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Executive Summary

This third quantitative assessment of blue craliorida consists of two detailed
population assessments for blue crabs inhabitithgethe Gulf or Atlantic coast of Florida.
Updated information is also provided on aspectswé crab life history.

During the 1930’s and 1940’s, statewide blue ¢aakings ranged between 4.5 and 7.0
million pounds. The Gulf coast represented apprataty 1.0 million pounds of the harvest for the
period. The landings remained relatively consthrdugh the 1950’s and 1960’s on the Atlantic
coast, whereas Gulf coastal landings increasedtbeesame period, reaching 15 million pounds by
mid-1960. Since 1965, commercial landings of ldtgb on both coasts have declined. The lowest
landings were reported for the Gulf coast in 2008 tne Atlantic coast in 2009. Through 2011,
landings and commercial catch rates for both cdeste marginally increased since the lowest
years experienced, but overall the declining tr@amdains. In 2011, landings were about 6.8 million
pounds for the Gulf coast and 3.7 million poundstii@ Atlantic coast.

Fishery-independent indices of abundance (IOA) wareable when the surveys were
initiated (1989 or 1996) and showed a depressi@bimdance during both the early and late
2000’s. The IOA trends on both coasts mirror theaimercial catch rate trends and the trends in
commercial effort. The abundance indices haveess®d in 2011 on the Atlantic, but experienced a
drop in the Gulf during 2011.

All three assessment models indicate that fishiogtality rates have trended downwards on
both coasts since the mid- to late 1990’s, whidlodes the general trend in the number of traps
fished over this time period. The analyses difi@sed on the time span over which the models were
run. The historical models that use longer timeqgolsrshow two peaks in fishing effort: (1) a mid-
60’s peak from the rapid increase in fishing effmibr to 1960 , followed by a decline through the
1980's; (2) a secondary, albeit smaller peak iaréfh the mid- to late 1990’s, after which landsng
steadily declined through present. Although fighiates have declined since the late 1990’s, all
three models find that the abundance of crabs bamcreased markedly with this decrease in
effort, but has remained relatively stable markéti Varge fluctuations in their abundance.

Although there were differences in the predictiedls status among the three analyses, the
general conclusions suggest that neither coasirierttly overfished nor undergoing overfishing.
The primary assessment model, a two-stage cateleysanalysis, found that neither coast is
currently overfished nor undergoing overfishingthwan estimated MSY of 31.9 and 12.0 million
crabs for the Gulf and Atlantic coasts, respecyiv@lhe stochastic stock reduction analysis (SSRA)
came to the same conclusions regarding stock stattiisan estimated MSY of 35.3 and 23.2
million crabs for the Gulf and Atlantic, respective The surplus production model found a similar
result for the stock status on the Gulf coast @wetrfished nor overfishing), but found that the
Atlantic coast was overfished and undergoing oshifig, with estimated MSY of 15.4 and 22.1
million crabs for the Gulf and Atlantic, respectize These conclusions regarding stock status are
similar to those from the corresponding modelh@previous assessment (through 2005). While
differences exist among the analyses in this cuassessment, a common feature from these
analyses is that blue crabs are highly resiliamd, ia particular, freshwater inflow can have asgro
influence on their dynamics, leading to large fliations in year-to-year abundance.

There are troubling gaps in our knowledge aboug lokabs that could bias these analyses.
The ages of blue crabs are not known, making infege regarding mortality rates difficult. Some
information suggests that commercial discard mitytabuld be high, and that the recreational catch
could be significant. No estimates currently efastrecreational harvest, making the conclusidns o
this assessment suspect if these landings araspeded, substantial. In addition, underreporting
from landings, which may be substantial, could &liss the conclusions from this assessment.
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1.0 Introduction

This report follows the Standard Stock AssessiRamort format recommended by the
Atlantic States Marine Fisheries Commission (200@uch of the background literature is
reprinted from the review in Murphy et al. (200Adaupdated with new information as
appropriate.

1.1 Management Unit Definition

The Florida Fish and Wildlife Conservation Comrnioas(FWC) manages the Florida
blue crab stock as one management unit. In tisssasnent we provide separate, detailed
population analyses for the Gulf and Atlantic caagions. The Gulf population includes all
blue crabs within and offshore of Florida coastalrties from Escambia east and south through
Monroe, including Atlantic waters off Monroe County¥he Atlantic population is comprised of
all blue crabs in and adjacent to Miami-Dade thtoNgissua Counties. Blue crabs also occur
well inland in major waterways (e.g., St. JohnsdRiso inland counties in which landings have
been reported were divided between the two popuatccording to major watersheds
contained in each county, where Gulf Counties: L&@ashington, Alachua, Gadsen, Madison,
Columbia, Desoto, Highlands, Holmes, Polk, Sunaad Suwannee; and Atlantic Counties:
Clay, Putnam, Bradford, Marion, Lake, Orange, aathfdole. There may be some minor
population misclassification of landed blue crabsause of the high mobility of blue crab
fishers. Though genetic information suggests anestiock of blue crabs occurs in Florida
waters (see 2.4 Stock Definition), the short-terspérsal of blue crabs appears to be localized
so that the Gulf and Atlantic populations likelspend independently to fishing pressures
within their respective regions.

1.2 Regulatory History

The first blue-crab specific regulation in Florias enacted in 1941 and included a 5 ¥2
inch carapace width minimum size limit and a May-1August 15 prohibition of the
possession of egg-bearing females. In 1947, theedlseason was removed making it legal to
harvest egg-bearing females year-round. Howerek963, the take or possession of egg-
bearing females from waters east of the AucillaeRivas prohibited. More regulations were
added in 1973 when requirements for possessingliapthying the number of a current state
permit and escape gap regulation were passedasl&aigo deemed unlawful to offer for sale any
egg-bearing females taken from state waters. Ti81%he minimum carapace-width size limit
was reduced to five inches The possession of simel blue crabs, for the purpose of sale, in
guantities greater than 10% of the total catch, pvakibited unless authorized by a special
permit for the soft-shell crab or bait trade. Aigty of permitting and trap marking regulations
were enacted during the 1980's.

The near-current regulations to blue crab harveseirst developed by the Florida
Marine Fisheries Commission in 1994 when they degigd blue crab as a restricted species,
retained the minimum size limit of five inches tmmmercial harvest, repealed the 10%
tolerance for undersized crabs, allowed a bycatdsgssion limit of 200 pounds of blue crabs
per trip on shrimp trawls, prohibited all harvestigpossession of egg-bearing blue crabs, and
established a daily recreational bag limit of taans of blue crabs. Numerous other gear
design and provisions to regulate fishing actigitieere also included. By the middle of 1994,
there were changes to some of these regulatiohaltbeved some retention of undersized crabs
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and mandated the use of three escape rings ldrge2t/sinch inside-diameter in each trap.
Finally, by the end of 1994, standards for bioddglde trap components were enacted to
prevent “ghost-fishing” by lost traps. The devetent of a peeler-trap fishery that used small-
meshed traps without escape rings led to late i@@Hations that only blue crab traps with
larger, 1 %2 inch mesh required escape rings ariatiia live male crabs could be used as “bait”
in peeler traps. In 1998, the use of blue crabstta harvest blue crabs in federal waters
adjacent to Florida was prohibited, mainly as a teagliminate the use of these traps to catch
finfish. A moratorium was placed on the issuaniceew blue crab endorsements beginning in
June 1998. The Blue Crab Effort Management PlarEBE) was implemented in 2007 to
address the problems of seasonal crowding of trapsnfined waterways, lost traps, bycatch,
overcapitalization, latent endorsements and cdafbetween hard shell blue crab fishermen and
soft shell blue crab fishermen. On July 1, 20@8BICEMP separated the blue crab
endorsements by product type: hard shell (VH), sloél (VS), non-transferable (VN) and
incidental catch (VI) along with issuing tags fach trap fished based on where and how the
blue crab trap was fished (inshore, offshore, slofil and hard shell). The high number of trap
tags (822,750) ordered in 2008 represents yeaBLC&MP when there was no charge for trap
fees and fishers ordered the maximum allowable murabtheir allotment of traps, the majority
of which were not fished. Fees for trap tags viengemented in 2009 and the number more
accurately reflects traps (290,599) that are pa@tiyused by the fishery. The BCEMP is
structured so fishermen must annually re-qualifgnvandings in order to renew their
endorsements. Non-renewals may appeal if there exdenuating circumstances that
prevented them from renewing on time or attainlmegrminimum volume of landings for
requalification. Otherwise, those non-renewal eéseiments were lost, permanently decreasing
the number of endorsements in the fishery. The BEMBas resulted in a reduction in
endorsements from 2,283 in 2007 to 950 in 2011.

1.3 Assessment History

Two previous assessments for blue crabs in Flavel® conducted in 2001 and 2007
(Murphy et al. 2001, Murphy et al. 2007). Findirigem the 2001 assessment were highly
dependent on the apparent maximum age achieveddxploited blue crabs and the natural
mortality rate implied from the associated life spdJnder the assumption of a six-year
maximum life span, their analysis suggested thatf@hing (in the sense of ) was occurring
on both the Gulf and Atlantic coasts during the tmesent years they examined (1999/2000).
When they explored a more likely assumption ofarten three-year maximum life span,
overfishing was not occurring on either coast. sTatter finding was similar to that from a
Gulf-specific assessment exercise conducted fa tlab populations in each Gulf coast state
(Gillory et al. 1999). They found that, except for 1998, there n@ significant increase in total
mortality rates and no significant declining tremaselative abundance, mean carapace width,
percent frequency occurrence or landings in the btab fishery throughout the Gulf States.

The 2007 assessment residtiicate that fishing mortality rates have trendednward,
and each of the three models used indicated a melhaabundance in the later years of their
assessment. Results on the status of the fisheng afferent depending on the model used, but
generally showed that the stocks were not beingfisiied, and blue crabs appear to be highly
resilient to fishing rates. Estimates of MSY weomsistent between these models at about 17.5
million pounds on the Gulf coast and 7.5 milliorupds on the Atlantic coast.
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2.0LifeHistory

2.1 Age

Crustaceans generally are aged by assigning aggeslé modes in size-frequency
distributions. The method is complicated by tHéfeing factors: 1) crustaceans experience
discrete growth by means of ecdysis (molting),eathan continuous growth as seen in finfish,
and 2) the time period between molts increases ag#) while the proportional increase in size
per molt decreases. The relationship between gjsiae is more problematic in blue crabs
than in some other crustacean species becauserblusize (generally measured as carapace
width including the lateral spines) at age is hygidriable; females undergo a terminal molt
when they mature at around age one, after whichrtbdonger grow in size; and the blue crab
spawning season in the Gulf is protracted and sehgpowth rates may differ, thereby
confounding the identification of cohorts accordingize modes.

Recently developed biochemical methods have beesh tosestimate blue crab ages and
population demographics. Lipofuscin is a fluoregqagment that accumulates in neural tissues
over time. Histological analyses of lipofuscin centrations have been used for age
determination in several species of crustaceamst al. (1999; 2001) devised a biochemical
analysis to quantify lipofuscin accumulation indlcrabs. Jet al. (2003) used this method to
conduct a large-scale demographic assessmentetkdbs in Chesapeake Bay. Lipofuscin
analysis provided four modes for which they coiddign age classes, compared with the two
modes provided by size distributions. The datécatéd that the majority of the adult crabs
captured in a winter dredge survey were less tharyears old, although several crabs were
estimated to be greater than three years old. r&eab (2004) evaluated age structure and
estimated mortality parameters for use in stocksssents using lipofuscin data from blue
crabs collected from Chesapeake Bay during the/2002 winter season.

Lipofuscin is a byproduct of metabolism and the m@taccumulation may vary with
regard to environmental factors, principally tengpere (Juet al. 1999, 2001; Ju and Harvey
2002). Thus, the Chesapeake aging data is nattlgisgoplicable to Florida blue crabs.
Researchers in Florida spent four years in anteffoapply the extraction techniques developed
by Ju et al. (1999, 2001) and Puckett et al. (26@8)ging blue crabs in the Florida fishery
(Crowley 2012). Crowley (2012) investigated thbustness of the extraction technique for
lipofuscin age determination in Florida blue craksg two known age cohorts. Cohorts were
from different sources, one wild (n=105) and om&fithe Blue Crab Aquaculture program at
the University of Southern Mississippi’'s Gulf Cogstsearch Laboratory (USM/GCRL) (n=
80). Each cohort was cultured under different domts and a known age curve was developed
for each population to determine the reliabilitytloé extraction technique for ageing blue crabs
before its application in the Florida blue cralhéisy. Results of the Florida study did not
support the conclusions of Ju et al. (1999, 200d) Ruckett et al. (2008) that linked
accumulation of extractable lipofuscin with chrasgital age in blue crab (Crowley 2012). In
contrast to those authors, the Florida study fawgghtive correlations with age in the pond (y=
- 0.05x + 0.43, p<0.001, R2 = 0.13) and tanks (§-042x + -0.919, p<0.07, R2 = 0.002). The
lipofuscin indices generated by the extraction rodtvere not correlated with age and
precluded the development of a calibration cunat a@ge determination of blue crabs in the
Florida fishery. Use of lipofuscin methodology heesen found to be unsuccessful in aging
garden lizardsCalotes versicolor (Manibabu and Patnaik 1997, Majhi and Patnaik 2@0i)
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Sheehy (2008) noted that the accuracy of the didramethodology may not be sufficiently
vetted for use in ageing.

The maximum observed age of blue crabs is presumid 3-6 years (Van Engel 1958;
Rothschild and Ault 1992). Mark-recapture studiagse provided some of the best estimates of
blue crab maximum age. In the St. Johns Riverjddptagging data indicated that few blue
crabs live for longer than one year (Tagatz 1968&)wever, several crabs were recaptured two
and three years after tagging (their age at taggegassumed to be approximately one year),
suggesting a maximum age of four years. Maximuena@dour or five years was derived from
tagging data in North Carolina (Fischler 1965 irléfiet al. 2005). Rothschild and Ault (1992)
estimated a maximum age of six years for crabshies@peake Bay based on a recapture of blue
crabs four years after tagging; the crab were asdumbe about two years old when tagged.

2.2 Growth

Blue crabs have a hard exoskeleton consisting snairthitin. To allow for growth, the
crab must shed this layer and produce a new exaskethrough the process of ecdysis
(molting). Underneath the hard exoskeleton, thve sft exoskeleton develops. After the crab
molts, the crab absorbs water to expand and thekeleion hardens, allowing for growth.
Environmental conditions such as temperature (eeffB72), salinity (Tagatz 1965, 1968a),
and lunar cycle (Ryer et al. 1990) influence thang and frequency of molting (Steele 1979).
The crab requires 18-20 postlarval molts to reaatunty (Van Engel 1958 in Steele 1979).
Females are assumed to undergo a terminal molt Wiegmmature, after which they no longer
grow in size. However, Steele and Bert (1994) chdtbat the average size of ovigerous female
blue crabs caught in traps in Tampa Bay, Floridss significantly larger (by approximately 20
mm) than the average size of newly mature femalaggesting that some female blue crabs
may molt subsequent to maturation, although aduatiexperimentation would be required to
support this theory. Molting and pre-molt matugengile in the post terminal molt state have
been observed in other studies (Abbe 1974; Olmi198ele and Bert 1994; Milikin and
Williams 1984 in Guilloryet al. 2001), but their frequency is presumed to be Iblewever, at
least some blue crabs, both females and males, teeleave terminal molts; Tagatz (1968a)
tagged adult blue crabs in the St. Johns Riverjddpand recovered three females about two
years after release, and two males about thres pft@r release. Because the tags were
attached to the carapace and would be lost atmgolinese crabs had not molted.

Blue crab growth rates are difficult to estimatedaese molting results in discrete rather
than continuous growth. Also, the time period ket molts (molt interval) increases with age,
while the proportional increase in crab body sigemolt (growth increment) decreases. Molt
intervals for juvenile blue crabs vary with crabesiranging from three to five days for crabs
less than 13 mm carapace width (CW), to one torhwaths for a 100 mm CW crab (Van Engel
1958 in Oesterling 1976). Tagatz (1968b) raise@nile blue crabs in outdoor floats in the St.
Johns River, Florida, and found that although ghopér molt was similar over the winter and
summer (average temperatures of 14° C and 26°sPectively), molt intervals increased at
lower temperatures. Growth increments were highlyable, ranging from approximately 8%
to 50%. Tagatz (1968a) found that most crabser&h Johns River reached maturity and full
size within one year of hatching. Size at matwits variable; the size of the smallest mature
female was 99-mm CW and the largest immature femak177 mm CW. The size overlap of
immature and mature females was wider in Tampa ®Bhgre the smallest mature female
captured in a trapping study was 47 mm CW andafgekt immature female was 174-mm CW
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(FWC-FWRI unpublished data). Tagatz (1968a) fotlvad males in the lower St. Johns River
reached 50% maturity at 125-129-mm CW and neardgd thaturity at 165-169 mm CW. In
the lower salinity upper river, males reached mgtat larger sizes; at 150-154 mm CW 50%
of the males were mature, but at the 165-169 mmsA/ (the largest size class he reported),
only 76% were mature. The Florida maturity-at-siakies were intermediate to those obtained
from blue crabs in Louisiana and Mississippi (Gul and Hein 1997b and Perry unpublished
data, respectively, in Guillorgt al. 2001). Up to 18 months is necessary for matumnatio
Chesapeake Bay (Van Engel 1958), while blue cnaliise Gulf of Mexico may reach maturity
within a year (Perry 1975, Tatum 1980). Floridagastudies of Crowley (2012) found the first
mature female raised from a wild cohort in a ¥ gaed at approximately 7.7 months of age
and the last immature female was captured in tinel | approximately 10.3 months of age.

Growth data exist for Gulf of Mexico blue crabsnfréength-frequency distributions and
more recently from aquaculture studies conductdéanda and Mississippi. Perry (1975)
estimated seasonal (July through January) growtinaayng modal progressions in monthly
width-frequency distributions for crabs in Misspgsi Sound. The estimated growth rate of 24-
25 mm/month is somewhat higher than rates foundtwer Gulf estuaries. Adkins (1972a)
found growth in Louisiana waters to be about 14 mamth for young crabs with slightly higher
rates (15-20 mm/month) as crabs exceeded 85 marapace width. Darnell's (1959) growth
estimate of 16.7 mm/month for crabs in Lake Pontcaia falls within the average reported by
Adkins. More (1969) noted a growth rate of 15.35Ll®&m/month in Texas. Plotting the
progression of modal groups from February througlyust, Hammerschmidt (1982) reported
higher growth rates for crabs in Texas (21.4 an@ gtm/month for seine and trawl samples,
respectively) and attributed these rates to theotiseasonal rather than yearly data. Tatum
(1980) also found seasonal changes in the rateowtftly of young blue crabs in Mobile Bay,
Alabama. He observed monthly rates of 19, 10,5amumn for crabs recruited in April, August,
and December, respectively. Pond studies in Fqi@rowley 2012) found growth rates of
males and females from 15 mm to a legal size ofrh2vto be approximately 12.4 and 12.7
mm/month, respectively. Mississippi aguacultuseegch has estimated crab growth from
studies in tanks and ponds (Perry unpublished d&ajing the early grow-out period
(megalopae to beginning crab stages) in reciragatnks, crabs had a growth rate of 16.5
mm/month. In pond studies (early juvenile crabadalts), crab growth was 20.2 mm/month.

Blue crab growth rates in the Gulf of Mexico cannbedeled using the von Bertalanffy
growth equation,

CW; = CW,, (1-e ™)

where CWis the carapace width at time t; CW¢ the mean carapace width of the oldest
blue crabs occurring in the Gulf of Mexico; K ietlion Bertalanffy growth coefficient; angli$
the time at which carapace width is theoreticaflyoz This continuous growth function does
not literally describe the incremental growth afidkrabs, but since model fitting is essentially
a data smoothing technique and since membersdai@tcmolt at different times, the average
growth of a cohort becomes a smooth curve (Spaiae £989). Smith (1997) and Rothschild
and Ault (1992) modified the von Bertalanffy modielconsider incremental growth, although
Rugolo et al. (1997) concluded that the von Benffyanodel adequately described blue crab
widths at ages. Required inputs for the modelithet! estimates of CWwidths at ages, and
maximum age.
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In addition to the von Bertalanffy growth modeteanperature-dependent individual-
based molt-process model was adapted from BunnelMiller (2005) and fit to the
aquaculture studies from both Florida and Miss@siy/. Cooper pers. comm.). The model
was structurally similar to Bunnell and Miller (ZB)) but instead of basing the growth
parameters on Tagatz (1968b), the growth paramé@eraith per molt, GPM; intermolt period,
IP) were fit to the aquaculture size-at-age daagus metaheuristic maximum likelihood
approach. To provide more flexibility in GPM aguaction of size, GPM was modeled using a
polynomial spline, while the IP parameters were aeted as in Bunnell and Miller (2005).
Growth and temperature data were available foramumaculture study in Florida, and seven
aguaculture studies in Mississippi. The molt-pescenodel was fit to the combined studies
from Florida and Mississippi, providing a singlé separameter estimates for GPM as a
function of size and IP a function of size and teragure.

Due to the strong temperature dependence on giiovitlue crabs, von Bertalanffy
growth parameter estimates from individual stueeslld only be appropriate for individuals
spawned during similar months; for example, thgseing in spring could have markedly
different growth parameter estimates than those/sed in the fall. To distill a single set of
growth parameter estimates for Florida crabs, lineatological average of temperatures was
calculated from the fisheries independent monitpdata, and this temperature time series was
input into the molt-process model to simulate siz@ge data for individuals spawning
throughout the entire spawning season. The spagason was based on the proportion of
ovigerous females sampled in fisheries indepensmipling from the GulfThe proportion data
were used to assign the spawning date using arrieaimistribution for the simulated crabs in
the model. A von Bertalanffy model was then fithese simulated size-at-age data to obtain a
single growth model estimate:

CWt = 166.05 (1_e—2.1582(t-0174fy

Carapace-width-to-weight relationships have beéimased for blue crabs sampled
from estuaries throughout much of their range endhstern United States. In Florida, Murphy
et al. (2007) present separate relationships fishefies independent and fisheries dependent
analyses, and conclude that the equations arecappdifor the entire state due to lack of strong
interaction differences among regions in the stakew this assessment, we have combined the
various Florida data sources (independent and diepe¢nlata; n=11,425 total, n=6,959 males,
n=4,041 females) into a single set of relationsfgpsise in the assessment models. Carapace
widths ranged 56-235 mm for females and 53-227 ommiales. Crab weights (W) ranged 15-
780 g for females and 15-670 g for males.

Both Sexes: W = 0.00856 * CWW**
Males: W = 0.00214 * C\k?®°
Females: W = 0.00786 * CW*®!

In the Chesapeake Bay, a relationship of carapatid \imm) to weight (g) was
estimated for 5,000 blue crabs of each sex that weltected during the winter dredge survey
conducted (Rothschild and Ault 1992). The sex-fjgeweight-at-carapace-width relations
were:
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Female: W = 0.003487 * CW%°
Male: W = 0.000221 * C\Ar2%8

Pullen and Trent (1970) collected blue crabs duaisfprimp trawl survey in Galveston Bay,
Texas and estimated the carapace-width (millimgterseight (grams) relations:

Female: W = 0.000287 * C\#>*®
Male: W = 0.000181 * C\W/' 748

Guillory and Hein (1997a) developed a relationdhipblue crabs from the Terrebonne Basin,
Louisiana. Blue crab weight (grams) at CW for betites combined was determined as:

Both Sexes: W = 0.000826 * Citf°

Relationships from Mississippi fishery-independeainitoring and fishery-dependent were
developed for the 2011 Gulf of Mexico blue crabeassnent (GDAR 2013). The composite
weight-length relationship (both sexes, fishermretependent, FID, and dependent data, FDD)
and category-specific relationships were estimatetbllows:

Both Sexes (FID, FDD): W = 0.000888 * C¥#*°

Males (FDD): W = 0.00141 * CW*"
Females (FDD): W = 0.00264 * CW*°
Males (FID): W = 0.000185 * C\W">*
Females (FDD): W = 0.000337 * C™

Tagatz (1965) did not supply a regression equdtiothe carapace-width-to-weight relation for
blue crabs found in the St. Johns River, Florida,His data were comparable to the findings by
Pullen and Trent (1970) in Galveston Bay. Pulled @&rent (1970) noted that blue crabs of a
given sex and carapace width from Virginia and iBBmeighed less than those sampled from
Galveston Bay, Texas, but when compared with thepeaBay data, this was only true for the
larger size classes (>175 mm CW for females andd®0CW for males).

2.3 Reproduction
Blue crabs mate nearly year round in Florida waterthe St. Johns River, Tagatz

(1968) found mating common from March-July and ®eteDecember. In Tampa Bay, mating
pairs were found year round, with the highest fesgpies February-July, and lower frequencies
September-January; little mating was found to oatu#ugust (FWC-FWRI unpublished data).
Males mate during the last three or four stagedt(oyoles) of growth. Female blue crabs are
thought to mate only once in their lifetime immedlg following their pubertal molt. Size at
maturity is highly variable with environmental cathohs such as temperature and salinity
(Tagatz 1968a, b). Mature females ranged 100-2400Wrin the St. Johns River (Tagatz
1968), and 47-196 mm CW in Tampa Bay (FWC-FWRI Unlighed data). There is a large
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overlap in sizes of immature and mature female btabs; the largest immature female caught
in the St. Johns River was 177 mm CW, and in TaBgawas 174 mm CW.

Mating occurs in low-salinity waters. The pre-priaefemale releases pheromones that
are detected by the males via the aethetasc seimsttie outer flagellum of the antennules
(Alexander 1999). This is a cue for the male tom@gecopulatory behavior. Pairing with a
pre-pubertal female, the male carries her aroutitisive molts. Copulation occurs immediately
following the pubertal molt before the exoskeleb@mndens. Precopulatory pairing maximizes
reproductive success for the males when matinigigeld to a brief period of time in the
female’s life cycle, and provides protection foe fiemale while in the vulnerable molting
process. After mating, the males tend to remathénestuaries while the mature females
migrate to higher salinity waters to spawn.

In Florida, female blue crab migration patterngedibetween the Atlantic and Gulf
coasts. On the Atlantic coast, female blue cralvepay migrations generally follow an
inshore/offshore pattern, similar to those sedniue crabs throughout the rest of their U.S.
range (Cargo 1958; Judy and Dudley 1970). Howewagging studies have shown that females
on the Florida gulf coast migrate northward aldmg ¢oast prior to spawning. Oesterling and
Adams (1982) reported that nearly 25% of taggedaferblue crabs were recovered more than
48 kilometers from their release sites on the Bbogulf coast, and that some crabs traveled as
far as 499 kilometers. Steele (1991) had similaults; tagged female blue crabs released in
Tampa Bay were recovered up to 800 km north of tieéease sites, and crabs released as far
south as Charlotte Harbor were recaptured in ApalaBay. Oesterling and Adams (1982)
proposed that the females migrate north towardaoon spawning ground in the Apalachicola
Bay region, from where larvae are dispersed albaghtire west Florida coast. Steele (1991),
however, suggested that the outflow from the Agatada River acts as a barrier to westward
dispersal for these adult crabs.

Spawning typically occurs during the spring and swen The female broods the eggs in
a sponge-like mass on the pleopods. The eggs hatzbea larvae and development occurs in
offshore waters. While in the planktonic stage,lt#meae may be distributed by currents. After
31-49 days, the zoea develop into megalopae, whicinn to the estuaries and settle as benthic
juveniles (Costlow and Bookhout 1959 in Tagatz )988venile blue crabs are found in
nearshore shallow waters and within the estuaaies$,move back into lower salinity waters as
they approach maturity.

Female blue crabs may spawn multiple times asgbevsare viable for at least one
year. Females captured from the Indian River Lagmoduced up to six fertile broods over a
six-month period from April to October (Hinesal. 2003). Although these females were tank
reared throughout this period, the data providespaetive on blue crab reproductive
capabilities. Dickinsomt al. (2006) reported that some female blue crabs maadan bay
waters during the spawning period produced mone siexen clutches of eggs over 18 weeks.
The larger crabs produced more eggs per clutchthiewgmaller crabs produced clutches more
often, and they concluded that reproductive outyag similar for most size groups.

2.4 Stock Definitions

The blue crabCallinectes sapidus, inhabits estuarine and nearshore coastal habitats
throughout the western Atlantic and Caribbean frmrthern Massachusetts to northern
Argentina (Williams 1984; Steele and Bert 1994).
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Blue crabs in the eastern Gulf of Mexico and thetemn Gulf of Mexico are genetically
dissimilar, and the exchange of individuals betwinase regions, and between the Gulf of
Mexico and the Atlantic Ocean, may be low. Tha#ier@nces are not so pronounced that we
would consider these populations to be differemiegje stocks. However, limited localized
dispersal could delay the re-establishment of asteetl populations by immigrant larvae,
juveniles and adults leaving geographically disfaopulations. The 2011 Gulf of Mexico blue
crab assessment (GDAR 2013) models an easterra(feLjvestern (AL through TX) break in
the distribution, based on genetic information ¢gland larval dispersal studies (Johnson et al.
2009 and 2013).

2.5 Genetic Information

Genetic analyses of proteins and mitochondrial ONEDNA) of blue crabs along the
Atlantic Ocean and Gulf of Mexico coasts of the tddiStates revealed no distinct genetic
structuring of populations. However, gradual cheanig a protein allele frequency along the
Atlantic coast (McMillen-Jacksoet al. 1994) and inmtDNA diversity along the Atlantic and
Gulf coasts (McMillen-Jackson and Bert 2004) sutgpbthat most short-term dispersal of blue
crabs is localized, and that long-distance gemetihange occurs over long periods of time.
Although the regional exchange of individuals mayldw, these differences are not so
pronounced to consider these populations to berdift genetic stocks. Local dispersal by blue
crabs was confirmed byratDNA sequence analysis of Gulf of Mexico blue créibarden
2004). Although this analysis detected signifiogenetic differences between blue crabs in the
eastern and western Gulf of Mexico and among westeilf of Mexico blue crabs, blue crabs
along the west Florida coast were genetically hamegus.

Two comprehensive studies on the population gemefiblue crabs in Florida and
throughout their range in the eastern United Stad®e been conducted (McMillen-Jacksbn
al. 1994; McMillen-Jackson and Bert 2004). In thstfstudy, McMillen-Jacksoe al. (1994)
used protein electrophoresis to analyze blue aralbscted at 16 locations from New York to
Texas, including six locations in Florida: Cape @aral, Florida Bay, Tampa Bay,
Chassahowitzka River, Apalachicola Bay, and Penaada the second study, McMillen-
Jackson and Bert (2004) used restriction fragnmergth polymorphism analysis of the blue
crabmtDNA genome to analyze blue crabs collected at t¢dtions from New York to the
Yucatan Peninsula, Mexico, including five locationg-lorida: Jacksonville, the Keys, Tampa
Bay, Cedar Key, and Apalachicola Bay. In both mtsidthey determined the level of genetic
diversity overall and for each collection, levelganetic variance among all collections and
between pairs of collections, genetic distancesdat pairs of collections, and genetic
relationships among collections. No significarffedences in genetic composition (i.e., nuclear
gene allele omtDNA haplotype frequencies) occurred within the Flarcollections; thus, blue
crabs on the east and west coasts of Florida appeamprise a single genetic stock. However,
the data derived from both studies suggest that-s&on dispersal and gene flow (the genetic
integration of individuals into non-natal populaits) in blue crabs are regional in scale, and that
long-distance gene flow (which is related to migmatand dispersal) occurs in a stepping-stone
manner over long time periods. Thus, a depletguifadion is more likely to be repopulated
from nearby locations than from distant locatiohs addition, a difference imtDNA genetic
variability (the number of different alleles or hafypes in each collection) between blue crabs
in the Florida Keys (low genetic variability) andJacksonville, Florida (high genetic
variability), suggests that blue crab dispersal genke flow between the coasts may be
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asymmetrical. Blue crab dispersal and gene flopeaps to be relatively high from the Gulf to
the Atlantic (likely due to larval transport vieetlrlorida Straits), and much lower in the
opposite direction.

In a third study, Darden (2004) sequenced a higathable region of thetDNA
cytochrome ¢ oxidase subunit I gene to analyze population structure in blue ccatiected at 11
Gulf of Mexico locations from Naples, Florida todvnsville, Texas, including five locations
in Florida: Goodland, Port Charlotte, Tampa Bayakghicola, and Pensacola. Analysis of
molecular variance — which considers both the diffiees in genetic compositiomtDNA
haplotype frequencies) between collections, as agethe differences between individual
haplotypes within a collection — defined two gecaty differentiated Gulf of Mexico regions:
the western Gulf of Mexico, consisting of the coliens from Pensacola, Florida to Texas; and
the eastern Gulf of Mexico, consisting of the attilens from Apalachicola, Florida to
southwest Florida. Within the western Gulf of Mzxi all but one of the pair-wise comparisons
between collections showed significant geneticetiéhtiation, confirming the results of the
previous study that blue crabs dispersal is liméed long-distance gene flow is low.
Conversely, no significant genetic differences warglent among the eastern Gulf of Mexico
blue crab collections, indicating that blue cralo®@ the west Florida coast experience high
gene flow among themselves.

The results of these genetic analyses are consigsignblue crab migration behaviors.
Throughout most of their U.S. range, blue crab atigns are limited: male blue crabs generally
remain within an estuary, while female blue craligrate to higher salinity nearshore waters to
spawn. Movement tends to be inshore-offshoregrdtian alongshore. This results in
localized patterns of dispersal, where the exchahgadividuals is highest between adjacent
geographic locations, and decreases with dist&bmesequently, populations that are
geographically close to one another will be moneegieally similar than are populations that
are geographically far apart, resulting in the gieg-stone patterns of gene flow and gradients
in allele frequencies and genetic diversities. &keeption to these general migration behaviors
is seen in blue crabs along the Gulf coast of &&rin this region, female blue crabs migrate
relatively long distances north and northwest as$aApalachee Bay (Oesterling 1976; Steele
1991). Long-distance migrations tend to genetydatimogenize geographically separated
populations, as seen in Darden’s (2004) resultdeastern Gulf of Mexico blue crab
collections.

2.6 Natural Mortality

A range of estimates for instantaneous naturatatityr (M) were used in the Murphst
al. (2001) assessment and these were based on difessimmptions about blue crab maximum
life span. The maximum observed age of blue csBst years (Van Engel 1958; Rothschild
and Ault 1992). Using the relation M=3.0/maximugedor an exploited population
(International Council for the Exploration of the& [ICES] convention), this range of
observed maximum ages gives M’s ranging from 0.5.6oyr'. Given little information on the
annual or age-specific changes in natural mortaiityrphyet al. (2001) assumed a constant 6-
month rate of 0.25 or 0.50 Yrthough this parameter was highly influentialtie status
determination for blue crab.

Guenther and colleagué®ferenced in Murphy et al. 2007) estimated ygeeHic
estimates of natural mortality for blue crabs imipa Bay during 1989-2004. These were
derived from an ECOPATH/ECOSIM modeling exercisa ihcluded a hydrodynamic model
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for the input of nutrients and a predator-prey nidoiethe predation pressure. The ranges of M
estimates were from 0.96 to 1.67\suggesting higher rates than those derived thrthagh

ICES convention. Murphy et al. (2007) used thesesgstem model estimates of M on a 6-
month time step as inputs into the base assessnuatdl for the previous assessment.

For this assessment, we followed the Hewitt andrtitp(2005) rule of thumb estimate
of constant natural mortality (M=3/, where taxis maximum age of 3.0) in combination with
the Lorenzen (2006) approach to scale to an agafspmortality rate. Following SEDAR 12,

the mortality estimate is rescaled where the aweragrtality rate over ages vulnerable to the
fishery is equivalent to the constant rate ovesage

nL(a)
Yar™ L(a)

where M is a constant natural mortality rate overl@table ages aaxis the oldest age-class,
& Is the first fully exploited age-class, and nhie humber of exploitable ages. The Lorenzen
curve as a function of age is calculated from:

L(a) = w288

where-0.288 is the allometric exponent estimated for ratecosystems (Lorenzen 199d)o
obtain the predicted weight-at-age for the Lorenzanulations, the median size-at-age was
obtained from simulated data using the individuaddd molt-process (see description above),
and these size-at-age data were applied to thehtwaigength relationship to obtain the weight-
at-age. This approach produces the estimatesaff V28 and 0.87 yrfor juveniles and adults,
respectively, for the Gulf coast, and 1.29 and 86or juveniles and adults, respectively, for
the Atlantic coast.

2.7 Total Mortality

Independent estimates of total adult mortality¢@h be computed using a linearalized
catch curve analysis (eg. 4.4.5.3 in Sparre anceM@n1998) on fisheries independent
monitoring size frequency data of fully-selectedlésl For this, an average estimate across
years, reflective of the typical total mortalityabis experienced, was obtained by applying the
catch curve analysis to the total crabs caughaaln € 0mm size bin from all years combined.
This analysis utilized the von Bertalanffy growirameters and weight-at-size parameters
discussed above. This approach produces estimiafesf 3.10 and 2.46 86 Vifor the Gulf
and Atlantic coasts, respectively.

Fish and Wildlife Research Institute Blue Crab Assessment 11



3.0 Fishery Description

3.1 Brief Overview of Fisheries

The commercial fishery for blue crabs is conductimlost exclusively using traps.
Information on the recreational fishery is lackimgt various small traps, dip nets, and lines are
used to catch blue crabs. Commercial landings pkiskdhe mid 1960’s, and have shown a
general decreasing trend since then. Superimpas#upattern are large oscillations often
related to extended years of drought when blue grafluction is apparently low and wet years
when blue crab production is apparently high. Hdrell crabs represent the major component
of landings (>99% average across years by weigitileb 3.1.1, 3.1.2; Figures 3.1.1, 3.1.2).

The Florida blue crab fishery is highly mobile.aiy fishermen with blue crab
endorsements fish for blue crabs in both the Gullexico and Atlantic Ocean. The separation
of the licenses based on the coast fished is i¢eable using licenses. The licensing data
presented here illustrate the overall changes mitie Florida fishery. In 1995, there was a
significant increase in the number of blue craboeseiments sold in Florida (Table 3.1.3).
During this period a statewide ban on net fishirag wnplemented and many commercial
finfish fishermen entered the blue crab fisherjhe Btatewide number of endorsements
increased from 4,933 in 1994 to 6,082 in 1995.eAfhe increase in 1995 a steady decrease in
endorsements has followed. In 2011, the total rmrmobendorsements (VH,VS,VN and VI) for
blue crab fishing (950) were a fraction (15.6%jh# endorsements issued in 1995. The
decrease in endorsements over the period was séeadyas enhanced by the Blue Crab Effort
Management Plan (BCEMP) in 2007. The BCEMP wastedao address the problems of
seasonal crowding of traps in confined waterwayst, traps, bycatch, overcapitalization, latent
endorsements and conflicts between hard shelldsakefishermen and soft shell blue crab
fishermen.

On July 1, 2008 the BCEMP separated the blue endlorsements by product type: hard
shell (VH), soft shell (VS), non-transferable (Vahd incidental catch (VI) along with issuing
tags for each trap fished based on where and hewltle crab trap was fished (inshore,
offshore, soft shell and hard shell). The high banof traps for 2008 (822,750) represents
when there was no charge for trap fees (year 1G#MP) and the fishers ordered the
maximum allowable number of their allotment of saghe majority of which were not fished.
Fees for trap tags were implemented in 2009 andui@ber more accurately reflects traps
(213,555) that are potentially used by the fisi@igble 3.1.3). The BCEMP is structured so
fishermen must annually re-qualify with landingsonaler to renew their endorsements. Non-
renewals may appeal if there were extenuating wistances that prevented them from
renewing on time or attaining the minimum volumedaofdings for requalification. Otherwise,
those non-renewal endorsements were lost, permamEtreasing the number of endorsements
in the fishery.

Various observations describing characteristiaheffishing effort in the Florida blue
crab fishery have been documented (Steele andlBe&; McMillen-Jacksomt al. 2003).
McMillen-Jacksoret al. (2003) conducted a mail survey of 855 Florida caroial blue crab
fishers. The survey consisted of 14 questionsdedwon individual fishing effort, trap usage,
trap loss, and fishing location. On average, bhad ¢ishermen reported fishing a total of 364
(standard deviation [SD] = 310) traps. About 43¥arted fishing 200 or fewer traps, and 80%
fished 500 or fewer traps. Only 6% reported fighlnO00 or more traps, and one respondent
reported fishing 3,000 traps. Survey respondexpsried actively fishing an average of 193
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traps per day (SD = 117). Overall, they reportshlihig 10-900 traps per day. About 72%
reported fishing 200 or fewer traps per day. Thisstion did not specify how many fishers
were fishing, so the higher numbers of traps mas ieeen fished by more than one fishers.
Most (67% of survey respondents) of the fishersntel that they fished their blue crab traps
alone. About 27% fished with one other person,famer than 6% fished with two or more
people. Taking into consideration the number apsrfished daily, as reported by the survey
respondents, and the number of fishers in the \gaowkp, it was estimated that nearly 90% of
Florida blue crab fishers who reported working alaatively fished 200 or fewer traps per day
(mean = 164 traps fished per day, SD = 85, rang@-500). More fishers generally worked
more traps per day. Two fishers fished an avecd@®3 traps per day (SD = 167, range 10-
900). The largest reported work group — five frshe averaged 325 traps fished per day (SD =
248, range = 150-500). About 90% of survey respatgireported fishing their blue crab traps
three or fewer days after baiting (soak time), with highest percentage (46%) reporting a two-
day soak time. The range of soak times was 1-¢5, dait only two respondents reported soak
times of more than one week. About 80% of surespondents reported that they fished for
blue crabs 3-6 days per week. Overall, respondamisaged four days of fishing per week (SD
= 1.5), although about 12% reported fishing seveysger week. Survey respondents reported
fishing for blue crabs an average of 41 weeks par {SD = 13). More than 65% fished 40 or
more weeks per year, and about 50% of those ingisd(33% of all survey respondents)
reported fishing for blue crabs 52 weeks per yéar.average of seven blue crabs caught per
trap (SD = 5.4) was reported by survey responde@igerall, respondents reported per-trap
catches of 0-40 blue crabs. Although most repartgdhes of 1-6 crabs, nearly 25% reported
averaging ten or more blue crabs per trap.

A more recent survey was conducted of the commlebtiie crab fishery in Florida
(Gandy 2012), which differed in the questions fritv@ previous mail survey. The new survey
included questions on the locations typically fishéistance traveled, expenses, satisfaction
with the fishery, response to potential changeggulations, effects of the effort management
plans, and current perception of the fishery. @Ngob satisfaction among blue crab fishermen
in Florida is high, although regional differencesse The career length of fishermen in the
Florida blue crab fishery is spread over a widegyeafl to 40+ years), and represents both part
time and full time employment for responding fighen. Statewide responses to distances
fished indicated that the majority of respondersis fess than 50 miles from their home base,
mostly in the region they reside in. All regiomdldwed the statewide trend where the majority
of the catch is sold, mostly to wholesalers, wittie state. This is in line with the survey’s
focus on harvesters. It is interesting to note vieay few respondents are vertically integrated
to function as wholesalers exporting product outate. Fuel and new gear were typically the
top two ranked fishing expenses for respondenddl iregions, although other factors played a
role in some regions. Over the past five yeass)dahdings of respondents have either been
stable or decreased. Regionally, the majorityespondents in the northeast, central east,
central, panhandle and southeast indicated thaidirigs have significantly decreased over the
period. The majority of respondents in the centradt, northwest and southwest indicated their
landings have remained stable over the past fiaesyeWeather was the primary factor
affecting respondent’s landings. After the implema¢ion of the effort management plan, in
2007, the majority of respondents in all regiordidgated they have not noticed any changes in
the fishery. The majority of respondents would sugpport potential fisheries management
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tools: increases in the minimum sizes of male ordle blue crabs; summer closures on female
blue crabs; blue crab refuge/no take areas.
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4.0 Habitat Description

4.1 Brief Overview of Habitat Requirements

Blue crabs are dependent on estuaries throughath wifttheir life history, particularly
in the post settlement and reproduction phasedi¢@uet al. 2001a). Though post settlement
blue crabs are most abundant in estuaries, thepedound in freshwater and the shallow ocean
along the shore and out to 295 feet (90 meters)ptader depths of 115 feet (35 m) or less
(Williams 1984; Hameet al. 1991; Steele and Bert 1994). They have beentegbas far as
190 miles (305 km) upstream in the Atchafalaya Rimd_ouisiana and in hypersaline waters
up to 60 ppt (Guilloret al. 2001a). In general, post settlement blue crabsissociated with
inshore and nearshore areas utilizing a rangelotataypes including sandy and muddy
bottoms to high density vegetative areas.

Blue crab survival and production are positiveliated to habitat quality (Engel and
Thayer 1998; Guilloryat al. 2001). The estuaries with the highest blue pralduction in
Florida — Apalachee Bay and Suwannee Sound/Wa&=agay — have large tidal marsh and
submerged vegetation acreage (Guillergl. 2001). Turner and Boesch (1988) saw declines in
blue crab fishery production with wetland habitatss (in Guilloryet al. 2001). Habitat loss
and degradation are a concern throughout the Gilexico, particularly in Florida where
coastal regions are being converted for developrft@atlory et al. 1998; Engel and Thayer
1998; Guilloryet al. 2001). Alteration of estuarine and coastal halmtzrease nutrient and
chemical loading through nonpoint-source runoffbidity, and changes freshwater inflow
(Engel and Thayer 1998). Blue crab populationehzeen adversely affected by domestic,
agricultural, and industrial pollutants, as welldaginage alteration and dredge and fill
operations (Guilloret al. 2001).

High-salinity waters are essential for the earlyebtrab life stages. Spawning occurs in
nearshore waters where larvae are exported vianmcedes to the continental shelf for zoeal
development and megalopal metamorphosis. Optiatality for hatching ranges from 23 to 30
ppt and will not occur below 15 ppt, and larvaeehasurvive the first molt in salinities less than
20 ppt (Guilloryet al. 2001). In northeast Florida, larval zoeal stagere found up to 160 km
offshore (Nichols and Keney 1963 in Tagatz 196&anktonic postlarval megalopae recruit
into Gulf of Mexico and Atlantic Ocean estuariegitally during summer and fall months,
where they settle into nursery and shoreline hbétad metamorphose into the first-crab
juvenile stage (Futch 1965; Rabaletisl. 1995; Guilloryet al. 2001; ASMFC 2004). Tagatz
(1968a) observed waves of juvenile blue crabs ewg¢he St. Johns River approximately five
months after spawning began, continuing from suntim@ugh early winter. Blue crab
recruitment may be influenced by wind- and stormveair transport (Rabalaet al. 1995,
Etherington and Eggleston 2000).

Blue crab postlarvae are five times more abundaateas with submerged aquatic
vegetation (SAV) than unvegetated areas and p&&&t habitat over mud and oysters (USEPA
1997; Moksnes and Heck 2006). Juvenile blue cutibze salt marsh and seagrass habitats as
nursery grounds but eventually disperse from tlagsas and are most abundant in low to
intermediate salinities in the upper and middleasés (Guilloryet al. 2001; Forwardt al.

2004). Tagatz (1968a) found that juveniles leas th57 inches (40 mm) CW preferred
habitats in shallow water and mud in the St. Jdtimsr, Florida. In Tampa Bay, Florida,
Steele and Bert (1994) identified areas of softlsand interspersed with turtle grass as
important juvenile habitat. Heck and Spitzer (2081ggested that smaller juvenile crabs
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survive better in low density vegetation while krguveniles survive better in high density
vegetated habitats (Moody 2001; Guillatyal. 2001). Habitat partitioning by juveniles is most
likely related to predation avoidance (includinguaidalism), food availability, reproductive
success, and growth (Guillogyal. 2001). Hovel and Lipcius (2002) found the comierf
seagrass habitat influences juvenile blue crabiwlriay influencing the vulnerability to
intraspecific predation affecting spatial distriloat

Adult blue crabs use various habitat types inclgdinbmerged vegetation, unvegetated
sediments and marsh areas. Blue crabs are disdlitroughout the estuary but are partitioned
seasonally with respect to salinity and sex (StaeteBert 1994). Juveniles of both sexes and
adult male blue crabs prefer brackish waters otger and middle estuary while adult females
tend to concentrate in the lower reaches of theibayaters of higher salinity (>30 ppt).
Tagging studies by Tagatz (1968) found that moshefmale crabs remained in the estuarine
environment while the females moved further out ithie coastal waters to spawn. Prey
availability has been shown to be another factmirdy adult blue crab distribution in the
estuarine system (Seittzal. 2003).

Female blue crab habitat preferences change ugtisttage. In Tampa Bay, pre-pubertal
females are found in low-salinity waters of the rardl upper bay, where mating occurs during
molting (Steele and Bert 1994). Recent analysisaibpe and trace metal concentrations may
point to breeding grounds extending further in® thiddle of the bay than was previously
thought (Gandy, personal communication). Aftguudating, the females migrate to higher
salinity waters to spawn. Salinity is an importtdtor in the hatching of blue crab eggs and
survival of the larvae. Costlow and Bookhout (te€de and Bert 1998) noted that larvae
require salinities above 22 ppt to survive. By mgwo higher salinity waters offshore before
their eggs hatch, the females enhance larval salnaispersal and reduce osmoregulatory stress
and predation (Hineat al. 1987 in Steele and Bert 1994).

Blue crabs are opportunistic, benthic omnivoresdiieg on fish, aquatic vegetation,
mollusks, crustaceans, and annelid worms (Dar@&L1Muller 1999). Little information is
available on the food of larval blue crabs, butaptivity successful methodologies have been
developed to rear blue crab larvae, Megalopae @arahjles (Crab 1 stage) using readily
available cultures of several micro algal spedrasgijfer culturesArtemia sp. nauplii and
artificial diets (Zmoraet al. 2005). Blue crab megalopae (final larval stageneefirst crab
stage) are omnivorous and feed on pieces of figllfish, and aquatic plants (Van Engel 1958
in Tagatz 1968). Dittedt al. (2006) saw changes in dietary patterns with cizdy plant
materials composed a large proportion (up to 26%me habitats) of the diets of small crabs,
but not larger crabs. Also, prey items were halsipgcific; similar-sized juveniles had different
diets in marsh, sand flat, and seaweed bed habitats

In Apalachicola Bay, Laughlin (1982) found thatélcrabs fed on fishes, xanthid crabs,
smaller blue crabs, and mollusks such as Amerigatecs,Mercenaria sp. hard clams, coot
clams, musseldrangia, and periwinkles (Millikin and Williams 1984; Widimset al. 1990).
Tagatz (1968) examined the stomach contents ob&fbcrabs captured in the St. Johns River,
Florida. Blue crabs (5-200 mm CW) ate the same igé¢uléet regardless of the crab size, area,
or season feeding primarily on mollusks (clams engsels), fish, and crustaceans (amphipods
and crabs).

Blue crabs play an important role in the maringlio system, as prey and predators.
Mammals, birds, and larger fish prey on blue ci@=nell 1959; Bateman 1965; Datyal.

1973 in Steele 1979). Their primary predatorsudelraccoonHrocyon lotor), blue heron
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(Ardea herodias), common mergansekgrgus merganser), and hooded mergansé&ophodytes
cucullatus). Juvenile blue crabs are eaten by larger fisih s1$ spotted seatrou@yfoscion
nebulosus), red drum $cianops ocellatus), Atlantic croaker (Micropogonias undulatus), Iidac
drum (Pogonias cromis) and sheepshdadnhpsargus probatocephalus). Florida pompano
(Trachinotus carolinus) and other large fish and planktivores (Adkins 297 Steele 1979)
consume larval blue crabs.

As predators, blue crabs can influence communitgpmsition and distribution. Blue
crab predation affects the abundance and sizebdistm of the hard clariercenaria
mercenaria on different substrates (Arnold 1984); plays asigant role in maintaining salt
marsh habitat health by controlling densities ef preriwinkleLittorariairrorata (Silliman and
Zieman 2001, Silliman and Bertness 2002); and setivéimit the abundance and distribution of
introduced species such as the European greerCaralmus maenas (deRiveraet al. 2005) and
rapa whelkRapana venosa (Harding 2003).
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5.0 Data Sources

5.1 Commercial

Commercial harvest information was obtained froeEWC’s Marine Fisheries
Information System and frofisheries Statistics Division of the National MariRisheries
Service (NMFSY¥or the years 1950-2011. These data include dhadings tallied from
monthly dealer reports collected by the NMFS dutimg period 1950-85and trip-specific
commercial landings reported within the FWC trigkét program during the period 1986-2011.
Trip tickets included edited batches 1 — 1,175quutin 2/5/2013, with minor gaps remaining in
both the 2011 and 2012 batches. Historic coastfspeommercial landings data (sporadic
during 1897-1949) were also gathered from variep®rts of the U.S. Commissioner of
Fisheries and subsequent agencies. The sizesmoherially landed blue crabs are not
routinely monitored but some data on the size, iteignd sex of commercially harvested blue
crabs landed from throughout the state have beldgctaxd under the Trip Interview Program
and by the FWC-FWRI Crustacean Fisheries staff.

5.1.1 Data Collection Methods

5.1.1.1 Survey Methods

During the period 1950-1986, landings of both-sbill and hard blue crab were
reported to the NMFS (and predecessor Federal aggribrough monthly dealer reports made
by major fish wholesalers in Florida. Prior tosttime (late 1800’s through 1949), commercial
landings were reported only occasionally by agehtee U.S. Commissioner of Fisheries.
Since 1986, information on what is landed and by whFlorida’s commercial fisheries comes
from the FWC’s Marine Resources Information Systeammonly known as the trip-ticket
program. Wholesale dealers are required to useitkets to report their purchase of saltwater
products from commercial fishers. Conversely, carmal fishers must have Saltwater
Products Licenses to sell saltwater products enked wholesale dealers. In addition, blue crab
became a “restricted species” in 1995 so only fskdo have Restricted Species
Endorsements on their Saltwater Products Licensakfyto sell blue crab. Each trip ticket
includes the Saltwater Products License number]eghate dealer license number, date of the
sale, fishing gear used, trip duration (time awayrf the dock), area fished, depth fished,
number of traps or number of sets where applicaplecies landed, quantity landed, and price
paid per pound.

Biostatistics samplers charged with monitoringridl@'s commercial landings of marine
resources have occasionally sampled blue crabisgd2®00, 2001, 2002, 2006, 2007, 2009,
and 2010 on the gulf coast and during 1997, 1908022001, 2003, and 2005-2011 on the
Atlantic coast. These samples are generally takean animals are available and at the
convenience of fish house operators. A specialCH¥WRI Crustacean Fisheries biostatistics
sampling effort for blue crabs landed in the conuiaffishery was conducted during 2002-
2004 at fish houses and on fishing boats in siioreggof the state (Panhandle, Big Bend,
Southwest, Southeast, Indian River, and Northedstgach region, a minimum of 100 crabs
were weighed and measured each quarter, oftentirereame fish house. FWC-FWRI
Crustacean Fisheries have recently conducted asdismirvey with commercial fisherman
during the months of 2-4, 8, and 9 in 2011 at fegions throughout Florida.

! See http://www.st.nmfs.gov/stl/commercial/indemlht
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5.1.1.2 Sampling Intensity

The commercial landings based on monthly deafssrte prior to 1986 came from a
subset of dealers that included all the large wdaledealers operating in Florida. The FWC
trip ticket program greatly expanded the coverdgb@fishery to include all wholesale dealers
operating in Florida and to include all transactiovhere marine resource products are
purchased from a licensed commercial fisher.

The biostatistics data for landed commercial lohadbs is available periodically from
1997-2011 on the Gulf and Atlantic coast. Figdsl.2.1 and 5.1.1.2.1 show the relative
sampling intensity aggregated among all the vargamspling programs, demonstrating the
substantial lack of information for many month am@r combinations. The number of blue
crabs sampled for lengths was generally below @teldngths / 200 metric ton (MT) threshold
used to define the adequate number of representsdmples needed to describe the landings
(National Marine Fisheries Service Northeast FigseBcience Center rule-of-thumb).

5.1.1.3 Biases

The landings collected by the NMFS program wegsrsegly most effective for
fisheries where the majority of landings are madéea large-volume wholesale dealer outlets
(fish houses). Blue crabs are most often landexnall amounts at both large and small fish
houses so there is a potential negative bias iedhg commercial landings. However during
1985 and 1986, when two data collection systemsabgd concurrently, the NMFS-reported
landings of blue crab were often considerably highan those reported through the trip ticket
program. This was generally considered a resuh@feluctance of fishers to participate in the
trip ticket program during the early years (Murgtyal. 2007) though some of the large-fish-
house-sampling bias may still have been evidenhertlantic coast in 1985. The General
Canvass recorded 50% and 16% higher blue crabrigadihan did trip-tickets on the gulf coast
during 1985 and 1986, respectively. On the Atantast, the general-canvass reported blue
crab landings were 14% lower than trip-ticket ré@ddandings in 1985 and 44% higher in
1986. The General Canvass is generally considbeedfficial commercial landings up through
1985 when it was displaced by the trip ticket systdt is assumed here that any misreporting
by the official landings system is randomly distitidd over the years. Another possible bias is
the selectivity of the dealers, where many whokesi@alers will only accept catch that is of a
certain standard. Any small sized crabs generall& mm or recently molted (low weight)
will not be accepted. This is particularly true j@ars when demand is down and they will only
accept high quality crabs which they can sell (&v@ley pers. comm.). The mobility of the
blue crab fleet may also introduce some bias imaréported landings, when blue crab caught
on one coast are transported to the other coasg@ddo a dealer without indicating the area
fished on the trip ticket.

Biostatistics data collected under the TIPS pnogweas generally collected from
unsorted landings or the entire landings for aigadr trip were sampled. The serendipitous
encounter of blue crabs for sampling could haweduced unknown bias, particularly given
the sporadic nature with entire years of samplimgsimng for both coasts. The biostatistics
sampling that occurred statewide during 1997-20&hsionally encountered landed blue crabs
that some fishers or fish houses had sorted byssethe sex ratio of the crabs sampled may not
be an accurate representation of the sex ratioeotatch. This FWC-FWRI Crustacean
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Fisheries survey also restricted sampling to live lzrabs, ignoring the small numbers of dead
crabs in the landings. Any additional biases ia #ampling are unknown.

5.1.1.4 Biological Sampling

Blue crabs landed at commercial fish houses wargted for carapace width, weight,
and sex under the Trip Interview Program (TIP)m§gkng for blue crab was sporadic and
usually occurred when fish house operators allogsadpling of live crabs and when targeted
fish species were not available. Besides the abmstatistics measures, the commercial
fishing trip’s general location, gear used, ang thiration were recorded and the disposition of
the samples were noted (sorted, unsorted).

During 2002 through 2004, commercially caught ldrebs were sampled by FWC-
FWRI Crustacean Fisheries Research staff in sionsgf the state: Panhandle, Big Bend,
Southwest, Southeast, Indian River Lagoon, andhéast. The crabs are measured either
directly off the fishing boat or at fish housest |@ast 100 crabs at each location were sexed,
measured (carapace width: tip to tip of laterahep) to the nearest millimeter, and weighed to
the nearest gram. Lost claws and major injurieeweted, as well as crab condition (alive or
dead). Sampling was conducted quarterly for nasdtions, although not all locations were
sampled every quarter due to a lack of commercealyght crabs at a particular time (e.g.
Southeast locations during the drought) or theilityabo make adequate arrangements with
local fishers or fish houses. The FWC-FWRI CrustecFisheries disease survey, conducted
during the months of 2-4, 8, and 9 in 2011 sampladls for size, weight, and sex at five
regions throughout Florida.

5.1.1.5 Age and Size Composition

No aging methods were applied to commercial blabs. Figures 5.1.1.5.1 and
5.1.1.5.2 shows the size frequency distributionsrabs landed for both coasts. The smallest
average size of crabs landed was during the labegsand early summer months, coinciding
with maturation and recruitment of crabs to thédiry. This period also coincides with the
peak monthly landings overall, suggesting a largign of crabs landed may be newly
recruited individuals (Figures 5.1.1.5.3, 5.1.1)5.4

5.1.1.6 Development of Estimates

For the following analyses, the available dataenesed to estimate the number of traps
pulled per trip, the numbers of blue crabs landed, least squares mean estimates of annual
catch per unit effort, following Murphy et al. (200 While the first two types of information
are occasionally available on the trip ticket facle commercial trip, the landings data are
sometimes reported in pounds and the number opulp is missing or seemingly impossible
given the time duration of the trip. The reportednmercial pounds of blue crabs landed were
converted to numbers using a constant value of78.4®unds per crab. This is the statewide
average of aggregated data from the 2002-20044dbiststal survey, the TIP program, and the
2011 disease sampling from commercial crabber® nlimber of traps pulled was estimated
based on matching missing or inaccurate trip tickebrds with complete and seemingly valid
trip ticket records that shared some trait withlthd records. The valid trip ticket records were
defined as any that showed saltwater productsde@umbers, measures of the time fished and
the number of traps used and whose traps per tghed ranged from zero to 66 traps per hour.
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This encompassed the observed mean number offtsps per hour by fishers interviewed in
a fishery characterization study (McMillan-Jacksbal. 2005). In that study, the average
number of traps pulled per hour was about 25. @la#id data were used to calculate the
number of traps pulled per trip for the rest of tifye ticket data by matching them in a
hierarchical pattern: first with mean monthly esttes of numbers of traps pulled per hour from
those with matching SPL numbers, then with theayemnumber of traps pulled per hour in that
county, then with the average monthly number gigdrased per hour in that fishing area, then
finally with the overall monthly average numberti@ps pulled per hour. The total number of
traps used on each trip was calculated as the fishesl times the traps per hour.

The Marine Resources Information System providsailkd information useful for the
estimation of annual standardized landings pereffort. Landings per trip, both in pounds and
estimated numbers, were standardized using a Geeerainear Model (GENMOD procedure
in SAS version 9.2) that assumed the pounds ladd&drepresented a random, negative-
binomial distributed variable that is a potentiadtion of year, county, month, fishing location
(bay or ocean), and lggf the number of traps pulled. Final year-speddast-square means
estimates and the standard errors of landingsvatte used to generate distributions from a
Monte Carlo simulation (5000 Student’distributed realizations) that computed the median
catch rates, quartiles and 95% confidence boubBdasgnostics of the standardization included
examination of the standardized deviance residoalgatterns and quantile-quantile plots of
these residuals against a standard normal distibut

5.1.2_ Commercial Landings

Annual commercial landings of blue crabs priol @50 are not well documented but
appear to have been substantial after the mid $93(indings data gathered from various early
publications of the U.S. Commissioner of Fish amsthéries Reports indicate that statewide
landings were over 4.0 million pounds during thte [B930’s, higher on the Atlantic coast than
on the Gulf coast. During the 1930’s and 194Ga&tesvide landings were about 4.5to 7.0
million pounds with about 1.0 million pounds reaiton the Gulf coast. The landings
remained at relatively consistent levels through1B50’s and 1960’s on the Atlantic coast,
averaging about 7.0 million pounds. However, an@®ulf coast the landings rose rapidly from
an average of 2.2 million pounds during 1950-1%54.8 millions pounds during 1955-1959,
and 14.5 million during the 1960’s. Since 196%, tommercial landings of blue crab on the
Gulf and Atlantic coasts have varied widely buthaat consistent declining trend. The lowest
landings reported on each coast since 1950 occunr2@08 (Gulf) and 2009 (Atlantic), with an
increase in 2010 and 2011 on both coasts (Table$,&.1.2; Figures 3.1.1, 3.1.2).

5.1.3_Commercial Discards/Bycatch

A blue crab trapping study conducted by FWC-FWRTampa Bay during the period
May 2000 through December 2006 showed that thefeipotential for a sizeable mortality of
crabs not landed by the commercial trap fisherya @tal of 9,084 crabs caught in the study’s
traps, 495 were found dead (5.4% of total) whertriduges were retrieved. Of the live crabs,
32.3% were smaller than the legal minimum carapadth and were released, 0.6% were
ovigerous females and were released and 3.4% wérerabs. The under-sized blue crabs
were very active and it is believed that few ofsithavould die after release (A. McMillan-
Jackson, cited in Murphy et al. 2007). It seerkaslyi that few of the soft-shelled crabs would
survive release and that the less active ovigefiemsales would suffer a higher release mortality
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than the undersized crabs. Overall, it appeatsathanreported mortality of blue crabs equal to
about 10% of the reported landings could be migsditis assessment.

Blue crabs also comprise part of the bycatch ofrghtrawlers operating in nearshore
and especially inland waters. In Florida, nearstaord inland shrimping activity was curtailed
in 1996 following the Constitutional amendment tredtricted large shrimp trawls to waters
farther than one mile from the Atlantic coastlimel darther than three miles from the Gulf
coastline. Prior to this an unknown but probaligygicant number of blue crabs were caught
and discarded by the shrimp trawl fishery. Anyebtwmabs that they landed would have entered
the NMFS General Canvass or FWC trip ticket progaauh been included in the reported
commercial landings.

Bycatch in other net fisheries was also potentisijnificant but at an unknown level
prior to the 1996 elimination of entangling netsnfrinland waters or in more recent times with
the use of cast nets and small seines.

5.1.4 Commercial Catch Rates (CPUE)

Commercial catch rates are available only forpeod when fishing effort has been
available, since 1986. For this analysis, allsttgnding blue crabs were assumed to have used
blue crab trap gear and the number of traps puiesireported or estimated as indicated in
Section 5.1.1.6 “Development of estimates”.

The annual landings of blue crabs were positivelgted to the estimated fishing effort
occurring during that year, both in terms of numtigfishing trips and estimated number of
traps pulled. On the Gulf coast, the estimatedbarof traps pulled and pounds of landings
were both at their minima in 2008. On the Atlamtb@st, fewer traps are pulled each year
compared to the numbers pulled on the Gulf coasthaue was still a fairly close positive
correlation between the numbers of traps pulledteadandings. An exceptional amount of
blue crabs was landed in 1987 with an intermediateunt of fishing effort, measured either as
traps pulled or fishing trips made. As with theliGwast, the lowest landings and effort
occurred during the same year in 2009 (Tables 331112; Figures 5.1.4.1, 5.1.4.2).

The trends in standardized landings (CPUE) ratdianevalues were generally
downward for both coasts, although year-to-yeaiabdity was high (Figures 5.1.4.1, 5.1.4.2).
More noticeable is the general decline in lowesties observed with time (2008 and 2009 for
Gulf and Atlantic, respectively). In the most netgear (2011), the standardized CPUE has
increased substantially on the Gulf coast. Insthedardization process, the number of traps
pulled per trip was the only significant factortie stepwise procedure, while year was not
significant in either coast (Tables 5.1.4.1 and42). The diagnostic residual plots are shown
in Figures 5.1.4.3 and 5.1.4.4 for both coasts.il&\these diagnostics suggest some violations
of the assumptions used in the standardizatiom\keall trends in the median values are likely
more robust to these departures than measures pfélision of the expected values.

5.1.5 Commercial Catch-at-Age
No aging methodology has been applied to comnirdézganded blue crabs in Florida.

5.2 Recreational
There is very limited information on the recreatibfishery for blue crabs in Florida. It
is thought that landings may be significant. Siemid Bert (1998) found that 18% of all tag
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returns made during a 1983 to 1985 blue crab tagsundy were from recreational crabbers.
Female blue crabs are often caught using dip ngtasses when they begin migrating out of the
bays to spawn. Recreational harvesters do nottogressess a saltwater products license
unless they are fishing from a boat. Blue cralesagso caught for bait and for use as food by
recreational fishers using up to five recreatidsaé crab traps per fisher, as allowed by FWC
regulations.

5.2.1 Data Collection Methods

5.2.1.1 Survey Methods
None.

5.2.1.2 Sampling Intensity
None.

5.2.1.3 Biases
None.

5.2.1.4 Biological Sampling
None.

5.2.1.5 Aging Methods
None.

5.2.1.6 Development of Estimates
None.

5.2.2 Recreational Landings
Unknown.

5.2.3 Recreational Discards/Bycatch
Unknown.

5.2.4 Recreational Catch Rates (CPUE)
Unknown.

5.2.5 Recreational Catch-at-Age
Unknown.

5.3 Fishery-Independent Survey Data

Fishery-independent-survey-based trends for yafrtge-year (‘juveniles’) and
exploited-size blue crabs (‘adults’) were deriveahi data collected by the FWC'’s Fishery
Independent Monitoring program’s stratified randsunvey conducted along the Gulf coast of
Florida, in Apalachicola Bay, near the Cedar K&ymnpa Bay, and Charlotte Harbor; and
along the Atlantic coast of Florida in the southana northern Indian River Lagoon and in the
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lower St. Johns River area.

5.3.1 Data Collection Methods

5.3.1.1 Survey Methods

The FWC'’s Fishery Independent Monitoring (FIM) gram uses a stratified, random
design to collect abundance and size-structurenrdtion from animal populations. Strata are
primarily defined by depth, shore type (overhangingot), and bottom vegetation (sea grass or
not). Juveniles were considered those individgaB0 mm carapace width (CW) sampled from
October through March during the winter peak irrugment. Adults were any crabs >=127
mm (harvestable size), sampled from April througipt®mber, coinciding with the peak in
adult abundances.

5.3.1.2 Sampling Intensity

The level of sampling has varied over time sifeinitial fishery-independent surveys
were conducted on the Gulf coast in Tampa Bay dmatlGtte Harbor during 1989 and in the
northern Indian River during 1990. As the surveyarage has expanded to include other
inland waters of the state, the coast wide numbeets has increased. The sampling effort for
the three main gears used in this assessmentseresl in Tables 5.3.1.2.1 and 5.3.1.2.2. The
annual number of sets made statewide each yeamalsased markedly during 1996 when the
program switched from seasonal to monthly, andtduke addition of the large haul seines in
1996 and 1997 for the Gulf and Atlantic coastspeetively.

5.3.1.3 Biases

The fishery-independent stratified random surgegiasigned to sample finfish randomly
within strata. However, these gear or methodsateargeted specifically for blue crabs at any
life stage or habitat and may be subject to gdacsety bias. There has been an expansion of
the program over the years to include new timab@fyear and new areas and this may affect
the coast wide average catch rates but the geredldinear modeling standardization
framework was used to attempt to reduce any biasdaced by these changes in sampling
frame. Some additional attempts to ‘balance’ th&dncluded deleting some sampling in
recently added grids and some lumping among hatatagories and gear type recorded for
each sample. Although trawl and large seine gears both used for adult indices of
abundance, leading to an unbalanced design (agistbegan in 1989 and 1990, while large
seines began in 1996 and 1997 for Gulf and Atlacdasts, respectively), differences in the
mean standardized indices were minimal comparedgita) just the large seine versus both
gears combined. Therefore, the decision was nadse both gears for the entire time frame,
while accounting for differences in gears in thandiardization framework, in order to obtain a
longer time series for the assessment model. Anatlsue, especially for small blue crabs, is
the ability to distinguish them from other simifaortunid crabs, though these other species
occur in much lower abundances (Murphy et al. 2007)

The migratory characteristics of mature femaleeldrabs may induce a bias in the
relative abundance indices if their movement ouhefestuaries into coastal waters is not
proportional to abundance each year. Howeverexkent of the migration relative to the
proportion of the entire population that indeed naigs is not well known.
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5.3.1.4 Biological Sampling

Size (carapace width) and sex information areinbthfrom all or a subsample of blue
crabs captured in the fishery-independent survegrmam. In general, up to 20 individuals
within each recognized size class were measurechafapace width and sexed. Since only size-
specific stages of blue crab were required for assessment, the distribution of carapace
widths of sampled crabs were expanded to the ¢atah and summed within each sample. No
finer scale width-specific information was necegdar the assessment analyses used below.

5.3.1.5 Age and Size Composition

No direct aging method has been applied to Fldigteries independent blue crabs.
Size-frequency distributions for different size figear types, and month of sampling are
presented in Figures Figure 5.3.1.5.1-5.3.1.5.dndglly, juvenile crabs (<80mm) were caught
in the highest frequency during the winter montdeMember through March), while adult crabs
(>125mm) were caught in the greatest frequencynduhe summer months (April through
October).

5.3.1.6 _Development of Estimates

Standardized catch rates, known as indices ofddnoe (IOAs), were developed for
juveniles and adults. Estimates were made for gaahusing October through March for
juveniles, and April through September for adudteresponding to their peaks in abundance.
For standardization, a Generalized Linear ModelNGEOD) was used that combined the
analysis of the binomial information on presencséaite with the lognormally-distributed
positive catch data (a delta model, ét@l. 1987). We assumed that there were no substantial
significant interaction terms with year in this nebdnd consider only the main effects (names
in parentheses correspond to those in the stazddiah statistics, see next section): year (year),
month (month), area (bayzone), vegetative shorerc@hore), sampling gear category (gr),
surface water temperature (temperature), bottorataéign cover (bveg), bottom type (bot),
salinity (salinity), and depth (depth). A step-&vepproach to developing the model used the
criteria that a 1% reduction in the deviance-peagrdes-of-freedom relative to the null model,
was necessary for including each additional tertménmodel. If year was not chosen in the
standardization procedure, it was manually inseatetie end of the search criteria. The median
value for the distribution (generated through MoGtelo simulation—see 5.1.1.6) of the back-
transformed least-squares means for the time \ar(gbar) provided indices of abundance for
juvenile and adult crabs.

5.3.2_Catch Rates (Numbers)

The Gulf coast standardized catch rates have fedatively stable from 1989-2011
without any observable long-term trend, but mankét significantly large fluctuations from
year to year (Table 5.3.2.1, Figure 5.3.2.1). ¥emsth high juveniles abundances often
correspond to years with high adult abundancesiil&ito the juvenile catch rates, the adult
catch rates have shown substantial year-to-ye#abibity, often peaking on similar years with
the juvenile rates (1998, 2005, 2010) and expeingngimilar lows (2001, 2002, 2008). The
adult catch rates are suggestive of a generalrgerriiabundance over the full time frame,
although this decline is minor if present. Muléovariates had a significant effect in the
standardization procedure for the Gulf coast. jireeniles, year, gear, bayzone, and bottom
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type were important predictors for positive catchesile year, gear, and bayzone were
important for presence/absence. For adults, gear, and salinity were important for positive
catches, while year, gear, and bayzone were impidida presence/absence (Tables 5.3.2.2-
5.3.2.5). The residual plots are shown in Fig&&s2.2 and 5.2.2.3.

The Atlantic coast rates generally had higherallity than the Gulf, partly due to the
lower sampling intensity on the Atlantic coast (lEab.3.2.6, Figure 5.3.2.4). Both juveniles
and adults have been relatively stable for thaetitne frame, although juveniles were slightly
higher in abundance in the early years (1996-20t4)) subsequent years, despite the difference
between these periods being minimal and marked mggh variability for the initial period.

Like the Gulf coast, juveniles and adult catchsaterresponded to each other during some
years, for example, both experiencing lows in 280@ 2009. For adults, gear and shoreline
were important for positive catches, while year bagzone were important for
presence/absence (Tables 5.3.2.7-5.3.2.10). FBidued plots are shown in Figures 5.3.2.5 and
5.2.2.6.

5.3.3 Length/Weight/Catch-at-Age
No aging methodology has been applied to the fiskéndependent survey data.

5.3.4_Abundance Indices

The year-specific medians predicted for the fighedependent survey catch rates
through the standardization process describedatid®es.3.2 were assumed to be linearly
related to abundance for each life stage (seedettining Indices 6.2.1).

5.3.5_Biomass Indices

There are no fishery-independent biomass indiwebltie crab at this time though they
could be developed by applying the carapace widtkeight relationships (see Section 2.2
Growth) to the size frequency information for tmelts captured in the fishery-independent
survey. However, doing so would lead to the sagfaive pattern of abundance as using the
indices based on numbers of crabs.

5.3.4 Uncertainty and Measures of Precision

The life-stage specific indices of abundance estioh from the fishery-independent
monitoring data were derived using a statisticamfework that assumed the distribution of
discrete positive catches would be lognormal aedptiesence/absence would be distributed as a
binomial process. The combination of these mohkétsa delta lognormal allows for the model
to better capture the high number of zero cataméisaese data. The diagnostics used to
investigate the validity of the assumed distribmitamd the qualities of the model fits to the data
are presented in Figures 5.3.2.2 and 5.3.2.3 é&oGhif coast, and Figures 5.3.2.5 and 5.3.2.6
for the Atlantic coast.

5.5 Environmental Data Sources
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Due to the relationship between blue crabs arghwater inflow, data were collected on
both precipitation and streamflow along the Gulil @tlantic coasts. Precipitation data were
obtained from the National Climatic Data Cent&ty://www.ncdc.noaa.goybn a monthly
basis from 1950-2012 (Table 5.5.1). Streamflovadetre obtained from USGS gauges
(http://waterdata.usgs.gov/nwis/To select appropriate streamflow gauges, GEdyars were
used to select all gauges within each hydrologelsasin unit
(http://water.usgs.gov/GIS/huc.himIWithin each sub-basin, the gauges were theleddo
select a single gauge from each sub-basin witlhigiteest average flow for the longest period of
time spanning 1980-present (Table 5.5.1, Figurelh.55auges were restricted to a single
gauge within each sub-basin and scaled to the yeshy anomaly in order to evenly distribute
the signal along the coastal distribution. Thesa dvere used in the base assessment model to
explore links between crab dynamics and freshwatkew.

The precipitation and streamflow data corresponeitito each other, and the
streamflow anomalies were similar between the @udf Atlantic coasts, as would be partly
expected given the similar climatic conditions (fg5.5.2). For both coasts, the juvenile and
adult abundances were related to the freshwateminfvhere abundances typically increased in
the year following higher than average rainfallg{ifies 5.5.3, 5.5.4).
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6.0 Methods

6.1 Models

Three separate models were utilized in this ags&ss following the models used in the
previous assessment: a catch-survey analysiskatsen as a modified Delury model (Collie
and Sissenwine 1983); a non-equilibrium biomassanyos model, also known as a surplus
production model (ASPIC, Prager 1994); and stoahasick reduction analysis (SSRA,
Walterset al. 2006). The catch-survey analysis used here i®astage model (juveniles and
adults) adapted from the 2011 Chesapeake blueassdssment and developed for the 2011
Gulf of Mexico blue crab assessment (GDAR 2013)e Two-stage model was selected as the
base model due to the preference for this modalppyoach from recent blue crab assessments
(e.g., Chesapeake, Louisiana, Delaware), while £5#d SSRA were used as supporting
models.

The two-stage model was a forward-projecting mosiatilar to a statistical catch-at-age
but with only two age classes represented: juverjdge-0) and adults (age-1+). This model
was adapted from the 2011 Chesapeake blue cradsasmaet model, hereafter termed
“Chesapeake model”, using the ADMB code availallkne
(http://hjort.cbl.umces.edu/crabs/Assessmenthtiihe Chesapeake model is similar to a
catch-survey analysis (CSA), but is not conditionactatch (i.e., assuming no error in catch
statistics), as it typically done in these moddisstead, the expected catch is predicted from
estimated fishing mortality rates in the model, anthpared to observed catches, while
accounting for an input level of error in landirdgga. In addition, this model utilizes a built-in
stock recruitment relationship, providing for MSd®ed reference points. A full description
and source code of the two-stage model can be fouthe GOM blue crab assessment report
(GDAR 2013).

Biomass dynamics or surplus production modelsuraghe stocks ability to increase its
biomass as a function of the stock size at diffeaésolute abundances. The growth in biomass
is a function of an intrinsic growth rate and argang capacity. These models require landings
and indices of abundance, and can additionallyidelther inputs such as fishing effort and
exploitation rate estimates.

Stochastic stock reduction analysis is a populatiodel that allows investigation of
how a known series of catches could be removed &atock while allowing it to persist
through time and at abundance levels that reflexge for which we have estimates for in recent
years. SSRA is essentially an exploratory analysisprovides credible stock recruit dynamics
given observed catches and indices of abundaniee.fofmulation used in this assessment was
an age-structured population model with a BeveHolt-stock-recruitment function, simulated
forward in time from the start of the fishery, walploitation rates calculated each year from
observed catch divided by modeled vulnerable pdjounigsum of vulnerabilities at age
multiplied by modeled numbers at age). In stoeb&RA, recruitment is assumed to have had
log-normally distributed annual anomalies (withigace estimated from assumed recruitment
variability), and to account for the effects ofshe very large number of simulation runs is
made with anomaly sequences chosen from normal gistributions (with or without
autocorrelation). The resulting set of possibktdrical stock trajectories are derived using
Markov Chain Monte Carlo simulation.

6.2 Model Calibration
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The catch-survey analyses were calibrated agabssilute observations of commercial
landings and fishing effort. These data scaleditta outputs of abundance and fishing
mortality to represent an absolute scale. Dueafticulties in scaling the absolute estimate of
fishing mortality from just the landings and effddta, an independent estimate of total
mortality, Z, was input into the model to calibr#ite fishing rates. The non-equilibrium
surplus production model (Northeast Fisheries Seiébenter NOAA Fisheries Toolbox,
ASPIC, v.5.34) was calibrated with 1950-2011 conuiatandings and the 1986-2011
standardized commercial catch rates. The stochstsitk reduction analysis was calibrated
against the commercial landings of blue crabs tedaince the beginning of the fishery and
against the indices of abundance from the fishedgpendent survey data for adult blue crabs.

6.2.1 Tuning Indices

The input data used to derive indices of the iredathanges in abundance (IOAs) of blue
crabs over time came from fishery-independent si&y8ee Section 5.3 above). For tuning, the
mean-scaled values of the standardized catchweiesassumed to be linearly related to the
abundance of blue crabs. The IOAs were used asgtumdices in both the two-stage model
(separate juvenile and adult IOAs) and the surptogluction model (adult IOAS).

6.2.2 Input Parameters and Specifications

The two-stage model uses annual time steps foydhes, modeling the years beginning
with the earliest index of abundance for each s{@8i89 and 1996 for Gulf and Atlantic coasts,
respectively), through 2011. Due to the fast ghorates of blue crabs in Florida (e.g., 7-9
months to reach a legal size of 127 mm), the mtwhel step was begun on Jul§, 1
corresponding to the middle of the spawning seag&arly difficulties with fitting the model
using a calendar year time frame resulting in tfjasiment of the model time step to begin at
the time of spawning. This allowed us to modeljthenile stage as starting at the time of
entry into the population through their first repuative period (12 mo of age). Attempting to
start the model on the calendar year would potinti@gate the usefulness of a two-stage
model under this fast growth, since a calendar i@ frame would simulate juveniles as those
individuals from 6mo-18 mo of age, with spawningweing during the middle of the juvenile
stage. If the primary component of landings avenle crabs entering the fishery in their first
year (i.e., 12mo at age, representing an annup),dteen the majority of the dynamics would
occur in only the juvenile stage, with few indivals remaining to model in the adult stage.

A summary of the model equations and code caouledfin the GDAR (2013). The
major parameterization and characteristics weffelbsvs:

. Natural mortality: The stage-specific natural tabty rate was assumed constant. A
Lorenzen curve was scaled such that the total alatuwrtality rate was based on a maximum
life-span of 3 years. Due to a strong relationsl@ween natural mortality and freshwater
inflow as determined by initial runs of the modek natural mortality was modeled as a
function of streamflow in the base model run. Tdhsice of the base model for this Florida-
specific assessment differs from that in GDAR (20%®ere the environmental influence was
modeled as sensitivity in the GDAR assessments Was done to conform to the full Gulf
stock, where freshwater inflow effects were notlewt for the western stock.

. Stock dynamics: The standard Baranov catch emuatas applied. This assumes
exponential decay in population size because binfiisand natural mortality processes.
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. Sex Ratio/Maturity/Fecundity: The ratio of matedfemales was assumed to be 1:1, and
only influenced the parameter estimates for thekstecruitment relationship, reflecting
spawning by only females. The maturity was fixathwt00% of juveniles being mature by
12mo of age when spawning occurs at the end ahtiael time step (i.e., all surviving

juveniles spawn at the end of the time step). Reity was fixed for both juvenile and adult
spawners.

. Recruitment: Recruitment to age-0 was estimatatie assessment model for each year
with a set of annual deviation parameters centereithe bias-corrected average recruitment in a
Ricker stock recruitment curve, estimated in logesp

. Biological benchmarks: Maximum sustainable yi@it5Y) benchmarks are presented in
this assessment to correspond with those refeqgmioés estimated in the supporting models
(ASPIC, SSRA). A default control rule was usedrfederal guidelines to assign the
overfishing and overfished limits. Once thesetsmvere established, overfishing was defined
as F/knit greater than one, where the geometric mean adstimated F rate in 2009 and 2010
was used as the current F estimate (note: the 20dilnal year F was not used, as there were
no 2012 survey data on which to tune the termipeal ¥ estimate in the model). Overfished
was defined as N/ less than one (N is the adult abundance), whergebmetric mean of

the estimated N in 2009-2011 was used as the ¢udrestimate.

. Fishing: The commercial trap fishery was the didiiery explicitly modeled.
Recreational fishing pressure, currently unmondoveas set at 5 % of the commercial catch
per year. Fishing mortality rates were estimatecehich year. Juveniles were assumed to have
a vulnerability to the fishery of 30%, representihg proportion of the year at which they are
vulnerable to fishing (reaching a legal size of ¥@% by 7-9 mo). This vulnerability was set
based on simulation runs from an individual-basedt4process model, adapted from Bunnell
and Miller (2005) and fit to pond growth data fréiorida and Mississippi, which suggest
growth to legal size within 7-9 mo, dependent angerature. This parameter was also
included in sensitivity runs to assess the modekponse to varying degrees of vulnerability of
juveniles to the fishery.

. Fitting criterion: The fitting criterion was attd likelihood approach in which total catch
and the patterns of the abundance indices forjogtniles and adults were fit based on a log-
normal error distribution. A 5 % CV was assumedtéal catch measurement error, and year-
specific estimates of measurement error were umeithé indices of abundance. In addition to
the primary data sources, a prior on the averagstitdhate was included in the model fit in
order to anchor the initial abundance and recruitrestimates in the model (see Model testing
below).

. Model testing: To test the ability of the modeiffit the data, a simulation was
constructed with different levels of process efrecruitment deviations, F and M deviations
and trends, landings deviations and trends, enwviesrtal deviations and trends) and
measurement error (juvenile and adult abundanc®is)ulations were done using the same
basic population dynamics model as in the assessmatel, and found to recover the
parameters estimated from the assessment model limded variability scenarios (e.g., 1-5 %
CVs). The parameter estimates because more \@riahtive to the known values, as the
simulation variability increased (e.g., up to 109%0CVs for different processes). Under all
simulation variability scenarios however, the mediarameter estimates were centered on their
known simulated values, indicating that the modafgrms well. The model produces unbiased
estimates only when an absolute measurement oBlwordance is included as a prior in the
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model, in order to anchor the estimates in plald@s combination of testing and verification
procedures suggests that the assessment modeddragiplemented correctly and provides an
accurate assessment of blue crab dynamics, camaitom the quality and error in the data.

It is important to note that although this assesgnwas run concurrently with the Gulf-
wide assessment and using the same two-stage amdethe GDAR Assessment Report, the
estimates in this report differ from those in thelf@vide assessment (where the eastern stock
represents the Florida Gulf coast). This is dua different model configuration as the base
model in this assessment versus in the Gulf-widesmsnent. The specific configuration
differences include: (1) using the Florida Trip K@t landings data directly in this assessment,
versus using the consensus to use the official N@#wlings in the GDAR assessment; (2)
using the Trip Ticket effort data in this reporgrsus the consensus to avoid its use in the
GDAR assessment due to potential bias in statdslimited trip ticket data; and (3) using
environmental influences on mortality in the bas®lal configuration in this report, versus
using the environmental influence as a sensitityin the GDAR 1 assessment model.

For the surplus production model, we used theddatiMarine Fisheries Service
Fisheries NOAA Fisheries Toolbox implementatiorthed non-equilibrium surplus production
model ASPIC (version 5.34) to derive comparableutation dynamics parameters for the Gulf
and Atlantic coasts from 1950-2011. Besides tha daquirement, the model structure in this
analysis was conditioned on yield for the repodechmercial landings and the relative
abundance implied by the fisheries-independent siai@s. For these analyses, the iterative
reweighting mode was used in conjunction with teregalized production model where the
exponent was estimated directly. Default startialyies for parameters were generated using
the built-in facilities.

The stochastic stock reduction analysis (SSRA)mwador each coast of Florida for the
period 1908 through 2011. The model is parameddrwy taking Wsy (annual exploitation
rate producing MSY at equilibrium) and MSY as leagdparameters, then calculating the
Beverton-Holt stock-recruit parameters from these faom per-recruit fished and unfished
eggs and vulnerable biomasses. Under this paraaaien, we effectively assume a uniform
Bayes prior for Whsy and MSY, rather than a uniform prior for the stoekruitment
parameters. This is the age-structured versigheo$tock-recruitment parameterization in
terms of policy parameters suggested by Schnut&eslund (1996). The life-history
parameter inputs used in SRA were derived fronvtireBertalanffy model fit to the molt-
process growth model and the weight-length relatigrs (section 2.2). A coefficient of
variation for the sizes predicted by the growthatmun was set at 0.3 due to the high variability
in size at age. Maturity of blue crabs was assuto@atcur in a knife-edge fashion at a
predicted size of 125 mm carapace width. The valniéty of blue crabs to capture and take
was input for juveniles at 0.3 following the bag@1istage model, while vulnerability of older
ages was input as 1.0. The instantaneous natorglity coefficient was modeled as a uniform
distribution with the Lorenzen option, bounded fror8 to 1.2 following the base model
criteria. The initial 2011 exploitation rate wast £ 0.3 with a standard deviation of 0.05, based
on the estimated rates from the two-stage modelngikie absence of any independent
information.

6.3 Sensitivity Analyses
A total of 16 sensitivity runs were completed wiitie two-stage model. These
sensitivity runs are represented by those involwinpgit data and those involving changes to the
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model configuration. Formal sensitivity analyse=evnot performed for either ASPIC or
SSRA as these were considered complimentary supganodels. As such, all sensitivity
analyses presented below refer specifically tdothse model.

6.3.1 Sensitivity to Input Data

Several sensitivity runs were conducted to examar®us effects to changes in the
input data. The following is a list of these sémgy runs. The sensitivities are run for botle th
Gulf and Atlantic stocks, using the notation ‘bcgik or ‘be-xx-atl’.

Run Number Sensitivity Examined

bc-00 None (base model)

bc-01 Juvenile fishing selectivity set to 0.2

bc-02 Juvenile fishing selectivity set to 0.4

bc-03 Juvenile fishing selectivity set to 0.6

bc-04 Natural mortality as Lorenzen curve with maxm age of 2yr

bc-05 Natural mortality as constant with maximuge af 3yr

bc-06 Average Z estimate from catch-curve analysises 0.7 (30% less)
bc-07 Average Z estimate from catch-curve analysies 1.3 (30% greater)
bc-08 Maximum F and M set to 3.0 in the model guerdefault of 4.0)
bc-09 Maximum F and M set to 5.0 in the model

bc-10 No streamflow influence on natural mortality

bc-11 Precipitation influence on natural mortality

bc-12 Precipitation influence on stock recruitmgrtcess (lagged one year)
bc-13 USGS stream flow influence on stock recraritrprocess (lagged one year)

The vulnerability of juveniles to fishing, alsdegred to as partial recruitment in similar
models, is difficult to ascertain for blue crabsegi their high variability in growth rates,
temperature-dependent growth, and seasonal figffog. We used a value of 0.3 in the base
model, given that crabs typically reach legal svthin 7-9 mo post spawn in the Gulf, and
would therefore be susceptible to fishing for 3-&nths of their first year. This derivation
assumes that fishing pressure is evenly spreaddghout the year. To explore the sensitivity of
the estimates to this parameter choice, we incls@egitivities using 0.2, 0.4, and 0.6.
Although higher values are not biologically feasilflfishing pressure is evenly distributed
throughout the year, these values could be obtafreftbrt is higher during the time frame
when juveniles become legal size (e.g., late sfgarty summer).

Given uncertainty in mortality estimates, we exgtbvarious options as sensitivities.
First, we modeled natural mortality using a Lorenzarve with a 2yr maximum age, where this
maximum age may be more typical of females in th# &nce they can reach their terminal
molt within 1yr. Constant natural mortality acrasages using the 3yr maximum age (M=1.0
for juveniles and adults) was also assessed. ¥oel@abked at the sensitivity to our average Z
estimate from the length-based catch curve anatyséise fisheries independent data. For
these, we increased and decreased the estima®bpaS8two separate sensitivity runs. Related
to the Z estimate, which was necessary to ancloalisolute F estimates in the model, we also
adjusted our estimates of the maximum F and M @tbwThis would not be expected to have a
large sensitivity, given that the average Z estinsdtould be driving the absolute estimates, but
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it was explored anyways to check for any possieractions. Finally, to assess the
importance of freshwater inflow on mortality, thedel was run without the relationship
between mortality and streamflow, and alternativasdya function of the precipitation data.

The influence of precipitation and streamflow veds0 assessed on the stock-recruitment
process as added sensitivities. Exploratory aralysth the model found that lack of contrast
in the data leads to difficulties in independemtgimating a freshwater effect on both
recruitment and mortality simultaneously. Therefdhe recruitment effect was modeled as a
separate set of sensitivities from the mortalifeet

6.3.2 Sensitivity to Model Configuration
Several sensitivity runs were conducted to examam®us effects to changes in the
model configuration. The following is a list ofete sensitivity runs:

Run Number Sensitivity Examined

bc-14 Use of Beverton-Holt stock recruit relatiloips
bc-15 No stock-recruit relationship (steepnessfo8®-H)
bc-16 No effort time series

Although a Ricker stock-recruitment relationshgsloften been used for blue crab
assessments (Chesapeake, Delaware), we exploraddlod a Beverton-Holt relationship.
Lack of a stock-recruitment relationship was alsgeased by forcing the model to a steepness
value of 0.99 (using a Beverton-Holt relationship)nally, due to potential biases in effort data
(e.g., improper recording on trip tickets), the mlogas run without using an effort time series.

6.4 Retrospective Analyses
Retrospective analyses were completed by runmagrodel in a series of runs
sequentially omitting years 2011 to 2007, as ineddelow:

Run Number Sensitivity Examined

bc-17 Retrospective analysis with modeling endng010
bc-18 Retrospective analysis with modeling endng009
bc-19 Retrospective analysis with modeling ending008
bc-20 Retrospective analysis with modeling endng007
bc-21 Retrospective analysis with modeling ending006

6.5 Reference Point Estimation — Parameterizatimeertainty, and Sensitivity Analysis
Following GDAR (2013), this assessment presentdrmam sustainable yield (MSY)
based benchmarks using a Ricker stock recruitmedeiwith a bias correction. This approach
was chosen because it conforms to the federalrfeshguidelines, was successfully
implemented for the 2011 Chesapeake Bay blue @sésament, and corresponds to those
reference points provided by the supporting assessmodels (ASPIC, SSRA), making direct
comparisons possible. The quantities FMSY, uMSMISY, and MSY were estimated by the
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method of Shepherd (1982). MSY based benchmaeksanmonly used in the federal
management system and maximize equilibrium landings
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7.0 Outputs/Results

7.1 Goodness of Fit of Model Used

For the Gulf coast, the model fit the landingsadaell without any clear patterning in
the standardized residuals (Figure 7.1.1). Althorgsidual patterns were similarly not evident
in either the juvenile or adult IOA fits, the modkdl a relatively poor job at capturing the large
fluctuations in abundance, particularly the joieags in abundance of both juveniles and adults
that occurred on some years (1998, 2003, 2006,; F@0re 7.1.1). This was likely due to lack
of a mechanism in the model configuration that wallow for juveniles and adults to increase
or decrease rapidly in abundance during the same garen an expected cyclical lag in
abundance between juveniles and adults. Whilenthesnce of freshwater inflow on mortality
significantly improved the model fit, and generaltyrresponded with these peaks, other
processes may be occurring that additionally regulee magnitude of these fluctuations. Other
relationships with freshwater inflow, such as noe@éir dynamics or interaction effects with
predator abundances, may be useful to bettereftetipeaks in abundance.

While the Atlantic coast model did a better joartithe Gulf coast at fitting the
magnitude of the peaks in abundance, it did a pgobeat fitting the juvenile data, as can be
seen by the strong patterning in the residualsu(gig.1.2). In these data, the model
underestimated the juvenile abundance in the lyiars (prior to 2000), but overestimated the
abundance through to 2011. This resulted becaaseits are a function of adults the year
before, and adults did not experience the genedirdng trend that juveniles have
experienced, particularly the large drop from 18&0ugh present. This is suggestive of other
processes leading to declines in juvenile crabthertlantic coast, as could happen due to
declining recruitment habitat over time. A simiteend was found for blue crabs in the western
stock of the Gulf from the GDAR 1 assessment, wiereniles appear to declining at a faster
rate than adults. ldentification of the mechanisinag could lead to such a trend is important to
help understand regulation of these systems anchédmagement approaches to deal with these
issues.

The ASPIC surplus production model for the Guld &tlantic stocks provided a
relatively good average fit to the standardized mantial catch rates and fishery-independent
survey indices used as indicators of trends in besy(Figures 7.1.3, 7.1.4). However, the
underlying population dynamics model was unableafoture the year-to-year variability seen in
the fishery-independent indices, leading to a st smooth transition from year-to-year.

The stock reduction analysis is driven by thedediand observed level of catch to
provide a profile of likely biomass levels assoethtvith sustainable harvest. The indices were
fit well for both coasts by this exploratory pros€Bigures 7.1.5, 7.1.6), when comparing the
median of the biomass time series to the indices.

7.2 Parameter Estimates and Uncertainty Estimates

7.2.1 Abundance and Exploitation Estimates

The two-stage model parameters and their correspgiprecision estimates (ADMB
delta-method estimate of standard deviations, a@d/KkZ confidence intervals) are presented in
Tables 7.2.1.1 and 7.2.1.2 for the two coasts.ivBemparameters (juvenile/adult abundances,
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full F) and precision estimates (delta-method SWSMC confidence interval) are presented in
Tables 7.2.1.3 and 7.2.1.4, and Figures 7.2.1.I7éhd.2. Overall, landings in the Gulf
increased substantially from 1989 to a peak of BBom crabs in 1998, but then dropped
rapidly in 2000 to an average landings of around 8 @nillion crabs (Figure 7.2.1.3). This
increase in landings was marked by a higher estitnatoportion of juveniles caught (i.e., those
individuals in late spring / early summer beforeitHirst spawning event). Fishing mortality
followed a similar trend to overall landings (Figuf.2.1.1), with an increase through to 1998,
but a steady decline since then. The trend in@dmes for both juveniles and adults on the
Gulf coast have remained relatively stable sineestiart of the model time span, with an
average of around 10 million adults at the stathefspawning season, and 75 million juveniles
at the start of the season. The adult trend stgygesight decreasing trend in abundance,
marked by large year-to-year fluctuations, and igedditionally supported by the landings
standardized catch rates (Figure 5.1.5.1). ThHed&mcrease in abundances of juveniles and
adults as fishing pressures and landings have assesuggests forces other than fishing
pressure may be currently limiting the recoveryheise populations. Additional drivers (e.g.,
habitat degradation, drought) could be driving tagk of recovery during the last decade as
fishing rates have decreased. An alternative ngsas$ to fishery-driven abundances is that the
yearly fishing effort is governed by environmentadriven abundances, and therefore blue
crabs would not be expected to increase with deorgdandings or effort. Instead, effort may
track abundance as fishermen respond to envirorathediriven populations, where the
declining nature of effort and landings is a comaliion of effort-reduction plans and large scale
environmental degradation.

The estimated abundances for the Gulf coast frarstrplus production model, ASPIC,
suggest a steadily declining population since tag sf the model period (1950), from the peak
of landings in 1960 at nearly 50 million crabs tegent (Figure 7.2.1.4). This coincides with a
low estimated fishing rate (< 0.1), suggesting thatmodel is slowly depleting a large initial
estimated biomass in order to fit the indices afralance towards the end of the model time
frame. This scenario is unlikely, given the loviraated fishing rates that do not correspond to
other estimates, and does a poor job at fitting/dae-to-year variability in abundances. A
similar pattern was shown with the ASPIC model iarphy et al. (2007), but with higher F
estimates providing for more year-to-year varigjpilalthough still markedly lower than those
estimated in the two-stage model in this assessment

The SSRA model predicts generally minor fluctuagian a declining abundance trend
through to 1980 (Figure 7.2.1.5), after which lafigetuations begin as a result of increasing
effort (Figure 7.2.1.6) and initiation of the ind&time series that have high year-to-year
variability. The initiation of the variable indisded to large recruitment anomalies as estimated
in the model, compared to the early model yearswthe indices data were not available.
Along with the large fluctuations due to the fittte indices, the SSRA model also estimated a
large increase in abundances in the late 1980's1ydrelings plummeted, before increasing
during the mid- to late 1990’s, after which thege declining again.

Landings on the Atlantic coast have undergoneadst decline since the start of the
two-stage model time step (1996), from approxinyai® million crabs in 1996 to an average of
8 million crabs from 2003-2011 (Figure 7.2.1.4)mfar to the Gulf coast, the Atlantic coast
adult and juvenile abundances, along with fishifigre have remained at a similar level
throughout the model time span (1996-2011; Figu2el72). The trends suggest that the
abundances and effort decreased slightly for tisé ialf of this period (1996-2002/2003), after
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which abundances increased through 2005, and t#tpErienced another decline, while effort
remained relatively constant throughout the latdf dif the time period (2003-2011). The
standardized catch per unit effort data from timelilags (Figure 5.1.5.2) shows a more
consistent decline in abundance over this periatigbnerally these data are considered less
reliable than the fisheries independent catch raigs to the potential bias in effort reporting.

The estimated abundances from the surplus pranuntodel on the Atlantic coast were
more variable than on the Gulf coast, but stilhtieely smooth compared to the other models
(Figure 7.2.1.8). Similar to the Gulf coast, tiugpdus production model for the Atlantic
estimated an initially high biomass at the begigrohthe time frame (1950) with a steadily
declining biomass until the end of the model, feilog the general trend in landings.

The trend from the Atlantic coast surplus produttnodel was similar to that estimated
by SSRA, but where SSRA was marked with a highlyaltde abundance towards the end of the
model time frame due to initiation of the variabiidices, which led to high estimates of
recruitment anomalies during this period (Figui27.9). The Atlantic coast did not experience
the large increase in landings and effort in thd-rto late 1990’s as experienced on the Gulf
coast (Figure 7.2.1.10), where effort has beerivels stable since the late 1970’s.

The two-stage model internally fit a stock-reament relationship for both coasts, with
a higher steepness in the Gulf versus Atlantictsod@ables 7.2.1.1, 7.2.1.2; Figures 7.2.1.11,
7.2.1.12). No large-scale patterns were evidetfterresiduals, although the residuals do
exhibit some serial autocorrelation during cerfa@niods (e.g., 1998-2002, 2002-2005 for Gulf
coast), that could correspond to periods of sinalarironmental conditions (e.g., multi-year
drought periods).

7.2.2 Precision and Uncertainty of Parameter E$éma

Precision and uncertainty in the two-stage modgkvexamined through both the
sensitivity runs and through the MCMC analyses. ilgine model estimates were more
uncertain for the Atlantic coast compared to thdf Gaast (Figures 7.2.1.1, 7.2.1.2), the median
estimates from the uncertainty analyses differie firom the base model estimate. The
MCMC analyses were run using the built-in ADMB fea&s, for a total of 2,000,000 iterations
with a thinning rate of 1000 iterations. Over tiggation time, the parameter estimates and
subsequent reference points were relatively sfableoth stocks (MCMC trace plots, Figures
7.2.2.1-7.2.2.4). The exception was with the Attanoast, where the initial abundance
estimate at the start of the model experiencednaapy and secondary stable region at roughly
10 and 0.1 million crabs, respectively (Figure 2.3). The secondary region with a low
estimated initial abundance coincided with an iaseein the estimated initial recruitment levels,
but generally had no effect on other parametersference point estimates (Figures 7.2.2.3,
7.2.2.4).

The SSRA was run for a total of 1,000,000 iter&iwithin the acceptance range,
leading to a total of approximately 2 million iteoas for both coasts, with a thinning rate of
1000 iterations. Similar to the MCMC analysis frtime two-stage model, the parameter
estimates across this iteration period were redgtistable when viewing the trace plots (Figures
7.2.2.5,7.2.2.6).
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7.3 Projection Estimates

No projections were attempted within any of thedels, but are possible for each.
Exploratory analyses with projections of the twagg model show that blue crabs are highly
resilient, and can quickly recover under ideal ¢omas. However, their resiliency is highly
dependent on environmental conditions, which aregaly not projectable into the future.

7.4 Sensitivity Analysis

All sensitivity results are presented in TablesZand 7.4.2 for the Gulf and Atlantic
coasts, respectively. Overall, both coasts wdetively insensitive to changes in the input data
and model configuration, although notable excetioccurred, particularly with respect to the
environmental influences and fit to the data (niegdbg-likelihood values). Despite some of
these sensitivities, the estimates of MSY and ssbatus were relatively stable across all
sensitivities, with the exception of the precipdatinfluence on natural mortality (bc-11-glf),
where the estimated FMSY decreased and NMSY inedesisbstantially, and led to the stock
being estimated as in an overfished state in tHé Gu

7.5 Retrospective Analyses

No major patterns or biases were evident in tlrespective analysis for either
abundances or fishing rates in either stock, ntheéreference points or stock status in either
stock (Tables 7.4.1, 7.4.2; Figures 7.5.1, 7.5.2).

7.6 Selectivity
No selectivity estimates were made in any of tloglefs, while the two-stage model and

SSRA used input values of selectivity of 0.3 farugts and 1.0 for adults, based on growth
dynamics of crabs reaching an exploitable sizeiwith9 months.

8.0 Biological Reference Points

8.1 Overfishing Definition

There is currently no overfishing definition fdub crabs that is sanctioned by the
Florida Fish and Wildlife Conservation Commissidviost management is based on controlling
the sizes of blue crabs harvested and the incidertteality possibly inflicted by lost traps
through the use of escape vents. In general, neamagt has been summarized as preventative
(Jamieson 1986 in Steele and Bert 1998). Followeg2011 Chesapeake blue crab assessment
and the GDAR 1 blue crab assessment, we presentb&S¥&d reference points for both targets
and limits. Estimates of MSY-based reference goivédre made available in this assessment
due to the newly-developed two-stage model’s iratiestructure, which was not available from
the CSA model used in Murphy et al (2007). As siiclas possible to compare the two-stage
model directly to ASPIC and SSRA, both of whichgaet MSY-based reference points.

For short-lived species that experience large gsvin abundance, the overfished status
relative to abundance can be computed as followst(Bpo et al. 1998):

Nijimie = cNysy
¢ =max (1-M,0.5)
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This formulation allows for the overfished limitibg inversely proportional to the natural
mortality rate. A default control rule (Restredgak 1998) to scale the limit of overfishing to
this overfished limit is as follows:

FysyN
Flimic = forallN < Ny,

MSY
Fiimit = Fuysy for all N > Ny,

Similarly, Nuysy can be replaced withyBy for biomass-based models. Using these limits,
overfishing is defined as R{f: < 1.0 and overfished is defined as N4N< 1.0 in the current
year(s). For the two-stage model, the F and Mencurrent years were computed as geometric
means over the final 3 years.

8.2 Results

The reference point estimates from the two-stagéaty both the base model estimate
and the quartiles with 95% confidence intervalsrfithe uncertainty analysis, are presented in
Tables 8.2.1 and 8.2.2 for the Gulf and Atlantiasts, respectively. The estimated MSY was
30.8 million individuals for the Gulf coast, and.32nillion individuals for the Atlantic coast.
The uncertainty analyses from the MCMC analysisitbthat these estimates were relatively
stable and within roughly 1 million pounds of treesb model estimate. When compared to the
landings time series (Figures 7.2.1.3, 7.2.1.7) lboasts have experienced catches at less than
the estimated MSY for the majority of the time esri These estimated values for MSY from
ASPIC did not correspond well with the MSY estinsatl®m the two-stage model for either
coast (15.4 and 22.1 million crabs for the Gulf &tlntic, respectively). SSRA performed
slightly better or the Gulf coast relative to thtstage model (35.3 million crabs), but similar
was a poor match to the Atlantic coast relativthetwo-stage model (23.2 million crabs).

Both coasts were found to be neither overfishedundergoing overfishing in the two-
stage model (Tables 8.2.1, 8.2.2; Figures 8.2.48.Z2hase plots are presented in Figures 8.2.1
and 8.2.2 showing the year-specific estimatesafid-N (not geometric means) relative to
FMSY and NMSY, where the dotted line correspondhéooverfishing and overfished limits.
From the phase plots, the Gulf coast was only inwafished/overfishing state for one year out
of the model run (1996), while the Atlantic coastsmeither overfished nor overfishing in any
of the years.

The surplus production model found a similar reguthe two-stage model for the stock
status on the Gulf coast (not overfished nor osbkifig; Figure 8.2.5), but found that the
Atlantic coast was overfished and undergoing osbifig (Figure 8.2.6). The stochastic stock
reduction analysis (SSRA) came to the same comriagiegarding stock status compared to the
two-stage model, where both coasts were neithefisiied nor undergoing overfishing
(Figures 8.2.7, 8.2.8). While differences exispamthe analyses in this current assessment, a
common feature from these analyses is that bluesaee highly resilient. In particular, the
two-stage model demonstrates that freshwater inflamhave a strong influence on their
dynamics, leading to large fluctuations in yeas#ar abundance.

It is important to note that because blue crabsrdluenced by the environment,
calculation of overfished and overfishing statupanticular years can be biased, if the system is
not at equilibrium or average conditions. Therefgudging the status of the stock with

Fish and Wildlife Research Institute Blue Crab Assessment 39



reference only to fishing may not be appropriatetlics species. For example, an extended
drought or high predation period during the entheftime series could bias estimates of MSY
and subsequent reference points, since the systeangdhe terminal years would not be at
“average” conditions. Taking the geometric meatheflast few years attempts to account for
this issue, but only works if the variability amoyegrs are not serially autocorrelated during
these latter years (i.e., a span of years whereamaental influences are similar).

9.0 Recommendations and Findings

9.1 Evaluation of current status based on bioldgef@rence points

The current status of the blue crab stock remamegrtain but most evidence in these
analyses suggests that it is not being overfisheddent years. Although fishing mortality rates
have generally been declining since the mid-19968&s adult abundances have remained
relatively stable with strong year-to-year flucioas. These fluctuations from low to high
abundance generally coincide with dry and wet yaaspectively.

9.2 Research Recommendations

It is critical to future assessments that monigde routinely conducted to determine
the extent of participation and harvest in theegational blue crab fishery in Florida. Some
short-term observations should also be made onlmmamanercial fishing operations to
determine the amount of blue crabs discarded frenfishery and, if substantial, experiments
need to be conducted to determine the numbersiefdrhbs released that die.

Of particular use would be development of a cdestsand long-term biostatistical
sampling program for commercial landings. Currendhly scattered data are available through
TIP as blue crab are not a priority species, aonhfindependent research projects (e.g., the
FWRI disease study). Data from biostatistical damgpe.g., sex and size information) will
provide for implementing new length-based assessmedels, often used in data-rich
crustacean species.

A critical need is the development of a blue @pécific fishery-independent
monitoring program focused on collecting informatmn spawning stock, future recruitment,
sex ratios of the crabs, detailed catch per trgppnmation and population health assessment.

10.0 Minority Opinions
Not applicable at this time.

10.1 Descriptions of opinions
None.

10.2 Justification on why not adopted
Not applicable
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12.0 Tables

Table 3.1.1. Gulf stock total landings from NMFS peb category (hard and soft-shell), and
the corresponding landings, trips, and traps putech the FL MRIS trip ticket dataset.

Year Hard Lbs Soft Lbs Total Lbs Total Lbs (FL) Trips (FL) Traps (FL)
1950 684100 300 684400
1951 2076600 3400 2080000
1952 1984200 14600 1998800
1953 3153400 2900 3156300
1954 2902900 400 2903300
1955 4954100 800 4954900
1956 3728100 1400 3729500
1957 5301600 10000 5311600
1958 8693400 800 8694200
1959 13895400 3200 13898600
1960 18648300 4200 18652500
1961 17129500 5100 17134600
1962 10356300 200 10356500
1963 13148400 4000 13152400
1964 14068500 13000 14081500
1965 20597500 11700 20609200
1966 16547200 800 16548000
1967 13975800 6800 13982600
1968 9008100 0 9008100
1969 11583800 400 11584200
1970 14786300 300 14786600
1971 12278700 0 12278700
1972 10673200 100 10673300
1973 9598500 0 9598500
1974 10133700 100 10133800
1975 12806500 1600 12808100
1976 12048500 0 12048500
1977 15832200 0 15832200
1978 11678677 22236 11700913
1979 11198262 9328 11207590
1980 11275741 16866 11292607
1981 14787653 22631 14810284
1982 8870850 53452 8924302
1983 9337318 35831 9373149
1984 12912367 27563 12939930
1985 12273006 17073 12290079
1986 7644267 9407 7653674 7792426 23172 4953520
1987 10412930 11718 10424648 10498404 27654 5236177
1988 10385527 17257 10402784 10462466 30435 5422988
1989 8158507 38876 8197383 8438583 30365 5018056
1990 6878103 36775 6914878 7107902 25996 5056906
1991 5212938 22029 5234967 5456284 23922 3854758
1992 7618951 34681 7653632 8279883 29373 5034135
1993 8501970 21412 8523382 8638649 33619 5716788
1994 8406570 57364 8463934 8552332 40013 6371380
1995 8724825 56008 8780833 8849470 37873 6188208
1996 12414241 60673 12474914 12524026 43536 7571289
1997 9254589 66587 9321176 9330034 40262 6931567
1998 12771080 91701 12862781 12880644 40841 7442459
1999 11046665 122802 11169467 11187745 40786 6824154
2000 6412794 159850 6572644 6588100 30100 4981852
2001 4547898 98762 4646660 4654594 24070 4401740
2002 5489433 77585 5567018 5571260 26650 5010556
2003 7140725 84648 7225373 7218472 27958 5516763
2004 8007719 75445 8083164 8171465 25892 5692018
2005 7312485 57518 7370003 7401564 23798 5206611
2006 8564662 45488 8610150 8615894 23530 5107056
2007 6074386 35439 6109825 6115092 20593 4333320
2008 2627342 35754 2663096 2663869 14540 2899435
2009 3313987 50227 3364214 3365110 16062 3051610
2010 5709557 49111 5758668 5758393 21234 3949870
2011 6795718 37488 6833206 6856585 21605 3924216
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Table 3.1.2. Atlantic stock total landings from NBIBer crab category (hard and soft-shell),
and the corresponding landings, trips, and trafiegbérom the FL MRIS trip ticket dataset.

Year Hard Lbs Soft Lbs Total Lbs Total Lbs (FL) Trips (FL) Traps (FL)
1950 5482400 0 5482400
1951 6638000 0 6638000
1952 6149200 1400 6150600
1953 6326700 500 6327200
1954 6927300 0 6927300
1955 7682900 0 7682900
1956 8049200 1500 8050700
1957 6532700 0 6532700
1958 7996500 0 7996500
1959 6612600 0 6612600
1960 6962100 300 6962400
1961 7485600 400 7486000
1962 7868600 200 7868800
1963 8595200 200 8595400
1964 6950800 2100 6952900
1965 5963200 1000 5964200
1966 7323000 200 7323200
1967 9320000 600 9320600
1968 6615300 300 6615600
1969 5724100 100 5724200
1970 7778500 200 7778700
1971 9132200 0 9132200
1972 6287500 0 6287500
1973 3913700 0 3913700
1974 7471700 100 7471800
1975 4185400 400 4185800
1976 4024000 200 4024200
1977 3424400 200 3424600
1978 3809500 1423 3810923
1979 3493231 0 3493231
1980 4602149 0 4602149
1981 3483817 0 3483817
1982 5393364 115 5393479
1983 6990630 0 6990630
1984 6736811 915 6737726
1985 3709606 2678 3712284
1986 3005159 374 3005533 3458670 2572904 9998
1987 7914500 2810 7917310 7924606 2796085 15217
1988 4775477 23952 4799429 4836404 3826702 16741
1989 4553920 34317 4588237 4610533 4081073 17221
1990 6968386 47387 7015773 7074624 4377816 23793
1991 4490650 58426 4549076 4611657 2789073 19350
1992 6116634 38229 6154863 6821237 2970526 20160
1993 3924317 37414 3961731 3954614 2679304 19173
1994 5333025 61376 5394401 5461366 3337518 22783
1995 3407238 49251 3456489 3481645 2516810 17811
1996 5538556 45516 5584072 5617247 3265257 20646
1997 5636640 59931 5696571 5826657 3723927 23005
1998 4490117 42476 4532593 4603148 3179371 19244
1999 4387190 27853 4415043 4607576 2778008 17320
2000 4700807 47610 4748417 4844801 2966920 17161
2001 2647036 25115 2672151 2737310 2359228 13440
2002 2206193 27244 2233437 2322293 2072756 12302
2003 1958424 29323 1987747 2079616 1877463 11267
2004 3510479 25179 3535658 3813027 2003508 12992
2005 4009703 35735 4045438 4204157 2641288 15938
2006 3103692 26139 3129831 3274545 2462376 14954
2007 4042856 19827 4062683 4258214 3010789 16296
2008 3315751 25769 3341520 3521219 2811827 15356
2009 1619431 20478 1639909 1700695 1816325 11382
2010 2527453 25054 2552507 2728497 2123896 13374
2011 3193288 32421 3225709 3663516 2453778 14603
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Table 3.1.3. Licensing data for all of Floridauddto the mobility of the blue crab fishery
between both coasts, it is not possible to sepécatesing data from the Gulf and Atlantic

coasts.
Sub-divisions of
Endorsements Sub-divisions of Trap Tags
Non-
Blue Crab Total Inshore Offshore Soft Shell  Transferable
Year Endorsements  VH VS VN VI Traps Trap Tags Trap Tags  Trap Tags Trap Tags
2011 950 700 87 47 116 251,950 193,150 36,650 16,750 005,4
2010 1,035 727 95 103 110 257,050 192,850 38,550 17,700 7,950
2009 *** 1,021 768 112 141 290,599 213,550 50,100 17,749 9,200
2008 ** 1,190 832 157 182 19 822,750 450,000 299,600 54,950 18,200
2007 2,283
2006 2,579
2005 2,798
2004 2,931
2003 3,222
2002 3,435
2001 4,376
2000 4,784
1999 5,297
1998 5,920
1997 5,737
1996 5,519
1995 * 6,082
1994 4,933
1993 4,491
1992 4,491
1991 4,558
*Net Ban
** Effort Management
Plan

*** Trap Tag Fee
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Table 5.1.4.1. Statistics used in the stepwisetoactson of the standardization model for
commercial landings rates for blue crab on the Guoifst during 1986-2011. Variables include
year, In(traps pulled), county, area fished (fishl@and month. DF is degrees of freedom.

Factor DF deviance dev/DF  %Reduction ChiSq P(ChiSq)
430078  484938.80 1.13
Itraps_pulled 430077  474286.40 1.10 2.20 124974.02  <.0001
county 430073  483001.90 1.12 0.40 21069.91 <.0001
year 430052  483123.10 1.12 0.37 20104.82 <.0001
month 430067  484525.00 1.13 0.08 4476.19 <.0001
fishloc 430076  484819.60 1.13 0.02 1289.73 <.0001
Itraps_pulled 430077  474286.40 1.10
Itraps_pulled year 430051 472891.30 1.10 0.28 18616.29 <.0001
Itraps_pulled county 430072  473934.80 1.10 0.07 5178.54 <.0001
Itraps_pulled month 430066  474048.80 1.10 0.05 3084.26 <.0001
Itraps_pulled fishloc 430075  474141.50 1.10 0.03 2109.88 <.0001

Table 5.1.4.2. Statistics used in the stepwisetoactson of the standardization model for
commercial landings rates for blue crab on theritacoast during 1986-2011. Variables
include year, In(traps pulled), county, area fisffeshloc), and month. DF is degrees of
freedom.

Factor DF deviance dev/DF %Reduction ChiSq P(ChiSq)

746595  848222.10 1.14

Itraps_pulled 746594  824395.00 1.10 2.81 270002.61  <.0001
county 746579  837201.00 1.12 1.30 118067.74  <.0001
year 746569  845515.60 1.13 0.32 28329.68 <.0001
fishloc 746593  846738.10 1.13 0.18 15458.07 <.0001
month 746584  847772.20 1.14 0.05 4617.30 <.0001
Itraps_pulled 746594  824395.00 1.10

Itraps_pulled county 746578  820209.20 1.10 0.49 57222.15 <.0001
Itraps_pulled year 746568  822482.30 1.10 0.22 24923.50 <.0001
Itraps_pulled fishloc 746592  823500.40 1.10 0.11 11518.16 <.0001
Itraps_pulled month 746583  824015.00 1.10 0.04 4878.77 <.0001
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Table 5.3.1.2.1. Gulf coast fisheries independamnitoring sampling for the three gears used
in the index of abundance calculations. The 21.8emes were used for juveniles, while the
183-m seines and 6.1m otter trawls were combineddalts. Note: these data include all
samples recorded.

21.3-m Seines 183-m Seines 6.1-m Otter Trawls

Total Positive Total Total Positive Total Total Positive Total
Year Trips Trips Crabs Trips Trips Crabs Trips Trips Crabs
1989 186 48 237 NA NA NA 161 73 688
1990 218 47 256 NA NA NA 190 88 437
1991 241 65 335 NA NA NA 193 65 260
1992 249 90 408 NA NA NA 184 104 431
1993 245 67 226 NA NA NA 182 80 452
1994 262 52 210 NA NA NA 192 68 397
1995 592 164 575 NA NA NA 460 146 738
1996 1542 414 1488 312 121 769 732 354 1836
1997 1680 388 2143 836 179 672 830 290 1231
1998 1332 502 3508 1077 432 3978 313 226 2135
1999 1404 505 3039 1414 419 2266 372 197 1694
2000 1446 430 2039 1442 281 915 414 185 747
2001 1769 500 2336 1402 245 776 669 262 1166
2002 1776 356 1161 1342 259 805 684 230 1058
2003 1852 550 2480 1344 326 939 720 271 1133
2004 2304 763 3420 1354 488 1782 899 473 2685
2005 2412 648 2224 923 293 1100 1260 598 2999
2006 2411 707 3463 924 386 2255 1260 754 4704
2007 2411 658 3948 924 292 1169 1260 648 3759
2008 2171 418 1652 924 184 387 1164 371 1442
2009 2172 377 1799 887 187 478 1163 266 975
2010 2040 536 2576 852 307 1452 1098 434 2120
2011 2039 648 3538 852 272 1394 1104 446 3055
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Table 5.3.1.2.2. Atlantic coast fisheries indepsridnonitoring sampling for the three gears
used in the index of abundance calculations. Th&-&lseines were used for juveniles, while
the 183-m seines and 6.1m otter trawls were condbimeadults. Note: these data include all
samples recorded.

21.3-m Seines 183-m Seines 6.1-m Otter Trawls

Total Positive Total Total Positive Total Total Positive Total
Year Trips Trips Crabs Trips Trips Crabs Trips Trips Crabs
1990 85 6 27 NA NA NA 55 13 43
1991 122 20 140 NA NA NA 82 37 254
1992 125 18 59 NA NA NA 77 46 375
1993 124 15 49 NA NA NA 80 30 108
1994 127 7 17 NA NA NA 75 37 305
1995 241 17 33 NA NA NA 196 92 499
1996 422 18 62 NA NA NA 150 72 267
1997 431 21 40 372 91 239 143 63 380
1998 379 75 315 434 128 582 NA NA NA
1999 380 40 119 420 89 292 NA NA NA
2000 380 40 135 420 117 401 NA NA NA
2001 705 124 689 548 113 388 266 114 501
2002 839 116 497 614 129 391 383 155 597
2003 839 198 600 613 135 406 485 201 738
2004 912 252 806 614 208 730 491 280 1281
2005 1038 277 889 610 209 792 596 387 1561
2006 1123 322 1381 611 173 699 684 415 2168
2007 1173 315 1413 614 195 747 684 419 2606
2008 1172 254 855 592 150 499 684 365 1669
2009 1172 212 613 564 107 309 684 234 779
2010 1172 280 1036 564 122 399 683 288 1218
2011 1091 270 1299 564 140 411 684 388 1919
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Table 5.3.2.1. Gulf stock indices of abundanceA8D For the recruits, the IOA was limited to
21.3m seines. For adults, IOAs were calculatedrsgply for both gears, and using both gears
combined. Although the combined IOA had an unkbaddrdesign with years, the results were

near identical to an IOA where the years wereiastt to all full years (1996-2011); therefore,

the full time series was used to fit the base mtmlebaximize the length of the time series.

Juveniles Adults
21.3m Seine 183m Seine 6.1m Otter Trawl Both Gears

Year CPUE cv CPUE cv CPUE cv CPUE cv

1989 1.00 36.66 NA NA 2.20 38.86 2.80 37.44
1990 0.28 44.07 NA NA 0.84 39.49 1.09 40.08
1991 1.14 28.83 NA NA 0.58 41.64 0.79 40.65
1992 0.93 29.76 NA NA 1.84 34.16 2.13 33.99
1993 0.79 27.79 NA NA 0.49 44.67 0.64 44.52
1994 0.64 24.27 NA NA 0.74 49.71 0.99 50.85
1995 0.83 13.04 NA NA 0.43 34.60 0.60 33.49
1996 0.71 11.52 1.75 20.81 1.64 21.07 1.45 14.49
1997 0.97 11.95 0.57 20.32 0.41 31.05 0.46 16.69
1998 2.01 10.93 2.04 11.93 3.64 53.87 1.92 11.62
1999 1.30 11.38 0.84 12.82 0.88 71.74 0.79 12.20
2000 1.08 10.80 0.44 16.20 0.17 163.63 0.41 15.76
2001 0.77 11.29 0.29 18.58 0.35 50.47 0.28 17.13
2002 0.64 11.36 0.44 15.66 0.36 82.93 0.39 15.20
2003 1.78 9.16 0.82 13.12 0.32 89.46 0.67 12.76
2004 1.11 9.32 1.11 11.73 1.77 23.05 1.14 10.34
2005 0.85 9.36 1.22 13.74 0.88 17.34 1.02 10.67
2006 1.60 9.17 2.38 12.47 2.65 13.01 2.30 9.45
2007 0.83 10.13 0.77 16.00 0.95 16.39 0.74 11.50
2008 0.57 10.67 0.22 25.84 0.22 35.68 0.19 20.75
2009 0.73 10.62 0.43 18.79 0.06 67.72 0.24 17.80
2010 1.67 9.82 1.59 13.52 0.92 19.26 1.17 11.01
2011 0.77 14.92 1.08 14.52 0.66 19.51 0.78 11.83
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Table 5.3.2.2. Statistics used in the stepwisetoactson of the standardization model for
fisheries independent landings data for juveniesitives, lognormal link) on the Gulf coast.

Factor DF deviance dev/DF  %Reduction ChiSq P(ChiSq)
5058 6731.300 1.331
bayzone 5035 5350.700 1.063 20.147 1161.253 <0.0001
gr 5055 5401.940 1.069 19.701 1113.032 <0.0001
salinity 5046 5934.300 1.176 11.631 624.813  <0.0001
bot 5029 6272.860 1.247 6.273 311.326  <0.0001
year 5035 6394.620 1.270 4.568 259.589  <0.0001
bveg 5057 6457.180 1.277 4.053 210.336  <0.0001
shore 3458 4503.540 1.302 2.139 212.786  <0.0001
depth 5054 6677.270 1.321 0.724 39.405 <0.0001
temperature 5052 6674.980 1.321 0.719 40.689 <0.0001
month 5053 6693.530 1.325 0.463 28.472 <0.0001
bayzone 5035 5350.700 1.063
bayzone gr 5032 5095.960 1.013 3.756 246.770  <0.0001
bayzone year 5012 5179.590 1.033 2.199 164.422  <0.0001
bayzone bot 5006 5241.420 1.047 1.178 68.888 <0.0001
bayzone salinity 5023 5317.010 1.059 0.313 18.155 <0.0001
bayzone month 5030 5329.400 1.060 0.239 20.173 0.0012
bayzone depth 5031 5346.070 1.063 0.006 3.823 0.0506
bayzone bveg 5034 5350.690 1.063 -0.016 0.002 0.9628
bayzone temperature 5029 5345.890 1.063 -0.023 2.022 0.1550
bayzone shore 3435 3892.740 1.133 -5.302 17.643 <0.0001
bayzone gr 5032 5095.960 1.013
bayzone gr year 5009 4947.610 0.988 1.876 149.460  <0.0001
bayzone gr bot 5003 5001.700 1.000 0.975 56.357 <0.0001
bayzone gr month 5027 5076.280 1.010 0.219 19.581 0.0015
bayzone gr salinity 5020 5073.480 1.011 0.155 9.534 0.0020
bayzone gr depth 5028 5084.400 1.011 0.112 10.877 0.0010
bayzone gr bveg 5031 5095.940 1.013 -0.015 0.018 0.8946
bayzone gr temperature 5026 5092.810 1.013 -0.044 0.770 0.3802
bayzone gr shore 3432 3708.880 1.081 -5.107 3.814 0.0508
bayzone gr year 5009 4947.610 0.988
bayzone gr year bot 4980 4851.620 0.974 1.016 58.882 <0.0001
bayzone gr year salinity 4997 4919.230 0.984 0.249 18.158 <0.0001
bayzone gr year month 5004 4929.990 0.985 0.191 18.055 0.0029
bayzone gr year depth 5005 4934.050 0.986 0.144 13.102 0.0003
bayzone gr year bveg 5008 4947.570 0.988 -0.014 0.042 0.8369
bayzone gr year temperature 5003 4944.160 0.988 -0.037 0.789 0.3743
bayzone gr year shore 3409 3614.710 1.060 -5.455 5.184 0.0228
bayzone gr year bot 4980 4851.620 0.974
bayzone gr year bot month 4975 4833.690 0.972 0.197 18.635 0.0022
bayzone gr year bot salinity 4968 4828.050 0.972 0.180 13.523 0.0002
bayzone gr year bot depth 4976 4836.590 0.972 0.168 15.005 0.0001
bayzone gr year bot bveg 4979 4851.620 0.974 -0.015 0.001 0.9733
bayzone gr year bot temperature 4974 4847.590 0.975 -0.027 1.632 0.2014
bayzone gr year bot shore 3380 3511.480 1.039 -4.860 0.000 0.9927
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Table 5.3.2.3. Statistics used in the stepwisetoactson of the standardization model for
fisheries independent landings data for juvenieegence/absence, binomial link) on the Gulf

coast.
Factor

bayzone
salinity

bot

gr

year

bveg

month
temperature
depth

shore

bayzone

bayzone year
bayzone gr

bayzone depth
bayzone bot

bayzone month
bayzone salinity
bayzone temperature
bayzone bveg
bayzone shore

bayzone year

bayzone year gr

bayzone year depth
bayzone year bot

bayzone year month
bayzone year salinity
bayzone year temperature
bayzone year bveg
bayzone year shore

bayzone year gr

bayzone year gr depth
bayzone year gr bot

bayzone year gr month
bayzone year gr salinity
bayzone year gr temperature
bayzone year gr bveg
bayzone year gr shore

DF

16371
16348
16340
16334
16368
16348
16370
16366
16357
16364
9890

16348
16325
16345
16341
16311
16343
16317
16334
16347
9867

16325
16322
16318
16288
16320
16294
16311
16324
9844

16322
16315
16285
16317
16291
16308
16321
9841

deviance

20245.640
18972.530
19536.820
19581.650
19623.730
19896.990
20038.730
20107.460
20103.280
20163.800
12298.910

18972.530
18576.560
18611.700
18719.190
18717.040
18843.700
18844.120
18928.840
18966.990
11764.260

18576.560
18198.450
18335.220
18335.700
18455.680
18457.490
18521.470
18570.920
11576.750

18198.450
18014.740
18017.800
18069.170
18077.510
18133.670
18198.070
11395.310

dev/DF

1.237
1.161
1.196
1.199
1.199
1.217
1.224
1.229
1.229
1.232
1.244

1.161
1.138
1.139
1.146
1.148
1.153
1.155
1.159
1.160
1.192

1.138
1.115
1.124
1.126
1.131
1.133
1.136
1.138
1.176

1.115
1.104
1.106
1.107
1.110
1.112
1.115
1.158

%Reduction ChiSq P(ChiSq)
6.156 1273.114 <0.0001
3.318 668.937  <0.0001
3.061 592.227 <0.0001
3.054 621.911 <0.0001
1.584 348.650 <0.0001
1.016 206.915 <0.0001
0.652 138.177  <0.0001
0.618 124.701  <0.0001
0.362 72.575 <0.0001
-0.557 507.445 <0.0001
1.829 395.969  <0.0001
1.768 360.826  <0.0001
1.213 242.294  <0.0001
1.054 209.784  <0.0001
0.609 128.830  <0.0001
0.458 84.718 <0.0001
0.136 23.613 <0.0001
0.022 5.539 0.0186
-2.567 87.945 <0.0001
1.856 378.110  <0.0001
1.156 231.432  <0.0001
0.987 194.147  <0.0001
0.571 120.881  <0.0001
0.416 77.621 <0.0001
0.194 35.404 <0.0001
0.022 5.635 0.0176
-3.081 90.508 <0.0001
0.872 170.773  <0.0001
0.692 135.280  <0.0001
0.613 129.281  <0.0001
0.429 76.713 <0.0001
0.244 42.702 <0.0001
-0.004 0.374 0.5407
-3.475 33.933 <0.0001
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Table 5.3.2.4. Statistics used in the stepwisetoactson of the standardization model for
fisheries independent landings data for adultsi{jpes, lognormal link) on the Gulf coast.

Factor DF deviance dev/DF %Reduction ChiSq P(ChiSq)
2164 1564.450 0.723
gr 2162 1157.450 0.535 25.947 652.344  <0.0001
depth 2157 1283.310 0.595 17.704 401.044  <0.0001
year 2142 1406.060 0.656 9.201 231.094  <0.0001
bveg 2163 1482.840 0.686 5.173 115.986  <0.0001
bayzone 2150 1512.000 0.703 2.723 73.831 <0.0001
bot 2155 1533.730 0.712 1.554 33.854 <0.0001
temperature 2156 1539.830 0.714 1.208 4.565 0.0326
salinity 2153 1539.530 0.715 1.090 0.577 0.4473
month 2159 1557.190 0.721 0.233 10.063 0.0735
shore 1365 986.440 0.723 0.038 65.667 <0.0001
gr 2162 1157.450 0.535
gryear 2140 1097.480 0.513 3.115 115.191  <0.0001
gr salinity 2151 1133.270 0.527 1.176 10.052 0.0015
gr temperature 2154 1136.950 0.528 1.042 11.008 0.0009
gr bayzone 2148 1134.350 0.528 1.005 43.649 <0.0001
gr depth 2155 1141.220 0.530 0.801 4.242 0.0394
gr month 2157 1150.040 0.533 0.304 13.913 0.0162
gr bot 2153 1148.220 0.533 0.284 12.581 0.0004
gr bveg 2161 1157.060 0.535 -0.010 0.722 0.3955
gr shore 1363 768.060 0.564 -3.893 1.728 0.1887
gryear 2140 1097.480 0.513
gr year salinity 2129 1073.510 0.504 1.190 9.667 0.0019
gr year bayzone 2126 1074.640 0.505 1.019 45.525 <0.0001
gr year depth 2133 1081.820 0.507 0.783 4.550 0.0329
gr year temperature 2132 1082.110 0.508 0.731 3.184 0.0744
gr year bot 2131 1088.070 0.511 0.311 14.688 0.0001
gr year bveg 2139 1096.130 0.512 0.054 2.652 0.1034
gr year month 2135 1094.780 0.513 0.008 5.324 0.3777
gr year shore 1341 717.860 0.535 -3.109 1.539 0.2148
gr year salinity 2129 1073.510 0.504
gr year salinity bayzone 2115 1054.090 0.498 0.809 39.347 0.0003
gr year salinity bot 2120 1065.930 0.503 0.199 11.024 0.0009
gr year salinity depth 2128 1070.540 0.503 0.161 5.986 0.0144
gr year salinity temperature 2127 1071.340 0.504 0.076 3.529 0.0603
gr year salinity month 2124 1070.960 0.504 0.002 5.136 0.3995
gr year salinity bveg 2128 1073.000 0.504 0.000 1.023 0.3117
gr year salinity shore 1331 701.980 0.527 -3.205 0.838 0.3598
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Table 5.3.2.5. Statistics used in the stepwisetoactson of the standardization model for
fisheries independent landings data for adultssgaree/absence, binomial link) on the Gulf

coast.
Factor

year
bayzone

gr

salinity
depth
temperature
month

bveg

shore

bot

year
year bayzone
year gr

year depth

year salinity

year month

year temperature
year bveg

year bot

year shore

year bayzone

year bayzone gr

year bayzone depth

year bayzone bveg

year bayzone month

year bayzone temperature
year bayzone salinity

year bayzone bot

year bayzone shore

year bayzone gr

year bayzone gr month

year bayzone gr temperature
year bayzone gr depth

year bayzone gr salinity

year bayzone gr bveg

year bayzone gr bot

year bayzone gr shore

DF

12918
12896
12904
12916
12883
12900
12898
12913
12916
8119

12854

12896
12882
12894
12878
12861
12891
12876
12894
12832
8097

12882
12880
12864
12880
12877
12862
12847
12818
8083

12880
12875
12860
12862
12845
12878
12816
8081

deviance

11679.610
10955.020
11452.650
11532.050
11577.540
11618.630
11638.480
11656.720
11660.990
7338.960
11629.470

10955.020
10745.970
10823.970
10882.080
10883.730
10927.880
10919.740
10939.330
10904.500
6906.760

10745.970
10616.430
10682.310
10714.250
10717.620
10709.280
10705.680
10699.240
6750.230

10616.430
10588.540
10584.360
10594.000
10582.130
10616.340
10569.920
6669.780

dev/DF

0.904
0.849
0.888
0.893
0.899
0.901
0.902
0.903
0.903
0.904
0.905

0.849
0.834
0.839
0.845
0.846
0.848
0.848
0.848
0.850
0.853

0.834
0.824
0.830
0.832
0.832
0.833
0.833
0.835
0.835

0.824
0.822
0.823
0.824
0.824
0.824
0.825
0.825

%Reduction ChiSq P(ChiSq)
6.044 724.596  <0.0001
1.837 226.961  <0.0001
1.248 147.561 <0.0001
0.605 57.528 <0.0001
0.383 35.508 <0.0001
0.198 11.715 0.0006
0.157 22.891 0.0004
0.144 18.254 <0.0001
0.023 22.354 <0.0001
-0.066 1.387 0.2389
1.693 209.052  <0.0001
1.110 131.046  <0.0001
0.495 52.039 <0.0001
0.357 31.227 <0.0001
0.196 27.137 <0.0001
0.157 11.758 0.0006
0.120 15.548 <0.0001
-0.033 1.741 0.1870
-0.389 24.483 <0.0001
1.098 129.531  <0.0001
0.418 45.678 <0.0001
0.258 31.579 <0.0001
0.208 28.345 <0.0001
0.172 16.317 <0.0001
0.095 6.479 0.0109
-0.057 0.063 0.8022
-0.103 42.848 <0.0001
0.204 27.894 <0.0001
0.134 11.791 0.0006
0.065 4.694 0.0303
0.047 0.535 0.4647
-0.013 0.001 0.9773
-0.054 0.252 0.6158
-0.123 2.824 0.0929
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Table 5.3.2.6. Atlanic stock indices of abundafi@As). For the recruits, the IOA was limited
to 21.3m seines. For adults, IOAs were calculatgghrately for 183m seines and 183m seines
+ 6.1m otter trawls. Note: both the combined geawsthe 6.1m otter trawl from 1990-2011
failed to converge, and as such only the time pdnom 1997-2011 is presented.

Recruit Adult
21.3m Seine 183m Seine Both Gears
Year CPUE cv CPUE cv CPUE Ccv
1996 1.70 85.98 NA NA NA NA
1997 3.01 34.90 0.72 28.84 1.05 20.46
1998 1.12 35.63 1.62 19.06 1.61 18.74
1999 1.41 37.33 0.51 26.55 0.54 26.36
2000 1.20 33.49 1.40 19.95 1.43 19.56
2001 0.44 20.56 0.48 22.48 0.60 15.48
2002 0.22 22.52 0.46 20.79 0.41 16.42
2003 1.24 16.52 0.57 20.16 0.36 16.65
2004 0.55 16.82 1.27 15.37 1.36 11.28
2005 0.79 14.80 1.97 14.90 1.43 11.27
2006 0.84 13.94 1.45 16.02 1.42 11.29
2007 0.76 13.79 1.16 16.25 1.25 11.72
2008 0.42 17.10 0.84 18.39 1.05 12.08
2009 0.35 16.82 0.60 21.00 0.65 13.81
2010 0.96 14.39 0.92 18.89 0.80 13.36
2011 1.01 21.32 1.04 17.57 1.03 12.49
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Table 5.3.2.7. Statistics used in the stepwisetoactson of the standardization model for
fisheries independent landings data for juvenipesifives, lognormal link) on the Atlantic

coast.
Factor

bayzone

gr

bveg

year

bot

shore

month
salinity
depth
temperature

bayzone

bayzone year
bayzone bot

bayzone depth
bayzone bveg
bayzone temperature
bayzone gr

bayzone salinity
bayzone month
bayzone shore

bayzone year

bayzone year bot

bayzone year depth
bayzone year bveg
bayzone year gr

bayzone year temperature
bayzone year salinity
bayzone year month
bayzone year shore

bayzone year bot

bayzone year bot depth
bayzone year bot gr

bayzone year bot bveg
bayzone year bot temperature
bayzone year bot salinity
bayzone year bot month
bayzone year bot shore

bayzone year bot depth

bayzone year bot depth temperature
bayzone year bot depth bveg
bayzone year bot depth salinity
bayzone year bot depth gr

bayzone year bot depth month
bayzone year bot depth shore

DF

1232
1222
1229
1231
1216
1231
1010
1227
1229
1229
1229

1222
1206
1221
1219
1221
1219
1220
1219
1217
1000

1206
1205
1203
1205
1204
1203
1203
1201
984

1205
1202
1203
1204
1202
1202
1200
983

1202
1201
1201
1201
1200
1197
981

deviance

1300.310
1006.530
1105.590
1172.120
1226.150
1249.820
1042.820
1294.520
1297.720
1299.470
1299.820

1006.530
950.630
974.670
985.240
1006.310
1005.100
1006.080
1005.550
1005.050
887.070

950.630
924.120
929.700
950.190
949.630
949.680
950.180
948.710
828.850

924.120
901.480
922.860
924.100
923.130
923.420
922.400
804.630

901.480
900.170
901.290
901.390
900.660
899.510
785.900

dev/DF

1.055
0.824
0.900
0.952
1.008
1.015
1.032
1.055
1.056
1.057
1.058

0.824
0.788
0.798
0.808
0.824
0.825
0.825
0.825
0.826
0.887

0.788
0.767
0.773
0.789
0.789
0.789
0.790
0.790
0.842

0.767
0.750
0.767
0.768
0.768
0.768
0.769
0.819

0.750
0.750
0.750
0.751
0.751
0.751
0.801

%Reduction

21.960
14.767
9.785
4.463
3.804
2.174
0.039
-0.045
-0.179
-0.206

3.356
2.408
1.463
-0.048
-0.081
-0.093
-0.117
-0.206
-6.007

2.022
1.462
-0.028
-0.046
-0.112
-0.151
-0.159
-5.124

1.603
-0.022
-0.059
-0.103
-0.126
-0.167
-4.893

0.044
-0.044
-0.052
-0.054
-0.141
-4.845

ChiSq

315.766
200.013
127.970
72.407
48.826
40.790
5.499
2.080
0.424
0.092

70.451
39.656
26.029
0.259
1.454
0.544
0.901
1.812
0.473

34.867
26.897
0.565
1.294
0.715
0.065
2.494
0.676

29.840
1.682
0.024
0.622
0.242
2.299
0.401

1.788
0.264
0.126
1.116
2.692
0.273

P(ChiSq)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.3580
0.1493
0.5150
0.7616

<0.0001
<0.0001
<0.0001
0.6111
0.2279
0.7620
0.3425
0.8745
0.4917

<0.0001

<0.0001
0.4521
0.5236
0.3979
0.7987
0.7774
0.4108

<0.0001
0.4313
0.8770
0.4305
0.6226
0.8063
0.5264

0.1812
0.6072
0.7228
0.5724
0.7474
0.6015
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Table 5.3.2.8. Statistics used in the stepwisetoactson of the standardization model for
fisheries independent landings data for juvenigegence/absence, binomial link) on the

Atlantic coast.
Factor

bayzone

gr

bveg

bot

year

shore
temperature
salinity
month
depth

bayzone

bayzone year
bayzone depth
bayzone bot

bayzone gr

bayzone month
bayzone salinity
bayzone temperature
bayzone bveg
bayzone shore

bayzone year

bayzone year depth
bayzone year bot

bayzone year gr

bayzone year month
bayzone year temperature
bayzone year salinity
bayzone year bveg
bayzone year shore

bayzone year depth

bayzone year depth bot

bayzone year depth gr

bayzone year depth month
bayzone year depth temperature
bayzone year depth bveg
bayzone year depth salinity
bayzone year depth shore

DF

6014
6004
6011
6013
6012
5998
4736
6011
6011
6009
6011

6004
5988
6001
6002
6002
5999
6001
6001
6003
4726

5988
5985
5986
5986
5983
5985
5985
5987
4710

5985
5983
5983
5980
5984
5984
5984
4708

deviance

6102.090
5371.640
5777.840
5899.850
5912.150
5955.950
4785.380
6094.250
6094.840
6093.630
6095.730

5371.640
5237.500
5280.530
5324.710
5360.090
5362.000
5365.000
5365.250
5369.170
4283.690

5237.500
5142.800
5187.050
5225.250
5227.860
5232.340
5232.480
5235.800
4154.230

5142.800
5082.050
5136.210
5137.310
5140.820
5142.420
5142.690
4058.220

dev/DF

1.015
0.895
0.961
0.981
0.983
0.993
1.010
1.014
1.014
1.014
1.014

0.895
0.875
0.880
0.887
0.893
0.894
0.894
0.894
0.894
0.906

0.875
0.859
0.867
0.873
0.874
0.874
0.874
0.875
0.882

0.859
0.849
0.858
0.859
0.859
0.859
0.859
0.862

%Reduction  ChiSq P(ChiSq)
11.824 730.452  <0.0001
5.267 324.253  <0.0001
3.298 202.238  <0.0001
3.081 189.483  <0.0001
2.135 146.139  <0.0001
0.416 129.606  <0.0001
0.079 1.496 0.2212
0.069 0.905 0.3414
0.056 8.460 0.1327
0.054 0.017 0.8955
1.972 134.140  <0.0001
1.452 85.427 <0.0001
0.741 46.894 <0.0001
0.160 11.553 0.0031
0.085 9.637 0.0862
0.065 0.961 0.3271
0.061 0.708 0.4000
0.026 2.466 0.1163
-1.156 3.564 0.0590
1.516 89.687 <0.0001
0.802 50.426 <0.0001
0.173 12.252 0.0022
0.087 9.640 0.0861
0.042 0.148 0.7007
0.039 0.005 0.9419
0.014 1.701 0.1921
-0.723 3.567 0.0589
0.972 60.729 <0.0001
0.080 6.585 0.0372
0.020 5.487 0.3594
0.018 1.978 0.1596
-0.008 0.375 0.5405
-0.012 0.105 0.7463
-0.266 4.790 0.0286
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Table 5.3.2.9. Statistics used in the stepwisetoactson of the standardization model for
fisheries independent landings data for adultsi{jpes, lognormal link) on the Atlantic coast.

Factor DF deviance dev/DF %Reduction ChiSq P(ChiSq)
1600 2098.560 1.312

gr 1599 799.120 0.500 61.897 1545.752  <0.0001
depth 1597 1525.850 0.955 27.154 508.004  <0.0001
bayzone 1590 1678.640 1.056 19.507 357.455  <0.0001
bot 1599 1719.040 1.075 18.034 319.376  <0.0001
bveg 1599 1737.400 1.087 17.158 302.369  <0.0001
year 1586 1918.800 1.210 7.759 143.371  <0.0001
salinity 1594 2064.520 1.295 1.252 21.863 <0.0001
temperature 1596 2081.680 1.304 0.556 10.914 0.0010
shore 1258 1642.240 1.305 0.470 7.348 0.0067
month 1595 2088.850 1.310 0.151 7.426 0.1908
gr 1599 799.120 0.500

gr shore 1257 615.910 0.490 0.746 2.289 0.1303
gryear 1585 778.530 0.491 0.654 41.795 0.0001
gr bayzone 1589 783.020 0.493 0.533 32.590 0.0003
gr salinity 1593 790.680 0.496 0.261 4.010 0.0452
gr bveg 1598 795.660 0.498 0.142 6.965 0.0083
gr month 1594 793.810 0.498 0.134 10.674 0.0582
gr bot 1598 799.020 0.500 -0.019 0.217 0.6412
gr temperature 1595 797.960 0.500 -0.040 1.080 0.2987
gr depth 1596 798.520 0.500 -0.043 0.002 0.9630
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Table 5.3.2.10. Statistics used in the stepwisstcoction of the standardization model for
fisheries independent landings data for adultss@ree/absence, binomial link) on the Atlantic

coast.
Factor

bayzone
year

bot

bveg

gr

month
depth
salinity
temperature
shore

bayzone

bayzone year
bayzone bot

bayzone month
bayzone temperature
bayzone salinity
bayzone gr

bayzone depth
bayzone bveg
bayzone shore

bayzone year

bayzone year bot

bayzone year month
bayzone year temperature
bayzone year salinity
bayzone year depth
bayzone year gr

bayzone year bveg
bayzone year shore

DF

6707
6697
6693
6700
6706
6706
6702
6696
6689
6695
5210

6697
6683
6690
6692
6685
6679
6696
6686
6696
5200

6683
6676
6678
6671
6665
6672
6682
6682
5186

deviance

7372.660
7066.880
7164.950
7254.400
7285.450
7310.570
7338.350
7337.030
7335.370
7352.420
5755.480

7066.880
6856.390
7022.350
7032.670
7036.930
7037.960
7064.100
7054.100
7066.660
5528.070

6856.390
6806.350
6819.300
6818.090
6831.080
6843.330
6853.990
6855.520
5353.650

dev/DF

1.099
1.055
1.071
1.083
1.086
1.090
1.095
1.096
1.097
1.098
1.105

1.055
1.026
1.050
1.051
1.053
1.054
1.055
1.055
1.055
1.063

1.026
1.020
1.021
1.022
1.025
1.026
1.026
1.026
1.032

%Reduction

4.004
2.614
1.501
1.168
0.827
0.391
0.320
0.238
0.096
-0.496

2.664
0.505
0.393
0.235
0.135
0.024
0.016
-0.011
-0.715

0.584
0.435
0.354
0.093
0.024
0.019
-0.002
-0.581

ChiSq

305.775
207.713
114.984
87.214
62.087
34.310
25.540
16.413
7.281
9.916

210.499
40.457
34.217
16.783

8.600
2.788
2.162
0.221
0.742

46.289

37.083

25.793
5.980
2.391
2.399
0.870
0.325

P(ChiSq)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0070
0.0016

<0.0001
<0.0001
<0.0001
<0.0001
0.0034
0.0950
0.1415
0.6381
0.3889

<0.0001

<0.0001

<0.0001
0.0145
0.1220
0.1214
0.3510
0.5687
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Table 5.5.1. Scaled environmental anomalies reldbvhe mean for coast-specific streamflow
and state-wide precipitation.

Gulf Atlantic Florida
Year Streamflow Streamflow Precipitation

1980 -0.1188 -1.1440 -0.6628
1981 -1.3939 -1.5607 -1.4328
1982 0.2952 0.5595 1.1402
1983 1.5825 2.0926 1.6749
1984 0.4123 1.1449 -0.6570
1985 -0.4421 0.0066 -0.1456
1986 -0.2201 -0.2766 -0.0497
1987 0.7806 -0.2735 0.0012
1988 0.0507 -0.4871 -0.0671
1989 -0.1138 -1.3360 -0.6308
1990 -0.7591 -1.4273 -1.6275
1991 0.7456 0.6214 1.4148
1992 0.0709 -0.1178 0.4879
1993 -0.0942 -0.0744 -0.5175
1994 1.3011 1.2408 1.7533
1995 1.1351 1.4324 0.9775
1996 0.0447 0.5172 0.1450
1997 0.5258 0.6078 1.1475
1998 1.9786 1.5618 0.4952
1999 -0.8773 -0.0517 -0.5248
2000 -1.7860 -1.0764 -1.6812
2001 -0.9448 -0.3015 -0.0250
2002 -0.5821 0.1205 0.6913
2003 1.6394 0.1040 0.9267
2004 0.6286 0.2865 0.6521
2005 1.3119 1.9936 1.1649
2006 -1.1810 -0.9055 -1.7582
2007 -1.6482 -1.4030 -1.3834
2008 -0.8477 -0.4591 0.0520
2009 -0.0012 0.1406 0.1755
2010 0.0130 -0.3002 -0.8052
2011 -1.5056 -1.2352 -0.9316
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Table 7.2.1.1. Gulf stock parameter estimates ffuerbase run. Abundance estimates are in
millions of individuals. The first two columns aiem the ADMB base model fit and delta-
method calculation of error, while the last twowuohs are from the MCMC runs. Note:
because effort was fixed at 1.0 for the base madtelthe initial q estimate is equivalent to the
initial F estimate.

Base MCMC MCMC
Parameter Estimate SD Median 95% CI
InitialN 16.00 2.81 15.94 11.02-21.22
InitialR 27.28 6.94 27.70 16.06-41.57
InitialF 1.66 0.14 1.64 1.39-1.94
SO 13.41 3.42 13.20 9.21-20.55
h 0.99 0.22 1.01 0.75-1.62

Table 7.2.1.2. Atlantic stock parameter estimatesfthe base run. Abundance estimates are in
millions of individuals. The first two columns airem the ADMB base model fit and delta-
method calculation of error, while the last twowuohs are from the MCMC runs. Note:
because effort was fixed at 1.0 for the base madgelthe initial q estimate is equivalent to the
initial F estimate.

Base MCMC MCMC
Parameter Estimate SD Median 95% CI
InitialN 11.51 4.78 8.10 0.04-16.66
InitialR 39.08 8.36 42.65 27.81-64.16
InitialF 1.20 0.22 1.31 0.99-1.74
SO 7.96 2.83 7.71 5.07-13.1
h 0.73 0.30 0.74 0.51-1.35
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Table7.2.1.3. Gulf stock estimated abundances (millions ofiiaials) at the start of the
model year for juveniles and adults, and the esarhdl F for the base model run, along with
the MCMC median and 95% confidence intervals.

Juvenile Abundance

Adult Abundance

Fishing Rate (F)

Base MCMC MCMC Best MCMC  MCMC Best MCMC MCMC

Year Estimate Median 95% Cl Estimate Median 95%Cl Estimate Median 95% Cl

1989 27.28 27.70 16-42 16.00 15.94 11-21 1.48 1.46 1.24-1.73
1990 49.52 49.69 38-64 8.23 8.42 6-12 1.53 1.51 1.21-1.91
1991 65.09 65.64 53-81 7.65 7.74 5-11 1.42 141 1.13-1.75
1992 34.70 35.08 26-46 13.53 13.71 10-18 1.72 1.69 1.34-2.16
1993 71.06 71.66 56-90 10.38 10.51 7-15 2.02 2.00 1.58-2.52
1994 36.13 36.33 29-44 6.85 6.99 5-10 2.16 2.14 1.72-2.65
1995 44.90 44.98 37-54 11.40 11.50 8-15 2.03 2.00 1.62-2.49
1996 57.76 57.86 50-67 13.84 14.01 11-18 2.97 2.94 2.4-3.56
1997 41.41 41.76 36-48 5.07 5.13 4-7 1.99 1.98 1.63-2.38
1998 89.92 90.25 79-104 16.76 16.90 13-21 2.66 2.64 2.14-3.2
1999 86.51 86.53 71-105 9.68 9.82 7-13 1.65 1.64 1.32-2.01
2000 99.77 99.70 79-127 5.66 5.75 4-7 1.33 1.31 1.06-1.61
2001 61.16 61.32 51-74 3.87 3.93 3-5 1.62 1.61 1.32-1.95
2002 32.67 32.99 29-38 4.84 4.92 4-6 1.99 1.96 1.61-2.39
2003 51.60 52.08 45-60 7.35 7.47 6-9 1.94 1.91 1.57-2.33
2004 35.60 35.89 31-42 14.00 14.24 11-18 1.58 1.56 1.25-1.94
2005 53.95 54.07 47-63 13.94 14.05 11-18 1.26 1.25 1.01-1.53
2006 130.56 130.14 106-160 16.12 16.15 13-20 1.26 1.25 1.03-1.52
2007 68.67 68.44 55-86 7.62 7.75 6-10 1.06 1.05 0.86-1.29
2008 36.23 36.32 30-44 3.89 3.93 3-5 1.21 1.20 0.97-1.47
2009 35.08 35.25 30-42 4.74 4.80 4-6 1.16 1.14 0.94-1.4
2010 114.80 115.08 95-140 11.89 11.97 10-15 1.26 1.24 1.04-1.49
2011 114.85 114.18 90-146 8.81 8.94 7-11 1.02 1.01 0.84-1.21
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Table7.2.1.4. Atlantic stock estimated abundances (milliongdividuals) at the start of the
model year for juveniles and adults, and the esarhdl F for the base model run, along with
the MCMC median and 95% confidence intervals.

Juvenile Abundance

Adult Abundance

Fishing Rate (F)

Base MCMC MCMC Best MCMC  MCMC Best MCMC MCMC
Year Estimate Median 95% Cl Estimate Median 95%Cl Estimate Median 95% Cl
1996 39.30 42.65 28-64 11.37 8.10 0-17 1.54 1.67 1.25-2.21
1997 42.71 39.15 28-56 7.56 7.58 5-11 1.31 1.41 1.02-1.96
1998 31.70 30.05 22-40 10.99 9.82 7-14 1.22 1.32 0.96-1.85
1999 53.73 50.40 39-66 6.44 5.89 4-9 1.29 1.41 1.02-1.97
2000 35.04 32.34 23-44 11.05 9.93 7-15 1.15 1.23 0.92-1.63
2001 20.18 19.55 15-25 6.27 5.65 4-8 1.07 1.16 0.86-1.6
2002 13.33 12.98 10-17 5.06 4.64 3-7 1.07 1.17 0.84-1.62
2003 49.22 46.31 36-60 3.92 3.53 2-5 0.76 0.82 0.61-1.09
2004 30.47 30.10 24-37 10.81 9.92 7-14 1.01 1.09 0.81-1.48
2005 30.64 29.69 23-39 9.34 8.53 6-12 0.89 0.97 0.71-1.35
2006 42.62 39.73 30-52 10.01 9.00 6-13 1.02 1.09 0.82-1.44
2007 42.03 39.44 30-51 8.27 7.56 5-11 1.35 1.44 1.11-1.86
2008 18.83 18.11 14-23 7.20 6.57 5-9 0.87 0.96 0.7-1.33
2009 20.95 20.22 16-26 5.59 5.07 3-7 0.87 0.95 0.7-1.32
2010 42.86 39.95 30-53 5.95 5.43 4-8 0.98 1.05 0.79-1.4
2011 43.46 40.83 31-53 8.21 7.47 5-11 1.13 1.21 0.91-1.61
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Table 7.4.1. Gulf stock sensitivity runs and rgbexgive analyses. F/FLim and N/NLim refer to
the current status of the stock for each run, whedevalues for F/FLim (>1) represent current
overfishing and red values for N/NLim (<1) represeverfished.

Run # Run neglLL MSY FMSY NMSY F/FLim N/NLim
bc-00-glf Base Model 56.78 30.79 2.72 8.96 0.44 1.77
bc-01-glf s=0.2 61.18 32.57 3.59 10.64 0.38 1.86
bc-02-glf s=0.4 57.26 29.48 2.22 7.94 0.50 1.67
bc-03-glf s=0.6 63.36 27.99 1.67 6.72 0.57 1.53
bc-04-glf M={1.78, 1.22} 56.89 31.52 2.47 8.02 0.40 1.95
bc-05-glf M={1, 1} 57.69 31.98 2.80 10.37 0.42 1.76
bc-06-glf Average Z*0.7 56.37 35.17 2.17 13.67 0.34 2.01
bc-07-glf Average 7*1.3 63.35 28.86 3.13 6.91 0.53 1.57
bc-08-glf Max F/M=3 59.71 30.19 2.77 8.57 0.45 1.76
bc-09-glf Max F/M=5 55.25 31.43 2.65 9.47 0.43 1.79
bc-10-glf No Environment 141.74 21.82 2.93 5.74 0.57 2.22
bc-11-glf Precipitationon M 119.51 29.35 1.44 18.42 0.97 0.90
bc-12-glf Precipitation on R 139.37 21.40 2.76 6.10 0.60 2.08
bc-13-glf Streamflow on R 138.34 25.48 4.13 3.98 0.40 3.19
bc-14-glf Beverton -Holt 56.71 28.92 2.70 8.50 0.45 1.87
bc-15-glf h=0.99 57.82 NA NA NA NA NA
bc-16-glf No Effort 51.35 36.31 3.19 8.47 0.36 1.73
bc-17-glf Retro 2010 60.98 28.77 2.51 9.31 0.44 1.39
bc-18-glf Retro 2009 55.15 28.34 2.59 8.80 0.43 1.20
bc-19-glf Retro 2008 53.48 29.67 2.89 7.95 0.41 1.95
bc-20-glf Retro 2007 50.67 28.92 2.89 7.75 0.46 2.93
bc-21-glf Retro 2006 51.91 27.77 2.72 8.08 0.56 3.29
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Table 7.4.2. Atlantic stock sensitivity runs anttaspective analyses. F/FLim and N/NLim
refer to the current status of the stock for each where red values for F/FLim (>1) represent
current overfishing and red values for N/NLim («&present overfished.

Run # Run neglLL MSY FMSY NMSY F/FLim N/NLim
bc-00-atl Base Model -0.40 12.31 1.86 5.73 0.50 2.28
bc-01-atl s=0.2 -1.37 13.24 2.78 5.73 0.40 2.48
bc-02-atl s=0.4 1.04 11.51 1.51 5.21 0.59 2.10
bc-03-atl s=0.6 3.22 10.78 1.22 4.16 0.71 1.82
bc-04-atl M={1.78, 1.22} 2.24 14.46 1.79 5.54 0.39 2.62
bc-05-atl M={1, 1} -0.76 12.51 1.94 6.35 0.47 2.32
bc-06-atl Average Z*0.7 0.20 14.44 1.58 8.12 0.36 2.69
bc-07-atl Average 7*1.3 0.73 11.19 2.36 3.90 0.62 1.99
bc-08-atl Max F/M=3 0.00 11.99 2.04 5.00 0.51 2.26
bc-09-atl Max F/M=5 -0.40 12.31 1.86 5.73 0.50 2.28
bc-10-atl No Environment 5.97 11.16 2.39 3.82 0.56 2.20
bc-11-atl Precipitationon M -0.35 11.77 2.04 4.91 0.50 2.46
bc-12-atl Precipitation on R 5.78 10.94 2.15 4.28 0.63 1.97
bc-13-atl Streamflow on R 5.92 11.22 2.42 3.78 0.56 2.22
bc-14-atl Beverton -Holt -0.51 13.65 3.05 3.37 0.30 3.87
bc-15-atl h=0.99 -0.44 NA NA NA NA NA
bc-16-atl No Effort 0.04 13.91 2.04 5.80 0.44 2.45
bc-17-atl Retro 2010 2.68 11.67 1.89 5.33 0.49 2.18
bc-18-atl Retro 2009 8.05 11.09 1.70 5.74 0.70 2.24
bc-19-atl Retro 2008 9.22 11.80 2.03 4.95 0.62 3.05
bc-20-atl Retro 2007 14.17 13.56 2.43 4.55 0.47 3.35
bc-21-atl Retro 2006 7.70 12.25 2.20 4.66 0.53 3.62
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Table 8.2.1. Gulf stock reference points estiméiethe base model and MCMC runs.
Numbers (e.g., MSY, NMSY) are in millions of indilials.

Base Model MCMC Quantiles
Reference Point Estimate 2.50% 25% 50% 75% 97.50%
MSY 30.79 28.69 30.67 31.89 33.44 39.22
FMSY 2.72 1.93 2.41 2.77 3.23 4.35
NMSY 8.96 5.45 7.40 8.79 10.68 14.77
uMsy 0.60 0.54 0.58 0.60 0.62 0.65
FLimit 2.72 1.92 2.41 2.77 3.23 4.35
NLimit 4.48 2.72 3.70 4.40 5.34 7.38
F/FMSY 0.44 0.27 0.37 0.43 0.50 0.62
N/NMSY 0.88 0.56 0.75 0.91 1.07 1.45
u/umMsy 0.53 0.46 0.51 0.53 0.56 0.61
F/FLimit 0.44 0.27 0.37 0.43 0.50 0.62
N/NLimit 1.77 1.11 1.51 1.82 2.14 2.90
SPRCurrent 0.59 0.54 0.57 0.59 0.61 0.64

Table 8.2.2. Atlantic stock reference points eaten for the base model and MCMC runs.
Numbers (e.g., MSY, NMSY) are in millions of indivials.

Base Model MCMC Quantiles
Reference Point Estimate 2.50% 25% 50% 75% 97.50%
MSY 12.31 10.64 11.39 11.97 13.51 17.99
FMSY 1.86 1.04 1.44 1.86 2.45 3.69
NMSY 5.73 3.15 4.40 5.50 7.09 10.40
uMsy 0.54 0.41 0.48 0.54 0.58 0.63
FLimit 1.86 1.04 1.44 1.86 2.45 3.69
NLimit 2.87 1.57 2.20 2.75 3.54 5.20
F/FMSY 0.50 0.28 0.41 0.54 0.70 0.92
N/NMSY 1.14 0.60 0.85 1.07 1.31 1.71
U/uUmMsy 0.67 0.56 0.65 0.72 0.80 0.92
F/FLimit 0.50 0.28 0.41 0.54 0.70 0.92
N/NLimit 2.28 1.20 1.70 2.15 2.61 3.42
SPRCurrent 0.65 0.49 0.58 0.62 0.64 0.69
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Figures

Figure 3.1.1. Total landings of crabs along theiBoGulf coast.
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Figure 3.1.2. Total landings of crabs along theiBioAtlantic coast.
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Figure 5.1.1.2.1. Relative number of crabs samblesize class, month, and year for the
combined biostatistical sampling along the Flolaf coast.
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Figure 5.1.1.2.1. Number of crabs sampled by simmth, and year for the combined

biostatistical sampling along the Florida Atlard@ast.
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Figure 5.1.1.5.1. Size distribution of crabs landkxhg the Florida Gulf coast per year from the

combined biostatistical sampling programs.

5 8 8

(Ww) Yipypn egedered

L ¢TOC

+ TTOC

L OTOC

+ 200C

L TOOC

Figure 5.1.1.5.2. Size distribution of crabs landbxhg the Florida Atlantic coast per year from

the combined biostatistical sampling programs.
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Figure 5.1.1.5.3. Mean size of crabs caught pertmalong the Florida Gulf and Atlantic
Coasts.
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Figure 5.1.4.1.
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Figure 5.1.4.2. Landings, effort, and standardi2@dJE for the Atlantic coast.
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Figure 5.1.4.3. Residuals by year from the CPURd=Edization procedure for the Gulf coast.
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Figure 5.1.4.4. Residuals by year from the CPURd=edization procedure for the Atlantic

coast.
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Figure 5.3.1.5.1. Size frequency distributionsmaibs caught by month and year for the Gulf

Coast, summed across gears (21.3-m seines, 188assand 6.1m otter trawls).

Mornth

Mornth

Month

0 2 4 6 8 10 0O 2 4 6 8 10

0O 2 4 6 8 10

0-30mm

+ » 00000 00000 00 0000

- 0000000000000000000
c0++20000000°-000000000
0 s s e s e s 00000 0°+000000000

+0Q0+*0*00000000° 0O
-00006000000000

. c 00000000

*0000Qo0¢ = o
*000¢°*es 000000000000 00O
------ © 00000000 OQoo0o0
000000000000 00

0000Q000000°00000

1995 2000 2005

Year

I
2010

e 06+ 00 4 o
o+00000°"

e+ 00000
c000000
00 +0000
20000 OO0
*+ 000000

* 0000

120-150mm

* 0000000
O+ ++00000¢+00

0+ +0o0 »
e e eQo ¢

©« 0+ s 0000 s o

0% 000 00 ¢

o0000O00

+000Qo0- -
00000 - -
c0000Q0 -
o+000Q00-"
0000000 ¢« «
©60000Q0"
+000000¢* * *
©+0000 -

oe*e0Qo0 ¢ s

T T T
1990 1995

Year

2000 2005 2010

Mornth

Mornth

Month

0 2 4 6 8 10 0O 2 4 6 8 10

0O 2 4 6 8 10

30-60mm

+0°0000006000000000
+00000000000000000c000
c00+++200(0* "0+ 00000 0+0-:
0°* 00 °*0¢° ¢ ¢ 00

0+ (00000000000
++Q0000°+0000¢°000
....... 000000000000 000
*0*r0¢° 0000000000000 o000
60000000000000000000000
00000000 000000000
0600000000000 ¢°000
0000000 00000000

I I I
1990 1995 2000

Year

I I
2005 2010

90-120mm

D coQ¢* 00
------- 0o0(Q* 00

o+ oo
0000060000 0000
O+ +*+00000°+0o0o0
o . 'OOOO
..,O...

o
°
*c00000000
o
°

©0000 ¢ o0
0+ 000 ¢ ¢ 0

* 00000 o0 ¢ o«
*» 060000 00
+e00Qo0:-00

0000002000
00000 = 00
c00Q0 o -

«c 00000000
©0000 000
* 0000 ¢« 000
* 0000 ¢ o0

T T T
1990 1995 2000

Year

T T
2005 2010

150+mm

+000Q0000

00000 «+00

s 0 e 0000000000000 0000
tore+ 2000000000000 Q0
....... 00Q0o00°* 00000000
O0eOoo-0000(c o-00
060(Jo:0000000 000
....... 000000000000 ¢+ 00
OCos oo 00000000000 000
0 s s e s e 0000000000000 0000
O s o o o o oo 00000000 ¢*0¢0
.0 o «0000 <000
0 +00°*0°*0600000¢0
T T T T T
1990 1995 2000 2005 2010
Year

Fish and Wildlife Research Institute

Blue Crab Assessment 80




Figure 5.3.1.5.2. Size frequency distributionsrmatbs caught by gear across all years for the
Gulf Coast, summed across gears (21.3-m seineanlgdnes, and 6.1m otter trawls).
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Figure 5.3.1.5.3. Size frequency distributionsmaibs caught by month and year for the
Atlantic Coast, summed across gears (21.3-m seli@3sm seines, and 6.1m otter trawls).
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Figure 5.3.1.5.4. Atlantic stock size frequencstributions of crabs caught by gear across all
years for the Atlantic Coast, summed across gedr8{m seines, 183-m seines, and 6.1m otter
trawls).
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Figure 5.3.2.1. Gulf stock indices of abundanceadaruits and adults. Solid line represents the
mean (un-scaled), while the shaded region represkatd5% confidence interval.

n
-
3 o |
2 —
5
3
i) n
o _|
© I I I I I
1990 1995 2000 2005 2010
Year
8
6 o
s &
2 o
3 8 |
o
3
o | | | | |
1990 1995 2000 2005 2010
Year

Fish and Wildlife Research Institute Blue Crab Assessment 84



Figure 5.3.2.2. Diagnostics plots for the Gulic&tquvenile IOA.
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Fig. 5.3.2.3. Diagnostics plots for the Gulf st@dult I0A.

#éﬂﬁ
[ [ [ [

-

T
1
1
1
1
.
I

SEeNPISSY 92USSHY/20USSaid

1988 2 190 192 @ 1994 1996 2 198 2000 2002 2 2004 2 2006 2 2008 < 2010

Year

SfeNpISSY SOAISOd

1990 1992 @ 1994 @ 1996 2 1888 2 2000 2002 49204 2 2006 2@ 2008

Year

sa|nuend ajdwes

Theoretical Quantiles

Blue Crab Assessment 86

Fish and Wildlife Research Institute



Figure 5.3.2.4. Atlantic stock indices of abundafar juveniles and adults. Solid line
represents the mean (un-scaled), while the shagolr represents the 95% confidence
interval.
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Figure 5.3.2.5. Diagnostics plots for the Atlargiock juvenile IOA.
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Figure 5.3.2.6. Diagnostics plots for the Atlargiock adult IOA.
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Fig. 5.5.1. USGS gauges used to extract streandbta. For each hydrologic sub-basin (green
and pink polygons for the Atlantic and Gulf coaséspectively), a single gauge was selected
that had the highest average flow and the longasbgh of data collection from 1980-2011
(starred gauges). The exception is the large sisbibn the southeast, where three gauges were
selected that were dispersed throughout the sub:bas
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Figure 5.5.2. Environmental time series for batinfall and USGS stream flow gauges.
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Figure 5.5.3. Gulf stock IOAs superimposed wita sfireamflow index, where the streamflow
index is lagged one year (t+1) to demonstratedlaionship between the I0As and freshwater

input from the previous year.
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Figure 5.5.4. Atlantic stock IOAs superimposedwiite streamflow index, where the
streamflow index is lagged one year (t+1) to dertrates the relationship between the I0As and
freshwater input from the previous year.
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Figure7.1.1. Gulf coastobserved (points) and estimated (line) landingsamahdances for the
base run (left panes), with model residuals (rgntes) from the two-stage model.
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Figure7.1.2. Atlantic coasbbserved (points) and estimated (line) landingsaimchdances for
the base run (left panes), with model residuatgh{rpanes) from the two-stage model.
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Figure 7.1.3. Gulf coast ASPIC model fit to thentnercial CPUE data (top pane) and the FIM
IOA (bottom pane), where points with dotted lines the observed data, and the solid
line is the model estimate.
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Figure 7.1.4. Atlantic coast ASPIC model fit te tommercial CPUE data (top pane) and the
FIM IOA (bottom pane), where points with dotteddinare the observed data, and the
solid line is the model estimate.
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Figure 7.1.5. Gulf coast SSRA model fit to the Fidex of abundance, where points with
dotted lines are the observed data, and the soédd the model estimate.
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Figure 7.1.6. Atlantic coast SSRA model fit to #1& index of abundance, where points with
dotted lines are the observed data, and the soédd the model estimate.
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Figure 7.2.1.1. Gulf stock predicted abundancereéniles and adults at the start of the year
(top two panes) and the F rate (bottom pane) flmrbse model run best fit (solid line) and the
MCMC median estimate (dotted line). 95% confideimtervals are presented from the MCMC
runs.
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Figure 7.2.1.2. Atlantic stock predicted abundaoigeiveniles and adults at the start of the year
(top two panes) and the F rate (bottom pane) flmrbse model run best fit (solid line) and the
MCMC median estimate (dotted line). 95% confideimtervals are presented from the MCMC

runs.
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Figure 7.2.1.3. Estimated Gulf coast landingsspage relative to MSY as estimated in the two-
stage model.
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Figure 7.2.1.4. Gulf coast landings relative to M&Yestimated in ASPIC (top pane), and the
estimated population abundance relative to landirmgs ASPIC (bottom pane).
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Figure 7.2.1.5. Gulf coast abundance of crabsivel& the median abundance at MSY and the

limit reference point, which accounts for the higitural mortality rate of blue crabs, as
estimated from SSRA.
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Figure 7.2.1.6. Gulf coast exploitation rate refatio the median MSY and limit reference
point, which accounts for the high natural moryatdte of blue crabs, as estimated from SSRA.
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Figure 7.2.1.7. Estimated Atlantic coast landipgsstage relative to MSY as estimated in the
two-stage model.
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Figure 7.2.1.8. Atlantic coast landings relativeM8Y as estimated in ASPIC (top pane), and
the estimated population abundance relative toitgsdrom ASPIC (bottom pane).
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Figure 7.2.1.9. Atlantic coast abundance of cralsive to the median abundance at MSY and
the limit reference point, which accounts for thghhnatural mortality rate of blue crabs, as
estimated from SSRA.
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Figure 7.2.1.10. Atlantic coast exploitation ragtative to the median MSY and limit reference
point, which accounts for the high natural moryatdte of blue crabs, as estimated from SSRA.
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Figure 7.2.1.11. Gulf stock estimated stock reamaitt relationship (top pane) with year-
specific residuals (bottom pane).
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Figure 7.2.1.12. Atlantic stock estimated stockugment relationship (top pane) with year-
specific residuals (bottom pane).

-— e = e - o —— -
— e —
P

Recruits (t+1)
10 20 30 40 50
\
\
\
\
\
L
L]
L

0
\

Spawners (t)

05
o
(o]

Residuals

05
o
(o]

1998 2000 2002 2004 2006 2008 2010

Fish and Wildlife Research Institute Blue Crab Assessment 111



Figure 7.2.2.1. Gulf coast MCMC posterior distribus of the parameter estimates (not
including year-specific F deviations and recruitinggviations) from the two-stage model.
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Figure 7.2.2.2. Gulf stock MCMC posterior distrilauis of the reference points from the two-
stage base model.
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Figure 7.2.2.3. Atlantic stock MCMC posterior distitions of the parameter estimates (not
including year-specific F deviations and recruitingéeviations) from the two-stage base model.
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Figure 7.2.2.4. Atlantic stock MCMC posterior distritions of the reference points from the
two-stage base model.
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Figure 7.2.2.5. Gulf coast MCMC prior distributioofthe reference points from the SSRA

base model (initial U=0.3).
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Figure 7.2.2.6. Atlantic coast MCMC prior distribarts of the reference points from the SSRA

base model (initial U=0.3).
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Figure 7.5.1. Gulf stock retrospective bias forladbundances (top pane) and fishing rate
(bottom pane). Note: the terminal year F was stitrated with this model.
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Figure 7.5.2. Atlantic stock retrospective biasddult abundances (top pane) and fishing rate
(bottom pane). Note: the terminal year F was stitrated with this model.
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Figure 8.2.1. Gulf stock status from the two-stagelel. All points below the control rule line
are not overfished or undergoing overfishing re&ato the default limits proposed in this
assessment.
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Figure 8.2.2. Atlantic stock status from the twagg model. All points below the control rule
line are not overfished or undergoing overfishiakgtive to the default limits proposed in this
assessment.
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Figure 8.2.3. Gulf coast stock status relative ®¥Yvbased target and limit from the two-stage
model.
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Figure 8.2.4. Atlantic coast stock status relatov®1SY-based target and limit from the two-
stage model.
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Figure 8.2.5. Gulf coast stock status relative ®¥Yvbased target and limit from ASPIC.
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Figure 8.2.6. Atlantic coast stock status relatov&SY-based target and limit from ASPIC.
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Figure 8.2.7. Gulf coast stock status relative ®¥Yvbased target and limit from SSRA.
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Figure 8.2.8. Atlantic coast stock status relatov®SY-based target and limit from SSRA.
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