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9.1 INTRODUCTION

The Gulf of Mexico, surrounded on three sides by continental landmass, is the nineth
largest waterbody in the world; it is semi-enclosed with its east connecting to the Atlantic Ocean
through the Straits of Florida and its south to the Caribbean Sea through the Yucatán Channel.
The Gulf of Mexico basin resembles a large crater with a wide shallow rim. Approximately
38 % of Gulf waters are shallow, intertidal areas. The continental shelf (<200 meters (m) or
<656 feet [ft]) and continental slope (200–3,000 m or 656–9,843 ft) represent 22 and 20 % of
the Gulf of Mexico basin, respectively, and abyssal regions deeper than 3,000 m (9,843 ft)
comprise the remaining 58 % (USEPA 1994). The Sigsbee Deep in the southwestern Gulf of
Mexico is the deepest region at 4,384 m (14,383 ft). The average water depth of the Gulf is about
1,615 m (5,299 ft). The boundary of the Gulf of Mexico used in this evaluation follows that
defined in McEachran and Fechhelm (2005), which does not exclude the Florida Keys and the
northeastern coast of Cuba.

The ichthyofaunal community in the Gulf of Mexico is dynamic and varies greatly, both
spatially and temporally, because of fish movement/migration, diversified life-history strate-
gies, fishing pressure, and varying hydrographic, oceanographic, and geographic conditions. It
consists of a large number of reef-dependent, demersal species (e.g., snappers and groupers);
coastal demersal species (e.g., drums and mullets); demersal species (e.g., tilefishes and
porgies); coastal pelagic species (e.g., herrings and jacks); highly migratory, pelagic species
(e.g., tunas and billfishes); small and large coastal sharks; and pelagic sharks (McEachran and
Fechhelm 2005; Parsons 2006). Because of its unique oceanographic and hydrographic condi-
tions, geological location, and availability of a great diversity of habitats, the Gulf of Mexico
ecosystem has a relatively high biodiversity, with a large number of fish and shark species
compared to other areas in the United States (Chesney et al. 2000).

Finfish and sharks, both as prey and predators, play significant roles in regulating the
dynamics of the Gulf of Mexico ecosystem and the energy flows between organisms of
different trophic levels (Hoese and Moore 1998; McEachran and Fechhelm 2005; Parsons
2006). Small coastal pelagic forage fishes, such as herrings and anchovies, filter feed on
plankton and play a critical role in transferring primary productivity into fish biomass that is
useable for other fish species of higher trophic levels or that directly supports commercial and
recreational fisheries (McEachran and Fechhelm 2005; Anderson and McDonald 2007). These
fish species form the forage base in the Gulf of Mexico ecosystem. Fish species of higher
trophic levels usually prey on forage species, juvenile fish, and other organisms, such as squids,
crabs, and shrimps. Many finfish and sharks are apex predators in the Gulf of Mexico
ecosystem and are important in regulating the dynamics of their prey species (Hoese and
Moore 1998; McEachran and Fechhelm 2005; Parsons 2006). Large oceanic pelagic species,
such as tunas, billfishes, and sharks, tend to have few predators and prey on many finfish and
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invertebrate species. Substantial changes in the dynamics of populations and communities of
key forage and apex predator species can have significant cascading effects on Gulf of Mexico
ecological processes (Anderson and McDonald 2007).

In the Gulf of Mexico, finfish and sharks support important commercial and recreational
fisheries, two of the most important industries in the region, as well as one of the most
productive fisheries in the world (Chesney et al. 2000). Overall, approximately 25 % of the
U.S. commercial fish landings and 40 % of the recreational harvest occur in the Gulf of
Mexico. Commercial landings of finfish and shellfish in the Gulf of Mexico totaled over
590 million kilograms (kg) [1.3 billion pounds (lb)], valued at $661 million in 2008, and 8 of the
top 20 fishing ports by value and 4 of the top 7 fishing ports by weight in the United States are
located in the Gulf of Mexico (NMFS 2009a). More than 24.1 million recreational fishery trips
were made in 2008 in the Gulf of Mexico, resulting in a catch of 190 million fish (NMFS 2009a).
Therefore, the economic and social values of fisheries in the Gulf of Mexico are huge and
should not be underestimated.

The Gulf of Mexico provides a wide range of habitats for its ichthyofaunal community, but
long-term anthropogenic and natural stressors and perturbations, such as rapid coastal devel-
opment, pollution, overfishing, and natural disasters, have altered the Gulf of Mexico ecosys-
tem and the dynamics of its fish community and populations (O’Connell et al. 2004). However,
it is difficult to quantitatively assess and separate the impacts of human and natural perturba-
tions on the resilience of the Gulf of Mexico ecosystem because of the limitations of
available data.

The Gulf of Mexico receives about 50 % of all watershed discharge in the United States,
and more than 3,100 point-source outfalls discharge into the Gulf of Mexico. Pesticides and
nutrients used in the watersheds of the U.S. states bordering the Gulf exceed those used in any
of the other coastal zones in the United States. The entire U.S. Gulf of Mexico coastline has
been under fish consumption advisory for mercury since 1994 (USEPA 1994). Fifty-nine percent
of the estuarine areas of the U.S. Gulf of Mexico, which are essential nursery and spawning
grounds for many finfish and sharks, assessed from 1997 through 2000, were considered
impaired or threatened (USEPA 2004). Coastal wetlands and nearshore seagrass beds are
critical nursery and spawning grounds for many finfish and sharks; however, Lewis
et al. (2007) estimated that 78 square kilometers (km2) (30 miles2) of wetlands were being
lost annually and that 20–100 % of the seagrasses have been destroyed in some areas of the
Gulf of Mexico. The deterioration and even total loss of these critical habitats may greatly
reduce the carrying capacity of the Gulf of Mexico for many fish and shark species that depend
on these areas as their critical habitat. Overfishing and shrimp fishery bycatch have substan-
tially reduced the population abundance of many fish and shark species of commercial and
recreational importance, resulting in some important species being classified as in the status of
overfishing and/or being overfished (SEDAR 31 2009; NMFS 2012a).

The objective of this chapter is to provide an overview, synthesis, and evaluation of the life
histories, population and community structures, and population dynamics, distribution, and
abundance of fish representative of the species and habitat diversity in the Gulf prior to the
Deepwater Horizon event. The primary focus is on information believed critical to the overall
understanding of the spatiotemporal dynamics and habitat needs of key finfish, shark, and ray
species and the major anthropogenic and environmental drivers that influence their conditions
in the Gulf of Mexico.

Hoese and Moore (1998) and McEachran and Fechhelm (2005) documented 1,443 finfish
species in 223 families in the Gulf of Mexico. A representative subset of 100 key families of
finfish were evaluated for their distribution and habitat needs in the Gulf of Mexico (Table 9.1).
Finfish families with high to medium importance to commercial and recreational fisheries in the
Gulf of Mexico were identified (Table 9.2). Ten finfish families were selected for evaluation
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Table 9.1. Summary of the Key Finfish Families, Their Distributions, and Preferred Habitats in the
Gulf of Mexico

Family Common Name Number of Species
Distribution and Preferred

Habitat

Dactylopteridae Flying gurnards 1 species Benthic in shallow to moderate
depths, sandy bottom

Scorpaenidae Scorpionfishes 20–21 species in
9 genera

Sedentary benthic from the
intertidal zone to 2,200 m

Triglidae Searobins 14–15 species in
2 genera

Benthic on sandy to muddy
bottom on continental and slopes

Peristediidae Armored searobins 8–12 species in
1 genus

Benthic on continental and
insular slopes

Centropomidae Snooks 6 species in 1 genus Catadromous

Moronidae Temperate basses 3 species in 1 genus Stenohaline or euryhaline and
anadromous

Acropomatidae Temperate ocean-
basses

4 species in 2 genera In water column between
87 and 910 m

Howellidae Not Available 1 species in 1 genus Pelagic or benthopelagic over
outer continental shelves and

slopes

Serranidae Seabasses 61–62 species in
20 genera

Benthic up to depths of 500 m,
some hard bottom, and some
soft bottom and sea-grass beds

Grammatidae Basslets 2–3 species in 1–2
genera

Near ledges and drop-offs on
deep reefs

Opistognathidae Jawfishes 7–9 species in
2 genera

Sandy to muddy bottom near
reefs from nearshore to 375 m

deep

Priacanthidae Bigeyes 3 species in 3 genera Associated with reefs on
continental shelves

Apongonidae Cardinalfishes 15 species in 3 genera Associated with rocky and coral
reefs and sandy/weedy areas

Epigonidae Deepwater
cardinalfishes

6 species in 1 genus Benthic pelagic in depths from
75 to 3,700 m over continental

and insular slopes

Malacanthidae Tilefishes 6 species in 3 genera Burrow in bottom from shoreline
to 500 m

Pomatomidae Bluefishes Monotypic Continental shelves

Echeneidae Remoras 8 species in 4 genera Attachment to sharks, billfishes,
rays, whales, dolphins,

seabasses, jacks, and cobia

Rachycentridae Cobia Monotypic Pelagic, but also associated
with coral reefs and man-made

surface structures

Coryphaenidae Dolphinfishes 2 species in 1 genus Epipelagic in oceanic waters
and over continental shelves,

associated with surface
structures

(continued)
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Table 9.1. (continued)

Family Common Name Number of Species
Distribution and Preferred

Habitat

Carangidae Jacks 28–29 species in
14–15 genera

Pelagic over continental and
insular shelves

Bramidae Pomfrets 5 species in 4 genera Most pelagic between the
surface and 600 m

Caristidae Manefishes 1 species Epipelagic to bathypelagic from
100 to 2,000 m

Emmelichthyidae Rovers 2 species in 2 genera Benthopelagic often found over
drop-offs nearby islands and

deep reefs

Lutjanidae Snappers 16–17 species in
6 genera

Most associated reefs on
continental and insular shelves

and slopes

Symphysanodontidae Not available 1–2 species in
1 genus

Between depths of 50–500 m
over continental and insular

shelves and slopes

Lobotidae Tripletails 1 species Benthic and associated with
coastal waters and estuaries

Gerreidae Mojarras 12 species in 4 genera Sandy to muddy bottoms in
coastal waters and estuaries

Haemulidae Grunts 18 species in 5 genera Associated with coral reefs in
coastal waters

Inermiidae Bonnetmouths 1–2 species in
2 genera

Pelagic over continental and
insular shelves

Sparidae Porgies 16 species in 6 genera Benthic on continental and
insular shelves, coral reefs

Polynemidae Threadfins 2–3 species in
1 genus

Shallow sandy to muddy bottom

Sciaenidae Drums 25–29 species in
14–15 genera

Sandy to muddy bottom in the
coastal waters

Mullidae Goatfishes 4 species in 4 genera Benthic on continental and
insular shelves

Pempheridae Sweepers 1 species On coral reefs and in caves or
other cavities

Bathyclupeidae Not available 2 species in 1 genus mesopelagic and bathypelagic

Chaetodontidae Butterflyfishes 6 species in 2 genera Associated with coral reefs in
shallow waters

Pomacanthidae Angelfishes 6 species in 3 genera Associated with coral reefs in
shallow waters

Kyphosidae Sea chubs 2 species in 1 genus Associated with coral reefs and
rocky areas in shallow waters

Cirrhitidae Hawkfishes 1 species Benthic in shallow waters

Pomacentridae Damselfishes 14 species in 4 genera Associated with coral reefs

(continued)
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Table 9.1. (continued)

Family Common Name Number of Species
Distribution and Preferred

Habitat

Labridae Wrasses 17–19 species in
8 genera

Most associated with coral reefs

Scaridae Parrotfishes 14 species in 4 genera Around coral reefs in shallow
waters

Zoarcidae Eelpouts 3 species in 3 genera Benthic or benthopelagic or
mesopelagic

Chiamodontidae Not available Possibly 9–10 species
in 4 genera

Mesopelagic and bathypelagic

Percophidae Flatheads 2–3 species in
1 genus

Benthic from the outer
continental shelf to the upper

slope

Uranoscopidae Stargazers 3 species in 3 genera Benthic on the continental and
insular shelves

Tripterygiidae Not Available 4 species in 1 genus Benthic and cryptic in shallow
water

Dactyloscopidae Sand stargazers 4–6 species in
3 genera

Benthic in sandy and reef
habitats on continental and

insular shelves

Labrisomidae Scaly blennies 19–20 species in
5 genera

Benthic in coral and rocky reefs
in shallow water

Chaenopsidae Tube blennies 11–12 species in
6 genera

Benthic in rocky and coral reefs

Blenniidae Combtooth blennies 14 species in 8 genera Benthic in shallow marine water

Gobiesocidae Clingfishes 2–3 species in 1–2
genera

From nearshore to 200 m,
attaching to hard substrates and

plants

Callionymidae Dragonets 4 species in 3 genera Benthic associated with sandy to
muddy bottom and seagrass
beds, some with coral reefs

Draconettidae Draconetts 1 species Outer continental and insular
shelves and upper slopes

Eleotridae Sleepers 5 species in 5 genera Most benthic in fresh and
brackish waters, some on coral

reefs

Gobiidae Gobies 58–62 species in
26 genera

Most benthic, some free-
swimming, from shore to depths

of 500 m, coral reefs

Microdesmidae Wormfishes 4 species in 2 genera Burrow into soft muddy and
sandy bottom

Ephippidae Spadefishes 1 species Associated with coral reefs,
artificial reefs, and rocky area

Luvaridae Louvars 1 species In oceanic waters between
200 and 600 m

Acanthuridae Surgeonfishes 3 species in 1 genus In coral and rocky reefs to a
depth of about 100 m

(continued)
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Table 9.1. (continued)

Family Common Name Number of Species
Distribution and Preferred

Habitat

Scombrolabracidae Not Available Single species Found in depths from 560 to
1,340 m in the northern and
southern Gulf of Mexico

Sphyraenidae Barracudas 3–4 species in
1 genus

Pelagic in neritic waters and
associated with reefs and

sea-grass beds

Gempylidae Snake mackerels 9 species in 9 genera Pelagic or benthopelagic in
oceanic waters from 200 to

1,000 m

Thichiuridae Cutlassfishes 5 species in 5 genera Pelagic or benthopelagic in
oceanic waters from the surface

to 1,000 m

Scombridae Mackerels and tunas 14–15 species in
8 genera

Epipelagic in marine ecosystem

Xiphiidae Billfishes 5 species in 4 genera Epipelagic and mesopelagic,
highly migratory

Centrolophidae Medusafishes 2–3 in 1–2 genera Epipelagic to demersal over
continental shelves, some are

pelagic on the high seas

Nomeidae Diftfishes 7 species in 3 genera In mid-water or demersal over
continental shelves and oceanic

waters

Ariommatidae Not Available 3 species in 1 genus In deepwater near continental
and insular shelves

Tetragonuridae Not Available 1 species In oceanic waters at epipelagic
and mesopelagic depths

Stromateidae Butterfishes 2 species in 1 genus Along continental margins

Bothidae Lefteye founders 7 species in 5 genera Benthic and associated with soft
bottoms on continental shelves

Paralichthyidae Not available 22–23 species in
8 genera

Benthic and associated with soft
bottoms on continental shelves

Achiridae Not available 5–6 species in
3 genera

Benthic on inner continental and
insular shelves

Cynoglossidae Tonguefishes 11–12 species in
1 genus

Benthic on continental shelves
and the upper slopes

Triacanthodidae Spikefishes 3 species in 2 genera Near the bottom between 46 and
900 m

Balistidae Triggerfishes 6 species in 4 genera Benthic

Monacanthidae Filefishes 10 species in 4 genera Coral or rocky reefs and
sea-grass beds

Ostraciidae Cowfishes 5 species in 3 genera Benthic and associated with
coral and rocky reefs, and

sea-grass beds

Tetraodontidae Puffers 9 species 3 genera In shallow depths

(continued)
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Table 9.1. (continued)

Family Common Name Number of Species
Distribution and Preferred

Habitat

Diodontidae Porcupinefishes 6–7 species in
2 genera

Benthic and associated with
floating seaweed

Molidae Ocean sunfishes 3 species in 3 genera Pelagic

Clupeidae Herrings At least 12 species in
8 genera

Pelagic and schooling

Engraulidae Anchovies At least 5 species in
2 genera

Pelagic

Synodontidae Lizardfishes At least 7 species
3 genera

Benthic

Mugilidae Mullets At least 4 species in
2 genera

Estuaries and freshwater

Batrachoididae Toadfishes At least 3 species in
2 genera

Benthic

Aentennariidae Frogfishes At least 4 species in
2 genera

In coral or sponge-encrusted
substrates, middle shelf

Ogcocephalidae Batfishes At least 4 species in
3 genera

In the shelf and deeper areas,
near bottom

Bregmacerotidae Codlets 1 species On the middle shelf

Steindachneridae Not available 1 species In deeper waters, muddy bottom

Phycidae Hakes At least 3 species in
1 genus

Offshore in deep and cold waters

Ophidiidae Cusk-eels At least 7 species in
4 genera

Deep-water fishing crevices or in
burrows in the mud

Exocoetidae Flyingfishes 12 species in 9 genera Frequently jump from the water
and skip over the surface

Belonidae Needlefishes 4 species in 4 genera In inshore Gulf and bays

Fundulidae Killifishes 6 species in 3 genera In inshore, coastal, estuaries,
and bays

Altherinidae Silversides 4 species in 2 genera In estuarine and coastal areas

Holocentridae Squirrelfishes 7 species in 3 genera On offshore reefs

Syngnathidae Pipefishes 10 species in 4 genera In vegetated areas

Muraenidae Moray eels 5 species in 1 genus In continental shelves,
associated with reefs

Families in boldwere selected for evaluation. Data compiled based on McEachran and Fechhelm (2005) and Hoese and
Moore (1998)
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based on information in Tables 9.1 and 9.2 and the following criteria: (1) relative importance to
the ecosystem of the Gulf of Mexico; (2) importance to commercial and/or recreational fish-
eries; (3) abundance (high and low population sizes) and range of fish distributions (e.g., coastal
waters and estuaries versus open ocean) in the Gulf of Mexico; (4) diversity of life histories
(e.g., long-lived versus short-lived, slow growing versus fast growing, and early mature versus
late mature); (5) movements (e.g., sedentary/inactive versus highly migratory); and (6) habitat
needs (e.g., low salinity versus high salinity, low temperature versus high temperature, habitat
generalist versus habitat specialist). The ten finfish families selected included Lutjanidae
(snappers), Clupeidae (herrings), Serranidae (seabasses), Scombridae (mackerels and
tunas), Xiphiidae (billfishes), Sciaenidae (drums), Malacanthidae (tilefishes), Coryphaenidae

Table 9.2. Key Finfish Families with High to Medium Value to Recreational and Commercial Fish-
eries in the Gulf of Mexico

Fisheries Values Family Species Selected

Finfish families with high
to medium commercial
values

Serranidae (Seabasses) Red grouper (Epinephelus morio)

Carangidae (Jacks) Greater amberjack (Seriola dumerili)

Lutjanidae (Snappers) Red snapper (Lutjanus campechanus)

Scombridae (Mackerels and

tunas)

Bluefin tuna (Thunnus thynnus), king
mackerel (Scomberomorus cavalla)

Clupeidae (Herrings) Gulf menhaden (Brevoortia patronus)

Mugilidae (Mullets) Striped mullet (Mugil cephalus)

Moronidae (Temperate basses) No species selected

Malacanthidae (Tilefishes) Tilefish (Lopholatilus chamaeleonticeps)

Coryphaenidae (Dolphinfishes) Dolphinfish (Coryphaena hippurus)

Sparidae (Porgies) No species selected

Stromateidae (Butterfishes) No species selected

Balistidae (Triggerfishes) No species selected

Finfish families with high
to medium recreational
values

Serranidae (Seabasses) Red grouper (Epinephelus morio)

Priacanthidae (Bigeyes) No species selected

Pomatomidae (Bluefishes) No species selected

Coryphaenidae (Dolphinfishes) Dolphinfish (Coryphaena hippurus)

Carangidae (Jacks) Greater amberjack (Seriola dumerili)

Lutjanidae (Snappers) Red snapper (Lutjanus campechanus)

Sciaenidae (Drums) Red drum (Sciaenops ocellatus)

Scombridae (Mackerels and
tunas)

Bluefin tuna (Thunnus thynnus), king
mackerel (Scomberomorus cavalla)

Xiphiidae (Billfishes) Atlantic sailfish (Istiophorus albicans),
Atlantic blue marlin (Makaira nigricans),

Atlantic swordfish (Xiphias gladius)

Sphyraenidae (Barracudas) No species selected

Paralichthyidae No species selected

Balistidae (Triggerfishes) No species selected

Mugilidae (Mullets) Striped mullet (Mugil cephalus)

Families in bold were selected for evaluation
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(dolphinfishes), Mugilidae (mullets), and Carangidae (jacks) (Table 9.2). Based on their distri-
bution, habitat needs, and commercial and recreational importance, 13 representative species of
finfish were selected from the ten families for detailed evaluation in this chapter (Table 9.3).
Species selected include red snapper (Lutjanus campechanus); menhaden, including Gulf
menhaden (Brevoortia patronus), finescale menhaden (Brevoortia gunteri), and yellowfin
menhaden (Brevoortia smithi); red grouper (Epinephelus morio); Atlantic bluefin tuna (Thun-
nus thynnus); Atlantic blue marlin (Makaira nigricans); Atlantic swordfish (Xiphias gladius);
Atlantic sailfish (Istiophorus albicans); red drum (Sciaenops ocellatus); tilefish (Lopholatilus
chamaeleonticeps); king mackerel (Scomberomorus cavalla); dolphinfish (Coryphaena
hippurus); striped mullet (Mugil cephalus); and greater amberjack (Seriola dumerili).
These are representative species that are demersal and reef-dependent (red snapper and red
grouper); offshore demersal (tilefish); coastal demersal (red drum and striped mullet); highly
migratory and pelagic (Atlantic bluefin tuna, Atlantic blue marlin, Atlantic swordfish, and
Atlantic sailfish); offshore pelagic (dolphinfish); and coastal pelagic (menhaden, king mack-
erel, and greater amberjack). Although many finfish species of great ecological, commercial,
and recreational importance, such as many species in the families of snappers, seabasses, tunas,
and jacks, were not selected (Table 9.3), they are well represented by the above 13 species with
respect to spatiotemporal distributions, life histories, fisheries, and habitat needs.

The status andmanagement of the four groups of shark species in the Gulf ofMexico, Small
Coastal Sharks, Large Coastal Sharks, Pelagic Sharks, and Sharks Prohibited from Fisheries,

Table 9.3. Key Finfish Species of High Commercial and/or Recreational Importance in the Gulf of
Mexico Listed by Habitat

Habitat Finfish Species

Benthic Rock hind grouper (Epinephelus adscensionis), Yellowfin grouper
(Mycteroperca venenosa), Scamp grouper (Mycteroperca phenax), Red
hind (Epinephelus guttatus), Atlantic goliath grouper (Epinephelus itajara),

Nassau grouper (Epinephelus striatus), Red grouper (Epinephelus
morio), Gag grouper (Mycteroperca microlepis), Yellowedge grouper

(Hyporthodus flavolimbatus), Mutton snapper (Lutjanus analis), Blackfin
snapper (Lutjanus buccanella), Red snapper (Lutjanus campechanus),

Lane snapper (Lutjanus synagris), Silk snapper (Lutjanus vivanus),
Yellowtail snapper (Ocyurus chrysurus), Vermillion snapper (Rhomboplites

aurorubens), Tilefish (Lopholatilus chamaeleonticeps), Blueline
snapper (Lutjanus kasmira), Golden snapper (Lutjanus inermis), Red
drum (Sciaenops ocellatus), Black drum (Pogonias cromis), Bluefish
(Pomatomus saltatrix), Common snook (Centropomus undecimalis),

Crevalle jack (Caranx hippos), Spotted seatrout (Cynoscion nebulosus),
and Striped mullet (Mugil cephalus)

Pelagic and highly migratory Skipjack (Katsuwonus pelamis), Albacore (Thunnus alalunga), Bigeye
(Thunnus obesus), Atlantic bluefin tuna (Thunnus thynnus), Yellowfin
tuna (Thunnus albacores), Small tunas, Atlantic blue marlin (Makaira

nigricans), White marlin (Tetrapturus albidus), Atlantic sailfish
(Istiophorus albicans), and Atlantic swordfish (Xiphias gladius)

Pelagic Dolphinfish (Coryphaena hippurus), Spanish mackerel
(Scomberomorus maculatus), Cobia (Rachycentron canadum), Atlantic

thread herring (Opisthonema oglinum), King mackerel (Scomberomorus
cavalla), Spanish sardine (Sardinella aurita), Menhaden (Brevoortia

spp.), and Greater amberjack (Seriola dumerili)

Species highlighted were selected for evaluation
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were also evaluated. All of the four species in the Small Coastal Sharks group (Atlantic
sharpnose shark, blacknose shark, bonnethead shark, and finetooth shark) were evaluated.
Two of the 11 species in the Large Coastal Sharks group (sandbar shark and blacktip shark)
were selected for evaluation because they are two of the most abundant and most commercially
and recreationally important shark species, and they are widely distributed in the Gulf of
Mexico. Rays and skates were also evaluated with three species (giant manta ray, cownose
ray, and smalltooth sawfish) being selected because of their abundance and distribution.

Stock assessments to estimate stock abundance and determine stock status are only
conducted for a very small number of marine organisms in the Gulf of Mexico (e.g., overfished
and/or overfishing). A recent study indicates that of about 60 fish stocks managed in the Gulf
of Mexico, information to determine their status is only available for fewer than half (Kar-
nauskas et al. 2013). No formal stock assessments had been done for the vast majority of fish
species in the Gulf of Mexico prior to the Deepwater Horizon event, and currently there is
limited knowledge about the status of most fish species that live in and/or use the Gulf in part
of their lifecycle.

9.2 OVERVIEW OF THE GULF OF MEXICO
ECOSYSTEM FOR FINFISH

The Gulf of Mexico provides a wide variety of habitats for finfish and sharks (McEachran
and Fechhelm 2005), ranging from coastal marsh, seagrasses, mangroves, river mouths, and
reefs to man-made structures such as oil and gas platforms, continental shelf, slope, and
deepwaters (Figure 9.1). There is large spatiotemporal variability in oceanographic conditions,
with the Gulf of Mexico influenced greatly by inflows and discharges from rivers and other
land-based sources, including the Mississippi River, and by large-scale oceanographic features,
such as the Loop Current and associated core eddies of different thermal conditions (Govoni

Figure 9.1. Coral reefs, such as this one on the Flower Garden Banks, are one of a wide variety of
habitats available to finfish and sharks in the Gulf of Mexico (photograph by Emma Hickerson,
Flower Garden Banks National Marine Sanctuary) (from NMS 2013).
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and Grimes 1992; Sturges and Leben 2000). Combined, these factors result in large spatiotem-
poral variability in physicochemical conditions, causing primary production to vary markedly
within and across areas of different oceanographic conditions in the Gulf of Mexico
(Grimes and Finucane 1991; Biggs 1992). Physical–chemical variability affects the distribution,
growth, and mortality of pelagic larvae of many fish species in the Gulf of Mexico
(Govoni et al. 1989; DeVries et al. 1990; Lang et al. 1994). Higher abundance, increased growth,
and reduced mortality have been observed for larvae within frontal features created by riverine
discharge and hydrodynamic convergence (Lang et al. 1994; Hoffmayer et al. 2007). The great
spatiotemporal variability in oceanographic and physicochemical conditions provides a large
diversity of habitat for fish species that often require different habitats in their different stages
of life history.

The general movement patterns and key habitat requirements for fish of different life-
history stages are responsible for the formulation of fish community structure (O’Connell
et al. 2004). Environmental variables, such as temperature, primary production, current,
salinity, depth, dissolved oxygen, water clarity, substrate, and geographic area, have been
found important in regulating the spatiotemporal dynamics of fish communities (McEachran
and Fechhelm 2005). Because of the large spatiotemporal variability in these environmental
variables, fish community structure varies temporally among seasons and years and spatially
over estuarine categories and geographic areas, such as in areas east and west of the Mississippi
River (Hoese and Moore 1998; McEachran and Fechhelm 2005).

For a given fish population, the dynamics of distribution, abundance, and life-history
processes are greatly influenced by abiotic factors, such as water temperature, salinity,
dissolved oxygen, and substrate, as well as a variety of biotic factors, such as food availability,
intra- and interspecific competition, and predator abundance (Briggs 1974; Richards et al. 1989;
Ahrenholz 1991). The most profound impacts of these factors on the dynamics of a fish
population usually occur during their early life-history stages, when their survival rates are
most sensitive to the change in biotic and abiotic environments (Gallaway et al. 2009).
For marine fish species that tend to have planktonic early life-history stages (eggs and larvae),
their survival rates during the planktonic life stage are usually a function of parental abundance
and fecundity and their complex interactions with predation, oceanographic processes, and
prey abundance (Richards and Lindeman 1987). Parental abundance can be greatly affected by
the level of fishing mortality. The process of fish growing from early life-history stages to
catchable sizes, or becoming catchable in commercial and recreational fisheries, is often
referred to as recruitment, which consists of largely distinct ecological processes including
survival of a cohort of planktonic eggs and larvae, spatiotemporal patterns of demersal
settlement of free-swimming juveniles, and natural and fishing mortality of adults and
juveniles before they reach the catchable sizes defined by fishing gear selectivity or minimum
legal size requirements (Gallaway et al. 2009). Spatiotemporal variations in recruitment, which
can be affected by environmental variables and commercial and recreational fisheries, contrib-
ute to variability in fish populations and community structure in the Gulf of Mexico ecosystem
(O’Connell et al. 2004; McEachran and Fechhelm 2005).

9.2.1 Key Environmental Variables Influencing Spatiotemporal
Dynamics of Fish Populations

Several natural environmental gradients result in the diversity of habitats, which contri-
butes to the relatively high species richness in the Gulf of Mexico and spatiotemporal distribu-
tion of finfish species (McEachran and Fechhelm 2005). The first gradient is salinity, which
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tends to increase from west to east along the coastline as a result of spatial variability in
rainfall, river output, and temperature. Bottom composition is the second gradient (McEachran
and Fechhelm 2005). Large amounts of fine-grained sediments exist in the Gulf of Mexico
along the East Texas and Louisiana coasts as a result of large riverine inputs. Bottom sediments
become coarse-grained and sandy off the arid South Texas coast and less sandy and muddier
away from the barrier islands. Rocky reefs appear on the 40-fathom contour off Texas and on
the continental shelf off Louisiana, providing a hard bottom substrate habitat suitable for
species of tropical reef fish not typically found in the inshore shallow waters. From east of the
Mississippi Delta, the shelf tends to have coarse-grained sandy sediment with large areas of
hard bottom and accumulations of shells, which differs greatly from that of most of the
western Gulf of Mexico (McEachran and Fechhelm 2005). The Florida West coast mainly has
limestone and detrital-derived sediments, which provide suitable habitat for the spread of many
coral reef fishes northward. The spatial variation in sediments contributes greatly to the
diversity of habitat for fish requiring specific bottom substrates in different stages of their
life history in the Gulf of Mexico (McEachran and Fechhelm 2005).

A third gradient is the spatial variability in depth from the shore to the edge of the
continental shelf, resulting in large spatiotemporal variability in the temperature regime,
which provides habitat diversity for different fishes (McEachran and Fechhelm 2005). The
Gulf of Mexico has greater seasonal changes in thermal habitat than regions to the south or east
(Backus et al. 1997); these changes provide a diversity of habitat niches for fish species with
differing thermal habitat requirements.

Currents play a central role in regulating the sources of fish recruitment, as well as the
transportation and distribution of fish larvae, which can have great impacts on the dynamics of
fish populations (Richards et al. 1989; DeVries et al. 2006). Many fish species spawning in the
Gulf of Mexico depend on seasonal and often wind-driven currents to transport their
larvae into estuarine nursery areas. The Loop Current, which enters the Gulf of Mexico from
the Yucatán Channel and begins the Gulf Stream, dominates the Gulf of Mexico oceanographic
features. It contains a rich variety of larval tropical fishes that grow and settle on the reefs of
the eastern Gulf of Mexico, while eddies transport additional species into the western Gulf of
Mexico (McEachran and Fechhelm 2005). The Loop Current may further act as an important
geographic isolating mechanism that separates inshore fish populations of the eastern and
western Gulf of Mexico (Govoni and Grimes 1992; Sturges and Leben 2000). This may result in
the degree of endemism found in the western Gulf of Mexico (Shipp 1992). Thus, the spatial
structure of Gulf of Mexico fishes is influenced greatly by the Loop Current and its associated
anticyclonic rings (Kleisner et al. 2010).

Approximately 4,000 oil and gas platforms exist in the northern Gulf of Mexico, acting as
one of the most extensive man-made reef structures in the world. Many of these petroleum
platforms have existed for more than 40 years and have greatly affected spatiotemporal
distributions of pelagic fish species (Franks 2000). These platforms vary greatly in size and
structural complexity from small, single-well platforms to large, multi-well platforms with
complex structures that are installed in both inshore shallow waters and in waters more than
250 km (155 miles) offshore and deeper than 2,000 m (6,562 ft) (Cranswick and Regg 1997;
Franks 2000). These platforms form additional new habitat in the northern Gulf of Mexico that
attracts pelagic and mid-water fish species to form a distinctive ichthyofaunal community
different from the faunal assemblage in the surrounding natural habitat (Gallaway and Lewbel
1982; Franks 2000).

Extreme conditions of environmental variables, such as temperature, salinity, and dis-
solved oxygen, as well as the existence of natural and human-induced toxic substances, can
result in significant temporary or even permanent loss of habitats that can lead to die-offs of
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fishes in the affected areas (McEachran and Fechhelm 2005). Drastic events, such as red tides
(Riley et al. 1989), brown tides (Buskey and Hyatt 1995), and extreme freezes (McEachron
et al. 1994), in the Gulf of Mexico can significantly increase fish mortality and cause large-scale
die-offs. Subtle and long-term changes can cause a gradual shift of the fish community from
more temperate species to more tropical species or vice versa for a given region in the Gulf of
Mexico (O’Connell et al. 2004). For example, tropical fish tend to be rare inshore, but are
commonly found along the South Texas coast (Hoese and Moore 1998). Climatic events, such
as hurricanes and floods, can also affect fish community and population dynamics in the Gulf
of Mexico; for example, storms are believed to enhance red drum recruitment (Matlock 1987).

9.2.2 The Fish Community in the Gulf of Mexico

The ichthyofaunal community of the Gulf of Mexico has features similar to those of both
warm temperate and tropical waters. The Gulf of Mexico has a relatively rich fish fauna for its
size and has nearly 10 % of the world’s known marine fish species (Nelson 2006). McEachran
and Fechhelm (2005) suggest that the species richness and composition in the Gulf of Mexico is
largely similar to that in the West-Central Atlantic region (Cape Hatteras, North Carolina to the
equator). Previous studies have documented 1,443 finfish species in 700 genera, 223 families, and
45 orders in the Gulf (Hoese andMoore 1998; McEachran and Fechhelm 2005), which is 200 more
species and 54 more genera than what occurs in the eastern Atlantic Ocean between the Arctic
and the southern coast of Morocco, including the Mediterranean. This is equal to 64.2 % of the
species, 81.6 % of the genera, 92 % of the families, and all of the orders of fish in the West-
Central Atlantic Ocean (McEachran and Fechhelm 2005). Species of fish in the West-Central
Atlantic Ocean that are not found in the Gulf of Mexico are mostly deep-sea and oceanic fish;
temperate fishes rarely occur to the south of Cape Hatteras. Tropical fishes are rare north of
Central America or west of the Bahamas or Great Antilles. Relatively large seasonal temperature
changes and the lack of extensive reef habitat may exclude species that are not adapted to
seasonal changes in thermal habitat and are reef-dependent (McEachran and Fechhelm 2005).

According to McEachran and Fechhelm (2005), only 4.6 % of the 1,443 species (66 species)
can be defined as endemic to the Gulf of Mexico. Of these, only nine species are omnipresent
and distributed throughout the Gulf of Mexico. The majority of the endemic species are
distributed in one or two of the three subregions in the Gulf of Mexico (eastern, northwestern,
and southern). Five species of fish that are widely distributed along the U.S. east coast,
including Atlantic sturgeon (Acipenser oxyrhynchus), striped bass (Morone saxatilis), black
sea bass (Centropristis striata), banded drum (Larimus fasciatus), and shelf flounder (Etropus
cyclosquamus), have or have had isolated populations in the northern Gulf of Mexico,
suggesting that the Gulf populations are or were remnants of western extremes of once
continuous populations (Smith et al. 2002; McEachran and Fechhelm 2005). However, species
that limit their distribution in the southern subregion of the Gulf of Mexico tend not to be
endemic to the Gulf of Mexico. This indicates that the Yucatán Peninsula, unlike the Florida
Peninsula, is not a biogeographic barrier (Smith et al. 2002). The Gulf of Mexico has deep sills
in the Straits of Yucatán and in the Straits of Florida, which may allow for easy movement of
fishes between the Gulf of Mexico and other areas.

The Gulf of Mexico cannot be defined as a biogeographic province, which requires that
more than 10 % of all the species be endemic (Briggs 1974). However, it can be considered a
unique biogeographic region because of its high fish species richness and unique community of
warm temperate and tropical fish species (McEachran and Fechhelm 2005). This may be due to
a combination of diversity of habitats, geological and oceanographic conditions, and geo-
graphic location, which makes it accessible to warm temperate and tropical shore fishes and
most deep-sea pelagic and benthic fish species (McEachran and Fechhelm 2005).
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Almost half of the 1,443 species occurring throughout the Gulf of Mexico can be
considered ubiquitous within their respective depth (Table 9.4). These species include wide-
ranging epipelagic fishes, e.g., blacktip shark (Carcharhinidae), Gulf menhaden (Clupeidae),
Atlantic needlefish (Belonidae), Atlantic flyingfish (Exocoetidae), and common halfbeak
(Hemiramphidae); mesopelagic fishes, e.g., Garrick (Gonostomatidae), hatchetfish
(Sternoptychidae), lightfish (Phosichthyidae), and smallfin lanternfish (Myctophidae); benthic
fishes of the continental shelf, e.g., squirrelfish (Holocentridae), red grouper (Serranidae), red
snapper (Lutjanidae), and red drum (Sciaenidae); and benthic fishes of the slope, e.g., blackfin
spiderfish (Ipnopidae), Western Atlantic grenadier (Macrouridae), and beardless codling
(Moridae) (McEachran and Fechhelm 2005). These families of species also tend to be
distributed in other regions of the Atlantic, Pacific, and Indian Oceans. The remaining 51.2 %
of the 1,443 fish species mainly limit their spatial distributions within a subregion of the Gulf of
Mexico (Table 9.4). For example, a total of 211 species (14.6 %) can be found only in the eastern
subregion of the Gulf of Mexico (Table 9.4), and most of these species are mesopelagic fishes
that may reflect intrusion of the Loop Current into the eastern Gulf of Mexico. The distribution
patterns reflect spatial variability in geological and oceanographic conditions and other habitat
variables (Hoese and Moore 1998; McEachran and Fechhelm 2005). For example, benthic
species that prefer terrigenous substrates are mainly found in the northern and western Gulf

Table 9.4. Summary of Finfish Spatial Distributions within the Gulf of Mexico (data from McEa-
chran and Fechhelm 2005)

Distribution Region
Percent of Total
Species (%) Species

Entire Gulf of Mexico 48.8 Wide-ranging epipelagic, mesopelagic, and
benthic fish species

Eastern subregion of Gulf of Mexico 14.6 Mainly fish species in the families:
Ophichthidae, Alepocephalodae,
Melanostomiidae, Notosudidae,
Paralepididae, Syngnathidae,
Opistognathidae, Apogonidae,
Chaenopsidae, and Gobiidae

Northwestern subregion of Gulf of
Mexico

3.6 Mainly fish species endemic to the Gulf of
Mexico or found in the southeastern United
States and some deep-sea fish species, such
as narrownose chimaera, bigeye sand tiger,
fangtooth snake-eel, snipe-eel, and blue

slickhead

Southern subregion of Gulf of Mexico 6.4 Fish species that also occur in the Caribbean
Sea

Northern subregion of Gulf of Mexico
(including both eastern and
northwestern subregions)

17.5 Most fish species also occur along the
eastern seaboard of the United States

Western subregion of Gulf of Mexico
(including both northwestern and
southern subregions)

3 Some fish species have disjunct populations
along the eastern seaboard of the United

States

Both eastern and southern subregions
of Gulf of Mexico

5.3 Fish species tend to be associated with reefs
and can often be found in the Florida Keys,
the Bahamas, and the Greater and Lesser

Antilles
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of Mexico, and benthic fishes associated with calcareous substrates tend to be found in the
calcareous shelves of Florida and the Yucatán; species preferring warm temperate habitats are
usually found in the northern Gulf of Mexico, while those preferring tropical habitats tend to
occur in the southern Gulf of Mexico (McEachran and Fechhelm 2005). Although the results
may be biased by the difference in sampling efforts, the eastern Gulf of Mexico (Florida Bay to
Pensacola, Florida or Mobile Bay, Alabama) appears to have the highest number of species
(1,259), followed by the western Gulf of Mexico (Pensacola or Mobile Bays to Cape Rojo,
Mexico, 1,056 species), with the southern Gulf of Mexico (Cape Rojo to Cape Catoche, Mexico)
having the lowest species diversity (916) (Table 9.4)

More than 1,112 species of finfish, sharks, and rays in the Gulf ofMexico were included in the
FishBase database developed by the World Fisheries Center (Froese and Pauly 2009). Although
this is not a complete list [the number of finfish species alone is 1,443 as suggested byMcEachran
and Fechhelm (2005)], the species included in FishBase represent a majority of the finfish, sharks,
and rays in the Gulf of Mexico. Based on habitat needs and distribution in the water column,
these 1,112 species are divided into seven groups in FishBase: reef-associated, bathydemersal,
bathypelagic, benthopelagic, demersal, pelagic-neritic, and pelagic-oceanic. Of the 1,112 fish
species in FishBase, more than one-third are reef-associated species, and the benthopelagic and
pelagic-oceanic fish species have the lowest species diversity (Table 9.5). The trophic level of
fishes associated with each habitat tends to vary greatly (Figure 9.2). The pelagic-oceanic species
tend to have the highest average trophic level, while the reef-associated fish species tend to have
the widest distribution of trophic levels (Table 9.5; Figure 9.2). The maximum size also varies
greatly within each habitat group, with the pelagic-oceanic group having the largest average
maximum size and the bathypelagic group having the smallest average size (Table 9.5).

Although various fishery-dependent and fishery-independent monitoring programs have
been developed and implemented (McEachran and Fechhelm 2005) and some species, such as
red snapper and Gulf menhaden, are well researched, many fish populations in the Gulf of
Mexico are still not well understood compared to those of other marine ecosystems in the
United States (Rowe and Kennicutt 2009). Therefore, large uncertainty still remains on the
dynamics and conditions of many Gulf of Mexico fish populations of commercial and recrea-
tional importance (NMFS 2012a).

Table 9.5. Summary of Average Trophic Level, Number of Species, and Average Maximum Size
Calculated for Each Habitat Group for the 1,112 Finfish, Shark, and Ray Species in the Gulf of
Mexico (data from FishBase 2013)

Habitat

Trophic Levela Size (cm)

Mean
Coefficient
of Variation # of Species

% of
Species Mean

Coefficient
of Variation

Reef-associated 3.470 0.181 384 34.5 53.73 1.27

Bathydemersal 3.671 0.097 131 11.8 50.91 1.16

Bathypelagic 3.695 0.123 158 14.2 32.44 1.25

Benthopelagic 3.745 0.142 66 5.9 90.92 1.45

Demersal 3.568 0.126 260 23.4 56.26 1.62

Pelagic-neritic 3.389 0.167 46 4.1 46.10 0.97

Pelagic-oceanic 3.970 0.121 67 6.0 216.21 1.53

aTrophic level measures the number of steps the fish, shark, or ray is from the start of the food chain: 1 ¼ primary
producers that make their own food, such as plants and algae; 2 ¼ primary consumers, such as herbivores consuming
primary producers; 3 ¼ secondary consumers, such as carnivores eating herbivores; 4 ¼ tertiary consumers, such as
carnivores eating other carnivores; and 5 ¼ apex predators that are at the top of the food chain with no predators
(FishBase 2013)
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9.3 POPULATION DYNAMICS OF KEY FINFISH
SPECIES OF ECOLOGICAL, COMMERCIAL,
AND RECREATIONAL IMPORTANCE

Many fish species support highly valued commercial and recreational fisheries. These
species range from reef-dependent snappers and groupers, to highly migratory tuna and
billfish, to coastal pelagic menhaden and mackerel, and coastal demersal drums and jacks
(Hoese andMoore 1998; McEachran and Fechhelm 2005). They differ greatly in their ecological
roles, life histories, habitat needs, and contributions to commercial and recreational fisheries.
As described earlier, 13 representative species have been selected from ten families for
evaluation in this chapter: red snapper; menhaden, including Gulf menhaden, finescale menha-
den, and yellowfin menhaden; red grouper; Atlantic bluefin tuna; Atlantic blue marlin; Atlantic
swordfish; Atlantic sailfish; red drum; tilefish; king mackerel; dolphinfish; striped mullet, and
greater amberjack (Table 9.3). Because of their ecological and fisheries significance in the Gulf
of Mexico, snapper and grouper species were also evaluated as families for their distribution,
life history, fisheries, and habitat needs.

Figure 9.2. The distribution of trophic levels for fish, shark, and ray species of different habitats in
the Gulf of Mexico. Trophic level measures the number of steps the fish, shark, or ray is from the
start of the food chain: 1 ¼ primary producers that make their own food, such as plants and algae;
2 ¼ primary consumers, such as herbivores consuming primary producers; 3 ¼ secondary con-
sumers, such as carnivores eating herbivores; 4 ¼ tertiary consumers, such as carnivores eating
other carnivores; and 5 ¼ apex predators that are at the top of the food chain with no predators
(data from FishBase 2013).
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9.3.1 Snappers (Family Lutjanidae)

The family Lutjanidae, or snappers, is composed of 17 genera and about 100 species of mostly
reef-dwelling marine fishes that are divided into four subfamilies (Allen 1985). Snappers are
confined mostly to tropical and subtropical regions of all oceans, while three species occur in
freshwater; juveniles of many snapper species inhabit brackish mangrove estuaries and the
lower reaches of freshwater streams. Snappers occur in four discrete geographic faunas, and
snappers that occur in the western Atlantic Ocean are not found in any other region (Allen
1985). Snappers that occur in the Gulf of Mexico region include 16–17 species in six genera
from the family Lutjaninae (Table 9.1) (McEachran and Fechhelm 2005).

Snappers have separate sexes, sexual differentiation remains constant throughout their life
span, and sexual dimorphism is rare (Martinez-Andrade 2003). A key reproductive strategy
utilized by many species of inshore-dwelling snappers is an extensive migration to selective
offshore areas along outer reefs to form seasonal spawning aggregations in the week or so
prior to the full moon (Martinez-Andrade 2003). Snapper larvae are most common relatively
close to shore, in waters over the continental shelf, or in large coral reef lagoons; they are
relatively rare in the more offshore areas at the edge of the shelf and in oceanic waters (Allen
1985). Snappers can grow to about 1 m (3.3 ft) in length, and the typical maximum life span of
snappers has been estimated between 4 and 21 years. Most snappers occur in shallow to
intermediate depths to 100 m (328 ft), although some are largely confined to deepwater
(100–500 m or 328–1,640 ft) (Allen 1985).

Snappers are active predators feeding mostly at night on a variety of prey (Allen 1985).
Fishes dominate the diet of most species, and other common prey include crabs, shrimps, other
crustaceans, gastropods, cephalopods, and planktons. Generally, the larger, deep-bodied
snappers feed on other fishes and large invertebrates on or near the surface of the reef and
are usually equipped with large canine teeth adapted for seizing and holding their prey.

Landings of snappers are of significant volume and economic value because of the
excellent quality of their meat and high demand, making them some of the most desirable
species in the market (Martinez-Andrade 2003). The Gulf of Mexico Fishery Management
Council (GMFMC) manages snappers under the Reef Fish Fishery (GMFMC 2004a). The Reef
Fish Management Plan (FMP) currently includes 42 species, and snapper species managed
under this FMP include red snapper, queen snapper (Etelis oculatus), mutton snapper (Lutjanus
analis), schoolmaster (Lutjanus apodus), blackfin snapper (Lutjanus buccanella), cubera
snapper (Lutjanus cyanopterus), gray or mangrove snapper (Lutjanus griseus), dog snapper
(Lutjanus jocu), mahogany snapper (Lutjanus mahogoni), lane snapper (Lutjanus synagris),
silk snapper (Lutjanus vivanus), yellowtail snapper (Ocyurus chrysurus), wenchman (Pristipo-
moides aquilonaris), and vermilion snapper (Rhomboplites aurorubens).

Because of its recreational and commercial importance as a prized food fish in the Gulf of
Mexico, red snapper was selected as the representative snapper species for evaluation
(Figure 9.3). Key life-history parameters for red snapper are summarized in Table 9.6 and
discussed in the sections below. A summary of red snapper habitat information is presented in
Table 9.7, while Table 9.8 includes stock and fisheries information for the red snapper; this
information is also discussed in more detail in the following sections.
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Figure 9.3. Red snapper (Lutjanus campechanus) on a coral reef in the Gulf of Mexico (from von
Brandis 2013).

Table 9.6. Summary of Life-History Information for Red Snapper (Lutjanus campechanus)

Parameter Value Reference

von Bertalanffy growth
model parametersa

L1 ¼ 876.9 mm (34.5 inches [in]) fork length
(FL)2

SEDAR 7 (2005)

L1 ¼ 876.9 mm (34.5 in.) FL Nelson and Manooch (1982)

K ¼ 0.22 per year SEDAR 7 (2005)

K ¼ 0.17 per year Nelson and Manooch (1982)

t0 ¼ 0.37 years SEDAR 7 (2005)

t0 ¼ �0.1 years Nelson and Manooch (1982)

Age at first maturity 1 year Cook et al. (2009)

2 years Fitzhugh et al. (2004), Woods
et al. (2007)

Length at first maturity Smallest females showing evidence of recent
spawning: 196 mm (7.7 in.) and 216 mm

(8.5 in.) FL

Cook et al. (2009)

296 mm (11.6 in.) FL Fitzhugh et al. (2004)

285 mm (11.2 in.) FL Woods et al. (2007)

Spawning season April through September, peaks June through
August

Bradley and Bryan (1975), Futch
and Burger (1976), Render
(1995), Collins et al. (1996)

Spawning location Spawn offshore on the shelf and upper
continental slope over sand and mud bottom
areas away from reefs, highest abundances
occur in the Northern Gulf of Mexico off

central and western Louisiana

Szedlmayer and Furman (2000),
Collins et al. (2001), Woods
(2003), Fitzhugh et al. (2004),
GMFMC (2004a), Lyczkowski-
Shultz and Hanisko (2007)

Common prey of
juveniles

Diet comprised primarily of fish and
invertebrates from reef and soft bottom

habitat. Fishes include blennies, Halichoeres
sp., Serranidae (Serranus sp., Centropristes
sp.). Invertebrates include shrimps (mantis

shrimp, rock shrimp, Alpheidae,
Hippolytidae), squid, octopuses, and crabs

Bradley and Bryan (1975),
Beaumariage and Bullock

(1976), Futch and Burger (1976),
Szedlmayer and Lee (2004)

(continued)
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Table 9.7. Summary of Habitat Information for Red Snapper (Lutjanus campechanus)

Parameter Value Reference

Habitat preferences and
temporal/spatial distribution
of juveniles

Around age 6 months, juveniles recruit to
structured habitat and reefs with medium

relief, structures about 1 m3 (35.3 ft3) in size;
salinity approximately 35 ppt; temperature
from 24 to 26 �C; dissolved oxygen at least
5 mg/L; depth from 18 to 64 m (59–210 ft);
highest distribution of juveniles are found

from Alabama to southern Texas

Gallaway et al. (1999),
Szedlmayer and Lee (2004)

Habitat preferences and
temporal/spatial distribution
of adults

Around age of 1.5 years, adults start
recruiting to large reefs, natural rock

outcroppings, offshore petroleum platforms,
wrecks, and large artificial reefs across the

continental shelf to the shelf edge

Stanley (1994), Gallaway
et al. (1999), Patterson

et al. (2001), Nieland and
Wilson (2003)

Habitat preferences and
temporal/spatial distribution
of spawning adults

Older fish, age 8+ years, reach sizes that
render them largely invulnerable to

predation, and spend a larger portion of their
time over soft bottoms; highest abundances
occur in the northern and western Gulf over
mud bottoms with depressions or lumps;

depth from 55 to 92 m (180–302 ft)

Boland et al. (1983), Render
(1995), Nieland and Wilson
(2003), Mitchell et al. (2004)

Designated Essential Fish
Habitat for juveniles and
adults

All estuaries in the U.S. Gulf of Mexico; the
U.S./Mexico border to the boundary

between the areas covered by the GMFMC
and the SAFMC from estuarine waters out to

depths of 100 fathoms

GMFMC (2005)

Note: �C degrees Celsius, GMFMC Gulf of Mexico Fishery Management Council, mg/L milligram(s) per liter, ppt
part(s) per thousand, SAFMC South Atlantic Fishery Management Council

Table 9.6. (continued)

Parameter Value Reference

Common prey of adults Soft bottom prey are a major component of
the diet, but reef associated fishes are taken
when abundant. Fishes include gulf pipefish,
shoal flounder, puffer family, striped mullet,
sea robin family, rough scad, butterfish

family, sand perch, and clupeids.
Invertebrates include mantis shrimp, crabs,

gastropods, and zooplankton

McCawley and Cowan (2007),
Addis et al. (2011)

Common prey of large
adults

For large adults, feeding is independent of
reef habitat and includes a wide variety of
prey from reef, soft bottom, pelagic, and

Sargassum habitats

Gallaway (1981)

Common predators Data not available

Note: mm millimeter(s), in. inch(es)
a ThevonBertalanffygrowthmodeldescribeshowfish lengthchangeswithageandcanbewrittenasLt ¼ L1(1 � e–K(t � t0)),
where Lt is fish length at age t, L1 is the maximum attainable length, K is the growth coefficient describing how fast fishes
approach L1, and t0 is a theoretical age at which fish size is 0 (Ricker 1975)
bFork length (FL) is the length from the tip of the snout to the end of the middle caudal fin rays (fork of the tail fin)
(FishBase 2013)
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9.3.1.1 Key Life-History Processes and Ecology

Red snapper are distributed throughout the Gulf of Mexico and the U.S. Atlantic coast
(Figure 9.4). Genetic studies support the hypothesis of a single red snapper stock in the northern
Gulf of Mexico (Gold et al. 1997; Heist and Gold 2000).

Larval abundance is directly related to adult abundance (Lyczkowski-Shultz et al. 2005).
During the peak spawning months, the highest larval density is found off the Louisiana coast at
depths of 50–100 m (164–328 ft) (Table 9.6), and abundance tends to be lower east of the
Mississippi River compared to west of the Mississippi River. According to fall plankton
surveys, red snapper larvae can be found less frequently and in lower abundance in the eastern
Gulf of Mexico than in the western Gulf. Larvae were also found between the 100 and 200 m
(328 and 656 ft) depth contours throughout the Gulf of Mexico, indicating that red snapper
spawn from the mid-shelf to the continental slope.

After reaching 50 mm (1.9 in.) total length [TL refers to the length from the tip of the snout
to the tip of the longer lobe of the caudal fin or tail, usually measured with the lobes
compressed along the midline (FishBase 2013)], these age-0 red snapper are taken as bycatch
in the Gulf of Mexico penaeid shrimp fishery and continue to be taken as bycatch as age-1 red
snapper. The highest density of age-0 to -1 red snapper is found in the northern Gulf of Mexico
at depths between 18 and 55 m (59 and 180 ft) from the Alabama–Florida border to the Texas–
Mexico border (Gallaway et al. 1999). They tend to prefer shell and sand substrates (Szedlmayer
and Howe 1997). Studies suggest an ontogenetic shift from low-relief to higher-relief habitat
with size and age (Szedlmayer and Lee 2004; Wells 2007). The newly settled fish smaller than
40 mm (1.6 in.) TL mostly occur in open habitat, but begin moving onto the reefs as their sizes
approach 100 mm (3.9 in.) TL (Table 9.7). They tend to have a high degree of fidelity to these
habitats (Workman et al. 2002).

Red snapper enter the targeted commercial and recreational fisheries at age 2 for the rest
of their life span (Wilson and Nieland 2001). They can be found across the shelf to the shelf

Table 9.8. Summary of Stock and Fisheries Information for Red Snapper (Lutjanus campechanus)

Parameter Value References

General geographic
distribution

Gulf of Mexico, Caribbean Sea, and
U.S. Atlantic coast to northern South

America. Greatest abundance occurs in the
northern Gulf off southwestern Louisiana
and Alabama, as well as on the Campeche

Banks off of Mexico

Patterson et al. (2001),
GMFMC (2004a), SEDAR
31 (2009), Walter and

Ingram (2009)

Commercial importance High, commercial landings highest in the
western Gulf of Mexico

SEDAR 7 (2005)

Recreational importance High, recreational landings highest in the
western Gulf of Mexico

SEDAR 7 (2005)

Management agency NMFS, GMFMC SEDAR 31 (2009)

Management boundary Mexico-Texas boarder to west of the Florida
Keys (GMFMC boundaries)

SEDAR 31 (2009)

Stock structure within the
Gulf of Mexico

Managed as one stock, but assessed as two
subunits (east/west of the Mississippi River)

SEDAR 31 (2009)

Status (overfished/
overfishing)

Overfished 2001–2012; overfishing
2001–2011

NMFS (2012a)

Note: NMFS National Marine Fisheries Service
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edge and show an affinity for vertical structure (Table 9.7) (Patterson et al. 2001), especially
from 2 to 10 years of age. Red snapper older than 8–10 years are no longer totally dependent on
structured habitats and are capable of foraging over open habitat (Table 9.7). A National
Marine Fisheries Service (NMFS) bottom-longline survey suggests that red snapper tend to be
most abundant at depths from 55 to 92 m (180–302 ft) and that older and larger red snapper are
found more frequently in the western Gulf of Mexico, while younger and smaller fish are
found in the eastern Gulf (Mitchell et al. 2004). Adult red snapper tend to experience a seasonal
depth-related movement toward shallower water (inner-mid shelf) in the spring/summer
months and offshore (mid-outer shelf) in the winter months (Bradley and Bryan 1975). This
movement may be related to spawning-related activity (SEDAR 7 2005).

Red snapper have some rather unique life-history traits (Table 9.6). In the Gulf of Mexico,
they can reach maturity at young ages but have a long life span of more than 50 years
(Szedlmayer and Shipp 1994; Wilson and Nieland 2001). Red snapper are batch spawners, with
an estimated spawning duration of 180 days and a mean spawning frequency of 3.0 in the eastern
Gulf of Mexico and 2.9 in the western Gulf of Mexico (SEDAR 7 2005). Lyczkowski-Shultz and
Hanisko (2007) suggest that red snapper tend to spawn over a wide depth range from the
mid-shelf to the continental slope. The eggs are pelagic and hatch in about 20–27 h after
fertilization (Minton et al. 1983). The larvae remain pelagic for about 26–30 days until metamor-
phosis and settlement (Rooker et al. 2004). After the completion of the pelagic larval stage, red
snapper settle and move to structured habitat, such as low-relief, relic-shell habitat (Workman and

Figure 9.4. Range of the red snapper (Lutjanus campechanus) in the Gulf of Mexico and Florida
east coast (from USGS 2010a).

Fish Resources of the Gulf of Mexico 889



Foster 1994; Piko and Szedlmayer 2007), and become post-settlement juveniles, ranging from
19 to 50 mm (0.75–1.9 in.) TL in size and 29–66 days in age (Szedlmayer and Conti 1999).

Red snapper experience high rates of growth when they are young but begin to slow down
when they reach the age of 8–10 years. There is little evidence for strong sexual dimorphism in
growth (Goodyear 1995). The average maximum attainable size in the von Bertalanffy growth
equation is less than 900 mm (35.4 in.) TL (Table 9.6).

Females tend to mature at relatively smaller sizes and earlier ages in the eastern Gulf of
Mexico compared to those in the western Gulf of Mexico (SEDAR 7 2005). For example, in an
analysis done for Southeast Data, Assessment and Review (SEDAR) 7 (2005), over 75 % of
females were mature by 300 mm (11.8 in.) FL for samples taken from the eastern Gulf of
Mexico, but the proportion in the west was still below 75 % even at 350 mm (13.8 in.) FL. For
both regions, all females were mature after reaching 650 mm (25.6 in.) FL. The red snapper is
highly fecund and, on average, a female of age 10 can produce over 60 million eggs per year.
Fecundity-at-length data can be best quantified with power or exponential functions, but an
asymptotic function provides a better fit for fecundity-at-age data, suggesting that fecundity is
more dependent upon length, rather than age (SEDAR 7 2005).

Natural mortality1 (M) during the egg stage of the red snapper is estimated at 0.50 per day
(Gallaway et al. 2007). The mortality of red snapper larvae is high, and the accumulative
M during the larval stage is estimated at 6.76 per year (Gallaway et al. 2007). The estimates of
red snapper M for ages 0 and 1 varied greatly among studies (Gallaway et al. 2009), ranging
from 0.98 to 3.7 and 0.6 to 1.4 for age-0 and age-1 fish, respectively. AnM value of 0.6 per year
was used for age-1 fish in recent stock assessments (SEDAR 7 2005). The adult red snapper
M was assumed to be 0.1 per year in the assessment.

The newly hatched larval density in the water column is positively related to adult fish
abundance, suggesting that spawning stock biomass is positively related to larval abundance.
The abundances of age-0 and age-1 red snapper are poorly correlated, indicating the existence
of density-dependent mortality in early life history. The availability of low relief, natural habitat
for the post-settlement of red snapper (ages 0 and 1) is suggested as a major limiting factor in
the observed level of recruitment (Gallaway et al. 2009). However, Cowan et al. (2011) suggest
that age-1 red snapper are more vulnerable to shrimp trawl bycatch as compared to age-0 fish,
weakening the above argument about the role of low-relief habitats in the shallow Gulf of
Mexico. They further state that habitat limitation is not a strong factor in regulating recruit-
ment dynamics of red snapper (Cowan et al. 2011).

The number of recruits, measured as the number of red snapper at age 1, estimated for the
eastern U.S. Gulf of Mexico in the stock assessment (SEDAR 7 2009) is much higher than that
for the western U.S. Gulf of Mexico (Figure 9.5). The recruitment of red snapper in both the
western and eastern Gulf has fluctuated over time. In the eastern Gulf of Mexico, recruitment
reached one of the highest values in 2003, but continued to decline from 2003 through 2008,
with the recruits in 2008 being less than half of the recruits in 2003.

Red snapper from Alabama tend to mature at smaller sizes and younger ages than those
from Louisiana (Woods et al. 2007). Differences in maturation are also found between the
eastern Gulf of Mexico (Mississippi, Alabama, and Florida west coast) and western Gulf of

1 Mortality is usually measured as an instantaneous rate. Total mortality (Z) is the sum of fishing mortality
(F) and natural mortality (M). The proportion of fish dead as a result of Z can be calculated as 1 � exp(�Z).
Thus, in the absence of fishing mortality (F ¼ 0), anM of 0.50 per day for red snapper eggs is equivalent to
39.3 % of red snapper eggs dying per day and an accumulativeM of 6.76 per year during the larval stage is
equivalent to an annual mortality rate of 99.9 %.
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Mexico (Louisiana and Texas) (SEDAR 7 2005). Young (to age 8) red snapper in the eastern
Gulf of Mexico tend to have a higher reproductive output at age compared to those in the
western Gulf. A single stock of red snapper in the Gulf of Mexico has been suggested by
genetic studies (Camper et al. 1993; Gold et al. 1997; Heist and Gold 2000), which may result
from the lack of sufficient time since the Pleistocene epoch for spatially separated substocks of
red snapper in the Gulf of Mexico to have become genetically distinct, or from enough mixing
to maintain homogeneity in the population. However, phenotypic differences have been
identified in growth, maturation, abundance, age/size compositions, prey compositions, and
fishery dynamics between the eastern and western Gulf of Mexico. To account for such
differences between the two areas in the stock assessment, the Gulf of Mexico red snapper
stock is considered to consist of the two substocks. Although there is evidence of large
differences in life history and population dynamics at fine spatial scales, such as among
different reefs (Gallaway et al. 2009), more studies are needed to evaluate the potential
existence of metapopulation structure.

9.3.1.2 Predators and Prey

Juvenile red snapper prey mainly on fishes and invertebrates from reefs and soft bottom
habitats (Table 9.6). A diet shift from open-water prey to reef prey was observed by Szedlmayer
and Lee (2004) as fish moved from open to reef habitat, suggesting that reef habitat provides
not only protection from predation but also additional food sources. The diet of adult red
snapper also includes many species of fishes and invertebrates (Table 9.6).

Figure 9.5. Abundance of red snapper (Lutjanus campechanus) recruits measured as age-1 fish for
the eastern and western U.S. Gulf of Mexico from 1981 to 2008 (data from SEDAR 7 Update 2009).
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9.3.1.3 Key Habitat Needs and Distribution

Red snapper eggs are pelagic and float to the surface. Newly hatched larvae are also pelagic
and are found to be most abundant from 50 to 100 m (164–328 ft) depths in the Gulf of Mexico
west of the Mississippi River. After they reach 16–19 mm (0.6–0.7 in.) TL in about 26–30 days
of age, they settle to the bottom. The newly settled fish smaller than 40 mm (1.6 in.) TL mostly
occur in open habitat, but begin moving onto the reefs as their sizes approach 100 mm
(3.9 in.) TL.

Prior to 8–10 years of age, red snapper tend to prefer shell and sand substrates (Szedlmayer
and Howe 1997), are attracted to natural and artificial (e.g., oil and gas platforms) reef habitats,
and have a high degree of fidelity to these habitats (Workman et al. 2002). Additional
characteristics of juvenile red snapper habitat are described in Table 9.6. After they reach
age 8–10, they tend to be less attached to reef habitats and spend most of their time in open
waters (Table 9.6).

Essential fish habitat has been designated for Reef Fish, which includes juvenile and adult
red snapper. Reef fish essential fish habitat is described in Table 9.7 and shown in Figure 9.6.

9.3.1.4 Fisheries

Red snapper support an important commercial fishery in the Gulf of Mexico. The fishery
began in Pensacola about 150 years ago (Bortone et al. 1977) and then expanded to the waters
off Galveston, Texas, the Campeche Banks, and the Dry Tortugas during the late 1800s
(Goodyear 1995).

Commercial landings in the United States are divided into four separate fisheries based on
fishing gear (headline and longline) and fishing location (eastern and western Gulf of Mexico):
(1) handline east, (2) handline west, (3) longline east, and (4) longline west (Figure 9.7). Most of
the catch was landed with handline in the western Gulf of Mexico (Figure 9.7). The total
landings tend to have a decreasing trend and reached the lowest value around 1992. The catch
doubled for the next 10–12 years, but decreased drastically after 2006 as a result of a large
decrease in the western Gulf of Mexico (Figure 9.7).

Red snapper bycatch in the shrimp fishery, mainly consisting of fishes of ages 0 and
1, dominate the catch in numbers of fish (SEDAR 7 2009). The number of red snapper
discarded as bycatch has fluctuated between 10 and 60 million fish in most years since the
1970s, and is the lowest in recent years (Figure 9.8). The recreational and commercial fisheries
combined take roughly 3–4 million red snapper annually. Targeted commercial and recreational
red snapper fisheries dominate removals in weight, accounting for about 4 million kg (9 million
lb) in recent years. The annual weight of the shrimp bycatch discarded was estimated to be
roughly 1–3 million kg (2–3 million lb) of red snapper (SEDAR 7 2005).

Estimates of the recreational catch for red snapper in the Gulf of Mexico since 1981 are
obtained from three surveys: (1) the Marine Recreational Fishery Statistics Survey conducted by
the NMFS, (2) the Texas Marine Sport-Harvest Monitoring Program by the Texas Parks and
Wildlife Department, and (3) the Headboat Survey conducted by the NMFS, Southeast Fisheries
Science Center. The estimated recreational landings of red snapper show a decreasing trend
over time since 1981 in the U.S. Gulf of Mexico (Figure 9.9). However, it appears to be relatively
stable around one half million kg (1.1 million lb) since 2000.

The recreational fishery of Gulf of Mexico red snapper is managed with a size limit, daily
bag limit, seasonal length, and allocation quota. For the 2009 recreational fishing season, the
size limit was 40.6 cm (16 in.) TL, the daily bag limit was two fish, the fishing season was from
June 1 to August 15 (75 days), and the annual quota allocation was 1.11 million kg (2.45 million
lb) (SEDAR 7 2009).
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The recreational fishery of Gulf of Mexico red snapper is managed with a size limit, daily bag
limit, seasonal length, and allocation quota. For the 2009 recreational fishing season, the size limit
was 40.6 cm (16 in.) TL, the daily bag limitwas two fish, the fishing seasonwas fromJune 1 toAugust
15 (75 days), and the annual quota allocation was 1.11 million kg (2.45 million lb) (SEDAR 7 2009).

The red snapper stock is a single management unit in the Gulf of Mexico extending from
the U.S.–Mexico border in the west through the northern Gulf waters and west of the Dry
Tortugas and the Florida Keys. The assessment assumes there are two sub-units of the red
snapper stock within this region, separated roughly by the Mississippi River (SEDAR 7 2009).
The GMFMC is responsible for assessing the red snapper stock status in the Gulf of Mexico
under Section 303 of the Magnuson-Stevens Act.

Figure 9.6. The Gulf of Mexico Fishery Management Council’s Gulf of Mexico Reef Fish Essential
Fish Habitat for queen snapper (Etelis oculatus), mutton snapper (Lutjanus analis), blackfin
snapper (Lutjanus buccanella), red snapper (Lutjanus campechanus), cubera snapper (Lutjanus
cyanopterus), gray ormangrove snapper (Lutjanus griseus), lane snapper (Lutjanus synagris), silk
snapper (Lutjanus vivanus), yellowtail snapper (Ocyurus chrysurus), wenchman (Pristipomoides
aquilonaris), vermilion snapper (Rhomboplites aurorubens), speckled hind (Epinephelus drum-
mondhayi), yellowedge grouper (Epinephelus flavolimbatus), goliath grouper (Epinephelus ita-
jara), red grouper (Epinephelus morio), warsaw grouper (Epinephelus nigritus), snowy grouper
(Epinephelus niveatus), black grouper (Mycteroperca bonaci), yellowmouth grouper (Myctero-
perca interstitialis), gag (Mycteroperca microlepis), scamp (Mycteroperca phenax), yellowfin grou-
per (Mycteroperca venenosa), goldface tilefish (Caulolatilus chrysops), blueline tilefish
(Caulolatilus microps), tilefish (Lopholatilus chamaeleonticeps), greater amberjack (Seriola
dumerili), lesser amberjack (Seriola fasciata), almaco amberjack (Seriola rivoliana), banded rud-
derfish (Seriola zonata), gray triggerfish (Balistes capriscus), and hogfish (Lachnolaimus max-
imus) (from GMFMC 2004b).
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Figure 9.7. Commercial landings of red snapper (Lutjanus campechanus) in the U.S. Gulf of
Mexico from 1964 through 2009 (data from SEDAR 7 Update 2009).

Figure 9.8. Estimated median number of young red snapper (Lutjanus campechanus) (ages 0–1)
discarded in the shrimp fishery in the U.S. Gulf of Mexico using the 2-depth (0–10, 10+ fathoms)
and 3-depth (0–10, 10+, 30+ fathoms) zones strata models from 1972 through 2008 (data from
SEDAR 7 Update 2009).

894 Y. Chen



In the assessment of the Gulf of Mexico fish stocks, a fishery with fishing mortality higher
than the maximum fishing mortality threshold (MFMT) is defined as in the status of “over-
fishing,” meaning that fish stocks cannot be sustained under such a level of fishing mortality. A
fish population with its biomass lower than the minimum spawning stock threshold (MSST) is
defined “overfished,” meaning that the stock biomass is too low and reproductive potentials are
severely depleted. For the Gulf of Mexico red snapper stock, the MFMT is defined as FSPR26%

(SEDAR 7 2009), a fishing mortality (F) at which the reproductive potential is only 26 % of the
maximum reproductive potential in the absence of fishingmortality and was estimated at 0.53 per
year. The average F from 2006 through 2008 was 1.00, almost two times as high as the MFMT.
The fishing mortality of optimal yield (FOY) was determined at 75 % of the MFMT (e.g., 0.39).
Thus, recent fishing mortality was much higher than the FOY and the MFMT, suggesting that
overfishing occurred in the Gulf of Mexico red snapper fishery prior to 2010 (SEDAR 7 2009).
The stock biomass at which maximum sustainable yield (MSY) is achieved (SMSY) was estimated
at 4.6 million kg (10.16 million lb), and for the Gulf of Mexico red snapper, the MSST was
calculated as (1 � M)SMSY, where M has a value of 0.1 per year, which yields a MSST of 4.1
million kg (9.14 million lb). The biomass as of 2008 was only 1.78, much lower than the MSST
(<20 % of the MSST), suggesting that the red snapper stock biomass was severely overfished
prior to 2010 (SEDAR 7 2009). Thus, the Gulf of Mexico red snapper stock was overfished, and
overfishing occurred in the Gulf of Mexico prior to 2010 (Table 9.8). An early stock assessment
(SEDAR 7 2005) also suggests that Gulf of Mexico red snapper were grossly overfished through
2003, and the estimated spawning potential ratio (SPR) was less than 5 %.

Figure 9.9. Recreational landings of red snapper (Lutjanus campechanus) in the U.S. Gulf of
Mexico from 1981 through 2008 (data from SEDAR 7 Update 2009).
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9.3.2 Menhaden: Gulf Menhaden (Brevoortia patronus), Finescale
Menhaden (Brevoortia gunteri), and Yellowfin Menhaden
(Brevoortia smithi)

In the Gulf of Mexico, menhaden play a critical role in linking plankton with upper level
predators. Because of their filter feeding abilities, menhaden can consume and redistribute a
significant amount of primary production and energy in the Gulf of Mexico. They are small,
marine, filter feeding fish belonging to the family Clupeidae (herrings, shads, sardines, hilsa
and menhadens). Gulf menhaden are considered the Gulf of Mexico complement to Atlantic
menhaden (Brevoortia tyrannus) based on morphological and genetic analyses (Dahlberg 1970;
Anderson 2007). Both species support large-scale, commercial reduction fisheries (not directly
consumed but used to make fish products), with Gulf menhaden supporting one of the largest
fisheries, by weight, in the United States (Pritchard 2005).

Menhaden abundance can greatly influence the population dynamics of many predatory
fish species, such as tunas, drums, and sharks; in addition, they are also a very important food
source for many birds (Overstreet and Heard 1982). Three species of menhadens, Gulf
menhaden, finescale menhaden, and yellowfin menhaden, are distributed in the Gulf of
Mexico. Key life-history parameters, habitat preferences and distribution, and general infor-
mation on the menhaden stock and fishery in the Gulf of Mexico are presented in the tables and
paragraphs that follow (Tables 9.9, 9.10, and 9.11).

9.3.2.1 Key Life-History Processes and Ecology

Menhaden are flat and dull silver with a greenish back, have soft flesh, and a deeply forked
tail. A prominent black spot is found behind the gill cover, followed by a row of smaller spots.
The three species of menhaden, Gulf menhaden, finescale menhaden, and yellowfin menhaden,
are distributed in the Gulf of Mexico from estuarine waters outwards to the continental shelf,
although they are most likely distributed in less saline waters of estuaries and can be found in
bays, lagoons, and river mouths (Table 9.10 and Figure 9.10). Gulf menhaden tend to have larger
scales than yellowfin menhaden, and finescale menhaden lack the row of smaller spots that
occur on Gulf menhaden. All three species have yellowish fins (McEachran and Fechhelm 2005).

The Gulf menhaden occurs throughout the Gulf of Mexico but is mainly distributed in
nearshore waters (Table 9.10 and Figure 9.10). Yellowfin menhaden mainly inhabit estuarine or
nearshore areas and do not seem to have seasonal migratory behavior. Finescale menhaden also
occur in estuarine or nearshore areas. No evidence suggests that finescale menhaden are subject
to any systematic seasonal migration, but there appears to be a seasonal shift of larger finescale
menhaden between Texas bays (Gunter 1945). In the southern Gulf of Mexico, the range of
Gulf menhaden overlaps that of the finescale menhaden (Anderson and McDonald 2007), and
it appears that these two species may engage in resource partitioning, a process whereby closely
related or trophic-overlapped species occurring in close proximity results in subtle differences
in ecological niches (Castillo-Rivera et al. 1996). In the eastern Gulf, the range of Gulf
menhaden overlaps that of the yellowfin menhaden, and there is evidence of hybridization
between the two species (Anderson and Karel 2007).
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All menhaden species are estuarine-dependent and marine migratory species (Anderson
and McDonald 2007). In general, spawning usually takes places in the offshore marine
environment during winter (Table 9.9) (Gunter 1945; Simmons 1957; Dahlberg 1970; Houde
and Swanson 1975). Egg hatch and early growth of larvae usually occur when currents from
offshore spawning grounds transport them to low-salinity estuary nursery grounds (Minello
and Webb 1997). This process usually takes 1–2 months. The transported larvae enter estuarine
bays, sounds, and streams and metamorphose into juveniles. Menhaden juveniles inhabit
estuarine areas until the following fall or early winter, when they migrate offshore (Table 9.10).
Adults are usually distributed in large schools in nearshore oceanic waters and large estuarine
systems. Because the Gulf menhaden has a similar life-history process and is much more
abundant and widely distributed than the other two menhaden species, the following discussion
is focused on Gulf menhaden.

The spawning season estimated for the Gulf menhaden differs among studies, varying
from December through February and October through March (Table 9.9) (Suttkus 1956;
Combs 1969; Christmas and Waller 1975; Shaw et al. 1985a, b). This might reflect impacts of
environmental conditions, which vary from year to year (SEDAR 27 2011). Gulf menhaden are
multiple and intermittent spawners with ova being released in batches over a protracted
spawning season (Combs 1969; Lewis and Roithmayer 1981). Spawning can occur from
nearshore to 60 miles offshore along the entire U.S. Gulf coast (Table 9.9) (Christmas and
Waller 1975). However, Fore (1970) analyzed the distributions of eggs and concluded that

Table 9.9. Summary of Life-History Information for Gulf Menhaden (Brevoortia patronus), Fines-
cale Menhaden (Brevoortia gunteri), and Yellowfin Menhaden (Brevoortia smithi)

Parameter Value Reference

von Bertalanffy growth
model parameters (see
Table 9.6 for explanation)

L1 ¼ 225.9 mm (8.9 in.) FL Vaughan et al. (2000)

L1 ¼ 212.2 mm (8.3 in.) FL SEDAR 27 (2011)

K ¼ 0.56 per year Vaughan et al. (2000)

K ¼ 0.69 per year SEDAR 27 (2011)

t0 ¼ �0.43 years Vaughan et al. (2000)

t0 ¼ �0.31 years SEDAR 27 (2011)

Age at first maturity 2 years Lewis and Roithmayer (1981),
Nelson and Ahrenholz (1986),
Vaughan et al. (2000, 2007)

Length at first maturity 183.1 mm (7.2 in.) FL Lewis and Roithmayer (1981),
SEDAR 27 (2011)

Spawning season October through March, peaks
December through February

Christmas and Waller (1975),
Lewis and Roithmayer (1981)

Spawning location High salinity, offshore, open Gulf waters;
highest abundances occur from Texas to

Alabama, concentrated near the
Mississippi Delta

Lewis and Roithmayer (1981)

Common prey of juveniles
and adults

Zooplankton, phytoplankton, and detritus Reintjes and Pacheco (1966),
Deegan (1985), Ahrenholz (1991)

Common predators Brown pelicans, osprey, common loons,
mackerel, bluefish, blue runner, ladyfish,

sharks, white and spotted seatrout,
longnose and alligator gars, and red

drum

Reintjes (1970), Etzold and
Christmas (1979), Overstreet and

Heard (1982), Spitzer (1989)
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spawning of Gulf menhaden occurred mainly over the continental shelf between Sabine Pass,
Texas and Alabama, with the greatest concentrations being found in waters between the 8 and
70 m (26.2 and 230 ft) contours off Texas and Louisiana and near the Mississippi Delta.

The eggs of Gulf menhaden are planktonic and drift with prevailing currents for almost
48 h before hatching. Early larvae also drift with the current and feed on phytoplankton.
Currents transport Gulf menhaden larvae into low-salinity estuaries for early growth (Minello
and Webb 1997). This transportation from spawning grounds to estuarine nursery grounds is
critical for the survival of Gulf menhaden larvae. As they grow larger and become able to swim,
they shift their diet to zooplankton. After developing gill rakers, they filter-feed on plankton,
typically near the surface. In fresh and brackish estuaries and rivers, they grow rapidly in spring
and summer, and by fall, they migrate to high-salinity offshore waters no deeper than 100 m
(328 ft). No east–west component of annual migration was found for Gulf menhaden in
tagging studies (Kroger and Pristas 1975; Pristas et al. 1976); however, Gulf menhaden from
the eastern and western extremes of their ranges tend to move toward the center of their range
with age (Ahrenholz 1991).

Table 9.10. Summary of Habitat Information for Gulf Menhaden (Brevoortia patronus), Finescale
Menhaden (Brevoortia gunteri), and Yellowfin Menhaden (Brevoortia smithi)

Parameter Value Reference

Habitat
preferences and
temporal/spatial
distribution of
juveniles

Early juveniles settle in shallow (0–2 m or
0–6.6 ft deep), quiet, low salinity areas
nearshore during late winter to spring;

estuarine marsh edge habitat (also coastal
rivers, streams, bays, bayous, and other
quiet, low salinity, nearshore habitat)

provides adequate forage and protection
from predators; salinity from 0 to 15 ppt;

temperature from 5 to 35 �C; bottom depth
�2 m (�6.6 ft); juveniles migrate offshore
during winter and move back to coastal

waters the following spring as age-1 adults

Christmas and Gunter (1960),
Reintjes (1970), Perret et al. (1971),
Fore and Baxter (1972), Christmas
and Waller (1973), Copeland and

Bechtel (1974), Etzold and Christmas
(1979), Christmas et al. (1982),

Addis et al. (2011), SEDAR 27 (2011)

Habitat
preferences and
temporal/spatial
distribution
of adults

Non-gravid, developing adults associated
with mid-range salinities of estuary; salinity
from 5 to 25 ppt; temperature from 5 to
35 �C; maturing juveniles and adults are

typically found in open bay and Gulf waters
with non-vegetated bottoms and emigrate
from estuarine to open Gulf waters from
mid-summer through winter; following
overwintering or spawning in offshore

waters, all surviving age classes migrate
back to estuaries in March and April

Reintjes (1970), Christmas andWaller
(1973), Etzold and Christmas (1979),
Lassuy (1983), Addis et al. (2011)

Habitat
preferences and
temporal/spatial
distribution of
spawning adults

Gravid adults generally associated with
higher-salinity, open bay and open Gulf

waters; spawning typically takes place over
the continental shelf during winter; salinity
from 15 to 36 ppt; temperature from 14 to
25 �C; depth from 8 to 70 m (26–230 ft)

Turner (1969), Fore (1970),
Christmas and Waller (1975),
Christmas et al. (1982), Lassuy
(1983), Shaw et al. (1985a, b),

SEDAR 27 (2011), Addis et al. (2011)

Designated
essential fish
habitat for juveniles
and adults

None designated because not federally managed

898 Y. Chen



Few Gulf menhaden spawn in their first winter, but almost all fish are mature by their
second winter when they reach age 1+. Female Gulf menhaden are generally mature after they
reach about 150 mm (5.9 in.) FL and larger (Table 9.9) (Lewis and Roithmayer 1981). The life
span of Gulf menhaden is about 5–6 years. The maximum size observed for Gulf menhaden is
223 mm (8.8 in.) FL (Ahrenholz 1991).

Limited information on age and size at maturity is available for finescale and yellowfin
menhaden. Female finescale menhaden were found to be mature at the size of 150 mm (5.9 in.)
TL (Gunter 1945), and female yellowfin menhaden were found to be mature at 186 mm (7.3 in.)
FL (Hellier 1968). The maximum size reported is 281 mm (11 in.) FL for yellowfin menhaden and
289 mm (11.4 in.) FL for finescale menhaden (Ahrenholz 1991).

Younger fish are thought to be more vulnerable to predation, and thusM may decline with
size or age (SEDAR 27 2011). In addition to varying with size or age,M also tends to vary from
year to year, reflecting annual variability of habitat variables (Figure 9.11).

Table 9.11. Summary of Stock and Fisheries Information for Gulf Menhaden (Brevoortia patronus),
Finescale Menhaden (Brevoortia gunteri), and Yellowfin Menhaden (Brevoortia smithi)

Parameter Value Reference

General geographic
distribution

Coastal Gulf of Mexico with highest abundances
occurring from Texas to Alabama, concentrated near the

Mississippi Delta; Gulf menhaden: from Yucatán
Peninsula in Mexico, across the western and northern
Gulf to Tampa Bay, Florida; nearshore marine and

estuarine waters from Cape Sable, Florida to Veracruz,
Mexico, with centers of abundance off Louisiana and
Mississippi; finescale menhaden: from Mississippi
Sound southwestward to the Gulf of Campeche in

Mexico; yellowfin menhaden: from Chandeleur Sound,
Louisiana southward to the Caloosahatchee River,
Florida (presumably around the Florida peninsula) to

Cape Lookout, North Carolina

Hildebrand (1948),
Christmas and Gunter
(1960), Lassuy (1983)

Commercial
importance

High, Gulf menhaden support second largest single
fishery in the United States by weight

Lassuy (1983)

Recreational
importance

Low, important as a bait fish Addis et al. (2011)

Management agency GSMFC, respective Gulf state marine agencies SEDAR 27 (2011)

Management
boundary

The menhaden fishery generally operates in state
waters; the respective state marine agencies are
responsible for regulating and monitoring the gulf
menhaden fishing in their waters. The Gulf states

cooperate with each other through the GSMFC to enact
multi-state cooperative management of gulf menhaden,
without relinquishing their individual state authorities.

VanderKooy and
Smith (2002), SEDAR

27 (2011)

Stock structure within
the Gulf of Mexico

Gulf menhaden comprise >99 % of the annual catch
from the menhaden fishery; the management unit is

defined as the total population of Gulf menhaden in the
U.S. Gulf of Mexico

Ahrenholz (1981),
SEDAR 27 (2011)

Status (overfished/
overfishing)

Through 2004: not overfished, no overfishing occurring;
successfully managed under a regional Fisheries

Management Plan since 1978; as of 2011, the stock is
not overfished, and no overfishing is occurring

Vaughan et al. (2007),
SEDAR 27 (2011)

Note: GSMFC Gulf States Marine Fisheries Commission
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Figure 9.11. Annual natural mortality (M ) for different age groups of Gulf menhaden (Brevoortia
patronus) from 1964 through 2009 (data from SEDAR 27 2011).

Figure 9.10. Range of menhaden, including Gulf menhaden (Brevoortia patronus), finescale men-
haden (Brevoortia gunteri), and yellowfin menhaden (Brevoortia smithi), in the Gulf of Mexico
(USGS 2010b).
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Recruitment tends to fluctuate over time without a clear temporal trend. However, large
uncertainty appears to be associated with the Gulf menhaden recruitment estimates (Figure 9.12).

Populations of Gulf menhaden throughout the Gulf of Mexico are generally thought to
comprise a single genetic stock (SEDAR 27 2011). No evidence supports the existence of
multiple stocks for finescale menhaden and yellowfin menhaden within the Gulf of Mexico.
There is no strong evidence supporting the existence of metapopulations (groups of spatially
separated populations of the same species that interact at some level). However, there appears
to be large spatial variability in key life-history parameters, such asM, growth, and maturation.
Stock structure also varies over time and space (SEDAR 27 2011).

9.3.2.2 Predators and Prey

Menhaden are omnivorous filter feeders that remove food resources from the water
column via their gill rakers while swimming (Table 9.9). Their filtration efficiency is largely a
function of branchio-spicule spacing of the gill rakers changing allometrically as menhaden
grow (Friedland et al. 2006). Small Gulf menhaden larvae primarily feed on large phytoplank-
ton (e.g., dinoflagellates) and some zooplankton (Govoni et al. 1983). As the larvae grow,
phytoplankton become less important in the diet, and large zooplankton, especially copepods,
become more important. After metamorphosis into juveniles, Gulf menhaden become filter-
feeding omnivores (Table 9.10). However, some of the phytoplankton that the juvenile Gulf
menhaden consume is an order of magnitude smaller than the smallest phytoplankton con-
sumed at larval stages (Chipman 1959; June and Carlson 1971). Menhaden may also feed on
their own eggs (Nelson et al. 1977), as well as eggs and larvae of other fishes and invertebrates
(Peck 1893; McHugh 1967).

Figure 9.12. Estimates of annual recruitment of Gulf menhaden (Brevoortia patronus), measured
as the number of age-0 fish, from 1948 through 2009 (data from SEDAR 27 2011).
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Because of their high abundance and schooling behavior, menhaden of all life-history
stages from eggs through adults are potential prey for a large number of piscivorous fish and
birds (Table 9.9). Many invertebrate predators, especially in oceanic waters, prey upon menha-
den larvae, including chaetognaths (arrow worms), squids (mollusks), ctenophores (comb
jellies), and jellyfishes (coelenterates).

9.3.2.3 Key Habitat Needs and Distribution

Larvae and early juveniles are often found associated with estuarine marsh edges for forage
and protection from predators, and juveniles and adults are typically in open water with
non-vegetated bottoms (Table 9.10). Offshore spawning ensures that Gulf menhaden eggs and
larvae are euryhaline. Most Gulf menhaden eggs occur in waters with salinities over 25 parts per
thousand (ppt) (Fore 1970; Christmas and Waller 1973). Eggs and larvae are found throughout
the Gulf of Mexico waters with salinity ranging from 20.7 to 36.6 ppt (Christmas et al. 1982).
As the larvae move inshore, they require low salinity waters to complete metamorphosis.
The entrance of larvae into estuaries with abundant food and lower salinities may be essential
to their survival and to their metamorphosis into juveniles (June and Chamberlin 1959). Temper-
ature may be more critical to egg development than to juveniles and to adults that are distributed
widely in the Gulf of Mexico with large spatial variability in temperature. Eggs and larvae have
been observed in waters with temperatures ranging from 11 �C (February) to 18 �C (March) in
northern Florida, from 16 �C (January) to 23 �C (March) in southern Florida, and from 10 �C
(January) to 15 �C (December) in the Mississippi Sound. Menhaden may be subject to cold
mortality under freezing winter conditions, especially in narrow or shallow tidal areas. Large
fish kills may also occur during the summer, as a result of plankton blooms and low dissolved
oxygen or hypoxic conditions (Christmas and Waller 1973; Etzold and Christmas 1979).

Menhaden tend to have high habitat elasticity to adapt to changes in their habitats. In a
study examining fish assemblages in an estuary from 1950 to 2000 (O’Connell et al. 2004), Gulf
menhaden were found to change little in their frequency or position within the estuarine
ecosystem even though the estuary had deteriorated substantially in environmental quality
and the fish assemblage shifted from a croaker-dominated complex to an anchovy-dominated
complex. This indicates that Gulf menhaden are elastic in their ability to adapt to short- or long-
term changes in environmental conditions (O’Connell et al. 2004). Because menhaden are not
federally managed, no essential fish habitat has been designated (Table 9.10).

9.3.2.4 Fisheries

The Gulf menhaden fishery has great ecological, economic, and social importance.
Although menhaden are bony, oily, and usually not directly consumed by humans, they are
an important source of fishmeal and fish oil. Both of these reduction products are used as feed
for livestock and aquaculture, such as for salmon, shrimp, tilapia, and catfish. Fish oil made
frommenhaden is also used as a dietary supplement and as a raw material for products, such as
lipstick. Menhaden is one of the best baitfish available. Fresh or frozen menhaden are
commonly used as whole or cut bait for snapper and king mackerel fishing (SEDAR 27 2011).

Gulf menhaden supports one of the largest fisheries in the United States (Table 9.11), which
dates back to the 1800s. On average, 400–600 kilotons of Gulf menhaden are extracted and
used for reduction annually (Figure 9.13), with a much smaller amount being captured for use
as bait. Landings have had a decreasing trend since the 1980s, when they were the highest
(Figure 9.13). Most of the Gulf menhaden landed in the reduction fishery was ages 1 and
2, representing 57 and 38 % of the annual catch on average, respectively. Commercial reduction

902 Y. Chen



fishery catches are landed from areas ranging from Florida to Texas, with the majority of
recent catches coming from Louisiana waters (SEDAR 27 2011).

The Gulf menhaden reduction fishery has been managed under a regional FMP since 1978.
Management of the Gulf menhaden fishery is through partnerships among the NMFS Beaufort
Laboratory, the state marine agencies, the menhaden industry, and the Gulf States Marine
Fisheries Commission (GSMFC) (Table 9.11). It is one of the most detailed and data-rich
fisheries currently operated in the Gulf of Mexico. A statistical catch-at-age model, the
Beaufort Assessment Model (BAM), was used as the base model for the most recent stock
assessment (SEDAR 27 2011). The BAM model assumes one coast-wide population of Gulf
menhaden in the Gulf of Mexico. The BAM model for Gulf menhaden uses annual time steps,
including landings data from 1948 to 2010. The 1948 data are from close to the beginning of the
fishery and, thus, tend to represent unfished conditions for Gulf menhaden. The BAM model
incorporates various fishery-dependent and fishery-independent data, including abundance
indices and age compositions derived from various survey programs, commercial catch-at-
age data, and biological information on growth, maturation, and M.

Total egg production, a more accurate quantification of population reproductive potential
than spawning stock biomass, was estimated in the most recent stock assessment (Figure 9.14)
(SEDAR 27 2011). It appears to have a decreasing trend prior to the mid-1980s, but shows an
increasing trend since the late 1980s. The total egg production estimates for recent years tend to
be higher than those for most years since the mid-1970s, suggesting that the stock is in good
condition (Figure 9.14). Based on the most recent stock assessment (SEDAR 27 2011), the Gulf
of Mexico Gulf menhaden population was not overfished and overfishing did not occur in 2010
(Table 9.11).

Figure 9.13. Landings of Gulf menhaden (Brevoortia patronus) in the reduction fishery from 1964
through 2009 (data from SEDAR 27 2011).
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9.3.3 Groupers (Family Serranidae, Subfamily
Epinephelinae)

The subfamily Epinephelinae of the family Serranidae consists of about 160 species of
marine fishes in 15 genera that are commonly known as the groupers, rockcods, hinds, and
seabasses (Heemstra and Randall 1993). Groupers are bottom-associated fishes found in the
tropical and subtropical waters of oceans and are of considerable ecological and economic value.
Groupers are generally associated with hard or rocky bottoms, and most species occur on coral
reefs, occupying caves, ledges, and crevices (Figure 9.15) (Jory and Iverson 1989; Heemstra and
Randall 1993). Some species occur in depths of 100–200 m (328–656 ft), with the majority
inhabiting depths less than 100 m (328 ft). Most grouper species apparently migrate vertically as
they grow, with larger fish living at progressively deeper depths (Jory and Iverson 1989).

As the major predators of coral reef ecosystems, most groupers feed on a variety of fishes,
large crustaceans, and cephalopods (Heemstra and Randall 1993). Most groupers are ambush
predators, hiding among the coral and rocks until a fish or crustacean goes by, and catch their
prey with a quick rush and snap of their powerful jaws. The large head and mouth of the typical
grouper enables it to suck in a large volume of water and its prey in less than one second
(Heemstra and Randall 1993).

Groupers are typically solitary fishes except for occasional spawning aggregations and are
generally resident on a particular reef for many years; this site specificity and their relatively
slow growth rate makes them vulnerable to overfishing (Heemstra and Randall 1993). Most
groupers are protogynous hermaphrodites, meaning that all fish are first females and then
change into males at a certain age/size (Jory and Iverson 1989).

Figure 9.14. Estimates of Gulf menhaden (Brevoortia patronus) total egg production from 1948
through 2009 (data from SEDAR 27 2011).
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Fifteen species of groupers are managed under the Reef Fish Fishery by the GMFMC
(GMFMC 2004b). The fishery is divided into shallow-water and deep-water grouper com-
plexes (SEDAR 12 Update 2009). Species in the shallow-water complex include red grouper,
gag grouper (Mycteroperca microlepis), black grouper (Mycteroperca bonaci), scamp (Myc-
teroperca phenax), yellowfin grouper (Mycteroperca venenosa), yellowmouth grouper (Myc-
teroperca interstitialis) (Figure 9.15), rock hind (Epinephelus adsensionis), and red hind
(Epinephelus guttatus). The deep-water grouper complex includes snowy grouper (Epine-
phelus niveatus), yellowedge grouper (Epinephelus flavolimbatus), speckled hind (Epinephe-
lus drummondhayi), warsaw grouper (Epinephelus nigritus), and misty grouper
(Hyporthodus mystacinus). Nassau grouper (Epinephelus striatus) and goliath grouper (Epi-
nephelus itajara) (Figure 9.16) are managed as individual species and are prohibited from
being harvested.

Red grouper are among the most abundant, popular, and important commercial fish in the
Gulf of Mexico; therefore, this species was selected as the representative species of grouper for
evaluation (Figure 9.17). Key life-history parameters for red grouper are summarized in
Table 9.12 and discussed in detail in the following paragraphs. In addition, information on
habitat preferences and distribution of the red grouper stock and fishery is presented in
Tables 9.13 and 9.14 and discussed below.

9.3.3.1 Key Life-History Processes and Ecology

In the Gulf of Mexico, red grouper are distributed along the continental shelf, and the
center of distribution along the U.S. coast is in the eastern Gulf of Mexico (Table 9.13;
Figure 9.18). Genetic differences within the Gulf of Mexico tend to be small, suggesting a
single population within the Gulf. This may have resulted from historic bottlenecks in popula-
tion abundance that helped maintain the most common genotypes (Richardson and Gold 1997).

Red grouper spend their larval phase in the plankton. Juveniles occupy nearshore reefs and
seagrass beds; adult red grouper leave nearshore reefs and move offshore to rocky bottom
habitat (Tables 9.13 and 9.14). Red grouper are usually solitary until spawning time.

Figure 9.15. Two yellowmouth groupers (Mycteroperca interstitialis) eye one another near a large
brain coral in Flower Garden Banks National Marine Sanctuary (from NMS 2013).
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Most red grouper exhibit limited movement throughout their life span and can exhibit high
site fidelity at older ages upon reaching mid- to outer-shelf depths, which may result from the
species habitat-structuring and haremic (territorial) mating behavior (Coleman and Koenig
2010). Limited movement shown by most red grouper throughout their lives could give rise

Figure 9.17. Red grouper (Epinephelus morio) on a coral reef in the Gulf of Mexico (from Dom-
browski 2012).

Figure 9.16. Goliath grouper (Epinephelus itajara) is one of the species of grouper prohibited from
being harvested in the Gulf of Mexico (from Puntel 2016).
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Table 9.12. Summary of Life-History Information for Red Grouper (Epinephelus morio)

Parameter Value Reference

von Bertalanffy
growth model
parameters—Gulf of
Mexico (see
Table 9.6 for
explanation)

L1 ¼ 808 mm (31.8 in.) TL Goodyear (1995)

L1 ¼ 854 mm (33.6 in.) TL SEDAR 12 (2006), SEDAR 12 Update
(2009)

L1 (West Florida) ¼ 792 mm (31.2 in.) TL Data from Moe (1969) converted by
Lombardi-Carlson et al. (2002)

L1 (Northern West Florida) ¼ 800.1 mm
(31.5 in.) TL

Lombardi-Carlson et al. (2008)

L1 (Southern West Florida) ¼ 863.1 mm
(33.9 in.) TL

Lombardi-Carlson et al. (2008)

K ¼ 0.21 per year Goodyear (1995)

K ¼ 0.16 per year SEDAR 12 (2006), SEDAR 12 Update
(2009)

K (West Florida) ¼ 0.18 per year Data from Moe (1969) converted by
Lombardi-Carlson et al. (2002)

K (Northern West Florida) ¼ 0.23 per
year

Lombardi-Carlson et al. (2008)

K (Southern West Florida) ¼ 0.15 per
year

Lombardi-Carlson et al. (2008)

t0 ¼ �0.3 years Goodyear (1995)

t0 ¼ 0.19 years SEDAR 12 (2006), SEDAR 12 Update
(2009)

t0 (West Florida) ¼ �0.45 years Data from Moe (1969) converted by
Lombardi-Carlson et al. (2002)

t0 (Northern West Florida) ¼ 1.12 years Lombardi-Carlson et al. (2008)

t0 (Southern West Florida) ¼ 0.05 years Lombardi-Carlson et al. (2008)

Age at female
maturity (50 %)

4–6 years Moe (1969), Beaumariage and Bullock
(1976), Brule et al. (1999)

2.4 years Burgos (2001)

�2 years NMFS (2002a)

2 years (definitely mature model) Fitzhugh et al. (2006)

3.5 years (effectively mature model) Fitzhugh et al. (2006)

3 years SEDAR 12 (2006), SEDAR 12 Update
(2009)

Length at female
maturity (50 %)

450 mm (17.7 in.) SL Moe (1969)

485 mm (19.1 in.) FL Moe (1969)

509 mm (20 in.) FL Brule et al. (1999)

487 mm (19.2 in.) TL Burgos (2001)

280 mm (11 in.) TL (definitely mature
model)

Fitzhugh et al. (2006)

380 mm (14.9 in.) TL (effectively mature
model)

Fitzhugh et al. (2006)

(continued)
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Table 9.12. (continued)

Parameter Value Reference

Age at transition
from female to
mature male (50 %)

5–10 years Moe (1969), Beaumariage and Bullock
(1976)

7–14 years Brule et al. (1999)

7.2 years Burgos (2001)

16 years NMFS (2002a)

13 years Collins et al. (2002)

10.5 years Fitzhugh et al. (2006)

11 years SEDAR 12 (2006), SEDAR 12 Update
(2009)

Length at transition
from female to
mature male (50 %)

275–500 mm (10.8–19.7 in.) SL Moe (1969) Beaumariage and Bullock
(1976)

597 mm (23.5 in.) FL Brule et al. (1999)

�584 mm (�22.9 in.) Brule et al. (1999)

690 mm (27.2 in.) TL Burgos (2001)

800–900 mm (31.5–35.4 in.) TL Collins et al. (2002)

765 mm (30.1 in.) TL Fitzhugh et al. (2006)

Spawning season January through June, peaks March
through May

Moe (1969), Johnson et al. (1998),
Collins et al. (2002), Fitzhugh

et al. (2006)

Spawning location Offshore waters, do not aggregate to
spawn

Coleman et al. (1996), Brule
et al. (1999)

Common prey of
juveniles and adults

Snappers, sea breams, porgies, and
many small fish species; portunid and
calappid crabs, octopuses, squids,

stomatopods and other shrimps, panulirid
and scyllarid lobsters, and amphipods

Gudger (1929), Longley andHildebrand
(1941), Moe (1969), Jory and Iverson
(1989), Bullock and Smith (1991)

Common predators Larger groupers and piscivorous fishes,
sandbar shark, and great hammerhead

shark

Smith (1961), Moe (1969), Compagno
(1984)

Table 9.13. Summary of Habitat Information for Red Grouper (Epinephelus morio)

Parameter Value Reference

Habitat preferences and
temporal/spatial distribution
of juveniles

Juveniles <5 years of age inhabit shallow,
nearshore reefs and seagrass beds; depths of

3–18 m (9.8–59 ft)

Moe (1966), Beaumariage
and Bullock (1976), Bullock

and Smith (1991)

Habitat preferences and
temporal/spatial distribution
of adults

Age 4–6 years, coinciding with sexual
maturity, adults leave nearshore reefs and

move offshore; mainly inhabit rocky bottoms at
depths of 36–122 m (118–400 ft); frequently
occupy crevices, ledges, and caverns in
limestone reefs; depths of 36–189 m

(118–620 ft); temperatures from 15 to 30 �C

Cervigon (1966), Moe
(1969), Roe (1976),

Beaumariage and Bullock
(1976), Fischer

et al. (1978), Bullock and
Smith (1991)

Habitat preferences and
temporal/spatial distribution
of spawning adults

Offshore waters; do not aggregate to spawn Coleman et al. (1996),
Brule et al. (1999)

Designated Essential Fish
Habitat for juveniles and
adults

All Gulf of Mexico estuaries; the U.S./Mexico
border to the boundary between the areas

covered by the GMFMC and the SAFMC from
estuarine waters out to depths of 100 fathoms

GMFMC (2005)
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Table 9.14. Summary of Stock and Fisheries Information for Red Grouper (Epinephelus morio)

Parameter Value Reference

General geographic
distribution

Massachusetts to Brazil; especially abundant
in the Gulf of Mexico and on the Yucatán

Peninsula shelf; center of abundance is in the
Florida shelf and the eastern Gulf of Mexico

Roe (1976), Bullock and
Smith (1991)

Commercial importance High

Recreational importance High

Management agency GMFMC SEDAR 12 (2006)

Management boundary All U.S. federal waters in the Gulf of Mexico
within the GMFMC boundaries; U.S./Mexico
border through the northern Gulf of Mexico

waters to the Florida Keys; the Gulf of Mexico
and South Atlantic Stocks are divided along

U.S. Highway 1 in the Florida Keys

SEDAR 12 (2006), SEDAR
12 Update (2009)

Stock structure within the
Gulf of Mexico

Managed as a single stock in Gulf of Mexico SEDAR 12 (2006c)

Status (overfished/
overfishing)

Overfishing 2000–2004, overfishing not
occurring 2005–2008, not overfished

2005–2008; but overfishing might occur and
local populations might be overfished in some
areas in northeastern and southern Gulf of

Mexico

NMFS (2004, 2007,
2012a), SEDAR 12 (2006)

Figure 9.18. Range of the red grouper (Epinephelus morio) in the Gulf of Mexico (from NOAA
2013a).
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to complex sub-stock structure. However, tagging studies have shown that some red grouper
taken inshore during summer feeding and cohort migrations moved in large numbers in
response to unusual events, such as hurricanes. For example, following Hurricane Lily in
2002, both juvenile and adult red grouper were abundant on artificial reefs and petroleum
platforms off Mississippi where they previously had been absent (Franks 2003). However, since
2002, red grouper off Mississippi have become scarce.

The red grouper is a protogynous hermaphrodite, with all fish beginning life as females.
Most of the females transform to males between 7 and 14 years of age after reaching at least
58.4 cm (23 in.) in length (Table 9.12) (Moe 1969; Brule et al. 1999). Females become sexually
mature at 4–6 years of age and at a size of 39.9 cm (15.7 in.) standard length [SL, the length of a
fish measured from the tip of the snout to the posterior end of the last vertebra, which excludes
the tail] (Table 9.12) (FishBase 2013; Bullock and Smith 1991), while males become reproduc-
tively significant at age 10 and older. However, in a recent stock assessment (SEDAR 12 Update
2009), 50 % of females were found to be mature at 3 years of age and becoming males, and
50 % of males became mature at 11 years old. Red grouper have a life span of approximately
25–30 years (SEDAR 12 2006) and can grow up to 125 cm (49.2 in.) in length (McGovern
et al. 2002). Although abundance of red grouper has changed substantially over time, the sex
ratio of the population has not changed greatly since 1975 (Coleman et al. 1996). Peak spawning
occurs in late spring, during March and May in the eastern Gulf of Mexico, but spawning may
occur from January through June in the Gulf of Mexico and Caribbean Sea (Tables 9.12
and 9.13) (Johnson et al. 1998). Red grouper are indeterminate batch spawners (Johnson
et al. 1998; Collins et al. 2002). Fecundity is related to size and ranges from 312,000 to
5,735,700 eggs.

Spawning red grouper release their sperm and eggs in offshore waters (Table 9.13). The
fertilized eggs require high salinity (32 ppt) to maintain their buoyancy. The eggs hatch into
larvae approximately 30 h after spawning and live as part of the zooplankton that drifts with
the ocean currents. The larvae settle to the bottom substrate at about 35–50 days after
hatching and reach a size of 20–25 mm (0.8–0.9 in.) SL. The duration of the red grouper
larval stage is within the range of 31–66 days for other grouper species (Lindeman
et al. 2000).

A constant M rate of 0.2 per year was used in early stock assessments (Schirripa
et al. 1999). Using different models (e.g., Jensen 1996; Quinn and Deriso 1999), M was
estimated to range from 0.14 to 0.24. Based on a recent estimate of maximum age
(29 years) for the Gulf of Mexico red grouper (SEDAR 12 2006), M was estimated to
be 0.14 for all age classes using the regression model developed by Hoenig (1983). However,
the assumption of having the same M across all the age groups may not be realistic.
An age-varying M approach was, thus, developed (Lorenzen 1996), which inversely relates
theM-at-age to the mean weight-at-age by a power function incorporating a scaling parameter.
Lorenzen (1996) provided point estimates and 90 % confidence intervals of the power and
scaling parameters for oceanic fishes, which are used for initial parameterization. The esti-
mated M using the Lorenzen method varies with age and is considered more biologically
plausible than a fixed M for all ages (SEDAR 12 2006). The estimate was then re-scaled to the
oldest observed age (29 years) so that the cumulativeM through this age was equivalent to that
of a constant M (M ¼ 0.14) for all ages.

The distribution of major red grouper fishing grounds and the limited movement shown in
tagging studies indicate that the spatial distribution of recruitment varies greatly. The Big Bend
region of Florida (DeVries et al. 2006; SEDAR 12 2006) and the shallow (<20 m or <65.6 ft)
areas off Southwest Florida (Pinellas and Charlotte Counties) were hypothesized to be two
primary sources of recruitment.
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Significant differences in size and age structure and in growth rates of red grouper were
found north and south of 28�N latitude (Lombardi-Carlson et al. 2006). A tagging study
conducted by Mote Marine Laboratory strongly suggested that red grouper (age 2–4 years)
had limited range. This tendency could contribute to future stock separation given enough time.
The large spatial variability in growth and age structure of red grouper also supports the
existence of a more complex subpopulation structure that is not genetically distinctive but
functionally independent (Fischer et al. 2004).

9.3.3.2 Predators and Prey

In their early juvenile stages, red grouper feed primarily on demersal crustaceans in
seagrass beds. As the juveniles become sexually mature, they move out to deeper rocky bottoms
and feed on small fishes, such as snappers and porgies, and invertebrates, such as shrimps and
crabs (Table 9.12). The proportion of the diet consisting of fish increases with red grouper size.
Top predators, such as sharks, prey on juvenile and adult red grouper (Table 9.12). Red grouper
are known to be susceptible to red tide poisoning (SEDAR 12 Update 2009).

9.3.3.3 Key Habitat Needs and Distribution

The fertilized eggs of red grouper require high salinity (32 ppt) to maintain their buoyancy.
Red grouper larvae are pelagic and are transported by ocean currents from spawning grounds
to settlement grounds. Juveniles occupy nearshore reefs and move offshore when they become
adults (Table 9.13). Adult red grouper are non-migratory and are often seen resting on the
bottom substrate. The designated essential fish habitat for juvenile and adult red grouper, as
well as many other managed grouper species, is included in the Reef Fish FMP (Table 9.13 and
Figure 9.6).

9.3.3.4 Fisheries

Red grouper is the most abundant grouper species in the Gulf of Mexico, which helps
explain its status as the primary commercial grouper species by weight and second most
recreationally caught grouper species (GMFMC 2011). Red grouper are managed as a single
management unit in the Gulf of Mexico extending from the U.S.–Mexico border in the west
through the northern Gulf waters and west of the Dry Tortugas and the Florida Keys (Table 9.14)
(SEDAR 12 Update 2009). Landings are regulated through the implementation of allowable
biological catch (ABC), size limits, trip limits, quotas, seasonal closures, area closures, and gear
restrictions. These regulations have been constantly adjusted over time based on improved
understanding of the population dynamics of red grouper and stock status.

Red grouper total landings in the United States are taken from four fleets: longline,
commercial handline, commercial trap, and recreational. These combined fleets fluctuated
with an overall declining trend, falling from almost 3.9 million gutted kg (8.7 million gutted lb)
in 1986 to about 2.1 million gutted kg (4.6 million gutted lb) in 1998 (SEDAR 12 Update 2009).
Total landings then increased sharply, reaching almost 3.2 million gutted kg (7.1 million gutted
lb) in 1999, while stabilizing at an average of 3.4 million gutted kg (7.5 million gutted lb) until
2005 and nearing the estimated optimal yield (OY) of 3.4 million gutted kg (7.6 million
gutted lb) (SEDAR 12 2006; SEDAR 12 Update 2009). Total landings began a decreasing
trend in 2006, and reached 2.5 million gutted kg (5.6 million gutted lb) in 2008 (SEDAR
12 Update 2009).

Commercial longline landings in the United States from 1986 to 2005 showed a gradual
increase with a range of 0.9–2.0 million gutted kg (2.0–4.3 million gutted lb), while commercial
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handline landings declined considerably from 1.7 to 0.5 million gutted kg (3.7–0.9 million
gutted lb) before stabilizing in 2000 at 0.8 million gutted kg (1.8 million gutted lb) (SEDAR
12 2006). The commercial trap fishery contributed less than either the commercial handline or
longline, while only landing about 0.5 million gutted kg (1.1 million gutted lb) annually in 1995
and 2000. Recreational landings, including all components, were equal to a third of all
commercial landings from 1986 to 2008.

The annual estimated rate of total fishing mortality (landings and discards combined) for
directed fleets increased steadily from 0.25 in 1986 to a peak of 0.29 in 1993, before falling
steadily to 0.16 in 1998. The rate of fishing mortality increased slightly in 1999 to around 0.2,
followed by a decreasing trend to 0.18 for 2005 (SEDAR 12 Update 2009). Discard mortality is
typically 10 % of the landings attributed to directed fleets (SEDAR 12 2006).

The recreational fishery of the Gulf of Mexico red grouper is managed with size limits,
daily bag limits, seasonal length, and allocation quotas. For the 2009 recreational fishing
season, the size limit was 40.6 cm (16 in.) TL, the daily bag limit was two fish, seasonal length
was from June 1 to August 15 (75 days), and the annual quota allocation was 1.1 million gutted
kg (2.43 million lb) (SEDAR 12 2006). Some of the regulations implemented have been
questioned for their unintended biological implications. For example, Goodyear (1995) raised
concerns about the use of a high minimum size limit (50.8 cm or 20 in TL) on red grouper that
show great variation in growth, suggesting that the disproportionally high harvest rate of faster
growing red grouper may select for the heritable trait for slow growth.

Total stock abundance averaged 27.4 million fish and varied with little trend between 1986
and 1999. However, abundance jumped sharply in 2000 to 39.5 million fish as the strong 1999-
year class entered the estimated population at age 1 (SEDAR 12 Update 2009). Total abundance
tapered off gradually thereafter to the terminal estimate of 31.2 million fish in 2008 (SEDAR
12 Update 2009). An analysis of stock recruitment and abundance-at-age data from 1986 to
2005 indicated a maturing stock primarily consisting of individuals approximately 10 years old,
while older individuals declined in abundance from 1986 to the mid-1990s (SEDAR 12 Adden-
dum 1 2007). Spawning stock is measured as total female gonad weight. Estimated spawning
stock gradually improved over the assessment period, from an average of 460 metric tons
(1 metric ton ¼ 1.102 U.S. short ton) of eggs in the late 1980s to an average of almost 680 metric
tons in the last few years, which included the observed high of 713 metric tons of eggs in 2008
(SEDAR 12 Update 2009). Estimated recruitment at age 1 indicated two notably strong year
classes (1996 and 1999), while exhibiting a slightly increasing trend from 1986 to 2005.
Recruitment over those years averaged 9.7 million fish, with peak values of 13.2 million in
1997 and 21.1 million in 2000 (SEDAR 12 Update 2009).

Both the 2006 and 2009 updated stock assessments concluded that Gulf of Mexico red
grouper stocks were neither overfished nor experiencing overfishing and almost approached
OY based on data through 2005 and 2008 (Table 9.14) (SEDAR 12 2006; SEDAR 12 Update
2009). However, the 2009 red grouper stock assessment did indicate a stock decline since 2005,
but an episodic 20 % stock mortality event was attributed as the primary source for the decline
in concurrence with typical fishing and natural mortality (GMFMC 2011). Successful manage-
ment and the 50 % U.S. harvest reduction in the last 55 years have encouraged rebounding
stocks and allowed the GMFMC to set the 2011 Total Allowable Catch (TAC) at 5.68 million lb
gutted weight based on March 2010 projections (GMFMC 2011).

The large variability in the spatial distribution of the red grouper stock within the Gulf of
Mexico due to the distribution of suitable habitats, larval transportation patterns, and lack of
movement must be considered for these results. Furthermore, both fishery-dependent and
fishery-independent monitoring programs clearly have shown that red grouper in the Gulf
are characterized by periodic strong year classes, the latest being 1996, 1999, and possibly 2002
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(DeVries et al. 2006; SEDAR 12 Update 2009). Understanding the red grouper’s unique life
history and continued landings monitoring are critical to management towards OY of this
ecologically, socially, and economically important Gulf of Mexico stock.

9.3.4 Atlantic Bluefin Tuna (Thunnus thynnus)

The Atlantic bluefin tuna is the largest member of the family Scombridae (mackerels and
tunas); fishes in this family are generally predators in pelagic ecosystems, are fast swimming, and
are some of the most important and familiar food and sport fish species (Figure 9.19). Atlantic
bluefin tuna are highly migratory and experience large-scale, transoceanic movements between
foraging and spawning grounds over a wide range of pelagic environments fromwarm tropical to
subpolar waters of the North Atlantic Ocean (Figure 9.20) (Mather et al. 1995; Collette et al. 2001;
Fromentin and Powers 2005), and the northern Gulf ofMexico is one of the spawning locations of
Atlantic bluefin tuna (Table 9.15). Based on genetic and tagging studies, two separate stocks are
defined with their separate spawning grounds in the Gulf of Mexico (western stock) and
Mediterranean Sea (eastern stock), respectively (Block et al. 2005; Boustany et al. 2007; Carlsson
et al. 2007). Information for the western stock or western Atlantic population of bluefin tuna is
summarized in the tables and text that follow (Tables 9.15, 9.16, and 9.17).

9.3.4.1 Key Life-History Processes and Ecology

The western Atlantic bluefin tuna stock, with the Gulf of Mexico as its main spawning
grounds, is much smaller than the eastern Atlantic bluefin tuna stock; in addition, its spawning
stock biomass has declined by over 90 % in the last 30 years (ICCAT 2012a). The International
Commission for the Conservation of Atlantic Tunas (ICCAT) is responsible for the assessment
and management of the two Atlantic bluefin tuna stocks. Because the focus of this chapter is
the Gulf of Mexico, the western Atlantic bluefin tuna stock has been selected for evaluation
(Figure 9.20 and Table 9.17).

The timing and distance traveled to spawning grounds varies among spawning adults of
different origins in the eastern and western Atlantic. Individuals of western stock origin move

Figure 9.19. Atlantic bluefin tuna (Thunnus thynnus) in a net (from DeepAqua 2010).
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directly from foraging grounds in the western and central North Atlantic to the Gulf of Mexico
in the late winter and early spring. Ovaries of western Atlantic bluefin tuna are well developed
in April and May (Baglin 1982), and spawning occurs from mid- to late May (Brothers
et al. 1983). Most individuals are present on the spawning grounds from March to early July,
but the spawning period varies (Table 9.15). A fraction of the stock moves into the highly
productive waters of the Gulf of Maine, Scotian Shelf, central North Atlantic, and east of the
Flemish Cap before returning to the Gulf of Mexico to spawn. Evidence supports site fidelity to
natal areas for fish after reaching reproductive maturity.

Spawning in the Gulf of Mexico occurs in the northern areas, primarily in waters west of
the Loop Current in the northern slope waters from 85 and 95�W (Table 9.15) (Block et al. 2005;
Teo et al. 2007b). The location and intensity of spawning is influenced by the spatial and
temporal variability in the location of major oceanographic features (fronts) and environmental
conditions (e.g., waters with sea-surface temperatures above the 24 �C threshold). Thus,
changes in the location of the Loop Current from year to year lead to changes in the distribution
of bluefin tuna eggs and larvae in the Gulf of Mexico.

Western Atlantic bluefin tuna exhibit distinct behaviors during the three phases (entry,
breeding, and exit phases) on their spawning grounds with changes in diving time, depths, and
thermal biology (Block et al. 2001a; Teo et al. 2007b). As the bluefin tuna enter and exit the Gulf
of Mexico, they tend to dive to significantly deeper daily maximum depths (>500 m or
>1,640 ft) and exhibit directed movement paths going to and leaving spawning areas. In the
breeding phase, which lasts for about 20 days (Block et al. 2001a; Teo et al. 2007b), the fish
exhibit significantly shallower daily maximum depths, perform shallow oscillatory dives, and
have movement paths that are significantly more residential and sinuous (Teo et al. 2007b).

High concentrations of Atlantic bluefin tuna larvae have been found in a broad region of
the northern Gulf of Mexico, with peaks near the continental shelf break (e.g., 26–28�N
latitude, 85–94�W longitude) (Richards 1976, 1997; Turner et al. 1996; Nishida et al. 1998).

Figure 9.20. Range of the Atlantic bluefin tuna (Thunnus thynnus) (modified from Maguire
et al. 2006).
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Atlantic bluefin tuna larvae also occur from the southern Gulf of Mexico to the Yucatán
Channel (Richards and Potthoff 1980; McGowan and Richards 1986) and from the Straits of
Florida to the Bahamas (Brothers et al. 1983; McGowan and Richards 1989).

Juveniles leave spawning grounds in the Gulf of Mexico in June to begin migration to
nursery areas located off the North Carolina and Massachusetts coasts from Cape Hatteras to
Cape Cod in waters over the continental shelf (Table 9.16). From June to March, adults inhabit
feeding grounds in the central and northern Atlantic (Table 9.16).

Table 9.15. Summary of Life-History Information for Western Atlantic Bluefin Tuna (Thunnus thyn-
nus)

Parameter Value Reference

von Bertalanffy
growth model
parameters (see
Table 9.6 for
explanation)

L1 ¼ 382 cm (150.4 in.) Turner and Restrepo (1994), ICCAT (2010)

L1 ¼ 315 cm (124 in.) ICCAT (2012a)

K ¼ 0.08 per year Turner and Restrepo (1994), ICCAT (2010)

K ¼ 0.09 per year ICCAT (2012a)

t0 ¼ �0.71 years Turner and Restrepo (1994), ICCAT (2010)

t0 ¼ �1.13 years ICCAT (2012a)

Age at maturity 9 years Baglin (1982), ICCAT (2010, 2012a)

10 years Magnuson et al. (1994)

11 years Block et al. (2005)

Length at maturity 200 cm (78.7 in.) curved fork length
(CFL)a

Magnuson et al. (1994)

241 � 28 cm (94.9 � 11 in.) CFL Block et al. (2005)

Spawning season April to mid-June Mather et al. (1995), Fromentin and Powers
(2005), Rooker et al. (2007), ICCAT (2010)

Spawning location Northern Gulf of Mexico in waters
along the continental shelf break and

slope

Richards (1976), Richards and Potthoff
(1980), Mather et al. (1995), Turner

et al. (1996), Richards (1997), Nishida
et al. (1998), Block et al. (2001a, b, 2005),
Fromentin and Powers (2005), Rooker

et al. (2007), Teo et al. (2007a), ICCAT (2010)

Common prey
of juveniles

Small fishes, fish larvae, and
zooplankton

Uotani et al. (1981, 1990), Miyashita
et al. (2001), Rooker et al. (2007)

Common prey
of adults

Atlantic herring, Atlantic mackerel,
bluefish, sand lances, silver hake,
spiny dogfish, demersal fishes, krill,

squids, and crustaceans

Nichols (1922), Crane (1936), Bigelow and
Schroeder (1953), Dragovich (1970), Mason

(1976), Matthews et al. (1977), Holliday
(1978), Eggleston and Bochenek (1990),
Chase (2002), Sarà and Sarà (2007)

Common
predators of
juveniles

Larger fishes and gelatinous
zooplankton

McGowan and Richards (1989)

Common
predators of adults

Toothed whales, swordfish, and
sharks

Tiews (1963), Chase (2002)

aCurved fork length (CFL) is the measurement of the length of a tuna taken in a line tracing the contour of the body from
the tip of the upper jaw to the fork of the tail, which abuts the upper side of the pectoral fin and the upper side of the caudal
keel (FishBase 2013)
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The vertical distribution of western Atlantic bluefin tuna is often influenced by their
feeding behavior and thermal biology. Atlantic bluefin tuna spend a considerable amount of
time in the upper mixed layer, particularly on the inner continental shelf, where diving depths
are limited by the bathymetry (Block et al. 2001b). Feeding in the mixed layer above the
thermocline is common for both tropical and temperate tunas, and vertical use patterns may
vary temporally as a function of shifts in prey distribution (Musyl et al. 2003; Kitagawa
et al. 2006). Although Atlantic bluefin tuna spend most of their time in waters shallower
than 200 m (656 ft), they are capable of diving to 1,000 m (3,281 ft) when in offshore waters

Table 9.16. Summary of Habitat Information for Western Atlantic Bluefin Tuna (Thunnus thynnus)

Parameter Value Reference

Habitat preferences
and spatial/
temporal
distribution of
juveniles

In June, juveniles leaving spawning grounds in the Gulf of
Mexico begin migration to nursery areas located between

Cape Hatteras, North Carolina and Cape Cod, Massachusetts
in waters over the continental shelf for the summer and farther

offshore in the winter

McGowan and
Richards (1989),

Mather et al. (1995)

Habitat preferences
and spatial/
temporal
distribution of
adults

Epipelagic and oceanic, coming inshore seasonally to feed;
feeding typically at depths <200 m (<656 ft) and >12 �C in
waters above the thermocline; June through March: adults
inhabit foraging grounds along the east coast of North

America in waters over the continental shelf and in the central
North Atlantic; April through June: non-mature adults inhabit
waters over the continental shelf along the southeastern U.S.

coast

Tiews (1963),
Collette and Nauen

(1983),
Block et al. (2001a),

Stokesbury
et al. (2004),
De Metrio
et al. (2005)

Habitat preferences
and spatial/
temporal
distribution of
spawning adults

April–June: migrate to spawning grounds in the northern Gulf
of Mexico where spawning occurs along the continental slope
in waters between the 200- and 3,000-m (656 and 9,843-ft)
contours; prefer waters with moderate eddy kinetic energy,
low surface chlorophyll concentrations, moderate wind

speeds, and temperatures from 22.6 to 27.5�C; June–March:
migrate through the Straits of Florida to foraging grounds off
the Northeast U.S. and Canadian coasts; foraging grounds
include waters overlying North American continental shelf,
slope, Gulf Stream waters, the South and Mid-Atlantic Bight,

the Gulf of Maine, and the Nova Scotia Shelf; larger
individuals move into higher latitudes than smaller fish;

occasionally forage in the central North Atlantic crossing the
45�W meridian, moving into the Eastern Atlantic and back
before returning to spawning areas in the Gulf of Mexico

Mather et al. (1995),
Block et al. (2001a,
2005), Karakulak
et al. (2004a, b),

Garcia et al. (2005),
Teo et al. (2007a, b),
Rooker et al. (2007)

Designated
essential fish
habitat for juveniles

Waters off North Carolina, south of Cape Hatteras, to Cape
Cod

NMFS (2009b)

Designated
essential fish
habitat for adults

Pelagic waters of the central Gulf of Mexico and the mid-east
coast of Florida; North Carolina from Cape Lookout to Cape
Hatteras; New England from Connecticut to the mid-coast of

Maine

NMFS (2009b)

Designated
essential fish
habitat for
spawning adults

In the Gulf of Mexico, from the 100 m (328 ft) depth contour to
the Exclusive Economic Zone (EEZ), continuing to the

mid-east coast of Florida

NMFS (2009b)
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(Block et al. 2001b; Stokesbury et al. 2004; De Metrio et al. 2005). The frequency of deep dives
tends to be greatest for Atlantic bluefin tuna when they occur in the warm Gulf of Mexico
waters (Block et al. 2001b; Teo et al. 2007b). Because Atlantic bluefin tuna are endothermic and
can be thermally stressed in the warm Gulf of Mexico waters, the frequency of deep dives
beneath the thermocline in the Gulf of Mexico may result from their efforts to avoid over-
heating (Block et al. 2005).

Bluefin tuna are oviparous (producing eggs that develop and hatch outside the maternal
body), iteroparous (producing offspring several times over many seasons), and are multiple
batch spawners (Schaefer 2001). The number of eggs produced is dependent on the size of the
fish. Fertilization takes place directly in the water column (Fromentin 2009), and hatching
occurs after 2 days. Atlantic bluefin tuna larvae are pelagic and reabsorb the yolk sac within a
few days (Fromentin and Powers 2005).

Juvenile bluefin tuna grow rapidly. Growth tends to be linear during the larval phase (2–10
days) at a rate of 0.3–0.4 mm (0.012–0.016 in.)/day (Scott et al. 1993), similar to those reported
for other tuna species from temperate and tropical regions, e.g., Pacific bluefin tuna (Thunnus
orientalis), 0.33 mm (0.013 in.)/day (Miyashita et al. 2001); yellowfin tuna (Thunnus albacores),
0.47 mm (0.018 in.)/day (Lang et al. 1994); and southern bluefin tuna (Thunnus maccoyii),
0.28–0.36 mm (0.11–0.14 in.)/day (Jenkins and Davis 1990; Jenkins et al. 1991). A growth rate of
1.4 mm (0.06 in.)/day was reported for juveniles in the western Atlantic (267–413 mm or
10.5–16.3 in FL; from 70 to 200 days) (Brothers et al. 1983).

The mean observed length of Atlantic bluefin tuna at ages 1 and 2 in the western Atlantic
was 53 and 75 cm (20.9 and 29.5 in.) FL, respectively (Atlantic Bluefin Tuna Status Review
2011). Estimated lengths of Atlantic bluefin tuna at ages 4 and 5 were 118 cm (46.5 in.) and
139 cm (54.7 in.) FL, respectively. Growth trajectories of Atlantic bluefin tuna are similar for
young fish (ages 1–5) between eastern and western Atlantic stocks but diverge for older

Table 9.17. Summary of Stock and Fisheries Information for Western Atlantic Bluefin Tuna (Thun-
nus thynnus)

Parameter Value Reference

General geographic
distribution

From warm tropical waters in the Gulf of
Mexico and the Caribbean to subpolar waters
of the North Atlantic Ocean; Atlantic waters
west of the 45�W meridian, from 55�N to

0� latitude

Collette and Nauen (1983),
Mather et al. (1995),
Vinnichenko (1996),
Collette et al. (2001),
Fromentin and Powers

(2005), Rooker et al. (2007)

Commercial importance High

Recreational importance High

Management agency NMFS, Highly Migratory Species
Management Division (HMSMD); ICCAT

NMFS (2009b)

Management boundary North Atlantic Ocean west of the 45�W
meridian, including the Gulf of Mexico and

Caribbean

Collette and Nauen (1983),
NMFS (2009b)

Stock structure Managed as East and West Atlantic Stocks;
separated by the 45�W meridian

Rooker et al. (2007), NMFS
(2009b)

Status (overfished/
overfishing)

Overfished from at least 2000–2012;
overfishing from at least 2000–2012 (the

conclusion could differ if a different
productivity regime was assumed)

NMFS (2001, 2002b, 2003,
2004, 2005, 2006a, 2007,
2008, 2009a, 2010, 2011,

2012a)
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individuals, with size at age being greater for the western Atlantic stock. After age 5, growth
trajectories of Atlantic bluefin tuna show marked differences between the eastern and western
Atlantic, with the length at age being greater in the western Atlantic than in the eastern Atlantic
(Atlantic Bluefin Tuna Status Review 2011). For example, at age 10, mean size in the western
Atlantic was 212 cm (83.5 in.) FL, compared to 200 cm (78.7 in.) FL for the eastern Atlantic
bluefin tuna. The general trend of greater length at age in the western Atlantic is exhibited in
the growth models used for ICCAT assessments in the east (Cort 1991) and west (Turner and
Restrepo 1994).

The western spawning stock in the Gulf of Mexico is comprised of large, late-maturing
individuals. The estimated age at maturity ranges from 7 to 12 years, with the most commonly
used age and size at maturity for the Gulf of Mexico Atlantic bluefin tuna being age 10 and
200 cm (78.7 in.) curved fork length (CFL), the measurement of the length of a tuna taken in a
line tracing the contour of the body from the tip of the upper jaw to the fork of the tail, which
abuts the upper side of the pectoral fin and the upper side of the caudal keel (FishBase 2013)
(Table 9.15). However, Atlantic bluefin tuna reach sexual maturity as early as age 3 or 4 in the
eastern Atlantic. Sex-specific differences in growth occur, with males growing slightly faster
than females and reaching slightly larger sizes by age 10. Bluefin tuna are a long-lived species,
with a life span of about 40 years.

The M of Atlantic bluefin tuna during early life-history stages mainly results from
starvation and predation. Daily mortality during the larval stage has been estimated at 0.20
per day for the western stock. This estimate is lower than values reported for more tropical
tunas during comparable periods: yellowfin tuna (M ¼ 0.33 per day; Lang et al. 1994) and
southern bluefin tuna (M ¼ 0.66 per day; Davis 1991). The mortality of tunas during the
juvenile phase is largely a function of size or age rather than species or habitat (Hampton
2000). In the most recent stock assessment, theM rate has been set at 0.14 per year and assumed
to be age-independent (NMFS 2012b).

Large uncertainty is associated with the recruitment dynamics estimated in the most recent
stock assessment (NMFS 2012a). Two levels of recruitment dynamics were considered in the
stock assessment, low and high productivity. These levels could yield very different conclusions
about the status of the Atlantic bluefin tuna stock and fishery.

Seasonal differences in growth occur for Atlantic bluefin tuna. The existence of a
slowdown in growth during the winter has been confirmed for both juveniles (Mather and
Schuck 1960; Furnestin and Dardignac 1962; Cort 1991) and adults (Tiews 1963; Butler
et al. 1977). Large differences in growth, maturation, stock structure, and movement have
been identified between the eastern and western Atlantic bluefin tuna. Genetic differentiation
and natal homing behavior, observed in genetic and archival tagging studies, provide strong
evidence for independence of the Gulf of Mexico and Mediterranean Sea Atlantic bluefin tuna
stocks (Block et al. 2005; Carlsson et al. 2007; Boustany et al. 2008).

The stock structure is complicated because some fraction of the stock undertakes trans-
Atlantic migration annually and/or ontogenetically, but migrants return to their natal sites to
spawn. Although resident subpopulations exist in the eastern Atlantic bluefin tuna stock
(De Metrio et al. 2005), there is no strong evidence for subpopulations in the western Atlantic
bluefin tuna stock.

9.3.4.2 Predators and Prey

Atlantic bluefin tuna are opportunistic feeders and consume a wide variety of prey. As
larvae and small juveniles, their diet is comprised primarily of zooplankton, with copepods as
the main stomach item (Table 9.15) (Uotani et al. 1981, 1990). Their larvae are capable of feeding
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on other fish larvae (Miyashita et al. 2001). The diet of older juveniles and adults consists
mainly of fishes, cephalopods (mostly squid), and crustaceans (Table 9.15).

Demersal fishes and invertebrates are also found in the stomachs of Atlantic bluefin tuna,
especially for those that inhabit nearshore environments. Although no single taxon dominates,
as a group, demersal organisms may comprise as much as 20 % of the stomach contents by
number (Chase 2002). Large Atlantic bluefin tuna (e.g., >230 cm or >90.5 in CFL) may
consume large individual prey items, such as bluefish (Pomatomus saltatrix) and spiny dogfish
(Squalus acanthias) (Table 9.15) (Matthews et al. 1977; Chase 2002). The trophic level of adult
Atlantic bluefin tuna is one level higher than those of other congeners. Predators of Atlantic
bluefin tuna include swordfish, sharks, and whales (Table 9.15).

9.3.4.3 Key Habitat Needs and Distribution

Oceanographic conditions appear important for bluefin tuna spawning, and the actual
location of spawning within each basin likely represents a balance between habitat requirements
of larvae and the physiological limitations of adults. Key variables include bathymetry, sea
surface temperature, eddy kinetic energy, surface chlorophyll concentration, and surface wind
speed; sea surface temperature is the most important parameter. The sea surface temperatures
reported for Atlantic bluefin tuna on putative spawning grounds in the Gulf of Mexico ranged
from approximately 22.6–27.5 �C (Teo et al. 2007b). Because the northern slope waters of the
Gulf of Mexico are above the purported 24 �C spawning threshold in early spring (Block
et al. 2001a, b, 2005; Teo et al. 2007b), it is not surprising that Atlantic bluefin tuna begin
spawning earlier in the Gulf of Mexico. In a study by Teo et al. (2007b), Atlantic bluefin tuna
exhibited significant preference for areas with continental slope waters (2,800–3,400 m or
9,186–11,155 ft), moderate sea surface temperatures (24–25 and 26–27 �C), moderate eddy
kinetic energy (251–355 cm2/s2), low surface chlorophyll concentrations (0.10–0.16 mg/m3), and
moderate wind speeds (6–7 and 9–9.5 m/s or 19.7–22.9 and 29.5–31.2 ft/s).

Temperature and depth are important factors influencing the distribution of Atlantic
bluefin tuna in different life-history stages (Table 9.16). Essential fish habitat has been
designated for different life-stages of Atlantic bluefin tuna, including eggs, larvae, juveniles,
adults, and spawning adults (Table 9.16; Figures 9.21, 9.22, 9.23, and 9.24). In addition, a
Habitat Area of Particular Concern has been designated for bluefin tuna (Figure 9.25).

9.3.4.4 Fisheries

Atlantic bluefin tuna are very valuable and highly prized; they support an important
commercial and recreational fishery in the United States. The total catch for western Atlantic
bluefin tuna peaked at 18,671 metric tons in 1964 as a result of the Japanese longline fishery for
large fish off Brazil and the U.S. purse seine fishery for juvenile fish (NMFS 2012b). Landings
dropped sharply thereafter with the collapse of these two fisheries, but increased again to average
over 5,000 metric tons (11 million lb) in the 1970s due to the expansion of the Japanese longline
fleet into the Northwest Atlantic and Gulf of Mexico and increased efforts in the purse seine
fishery targeting larger fish for the sashimi market. The total catch for western Atlantic bluefin
tuna, including discards, has generally been relatively stable since 1982 due to the imposition of
quotas (Figure 9.26) (NMFS 2012b). Recent changes in landings mainly result from annual
changes in the catch quota. The decline through 2007 was primarily due to considerable reduc-
tions in catch levels for U.S. fisheries. The majority of the western Atlantic bluefin tuna catch in
recent years is from the commercial longline and sport fisheries (Figure 9.26).
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Figure 9.22. Essential fish habitat for juvenile Atlantic bluefin tuna (Thunnus thynnus) (from
NOAA Fisheries Office of Sustainable Fisheries 2009a).

Figure 9.21. Essential fish habitat for adult Atlantic bluefin tuna (Thunnus thynnus) (from NOAA
Fisheries Office of Sustainable Fisheries 2009a).
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Figure 9.24. Essential fish habitat for all lifestages of Atlantic bluefin tuna (Thunnus thynnus)
(from NOAA Fisheries Office of Sustainable Fisheries 2009a).

Figure 9.23. Essential fish habitat for spawning, eggs, and larval Atlantic bluefin tuna (Thunnus
thynnus) (from NOAA Fisheries Office of Sustainable Fisheries 2009a).
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Figure 9.26. Landed and discarded catch of the western Atlantic bluefin tuna (Thunnus thynnus)
stock for different gears from 1987 through 2009 (data from ICCAT 2012a).

Figure 9.25. Highly migratory species habitat area of particular concern for Atlantic bluefin tuna
(Thunnus thynnus) (from NOAA Fisheries Office of Sustainable Fisheries 2009a).
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Atlantic bluefin tuna are managed domestically by the NMFS’s Highly Migratory Species
Management Division (HMSMD) and internationally by the ICCAT (Table 9.17). The spawning
stock biomass of the western Atlantic bluefin tuna has declined substantially over the past few
decades and is at a very low level despite more than 20 years of strict regulations on the western
Atlantic bluefin tuna fishery (NMFS 2012b).

Large uncertainty is associated with the most recent Atlantic bluefin tuna stock assessment,
in particular with the estimated recruitment. The status of the population and fishery are
dependent on the assumptions made on recruitment dynamics. For the high productivity
scenario, the western Atlantic bluefin tuna stock is considered overfished (e.g., population
level is too low) and the fishery is in the status of overfishing (e.g., fishing mortality is too
high) (Table 9.17) (NMFS 2012a). However, for the low productivity scenario, the western
Atlantic bluefin tuna stock is not overfished and the fishery is not in the status of overfishing
(NMFS 2012a). Because of the limited information available, it is not clear which scenario more
realistically describes the dynamics of Atlantic bluefin tuna recruitment.

Despite the uncertainty in the stock assessment, the stock biomass of the western Atlantic
bluefin tuna has decreased greatly since the 1970s, mainly as a result of overfishing (NMFS
2012a). Overfishing over the last several decades has greatly reduced the spawning stock
biomass and stock reproductive potential, likely resulting in poor recruitment and current
low stock biomass of the Atlantic bluefin tuna. However, the western Atlantic bluefin tuna
stock appears to be stable or even slightly increasing over the last 10 years, perhaps resulting
from conservation measures and regulations (NMFS 2012a).

9.3.5 Atlantic Blue Marlin (Makaira nigricans)

The Atlantic blue marlin, a species of marlin endemic to the Atlantic Ocean, is widely
distributed throughout the tropical and temperate waters of the Atlantic Ocean and Gulf of
Mexico and is considered to be a single stock in the Atlantic Ocean (Figure 9.27). The Atlantic
blue marlin is an apex predator and is considered a highly prized species in sport fisheries in the
Gulf of Mexico. Recent stock assessments of Atlantic blue marlin by the ICCAT suggest that
stocks are well below the level to support the MSY. Because of its economic and ecological
importance, the Atlantic blue marlin was selected as a representative species to be evaluated in
this chapter.

9.3.5.1 Key Life-History Processes and Ecology

As an apex predator, the Atlantic blue marlin plays a critical role in the ocean ecosystem
(ICCAT 2012b). The Atlantic blue marlin is the most tropical of the billfishes and is a blue water
fish that spends most of its life in the open sea (Tables 9.18 and 9.19). They rarely aggregate in
schools and are usually found as scattered single individuals. Their distributional areas range
from about latitude 45�N to about latitude 35�S (Table 9.20). Blue marlin are less abundant in
the eastern Atlantic, where they mostly occur off Africa between the latitudes of 25�N and 25�S
(NMFS 2009b).

The distribution and movement patterns of Atlantic blue marlin within the Gulf of Mexico
tend to vary among individuals. Some may spend considerable time within the Gulf of Mexico
for feeding and spawning, while others move seasonally between the Gulf of Mexico and
tropical areas, such as the Bahamas. A tagging study with pop-up archival transmitting tags in
the Gulf of Mexico suggested that most tagged fish remained in the Gulf of Mexico, with some
fish exhibiting egress into Belize (Caribbean Sea) and the U.S. Virgin Islands (Kraus et al. 2011).
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Table 9.18. Summary of Life-History Information for Atlantic Blue Marlin (Makaira nigricans)

Parameter Value Reference

von Bertalanffy
growth model
parameters

Not available

Age at maturity 2–4 years ICCAT (1997)

Length at maturity Not available

Weight at maturity Males: 35–44 kg (77.2–97 lb)
Females: 47–60 kg (103.6–132.3 lb)

NMFS (2009b)

Spawning season July through October in the North Atlantic; February
and March in the South Atlantic; May and June are
peak spawning months for fish off Florida and the

Bahamas

de Sylva and Breder (1997),
NMFS (2009b)

Spawning location Pelagic waters in the North and South Atlantic from a
northern extreme of 32�N off of Bermuda to a southern
extreme of 25�S off the Brazilian coast; corresponds

to sea surface temperatures around 28 �C

Bartlett and Haedrich
(1968), Serafy et al. (2003),
Luckhurst et al. (2006),

NMFS (2009b)

Common prey of
juveniles and
adults

Feed primarily on tuna-like fishes, squid, and on a
wide size range of other organisms; dolphinfish,

mackerels, tunas, and bonitos are important prey in
the Gulf of Mexico

Rivas (1975), Davies
and Bortone (1976),
Nakamura (1985)

Common predators
of juvenile and
adults

Very little is known ICCAT (2012b)

Figure 9.27. Range of the Atlantic blue marlin (Makaira nigricans) (modified from Maguire
et al. 2006).
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Table 9.19. Summary of Habitat Information for Atlantic Blue Marlin (Makaira nigricans)

Parameter Value Reference

Habitat preferences and
temporal/spatial
distribution of juveniles
and adults

Epipelagic and oceanic, generally found in blue
waters with a temperature range of 22–31 �C;

January to April in the Southwest Atlantic from 5�S
to 30�S, and from June to October in the Northwest
Atlantic between 10�N and 35�N; May, November,
and December are transitional months; seasonal
movements related to changes in sea surface

temperatures; in the northern Gulf of Mexico they
are associated with low productivity blue waters

and the Loop Current

Rivas (1975), NMFS
(2009b)

Habitat preferences and
temporal/spatial
distribution of spawning
adults

Pelagic waters in the North and South Atlantic from
a northern extreme of 32�N off Bermuda to a

southern extreme of 25�S off the Brazilian coast;
sea surface temperatures around 28 �C; May and
June are peak spawning months for fish off Florida

and the Bahamas

Bartlett and Haedrich
(1968), de Sylva and
Breder (1997), Serafy
et al. (2003), Luckhurst
et al. (2006), NMFS

(2009b)

Designated essential fish
habitat for juveniles

In the central Gulf of Mexico, from southern Texas
to the Florida Panhandle; through the Florida Keys
to southern Cape Cod; Puerto Rico and the Virgin

Islands

NMFS (2009b)

Designated essential fish
habitat for adults

In the central Gulf of Mexico, from southern Texas
to the Florida Panhandle; through the Florida Keys
to southern Cape Cod; Puerto Rico and the Virgin

Islands

NMFS (2009b)

Designated essential fish
habitat for spawning
adults

Mid-east coast of Florida through the Florida Keys;
waters off the northwest coast of Puerto Rico.

NMFS (2009b)

Table 9.20. Summary of Stock and Fisheries Information for Atlantic Blue Marlin (Makaira nigri-
cans)

Parameter Value Reference

General geographic
distribution

Tropical and subtropical waters of the Atlantic
Ocean; ranging from 45�N to 35�S

NMFS (2009b)

Commercial importance No commercial U.S. fishery NMFS (2009b)

Recreational importance High NMFS (2009b)

Management agency NMFS, HMSMD; ICCAT NMFS (2009b)

Management boundary Atlantic Ocean

Stock structure Single Atlantic-wide stock ICCAT (2001)

Status (overfished/
overfishing)

Overfished from at least 2000–2011;
overfishing from at least 2000–2011

NMFS (2001, 2002b, 2003,
2004, 2005, 2006a, 2007,
2008, 2009a, 2010, 2011)
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However, tagged fish showed highly variable movement patterns, regardless of tagging
location, season, or egress status. Seasonal changes in distribution suggested a north–south
cyclical movement pattern within the Gulf of Mexico that supported a new perspective on
Atlantic blue marlin, in which the Gulf of Mexico provides suitable year-round habitat that is
utilized by a subset of the Atlantic population. An analysis of otolith chemistry of Atlantic blue
marlin also suggested that movement out of the Gulf of Mexico for Atlantic blue marlin may
be more limited, as compared to other regions (Wells et al. 2010).

Atlantic blue marlin in the Gulf of Mexico tend to remain in offshore waters (Table 9.19).
However, they may move close to the coast from July to September. They spawn in the Gulf of
Mexico as early as May and continue to spawn throughout the summer (Table 9.18). Atlantic
blue marlin that spawn on spawning grounds off Texas and Louisiana during the summer
remain in the Gulf through the fall and winter. Blue marlin tag/recapture data from the Gulf of
Mexico indicate that seasonal movements may occur between the Gulf of Mexico (summer)
and the Bahamas (winter). Several data sources indicate that the Gulf of Mexico may serve as
important spawning and/or nursery habitat for blue marlin (Brown-Peterson et al. 2008; Rooker
et al. 2012). Blue marlin larvae were found in a 2005 fishery-independent survey in the areas
from 27 to 28�N to 90 to 94�W in July (Rooker et al. 2012). This seems to suggest that
blue marlin can spawn in the northern Gulf of Mexico (Brown-Peterson et al. 2008;
Kraus et al. 2011). However, larvae mainly are present near the western margin of Loop
Current on the continental shelf in relatively warm waters (>27 �C). The presence of young
blue marlin larvae along the boundary of the Loop Current may be a result of transport from
Caribbean/Straits of Florida spawning events (Kraus et al. 2011; Rooker et al. 2012). Because no
spawning-capable adults have been captured in this region, it is unlikely that blue marlin spawn
in the Loop Current in the northeastern Gulf of Mexico (Brown-Peterson et al. 2008). Strong
histological evidence supports the lack of spawning in the northern Gulf of Mexico east of the
Mississippi River, which is augmented by the failure to capture blue marlin larvae in areas not
associated with the Loop Current (Kraus and Rooker 2007; Kraus et al. 2011; Rooker
et al. 2012). Thus, the likelihood of blue marlin spawning in the northern Gulf of Mexico is
slim, although the northern Gulf of Mexico supports an active recreational fishery for blue
marlin from May through September (Brown-Peterson et al. 2008).

Limited published information is available on blue marlin biology and life history from the
Gulf of Mexico (Table 9.18) (De Sylva et al. 2000). Females are batch spawners and can spawn
as many as four times in a spawning season (Brown-Peterson et al. 2004). They often release
more than seven million eggs at once, each approximately 1 mm (0.04 in.) in diameter (Brown-
Peterson et al. 2008). The larvae may grow as much as 16 mm (0.63 in.) in a day (Brown-
Peterson et al. 2008). Males may live for 18 years and females up to 27 years. Females can grow
up to four times the weight of males (Wilson et al. 1991; ICCAT 1997).

TheM estimated using the Hoenig method (Hoenig 1983) at a maximum age of 30 years is
0.14 (Hill et al. 1989), which was used in the most recent stock assessment. The estimated blue
marlin recruitment fluctuates over time and has been low in recent years (Figure 9.28).
However, there is great uncertainty associated with the estimated recruitment, which results
mainly from uncertainty in the quality of fishery and biological data, as well as the assumed
stock structure and population dynamics.

Given the large distributional area that the Atlantic blue marlin occupies and the existence
of multiple spawning grounds, blue marlin in different areas may be subject to different
environmental stressors and prey availability. This may result in large spatial variability in
key life-history parameters, such as growth and maturation.
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Although there is evidence indicating that someAtlantic bluemarlinmay be able to complete
most of their life cycle from spawning to feeding within the Gulf of Mexico, many studies
suggest that Atlantic blue marlin larvae are not produced within the Gulf ofMexico; rather, they
are transported via the Loop Current from tropical areas. The evidence for the existence of
multiple spawning grounds suggests that the stock structure may be more complicated than a
one-unit stock assumed in the stock assessment. More evidence is needed to test the hypothesis
that the Gulf of Mexico provides suitable year-round habitat that is utilized by a subset of the
Atlantic blue marlin population (e.g., existence of a substock of Atlantic blue marlin in the Gulf
of Mexico), given the uncertainty regarding whether the Atlantic blue marlin larvae come from
within the Gulf of Mexico or originate in Caribbean waters.

9.3.5.2 Predators and Prey

Atlantic blue marlin larvae feed on a variety of zooplankton, along with drifting fish eggs
and other larvae. Juvenile and adult Atlantic blue marlin typically feed near the surface but
sometimes travel to great depths in search of prey, and feed opportunistically on a wide variety
of fish and invertebrates (Table 9.18). Blue marlin have been documented to take prey as large
as white marlin, yellowfin, and bigeye tuna in the 45 kg (100 lb) range and are also capable of
feeding on small but numerous prey, such as filefish and snipefish. The Atlantic blue marlin has
few predators apart from humans (McEachran and Fechhelm 2005).

Figure 9.28. Temporal variability in Atlantic blue marlin (Makaira nigricans) recruitment estimated
with the fully integrated stock assessment model (redrawn from Figure 30, ICCAT 2012b).
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9.3.5.3 Key Habitat Needs and Distribution

Atlantic blue marlin usually inhabit waters warmer than 24 �C, but have been found at
surface water temperatures as high as 30.5 �C and as low as 21.7 �C (Table 9.19). Because
Atlantic blue marlin prefers blue water, the clarity of water is also an important factor
influencing its distribution (NMFS 2009b). Essential fish habitat has been designated for
eggs, larvae, juveniles, adults, and spawning adults of Atlantic blue marlin (Table 9.19;
Figures 9.29, 9.30, 9.31, 9.32).

9.3.5.4 Fisheries

Because of their relative rarity, beauty, and sporting qualities, Atlantic blue marlin are
considered one of the most prestigious catches in recreational fisheries, and they support a
multi-million dollar industry that includes hundreds of companies and thousands of jobs for
boat operators, boat builders, marinas, dealerships, and fishing tackle manufacturers and
dealers in the Gulf of Mexico region. The Atlantic blue marlin catch increased abruptly in
the early 1960s nearing 9,000 metric tons, but dropped quickly. The catch has been quite stable
since the late 1960s, varying between 2,000 and 5,000 metric tons for most years during this
time period (Figure 9.33).

The management of Atlantic blue marlin is subject to domestic and international regula-
tions (Table 9.20). The current Atlantic blue marlin stock assessment indicates that the stock
level was low in 2009, fishing mortality was high, and the catch level of 3,431 metric tons in 2010

Figure 9.29. Essential fish habitat for adult Atlantic blue marlin (Makaira nigricans) (from NOAA
Fisheries Office of Sustainable Fisheries 2009b).
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Figure 9.31. Essential fish habitat for spawning, eggs, and larval Atlantic blue marlin (Makaira
nigricans) (from NOAA Fisheries Office of Sustainable Fisheries 2009b).

Figure 9.30. Essential fish habitat for juvenile Atlantic blue marlin (Makaira nigricans) (from NOAA
Fisheries Office of Sustainable Fisheries 2009b).
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Figure 9.33. Landed and discarded catch of the Atlantic blue marlin (Makaira nigricans) from 1956
through 2009 (data from ICCAT 2012b).

Figure 9.32. Essential fish habitat for all lifestages of Atlantic bluemarlin (Makaira nigricans) (from
NOAA Fisheries Office of Sustainable Fisheries 2009b).
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would likely result in continuing stock decline. A rebuilding plan needs to be developed for the
stock of Atlantic blue marlin to reduce the annual total catch below 2,000 metric tons to allow
the stock to increase. The Atlantic blue marlin population declined greatly during the last
century (Figure 9.34); overfishing is currently occurring, and the stock is overfished
(Table 9.20). The International Union for the Conservation of Nature currently considers it a
threatened species due to overfishing and the substantially reduced stock abundance.

The spawning stock biomass of Atlantic blue marlin has decreased greatly since the 1960s
(Figure 9.34). The recent stock biomass is approximately 25 % of the biomass that existed in the
1950s. However, there is large uncertainty associated with the estimates. This uncertainty
mainly results from uncertainty in the quality of fishery and biological data, as well as the
assumed stock structure and population dynamics.

9.3.6 Atlantic Swordfish (Xiphias gladius)

The Atlantic swordfish is a highly migratory and circumglobal species; it is widely
distributed in the Atlantic Ocean, including tropical, temperate, and some cold water regions
from 50�N to 45�S in the western Atlantic and 60�N to 50�S in the eastern Atlantic (Figure 9.35
and Table 9.21) (Palko et al. 1981; Nakamura 1985; NMFS 2009b). Currently, the ICCAT
considers the existence of three distinct management units: North Atlantic, South Atlantic,
and Mediterranean Sea. The North Atlantic stock is separated from the South Atlantic stock

Figure 9.34. Temporal variability in Atlantic blue marlin (Makaira nigricans) spawning stock bio-
mass estimated with the fully integrated stock assessment model (redrawn from Figure 29, ICCAT
2012b).
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Figure 9.35. Range of the Atlantic swordfish (Xiphias gladius) (modified from Maguire et al. 2006).

Table 9.21. Summary of Stock and Fisheries Information for Atlantic Swordfish (Xiphias gladius)

Parameter Value Reference

General geographic
distribution

Circumglobal species; range includes tropical,
temperate, and some cold water regions from
50�N to 45�S in the western Atlantic, and 60�N

to 50�S in the eastern Atlantic

Nakamura (1985),
NMFS (2009b)

Commercial importance High

Recreational importance Medium

Management agency NMFS, Highly Migratory Species Management
Division; International Commission for the

Conservation of Atlantic Tunas

NMFS (2009b)

Management boundary North and South Atlantic stocks are separated
at 5�N

NMFS (2009b)

Stock structure within the
Gulf of Mexico

Part of the North Atlantic stock NMFS (2009b)

Status (overfished/
overfishing)

Overfished prior to 2000–2002; overfishing prior
to 2000–2002

NMFS (2001, 2002b, 2003,
2004, 2005, 2006a, 2007,
2008, 2009a, 2010, 2011)
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at 5�N. The results of biological (Tserpes and Tsimenides 1995), genetic (Chow and Takeyama
2000; Kasapidis et al. 2007), and tagging (Garcı́a-Cortés et al. 2003; Neilson et al. 2007)
studies clearly supported this delineation of population structure, although intermixing
among the three stocks was found in some studies (Alvarado-Bremer et al. 2007). The
North Atlantic stock of the Atlantic swordfish was evaluated because it is an apex predator
that plays an important role in its marine ecosystems, it supports an important fishery in the
United States, and the Gulf of Mexico is an important Atlantic swordfish nursery, feeding,
and spawning ground.

9.3.6.1 Key Life-History Processes and Ecology

Because swordfish are difficult to age, there is a lot of uncertainty about some of their
basic life-history processes, such as growth and maturation (Table 9.22). In general, juvenile
swordfish grow rapidly, reaching about 140 cm (55.1 in.) lower-jaw fork length [LJFL, which is

Table 9.22. Summary of Life-History Information for Atlantic Swordfish (Xiphias gladius)

Parameter Value Reference

von Bertalanffy growth
model parameters

Not available

Age at first maturity Females: 4–5 years
Males: 1.4 years

Palko et al. (1981),
Nakamura (1985), Arocha
(1997), NMFS (2009b)

Weight at first maturity Females: 74 kg (163.1 lb)
Males: 21 kg (46.3 lb)

Palko et al. (1981),
Nakamura (1985), Arocha
(1997), NMFS (2009b)

Length at first maturity
(50 %)

Females: 179–182 cm (70.5–71.7 in.)
lower jaw fork length (LJFL)a

Males: 112–129 cm (44.1–50.8 in.) LJFL

Palko et al. (1981),
Nakamura (1985), Arocha
(1997), NMFS (2009b)

Spawning season December through June in the western North
Atlantic and northern Caribbean; April through
August off of the southeast coast of the United

States

Arocha (1997)

Spawning location Between 15�N and 35�N, west of 40�W meridian;
major spawning grounds in the Straits of Yucatán,
the Straits of Florida, and in the vicinity of the
northernmost arc of the Gulf Loop Current

Grall et al. (1983), Arocha
(1997), Govoni
et al. (2003)

Common prey of juveniles Squids, fishes, and pelagic crustaceans Palko et al. (1981)

Common prey of adults Small tunas, dolphinfishes, lancetfish, snake
mackerels, flyingfishes, barracudas, mackerels,

herrings, anchovies, sardines, sauries,
needlefishes, hakes, pomfrets, cutlass fish,

lightfishes, hatchet fishes, redfish, lanternfishes,
and cuttlefishes, octopus, and squids, such as

Ommastrephes, Loligo, and Illex

Toll and Hess (1981),
Nakamura (1985)

Common predators of
juveniles

Sharks, tunas, billfishes, and adult swordfish Palko et al. (1981)

Common predators of
adults

Sperm whales, killer whales, and large sharks,
such as mako sharks

NMFS (2009b)

aLower jaw fork length is from the tip of the lower jaw to the fork in the tail (FishBase 2013)
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from the tip of the lower jaw to the fork in the tail (FishBase 2013)] by age 3. The growth rate
decreases after age 3, perhaps as a result of maturation. There is sexual dimorphism, with
females growing faster and reaching larger maximum sizes than males (Table 9.22). Tagging
studies have shown that some swordfish can live up to 15 years.

Juvenile Atlantic swordfish of the North Atlantic stock occur year-round in the Gulf of
Mexico, the Florida Atlantic coast, and waters near the Charleston Bump (Table 9.23) (Palko

Table 9.23. Summary of Habitat Information for Atlantic Swordfish (Xiphias gladius)

Parameter Value Reference

Habitat preferences
and temporal/spatial
distribution of juveniles

The Gulf of Mexico, the Atlantic coast of Florida,
and waters near the Charleston Bump

Palko et al. (1981),
Cramer and Scott (1998)

Habitat preferences
and temporal/spatial
distribution of adults

Epipelagic to meso-pelagic; temperature range
from 18 to 22 �C; concentrate along boundary

currents of the Gulf Stream and the Gulf of Mexico
Loop Current; some move northeastward along
U.S. continental shelf in summer and return

southwestward in autumn; another group moves
from deepwater westward toward the continental

shelf in summer and back into deepwater in
autumn

Palko et al. (1981),
Nakamura (1985),
Arocha (1997),

Govoni et al. (2003),
NMFS (2009b)

Habitat preferences
and temporal/spatial
distribution of spawning
adults

Between 15�N and 35�N, west of 40�W meridian;
most spawning takes place in waters with surface
temperatures above 20–22 �C; major spawning

grounds thought to occur in the Straits of Yucatán,
the Straits of Florida, and in the vicinity of the

northernmost arc of the Gulf Loop Current; move
to warmer waters for spawning and cooler waters
for feeding; south of the Sargasso Sea and in the

upper Caribbean, spawning occurs from
December through March; off the U.S. southeast
coast, spawning occurs from April through August

Palko et al. (1981),
Grall et al. (1983),
Nakamura (1985),
Arocha (1997),

Govoni et al. (2003),
NMFS (2009b)

Designated essential fish
habitat for juveniles

In the central Gulf of Mexico, from southern Texas
through the Florida Keys; Atlantic east coast from
South Florida to Cape Cod; Puerto Rico and the

Virgin Islands

NMFS (2009b)

Designated essential fish
habitat for adults

In the central Gulf of Mexico, from southern Texas
to the Florida Panhandle and western Florida

Keys; Atlantic east coast from southern Florida to
the mid-east coast of Florida and Georgia to Cape

Cod; Puerto Rico and the Virgin Islands

NMFS (2009b)

Designated essential fish
habitat for spawning
adults

From off Cape Hatteras, North Carolina extending
south around Peninsular Florida through the Gulf
of Mexico to the U.S./Mexico border from the
200 m (656 ft) isobath to the EEZ boundary;

associated with the Loop Current boundaries in the
Gulf and the western edge of the Gulf Stream in
the Atlantic; also, all U.S. waters of the Caribbean

from the 200 m (656 ft) isobath to the EEZ
boundary

NMFS (2009b)
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et al. 1981; Cramer and Scott 1998). Adult Atlantic swordfish tend to concentrate along
boundary currents of the Gulf Stream and the Gulf of Mexico Loop Current (Table 9.23).
They are subject to seasonal movement: one group moves northeastward along the U.S.
continental shelf in summer and returns southwestward in autumn, and another group moves
from deepwater westward toward the continental shelf in summer and back into deepwater in
autumn (Palko et al. 1981; Arocha 1997; NMFS 2009b).

Atlantic swordfish tend to move to warmer waters for spawning and cooler waters for
feeding. They tend to migrate to the preferred temperatures or areas for spawning during the
peak of a spawning season (Palko et al. 1981; Tserpes et al. 2008). Atlantic swordfish appear to
spawn throughout the year, and spawning timing tends to vary among different spawning areas
(Tables 9.21 and 9.22). Seasonal latitudinal migrations of swordfish, which may result from
seasonal changes in sea surface temperature, are well documented (Nakamura 1985; Seki
et al. 2002; Takahashi et al. 2003; Neilson et al. 2009).

Although Atlantic swordfish have evolved a specialized muscle that functions like a brain
heater and enables them to tolerate a wide range of temperatures and move rapidly between
warm surface waters and cold waters at great depths (Carey 1990), their vertical distribution is
generally limited by the depth of the thermocline (Block et al. 1992). Takahashi et al. (2003) also
indicated that the vertical swimming behavior of swordfish changes in response to near-surface
water temperatures.

Limited information is available on the M of the Atlantic swordfish. In the assessment
based on the results of the virtual population analysis (VPA) model, M was assumed to be 0.2
per year (Scott and Porch 2007). However, no information or evidence is presented to justify the
choice of this value.

9.3.6.2 Predators and Prey

Atlantic swordfish are diurnal feeders rising close to the mixed surface layer at night and
descending to deeper waters during the day to feed on pelagic fishes and squids (Carey 1990).
Swordfish mainly feed on prey concentrations associated with vertical density discontinuities
(Carey and Robison 1981), such as the thermocline (Draganik and Cholyst 1988). Juvenile and
adult Atlantic swordfish predate on squids, tunas, dolphinfishes, mackerels, and pelagic
crustaceans (Table 9.21). Sperm whales, killer whales, and large sharks prey on swordfish
(Table 9.21).

9.3.6.3 Key Habitat Needs and Distribution

Oceanographic variables that may influence the distribution and abundance of Atlantic
swordfish include sea surface temperature; depth of the thermocline (Carey 1990); sea surface
height anomaly, which is a good indicator of possible oceanographic activities, such as gyres
and eddies (Seki et al. 2002; Tserpes et al. 2008); existence of thermal fronts, frontal zones, and
eddy fields that can produce locally elevated chlorophyll concentrations and zooplankton
abundance that stimulate feeding conditions (Podestá et al. 1993; Logerwell and Smith 2001);
and chlorophyll concentrations, which regulate the distribution and abundance of the prey of
swordfish (Tserpes et al. 2008; Yáñez et al. 2009). The spatial distribution and abundance of
swordfish also may be determined by other factors, such as distinct bathymetric features. Many
studies have indicated that the distribution of swordfish is also associated with bottom
topographic structures and thermal fronts, such as submarine canyons or hummocky bumps
(Carey and Robison 1981; Carey 1990; Podestá et al. 1993; Sedberry and Loefer 2001; Damalas
et al. 2007). The average temperature preferred by swordfish during the day can be as low as
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10 �C, while it is 28 �C at night when they move up to the near-surface waters (Sedberry and
Loefer 2001).

The spatial distributions of essential fish habitat that have been designated for various
lifestages of Atlantic swordfish in the Gulf of Mexico, along the U.S. east coast, and around
Puerto Rico are shown in Figures 9.36, 9.37, 9.38, and 9.39. Table 9.22 includes the definitions
of essential fish habitat that have been established for juvenile, adult, and spawning adult
Atlantic swordfish.

9.3.6.4 Fisheries

Atlantic swordfish support an important commercial and recreational fishery in the United
States, including the Gulf of Mexico (NMFS 2012a). Canada, Spain, and the United States have
operated a targeted pelagic longline Atlantic swordfish fishery since the late 1950s or early
1960s in the North Atlantic (NMFS 2009a, 2012a). The harpoon fisheries have existed at least
since the late 1800s in the Northwest Atlantic Ocean. In addition, some driftnet activities for
swordfish occur around the Straits of Gibraltar area and in other Atlantic areas (e.g., off the
coast of West Africa). The primary fisheries that take swordfish as bycatch are tuna fishing
fleets from Taiwan, Japan, Korea, and France (Collette et al. 2012). The tuna longline fishery
has operated throughout the Atlantic since 1956, with substantial catches of swordfish as
bycatch in some years.

Figure 9.36. Essential fish habitat for adult Atlantic swordfish (Xiphias gladius) (from NOAA
Fisheries Office of Sustainable Fisheries 2009c).
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Figure 9.38. Essential fish habitat for spawning, eggs, and larval Atlantic swordfish (Xiphias
gladius) (from NOAA Fisheries Office of Sustainable Fisheries 2009c).

Figure 9.37. Essential fish habitat for juvenile Atlantic swordfish (Xiphias gladius) (from NOAA
Fisheries Office of Sustainable Fisheries 2009c).
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U.S. catches (landings plus dead discards) of swordfish peaked in 1990, with a total of
5,519 metric tons. Since then, U.S. catches have declined, with the lowest catches reported in
2006 (2,057 metric tons). Most (93 % in 2008) of the U.S. swordfish catches have been landed in
the pelagic longline fishery operated throughout the western Atlantic, including the Gulf
of Mexico and Caribbean Sea, that targeted both yellowfin tuna and swordfish (NMFS
2009a, 2012a).

The U.S. pelagic longline fleet has decreased substantially in size from about 400 active
vessels in the 1990s to about 120 vessels in 2008 as a result of regulations, market conditions, and
fuel prices. Atlantic swordfish also support a small recreational fishery, which currently lands
only a small proportion of total U.S. landings (75 metric tons in 2008). This fishery has, however,
expanded in the last few years and is projected to continue to grow (NMFS 2009a, 2012a).

The Atlantic swordfish fishery is managed both domestically and internationally
(Table 9.23), and catch limits are one of the regulations used in managing the North Atlantic
swordfish stock (NMFS 2010, 2011, 2012a). The total allowable catch (TAC) of 14,000 metric
tons per year during the 2007–2009 period was reduced to 13,700 metric tons in 2010 and 12,836
metric tons in 2011. Minimum size limits are also used to manage the fishery. There are two
minimum size options that are applied to the entire Atlantic: 125 cm (49.2 in.) LJFL with a 15 %
tolerance or 119 cm (46.8 in.) LJFL with zero tolerance and evaluation of the discards (NMFS
2012a). A number of time/area closures went into effect in 2001 for the pelagic longline vessels
operating within the U.S. Exclusive Economic Zone (EEZ). Two permanent closures, one in the

Figure 9.39. Essential fish habitat for all lifestages of Atlantic swordfish (Xiphias gladius) (from
NOAA Fisheries Office of Sustainable Fisheries 2009c).

938 Y. Chen



Gulf of Mexico and the other along the Florida east coast, were established to reduce the
bycatch of undersized swordfish. Circle hooks became mandatory for the U.S. pelagic longline
fleet in 2004 to reduce mortality of discarded bycatch species, including swordfish (NMFS
2009a, 2012a).

The North Atlantic swordfish fishery is considered to be fully rebuilt, and overfishing is not
occurring (Table 9.21) (NMFS 2012a). The latest Standing Committee on Research and Statistics
stock assessment indicates that the North Atlantic swordfish stock has greater than 50 %
probability to be at or above biomass at MSY (NMFS 2009a). The estimated relative biomass
trend shows a consistent increase since 2000. Fishing mortality has been below fishing mortality
at MSY since 2005; therefore, the rebuilding objective has been achieved. However, great
uncertainty is associated with the stock assessment resulting from the quality of fisheries data
and biological parameters (e.g.,M and growth), suitability of stock assessment models, lack of
understanding of some key life-history process, and assumed stock structure. More data are
needed for improved understanding of key biotic and abiotic factors influencing the recruit-
ment dynamics of the North Atlantic swordfish.

9.3.7 Atlantic Sailfish (Istiophorus albicans)

The Atlantic sailfish is a pelagic-oceanic and highly migratory species (Figure 9.40). It is
distributed in tropical and temperate waters about 40�N in the Northwest Atlantic, 50�N in the
Northeast Atlantic, 40�S in the Southwest Atlantic, and 32�S in the Southeast Atlantic
(Figure 9.41 and Table 9.24). Although the importance of sailfish in commercial fisheries is
limited, this species plays an important role in recreational fisheries (Table 9.24). In addition,
because it is so important in recreational fisheries, the Atlantic sailfish is the official saltwater
fish of Florida. As one of the top predator species that are highly migratory and distributed
widely, Atlantic sailfish play an important ecological role in Gulf of Mexico ecosystems.

Figure 9.40. Atlantic sailfish (Istiophorus albicans) feeding (from NaluPhoto 2012).
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Figure 9.41. Range of the Atlantic sailfish (Istiophorus albicans) (modified from Maguire
et al. 2006).

Table 9.24. Summary of Stock and Fisheries Information for Atlantic Sailfish (Istiophorus albi-
cans)

Parameter Value Reference

General geographic
distribution

Circumtropical distribution; range from 40�N to
40�S in the western Atlantic and 50�N to 32�S

in the eastern Atlantic

NMFS (2009b)

Commercial importance Low, commercial landings prohibited in the
United States

ICCAT (2010)

Recreational importance High

Management agency NMFS, Highly Migratory Species
Management Division; ICCAT

NMFS (2009b)

Management boundary 40�W north of 5�N; 30�W from 5�N to the
equator; 20�W south of the equator

ICCAT (2011a)

Stock structure within the
Gulf of Mexico

Part of the Western Atlantic stock ICCAT (2010)

Status (overfished/
overfishing)

Overfished prior to 2000–2008; overfishing
prior to 2000–2011

NMFS (2001, 2002b, 2003,
2004, 2005, 2006a, 2007,
2008, 2009a, 2010, 2011)
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Key information for the Atlantic sailfish is summarized in Tables 9.24, 9.25, and 9.26 and
discussed in detail in the following paragraphs.

9.3.7.1 Key Life-History Processes and Ecology

Atlantic sailfish usually occur in the upper layers of warm water above the thermocline
offshore (NMFS 2009b), but can also descend to deepwater and often migrate into nearshore
shallow waters. They occasionally form schools or smaller groups of 3–30 individuals but more
frequently appear in loose aggregations over a wide area. Atlantic sailfish are distributed
throughout the Gulf of Mexico (Figure 9.41); they can be found year-round in the southern Gulf
of Mexico but move into the northern Gulf only during the summer season (Table 9.26). No
transatlantic or transequatorial movements have been documented using tag-recapture meth-
ods (Orbesen et al. 2010).

Juvenile and adult Atlantic sailfish spend winters in warm waters, often occurring in small
schools, and spread out during the summer (Table 9.26). However, there appears to be a year-
round Florida east coast population (Beardsley et al. 1975; Nakamura 1985; Bayley and Prince
1993; NMFS 2009b; Orbesen et al. 2010). Atlantic sailfish often move northward in early
summer in the western Atlantic to engage in spawning activity (NMFS 2009b). Spawning can
begin as early as April, but occurs mainly in summer (Table 9.25). Atlantic sailfish can spawn in
various oceanographic conditions from offshore in deepwater to inshore shallow waters near
the surface in the warm season (Tables 9.25 and 9.26). The Gulf of Mexico has been identified
as an important and critical spawning ground for this species, and large concentrations of
sailfish larvae have been found in the Gulf of Mexico during the summer, which suggests
that July is the peak of the spawning season for Atlantic sailfish in the Gulf of Mexico
(Simms 2009).

Table 9.25. Summary of Life-History Information for Atlantic Sailfish (Istiophorus albicans)

Parameter Value Reference

von Bertalanffy growth
model parameters

Not available

Age at first maturity 3 years de Sylva and Breder (1997)

Weight at first maturity Males: 10 kg (22 lb); females: 13–18 kg
(28.7–39.7 lb)

de Sylva and Breder (1997)

Length at first maturity Not available

Spawning season Multiple spawners; in the western Atlantic,
spawning activity moves northward as

summer progresses; in the northern Gulf of
Mexico, spawning occurs from May to
September; from Cuba to the Carolinas,
spawning occurs from April to September

Bumguardner and
Anderson (2008), NMFS

(2009b)

Spawning location Shallow waters around Florida from the Keys
to Palm Beach on the east coast; in the

northern Gulf of Mexico, including off Texas;
offshore from Cuba to the Carolinas

Bumguardner and
Anderson (2008), NMFS

(2009b)

Common prey of juveniles
and adults

Little tunny, halfbeaks, cutlassfish, rudderfish,
jacks, pinfish, bullet tuna, sea robin, Atlantic
moonfish, squids, shrimps, and gastropods

Beardsley et al. (1975),
Davies and Bortone (1976),

Nakamura (1985)

Common predators of
adults

Killer whales, bottlenose dolphin, and sharks Beardsley et al. 1975
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Atlantic sailfish grow fast, reaching 137 cm (53.9 in.) in length and 3 kg (6.6 lb) in weight in
6 months and 183 cm (72 in.) and 9 kg (19.8 lb), respectively, in just 1 year. Growth then slows
down, and like other billfish, female sailfish grow to be larger than males (Table 9.25). A large
female sailfish may release as many as 4.5 million eggs. The M tends to be high during early
life-history stages but becomes relatively stable for juvenile sailfish (Luthy et al. 2005; Richard-
son et al. 2009).

Large variability exists in life-history parameters over the distributional areas of Atlantic
sailfish (e.g., East Atlantic versus West Atlantic). However, the growth of juveniles was found
to be almost uniform within the Gulf of Mexico (Simms 2009). More studies are needed to
evaluate the possible spatial and temporal variability in key life-history parameters. The
Atlantic sailfish within the Gulf of Mexico is considered part of the Western Atlantic stock
(ICCAT 2010). While studies have indicated the presence of a year-round Florida east coast
stock, it is not clear if the Gulf of Mexico has a year-round population.

Table 9.26. Summary of Habitat Information for Atlantic Sailfish (Istiophorus albicans)

Parameter Value Reference

Habitat preferences
and temporal/spatial
distribution of
juveniles and adults

Mainly oceanic, but migrate into shallow coastal waters;
in the southern Gulf of Mexico, usually found above the
thermocline at depths of <20 m (<65.6 ft), repeatedly
making short duration dives below the thermocline to

depths of 50–150 m (164–492 ft); in some areas of their
range, the thermocline occurs at depth of 200–250 m
(656–820 ft); preferred temperature range of 21–29 �C;
Winter: small schools around the Florida Keys and off

eastern Florida, in the Caribbean, and in offshore waters
throughout the Gulf of Mexico; summer: spread out along
the U.S. east coast as far north as Maine, although there

is a year-round Florida east coast population; no
transatlantic or transequatorial movements have been

documented using tag-recapture methods

Beardsley et al. 1975,
Nakamura (1985),
Bayley and Prince
(1993), NMFS

(2009b), Orbesen
et al. (2010),

Kerstetter et al. (2010)

Habitat preferences
for spawning adults

Shallow waters, 9–12 m (29.5–39.4 ft) deep; around
Florida from the Keys to Palm Beach on the east coast; in
the northern Gulf of Mexico, including off Texas; offshore

beyond the 100 m (328 ft) isobath from Cuba to the
Carolinas; spawning activity moves northward in the

western Atlantic as summer progresses

Bumguardner and
Anderson (2008),
NMFS (2009b)

Designated essential
fish habitat for
juveniles

In the central Gulf of Mexico, off southern Texas,
Louisiana, and the Florida Panhandle; Atlantic east coast
from the Florida Keys to mid-coast of South Carolina; the
Outer Banks of North Carolina and Maryland; eastern

Puerto Rico and the Virgin Islands

NMFS (2009b)

Designated essential
fish habitat for adults

In the central Gulf of Mexico, off southern Texas,
Louisiana, and the Florida Panhandle; Atlantic east coast
from the Florida Keys to northern Florida, off of Georgia,

and Cape Hatteras; also around the Virgin Islands

NMFS (2009b)

Designated essential
fish habitat for
spawning adults

Off the Southeast Florida coast to Key West; associated
with waters of the Gulf Stream and Florida Straits from

5 miles offshore out to the EEZ boundary

NMFS (2009b)
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9.3.7.2 Predators and Prey

Juvenile and adult Atlantic sailfish feed primarily on small pelagic fishes, such as tunas and
jacks; they also feed on shrimps, cephalopods, and gastropods (Table 9.25). Feeding can occur
at the surface and in mid-water, along reef edges, or along the sea floor. Atlantic sailfish
predators include killer whales, bottlenose dolphin, and sharks (Table 9.25).

9.3.7.3 Key Habitat Needs and Distribution

Water temperature and, in some cases, wind conditions are important habitat variables
influencing the distribution of Atlantic sailfish (Table 9.26). At the northern and southern
extremes of their distribution, Atlantic sailfish occur only in the warmer months. The seasonal
changes in distribution may be linked to prey migrations.

The rates of Atlantic sailfish bycatch in the pelagic longline fisheries are two times higher in
the Gulf of Mexico than in other areas of the North Atlantic during the spawning season, from
May through September (De Sylva and Breder 1997), suggesting that spawning biomass in the
Gulf of Mexico tends to be higher than spawning biomass in other areas of the Atlantic. This
suggests that the Gulf of Mexico provides an important spawning and larval habitat for
Atlantic sailfish.

Essential fish habitat has been designated for juvenile, adult, and spawning Atlantic sailfish.
These habitats are described in Table 9.26 and shown in Figures 9.42, 9.43, 9.44, and 9.45.

Figure 9.42. Essential fish habitat for adult Atlantic sailfish (Istiophorus albicans) (from NOAA
Fisheries Office of Sustainable Fisheries 2009d).
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Figure 9.43. Essential fish habitat for juvenile Atlantic sailfish (Istiophorus albicans) (from NOAA
Fisheries Office of Sustainable Fisheries 2009d).

Figure 9.44. Essential fish habitat for spawning, eggs, and larval Atlantic sailfish (Istiophorus
albicans) (from NOAA Fisheries Office of Sustainable Fisheries 2009d).
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9.3.7.4 Fisheries

The United States has historically landed a large quantity of Atlantic sailfish (Figure 9.46).
Prior to the mid-1990s, the U.S. share of landings from the West Atlantic sailfish stock varied
between 20 and 60 %, with an average of approximately 40 % (Figure 9.47). Beginning around
2000, landings in the United States and the U.S. share of landings dropped dramatically
(Figures 9.46 and 9.47). This may reflect the fact that a targeted commercial fishery for Atlantic
sailfish is prohibited in the Gulf of Mexico and other U.S. waters. The current Atlantic sailfish
commercial catch is bycatch in pelagic longlines, which are commonly used in the Gulf of
Mexico to target swordfish and yellowfin tuna.

Atlantic sailfish are subject to domestic and international management regulations
(Table 9.24). For the West Atlantic sailfish stock, the most recent stock assessment suggests
that overfishing is probably occurring, and the stock may be overfished (Table 9.24) (ICCAT
2011b). However, because of the large uncertainty associated with the data and stock structure,
the results are not conclusive. The recent stock assessment (ICCAT 2011b) suggests that the
West Atlantic stock suffered great declines in abundance prior to 1990. However, since 1990,
different abundance indices tend to suggest conflicting trends, with some indicating declines
and others indicating increases or no trends (ICCAT 2011b).

Figure 9.45. Essential fish habitat for all lifestages of Atlantic sailfish (Istiophorus albicans) (from
NOAA Fisheries Office of Sustainable Fisheries 2009d).
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Figure 9.47. Proportion of the U.S. share of the total landings of the West Atlantic sailfish (Istio-
phorus albicans) stock from 1960 through 2007 (data from ICCAT 2011b).

Figure 9.46. Landings of the Atlantic sailfish (Istiophorus albicans) stock, West Atlantic sailfish
(Istiophorus albicans) stock (WAS), and U.S. landings of the WAS from 1960 through 2007 (data
from NMFS 2012b).
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9.3.8 Red Drum (Sciaenops ocellatus)

Red drum, an estuarine-dependent species, is widely distributed in various habitats
throughout the Gulf of Mexico and plays an important ecological role in Gulf of Mexico
coastal ecosystems (Figure 9.48) (Powers et al. 2012). In the Gulf of Mexico, red drum occur
from northern Mexico into extreme Southwest Florida (Figure 9.49). The overall Gulf of
Mexico stock was considered overfished, and overfishing was occurring in the early 2000s
(Table 9.29). A harvest moratorium has been implemented on red drum in federal waters since
2007. Thus, there is currently no U.S. commercial fishery targeting this species. This fishing
moratorium in federal waters is considered to be one of the main reasons for the recent
recovery of red drum abundance. Because the red drum is a highly prized sportfish and
supports an important recreational fishery in the Gulf of Mexico and because the fishery is a
good example to demonstrate potential impacts of management regulations in federal waters
on fish population dynamics, it was selected for evaluation in this chapter. Information on red
drum, such as life-history parameters, habitat information, and stock and fisheries
information, is summarized in Tables 9.27, 9.28, and 9.29 and discussed in detail in the
following paragraphs.

9.3.8.1 Key Life-History Processes and Ecology

Life-history parameters of red drum, such as growth and maturation, vary greatly with
location and time; growth rates are likely higher in more southerly estuaries (Table 9.27)
(Powers et al. 2012). Depending on their habitat, red drum can be from 271 to 383 mm
(10.7–15.1 in.) in size at the end of the first year, and red drum growth is rapid through the
ages of 4–5 years. Males tend to mature at younger ages than females (Table 9.27). The
maximum age of red drum is around 40 years in Florida (Murphy and Taylor 1990); however,
red drum as old as 60 years have been reported in North Carolina waters (Ross et al. 1995).

Figure 9.48. Red drum (Sciaenops ocellatus) in grass flats (from Ftlaudgirl 2016a).
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The fecundity of red drum depends on fish size, and a female red drum can lay eggs
ranging from 200,000 to more than three million per batch. Red drum eggs tend to be subject to
high mortality (Peters and McMichael 1987; Goodyear 1989). Larval red drum use vertical
migrations to ride high salinity tidal currents into tidal creeks and shallow salt marsh nursery
habitats (Wenner 1999). They are transported or move to quiet, shallow water with grassy or
muddy bottoms to feed on detritus or dead and decomposing organisms (Buckley 1984; Pattillo
et al. 1997). A rapid decline in water temperature can cause large mortalities of early juvenile
red drum. Tagging studies suggest that they remain in the same area and generally move less
than three miles from where they were tagged.

There is large uncertainty associated with the estimation of M of red drum. The
M estimated using the observed maximum age ranges from 0.10 to 0.33 per year, and the
estimated M based on growth parameters tends to be higher, from 0.42 to 0.92 per year. The
estimatedM based on age composition data was 0.20 per year, which supports theM estimated
from the observed maximum ages (Goodyear 1989).

The distribution of juvenile red drum is typically limited to inshore waters in the Gulf of
Mexico, except during fall and winter (Table 9.28). Adult red drum spend less time in bays and
estuaries and more time in open Gulf of Mexico waters (Table 9.28). Spawning red drum can be
found in both open and nearshore waters in the Gulf of Mexico and tend to spawn near
shorelines during late summer and fall (Tables 9.27 and 9.28). There is little evidence of
seasonal migration of red drum, and they have been found in rivers and tidal creeks during

Figure 9.49. Range of the red drum (Sciaenops ocellatus) in the Gulf of Mexico and along the
Florida east coast (from USGS 2010c).
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Table 9.27. Summary of Life-History Information for Red Drum (Sciaenops ocellatus)

Parameter Value Reference

von Bertalanffy

growth model

parameters (see

Table 9.6 for

explanation)

L1 (Texas, age <3.8 years) ¼ 982 mm (38.7 in.) Porch (2000)

L1 (Texas, age �3.8 years) ¼ 982 mm (38.7 in.)

L1 (Louisiana/Mississippi/Alabama, age

<3.3 years) ¼ 1,017 mm (40 in.)

L1 (Louisiana/Mississippi/Alabama, age

�3.3 years) ¼ 1,017 mm (40 in.)

L1 (Florida Gulf coast) ¼ 935 mm (36.8 in.) Murphy and Taylor (1990)

L1 (Florida, age <2.8 years) ¼ 1,019 mm (40.1 in.) Porch (2000)

L1 (Florida, age �2.8 years) ¼ 1,019 mm (40.1 in.)

K (Texas, age <3.8 years) ¼ 0.31 per year

K (Texas, age �3.8 years) ¼ 0.15 per year

K (Louisiana/Mississippi/Alabama, age

<3.3 years) ¼ 0.41 per year

K (Louisiana/Mississippi/Alabama, age

�3.3 years) ¼ 0.11 per year

K (Florida Gulf coast) ¼ 0.46 per year Murphy and Taylor (1990)

K (Florida, age <2.8 years) ¼ 0.40 per year Porch (2000)

K (Florida, age �2.8 years) ¼ 0.19 per year

t0 (Texas, age <3.8 years) ¼ �0.18 years

t0 (Texas, age �3.8 years) ¼ �4.78 years

t0 (Louisiana/Mississippi/Alabama, age

<3.3 years) ¼ 0.06 years

t0 (Louisiana/Mississippi/Alabama, age

�3.3 years) ¼ �8.39 years

t0 (Florida Gulf coast) ¼ 0.029 years Murphy and Taylor (1990)

t0 (Florida, age <2.8 years) ¼ �0.04 years Porch (2000)

t0 (Florida, age �2.8 years) ¼ �3.06 years

Age at first maturity Male: 1–3 years

Female: 3–6 years

Murphy and Taylor (1990), Addis

et al. (2011)

Length at first

maturity

Gulf of Mexico (Sexes combined) ¼ 740–750 mm

(29.1–29.5 in.)

NMFS, SERO (1986)

Male: 411–791 mm (16.2–31.1 in.) TL; 50 % at 552 mm

(21.7 in.)

Murphy and Taylor (1990)

Female: 629 to 900 mm (24.8 to 35.4 in.) TL; 50 % at

874 mm (34.4 in.)

Spawning season Late summer and early fall; peak September through

October

Wilson and Nieland (1994),

Addis et al. (2011)

Spawning location Open Gulf of Mexico waters, inlets, within estuaries, or in

nearshore shelf waters

Pearson (1929), Yokel (1966),

Jannke (1971), Loman (1978),

NMFS, SERO (1986)

Common prey of

juveniles

Copepods, mysid shrimp, and amphipods Peters and McMichael (1987)

Common prey of

adults

Menhadens, anchovies, lizard fish, mullets, pinfish, sea

catfish, spot, Atlantic croaker, mollusks, crabs, and

shrimps

Boothby and Avault (1971),

Bass and Avault (1975)

Common predators of

juveniles

Amberjack, large piscivorous fishes, sharks, and birds;

typically not normal part of diet of any common estuarine

predator

Overstreet (1983), Porch (2000)

Common predators of

adults

Sharks; not a normal part of the diet of any common

estuarine predator
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the winter. Tides and water temperatures influence daily movement from shallow to deep-
waters. During the fall, especially during stormy weather, adult red drum can move to the
beaches in the Gulf of Mexico.

Genetic studies have concluded that Atlantic and Gulf of Mexico red drum are two distinct
subpopulations, likely resulting from oceanographic and geographic conditions in South
Florida, which limits genetic exchange between the two coastal groups (Gold and Richardson
1991; Gold et al. 1993; Seyoum et al. 2000). Population structure within the Gulf of Mexico is
complicated because red drum have limited coastal movement and migrate back to a natal
estuary (Gold et al. 1999; Gold and Turner 2002). Genetic studies indicate significant patterns
of heterogeneity in Gulf of Mexico red drum, suggesting that the genetic difference increases

Table 9.28. Summary of Habitat Information for Red Drum (Sciaenops ocellatus)

Parameter Value Reference

Habitat preferences and
spatial/temporal
distribution for juveniles

Typically limited to rivers, bays, bayous, canals,
tidal creeks, boat basins, and passes within
estuaries; also within seagrass beds and over

oyster bars, mud flats, and sand bottoms; salinity
of 5–35 ppt; temperature from 5 to 35 �C; older
juveniles may move into open Gulf of Mexico

waters during fall and winter

Pearson (1929), Kilby
(1955), Perret

et al. (1971), Matlock and
Weaver (1979), Peters
and McMichael (1987),
Osburn et al. (1982),
NMFS, SERO (1986)

Habitat preferences and
spatial/temporal
distribution for adults

Along coastal beaches and in nearshore shelf
waters; move farther into open Gulf of Mexico

waters and spend less time in bays and estuaries
as they mature; optimum salinity range of

30–35 ppt; temperatures from 3 to 35 �C; depths
from 40 to 70 m (131.2–229.7 ft); in eastern and
western Gulf of Mexico, including South Florida
and South Texas, typically inhabit bays and near
Gulf waters; in northern Gulf of Mexico, from the
Florida Panhandle to North Texas, may move
farther offshore, especially in the area between
Mobile Bay, Alabama and the area east of the

Mississippi Delta

Springer (1960),
Simmons and Breuer

(1962), Beaumariage and
Wittich (1966),

Beaumariage (1969a),
Moe (1972), Heath

et al. (1979), Overstreet
(1983), NMFS, SERO
(1986), Peters and

McMichael (1987), Addis
et al. (2011)

Habitat preferences and
spatial/temporal
distribution for spawning
adults

Open Gulf of Mexico waters, near passes and
inlets, within estuaries, or in nearshore shelf

waters; temperatures from 22 to 26 �C; salinity
around 30 ppt

Pearson (1929), Yokel
(1966), Jannke (1971),
Christmas and Waller

(1973), Johnson (1978),
Loman (1978), Roberts

et al. (1978), Holt
et al. (1981), NMFS,
SERO (1986), Murphy
and Munyandorero

(2009)

Designated essential fish
habitat

All estuaries in the Gulf of Mexico; Vermilion Bay,
Louisiana to the eastern edge of Mobile Bay,
Alabama, out to depths of 25 fathoms; Crystal

River, Florida to Naples, Florida, between depths
of 5 and 10 fathoms; and Cape Sable, Florida, to
the boundary between the areas covered by the
GMFMC and the SAFMC, between depths of

5 and 10 fathoms (1 ftm ¼ 1.8 m ¼ 6 ft)

GMFMC (2005)
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with the distances between the estuaries (Gold et al. 1993, 1999). Tagging studies suggest that
juvenile red drum have limited dispersal but that adults can travel considerable distances in the
Gulf of Mexico (Osburn et al. 1982; Overstreet 1983). Metapopulation structure may exist for
the red drum in the Gulf of Mexico, and despite the likely complex spatial structure of the
stock, red drum in the Gulf of Mexico is considered as a single stock, which implicitly assumes
no spatial heterogeneity in the Gulf of Mexico red drum population. The impacts of this
unrealistic assumption on the stock assessment and management of red drum are unknown.

9.3.8.2 Predators and Prey

Red drum generally are bottom feeders, but can feed in the water column when the
opportunity arises. Juveniles feed on invertebrates, while adults feed on many species
of fish, including menhadens and mullets, as well as invertebrates, including crabs and
shrimps (Table 9.27). Red drum predators include piscivorous fishes, sharks, and birds
(Table 9.27).

9.3.8.3 Key Habitat Needs and Distribution

The larvae of red drum prefer vegetated muddy bottom. Juvenile red drum prefer rivers,
bays, canals, tidal creeks, passes in estuaries, seagrass beds, oyster bars, mud flats, and sand
bottom (Table 9.28). As they mature, red drum move farther into the open Gulf of Mexico, and
adults can be found along coastal beaches and nearshore shelf waters (Table 9.28). Essential
fish habitat, which is shown in Figure 9.50 and described in Table 9.28, has been designated for
the red drum.

Table 9.29. Summary of Stock and Fisheries Information for Red Drum (Sciaenops ocellatus)

Parameter Value Reference

General geographic
distribution

In the Gulf of Mexico from northern Mexico
along the Gulf coast into extreme Southwest
Florida; along the Atlantic coast from Key

West, Florida to New Jersey; occasionally as
far north as the Gulf of Maine

Yokel (1966), Lux and
Mahoney (1969), Castro
Aguirre (1978), NMFS,

SERO (1986), Porch (2000)

Commercial importance Low

Recreational importance High

Management agency GMFMC; respective Gulf state marine
agencies

NMFS, SERO (1986)

Management boundary GMFMC boundaries; respective state marine
agencies are responsible for regulating and

monitoring the red drum fishing in their waters

Stock structure within the
Gulf of Mexico

Single Gulf of Mexico stock

Status (overfished/
overfishing)

Overfished from prior to 2000–2005,
overfished condition undefined 2006–2011;
overfishing occurring prior to 2000 and from

2001 to 2003

NMFS (2001, 2002b, 2003,
2004, 2005, 2006a, 2007,
2008, 2009a, 2010, 2011)
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9.3.8.4 Fisheries

The red drum was designated as a protected game fish in 2007 under Executive Order
13449. The order prohibits the sale of red drum caught in U.S. waters, resulting in the
elimination of the commercial fishery targeting red drum in federal waters and in most state
waters. In Florida, the recreational hook-and-line fishery has been the sole source of red drum
landings since 1988. The Florida landings were about 230,000 kg (0.5 million lb) in 1988, but
quickly increased to an average of about 771,000 kg (1.7 million lb) during the 1990s and
stabilized in the 2000s at close to 900,000 kg (2 million lb) on average (Figure 9.51).

Red drum in the Gulf of Mexico are managed by the GMFMC and relevant Gulf state
marine resource management agencies (Table 9.29). No Gulf-wide formal stock assessment is
available for red drum. However, a stock assessment was conducted in 2009 for red drum in
Florida waters. The assessment was done separately for the Florida Gulf and Atlantic coasts.
For red drum along the Florida Gulf coast, stock abundance increased substantially over the
time after elimination of the commercial fishery. However, recruitment is relatively stable
(Figure 9.52).

The overall Gulf of Mexico red drum stock was considered overfished, and overfishing was
occurring in the early 2000s (Table 9.29). However, because of the harvest moratorium on red
drum in federal waters, fishery-dependent data are not available in federal waters and fishery-
independent data are limited, which makes it difficult to conduct a comprehensive stock

Figure 9.50. The Gulf of Mexico Fishery Management Council’s essential fish habitat for red drum
(Sciaenops ocellatus) (from GMFMC 2004c).
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Figure 9.52. Estimated red drum (Sciaenops ocellatus) recruitment abundance (number of fish at
age 0) and stock abundance (total number of fish age 1 or older) along the Gulf coast of Florida
from 1982 through 2007 (data from Murphy and Munyandorero 2009).

Figure 9.51. Total red drum (Sciaenops ocellatus) landings along the Florida Gulf coast from 1982
through 2007. There were no commercial landings after 1988 (data from Murphy and Munyandor-
ero 2009).
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assessment. Clearly, large uncertainties are associated with the current assessment of the red
drum stock status described above. A bottom longline survey program has been developed to
collect data for monitoring the red drum stock dynamics in the Gulf of Mexico (Powers
et al. 2012). The condition of red drum within the Gulf of Mexico may also vary greatly
from location to location. For example, the red drum population along the Florida Gulf coast
appears to be recovered (Figure 9.52). Regardless of the uncertainties, the evolution of this
fishery clearly demonstrates the necessity and importance of appropriate management regula-
tions in improving the status of fish populations.

9.3.9 Tilefish (Lopholatilus chamaeleonticeps)

The tilefish, often referred to as golden tilefish, is a deepwater fish ranging from Nova
Scotia to the Gulf of Mexico (Table 9.30) (Dooley 1978); the range of the tilefish in the Gulf of
Mexico is shown in Figure 9.53. The tilefish has a unique burrowing behavior and strong habitat
preferences (Table 9.31). Tilefish support an important commercial fishery in the Gulf of
Mexico and are mainly caught by handline and longline (Table 9.30). Because of their specific
habitat requirements and lack of movement, tilefish tend to be sensitive to changes in their local
environment. Tilefish was selected as one of the species to be evaluated in this chapter because
they represent those benthic demersal species (Table 9.1) that have wide geographic separation
and limited movements, require distinct habitats, are sensitive to changes in environment, and
support an important commercial fishery.

Table 9.30. Summary of Stock and Fisheries Information for Tilefish (Lopholatilus chamaeleonti-
ceps)

Parameter Value Reference

General geographic
distribution

In the western Atlantic, along the outer
continental shelf from Nova Scotia through
Key West, Florida; in the Gulf of Mexico,
particularly off the mouth of the Mississippi
River in De Soto Canyon, Texas, and the

Campeche Banks; off of Venezuela to Guyana
and Surinam

Dooley (1978), Lombardi
et al. (2010)

Commercial importance Medium

Recreational importance Low

Management agency GMFMC SEDAR 22 (2011)

Management boundary The EEZ, from the state boundary line to
200 miles offshore, from the U.S./Mexico
border to the boundary between the areas
covered by the GMFMC and the SAFMC

Stock structure within the
Gulf of Mexico

All tilefish combined as one Gulf of Mexico
stock; assessed as eastern and western

populations

Status (overfished/
overfishing)

Not overfished and overfishing not occurring in
2010; stock size reduced substantially as a

result of heavy fishing since the 1960s
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Table 9.31. Summary of Habitat Information for Tilefish (Lopholatilus chamaeleonticeps)

Parameter Value Reference

Habitat preferences and
spatial/temporal distribution

Inhabit burrows along the continental slope
and shelf with distinct sediment, depth, and
temperature preferences; burrows excavated
from firm mud, silt, sand, and clay sediment
along the continental slope; prefer depths from
about 120–360 m (393.7–1,181 ft); bottom
temperatures from about 9 to 18 �C; tagging
results suggest adult movements are minimal;
Gulf of Mexico populations are most dense off
the mouth of the Mississippi River in Desoto
Canyon, Texas, and the Campeche Banks

Nelson and Carpenter
(1968), Dooley (1978), Able

et al. (1982), Grimes
et al. (1983), Katz

et al. (1983), Lombardi
et al. (2010), SEDAR
22 (2011), Walter

et al. (2011)

Designated essential fish
habitat

All estuaries in the U.S. Gulf of Mexico; the
U.S./Mexico border to the boundary between
the areas covered by the GMFMC and the

SAFMC from estuarine waters out to depths of
100 fathoms

GMFMC (2005)

Figure 9.53. Range of the tilefish (Lopholatilus chamaeleonticeps) in the Gulf of Mexico (from
NOAA 2003).
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9.3.9.1 Key Life-History Processes and Ecology

Tilefish are the largest and longest lived of the tilefish species in the family Malacanthidae.
They grow slowly and exhibit sexually dimorphic growth, with males having larger sizes
(Table 9.32) (Turner et al. 1983; Grimes and Turner 1999; Lombardi et al. 2010). Tilefish can
live for more than 40 years, and maximum sizes range from 96.5 to 111.9 cm (37.9–44 in.). Their
age at maturity varies greatly over their distributional areas, with tilefish in the northern waters
maturing late and at a large size compared to tilefish in the South Atlantic and Gulf of Mexico.
Tilefish mature at age 5 in the North-Mid-Atlantic region (Grimes et al. 1988), age 3 in the South
Atlantic, and age 2 in the Gulf of Mexico (Table 9.32). It appears that the age/size at maturity
for tilefish has declined over time (Palmer et al. 1998). Compared to other species of similar life
history and life span, tilefish tend to mature at younger ages and smaller sizes.

The spawning season for tilefish varies greatly among regions and is typically from January
to June (Table 9.32). Tilefish are batch spawners and spawn multiple times throughout a
spawning season (Palmer et al. 1998). Annual fecundity increases with size from 195,000 to
8 million eggs per female (Grimes et al. 1988; Palmer et al. 1998).

Tilefish in the Gulf of Mexico have demonstrated some evidence of sequential hermaph-
rodism, suggesting that tilefish tend to be protogynous (Lombardi et al. 2010; SEDAR 22 2011),
but the results are not conclusive. Males may be more vulnerable to fishing pressure as they
tend to be larger than females, which may result in disrupting spawning behavior of tilefish
(Grimes and Turner 1999).

Because of the long life span, slow growth, a complex breeding process, and habitat
specificity and limitations, tilefish are susceptible to mass mortality events as a result of
sudden changes in their local environment, such as the intrusion of cold water (Harris and
Grossman 1985; Barans and Stender 1993). Many methods have been used to estimate M in the
stock assessment (SEDAR 22 2011), and the meanM was estimated to be 0.11 per year, which is
comparable to other fish species of similar life history.

The number of recruits estimated for tilefish tended to increase gradually over time prior to
the mid-1990s for both the East and West U.S. Gulf of Mexico (Figure 9.54). A more than
threefold increase in recruitment was believed to occur in 1997, followed by a large decline back
to the levels of the 1980s and 1990s. Recruitment continued to decline after 2000, but has
recovered slightly since 2005; this temporal pattern is the same for both the East and West Gulf
of Mexico (Figure 9.54).

Wide geographic separation and restricted movements limit possible adult exchanges
between the Gulf of Mexico and other regions, which may require the Gulf of Mexico tilefish
to be a separate stock in assessment and management. Even within the Gulf of Mexico, because
of patchy distribution and the likely lack of movement, tilefish may have much more
complex spatial structure, which has not been considered in the current stock assessment and
management.

9.3.9.2 Predators and Prey

Tilefish prey on a wide variety of invertebrates and fish, including decapod crustaceans,
squids, bivalve mollusks, sea cucumbers, spiny dogfish, and eels (Table 9.32). Sharks, large
tilefish, and other predatory fish are the main predators of tilefish.

9.3.9.3 Key Habitat Needs and Distribution

The restrictions of habitat in sediment type, depth, and temperature by adult tilefish may
prevent them from moving long distances (Table 9.31). This was shown in tagging studies,
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Table 9.32. Summary of Life-History Information for Tilefish (Lopholatilus chamaeleonticeps)

Parameter Value Reference

von Bertalanffy growth model
parameters (see Table 9.6 for
explanation)

L1 (All data combined) ¼ 830 mm (32.7 in.) Palmer et al. (1998),
Lombardi et al. (2010),

SEDAR 22 (2011)

L1 (Males) ¼ 767 mm (30.2 in.) Lombardi et al. (2010),
SEDAR 22 (2011)L1 (Females) ¼ 613 mm (24.1 in.)

L1 (East Gulf of Mexico
Population) ¼ 878 mm (34.6 in.)

SEDAR 22 (2011), Walter
et al. (2011)

L1 (West Gulf of Mexico
Population) ¼ 773 mm (30.4 in.)

K (All data combined) ¼ 0.13 per year Palmer et al. (1998),
Lombardi et al. (2010),

SEDAR 22 (2011)

K (Males) ¼ 0.15 per year Lombardi et al. (2010),
SEDAR 22 (2011)K (Females) ¼ 0.13 per year

K (East Gulf of Mexico Population) ¼ 0.11
per year

SEDAR 22 (2011), Walter
et al. (2011)

K (West Gulf of Mexico Population) ¼ 0.17
per year

t0 (All data combined) ¼ �2.14 years Palmer et al. (1998),
Lombardi et al. (2010),

SEDAR 22 (2011)

t0 (Males) ¼ �1.46 years Lombardi et al. (2010),
SEDAR 22 (2011)t0 (Females) ¼ �4.56 years

t0 (East Gulf of Mexico Population) ¼
�2.86 years

SEDAR 22 (2011), Walter
et al. (2011)

t0 (West Gulf of Mexico Population) ¼
�2.36 years

Age at first maturity (50 %) Females: 2 years Lombardi et al. (2010),
SEDAR 22 (2011)Length at first maturity (50 %) Females: 344 mm (13.5 in.) TL

Transition to male: 564 mm (22.2 in.) TL
(assuming protogyny occurs)

Spawning season January to June, peak in April; extended
season of 9 months or longer may be

possible

Spawning location Not available

Common prey of juveniles
and adults

Decapod crustaceans, squids, salps, bivalve
mollusks, annelids, sea cucumbers, actinians,
eels, spiny dogfish, and other fish species

Linton (1901), Dooley
(1978)

Common predators of
juveniles

Large tilefish and other fish species Freeman and Turner
(1977)

Common predators of adults Sharks Able et al. (1982)
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which suggested that the movement of tilefish was minimal (Grimes et al. 1983; Katz
et al. 1983). This implies that the suitability of local habitat is critical for tilefish. Tilefish are
included as one of the Reef Fish species for which essential fish habitat has been designated;
this designated habitat is shown in Figure 9.6 and described in Table 9.31.

Tilefish eggs often occur in late spring and summer in the upper water column near
the edge of the continental shelf in the Gulf of Mexico (Fahay and Berrien 1981; Fahay 1983;
Erickson et al. 1985; Grimes et al. 1988). They hatch in about 40 h at temperatures from
22 to 24.6 �C.

Larval tilefish are pelagic and can be found during the summer in Gulf of Mexico offshore
waters (Fahay and Berrien 1981; Fahay 1983; Turner et al. 1983). Early juveniles are still pelagic
but start to settle to the bottom at a size of 9–15.5 mm (0.35–0.61 in.) SL (Fahay 1983). The
benthic juveniles burrow and occupy simple vertical shafts in the substrate (Able et al. 1982). In
the Gulf of Mexico, adults inhabit burrows excavated from firm mud, silt, sand, and clay along
the continental slope and shelf, with distinct depth and temperature preferences (Table 9.31).

9.3.9.4 Fisheries

Prior to 1980, tilefish landings were low, but the commercial fishery took off in 1980,
reaching the highest level at around 430 metric tons in 1988, which was immediately followed by
a large decline (Figure 9.55). Since 1990, tilefish landings have fluctuated between 100 and
250 metric tons.

Tilefish in the Gulf of Mexico are managed under the FMP for the Reef Fish Fishery, which
was implemented in 1984. The FMP was developed to: (1) rebuild declining reef fish stocks

Figure 9.54. Estimated recruitment abundance, measured as age-0 fish, for tilefish (Lopholatilus
chamaeleonticeps) in the East and West U.S. Gulf of Mexico from 1964 through 2009 (data from
SEDAR 22 2011).
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wherever they occur within the fishery; (2) establish a fishery reporting system for monitoring
the Reef Fish Fishery; (3) conserve reef fish habitats, increase reef fish habitats in appropriate
areas, and provide protection for juveniles while protecting existing new habitats; and (4) mini-
mize conflicts between user groups of the resource and conflicts for space (SEDAR 22 2011).

Tilefish fishing mortality rates were low prior to 1980, increased quickly after that and
reached the highest level in 1988 (Figure 9.56); 1988 was also the year of the highest tilefish
landings to date (Figure 9.55). Fishing mortality has decreased since 1988 to around 0.10 during
the 1990s and 0.15 during the 2000s (Figure 9.56).

The stock biomass of tilefish in both the eastern and western U.S. Gulf of Mexico has
declined substantially since the 1960s (Figure 9.57). The rate of decline in stock biomass for the
western Gulf of Mexico is higher than that for the eastern Gulf. The tilefish stock biomass for
the eastern Gulf of Mexico has been higher than that for the western Gulf over most of the
years included in the stock assessment. However, in the last 2 years in the assessment, the
western Gulf of Mexico tilefish stock biomass was higher than that in the East, which might
have resulted from higher landings in the eastern Gulf of Mexico (SEDAR 22 2011). The stock
assessment results, however, need to be interpreted cautiously.

Most of the tilefish samples were taken from relatively shallow waters, while the stock
assessment also covered deep offshore waters from which few samples were taken (SEDAR
22 2011). This inconsistency may result in large uncertainty in the estimation of key life-history
parameters, including growth and M, and subsequently the stock dynamics.

Most of the tilefish samples were taken from relatively shallow waters, while the stock
assessment also covered deep offshore waters from which few samples were taken (SEDAR

Figure 9.55. Vertical and longline commercial landings of tilefish (Lopholatilus chamaeleonticeps)
in the U.S. Gulf of Mexico from 1965 through 2009. No data are available for 1970 (data from
SEDAR 22 2011).
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Figure 9.57. Estimated stock biomass for tilefish (Lopholatilus chamaeleonticeps) in East and
West U.S. Gulf of Mexico from 1964 through 2009 (data from SEDAR 22 2011).

Figure 9.56. Estimated fishingmortality for Gulf of Mexico tilefish (Lopholatilus chamaeleonticeps)
from 1964 through 2009 (data from SEDAR 22 2011).
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22 2011). This inconsistency may result in large uncertainty in the estimation of key life-history
parameters, including growth and M, and subsequently the stock dynamics.

The recent stock assessment suggests that tilefish in the Gulf of Mexico are not overfished
(Table 9.30). Most scenarios evaluated in the assessment also suggest that overfishing is not
occurring for the Gulf of Mexico tilefish stock. However, at least one scenario considered in
the assessment suggests that the Gulf of Mexico tilefish stock is subject to overfishing.

9.3.10 King Mackerel (Scomberomorus cavalla)

The king mackerel, a subtropical species of mackerel in the family Scombridae, is mainly
distributed in tropical and subtropical waters (Table 9.33) (Beaumariage 1973). It is a migratory
species of mackerel that occurs in the open waters of the western Atlantic Ocean and Gulf of

Table 9.33. Summary of Stock and Fisheries Information for King Mackerel (Scomberomous
cavalla)

Parameter Value Reference

General geographic
distribution

Western Atlantic from Massachusetts to Rio de
Janeiro, Brazil, including waters of the Gulf of
Mexico and Caribbean Sea. The coastal area
from Florida to Massachusetts is inhabited only

during the warmer months of the year

Collette and Nauen
(1983), Collette and Russo

(1984)

Commercial importance Medium

Recreational importance High

Management agency GMFMC and SAFMC SEDAR 16 (2009), Addis
et al. (2011)

Management boundary Managed as a Gulf of Mexico population in U.S.
waters from Texas to Florida and an Atlantic
population from the Florida east coast to the
Carolinas. During the winter (November 1–
March 31), the Flagler-Volusia County line in

Florida separates the Gulf of Mexico and Atlantic
groups; in the summer (April 1–October 31), the
Monroe-Collier County line in Florida separates

the two groups.

SEDAR 16 (2009)

Stock structure within the
Gulf of Mexico

Current management defines two migratory
units, Gulf of Mexico and South Atlantic. Mixing
of the two stocks occurs in the region delimited

by the Flagler-Volusia and Monroe-Collier
County lines on the Florida coast during the

winter months. A third group may be found in the
western Gulf of Mexico in Mexico, Texas, and
seasonally, in Louisiana. There may also be a
well-defined group on the Campeche Banks in
the southern Gulf of Mexico that mixes to a low
degree with other western and northern Gulf of

Mexico stocks.

Grimes et al. (1987),
Johnson et al. (1994),
Arrenguı́n-Sánchez

et al. (1995), DeVries and
Grimes (1997), Roelke
and Cifuentes (1997),

SEDAR 16 (2009), Addis
et al. (2011)

Status (overfished/
overfishing)

Overfished from prior to 2000–2003; declared
rebuilt in 2008; overfishing occurred prior to

2000

NMFS (2001, 2002b,
2003, 2004, 2005, 2006a,
2007, 2008, 2009a, 2010,

2011)
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Mexico (Figure 9.58). Because king mackerel are opportunistic and voracious carnivores and
are among the most sought-after gamefish throughout their distributional range (Table 9.33)
(Beaumariage 1973), they are the representative mackerel species selected for evaluation. In
addition, king mackerel support both commercial and recreational fishing industries in the Gulf
of Mexico (SEDAR 16 2009). General stock and fishery information, habitat preferences and
life-history parameters for king mackerel are summarized in Tables 9.33, 9.34, and 9.35 and
discussed in detail in the paragraphs below.

9.3.10.1 Key Life-History Processes and Ecology

The king mackerel inhabits coastal areas, usually in waters less than 73 m (239 ft) deep, and
coral reefs, offshore currents, tide rips, and large bays. Two migratory groups of king mackerel
have been identified to exist in U.S. waters: the Gulf of Mexico group, ranging from the Texas
coast in summer to the middle-east coast of Florida from November through March; and the
Atlantic group off North Carolina to southeast Florida that migrates in spring and fall
(Figure 9.59). King mackerel spawn from May through October in the coastal waters of the
northern and southern Gulf of Mexico in depths ranging from 35 to 183 m (115–600 ft)
(Tables 9.34 and 9.35).

Depending on its size, a female may lay from 50,000 to several million eggs over a
spawning season (Addis et al. 2011). Eggs of king mackerel are fertilized in the water column

Figure 9.58. Range of the king mackerel (Scomberomorus cavalla) in the Gulf of Mexico and along
the Florida east coast (from USGS 2010d).
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and hatch in about 24 h. Little is known about young-of-the-year (YOY) king mackerel (SEDAR
16 2009).

A typical age-1 fish can reach an average weight of 1.4–1.8 kg (3.1–3.9 lb) and a FL of 60 cm
(23.6 in.) (SEDAR 16 2009). Female king mackerel can grow much larger than males, and few
male king mackerel weigh more than 7 kg (15.4 lb) (Johnson et al. 1983; Finucane et al. 1986). For
example, at age 7, females reach an average weight of 9.5 kg (20.9 lb), while males typically
weigh 5 kg (11 lb). There is temporal and spatial variation, as well as differences between males
and females, in the growth and maturation of king mackerel (Table 9.35).

In the recent stock assessment (SEDAR 16 2009), the M was set at 0.16 and 0.17 for South
Atlantic and Gulf of Mexico king mackerel, respectively. Age-specificM was based on a scaled
Lorenzen curve. Two migratory units, Gulf of Mexico and South Atlantic, are currently
managed (Table 9.33).

Table 9.34. Summary of Habitat Information for King Mackerel (Scomberomorus cavalla)

Parameter Value Reference

Habitat preferences and
temporal/spatial
distribution for juveniles

Epipelagic, neritic tropical, subtropical, and
temperate waters; depths from 6 to 46 m
(19.7–151 ft); limited by a minimum water

temperature of 20 �C; mostly small, young fish
<6 years old, migrate south along the Florida
Peninsula in late fall and overwinter off South
Florida; in spring, as water temperatures warm,
fish migrate northward and return to summer
spawning grounds. Summer and fall months,
inhabit the northern Gulf of Mexico and off the

Carolinas

Beaumariage (1969b),
Powers and Eldridge

(1983), Collette and Russo
(1984), Finucane
et al. (1986), Fable
et al. (1987), Sutter

et al. (1991), Schaefer and
Fable (1994), SEDAR

16 (2009)

Habitat preferences and
temporal/spatial
distribution for adults

Epipelagic, neritic tropical, subtropical, and
temperate waters; depths from 6 to 46 m

(19.7–151 ft); north–south migrations tend to
follow the 20 �C isotherm; adults follow the same
migration patterns as juveniles; however, older,
larger fish may inhabit the northern Gulf and

waters off the Carolinas year-round

Beaumariage (1969b,
1973), Manooch and Laws

(1979), Powers and
Eldridge (1983), Collette

and Russo (1984),
Finucane et al. (1986),

Fable et al. (1987), Sutter
et al. (1991), Schaefer and

Fable (1994), SEDAR
16 (2009), Addis
et al. (2011)

Habitat preferences
and temporal/spatial
distribution for spawning
adults

Waters 35–183 m (115–600 ft); over the middle
and outer continental shelf in the northeastern
and northwestern Gulf of Mexico in spring and

summer

Wollam (1970),
McEachran et al. (1980),
Finucane et al. (1986)

Designated Essential
Fish Habitat

All estuaries in the U.S. Gulf of Mexico; the
U.S./Mexico border to the boundary between the
areas covered by the GMFMC and the SAFMC

from estuarine waters out to depths of
100 fathoms

GMFMC (2005)
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Table 9.35. Summary of Life-History Information for King Mackerel (Scomberomorus cavalla)

Parameter Value Reference

von Bertalanffy growth
model parameters (see
Table 9.6 for explanation)

L1 (Males, western Gulf of Mexico) ¼ 102.9 cm
(40.5 in.) FL

DeVries and Grimes
(1997)

L1 (Males, eastern Gulf of Mexico) ¼ 102.6 cm
(40.4 in.) FL

L1 (Males, eastern Gulf of Mexico) ¼ 93 cm
(36.6 in.) FL

Shepard et al. (2010)

L1 (Females, western Gulf of Mexico) ¼ 134.1 cm
(52.8 in.) FL

DeVries and Grimes
(1997)

L1 (Females, eastern Gulf of Mexico) ¼ 137.9 cm
(54.3 in.) FL

L1 (Females, eastern Gulf of Mexico) ¼ 124.5 cm
(49 in.) FL

Shepard et al. (2010)

L1 (Combined sexes, Gulf stock) ¼ 122.4 cm
(48.2 in.) FL

Ortiz and Palmer (2008),
Ortiz et al. (2008),
SEDAR 16 (2009)L1 (Females, Gulf Stock) ¼ 132.8 cm (52.3 in.) FL

L1 (Males, Gulf Stock) ¼ 100 cm (39.4 in.) FL

K (Males, western Gulf of Mexico) ¼ 0.20 per year DeVries and Grimes
(1997)K (Males, eastern Gulf of Mexico) ¼ 0.25 per year

K (Males, eastern Gulf of Mexico) ¼ 0.35 per year Shepard et al. (2010)

K (Females, western Gulf of Mexico) ¼ 0.15 per
year

DeVries and Grimes
(1997)

K (Females, eastern Gulf of Mexico) ¼ 0.17 per
year

K (Females, eastern Gulf of Mexico) ¼ 0.26 per
year

Shepard et al. (2010)

K (Combined sexes, Gulf stock) ¼ 0.18 per year Ortiz and Palmer (2008),
Ortiz et al. (2008),
SEDAR 16 (2009)

K (Females, Gulf Stock) ¼ 0.17 per year

K (Males, Gulf Stock) ¼ 0.23 per year

t0 (Males, western Gulf of Mexico) ¼ �2.7 years DeVries and Grimes
(1997)t0 (Males, eastern Gulf of Mexico) ¼ �1.8 years

t0 (Males, eastern Gulf of Mexico) ¼ �0.17 years Shepard et al. (2010)

t0 (Females, western Gulf of
Mexico) ¼ �2.7 years

DeVries and Grimes
(1997)

t0 (Females, eastern Gulf of Mexico) ¼ �1.8 years

t0 (Females, eastern Gulf of
Mexico) ¼ �0.17 years

Shepard et al. (2010)

t0 (Combined sexes, Gulf stock) ¼ �2.6 years Ortiz and Palmer (2008),
Ortiz et al. (2008),
SEDAR 16 (2009)

t0 (Females, Gulf Stock) ¼ �2.5 years

t0 (Males, Gulf Stock) ¼ �2.6 years

Age at first maturity Females: 5–6 years Johnson et al. (1983)

Females: 4 years Beaumariage (1973),
Gesteira and Mesquita

(1976), Finucane
et al. (1986)

Males: 3 years Beaumariage (1973)

(continued)
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Table 9.35. (continued)

Parameter Value Reference

Length at first maturity Females: Before reaching 86.1 cm (33.9 in.) FL Johnson et al. (1983)

Females: 60.2 cm (23.7 in.) FL; most >70.0 cm
(>27.6 in.) FL

Fitzhugh et al. (2008)

Females, first occurrence: 45.0–49.9 cm
(17.7–19.6 in.) FL

Finucane et al. (1986)

Females, 50 %: 55.0–59.9 cm (21.6–23.6 in.) FL

Spawning season May through October; peak May through July Fitzhugh et al. (2008),
Addis et al. (2011)

Spawning location Coastal waters of the southern and northern Gulf
of Mexico and off the South Atlantic coast

Burns (1981), Grimes
et al. (1990)

Common prey of juveniles
and adults

Schooling fishes including: Spanish sardine,
scaled sardine, Atlantic thread herring, round
scad, blue runner, Atlantic bumper, weakfish,
cutlassfish, flying fish, striped anchovy, and

scombrids; shrimps and squids

Beaumariage (1973),
Saloman and Naughton

(1983)

Common predators Pelagic sharks, little tunny, and dolphins GMFMC and SAFMC
(2011)
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Figure 9.59. Seasonal migratory pattern of king mackerel (Scomberomorus cavalla) in the Gulf of
Mexico hypothesized based on tagging data (Figure 4.2 redrawn from SEDAR 16 2009).
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9.3.10.2 Predators and Prey

King mackerel are opportunistic carnivores (Table 9.35). They eat a wide variety of
schooling pelagic fishes, including sardines, herrings, and anchovies, as well and shrimp and
squid (Table 9.35) (Beaumariage 1973; Saloman and Naughton 1983). Predators include sharks
and dolphins (Table 9.35).

9.3.10.3 Key Habitat Needs and Distribution

King mackerel commonly occur in depths of 12–45 m (39.4–147.6 ft) (Table 9.34), where the
principal fisheries occur. Both juvenile and adult king mackerel prefer epipelagic, neritic
tropical, subtropical, and temperate waters (Table 9.34). Larger fish (heavier than 9 kg or
19.8 lb) often occur inshore in the mouths of inlets and harbors; occasionally, they are found at
depths of 180 m (590 ft) at the edge of the Gulf Stream. King mackerel prefer water
temperatures in the range of 20–29 �C; their distribution may be limited by a minimum water
temperature tolerance of 20 �C (Table 9.34). The king mackerel is included as one of the Coastal
Migratory Pelagics for which essential fish habitat has been designated (Figure 9.60 and
Table 9.34).

Figure 9.60. Essential fish habitat for king mackerel (Scomberomorus cavalla), Spanish mackerel
(Scomberomorus maculatus), cobia (Rachycentron canadum), cero (Scomberomorus regalis),
little tunny (Euthynnus alletteratus), dolphinfish (Coryphaena hippurus), and bluefish (Pomato-
mus saltatrix) (from GMFMC 2004d).
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9.3.10.4 Fisheries

In the king mackerel recreational fishery, gear used includes trolling with various live and
dead baitfish, spoons, jigs, and other artificial lures (SEDAR 16 2009). Gear used in the king
mackerel commercial fishery includes run-around gill nets, trolling with large planers, and
heavy tackle and lures similar to those used by sport fishers. The recreational fishery lands
more king mackerel than the commercial fishery (Figure 9.61). Fishing mortality for Gulf of
Mexico king mackerel also includes discarded bycatch of king mackerel in the Gulf of Mexico
shrimp fishery, with most discards being YOY fish, and discarded dead fish in the recreational
fishery (Figure 9.62). The number of dead king mackerel discarded in the recreational fishery is
much smaller than the bycatch in the shrimp fishery (Figure 9.62).

King mackerel in the Gulf of Mexico are managed by the GMFMC and SAFMC under the
FMP for Coastal Migratory Pelagic Resources of the Gulf of Mexico and South Atlantic, which
was approved in 1982 and implemented in 1983 (Table 9.33). The limit reference points are
0.80 * BMSY (stock biomass that can produce MSY) for biomass, which is baseline to determine
if fish stock is overfished, and FMSY for fishing mortality, which is the baseline to determine if
overfishing occurs (SEDAR 16 2009). Overfishing has occurred in the past (Table 9.33), but the
Gulf of Mexico migratory group of king mackerel was not overfished and was not experiencing
overfishing in fishing year 2006/07 (Figure 9.63).

The recruitment of Gulf of Mexico king mackerel has fluctuated but has had an increasing
trend since the early 1980s (Figure 9.64). The stock abundance of all fish age 1 or older in the
Gulf of Mexico group also increased over time. A large increase in stock abundance appeared
to occur in fishing year 2003/04 (Figure 9.64). However, the estimation of the recent stock
abundance and recruitment tends to be subject to large uncertainty and even biases (most often

Figure 9.61. Landings of king mackerel (Scomberomorus cavalla) in the commercial and recrea-
tional fisheries in the U.S. Gulf of Mexico from 1981 through 2007 (data from SEDAR 16 2009).
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Figure 9.62. King mackerel (Scomberomorus cavalla) bycatch in the shrimp fishery and discarded
(dead) in the recreational fishery for the migratory group in the Gulf of Mexico from 1981 through
2007 (data from SEDAR 16 2009).

Figure 9.63. King mackerel (Scomberomorus cavalla) fishing mortality and the ratio of current
fishing mortality (F) versus the maximum fishing mortality threshold (MFMT), which is used to
determine if the fishery is subject to overfishing of the migratory group in the Gulf of Mexico, from
1983 through 2007 (data from SEDAR 16 2009).
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overestimation) because of retrospective errors in stock assessment (Mohn 1999). Therefore,
the large increase in stock abundance and recruitment in recent years should be interpreted
cautiously.

The king mackerel spawning stock has also increased over time. The ratio of spawning
stock to the minimum spawning stock threshold has become larger than one in recent years
(Figure 9.65), suggesting that the Gulf of Mexico king mackerel is not overfished.

9.3.11 Dolphinfish (Coryphaena hippurus)

Dolphinfish, often referred to as mahi-mahi or dorado, are large, fast-swimming, and
surface-dwelling fishes found in off-shore temperate, tropical, and ocean waters worldwide
(Figure 9.66) (NMFS 2009c). The range of dolphinfish in the Gulf of Mexico is shown in
Figure 9.67. As one of the top coastal pelagic predators, dolphinfish play an important role in
the Gulf of Mexico ecosystem; in addition, they are a significant species in both commercial
and recreational fisheries in the Gulf of Mexico (NMFS 2009c). While details are included in the
paragraphs that follow, life history, habitat, and stock and fisheries information for dolphinfish
are summarized in Tables 9.36, 9.37, and 9.38.

Figure 9.64. Recruitment measured as the abundance of king mackerel (Scomberomorus cavalla)
at age 0 and stock abundancemeasured as number of fish age 1 or older for the migratory group in
the Gulf of Mexico from 1981 through 2007 (data from SEDAR 16 2009).
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Figure 9.65. King mackerel (Scomberomorus cavalla) spawning stock measured as the abun-
dance of hydrated eggs (SSB) and the ratio of spawning stock versus minimum spawning stock
threshold (MSST), which is a pre-set spawning stock biomass used to determine if the stock is
overfished for the migratory group in the Gulf of Mexico from 1981 through 2007 (data from SEDAR
16 2009).

Figure 9.66. Dolphinfish (Coryphaena hippurus) underwater off the Florida coast (from Ftlaudgirl
2016b).
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9.3.11.1 Key Life-History Processes and Ecology

Females may spawn 2–3 times per year, and produce between 80,000 and 1,000,000 eggs
per spawning event, depending on their sizes (Beardsley 1967). Dolphinfish spawn in warm
ocean currents (water temperatures greater than 24 �C) throughout much of the year
(Tables 9.36, 9.37, and 9.38), and spawning occurs in the open water when the water tempera-
ture rises. The spawning season varies greatly with latitude. In the northern Gulf of
Mexico, spawning occurs at least from April through December, while spawning takes place
throughout the year in the southern Gulf of Mexico, and oceanic waters are preferred
(Tables 9.36 and 9.37).

Larval and juvenile dolphinfish are commonly found in floating seaweed (Gibbs and
Collette 1959; Beardsley 1967; Rose and Hassler 1974). In waters above 34 �C, dolphinfish
larvae are found year-round, with greater numbers detected in spring and fall. In a study
conducted in the northern Gulf of Mexico, 70 % of the youngest larvae collected were found at
a depth greater than 180 m (590 ft).

Dolphinfish are among the fastest-growing fish, and they become sexually mature within a
few months (Table 9.36). The length at maturity varies spatially, ranging from 35 to 53 cm
(13.8–20.9 in.) FL (Table 9.36).

Figure 9.67. Range of the dolphinfish (Coryphaena hippurus) in the Gulf of Mexico (from
NOAA 2013b).
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Table 9.36. Summary of Life-History Information for Dolphinfish (Coryphaena hippurus)

Parameter Value Reference

von Bertalanffy growth
model parameters (see
Table 9.6 for explanation)

L1 (Caribbean) ¼ 120.8 cm (47.6 in.) SL;
155.9 cm (61.4 in.) TL

Oxenford (1985)

L1 (Puerto Rico) ¼ 142.7 cm (56.2 in.) FL Rivera and Appeldoorn (2000)

L1 (South Florida) ¼ 171.0 cm (67.3 in.) FL Prager (2000)

K (Caribbean) ¼ 3.5 per year Oxenford (1985)

K (Puerto Rico) ¼ 2.2 per year Rivera and Appeldoorn (2000)

K (South Florida) ¼ 0.58 per year Prager (2000)

t0 (Caribbean) ¼ 0.05 years Oxenford (1985)

t0 (Puerto Rico) ¼ �0.05 years Rivera and Appeldoorn (2000)

t0 (South Florida) ¼ 0.7 years Prager (2000)

Age at first maturity Sexes combined: 6–7 months Beardsley (1967)

Females: 3–4 months/Males: 4 months Bentivoglio (1988)

Length at first maturity Gulf of Mexico, sexes combined: 53.0 cm
(20.9 in.) FL

GMFMC and SAFMC (2011)

Gulf of Mexico, females: 49.0–52.0 cm
(19.3–20.5 in.) FL

Bentivoglio (1988)

Gulf of Mexico, males: 52.8 cm (20.8 in.) FL

Florida, sexes combined: 35.0 cm (13.8 in.)
FL

GMFMC and SAFMC (2011)

Florida, females: 35.0 cm (13.8 in.) FL Beardsley (1967)

Florida, males: 42.7 cm (16.8 in.) FL

Spawning season Spawning season varies with latitude: year-
round in the Florida Current, peak from
November through July; year- round in
southern Gulf of Mexico; at least April
through December in northern Gulf of

Mexico, peaks in spring and early fall; from
June through July in the Gulf Stream near

North Carolina

Gibbs and Collette (1959),
Beardsley (1967), Powels and

Stender (1976), Ditty
et al. (1994), GMFMC and

SAFMC (2011)

Spawning location Waters warmer than 24 �C in the Atlantic
along the Southeast United States, the Gulf

of Mexico, Puerto Rico, and Barbados;
prefers oceanic waters rather than shelf

waters in the Gulf of Mexico

Beardsley (1967), Ditty
et al. (1994)

Common prey of juveniles
and adults

Small fishes, crabs, and shrimps associated
with Sargassum; small oceanic pelagic
species, such as flying fishes, halfbeaks,

mackerels, man-o-war fish, Sargassum fish,
and rough triggerfish; juveniles of large
oceanic pelagic species, including tunas,
billfishes, jacks, and dolphinfish; pelagic

larvae of neritic, benthic species, including
flying gurnards, triggerfishes, pufferfishes,

and grunts; invertebrates such as
cephalopods, mysids, and scyphozoans

Manooch et al. (1984); SEFSC
(1998), Oxenford (1999),

GMFMC and SAFMC (2011)

Common predators of
juveniles and adults

Large tunas, sharks, marlins, sailfishes, and
swordfishes

Oxenford (1999), GMFMC and
SAFMC (2011)
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Table 9.38. Summary of Stock and Fisheries Information for Dolphinfish (Coryphaena hippurus)

Parameter Value Reference

General geographic
distribution

Broadly distributed in tropical to warm-
temperate waters of the Atlantic, Pacific, and
Indian Oceans; in the North Atlantic, from
New England to Brazil, including the Gulf of

Mexico and Caribbean

NMFS (2009c)

Commercial importance High

Recreational importance High

Management agency South Atlantic, Mid-Atlantic, and New
England Fishery Management Councils;
included in the GMFMC Coastal Pelagics
Fishery, but not the management unit

NMFS (2009c)

Management boundary U.S. Atlantic waters; southern boundary at
the border between the GMFMC and

SAFMC

GMFMC and SAFMC (2011)

Stock structure within
the Gulf of Mexico

Single stock in the Atlantic, U.S. Caribbean,
and Gulf of Mexico

Status (overfished/
overfishing)

No overfishing occurring 2000–2011; not
overfished 2000–2011

NMFS (2001, 2002b, 2003,
2004, 2005, 2006a, 2007, 2008,

2009a, 2009c, 2010, 2011)

Table 9.37. Summary of Habitat Information for Dolphinfish (Coryphaena hippurus)

Parameter Value Reference

Habitat preferences and
spatial/temporal distribution
for juveniles and adults

Tropical and subtropical waters; closely
associated with floating objects and

Sargassum; able to tolerate salinities from
16 to 26 ppt; typically restricted to waters

warmer than 20 �C, but can tolerate
temperatures from 15 to 29.3 �C; December

through February off Puerto Rico; April
through May in the Bahamas; May through
June off the Florida east coast and Georgia;
June through July off the Carolinas coast; July
through August off Bermuda; April through

August in the Gulf of Mexico

Gibbs and Collette (1959),
Beardsley (1967), Rose
and Hassler (1974),
Hassler and Hogarth

(1977), Oxenford and Hunt
(1986), SEFSC (1998),

Oxenford (1999), GMFMC
and SAFMC (2011)

Habitat preferences and
spatial/temporal distribution
for spawning adults

Waters warmer than 24 �C in the Atlantic along
the Southeast United States, Gulf of Mexico,
Puerto Rico, and Barbados; prefers oceanic
waters rather than shelf waters in the Gulf of
Mexico; spawning season varies with latitude;
year-round in the Florida Current, peak from

November through July; year-round in
southern Gulf of Mexico; at least April through
December in northern Gulf of Mexico, peaks in
spring and early fall; from June through July

in the Gulf Stream near North Carolina

Gibbs and Collette (1959),
Beardsley (1967), Powels
and Stender (1976), Ditty
et al. (1994), GMFMC and

SAFMC (2011)

Designated essential fish
habitat

All estuaries in the U.S. Gulf of Mexico; the
U.S./Mexico border to the boundary between
the areas covered by the GMFMC and the
SAFMC from estuarine waters out to depths

of 100 fathoms (180 m; 600 ft)

GMFMC (2005)
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The estimatedM ranged from 0.68 to 0.80 per year in a previous stock assessment (Prager
2000). This range is consistent with the values used for yellowfin tuna that are also a wide-
ranging, fast-growing, and predatory species found in similar warm ocean waters.

Some studies suggest that there might be multiple dolphinfish stocks based on the analysis
of biological and morphological variables (Oxenford and Hunt 1986; Duarte-Neto et al. 2008;
Lessa et al. 2009). However, genetic connectivity was found between migratory groups in the
Atlantic, Caribbean, and Gulf of Mexico, which leads to the definition of a single stock in the
Atlantic, U.S. Caribbean, and Gulf of Mexico for dolphinfish (GMFMC and SAFMC 2011).
Impacts of uncertainty regarding stock structure were evaluated in an assessment by the
Caribbean Regional Fisheries Mechanism (CRFM 2006).

9.3.11.2 Predators and Prey

Dolphinfish are carnivorous and feed on a variety of fish and invertebrates; examples
include crabs and shrimps associated with Sargassum and juvenile tunas, billfishes, jacks, and
dolphinfish (Table 9.36). Predators of dolphinfish include large tunas, marlins, sailfishes, and
swordfishes, as well as sharks (Table 9.36).

9.3.11.3 Key Habitat Needs and Distribution

Both juvenile and adult dolphinfish prefer tropical and subtropical oceanic waters and are
closely associated with floating objects and Sargassum (Table 9.37). While juveniles are
restricted to waters that are warmer than 20 �C, adults can tolerate temperatures ranging
from 15 to 29.3 �C.

Essential fish habitat has been designated for seven species managed as Coastal Migratory
Pelagics, and dolphinfish is included as one of the species. Table 9.37 contains a description of
the designated habitat for dolphinfish; it is shown in Figure 9.60, with that of several other Gulf
of Mexico fish species.

9.3.11.4 Fisheries

The dolphinfish supports an important recreational and commercial fishery in the Gulf of
Mexico (Table 9.38). From 1998 to 2006, on average, 6,240 metric tons (13.8 million lb) of
dolphinfish were landed in the recreational fishery, which consisted of 94 % of the total
dolphinfish landings; commercial fishermen landed 415 metric tons (914,909 lb) (NMFS
2009c). The total landings of dolphinfish increased from 2,100 metric tons (4.6 million lb) in
1981 to a peak of 11,300 metric tons (24.9 million lb) in 1997. Dolphinfish landings decreased to
5,800 metric tons (12.8 million lb) in 2006 (NMFS 2009c). Multiple councils manage dolphinfish
(Table 9.38).

A time series of relative abundance index data was developed based on U.S. longline
fishery data, which was then used for the assessment of dolphinfish using a surplus production
model (Prager 2000). The estimated MSY was about 12,000 metric tons (26.5 million lb)/year,
and the estimated fishing mortality that yielded MSY (FMSY) was about 0.5 per year. The
estimated stock biomass in 1998 was above BMSY, suggesting that the stock was not overfished
in 1998. This assessment suggested some increase in stock size relative to previous estimates
and that the fishery was sustainable (Prager 2000). Although a large uncertainty may exist in the
assessment as a result of the quality and quantity of data and uncertainty about the stock
structure, a recent assessment suggested that there was no decline in catch per unit effort
(CPUE) indices and that the current fishing mortality level appears to be sustainable (Collette
et al. 2012). The life history of fast growth, early maturation, and high M suggests that
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dolphinfish may be able to withstand a relatively high exploitation rate. Overfishing appears not
to be occurring, and the dolphinfish stock was not overfished from 2000 through 2011
(Table 9.38).

9.3.12 Striped Mullet (Mugil cephalus)

The striped mullet is a cosmopolitan species distributed worldwide throughout estuarine,
coastal tropical, and warm temperate waters (Figure 9.68) (Addis et al. 2011); its distribution
throughout the Gulf of Mexico is shown in Figure 9.69. Striped mullet are catadromous, which
means they spawn in saltwater, but return to freshwater to feed and grow (De Silva 1980).

As a widely distributed, abundant, and low trophic level fish, striped mullet play an
important role in Gulf of Mexico coastal ecosystems (McEachran and Fechhelm 2005). It
captures and transfers food and energy that cannot be utilized by other finfish species of higher
trophic levels and is an important prey species for many finfish and sharks. In addition, striped
mullet support one of the most important inshore commercial finfish fisheries in Florida
(Mahmoudi 2000, 2005, 2008). In the tables (Tables 9.39, 9.40, and 9.41) and text that follow,
life history, habitat, and stock and fisheries information for striped mullet are summarized.

9.3.12.1 Key Life-History Processes and Ecology

The movement of spawning adult to offshore spawning areas may be linked to lunar or
tidal cycles (Rivas 1980). In the northern Gulf of Mexico, peak spawning occurs in November
and December; spawning occurs slightly later in the more southern areas of the eastern and
western Gulf of Mexico (Table 9.39).

The fecundity of a female depends on its size and ranges from 250,000 to 2.2 million eggs.
Striped mullet appear to spawn only once each year, and eggs are small, non-adhesive, and
pelagic (Collins 1985; Greeley et al. 1987). Fertilization is external in the water column (Ross
2001), and fertilized eggs hatch in about 48 h. Nocturnal spawning, followed by the rapid

Figure 9.68. A school of striped mullet (Mugil cephalus) swim along the bottom of Fanning
Springs, Florida (from Wood 2016).
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development of fertilized eggs, may reflect possible adaptations minimizing the probability of
eggs being exposed to heavy waves (Martin and Drewry 1978).

Juvenile and adult striped mullet can be found in freshwater, as well as shallow marine and
estuarine waters (Table 9.40). Both males and females approach sexual maturity in freshwater
(Ross 2001), which occurs after 2–3 years of age (Table 9.39). The life span of striped mullet is
about 5 or 6 years, but few striped mullet live past 4 years (Rivas 1980).

TheM of striped mullet was assumed to be 0.3 per year, constant for all age groups and for
all years, in the Florida stock assessment (Mahmoudi 2005). However, the reliability of this
assumed M remains unknown.

Striped mullet distributed in the U.S. Gulf of Mexico are considered a unit stock. However,
because of limited movements and wide distribution in various habitats of the Gulf of Mexico,
their key life-history parameters, such as growth and maturation, may have large spatial
variability, and they tend to be assessed and managed under regional or state-specific manage-
ment programs (Leard et al. 1995).

9.3.12.2 Predators and Prey

The striped mullet is a detritivore/invertivore and a filter feeder (Goldstein and Simon
1999), and common food sources for juveniles and adults include microalgae, diatoms, dino-
flagellates, plant detritus, and organic sediments (Table 9.39). They usually feed at surface

Figure 9.69. Range of the striped mullet (Mugil cephalus) in the Gulf of Mexico and along the
Florida east coast (from USGS 2010b).
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Table 9.39. Summary of Life-History Information for Striped Mullet (Mugil cephalus)

Parameter Value Reference

von Bertalanffy growth
model parameters (see
Table 9.6 for
explanation)

L1 (Florida Central West coast, females) ¼ 45.2 cm
(17.8 in.) TL

Mahmoudi (1991)

L1 (Florida Central West coast, males) ¼ 36.3 cm
(14.3 in.) TL

L1 (Apalachicola Bay, Florida, females) ¼ 36.1 cm
(14.2 in.) TL

L1 (Apalachicola Bay, Florida, males) ¼ 32.8 cm
(12.9 in.) TL

L1 (Pensacola Bay, Florida, females) ¼ 42.2 cm
(16.6 in.) TL

L1 (Pensacola Bay, Florida, males) ¼ 36.1 cm
(14.2 in.) TL

L1 (Veracruz, Mexico, females) ¼ 62.2 cm (24.5 in.)
TL

Ibañez Aguirre
et al. (1999)

L1 (Veracruz, Mexico, males) ¼ 60.2 cm (23.7 in.) TL

K (Florida Central West coast, females) ¼ 0.385 per
year

Mahmoudi (1991)

K (Florida Central West coast, males) ¼ 0.66 per
year

K (Apalachicola Bay, Florida, females) ¼ 0.85 per
year

K (Apalachicola Bay, Florida, males) ¼ 1.07 per year

K (Pensacola Bay, Florida, females) ¼ 0.42 per year

K (Pensacola Bay, Florida, males) ¼ 0.65 per year

K (Veracruz, Mexico, females) ¼ 0.11 per year Ibañez Aguirre
et al. (1999)K (Veracruz, Mexico, males) ¼ 0.11 per year

t0 (Florida Central West coast,
females) ¼ -0.13 years

Mahmoudi (1991)

t0 (Florida Central West coast, males) ¼ 0.003 years

t0 (Florida Central West coast, males) ¼ �0.11 years

t0 (Apalachicola Bay, Florida, males) ¼ �0.17 years

t0 (Pensacola Bay, Florida, females) ¼ �0.13 years

t0 (Pensacola Bay, Florida, males) ¼ �0.26 years

t0 (Veracruz, Mexico, females) ¼ �2.67 years Ibañez Aguirre
et al. (1999)t0 (Veracruz, Mexico, males) ¼ �2.98 years

Age at first maturity 2–3 years Broadhead (1953,
1958), Rivas (1980),

Thompson et al. (1989),
Mahmoudi (2000)

Length at first maturity 29–38 cm (11.4–14.9 in.) FL Mahmoudi (2000)

Spawning season Mid-October through late January; peak spawning
occurs in November and December for the northern
Gulf of Mexico and slightly later in the more southern

areas in the eastern and western Gulf of Mexico

Thompson et al. (1989),
Mahmoudi (1991), Ditty

and Shaw (1996)

(continued)
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Table 9.39. (continued)

Parameter Value Reference

Spawning location Typically occurs near the surface in offshore marine
waters

Ditty and Shaw (1996)

Common food sources
for juveniles and adults

Epiphytic and benthic microalgae, benthic diatoms
and dinoflagellates, plant detritus, and organic

sediments

Odum (1970), Collins
(1981), Addis
et al. (2011)

Common predators Common snook, spotted seatrout, red drum,
hardhead catfish, southern flounder, bull shark,
alligator gar, sea birds, and marine mammals

Gunter (1945), Breuer
(1957), Simmons

(1957), Darnell (1958),
Thomson (1963)

Table 9.40. Summary of Habitat Information for Striped Mullet (Mugil cephalus)

Parameter Value Reference

Habitat preferences and
spatial/temporal
distribution of juveniles

Nursery areas are thought to be secondary and
tertiary bays; salinities ranging from 0 to 35 ppt;
temperature from 5 to 34.9 �C; juveniles spend the
rest of their first year of life in coastal waters, salt
marshes, and estuaries; often move to deeper

water in the fall when the adults migrate offshore to
spawn; large numbers of immature mullet

overwinter in estuaries

Perret et al. (1971),
Nordlie et al. (1982),

Collins (1985), Mahmoudi
(2000)

Habitat preferences
and spatial/temporal
distribution of adults

Reside in fresh waters and shallow marine and
estuarine waters nearshore, including open

beaches, flats, lagoons, bays, rivers, salt marshes,
and grass beds; prefer soft sediments, such as
mud and sand, containing decaying organic

detritus, but also occur over fine silt, ground shell,
and oyster bars; salinities ranging from 0 to 35 ppt;
temperatures from 5 to 34.9 �C; do not move or

migrate extensively outside of estuaries, except to
spawn

Gunter (1945),
Broadhead and Mefford
(1956), Simmons (1957),
Arnold and Thompson

(1958), Perret
et al. (1971), Moore

(1974), Nordlie
et al. (1982), Collins

(1981, 1985), Mahmoudi
(2000)

Habitat preferences
and spatial/temporal
distribution of spawning
adults

In the fall, large schools of adult mullet gather near
the lower parts of rivers and the mouths of bays in
preparation for traveling to the open sea; fall and
winter: migrate out of bays and estuaries to spawn
in deep open water; may also spawn inshore, near
passes along outside beaches, and in the ocean
near inlets; distances of 8–32 km (4.9–19.9 miles)
offshore and in water deeper than 40 m (131.2 ft);

spawning has been observed 65–80 km
(40.4–49.7 miles) offshore over water

1,000–1,800 m (3,281–5,905 ft) deep in the Gulf of
Mexico; in Florida, spawning migrations are

typically southward along the east coast and the
west coast from Cedar Key to Homosassa;

migrations from Tampa Bay are usually northward;
return to the estuaries and ascend toward
freshwater after the spawning season

Breder (1940), Gunter
(1945), Taylor (1951),
Broadhead (1953),

Anderson (1958),Arnold
and Thompson (1958),
Futch (1966, 1976),

Finucane et al. (1978),
Collins (1985), Mahmoudi

(1993, 2000), Leard
et al. (1995), Ditty and

Shaw (1996)

Designated essential fish
habitat

None designated because not federally managed
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boundaries by sucking up mud surfaces or grazing on diatoms or algae attached to rock or plant
surfaces (Odum 1970; Ross 2001). Larvae tend to feed on microcrustaceans, such as copepods
and insect larvae (Etnier and Starnes 1993). When striped mullet reach 40 mm (1.6 in.) SL, their
feeding shifts from grazing on surface/subsurface materials to digging into bottom sediments.
Fish reaching 110 mm (4.3 in.) SL can dig 5–7 mm (0.2–0.3 in.) into the sediment, and a striped
mullet of 200 mm (7.9 in.) SL may filter over 450 kg (992 lb) of bottom sediment in a year. Sand
grains can consist of 50–60 % of the diet of fish larger than 40 mm (1.6 in.) SL (Odum 1970;
Eggold and Motta 1992). Adult striped mullet may feed opportunistically on animal prey when
highly abundant (e.g., spawning aggregations of marine bristleworms) (Bishop and Miglarese
1978). Bacteria may be important in the diet of striped mullet in muddy areas (Moriarity 1976).
Feeding becomes active during the daytime, peaking near midday, and starts to decline in the
afternoon. Digestion rates were found to be lower for fish inhabiting freshwater, compared to
those in saltwater (Perera and De Silva 1978).

Striped mullet have many predators (Table 9.39). They include snooks, seatrouts, drums,
catfishes, flounders, sharks, and gars, as well as sea birds and marine mammals.

9.3.12.3 Key Habitat Needs and Distribution

Striped mullet often enter and inhabit estuaries and freshwater environments (McEachran
and Fechhelm 2005). Adult mullet can be found in waters ranging from 0 to 75 ppt salinity, but
juveniles cannot tolerate such wide salinity ranges. The habitat preferences of juvenile and adult
striped mullet include shallow estuarine and marine waters, as well as contiguous freshwaters
(Table 9.40). Because it is not federally managed, essential fish habitat has not been designated
for striped mullet in the Gulf of Mexico.

Table 9.41. Summary of Stock and Fisheries Information for Striped Mullet (Mugil cephalus)

Parameter Value Reference

General geographic
distribution

Distributed worldwide inhabiting estuaries and
coastal waters in all oceans between latitudes

of 42�N and 42�S; in the western Atlantic
from Brazil to Nova Scotia; most abundant

at sub-tropical latitudes

Thomson (1963), Hoese
and Moore (1998), Addis

et al. (2011)

Commercial importance Medium

Recreational importance High

Management agency The GSMFC; individual Gulf States are directly
responsible for management

Leard et al. (1995)

Management boundary State jurisdictional waters

Stock structure within the
Gulf of Mexico

The total population of striped mullet occurring
in the U.S. Gulf of Mexico is considered a unit
stock. However, due to limited movements,

populations may be managed under regional or
state-specific management programs.

Status (overfished/
overfishing)

Florida stocks not subject to overfishing from
1995 to 2007; not overfished from 1995 to 2007

Mahmoudi (2000, 2005,
2008)
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9.3.12.4 Fisheries

The commercial fishery for ripe striped mullet increased significantly in the early 1980s as a
result of development of the roe export market (Mahmoudi 2000, 2005, 2008). Various
regulations have been implemented in the management of the striped mullet fishery since
1989, and commercial fishing has been strictly restricted since 1995, when Florida prohibited the
use of gill and other entangling nets in state waters. This caused a rapid decline in landings and
fishing effort since 1995, especially on the Florida Gulf coast. Important regulations developed
for managing the mullet fishery included seasonal closures in the early 1950s, a minimum size
in 1989, gear restrictions and temporal closures in the early 1990s, and the elimination of the use
of gill nets in 1995 (Mahmoudi 2000, 2005, 2008).

The striped mullet is a very important species targeted by the recreational fishery for food
and bait in the Gulf of Mexico (Mahmoudi 2000, 2005, 2008). Cast nets are used almost
exclusively in the striped mullet recreational fishery. In Florida, landings in the recreational
fishery were less than 14 % of the total statewide striped mullet landings from 1998 through
2001 and fluctuated widely from year to year. Since 1995, annual recreational harvests have
averaged 356,909 fish (169,250 kg or 373,132 lb) and 425,055 fish (352,713 kg or 777,600 lb) on
the Northwest and Southwest Florida Gulf coasts, respectively.

The stripedmullet fishery is managed bymultiple entities, and the Florida stripedmullet stocks
have not been overfished andwere not subject to overfishing in recent years (Table 9.41). No formal
stock assessment has been conducted for striped mullet in other parts of the Gulf of Mexico.

The fishing mortality rate of striped mullet in Florida waters has declined significantly since
the net ban was implemented on both coasts of Florida in 1995. The recent fishingmortality rates
were below the management target levels (Mahmoudi 2008). This has resulted in a gradual
increase of the spawning stock biomass especially along the Florida Gulf coast, where over 85 %
of striped mullet are landed. The current striped mullet stocks appear to be healthy, and current
levels of fishing effort appear to be sustainable (Mahmoudi 2008).

9.3.13 Greater Amberjack (Seriola dumerili)

The greater amberjack is the largest genus in the family Carangidae, with a maximum
length of 200 cm (78.7 in.) (Figure 9.70) (Murie and Parkyn 2010). It is a popular fish targeted in
recreational fisheries, as well as in commercial fisheries and was selected as the representative
jack species for evaluation in this chapter.

Greater amberjack are widely distributed in the Gulf of Mexico (Figure 9.71). In the
southern Gulf of Mexico, they sometimes move to nearshore waters (Harris et al. 2007).
Greater amberjack are often found near reefs, including artificial reefs, floating wrecks, and
offshore oil and gas platforms in the northern Gulf of Mexico. Information regarding the life
history, habitat preferences, and stock and fisheries for the greater amberjack is summarized in
the tables (Tables 9.42, 9.43, and 9.44) and paragraphs below

9.3.13.1 Key Life-History Processes and Ecology

Greater amberjack spawn from March through June, and little is known regarding the
spawning aggregations of the Gulf of Mexico population. The age and length of maturity of
female greater amberjack is variable and ranges from 1 to 6 years (Table 9.42).

The daily instantaneous M was estimated at 0.005 for YOY greater amberjack from 40 to
130 days old, resulting in a cumulative M of 36 % for a 100-day period (Wells and Rooker
2004b). Greater amberjack in the Gulf of Mexico tend to have a life span of at least 15 years,
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Figure 9.71. Range of the greater amberjack (Seriola dumerili) in the Gulf of Mexico (from
NOAA 2013c).

Figure 9.70. School of greater amberjack (Seriola dumerili) around a shipwreck (from semet 2013).
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Table 9.42. Summary of Life-History Information for Greater Amberjack (Seriola dumerili)

Parameter Value Reference

von Bertalanffy growth
model parameters (see
Table 9.6 for explanation)

L1 (Combined sexes, Gulf of Mexico) ¼ 111 cm
(43.7 in.) FL

Manooch and Potts
(1997a)

L1 (Combined sexes, Gulf of
Mexico) ¼ 171.2 cm (67.4 in.) FL

Schirripa and Burns (1997)

L1 (Combined sexes, Gulf of
Mexico) ¼ 138.9 cm (54.7 in.) FL

Beasley (1993),
Thompson et al. (1999)

K (Combined sexes, Gulf of Mexico) ¼ 0.23 per
year

Manooch and Potts
(1997a)

K (Combined sexes, Gulf of Mexico) ¼ 0.26 per
year

Schirripa and Burns (1997)

K (Combined sexes, Gulf of Mexico) ¼ 0.25 per
year

Beasley (1993),
Thompson et al. (1999)

t0 (Combined sexes, Gulf of
Mexico) ¼ �0.72 years

Manooch and Potts
(1997a)

t0 (Combined sexes, Gulf of
Mexico) ¼ �0.04 years

Schirripa and Burns (1997)

t0 (Combined sexes, Gulf of
Mexico) ¼ �0.79 years

Beasley (1993),
Thompson et al. (1999)

Age at first maturity Females: 1–6 years Harris et al. (2007)

Females, 50 %: 3–4 years

Females, 50 %: 3 years Thompson et al. (1991)

Females, 50 %: 4 years SEDAR 9 Update (2011)

Length at first maturity Smallest female: 50.1 cm (19.7 in.) FL Murie and Parkyn (2010)

Females, 50 %: 85–90 cm (33.5–35.4 in.) FL

Females, 50 %: 71.9–74.5 cm (28.3–29.3 in.) FL Harris et al. (2007)

Spawning season March through June, peak around April through
May

Thompson et al. (1991),
Beasley (1993), McClellan
and Cummings (1997),
Wells and Rooker (2003,

2004a, b), Sedberry
et al. (2006), Harris

et al. (2007), Murie and
Parkyn (2010)

Spawning location In the Atlantic, from North Carolina to the Florida
Keys, concentrated in areas off South Florida

and the Florida Keys; it is not known if the Gulf of
Mexico population utilizes the spawning area off

South Florida; Gulf of Mexico spawning
aggregations have not been discussed in the

literature

McClellan and Cummings
(1997), Harris et al. (2007),
SEDAR 9 Update (2011)

Common prey of adults Bigeye scad, sardines, and squids Andovora and Pipitone
(1997)

Common predators Yellowfin tuna, European hake, brown noddy,
and sooty tern

Andovora and Pipitone
(1997)
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Table 9.44. Summary of Stock and Fisheries Information for Greater Amberjack (Seriola dumerili)

Parameter Value Reference

General geographic
distribution

A pelagic and epibenthic, reef-associated
species with circumglobal distribution in warm-

temperate waters; in the western Atlantic,
ranges from Nova Scotia to Brazil, including

Bermuda, the Gulf of Mexico, and the Caribbean

Manooch (1984), Harris
et al. (2007)

Commercial importance Medium

Recreational importance Medium–High

Management agency GMFMC (Gulf stock) and SAFMC (Atlantic
stock)

SEDAR 9 (2006)

Management boundary The geographic boundary of the Gulf and
Atlantic management units occurs from

approximately the Dry Tortugas through the
Florida Keys and to the mainland of Florida

Stock structure within the
Gulf of Mexico

Gulf stock inhabits the northern Gulf of Mexico
and along Southwest Florida; Atlantic stock

inhabits South Florida, the Florida Keys, and the
U.S. South Atlantic region

Gold and Richardson
(1998), SEDAR 9 (2006)

Status (overfished/
overfishing)

Overfishing occurring from 2004 to 2011;
overfished from 2001 to 2011

NMFS (2001, 2002b,
2003, 2004, 2005, 2006a,
2007, 2008, 2009a, 2010,

2011)

Table 9.43. Summary of Habitat Information for Greater Amberjack (Seriola dumerili)

Parameter Value Reference

Habitat preferences and

temporal/spatial distribution of

juveniles

Associated with pelagic Sargassum mats until 5–6

months of age, after which juveniles transition to

adult habitat, including reefs, rock outcrops, and

wrecks; YOY are most common during May and

June in offshore waters of the Gulf of Mexico

Bortone et al. (1977), Manooch

and Potts (1997b), Wells and

Rooker (2004a, b), Ingram

(2006)

Habitat preferences and

temporal/spatial distribution of

adults

Pelagic and epibenthic; congregate around reefs,

rock outcrops, and wrecks in depths ranging from

18 to 72 m (59–236.2 ft); tagging studies of the Gulf

of Mexico population demonstrated no trends in

movement; in the northern Gulf of Mexico,

movements appear random; some fish from West-

Central Florida move to South Florida, where some

evidence of stock mixing occurs

McClellan and Cummings

(1997), Manooch and Potts

(1997a), Carpenter (2002),

SEDAR 9 (2006a), Harris

et al. (2007)

Habitat preferences and

temporal/spatial distribution of

spawning adults

In the South Atlantic, known to spawn over both the

middle and outer shelf, as well as on upper-slope

reefs from 45 to 122 m (147.6–400.3 ft), with bottom

temperatures around 24 �C; during the winter,

individuals from the Atlantic population move into

Florida’s Atlantic waters for spring spawning, which

primarily occurs off South Florida and the Florida

Keys during April and May; some fish from West-

Central Florida showed movement to South Florida,

where some evidence of stock mixing occurs

McClellan and Cummings

(1997), Lee and Williams

(1999), Sedberry et al. (2006),

Harris et al. (2007)

Designated essential fish

habitat

All Gulf of Mexico estuaries; the U.S./Mexico border

to the boundary between the areas covered by the

GMFMC and the SAFMC from estuarine waters out

to depths of 100 fathoms

GMFMC (2005)

Fish Resources of the Gulf of Mexico 983



based on age samples available (Manooch and Potts 1997b; Thompson et al. 1999). Using the
method of Hoenig (1983), this yields a value forM of 0.28. TheM used in the stock assessments
is 0.25 (Turner et al. 2000; SEDAR 9 2006).

9.3.13.2 Predators and Prey

Juvenile greater amberjack feed mainly on planktonic decapods and other small inverte-
brates (Andovora and Pipitone 1997). Adult greater amberjack are opportunistic predators,
feeding on benthic and pelagic fishes and invertebrates, such as scads, sardines, and squids
(Table 9.42). Predators of the greater amberjack in the Gulf of Mexico often include larger
fishes, such as tunas, and seabirds, such as brown noddys and sooty terns (Table 9.42).

9.3.13.3 Key Habitat Needs and Distribution

Juvenile greater amberjack are associated with pelagic Sargassum mats until about
6 months of age (Table 9.43). The habitat of adults includes pelagic and epibenthic waters,
and greater amberjack congregate around reefs, rock outcrops, and wrecks (Ingram, 2006).
Some greater amberjack are full-time residents along the Florida Gulf and Atlantic coasts,
while others may migrate from the South Atlantic Bight into inshore waters during certain
times of the year. Greater amberjack tend to congregate in schools when they are young;
however, the schooling behavior changes as the fish grow older, and old fish are primarily
solitary.

The greater amberjack is managed under the Reef Fish FMP by the GMFMC (GMFMC
2004a). Essential fish habitat that has been designated for Reef Fish is shown in Figure 9.6 and
described in Table 9.43.

9.3.13.4 Fisheries

Greater amberjack are caught primarily with hydraulic reels, handlines, rods-and-reels,
longlines, and traps. For stock assessment and management, greater amberjack are considered
as two stocks in the United States (Table 9.44). The Gulf of Mexico stock inhabits the northern
Gulf of Mexico and along the Southwest Florida coast, while the South Atlantic stock inhabits
South Florida, the Florida Keys, and the U.S. South Atlantic region (Gold and Richardson 1998;
SEDAR 9 2006).

Various management regulations have been in place since 1998 within the Gulf of Mexico
fishery (SEDAR 9 2006). The bag limit is one fish per day in the recreational fishery, with a
71.1 cm (28 in.) minimum legal length. In the commercial fishery, the minimum legal size is
91.4 cm (36 in.), and there is a seasonal closure from March through May when greater
amberjack spawn. The majority of greater amberjack commercial landings are from handline
(Figure 9.72). The landings increased dramatically during the 1980s, but have exhibited a
decreasing trend since the late 1980s. Since 1998, the landings have fluctuated from year to
year, but are relatively stable compared to the variability in landings observed in the 1980s and
1990s (Figure 9.72).

The abundance of greater amberjack in the Gulf of Mexico decreased in the late 1980s
through the mid-1990s (Figure 9.73). However, the stock assessment conducted in 2006
(SEDAR 9 2006) indicated that the stock abundance increased after 1998, reaching a high
level in 2000, but then decreased again (Figure 9.73). Spawning stock fecundity had similar
temporal trends as recruitment prior to 1998 (Figure 9.74) (SEDAR 9 2006). However, after
1998, the stock fecundity had an opposite temporal trend compared to the recruitment (e.g., an
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Figure 9.73. Greater amberjack (Seriola dumerili) abundance for different age groups in the Gulf of
Mexico from 1987 through 2005 (data from SEDAR 9 2006).

Figure 9.72. Landings of greater amberjack (Seriola dumerili) by gear type (longline and handline)
and area (western Gulf of Mexico and eastern Gulf of Mexico) in the Gulf of Mexico from 1963
through 2004 (data from SEDAR 9 2006).
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increased stock fecundity versus an increased and then decreased recruitment) (Figure 9.74).
The cause for this difference is unclear.

9.4 POPULATION DYNAMICS OF SHARK AND RAY SPECIES

The great diversity of oceanographic and bathymetric conditions, geology, topology, and
ecosystems in the Gulf of Mexico provides suitable habitats for many shark, ray, and skate
species. More than 51 shark species are distributed throughout the Gulf of Mexico region, with
the highest abundances in the central Gulf of Mexico from Louisiana to Alabama (Parsons
2006). There are at least 49 species of rays and skates in the Gulf of Mexico, and six species are
endemic (McEachran 2009).

9.4.1 General Introduction

Three groups of sharks are defined based on their habitats for the assessment and
management of sharks in the Gulf of Mexico: Large Coastal Sharks, Small Coastal Sharks,
and Pelagic Sharks (SEDAR 29 2012). The Large Coastal Sharks group is divided into two
subgroups: Ridgeback Species, which include sandbar (Carcharhinus plumbeus), silky (Carch-
arhinus falciformis), and tiger (Galeocerdo cuvier) sharks; and Non-Ridgeback Species, which
include blacktip (Carcharhinus limbatus), spinner (Carcharhinus brevipinna), bull (Carchar-
hinus leucas), lemon (Negaprion brevirostris), nurse (Ginglymostoma cirratum), scalloped
hammerhead (Sphyrna lewini), great hammerhead (Sphyrna mokarran), and smooth hammer-
head (Sphyrna zygaena) sharks (SEDAR 29 2012. The Small Coastal Sharks group includes
Atlantic sharpnose (Rhizoprionodon terraenovae), blacknose (Carcharhinus acronotus),

Figure 9.74. Greater amberjack (Seriola dumerili) recruitment (age-0 fish) and spawning stock
fecundity in the Gulf of Mexico from 1987 through 2004 (data from SEDAR 9 2006a).
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bonnethead (Sphyrna tiburo), and finetooth (Carcharhinus isodon) sharks (SEDAR 29 2012).
The Pelagic Sharks group includes blue (Prionace glauca), oceanic whitetip (Carcharhinus
longimanus), porbeagle (Lamna nasus), shortfin mako (Isurus oxyrinchus), and common
thresher (Alopias vulpinus) sharks (SEDAR 29 2012).

In addition to these three groups of sharks, because of very low population biomass and
poor stock conditions (e.g., overfished), the following 19 shark species are listed as commer-
cially and recreationally prohibited species: sand tiger (Odontaspis taurus), bigeye sand tiger
(Odontaspis noronhai), whale (Rhincodon typus), basking (Cetorhinus maximus), great white
(Carcharodon carcharias), dusky (Carcharhinus obscurus), bignose (Carcharhinus altimus),
Galapagos (Carcharhinus galapagensis), night (Carcharhinus signatus), Caribbean reef
(Carcharhinus perezi), narrowtooth (Carcharhinus brachyurus), Atlantic angel (Squatina
dumerili), Caribbean sharpnose (Rhizoprionodon porosus), smalltail (Carcharhinus porosus),
bigeye sixgill (Hexanchus nakamurai), bigeye thresher (Alopias superciliosus), longfin mako
(Isurus paucus), sevengill (Heptranchias perlo), and sixgill (Hexanchus griseus) sharks. The
first five species were part of the Large Coastal Sharks group until 1997, the second nine species
were part of Large Coastal Sharks group until 1999, and the last five species were part of the
Pelagic Sharks group until 1999. All of these species are prohibited in commercial and recrea-
tional fisheries (NMFS 2006b, 2009b).

The abundance of a given shark species and species composition tends to vary spatially and
temporally, corresponding to spatial and temporal variability in their habitats (Parsons 2006).
For example, blacktip shark, spinner shark, Atlantic sharpnose shark, and bull shark are
abundant in coastal waters. Adult blacktip shark is more abundant in the central Gulf of
Mexico than any other region. Tiger shark is not reported to utilize coastal nursery areas;
however, their young are distributed offshore. Whale shark is distributed along much of the
Gulf of Mexico, with highest concentrations off the Louisiana Delta; their distribution can be
both near coastal areas and well offshore (Parsons 2006). In the southern Gulf of Mexico and
along the Florida Gulf coast, the most common coastal shark is the bonnethead shark; blacktip,
blacknose, and lemon sharks are also abundant. In the northern Gulf of Mexico, the Atlantic
sharpnose is the dominant species, and blacktip and finetooth sharks are also common. The bull
shark is most common in and around the marshes of Louisiana (Parsons 2006). Many coastal
sharks experience seasonal inshore–offshore movements to avoid unfavorable thermal habi-
tats. For example, in the northern Gulf of Mexico, coastal shark species tend to move offshore
in the fall and winter into warmer and deeper offshore waters, and then return to inshore
nursery areas for the spring and summer months. Such seasonal inshore–offshore movements
are less clear in the southern Gulf of Mexico, where water temperatures are less variable
seasonally (Parsons 2006).

In general, sharks tend to have a life history with slow growth, late maturity, and low
reproductive rates, making them vulnerable to exploitation. Heavy exploitation can greatly
reduce the biomass of shark stocks, resulting in overfished populations. Baum and Myers
(2004) suggested that fishing might drive some shark populations in the Gulf of Mexico to
extremely low abundances. However, their analyses and conclusions were criticized as flawed.
Burgess et al. (2005) suggested that Baum and Myers (2004) overstated the severity of low
shark population levels in the Gulf of Mexico; however, even though they questioned the
severity of overfishing, they agreed that many shark stocks in the Gulf of Mexico had been
overfished. Of 39 species included in the shark FMP in the Gulf of Mexico, 19 species are listed
as commercially and recreationally prohibited species. In addition, the Large Coastal Sharks,
Small Coastal Sharks, and Pelagic Sharks groups are now subject to strict management
regulations for both commercial and recreational fisheries, including limitations on the type
of fishing gear that can be used, size limits, temporally and/or spatially allocated catch quota,
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requirements for landing conditions to prevent shark finning and species identification,
requirements for reporting to improve catch data quality, license requirements, and restrictions
of catch and fishing times/locations for research.

9.4.2 Stock Assessment and Management History

The FMP was developed in 1993 for sharks of the Atlantic Ocean (NMFS 1993). It includes
the following major management measures: (1) establishing a fishery management unit (FMU)
consisting of 39 frequently caught species of Atlantic sharks, separated into three groups for
assessment and regulatory purposes (Large Coastal Sharks, Small Coastal Sharks, and Pelagic
Sharks); (2) developing assessment protocols for determining annual quotas and other man-
agement regulations for commercial fisheries for the Large Coastal Sharks and Pelagic Sharks
groups; and (3) defining management regulations for the recreational shark fisheries. The 1993
plan also identified 34 additional species of sharks that were not included in the FMU but were
included in the fishery for data reporting purposes (NMFS 1993).

The Large Coastal Sharks group was determined to be overfished based on a 1992 stock
assessment and a rebuilding plan was developed, which forms the basis for determining
subsequent annual catch quotas for the Large Coastal Sharks stocks. The 1996 stock assessment
suggested that Large Coastal Sharks stocks were not on the path for rebuilding (SEFSC 1996).
In 1996, the NMFS developed a new rebuilding plan for the Large Coastal Sharks and Small
Coastal Sharks stocks to be consistent with the revised definition of overfishing and establish-
ment of new provisions for rebuilding overfished stocks, minimizing bycatch mortality, and
protecting essential fish habitat in the amendments to the Magnuson-Stevens Act.

In 62 FR 16648, April 7, 1997, the NMFS issued the final rule prohibiting the directed
commercial fishing for, landing of, or sale of five species of sharks from the Atlantic Large
Coastal Sharks group (NMFS 1999). These five species were placed in a new Prohibited Species
group that included sand tiger, bigeye sand tiger, whale, basking, and great white sharks. These
shark species were excluded from directed fishing as a precautionary measure to prevent
directed fisheries and markets from developing (50 CFR Part 678, proposed rule). Of the five
prohibited species, only sand tiger and bigeye sand tiger sharks were exploited commercially,
accounting for less than 1 % of the landings in the directed Large Coastal Sharks fishery
(50 CFR Part 678, proposed rule). Sand tiger and bigeye sand tiger sharks were determined to be
highly vulnerable to overfishing due to a maximum litter size of only two pups (SEFSC 1998;
NMFS 1999). Whale and basking sharks were particularly vulnerable to indiscriminate mortality
due to their habit of swimming near the surface (50 CFR Part 678, proposed rule). Great white
shark was determined to be susceptible to overfishing due to low reproductive potential,
although limited information was available at the time. Because a recreational fishery already
existed for the great white shark in parts of its range, the fishery was restricted to catch and
release only (50 CFR Part 678, final rule) (NMFS 2003).

In April 1999, the NMFS published the Final FMP for Atlantic Tuna, Swordfish, and Sharks
(NMFS 1999). A court order prevented implementation of shark specific rules until a settlement
agreement was reached resolving several 1997 and 1999 lawsuits in 2000. The settlement
agreement did not address any regulations affecting prohibited shark species (NMFS 2006b).
Differing from the previous legislation that prohibited the possession of species known to be
vulnerable to fishing pressures, this legislation allowed possession of only those species with
stock sizes known to be able to withstand fishing mortality (NMFS 1999). This 1999 FMP
increased the total number of prohibited shark species to 19, which included whale, basking,
sand tiger, bigeye sand tiger, great white, dusky, night, bignose, Galapagos, Caribbean reef, and
narrowtooth sharks from the Large Coastal Sharks group; Caribbean sharpnose, smalltail, and
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Atlantic angel sharks from the Small Coastal Sharks group; and longfin mako, bigeye thresher,
sevengill, sixgill, and bigeye sixgill sharks from the Pelagic Sharks group (NMFS 1999). The
goal of this action was to prevent the development of directed fisheries or markets for
uncommon or seriously depleted species, as well as those thought to be highly susceptible to
exploitation (NMFS 2006b). This FMP defined a new Deepwater and Other Sharks management
group to extend the protection of the finning prohibition to all species of sharks, including the
34 species previously included in the fishery in 1993 only for data collection purposes. The 1999
FMP also included life-history information and designated essential fish habitat for highly
migratory species, including many shark species within the FMU; however, limited life-history
information for some shark species prevented the definition of essential fish habitat at that time
(NMFS 1999). Based on a stock assessment conducted for the Large Coastal Sharks and Small
Coastal Sharks stocks in 2002, Amendment 1 to the 1999 FMP (for tunas, billfish, and sharks)
was added in 2003, which included: (1) aggregating the Large Coastal Sharks group; (2) using
MSY as a basis for setting commercial quotas; (3) eliminating the commercial minimum size;
and (4) developing various management regulations, including area-specific catch quotas and
temporal and spatial closures to reduce fishing and bycatch mortality (NMFS 2003).

The 2006 Consolidated FMP required that the owners and operators using pelagic and
demersal longline gear take mandatory workshops and certifications to reduce bycatch mortal-
ity and that all federally permitted shark dealers be trained in the identification of shark
carcasses (NMFS 2006b). This FMP also included a plan for preventing the overfishing of
finetooth sharks by expanding observer coverage and collecting more information on finetooth
shark catch. A stock assessment was conducted in 2006 on the Large Coastal Sharks group,
which included sandbar, blacktip, porbeagle, and dusky sharks (SEDAR 11 2006). The assess-
ment suggested that dusky and sandbar sharks were overfished, with overfishing still occur-
ring, and that porbeagle sharks were overfished. Amendment 1 to the Consolidated FMP of
2006 updated and expanded upon the life-history information and essential fish habitat for
sharks within the FMU (NMFS 2009b). Amendment 2 was added to the 2006 Consolidated FMP
for developing rebuilding plans for overfished shark species. Amendment 3 was added to the
2006 Consolidated FMP to address issues raised in the Small Coastal Sharks stock assessment
in 2007, which assessed finetooth, Atlantic sharpnose, blacknose, and bonnethead sharks
separately. Blacknose sharks were considered overfished with overfishing occurring; however,
Atlantic sharpnose, bonnethead, and finetooth sharks were not overfished and overfishing was
not occurring (NMFS 2009b).

9.4.3 Small Coastal Sharks Group

The Small Coastal Sharks group currently includes four species: Atlantic sharpnose,
blacknose, bonnethead, and finetooth sharks (SEDAR 29 2012). They are widely distributed
in coastal waters of the Gulf of Mexico and experience seasonal inshore–offshore movements,
usually leaving inshore waters in October and November for warm offshore waters and moving
back into inshore waters in spring. These species tend to be smaller than 150 cm (59 in.) TL and
have a maximum life span of less than 12 years. They become sexually mature at relatively
young ages (2–3 years old), with males often maturing sooner than females. The reproductive
cycle is usually annual within the Gulf of Mexico, with an average litter size ranging from 3 to
10 pups. One single stock is assumed in the assessment. Tagging studies provide little evidence
to support mixing between the sharks of this group in the South Atlantic and Gulf of Mexico,
which suggests that most small coastal sharks complete their life cycles within the Gulf of
Mexico. Species in the Small Coastal Sharks group support important commercial and recrea-
tional fisheries and are often taken as bycatch in finfish fisheries (SEDAR 13 2007). In the most
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recent stock assessment (SEDAR 13 2007), sharpnose, finetooth, and bonnethead sharks were
determined healthy, with no overfishing occurring and stocks were not overfished. However,
the blacknose shark was considered to be overfished, with overfishing still occurring. Detailed
descriptions of the distributions and life histories of these species are provided below.

9.4.3.1 Atlantic Sharpnose Shark

The Atlantic sharpnose shark is mainly distributed in waters from the Bay of Fundy to the
Straits of Florida and the Gulf of Mexico (SEDAR 13 2007). Even though no genetic differ-
ences were found (Heist et al. 1996), based on tagging and life-history studies, a two-stock
hypothesis has been proposed: an Atlantic stock distributed from North Carolina to the Straits
of Florida and a Gulf of Mexico stock from the Florida Keys throughout the Gulf of Mexico.
Little mixing was found in tagging studies between these two stocks (SEDAR 13 2007),
suggesting that the two stocks are rather independent. However, large differences have been
observed in the life histories between samples collected from the two areas, which might have
resulted from differences in the sampling times, locations, and habitats. Most catch of this
species is from the Florida east coast, and a single working stock was assumed for the
assessment (SEDAR 13 2007).

The Atlantic sharpnose shark is the most common shark in the northern Gulf of Mexico
(SEDAR 13 2007). They tend to engage in seasonal inshore–offshore movement, leaving the
coast in October and November for warmer offshore waters and returning in March and April.
Most adult females tend to be found just offshore in deepwaters. It appears that there is sex
and size segregation in the distribution of the population in the Gulf of Mexico (Parsons 2006).
Young-of-the-year, juvenile, and adult Atlantic sharpnose sharks prefer sandy and seagrass
bottoms, but also can be found on muddy grounds (Bethea et al. 2009). The shallow waters in
the extensive barrier islands of the northern Gulf of Mexico are important Atlantic sharpnose
shark pupping and nursery grounds.

Age and growth of the Atlantic sharpnose shark in the Atlantic Ocean and Gulf of Mexico
have been based on vertebral age analysis (Parsons 1983; Branstetter 1987; Carlson and Bare-
more 2003). The Atlantic sharpnose shark has a maximum length of about 107 cm (42.1 in.) and
a maximum age of 11 years (Loefer and Sedberry 2003). Tagging studies, however, suggest that
the maximum age should be 12 years. Nearly all females and males become sexually mature at
the age of 2.5 years in the Gulf of Mexico and at age 3.5 in the South Atlantic. Peak mating
activity occurs in June and July, and the gestation period is 10–12 months. Reproductive
periodicity is annual for both the Gulf of Mexico and the Atlantic Ocean. Fecundity is 4.1
pups per year, with pupping occurring in June. The annual survival rate is about 0.7 for age-1
sharks and slightly higher (around 0.75) for adults (SEDAR 13 2007).

9.4.3.2 Blacknose Shark

Blacknose sharks occur from North Carolina to Brazil, including the Gulf of Mexico
(SEDAR 13 2007). They can usually be found in inshore shallow waters in the northern Gulf
of Mexico, although not very abundant. Genetic studies suggest that the reproductive cycles
differ by basin, but tagging data show no mixing, so they are considered as one unit stock in the
assessment (SEDAR 13 2007).

The blacknose shark is small, with a maximum size around 150 cm (59 in.) TL (Parsons
2006). Age and growth was studied for the blacknose shark in the Atlantic Ocean and Gulf of
Mexico (Carlson et al. 1999; Driggers et al. 2004). Males mature at about 100–110 cm
(39.4–43.3 in.) TL and females at 110–115 cm (43.3–45.3 in.) TL. Mating occurs in late summer
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or early fall. The gestation period is about 9–10 months. The fecundity is about 3–6 pups, with
pupping months in May and June. The reproductive periodicity in the Gulf of Mexico is annual,
while the periodicity is considered biennial in the South Atlantic. The annual survival rates are
0.72 for age-1 sharks and 0.76–0.83 for adults. Their main prey includes fish, squid, shrimp, and
other invertebrates.

9.4.3.3 Bonnethead Shark

The bonnethead shark is distributed from New England to south of Brazil and commonly
occurs in the Gulf of Mexico (SEDAR 13 2007). Bonnethead sharks are considered in the most
recent stock assessment a single stock from North Carolina through the Straits of Florida and
the Gulf of Mexico (SEDAR 13, 2007). However, there are no data supporting this single-stock
hypothesis. In the Gulf of Mexico, it is especially abundant east of Mobile Bay and is the
dominant shark species in the shallow coastal waters of the Florida Gulf coast. Like most
coastal sharks in the Gulf of Mexico, bonnethead sharks are also subject to seasonal inshore–
offshore movements, leaving the coastal waters in October and November for warm offshore
waters and moving back to inshore areas in the spring.

Bonnethead sharks are small, with a maximum size of about 109 cm (42.9 in.) TL for males
and 124 cm (48.8 in.) TL for females. Age and growth have only been studied for bonnethead
sharks in the eastern Gulf of Mexico (Parsons 1993; Carlson and Parsons 1997; Lombardi-
Carlson et al. 2003). The maximum age is estimated at 7.5 years based on vertebral age analysis.
However, tagging studies suggest that a maximum age of 12 years is a more reasonable
estimate. Males become sexually mature at around 2 years of age and females at 2.5 years.
They may mate in the fall, with the mated females storing sperm until the following spring
when their eggs ovulate for fertilization. Gestation is 4–5 months, the shortest of any placental
viviparous (give birth to young) shark species. Their reproductive cycle is annual, with pupping
time in August (Parsons 1993; Carlson and Parsons 1997; Lombardi-Carlson et al. 2003). The
average size of a litter is about 10 pups.

Juvenile bonnethead sharks tend to be associated with sandy and seagrass bottoms, and
adults can be found on muddy, sandy, and seagrass bottoms. Although they feed mainly on blue
crabs, shrimp, and squid, occasionally, fish can be found in their stomachs. The first-year
survival rate is about 0.66 per year, and survival rates of adults range from 0.66 to 0.81 per year.

9.4.3.4 Finetooth Shark

Finetooth sharks are distributed in the western Atlantic from New York to southern Brazil
(SEDAR 13 2007). They are abundant in the northern Gulf of Mexico. Finetooth sharks from
North Carolina through the Straits of Florida and into the Gulf of Mexico are considered a
single stock because of the lack of genetic differences. However, there is a low exchange of
individuals between the Gulf of Mexico and South Atlantic (SEDAR 13 2007). They are one of
the most abundant species in inshore waters of the northern Gulf of Mexico.

The finetooth shark is a medium-sized shark, reaching a maximum size of 180 cm (70.9 in.)
TL and a maximum age of 12 years (Parsons 2006; SEDAR 13 2007). Males and females
become sexually mature at 120 and 137 cm (47.2 and 53.9 in.) TL, respectively, and at ages of
6–7 years old (Parsons 2006; SEDAR 13 2007). Mating occurs in late spring and early summer.
The reproductive cycle is biennial, with pupping in June and an average litter size of 3–4 pups
(Neer and Thompson 2004). The gestation period likely lasts 11–12 months. They mainly feed on
finfish, including mackerel, whiting, and sea trout. Young-of-the-year finetooth sharks prefer
muddy bottoms; juveniles also mainly exist on the muddy bottom but can also be found on
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sandy and seagrass bottoms, while adults usually are associated with seagrass and sandy
bottoms (Bethea et al. 2009).

9.4.4 Large Coastal Sharks Group

Currently, the Large Coastal Sharks group consists of 11 shark species that are widely
distributed throughout the world (SEDAR 29 2012). In the western Atlantic Ocean, they can be
found from along the U.S. Atlantic coast all the way to the south of Brazil. All of the Large
Coastal Sharks can be found in the Gulf of Mexico (SEDAR 29 2012). They are considered
either as part of the South Atlantic stock or as an independent stock in the assessment and
management. Most species of Large Coastal Sharks use the inshore shallow waters of the
northern Gulf of Mexico as their spawning and nursery grounds. They tend to move into the
inshore shallow waters in the Gulf of Mexico during the spring to give birth to their offspring.
The inshore shallow waters provide refuges for their newborn offspring from potential
predators (usually large sharks). The young sharks spend summers in the inshore waters for
feeding. The preferred bottoms range from sand to mud to seagrass. Young-of-the-year sharks
tend to occur more frequently in shallower water with higher temperatures, lower salinities, and
more turbid conditions compared to the habitats for juveniles and adults. Small and young
sharks may select these habitats as a refuge from larger and more active predators (Bethea
et al. 2009). Most sharks move into warmer offshore waters in the fall. Compared to species of
Small Coastal Sharks, most of the Large Coastal Sharks tend to become sexually mature at a
later age.

The Large Coastal Sharks group supports several important commercial and recreational
fisheries in the Gulf of Mexico (SEDAR 29 2012). Although most species are not overfished
and overfishing is not occurring, most stock abundances have been reduced over time. The
catch quota for the Large Coastal Sharks stocks has been reduced continuously over time since
the 1990s but has become relatively stable since the mid-2000s (Figure 9.75), perhaps reflecting
a stabilized Large Coastal Sharks group.

Sandbar and blacktip sharks are two of the most abundant and most commercially and
recreationally important shark species in the Gulf of Mexico (SEDAR 29 2012). They both
belong to the Large Coastal Sharks group and are widely distributed in the Gulf of Mexico. As
top predators that are abundant in Gulf of Mexico coastal ecosystems, sandbar and blacktip
sharks play an important role in regulating the ecosystem dynamics of the Gulf of Mexico;
therefore, they were selected as representative species for evaluation.

9.4.4.1 Sandbar Shark

Sandbar sharks, one of the largest coastal sharks in the world, can be found in the
subtropical waters of the western Atlantic from southern Massachusetts in the United States
to southern Brazil, including the Gulf of Mexico between 44�N and 36�S (SEDAR 21 2011).
They usually prefer waters ranging from 23 to 27 �C in temperature. Sandbar sharks occur over
muddy or sandy bottoms in shallow coastal waters, such as estuaries, bays, river mouths, and
harbors, and on continental and insular shelves. They spend most of the time in waters 20–65 m
(65.6–213 ft) deep; they also occur in deeper waters (200 m or 656 ft or more), as well as
intertidal zones. However, they tend to avoid the surf zone and beach areas. Sandbar sharks
usually swim alone or aggregate in sex-segregated schools varying in size.

Sandbar sharks are viviparous (SEDAR 21 2011).Males reachmaturity between 1.3 and 1.8 m
(4.3–5.9 ft) in size, while females mature at 1.45–1.8 m (4.8–5.9 ft). Birth sizes of pups range
from 55 to 70 cm (21.6–27.6 in.) long.Mating occurs in the spring or early summer (May through
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June). Once fertilization occurs, the gestation period is 8–9 months in the western Atlantic
population, where pups are born between June and August. The female has a triennial reproduc-
tive cycle. The litter size is typically between 6 and 13 pups, depending on the size of the mother.
In the northern Gulf ofMexico, an important nursery area exists around Cape San Blas, Florida.
Juvenile sandbar sharks are also captured offMississippi andAlabama, suggesting the existence
of other nursery grounds. Females give birth in shallow water nursing grounds so that YOY and
juveniles sharks can be protected from predation by larger sharks, such as bull sharks. Juveniles
remain in or near the nursery grounds until late fall after which they form schools andmigrate to
deeper waters. They return to the nursery grounds during warmer months. After reaching the
age of 5 years, they begin to follow the wider migrations of adults. Sandbar sharks are
opportunistic bottom feeders preying on bony fishes, smaller sharks, rays, cephalopods, gastro-
pods, crabs, and shrimps. Sandbar sharks feed throughout the day but become more active at
night. Predators of sandbar sharks include tiger sharks and great white sharks, on occasion.
Sandbar sharkM was assumed to be 0.14 in the most recent stock assessment (SEDAR 21 2011).

Sandbar sharks in the South Atlantic and Gulf of Mexico are assessed and managed as a
single stock (SEDAR 21 2011). Mexican fisheries and U.S. recreational fishing dominated the
catch prior to the mid-1980s (Figure 9.76). After 1985, the commercial catch in the Gulf of
Mexico increased quickly and comprised almost half of the total catch between 1985 and 1995.
After the mid-1990s, catch in the Gulf of Mexico decreased rapidly (Figure 9.76). Sandbar shark
stock abundance has decreased substantially since 1960, and stock abundance in 2009, which is
the most recent year covered in the most recent stock assessment (SEDAR 21 2011), is only
about 25 % of the stock biomass in the 1960s. Spawning stock fecundity (calculated as
numbers � proportion mature � fecundity in numbers) describing the stock reproductive
potential also has the same trend as stock abundance (Figure 9.77).

Figure 9.75. Annual commercial catch quota for the Large Coastal Sharks group in the Atlantic
Ocean and Gulf of Mexico from 1993 through 2009. The catch quota data do not include bycatch
and discards (data from Table 8 in SEDAR 29 2012).
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Figure 9.77. Estimated stock abundance and spawning stock fecundity for the sandbar shark
(Carcharhinus plumbeus) in the Gulf of Mexico from 1960 through 2009 (data from SEDAR
21 2011b).

Figure 9.76. Sandbar shark (Carcharhinus plumbeus) catch by recreational and commercial fish-
eries in the Mid-Atlantic, South Atlantic, and Gulf of Mexico from 1960 through 2009 (data from
SEDAR 21 2011b).
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The most recent stock assessment suggests that the sandbar shark stock was overfished
and, therefore, subject to rebuilding. However, in the base run and in most sensitivity runs, the
stock was found not to be currently subject to overfishing (F2009/FMSY ranges from 0.29 to
0.93) (SEDAR 21 2011). Overfishing was found to be occurring (F2009/FMSY of 2.62) only for
the low productivity scenario (SEDAR 21 2011).

9.4.4.2 Blacktip Shark

The blacktip shark (Figure 9.78), a fast-swimming and highly active shark species, is widely
distributed in coastal tropical and subtropical waters around the world, including brackish
habitats (SEDAR 29 2012). In the western Atlantic, their distribution ranges from southern New
England to southern Brazil, including the Gulf of Mexico and the Caribbean. The blacktip shark
is one of the most abundant shark species in the Gulf of Mexico. Based on tagging and genetic
studies, two stocks are defined in the stock assessment: the Atlantic stock distributed from
Delaware to the Straits of Florida and the Gulf of Mexico stock. Although adult blacktip sharks
are highly mobile and often disperse over long distances, tagging studies provide little evidence
to support mixing between the two stocks (Keeney et al. 2005; SEDAR 11 2006). They are
philopatric (behavior of remaining in, or returning to, their birthplace) and return to their
original nursery areas to give birth, which can result in subgroups of genetically distinct
breeding stocks that overlap in geographic distributional ranges (Keeney et al. 2003, 2005).

Blacktip sharks are targeted as a prized and high quality food fish, and are captured in
targeted commercial and recreational fisheries (SEDAR 29 2012). The majority of landings are
from the demersal longline fishery. Another major source of mortality in the Gulf of Mexico is
discards in the Gulf of Mexico menhaden fishery. The landings of blacktip shark in the Gulf
of Mexico increased rapidly in the late 1980s but have decreased substantially since 1990
(Figure 9.79). The lowest catch level occurred in 2008, and landings have increased slightly
since then (Figure 9.79).

Female blacktip sharks can reach up to 200 cm (78.7 in.) TL, while males can reach up to
about 180 cm (70.9 in.) TL (Parsons 2006). Maximum ages found in the most recent stock

Figure 9.78. Blacktip shark (Carcharhinus limbatus) (from Block 2011).
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assessment (SEDAR 29 2012) were 18.5 years for females and 23.5 years for males, a signifi-
cant increase of 6 years and 12 years for females and males, respectively, compared to ages
observed by Carlson et al. (2006). TheM is assumed to be between 0.1 and 0.2, decreasing with
age (Figure 9.80).

The blacktip shark is a synchronous, seasonally reproducing species with reproductive
activity (e.g., mating and parturition) mainly occurring in March through May. Length and age
at 50 %maturity are 105.8 cm (41.6 in.) FL and 4.8 years for males and 119.2 cm (46.9 in.) FL and
6.3 years for females, respectively. Female blacktip sharks have a biennial ovarian cycle. The
gestation period ranges from 10 months (Parsons 2006) to approximately 12 months (SEDAR
29 2012); the average fecundity is 4.5 pups (ranging from 1 to 10 pups), with the average size at
birth at 38 cm (14.9 in.) FL (or about 60 cm or 23.6 in TL). Fecundity was found to increase with
both maternal size and age. Females are also capable of asexual reproduction in the absence
of males.

Blacktip sharks mainly feed on fishes, squids, and sometimes crustaceans. In the Gulf of
Mexico, the most important prey of the blacktip shark is the Gulf menhaden, followed by the
Atlantic croaker (Micropogonias undulatus) (Barry 2002). Juveniles may be prey of other large
sharks, but adults have no known predators.

Blacktip sharks do not inhabit oceanic waters, although some individuals may be found
some distance offshore (Compagno 1984). Most blacktip sharks are found in water less than
30 m (98.4 ft) deep over continental and insular shelves; though, they may dive to 64 m (210 ft)
(Froese and Pauly 2009). Their favored habitats include muddy bays, island lagoons, and the

Figure 9.79. Blacktip shark (Carcharhinus limbatus) catch in the Gulf of Mexico in recreational and
commercial fisheries from 1981 through 2009 (data from SEDAR 29 2012).
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drop-offs near coral reefs. Juvenile blacktip shark abundance showed significant correlation
with turbidity/water clarity (Bethea et al. 2009). They can also be tolerant of low salinity,
moving into estuaries and mangrove swamps. Seasonal migration has been documented to
avoid unfavorable thermal habitats, usually moving into warm waters during the fall and
returning to inshore feeding/nursery grounds in the spring. Newborn and juvenile blacktip
sharks can be found on muddy/sandy/seagrass grounds in inshore shallow nurseries in late
spring and early summer, and grown females tend to return to the nurseries where they were
born to give birth. Young blacktip sharks are most likely to form aggregations in early summer
to avoid predators (Heupel and Simpfendorfer 2005). There tends to be segregation by sex and
age, with adult males and nonpregnant females being found apart from pregnant females;
juveniles are separated from both groups in the winter (Castro 1996).

The abundance of blacktip sharks in the Gulf of Mexico has had a relatively small decrease
since the 1980s and seems to have stabilized or slightly increased since 2000 (Figure 9.81). The
spawning stock fecundity that describes stock reproductive potential has the same trend as
stock abundance. The most recent stock assessment concluded that the Gulf of Mexico blacktip
shark stock was not overfished, and overfishing was not occurring (SEDAR 29 2012). This
conclusion is robust with respect to all of the uncertainty in data quality and quantity and
assumptions considered in the assessment (SEDAR 29 2012).

Figure 9.80. Age-specific natural mortality (M ) assumed in the assessment of the Gulf of Mexico
blacktip shark (Carcharhinus limbatus) stock (data from SEDAR 29 2012).
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9.4.5 Pelagic Sharks Group

The Pelagic Sharks group was initially identified in the 1993 FMP and included the
following ten species: shortfin mako, longfin mako, porbeagle, common thresher, bigeye
thresher, blue, oceanic whitetip, sevengill, sixgill, and bigeye sixgill (NMFS 1993). Since 1993,
five species have been moved to the group of sharks that are prohibited from fishing because of
low population levels. Therefore, the Pelagic Sharks group currently includes blue, oceanic
whitetip, porbeagle, shortfin mako, and common thresher sharks.

Sharks included in the Pelagic Sharks group are transoceanic, cosmopolitan species that, in
general, are highly migratory. In the Western Atlantic, most of these species can be found from
Maine to Argentina, including the Gulf of Mexico and the Caribbean. They tend to stay in
oceanic deepwater areas but sometimes come close to shore. They can be found most fre-
quently from the surface to depths of at least 200 m (656 ft), but also appear at depths over
1,000 m (3,281 ft). This group of sharks tends to have the largest body sizes. For example, the
common thresher can be as large as over 700 cm (275.6 in.) TL (FishBase 2013).

Pelagic sharks are the top predators in the marine ecosystem, feeding mostly on oceanic
bony fishes, but also on threadfins, stingrays, sea turtles, sea birds, gastropods, squids,
crustaceans, mammalian carrion, tunas, and dolphinfish. Like other shark species, they are
viviparous and may be subject to partial segregation by size and sex in some areas.

Pelagic sharks are often caught as bycatch in the North Atlantic Ocean by fishing fleets
from several nations. In the U.S. Atlantic, Gulf of Mexico, and the Caribbean, the combined
commercial and recreational catch and discards tend to fluctuate greatly over time (Figure 9.82).
Since the mid-1990s, the catch has been fairly stable, remaining around 20,000 sharks per year.
For the most recent year included in the time series (e.g., 2006), the majority of the catch was
from the recreational fishery.

Figure 9.81. Estimated blacktip shark (Carcharhinus limbatus) abundance and spawning stock
fecundity for the Gulf of Mexico from 1981 through 2009 (data from SEDAR 29 2012).
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9.4.6 Prohibited Sharks

Many species of sharks are prohibited from being commercially and recreationally fished
because of low populations and poor stock conditions. These sharks, which are now in the
Prohibited Species group, were formerly in other managed groups and are described below.

9.4.6.1 Prohibited Sharks Formerly in the Small Coastal Sharks Group

The 1993 FMP for Sharks of the Atlantic Ocean listed seven species of sharks in the Small
Coastal Sharks group. Of these seven species, three were moved into the newly created
Prohibited Species group in the 1999 FMP for Atlantic Tuna, Swordfish, and Sharks. Since
1999, commercial and recreational fishermen have been prohibited from possessing these three
species, which include the Atlantic angel, Caribbean sharpnose, and smalltail sharks. Atlantic
angel, Caribbean sharpnose, and smalltail sharks occupy shallow coastal waters and estuaries
from the Gulf of Mexico south throughout the Caribbean. The Atlantic angel shark can be
found in waters as far north as New England in the western North Atlantic, and the Caribbean
sharpnose inhabits waters between 24�N and 35�S. The Atlantic angel shark is dorsoventrally
flattened, resembling a ray. Angel sharks reproduce biennially, bearing as many as 16 pups per
litter (Castro 1983). The Caribbean sharpnose shark is closely related to the Atlantic sharpnose,
with similar biology and life history, differing only in the number of precaudal vertebrae and
geographic range (Springer 1964). All of these shark species have long gestation periods of
about 10 months (Carlson et al. 2004).

Figure 9.82. Catch of the Pelagic Shark group in the U.S. Atlantic, Gulf of Mexico, and Caribbean
from 1981 through 2006 (data from Cortés 2008).
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9.4.6.2 Prohibited Sharks Formerly in the Large Coastal Sharks Group

The 1993 FMP for Sharks of the Atlantic Ocean listed 22 species of sharks in the Large
Coastal Sharks group. Through legislation in 1997 by the NMFS, five species from the Large
Coastal Sharks group were moved into the Prohibited Species group. Of the remaining 17 species
in the Large Coastal Sharks group, six were added to the Prohibited Species group in the 1999
FMP for Atlantic Tuna, Swordfish, and Sharks. Since 1999, commercial and recreational fisher-
men have been prohibited from possessing these 11 shark species: basking, bigeye sand tiger,
bignose, Caribbean reef, dusky, Galapagos, narrowtooth, night, sand tiger, great white, and whale
sharks. These sharks tend to be widely distributed globally and can be found throughout the
western North Atlantic, Gulf of Mexico, Caribbean, and south to Brazil. The majority of these
11 species inhabit coastal to pelagic waters, but the group also includes a few deepwater species.
These sharks tend to mature late, and many have long gestation periods and biennial reproductive
cycles. Feeding strategies in this group range from apex predator, as in the great white shark, to
generalist feeders and scavengers, and filter feeders, such as the basking and whale sharks. Great
white and whale sharks were selected as representative Large Coastal Sharks that were moved to
the Prohibited Sharks group and are briefly discussed in the following paragraphs.

The great white shark occurs sporadically throughout cold and warm temperate seas
(Figure 9.83). In the western North Atlantic, the great white shark ranges from Newfoundland
to the Gulf of Mexico, with highest abundances in the Mid-Atlantic Bight region (Casey and
Pratt 1985). It has been observed in the Gulf of Mexico from January to September. Seasonal
movements appear to be related to water temperature changes, preferring water temperatures
of 12–25 �C (Miles 1971). Higher proportions of juvenile great white sharks in the Mid-Atlantic
Bight region suggest that this area may serve as a nursery area (Casey and Pratt 1985). Great
white sharks are an apex predator feeding primarily on fish as juveniles and switching to
primarily marine mammals after reaching a length of over 300 cm (118 in.) (Klimley 1985;
McCosker 1985). Little is known about great white shark reproduction, as few gravid females
have been examined. Great white sharks carry 7–10 embryos and are thought to reach maturity
at 9–10 years (Cailliet et al. 1985; Francis 1996; Uchida et al. 1996). Small localized populations,

Figure 9.83. Great white shark (Carcharodon carcharias) (from Dascher 2013).
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susceptibility to longlines, and limited reproductive potential contribute to making the great
white shark vulnerable to overfishing (Strong et al. 1992).

The whale shark is the largest fish in the ocean, reaching lengths of over 12 m (39.4 ft)
(Figure 9.84). It is a slow-moving filter feeder distributed throughout the world in tropical seas
(Castro 1983). The range of the whale shark includes the northern Gulf of Mexico, and they
appear to be more abundant in the western Gulf of Mexico than the eastern Gulf (Burks
et al. 2006). Whale sharks sometimes form large feeding aggregations near the surface, and as
many as 100 individuals or more join these aggregations. Very little is known about whale shark
reproduction. One gravid female has been described, carrying 300 young in various stages of
development. Due to its wide range, whale shark populations may have to be managed as an
ocean-wide population. The whale shark has been demonstrated to be susceptible to overfishing
based on records of the Taiwanese fishery.

9.4.6.3 Prohibited Sharks Formerly in the Pelagic Sharks Group

Ten species of sharks were included in the Pelagic Sharks group in the 1993 FMP for Sharks
of the Atlantic Ocean (NMFS 1993). Of these 10 species, five were moved into the Prohibited
Species group in the 1999 FMP for Atlantic Tuna, Swordfish, and Sharks (NMFS 1999). Since
1999, commercial and recreational fishermen have been prohibited from possessing the follow-
ing five shark species: longfin mako, bigeye thresher, sevengill, sixgill, and bigeye sixgill
sharks. These sharks tend to occur in waters 100s to 1,000s of meters deep and have very
wide global distributions, including the Gulf of Mexico, Caribbean, and western North Atlantic.
They tend to have a generalist feeding strategy, preying on various bony and cartilaginous
fishes, squids, and crustaceans, as well as scavenging carrion. This group tends to have slow
growth rates, a late age at maturity, and small litter sizes, with the exception of the sixgill shark,
which can have as many as 20–100 pups in a single litter. The longfin mako and bigeye sixgill
sharks were not described by science until the 1960s, and very little is known about them. The
pelagic sharks of the Prohibited Species group are susceptible to bycatch in fisheries utilizing
bottom trawls and longlines, such as those used in the tuna, swordfish, and tilefish fisheries.

Figure 9.84. Whale shark (Rhincodon typus) (from crisod 2013).
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Due to low fecundity, slow maturation rates, and likelihood of bycatch mortality, these sharks
are highly susceptible to overfishing (NMFS 2006b, 2009b).

9.4.7 Rays and Skates

Rays and skates are a diverse group of cartilaginous fishes and inhabit marine ecosystems
in the Gulf of Mexico, primarily along the bottom, ranging from shoreline depths to 2000 m
(6,562 ft) deep (Figure 9.85) (McEachran 2009). Only three species (Family Mobulidae) inhabit
the oceanic surface and epipelagic zone. They are primarily specialized for a bottom-dwelling
lifestyle, feeding primarily on benthic invertebrates. This lends to their unique physiology,
which includes teeth resembling flat-crowned plates for crushing shells and exoskeletons, a
highly protrusible mouth advantageous for the suction of benthic invertebrates from the
substrate, and varying degrees of dorsoventral flattening conducive to camouflage and
ambushing prey (Pough et al. 2008). Similar to what has been suggested for the skull structure
of a hammerhead shark, this flattening increases the distribution of ampullae of Lorenzini
across a larger surface area, which may be more conducive to seeking out prey along the
bottom (Pough et al. 2008). However, some rays are highly specialized zooplankton strainers;
one species even uses an elongated snout with tooth-like structures for slashing at schools of
fish (McEachran and de Carvalho 2002). Rays and skates can vary greatly in size from 13 cm
(5.1 in.) to 7 m (23 ft), and can weigh from 10 g (35 oz) to more than 2,700 kg (6,000 lb). Rays

Figure 9.85. Southern sting rays (Dasyatis americana) often rest in the valleys between pinnacles
and Stetson Bank, which is located within the Flower Garden Banks National Marine Sanctuary
(photograph by Emma Hickerson) (from NMS 2013).
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and skates are separated for both their reproductive strategy and tail differences. Rays are
viviparous, while skates are oviparous and lay collagenous egg cases that are commonly called
“mermaid’s purses.” A skate tail is typically long, thick, and finned, while a typical ray tail is
more whip-like and often contains a specialized venomous or serrated dorsal barb. No direct
fishery exists for rays and skates in the Gulf of Mexico; however, intensive bycatch during
shrimp trawling and bottom longlining can negatively impact rays and skates (Sheperd and
Myers 2005). Three representative species of rays and skates were selected for further
discussion in the paragraphs that follow.

The giant manta ray (Manta birostris) is the world’s largest ray reaching 1,814 kg (4,000 lb),
with an average wingspan of 6.7 m (22 ft) (Figure 9.86). It primarily inhabits pelagic waters
from 0 to 100 m (328 ft) deep, but can also be found near reefs, over deeper waters, as well as in
muddy, intertidal habitats (McEachran 2009; FFWCC 2013a). Giant manta rays are considered
highly transient, migratory, and circumglobal; however, some debate exists on whether records
from other oceans may be for different species (McEachran and de Carvalho 2002). The giant
manta ray belongs to Family Mobulidae, which is unique from other ray families because they
feed almost exclusively on zooplankton while slowly swimming in the epipelagic and oceanic
surface zones using funneling fins near the mouth called rostra and specialized gill rakers
(FFWCC 2013a). This family has a low reproductive potential; giant manta rays can viviparously
produce up to two pups per litter, although one is considered more typical, with a gestation
period of 10–14 months, and a possible life span of approximately 20 years (Bigelow and
Schroeder 1953; Homma et al. 1999; Ebert 2003).

The cownose ray (Rhinoptera bonasus) is a semi-pelagic species that can form large schools
anywhere from 100s to 1,000s of individuals (Neer 2005; FFWCC 2013b). Cownose rays have an
average wingspan of 0.9 m (3 ft) and are often seen actively swimming or leaping out of the water.
They primarily inhabit pelagic waters from 0 to 25 m (82 ft) deep in bays, estuaries, river mouths,
and even in the open ocean (McEachran 2009; FFWCC 2013b). In the Western Atlantic, cownose
rays can be found from southern New England to Argentina (McEachran and de Carvalho 2002;
McEachran 2009). Cownose rays are considered migratory but can be found in some estuaries
throughout the year (McEachran and de Carvalho 2002). Their diet consists of bivalve mollusks,
crustaceans, and polychaetes (FFWCC 2013b). Like other rays and skates, cownose rays have a low

Figure 9.86. Manta ray (Manta birostris) (from Scubaguys 2016).
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reproductive potential and can viviparously produce up to 2–6 pups per litter, although one may be
considered more typical (McEachran and de Carvalho 2002; FFWCC 2013b).

The smalltooth sawfish (Pristis pectinata) is a recognizable species given its elongated snout
that can measure up to one-quarter of its total length and be lined with 24–28 unpaired teeth
(FFWCC 2013c). It can grow up to 5.5 m (18 ft) and primarily inhabits shallow coastal waters near
river mouths, estuaries, bays, or depths up to 125 m (410 ft) (Bigelow and Schroeder 1953;
Simpfendorfer and Wiley 2005; McEachran 2009). Historically, in the Western Atlantic, small-
tooth sawfish ranged from New York to Brazil, but there has been significant population
reduction and range contraction. Today, it is found for the most part only between the Caloo-
sahatchee River in Florida and the Florida Keys (NMFS 2009d). The diet of the smalltooth sawfish
consists mostly of small schooling fishes, such as anchovies or mullets, which are injured or killed
as the snout is slashed through the school (Bigelow and Schroeder 1953). Smalltooth sawfish have
a low reproductive potential, but can potentially produce up to 20 pups per litter, with an
approximate gestation period of 5 months (Bigelow and Schroeder 1953; NMFS 2009d).

9.5 SUMMARY

The Gulf of Mexico is one of the most productive marine ecosystems in the world, with high
fish species richness and high fishery productivity supported by a great diversity of habitat types.
Finfish and shark species play critical roles in the Gulf of Mexico ecosystem and in the
spatiotemporal dynamics of their populations. They are strongly influenced by habitat quality
and biotic and abiotic factors, including hydrographic and geographic conditions, predation, food
supply, fishing, natural weather, geochemical cycles, and the impacts of human activity and
coastal development. However, heavy fishing over the last several decades and the long-term
effects of anthropogenic and natural stressors on the finfish and shark species and their habitats
in the Gulf of Mexico have resulted in populations of great commercial and recreational
importance being defined as being overfished and/or undergoing overfishing (Table 9.45).

This chapter has evaluated the distribution, life history, habitat needs, fisheries, and
population status of some of the most important finfish and shark species in the Gulf of
Mexico prior to the Deepwater Horizon event and has attempted to analyze factors that have
most influenced their health and productivity. The 13 finfish species selected for detailed
evaluation in this chapter are representative of the Gulf of Mexico. They vary greatly in life
history and distribution, are important to commercial and recreational fisheries, and consist of
fish species of almost all habitat types. A summary of the status of the 13 fish species selected
for evaluation is presented in Table 9.45. Some important general conclusions for finfish and
shark in the Gulf of Mexico include the following:

� Inshore estuaries in the Gulf of Mexico are critical habitats because they are ideal
nursery and feeding grounds for most finfish and shark species, providing food and
refuge from juvenile predation.

� The Gulf of Mexico provides critical spawning grounds for many highly migratory fish
and shark species of great ecological, commercial, and recreational importance.

� Only a small fraction (4.6 %) of finfish is endemic to the Gulf of Mexico, although
some fish species of commercial and recreational importance can complete their entire
life cycle within the Gulf of Mexico ecosystem.

� Almost half of finfish species in the Gulf of Mexico are omnipresent and can be found
throughout the Gulf; the other half is limited to parts of the Gulf of Mexico.
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Table 9.45. Summary of the Status of 13 Finfish Species Selected for Evaluation

Species Fishery status Key habitat
Other important

information

Red snapper (Lutjanus
campechanus)

Overfishing occurring
2001–2012; stock

overfished 2001–2012

Structured habitat and
reefs across shelf to

shelf edge

Found throughout Gulf
of Mexico, long life

span, mature at young
ages

Menhaden, including
Gulf menhaden
(Brevoortia patronus),
finescale menhaden
(Brevoortia gunteri), and
yellowfin menhaden
(Brevoortia smithi)

Overfishing not occurring;
stock not overfished in the

2000s

Estuaries and other
quiet low salinity

nearshore habitat for
juveniles, open bay and

Gulf waters with
vegetable bottom for

adults

Found throughout
coastal Gulf of Mexico,
high habitat elasticity to
adapt to changes in

habitat

Red grouper
(Epinephelus morio)

Overfished 2000–2002;
overfishing 2002; not
overfished and no

overfishing 2005–2008, but
some local subpopulations

in northeastern and
southern portion of the Gulf
of Mexico overfished and
overfishing occurring

Shallow nearshore reefs
and seagrass beds for
juveniles, shore rocky
bottom ledges and
caverns in limestone
reefs for mature adults

Limited movement,
large spatial variability in
life history, complex
stock structure and
possible existence of
local subpopulations

Atlantic bluefin tuna
(Thunnus thynnus)

Large uncertainty in status
depending on the

assumption on stock
productivity; most likely

overfishing and overfished
prior to the 2000s

Epipelagic and oceanic,
feeding inshore, spawn

in northern Gulf of
Mexico

Highly migratory, strictly
regulated, highly priced

Atlantic blue marlin
(Makaira nigricans)

Overfishing and overfished
2000–2011

Epipelagic and oceanic,
blue waters associated
with the Loop Current

No commercial fishery
in the United States,
highly migratory

Atlantic swordfish
(Xiphias gladius)

Overfished and overfishing
2000–2002; considered

rebuilt and not overfished;
no overfishing since 2002

Pelagic-oceanic Highly migratory,
valuable sport fishery

Atlantic sailfish
(Istiophorus albicans)

Overfished 2000–2005;
overfishing occurring from

2001 to 2003; not
overfished from 2006 to

2011

Oceanic, but migrate
into shallow waters

Highly migratory, tropic
and temperate waters

Red drum (Sciaenops
ocellatus)

Overfished 2000–2005;
overfishing 2000–2003; not

overfished 2006–2011

Found in coastal
beaches and nearshore

shelf waters

Complex stock
structure, commercial
fishery prohibited in

federal waters, valuable
sport fishery

Striped mullet (Mugil

cephalus)
No Gulf-wide assessment;
Florida stock not overfished
1995–2007; overfishing not

occurring 1995–2007

Nursery grounds in
secondary and tertiary
bays, shallow inshore
marine and estuarine
waters, soft sediment

Inshore fishery,
important recreational

fishery

(continued)

Fish Resources of the Gulf of Mexico 1005



� Many fish species in the Gulf of Mexico experience inshore–offshore movement in
response to changes in environmental conditions (e.g., thermal habitat) and/or needs of
life-history processes (e.g., spawning).

� Fish species differ widely in their ability to adapt to changes in the biotic and abiotic
environment in the Gulf of Mexico; omnipresent species are the most robust in
adapting to changes in habitat.

� There is large spatiotemporal variability in key life-history parameters (e.g., growth and
maturation) for many Gulf of Mexico fish species.

� Many fish species in the Gulf are often considered a unit fish stock, which implicitly
assumes adequate Gulf-wide mixing for fisheries stock assessment and management,
even though evidence suggests complex stock structure within the Gulf of Mexico
(e.g., existence of meta-population or local populations as a result of spatial isolations).

� A wide variety of short-term and long-term anthropogenic and natural stressors, such
as rapid coastal development, pollution, heavy fishing, climate change, and natural
disasters, have reduced the resilience and robustness of the Gulf of Mexico ecosystem
with respect to human and natural perturbations.

� Different fish species tend to respond to fishing and changes in habitat in different
ways. Some species are more sensitive, and others are more robust with respect to
changes in fishing mortality and habitat.

� High fishing pressure and degraded environment have changed key life-history para-
meters of important fish species in the Gulf of Mexico, e.g., reduced size at age and
earlier maturation, reduced stock reproductive potential, increased temporal fluctua-
tion of recruitment, and impaired ability of fish stocks to recover from low stock
abundance.

Table 9.45. (continued)

Species Fishery status Key habitat
Other important

information

Greater amberjack
(Seriola dumerili)

Overfished 2001–2011;
overfishing occurring

2004–2011

Pelagic Sargassum

mats until 5–6 months
old, reefs, rock outcrops
and wrecks, pelagic and

epibenthic

Like congregation

Tilefish (Lopholatilus
chamaeleonticeps)

Not overfished and no
overfishing; large

uncertainty in the status

Demersal living in
burrows in mud, silt and
clay sediments along
the continental slopes

Long lived, slow growth,
complex breeding
process, habitat

specificity, sensitivity to
changes in habitat

King mackerel
(Scomberomorus

cavalla)

Overfishing occurring prior
to 2000; overfished
2000–2003; declared

rebuilt 2008

Epipelagic tropic,
subtropic and temperate

waters

Opportunistic
carnivores

Dolphinfish
(Coryphaena hippurus)

Overfishing not occurring
2000–2011; not overfished

2000–2011

Tropical and warm-
temperate waters

One of the fastest
growing species, high

commercial and
recreational values
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� Many finfish and shark species of great ecological, commercial, and recreational
importance have been subject to overfishing and being overfished. Their present
population abundances tend to be much lower compared to historic levels, which
may be the result of a combination of factors, including high fishing pressure, large
bycatch mortality, and recruitment failure likely due to low spawning stock biomass
and/or unfavorable environmental conditions.

� Recent management regulations appear to have been effective in improving the
population levels of some important fish species, which have recovered or are moving
towards recovery from overfishing and/or overfished status.

� No formal stock assessment had been done for the vast majority of fish species in the
Gulf of Mexico immediately prior to the Deepwater Horizon event, and subsequently,
there is limited knowledge about the status of these fish species (e.g., if they are
overfished and/or if overfishing is occurring).

As discussed above, numerous long-term anthropogenic stressors, including fishing pres-
sure, as well as a variety of natural stressors, affect finfish in the Gulf of Mexico. Of the
13 finfish species evaluated in this chapter, five species were being overfished and/or were in
the status of overfishing immediately prior to the Deepwater Horizon event. The five species
included red snapper, red grouper (some local subpopulations), Atlantic bluefin tuna (most
likely but the uncertainty is high), Atlantic blue marlin, and greater amberjack. In addition,
many shark species were overfished or were in the status of overfishing immediately before or
around April 2010. Of 39 shark species included in the shark Fisheries Management Plan in the
Gulf of Mexico, 19 species are listed as commercially and recreationally prohibited species
because of very low population biomass and poor stock conditions. Finfish species evaluated in
this chapter that were determined to have healthy stocks in the Gulf of Mexico immediately
before the Deepwater Horizon event included menhaden, Atlantic swordfish, Atlantic sailfish,
red drum, striped mullet, tilefish, king mackerel, and dolphinfish.
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Small fish images used throughout Chapter 9 are from GulfFINFO (http://gulffishinfo.org/)
with the exception of the following: (1) Yellowfin Menhaden (from DMNelson and ME Pattillo
(1992) Distribution and abundance of fishes and invertebrates in Gulf of Mexico estuaries.
NOAA National Ocean Service, Rockville, MD, USA. Image available at https://www.flickr.
com/photos/internetarchivebookimages/20786380240/in/photolist-xXtgv2-xV8FtW-xEPCEd,
accessed 14 December 2016); (2) Finescale Menhaden (from http://txmarspecies.tamug.edu/
fishdetails.cfm?scinameID=Brevoortia%20gunteri, accessed 13 December 2016); (3) Atlantic
Bluefin Tuna (NOAA FishWatch, http://www.fishwatch.gov/profiles/western-atlantic-bluefin-
tuna, accessed 14 December 2016); (4) Blue Marlin (Oceloti, 2014, iStock image at http://www.
istockphoto.com/vector/blue-marlin-fish-gm505255597-44750310?clarity=false, accessed 5
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December 2016); and (5) Atlantic Sailfish (Szabo D, 2012, iStock image at http://www.istock-
photo.com/vector/atlantic-sailfish-gm156019592-13474335?clarity=false; accessed 13 December
2016).
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