean Fishery Bycatch

Kingfishes harvested in gill nets were primarily (89%) captured in the ocean from 1994 to
2004. The remaining 11% of the gill net harvest occurred in estuarine waters. For this gill net
bycatch analysis, a kingfish trip was defined as any gill net trip landing at least one pound of
kingfishes. These kingdfish trips are the data source for the subsequent analysis. The gill net
fishery in the ocean averaged 2,481,153 Ib of marketable catch per year with at least one pound
of kingfish landed in each of these trips (NCTTP 1994-2004). Weakfish landings in the ocean
waters were the highest landings associated with kingfishes (29.1%) followed by spot (14.7%),
kingfishes (14.3%) and croaker (13.2%). Most of the trips in the ocean gill net fishery that
harvested kingfishes were multispecies trips while others targeted kingfishes. The target
species that were sought varied depending on the region (Figure 6.53). Regions along the
coast were designated by district as northern, central and southern and the differences in
species composition were examined (Table 6.14). Kingfishes were bycatch in the Atlantic
croaker, bluefish, spot and weakfish fisheries in the Northern and Central districts but were
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targeted along with spot in the southern district. Kingfishes ranked first in the southern district in
the total Ib by species, just ahead of spot but ranked sixth in the northern district and fourth in
the central district.

Landings were separated for the top five species by the weight of kingfishes harvested
on each trip and then summed to derive total landings by bin size and district (Table 6.15).
These data further illustrated that kingfishes were part of a multispecies fishery in the Northern
and Central districts. These districts harvested weakfish, spot, Atlantic croaker, Spanish
mackerel and bluefish in varying amounts across all bin sizes. It was impossible to determine a
clear point where fishermen began targeting kingfishes in the northern and central districts.
Landings of kingfishes did not surpass landings of weakfish until greater than 600 Ib of
kingfishes were caught in the Northern District and 500 Ib in the Central District.

There is a clear point when fishermen targeted kingfishes in the Southern District ocean
waters. Kingfish trips greater than 100 Ib in the Southern District were designated as targeted
trips since no other species had higher landings than kingfishes in any of the bin sizes greater
than 100 Ib. The species composition of targeted kingfish trips (bin sizes 100 Ib and greater) is
represented in Figure 6.54. Landings from the Southern District accounted for 48% of the total
kingfish landings in the state. Spot ranked second in the district and accounted for 35% of the
total landings (only trips with kingfishes in the catch) of which 79% came from trips with less
than 100 Ib of kingfishes. Kingfishes did not appear to be the targeted species on these trips.
Weakfish in the Southern District comprised only 8% of the gill net landings in trips that landed
kingfishes. Other marketable bycatch in the kingfish trips included spot, weakfish, bluefish and
Atlantic croaker.
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ed to describe the species captured in the gill net fisheries.

Figure 6.53 Regions us

113



.. Other Weakfish
Bluefish
6% 8%

Croaker 3%
2%

Spot
14%

Kingfishes
67%

Figure 6.54  Species composition of targeted gillnet kingfish trips (> 100 Ib kingfish) in the
Southern District, NCTTP, 1994 - 2004.

6.3.3.6 Estuarine Gill net Fishery Bycatch

The combined estuarine landings of all marketable species in trips landing at least one
pound of kingfishes averaged 729,409 Ib from 1994 to 2004. Bluefish landings were the highest
marketable landings associated with kingfishes (20.4%), followed by weakfish (19.7%), flounder
(17.4%) and spot (16.8%). Kingfishes ranked 6™ among all market categories (5.6%).
Kingfishes were marketable bycatch in fisheries that targeted bluefish, weakfish, flounder and
spot (Table 6.14).

Estuarine landings from 1994 to 2004 were separated for the top five species by the
weight of kingfishes harvested on each trip and then summed to derive total landings by bin size
and district (Table 6.15). These data indicated that 70.7% of kingfishes landed were associated
with a multi-species fishery that included spot, weakfish and bluefish. Most kingfish were
landed in trips in the first three bin sizes (0-99, 100-199, and 200-299 Ib). Also there was a
small, directed fishery in the estuarine waters that captured the remaining (29.3%) landings of
kingfishes. NCDMF dependent and independent sampling indicated minimal bait or reported
discards of kingfishes from the estuarine gill net fishery.
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Table 6.14 Landings (Ib), rank and percent of species captured in the gill net fishery with at least one pound of kingfish by district,
1994 - 2004.

Estuarine  Ocean Ocean Ocean Ocean Ocean Ocean % of all % of all
Estuarine % of Northern  ND % Central CD % Southern SD % Ocean Ocean Estuarine
Market Category Waters Total District (ND) of Total District (CD) of Total District (SD) of Total Total Total Species Species
Weakfish 1,581,348(2) 16.6% 5,328,621(1) 55.9% 2,212,481(1) 23.2% 412,714(3) 4.3% 9,535,164 83.4% 29.1% 19.7%
Spot 1,344,687(4) 25.2% 686,724 12.8% 1,506,556(2) 28.2% 1,807,669(2) 33.8% 5,345,636 74.8% 14.7% 16.8%
Kingfishes 452,525(6) 10.4% 702,362(6) 16.2% 1,098,470(4) 25.3% 2,091,533(1) 48.1% 4,344,890 89.6% 14.3% 5.6%
Croaker 213,949 5.6% 2,295,617(2) 60.4% 1,218,035(3) 32.0% 74,533 2.0% 3,802,134 94.4% 13.1% 2.7%
Bluefish 1,636,214(1) 47.6% 1,265,202(4) 36.8% 265,366(5) 7.7% 268,106(4) 7.8% 3,434,887 524% 6.6% 20.4%
Spanish mackerel 493,983(5) 19.9% 1,694,521(3) 68.3% 115,908 4.7% 177,354(5) 7.1% 2,481,766 80.1% 7.3% 6.2%
Flounders 1,395,706(3) 99.0% 11,453 0.8% 1,250 0.1% 1,640 0.1% 1,410,048 1.0% 0.1% 17.4%
Spiny Dogfish 3,523 0.3% 786,549(5) 74.5% 261,274 24.7% 4,808 0.5% 1,056,154 99.7%  3.9% 0.0%
Butterfish 46,275 7.9% 293,039 49.8% 231,885 39.4% 17,223  2.9% 588,421 921%  2.0% 0.6%
Jumping Mullets 196,822 44.7% 7,556 1.7% 202,295 45.9% 33,620 7.6% 440,294 553% 0.9% 2.5%
Smooth Dogfish 5,322 1.4% 342,877 90.4% 24,022 6.3% 6,955 1.8% 379,176 98.6%  1.4% 0.1%
Sharks 9,466 2.9% 125,784 38.9% 15,221  4.7% 172,494 53.4% 322,965 97.1% 1.1% 0.1%
Unclassified Dogfish 4,682 1.5% 296,135 97.2% 554 0.2% 3,304 1.1% 304,675 98.5% 1.1% 0.1%
Little tunny 6,175 2.4% 208,807 82.7% 21,937 8.7% 15,442 6.1% 252,361 97.6%  0.9% 0.1%
Spotted seatrout 141,428 76.7% 21,489 11.7% 13,822 7.5% 7,561 4.1% 184,299 23.3%  0.2% 1.8%
King mackerel 5,416 3.1% 169,143 95.7% 748 0.4% 1,438 0.8% 176,745 96.9%  0.6% 0.1%
Amercian shad 8,378 7.4% 22,556 19.9% 108 0.1% 82,277 72.6% 113,319 92.6%  0.4% 0.1%
Hard Crabs (Ib) 84,243 98.3% 15 0.0% 8 0.0% 1,427 1.7% 85,693 1.7%  0.0% 1.0%
Bonita 1,730 2.0% 24,100 28.3% 22,269 26.2% 36,981 43.5% 85,080 98.0%  0.3% 0.0%
Harvestfish 16,336  19.6% 50,897 61.2% 14,414 17.3% 1,521 1.8% 83,167 80.4% 0.2% 0.2%
Black Drum 55,395 69.2% 14,935 18.7% 7,861 9.8% 1,868 2.3% 80,059 30.8% 0.1% 0.7%
Other 319,901  39.5% 399,262 49.3% 36,275 4.5% 53,812 6.6% 809,250 60.5% 1.8% 4.0%
Total 8,023,502 14,747,642 7,270,759 5,274,280 35,316,182 100% 100%
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Table 6.15 Landings by market category in the gill net fishery separated by the landings of kingfishes associated with each trip by

district, 1994 - 2004.

Pounds
Area/Species 0-99 100-199 200-299 300-399 400-499 500-599 600-699 700-799 800-899 900-999 > 1000
Ocean Northern District
Weakfish 4,199,779 515,743 273,443 129,956 54,712 51,512 33,173 23,747 18,544 11,061 16,951
Spot 590,441 40,584 21,248 14,870 7,443 3,580 3,036 1,403 1,658 853 1,608
Kingfishes 150,009 108,205 88,869 68,369 53,704 48,346 35,889 33,781 19,490 15,941 79,759
Atlantic croaker 2,117,979 134,201 17,798 4,408 3,448 4,808 2,022 3,134 2,830 570 4,419
Other 5,279,432 230,008 103,685 40,054 24,678 16,119 11,401 7,797 6,567 3,077 11,500
Northern Total 12,337,639 1,028,741 505,043 257,657 143,985 124,365 85,521 69,862 49,089 31,502 114,237
Ocean Central District
Weakfish 1,408,921 271,619 153,847 81,104 69,283 56,643 31,601 21,706 30,646 11,619 75,492
Spot 1,253,900 115,254 44,754 22,409 10,812 9,660 9,277 6,669 6,092 2,117 25,613
Kingfishes 96,051 97,096 91,236 80,355 64,973 66,240 53,274 43,848 52,786 37,518 415,093
Atlantic croaker 915,907 83,255 78,205 25,511 32,419 18,729 6,110 10,025 5,901 3,540 38,433
Other 821,286 186,809 58,013 41,463 27,271 16,152 15,096 11,642 9,287 4,062 44,137
Central Total 4,496,064 754,033 426,055 250,842 204,758 167,424 115,358 93,890 104,712 58,856 598,768
Ocean Southern District
Weakfish 172,726 77,276 41,931 30,838 18,135 16,362 11,181 9,924 7,197 6,153 20,993
Spot 1,417,276 154,502 59,386 46,907 26,245 20,067 25,337 18,515 9,515 6,731 23,189
Kingfishes 202,174 272,677 246,990 209,917 166,586 157,396 130,001 114,483 113,032 79,053 399,224
Atlantic croaker 28,904 15,993 11,610 4,824 4,171 1,504 1,104 1,963 1,602 249 2,610
Other 623,532 125,497 50,260 27,378 13,660 11,540 8,581 7,195 3,815 2,871 13,501
Southern Total 2444611 645945 410,177 319,864 228,796 206,868 176,204 152,080 135,161 95,057 459,517
Estuarine Waters
Weakfish 1,342,244 118,268 51,310 29,050 13,224 11,528 4,048 1,432 1,626 996 7,622
Spot 1,262,720 58,427 13,709 2,359 599 2,419 323 748 1,777 211 1,396
Kingfishes 206,908 67,995 44,946 32,141 16,302 19,507 14,125 8,834 5,038 6,715 30,015
Atlantic croaker 192,052 10,026 2,479 1,404 3,444 1,358 572 86 40 34 2,455
Other 4,323,510 70,927 20,805 6,182 2,890 2,068 1,780 705 113 594 1,419
Estuarine Total 7,327,434 325,642 133,249 71,135 36,459 36,880 20,848 11,805 8,594 8,550 42,907

116



6.3.3.7 Flynet results
Flynet Marketable Bycatch

Atlantic croaker and weakfish are the two top species harvested when kingfishes were
also captured in flynets. These two species accounted for 94% of the marketable catch when
kingfishes were landed in the Northern District and 88% in the Central District. Kingfishes
accounted for less than 1% of the harvest in the Northern District and 9% in the Central district.
Both the effort and species composition of trips that captured kingfishes changed dramatically
in the period 1994 to 1997 and 1998 to 2004. This change is attributed to the regulatory change
that eliminated flynets fishing south of Cape Hatteras. Average landings of croaker from 1998
to 2004 decreased 81% with a corresponding 86% decrease in the average number of trips in
the Central District relative to averages from 1994 to 1997. Other species indicated similar
trends in effort and catch rates. The average number of trips that caught kingfishes dropped
from 83 trips to 46 trips per year in the Northern District and dropped from 45 to 4 trips per year
in the Central District (Table 6.16). It is important to realize that due to the regulatory changes
trips landing catches in the Central District were fishing in ocean waters north of Cape Hatteras.

Flynet Unmarketable bycatch

All estimations of scrapfish landings were based on fish house sampling of the catches
and have changed little since 1997. The flynet fishery has a scrapfish component that
accounted from between 4% to 7.7% of the total flynet landings between 2000-2004. The scrap
fish is dominated by Atlantic croaker, weakfish, Atlantic menhaden and spot. Kingfishes
represented from 0.1% to 0.7% of the scrap fish during 2000-2004. These ranges were derived
from 114 flynet catches that were sampled by NCDMF staff (Burns 2004). Estimates for the
scrap fish for the 2003 — 2004 season (6.2%) were similar with bait estimates from 1997 (4.0%)
and 1998 [7.7% (Monaghan 2001)]. Species composition of scrapfish was dominated by
Atlantic croaker, which represented 84% of all the scrap fish during the 2003 — 2004 season.
Kingfishes represented less than 1% of the retained scrapfish since 1998 (NCDMF unpublished
data 2005).

117






Table 6.16  Average landings and number of trips of the top seven market categories from

1994 to 1997 and 1998 to 2004 for the flynet fishery in the Northern and Central

districts.
Average Average Average Average
Area/Market pounds No. of trips pounds No. of trips
Category 1994-1997 1994-1997 1998-2004 1998-2004

Northern
Atlantic croaker 1,925,876 81 1,824,793 44
Weakfish 193,352 79 79,379 37
Bluefish 93,514 53 42,184 25
Kingfishes 13,037 83 3,307 46
Butterfish 21,288 68 7,358 35
Flounders 5,757 35 12,501 33
Spot 5,533 6 3,914 8
Other 34,050 83 24,292 46
Northern Avg 2,292,406 1,997,728
Central
Atlantic croaker 466,898 29 89,175 4
Weakfish 174,493 38 9,373 3
Bluefish 5,830 9 223 1
Kingfishes 80,858 45 220 4
Butterfish 12,868 30 286 2
Flounders 3,915 12 463 2
Spot 331 * * *
Other 5,669 37 769 4
Central Avg 750,862 100,639

*denotes confidential data
6.3.3.8 Beach seine fishery results

The dominant species taken in the small mesh beach seine fishery included Atlantic
croaker, bluefish, harvestfish, kingfishes, spot, spotted seatrout, striped mullet and weakfish.
The type of species caught is opportunistic and depends on the seasonal presence of the
migratory fish (Bowman and Tork 1998). The beach seine fishery is a minor fishery for
kingfishes representing 3.4% of the total NC kingfishes landings from 1994 to 2004. Fish house
sampling from 1997 to 2004 indicated that kingfishes were represented in the top ten species by
weight (1.2-11.4%) and number (0.6-21.6%) each year (Table 6.17). Species composition
changed little each year, but the dominant species varied depending on the season and catches
sampled.

Scrapfish/discards

The amount of scrapfish (bait) in the beach seine fishery is minimal, with most or all of
the unmarketable catch discarded while on the beach. When bait was encountered, it was
primarily composed of Atlantic menhaden, but sometimes included small bluefish, spot, and/or
striped mullet. Species discarded on the beach were most often skates and rays, along with
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some regulatory discards including small weakfish, spotted seatrout, and/or red drum, or hickory
shad that cannot be landed out of season (January 1-April 15"). Of all the beach seine catches
sampled from 1994-2004 (n=58), only one unmarketable kingfish was encountered. NCDMF
sampled the scrapfish component of 20 beach seine catches, with the mean weight of kingfish
only 0.1 % of the total catch weight.

Table 6.17 Species compositions of beach seine catches sampled, 1997 - 2004.

Year Species % weight % number N samples Year Species % weight % number N samples

1997 Weakfish 491 46.5 10 2001 Striped mullet 86.7 77.3 5
Bluefish 28 28.4 10 Kingfishes 11.3 21.6 5
Kingfishes 11.5 13.9 10 Weakfish 0.7 0.7 5
Spotted seatrout 6 3.7 10 Bluefish 0.7 0.2 5
Harvestfish 1.8 1.6 10 Spotted seatrout 0.1 0.1 5
Spot 1.5 3.5 10 Butterfish 0.1 <0.1 5
Hickory shad 0.5 0.6 10 Spot 0.1 <0.1 5
A. Menhaden 04 0.8 10 Red drum <01 <01 5
Red drum 0.4 0.1 10

1998 Weakfish 79.5 71.2 10 2002 Striped mullet 92.9 85.4 7
Spot 101 20.6 10 Spot 4.4 12.5 7
Kingfishes 5.3 4.9 10 Black drum 0.9 0.5 7
Bluefish 3.4 1.6 10 Spotted seatrout 0.8 0.6 7
Spotted seatrout 1 04 10 Bluefish 0.6 0.5 7
Butterfish 0.4 1.1 10 Kingfishes 0.2 0.4 7
Spanish mackerel 0.1 <0.1 10 Red drum <0.1 <0.1 7
King mackerel 0.1 <01 10 Florida pompano <01 <01 7

1999 Spot 51.6 70.3 18 2003 Striped mullet 54.2 33.2 5
Weakfish 18.1 14.1 18 Spot 37.4 64.9 5
Spotted seatrout 8.2 2.7 18 Bluefish 3.3 5
Striped mullet 7.3 5.2 18 Spotted seatrout 2.7 0.2 5
Kingfishes 4.8 3.3 18 Kingfishes 14 1.3 5
Bluefish 4.4 2.3 18 Weakfish 0.6 5
Red drum 1.5 0.1 18 Red drum 0.3 0.5 5
Spanish mackerel 14 1 18
Black drum 1.2 0.2 18

2000 Striped Mullet 63.6 52.2 20 2004 Spot 42.4 68.2 24
Spot 11.8 24.4 20 Striped mullet 40.1 25.2 24
Spotted seatrout 6 3 20 Striped bass 8 0.5 24
Weakfish 5.4 6.3 20 Bluefish 3.4 1.3 24
Kingfishes 2.7 3.6 20 Spotted seatrout 1.8 0.8 24
Bluefish 2.6 2.2 20 Kingfishes 1.5 1.9 24
Hickory shad 2.5 1.2 20 Black drum 0.9 0.4 24
Harvestfish 1.8 6.3 20 Weakfish 0.8 0.8 24
Red drum 1.1 0.2 20 Hickory shad 0.7 0.4 24

Red drum 0.3 <01 24
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6.3.4 Implications of Bycatch in Kingfish Fisheries
6.3.4.1 Shrimp and crab trawl fisheries

Kingfishes are the most common finfish species landed by shrimp trawls with average
annual landings of 143,863 Ib. However, in observer studies in the field, they represented a
much lower percent captured in the observed trips. Most of the kingfishes observed would be
marketable bycatch based on the observed lengths and conversations with fish house dealers.
The contradiction between documented trip ticket landings and observer studies limits
conclusions but is most likely due to small sample sizes of observed data exacerbated by the
limited spatial and temporal coverage. The limited data available on discarded bycatch
indicates that the bycatch of these species is highly variable. Various management measures
have been implemented by the NCMFC to address bycatch in the shrimp trawl fishery including:
trip limits to address the targeting of kingfishes by shrimp trawls, bycatch has been reduced
with BRD’s, area closures, time restrictions, and phasing out of otter trawls in the New River.
Fishery dependent information on the number and size of kingfishes in this fishery needs to be
collected across a broad range of waterbodies and seasons.

NCTTP data and studies assessing kingfishes bycatch (incidental and discarded) in the
crab trawl fishery revealed minimal and insignificant catches of kingfishes [i.e., 14,574 Ib
kingfishes out of 886,787 Ib total finfish bycatch (1994-2004 totals)]. Considering these data,
the bycatch of kingfishes, both marketable and unmarketable, does not appear to be a
significant problem in the crab trawl fishery.

6.3.4.2 Crab pot fisheries

Crab pots (hard and peeler) did not appear to be a source of significant bycatch for
kingfishes. Through the NCTTP and various studies assessing the bycatch in hard crab and
peeler pot fisheries, very few kingfishes were observed. Specifically, kingfishes represented
only 0.41% of the total finfish bycatch in hard crab pots, and only 5 Ib of kingfishes were
observed out of 9,404 Ib of finfish bycatch from peeler pots. Overall, kingfish bycatch does not
appear to be a significant problem in the crab pot fisheries.

6.3.4.3 Long haul seine fishery

Although the long haul seine fishery averaged of 3.3% of the annual landings of
kingfishes, these fish were not targeted and were part of the incidental bycatch. Most of the
sciaenids landed as scrapfish are spot and Atlantic croaker. Scrapfish landings of kingfishes
were negligible with the majority of the fish landed sold as food fish. Anytime a fishery lands a
large percentage scrapfish relative to the total catch there is a reason for fishery managers to
be concerned. However, in regard to kingfishes, the amount of small unmarketable fish was so
few that it would have little impact on the health of these stocks.

6.3.4.4 Gill net fishery

Currently, the dominant commercial gear capturing kingfishes is small mesh gill nets.
Kingfishes were not the sole targeted species in most trips but rather one of the targeted
species in a multispecies fishery. Landings associated with kingfishes were most often Atlantic
croaker, bluefish, spot and weakfish. Management measures directed towards any one of these
species in the gill net fishery would certainly impact kingfishes. Most kingfishes landed in the
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gill net fishery were sold. NCDMF data indicated insignificant amounts of kingfishes were
discarded in the gill net fishery. This was because the fishers generally utilized nets that
selected for marketable fish. Size selectivity relative to kingfishes and gill nets is discussed in
the Kingfishes Management Measures issue paper (Section 12.3).

6.3.4.5 Winter trawl (flynet fishery)

The contribution of flynets to kingfish landings has decreased to the point where this
gear only contributed 0.8% to total landings in 2004 and landed catches of marketable fish and
scrap fish are small. Contrast this 0.8% to the 33% flynets contributed in 1994 and the effect of
the flynet ban south of Cape Hatteras is apparent. This decrease in effort and landings certainly
had a positive impact on kingfish populations; although the impact may have been mitigated by
the increased catches in the gill net fisheries.

6.3.4.6 Beach seine fishery
Although the beach seine fishery accounts for an average of 3.6% of the annual
landings of kingfishes, these fish are not typically targeted by beach seines but rather a part of

the incidental bycatch. Scrapfish landings of kingfish are negligible with most of the fish landed
sold as marketable food fish.
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7. ECONOMIC STATUS

7.1 COMMERCIAL FISHERY ECONOMICS
7.1.1 Ex-vessel value and price

Kingfishes have maintained an economically important fishery in North Carolina since
the earliest records were kept. However, the economic value of kingfishes has historically
lagged behind that of several other finfish species such as bluefish, Atlantic croaker striped
mullet (Mugil cephalus), spot, and weakfish (Chestnut and Davis 1975). Figure 7.1 shows the
“inflated” ex-vessel value (the actual amount paid dockside to the fisherman) and the ex-vessel
value of landings “deflated” (normalized) for all years to the value of a dollar in 1972. The year
1972 was chosen for the deflation year because it is the year for which we begin to have data
that cover all species managed by the NCDMF. Deflated values are calculated to provide a
dollar value that is comparable across all years. There are no comparable deflated values prior
to 1918 because the US government did not begin calculating the Consumer Price Index (CPI)
as a measure of inflation until that year.
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Figure 7.1 Commercial ex-vessel landings value of kingfishes, North Carolina, 1897 - 2004
(Chestnut and Davis 1975; From NCTTP).

The landings values viewed from a historical perspective indicate there have been two
major peaks in ex-vessel value of kingfishes. The first peak occurred in the 1950’s where the
deflated value of kingfishes was around $200,000 annually. The deflated ex-vessel value then
declined from the 1960’s through the late 1970’s. However, the ex-vessel value began to
rebound in the 1980’s. In some years the deflated value was near the $200,000 highs of the
1950’s. But in most years since the 1980’s the annual deflated value remained above $100,000
(Table 7.1).
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Table 7.1 Inflated and deflated ex-vessel landings value and price per pound of kingfishes,
North Carolina, 1897 - 2004 (Chestnut and Davis 1975, and NCTTP).

Inflated Deflated Inflated Deflated Inflated Deflated Inflated Deflated
Y ear Vaue Vaue Price/lLb. Price/lLb. Year Value Vaue  Price/lLb. Price/lb.
1897 $ 7,150 $ 0.02 1972 $ 82740 $ 82,740 $ 012 $ 0.12
1902 $ 3,3% $ 0.03 1973 $ 60556 $ 57,010 $ 014 $ 0.13
1923 $ 23196 $ 56,701 $ 0.04 $ 0.10 1974 $ 54445 $ 46,162 $ 017 $ 0.15
1928 $ 34053 $ 83241 % 0.04 $ 0.11 1975 $ 31635 $ 24579 $ 015 $ 0.12
1929 $ 15191 $ 37,134 $ 0.04 $ 0.10 1976 $ 20,173 $ 14820 $ 016 $ 0.12
1930 $ 11,1656 $ 27,946 $ 0.04 $ 0.10 1977 $ 33926 $ 23401 $ 017 $ 0.11
1931 $ 5396 $ 14839 % 003 % 0.08 1978 $ 29534 $ 18934 $ 019 $ 0.12
1934 $ 7240% 22584 $ 0.02 $ 0.07 1979 $ 69580 $ 40,061 $ 022 % 0.13
1936 $ 31,493 $ 94,706 $ 0.03 $ 0.08 1980 $ 110436 $ 56,022 $ 032 % 0.16
1937 $ 2159 $ 62,688 $ 0.03 $ 0.09 1981 $ 8939 $ 41,108 $ 035 % 0.16
1938 $ 47,464 $ 140,709 $ 0.03 $ 0.09 1982 $ 123817 $ 53633 $ 034 % 0.15
1945 $ 57,925 $ 134515 $ 0.05 $ 0.12 1983 $ 155857 $ 65410 $ 035 % 0.15
1950 $ 126,800 $ 219,927 $ 0.09 $ 0.16 1984 $ 174597 $ 70,242 $ 038 % 0.15
1951 $ 100,373 $ 161,369 $ 0.09 $ 0.14 1985 $ 241,653 $ 93876 $ 038 $ 0.15
1952 $ 141,167 $ 222,671 $ 010 $ 0.15 1986 $ 391,492 $ 149,310 $ 039 % 0.15
1953 $ 132,416 $ 207,303 $ 0.09 $ 0.14 1987 $ 426,366 $ 156,885 $ 044 $ 0.16
1954 $ 136,770 $ 212,527 $ 0.07 $ 0.11 1988 $ 223357 $ 78921 $ 044 % 0.16
1955 $ 103,194 $ 160,952 $ 0.08 $ 0.13 1989 $ 334,358 $ 112,711 $ 059 $ 0.20
1956 $ 114,704 $ 176,273 $ 0.08 $ 0.12 1990 $ 412,824 $ 132,028 $ 056 $ 0.18
1957 $ 144,308 $ 214,665 $ 0.09 $ 0.13 1991 $ 439,283 $ 134,817 $ 051 % 0.16
1958 $ 97,699 $ 141,309 $ 0.09 $ 0.13 1992 $ 464,525 $ 138,397 $ 055 % 0.16
1959 $ 71,866 $ 103,230 $ 0.09 $ 0.13 1993 $ 701,314 $ 202,871 $ 059 $ 0.17
1960 $ 84,026 $ 118,658 $ 0.09 $ 0.13 1994 $ 424,344 $ 119,687 $ 0.68 $ 0.19
1961 $ 135,919 $ 190,014 $ 0.09 $ 0.13 1995 $ 746,603 $ 204,777 $ 071 $ 0.19
1962 $ 120,871 $ 167,298 $ 010 $ 0.13 1996 $ 470,545 $ 125359 $ 089 % 0.24
1963 $ 111,307 $ 151,650 $ 010 $ 0.14 1997 $ 864,030 $ 225,025 $ 0.99 $ 0.26
1964 $ 95669 $ 128,999 $ 0.08 $ 0.11 1998 $ 414,315 $ 106,248 $ 104 $ 0.27
1965 $ 118,982 $ 157,887 $ 0.09 $ 0.12 1999 $ 621,078 $ 155,829 $ 102 $ 0.26
1966 $ 58119 $ 74,981 $ 0.08 $ 0.10 2000 $ 520,965 $ 126,460 $ 094 % 0.23
1967 $ 72664 $ 90,939 $ 0.09 $ 0.11 2001 $ 501,999 $ 118,484 $ 103 $ 0.24
1968 $ 67841 $ 81487 $ 011 $ 0.13 2002 $ 603,854 $ 140,306 $ 097 $ 0.23
1969 $ 99,878 $ 113,758 $ 012 $ 0.13 2003 $ 644,920 $ 146,509 $ 099 $ 0.22
1970 $ 74217 $ 79,955 $ 013 $ 0.14 2004 $ 491,584 $ 108,778 $ 087 % 0.19
1971 $ 55785 $ 57576 $ 012 $ 0.12

The inflated ex-vessel values show the same fluctuating trend. However, the trends are

much higher and the differences between years are larger in the years since 1993.

NCDMF has conducted a survey since 1995 to obtain price estimates from dealers for

seafood purchased from fishermen. The data from the survey are used to determine an
average annual price per unit for each market grade of each species commercially landed.
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Figure 7.2 Commercial ex-vessel price per pound for kingfishes, North Carolina, 1887
- 2004 (Chestnut and Davis 1975; From NCTTP).

Price per pound of kingfishes has shown an overall slight, steady increase over the
years, regardless of the number of fish landed. However, since the late 1990’s there has been
a slight downward trend. Fishermen attribute this trend to competition from a developing Florida
fishery. The lowest inflated price per pound for kingfishes was $.02 in 1897 and 1934 with the
highest being $1.04 per pound in 1998. When inflation is taken into account, 1934 had the
lowest price per pound at $.07. The highest deflated price per pound for kingfishes was $.27,
also occurring in 1998 (Figure 7.2).

7.1.2 Gear

The advent of the NCTTP in 1994 allowed the NCDMF to track landings by individual
trips taken by fishermen. Kingfishes are primarily harvested by gill nets and caught as bycatch
in other fisheries, most notably, the shrimp trawl fishery.

Table 7.2 shows the number of trips taken, ex-vessel value (unadjusted for inflation),
and average price per pound paid to fishermen who landed kingfishes by gear type. In every
year since trip level information became available in 1994, more kingfishes were landed using
gill nets than any other gear.

The average ex-vessel value per trip (unadjusted for inflation) for kingfishes caught in a
gill net ranged from a low of $34 in 1994 to a high of $122 in 2002. For kingfishes harvested by
trawl, the lowest was $38 in 2001 and the highest was $114 in 1997.
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Table 7.2 Trips, ex-vessel value, and average price per pound for harvesting by gill
nets, trawls, and other methods for kingfishes, North Carolina, 1994 - 2004
(NCTTP).

Average

value/ Price/
Year Gear Trips Value trip  pound
1994 Gill nets 5,889 $199,867 $34 $0.75
1995 7,168 $449,398 $63 $0.70
1996 5,210 $212,090 $41  $0.97
1997 6,859 $489,936 $71  $1.01
1998 5,408 $275,771 $51  $1.05
1999 5,128 $347,236 $68 $1.02
2000 4,968 $317,127 $64 $0.95
2001 4,606 $391,051 $85 $1.02
2002 3,734 $455,789 $122  $0.97
2003 4,383 $526,194 $120 $0.99
2004 4,120 $354,176 $86 $0.87
1994 Shrimp Trawls 3,667 $182,370 $50 $0.61
1995 3,909 $249,363 $64 $0.72
1996 2,287 $201,459 $88 $0.80
1997 2,850 $325,429 $114 $0.96
1998 2,283 $100,774 $44  $1.01
1999 3,349 $250,262 $75 $1.02
2000 2,668 $158,471 $59 $0.94
2001 1,904 $71,441 $38 $1.08
2002 2,274  $122,363 $54 $0.98
2003 1,952 $75,571 $39 $0.99
2004 2,131 $99,057 $46 $0.86
1994 Othergear 1,532  $42,106 $27 $0.77
1995 1,418 $47,843 $34 $0.70
1996 1,410 $56,996 $40 $0.97
1997 1,312 $48,666 $37 $1.02
1998 1,077 $37,770 $35 $1.04
1999 951 $23,580 $25 $1.03
2000 1,021 $45,367 $44 $0.95
2001 712 $39,506 $55 $1.02
2002 465 $25,702 $55 $0.97
2003 415 $43,155 $104 $0.99
2004 529 $38,352 $72  $0.87

7.1.3 Waterbodies

More kingfishes were caught in state waters from 0-3 miles from the shore in all
years since the beginning of the trip ticket program. The year 1994 saw the lowest ex-
vessel value at approximately $200,000 and 1997 had the highest annual ex-vessel value
at nearly $600,000. The value of landings from the ocean 0-3 miles fluctuate the most
from year to year when compared to other waterbodies. The landings value in most years
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from all other water bodies was less than $100,000. With the exception of 1996, the
years of 1994 to 1997 saw relatively greater ex-vessel value from the ocean beyond three
miles when compared to the Pamlico Sound and other non-ocean landings. However in
years subsequent to 1997, landings in the ocean beyond three miles were slightly lower
than those of the Pamlico Sound and all other inshore water bodies combined (Figure
7.3).
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Figure 7.3 Annual ex-vessel value (inflated) for kingfishes from selected water bodies, North
Carolina, 1994 - 2004 (From NCTTP).

7.1.4 Participants

The NCTTP enables managers to monitor fishing activity at the trip level, and gives an
indication of how many people participate in a fishery. The number of participants in the fishery
for kingfishes has shown an overall decline from 1994 to 2004. North Carolina fishermen are
noted for being opportunistic, switching between fisheries based on their understanding of
which fishery will provide them the greatest return for their efforts. Since the trip ticket program
began in 1994, participants ranged from a high of 937 in 1995 to 620 participants in 2003.
Included in the participants in the fishery are those who did not target kingfishes, but caught
them as bycatch in other fisheries (Table 7.3).
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Table 7.3 Number of participants and annual ex-vessel landings value for kingfishes,
North Carolina, 1994 - 2004 (From NCTTP).

Year
Annual Ex-vessel
Value 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
<=$100 508 538 503 504 449 458 451 385 371 345 405
$100.01 - $500 1770 168 165 166 166 140 138 136 135 137 120
$500.01 - $1,000 69 83 58 63 47 49 46 40 48 50 53

$1,000.01 - $5,000 72 113 89 100 66 106 89 79 78 59 60
$5,000.01 - $10,000 8 23 8 23 9 21 19 13 17 16 12
> $10,000 3 12 7 15 8 10 8 9 13 13 14

Total Participants 830 937 830 871 745 784 751 662 662 620 664

Approximately 60% of the fishermen who land kingfishes make less than $100 per year
from the species, while 10 — 15% of the participants make more than $1,000 from the fishery.
Only since 2002 have at least 2% of the fishermen made more than $10,000 from the fishery for
kingfishes (Table 7.3).

Table 7.4 shows the percent of the market value comprised by kingfishes on trips where
kingfishes were caught. The overall small percentage indicates that a lot of kingfishes are
caught as bycatch, but are targeted by a small group of fishermen. In roughly two thirds of all
trips across all years, kingfishes made up 5% or less of the total value of the sellable catch.
Prior to 1998, kingfishes were at least 50% of the sellable catch in 7 — 10% of the trips. Since
1998, kingfishes were at least 50% of the total value in 11 — 19% of the trips.

Table 7.4 Percent of total market value of kingfishes compared to the total value for trips in
which kingfishes were landed, North Carolina, 1994 - 2004 (From NCTTP).

Year
Percent Kingfishes 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
<1-5% 7,316 8,345 5,843 6,595 5,528 6,072 5,528 4,074 3,680 3,792 4,271
5.1-10% 1,151 1,172 955 1,211 989 926 924 685 553 603 561
10.1 - 25% 1,195 1,128 853 1,231 939 827 889 741 595 751 606
25.1 - 50% 622 670 559 830 478 531 445 527 418 477 425
50.1 - 90% 599 903 558 791 553 717 441 727 728 595 556
90.1 - 99.9% 140 223 85 277 207 286 338 390 408 472 315
>=100% 65 54 54 86 74 87 148 116 129 104 116
Total Trips 11,088 12,495 8,907 11,021 8,768 9,446 8,713 7,260 6,511 6,794 6,850

Table 7.5 shows the number of dealers statewide who reported landings of kingfishes on
trip tickets between 1994 and 2004. The number of dealers purchasing kingfishes fro