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Presentation Notes
This analysis describes the landings, discards, and the species most commonly caught with speckled hind and warsaw grouper.  It also assimilates all available fishery-dependent and fishery-independent data to describe the distribution of speckled hind and warsaw grouper relative to depths and habitats.  The analysis also summarizes available literature to provide guidance on what percentage of occurrence and/or habitat is “appropriate” to be closed for these stocks.  Finally, several models are developed to quantify the impacts of no-take marine protected areas (MPAs) upon speckled hind and warsaw grouper populations and harvest of associated snapper-grouper stocks.






Management History vs. Stock Status 

2011 No harvest (ACL=0) + 240 ft closure 

 

1992 5 grouper aggregate 

1994 1/vessel + No sale + Oculina MPA 

 

2009 

2012 

8 deepwater MPAs + SWG (Jan-Apr), 
Red Snapper (Jan-Dec) 

 

1988 SH SPR=25% 
WG SPR=0.2% 

1990 SH SPR=12% 
WG SPR=6% 

1996 SH SPR=8% 
WG SPR=Unknown 

Removed 240 ft closure + DW (Sep), 
SWG(Oct), VS (Mar-Jul, Oct-Dec), GT (Sep)  

1999 SH SPR=5% 
WG SPR=Unknown 

2004 SH Overfishing 
WG Overfishing 

2008 Red Porgy (Jan-Apr) 

2000 Red Porgy (Jan-Apr: No Sale) 

2007 SH “Overexploited” 

Red = Closure 
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Presentation Notes
Blue denotes management action (red text is action not targeting but indirectly impacting SH or WG)
Green denotes stock status finding from peer-reviewed document, with year indicated being last year of data in the document
Most associated stocks include: 
Red Porgy [RP; CLOSED JAN-APR]
Scamp [CLOSED JAN-APR, OCT-DEC]
Vermilion Snapper [VS; CLOSED MAR-JUL, OCT-DEC]
Greater Amberjack [GAJ; OPEN]
Red Snapper [RS; CLOSED YEAR-ROUND BESIDES SHORT OPENINGS]
Gag [CLOSED JAN-APR, OCT-DEC]
Red Grouper [RG; CLOSED JAN-APR, OCT-DEC]
Gray Triggerfish [GT; CLOSED SEPT-DEC]
Deepwater Complex [DW; CLOSED SEPT-DEC]


Speckled hind and warsaw grouper have a complicated management history which makes any analysis of their distribution or current status from fishery-dependent data analytically challenging.  Speckled hind and warsaw grouper regulations went from inclusion in the five grouper aggregate recreational bag limit in 1992 (56 FR 56016), to a commercial and recreational limit of one per vessel of each species with a commercial sale prohibition of these species in 1994 (59 FR 27242), to a complete harvest prohibition of both species in 2011 (75 FR 82280).   Due to continuing concerns regarding the overfished status of these stocks, Amendment 17B to the SAFMC’s Snapper-Grouper Fishery Management Plan (S-G FMP) established annual catch limits (ACLs) of zero pounds for speckled hind and warsaw grouper in January 2011.  Due to concerns about bycatch of these species, Amendment 17B also prohibited harvest beyond a depth of 240 ft for snowy grouper, blueline tilefish, yellowedge grouper, misty grouper, queen snapper, and silk snapper in the U.S. South Atlantic.  In May 2012, Regulatory Amendment 11 (Reg-11) to the S-G FMP removed the 240-ft closure imposed by Amendment 17B.  Data indicated the closure may not significantly reduce bycatch of these species, while the socioeconomic impacts of the closure were significant in some areas.  The SAFMC is currently developing Regulatory Amendment 17 (Reg-17), which proposes a variety of spatial closures to reduce bycatch mortality for these stocks.  


	“…they are still vulnerable to depletion because of hooking mortality and barotraumas when captured as bycatch…”  -Rudershausen et al. (2008)

	“As long as speckled hind continue to be caught in the deepwater reef fishery, they will continue to experience high post-release mortality and dramatic improvements in the status of the population should not be expected.”  -Ziskin et al. (2011) 



Grimes et al. (1982) – Sampling along reef and rock outcroppings along shelf edge and inshore live bottom habitats between NC-SC.  Spatially-biased, but significant study in that speckled hind was encountered in 58% of sets (4th most common species on shelf-edge behind red porgy, vermilion snapper, and blueline tilefish).  Warsaw grouper was 19th most common (8.5% sets).
Tester et al. (1983) – Shows speckled hind broadly distributed along shelf edge NC-SC, with higher catches off SC.
Manooch & Mason (1987) – Anecdotal info cited within indicates warsaw are caught more frequently than goliath grouper; inhabit irregular bottom of continental shelf break 41-120 fathoms.  Data were inadequate for a YPR model.
Huntsman et al. (1992), Potts et al. (1998), Potts & Brennan (2001) – FROM SEDAR-4 (2004): The warsaw grouper, E. nigritus, stock has been assessed by catch curve analysis of the 1988 and the 1990 fishing years (Staff 1991; Huntsman et al. 1992). Because Warsaw grouper is infrequently caught, a single length frequency was constructed from several years (e.g., 1983-1988) for the assessment of the 1988 fishing year and 1989-1990 length samples were used for the 1990 fishing year. A limited age length key was applied to the length frequency to obtain catch-at-age data. No reproductive biology data were available; therefore, for SPR calculations the assumption for age-at-maturity was based on ½ L∞. Static SPR values for warsaw grouper were 0.2% and 6% for 1988 and 1990 fishing years, respectively. The speckled hind, E. drummondhayi, stock has been assessed for the 1988 and 1990 fishing years (Staff 1991; Huntsman et al. 1992) and then again for the 1996 fishing year (Potts et al. 1998) and for the 1999 fishing year (Potts and Brennan 2001). Length frequencies for each of the fishing years being assessed were constructed from that single year’s data. Length samples came primarily from the commercial fishery. Length samples from the 1996 and 1999 fishing years were greatly limited by the management regulation of allowing only one speckled hind per trip to be kept, but not sold. Again, dated age and growth data were available, and no reproductive biology data were available. The assumption of ½ L∞ as the age of maturity was used for estimating the static SPR. SPR values were 25% (1988), 12% (1990), 8% (1996), and 5% (1999).
Parker & Mays (1998) – A 
Rudershausen et al. (2008) – Comparison of fishery independent CPUE and catch composition from 1970s vs. 2005-2006 near Onslow Bay, NC.  No speckled hind or warsaw grouper caught in 2005-2006.  “Speckled hind were probably widely distributed at depths of 50–100 m and were captured on 28 of 33 historic trips on the RV Onslow Bay to the outer shelf (60–100 m depth) (Chester et al. 1984). Although management measures are in place for red snapper, silk snapper, speckled hind, and warsaw grouper, they are still vulnerable to depletion because of hooking mortality and barotraumas when captured as bycatch (Huntsman et al. 1999; Rudershausen et al. 2007).”
Ziskin (2008) & Ziskin et al. (2011) – Sampled 1365 speckled hind (1977-2007) from NC to central FL. The instantaneous total mortality rate (Z) and fishing mortality rate (F) increased from 1979–1981 (Z = 0.61; F = 0.48) to 2004–2007 (Z = 1.27; F = 1.14). Mean age and mean TL also decreased significantly from 7.2 years and 574 mm in 1979–1981 to 4.5 years and 462 mm in 2004–2007. Maximum observed age 1977-1981 was 35 years; no individuals above the age of 10 were collected during 2004–2007. Mean length at ages 4–6 decreased significantly from 1979–1981 to 2004–2007. During 2004–2007, 73% of specimens were immature females, and none of the sampled females was in spawning condition.  Increased fishing mortality rate, an absence of mature fish, and juvenescence (decreased size at age) all suggest a stock that is overfished and undergoing overfishing.  Observations of depth of capture vs. month hint at spawning in deeper water (> 54 fathoms) during June-October.
“As long as speckled hind continue to be caught in the deepwater reef fishery, they will continue to experience high postrelease mortality and dramatic improvements in the status of the population should not be expected.”
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Speckled hind and warsaw grouper have a complicated management history which makes any analysis of their distribution or current status from fishery-dependent data analytically challenging.  Speckled hind and warsaw grouper regulations went from inclusion in the five grouper aggregate recreational bag limit in 1992 (56 FR 56016), to a commercial and recreational limit of one per vessel of each species with a commercial sale prohibition of these species in 1994 (59 FR 27242), to a complete harvest prohibition of both species in 2011 (75 FR 82280).   Due to continuing concerns regarding the overfished status of these stocks, Amendment 17B to the SAFMC’s Snapper-Grouper Fishery Management Plan (S-G FMP) established annual catch limits (ACLs) of zero pounds for speckled hind and warsaw grouper in January 2011.  Due to concerns about bycatch of these species, Amendment 17B also prohibited harvest beyond a depth of 240 ft for snowy grouper, blueline tilefish, yellowedge grouper, misty grouper, queen snapper, and silk snapper in the U.S. South Atlantic.  In May 2012, Regulatory Amendment 11 (Reg-11) to the S-G FMP removed the 240-ft closure imposed by Amendment 17B.  Data indicated the closure may not significantly reduce bycatch of these species, while the socioeconomic impacts of the closure were significant in some areas.  The SAFMC is currently developing Regulatory Amendment 17 (Reg-17), which proposes a variety of spatial closures to reduce bycatch mortality for these stocks.  This analysis describes the landings, discards, and the species most commonly caught with speckled hind and warsaw grouper.  It also assimilates all available fishery-dependent and fishery-independent data to describe the distribution of speckled hind and warsaw grouper relative to depths and habitats.  The analysis also summarizes available literature to provide guidance on what percentage of occurrence and/or habitat is “appropriate” to be closed for these stocks.  Finally, several models are developed to quantify the impacts of no-take marine protected areas (MPAs) upon speckled hind and warsaw grouper populations and harvest of associated snapper-grouper stocks.




Presenter
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Data from the Southeast Fisheries Science Center’s (SEFSC) commercial logbook program, SEFSC’s supplemental discard commercial logbook program, SEFSC’s headboat survey (HBS), reef fish observer program (RFOP), Marine Resources Monitoring Assessment and Prediction (MARMAP) program, accumulated landings system (ALS), Florida, Georgia, South Carolina, and North Carolina trip tickets (TT), Deep-Water Remote-Operated Vehicle Survey (DW-ROV), the Southeast Fishery-Independent Survey (SEFIS), the REEF program (REEF), Oculina ROV (Oc-ROV), Manooch’s Fishery Research Group (FRG), the collaborative NMFS/FWC/UMiami Reef Visual Census (RVC), Sedberry sub visual surveys (Sedberry), museum collection data and anecdotal fisher reports were evaluated to determine locations of warsaw grouper and speckled hind encounters and co-occurrence with other species (Table 1).  Locations of catch were provided to the highest possible resolution.  
 
Total recreational and commercial South Atlantic landings (1986-2011) for speckled hind and warsaw grouper were determined based on the SEFSC Annual Catch Limit (ACL) datasets (2011).  Additional discard information was determined using the ACL datasets, SEFSC Headboat Survey expanded reported discard estimates, and SEFSC Commercial Logbook expanded reported discard estimates.  Headboat discard estimates were expanded using proxy vessels to represent discards from non-reporting vessels (see Methods in SERO-LAPP-2012-01).  Commercial discard estimates were expanded by establishing a discard rate per unit effort (hook-hours) from reported discard logbooks and expanding to the total effort in the Snapper-Grouper fishery (METHODS PER K. McCarthy, SEFSC, pers. comm.).
 
The SEFSC’s commercial logbook program (accessed May 2012) consisted of self-reported landings on a trip level from commercial fishermen.  This dataset provided species-specific landings (in lbs), primary gear used, primary area and depth of capture.  The SEFSC’s supplemental discard commercial logbook program began in 2001 and includes a random sample of 20% of commercial vessels.  Commercial logbook and supplemental discard logbook data were merged into a combined dataset for the years 2001-2011.  All trip records with a recorded landing or discard of warsaw grouper or speckled hind were retained.  Area fished was based on reported 1° longitude by 1° latitude commercial logbook statistical areas.  A single depth of fishing was reported in the commercial logbooks for each species per trip from 2005 onward, although they may be encountered at numerous depths during multiple sets.  Very little depth of capture information was available prior to 2005, and no harvest information was available prior to the harvest prohibition in 1994.  

Commercial discard information was only available from 2002 on.  Evaluation of temporal trends relative to management actions for speckled hind (Fig. 1) and warsaw grouper (Fig. 2) suggests a declining trend in landings through time.  Discard levels for speckled hind appear to fluctuate through time but may indicate a fall-off since 2008 (Fig. 1).  Discard levels for warsaw grouper appear to be very low for the last decade (Fig. 2).
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All data with depth records were aggregated into 40-fathom bins and plotted as histograms.  Depth of capture was compared within datasets for speckled hind, warsaw grouper, and the remaining species of the Snapper-Grouper FMP using Chi-Square and Fisher Exact tests.  Available data regarding maturation status were plotted by depth to examine possible ontogenetic shifts in depth of preferred habitat.  Gag grouper release mortality at depth was examined as a proxy for speckled hind and warsaw grouper.
All data sources with depth records (i.e., Commercial Logbook, Discard Logbook, Reef Fish Observer Program, and MARMAP) were significantly biased towards fishing inshore of the 240 ft depth contour that was closed by Amendment 17B (Fig. 7).  Coupled with the harvest prohibition and the rarity of speckled hind and warsaw grouper, this implies most speckled hind and warsaw grouper encounters would occur inshore of 240 ft, due to the substantially higher fishing pressure in this region.  Although most encounters occurred inshore of 240 ft, Chi-square and Fisher Exact tests suggested the odds of encountering speckled hind and warsaw grouper were higher outside of 240 ft (SH: all p<0.05; WG: MARMAP p<0.05, all others insufficient samples).  Gag release mortality studies (SEDAR-7 2007) suggested release mortality rates would be above 50% beyond 25 fathoms depth (Fig. 8).
�



Depth: 25-100 fathoms 
Higher probability of encounter 

Likely >50% release mortality 

> percentage mature fish 

Alignment and size: Large, Shelf-Edge 
Cover likely foraging and spawning habitats 

Efficiency and enforceability 

Location selection: Source Habitats 
Documented occurrences (i.e., point observations) 

Documented hardbottom habitat 

Extend/modify existing MPAs or expand network 

CLOSED AREAS FOR SH & WG 
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Hardbottom Habitat sources = US Navy, Andy David (NOAA), George Sedberry (NOAA), Scott Harris (CoC), SEAMAP

Only spawning WG observed in 90-95 fathoms

Hard to determine source habitats, but high relative abundance, anecdotal info, and shelf geomorphology provide valuable clues.



MPA HABITAT STOCKS PROTECTED COMMENTS 
Snowy 
Wreck 

Wreck + Deep 
HB 

snowy grouper, speckled hind, gag, red 
porgy, red grouper, graysby, and hogfish 

spawning aggregations 
of snowy grouper (?) 

Northern 
SC 

Shelf Edge HB 
snowy grouper, yellowedge grouper, 

speckled hind, small vermilion snapper, red 
porgy, triggerfish, and gag  

Edisto Shelf Edge HB 
vermilion snapper, red porgy, gag, scamp, 

black sea bass, juvenile snowy grouper, 
speckled hind, and blueline tilefish 

may be larval 
source/sink due to 

Charleston Gyre 
Charleston 

Deep 
No HB 

artificial reef never 
implemented 

Georgia Mud tilefish 
east of popular fishing 

ground 

North 
Florida 

Shelf Edge HB 
+ Mud 

snowy grouper, speckled hind, tilefish, 
vermilion snapper, hogfish, scamp, red 

porgy, and tomtate 

popular fishing 
grounds to north and 

south 
Oculina 

ECA 
Deepwater 

Coral 
snowy grouper, speckled hind, warsaw 

grouper, deepwater complex 
protect coral from 

shrimp trawling 

St. Lucie 
Hump 

Shelf HB 
speckled hind, juvenile snowy grouper, 

warsaw grouper, black sea bass, red porgy, 
and red snapper 

East Hump 
Deep HB + 

Mud 
snowy grouper, warsaw grouper, tilefish 
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Existing MPAs and rationale for their implementation (from SAFMC website)
Highlighted MPAs have proposed reorientations/relocations
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Proposed reconfigurations (orange) and existing spatial closures (green) off SC and GA relative to qualitative habitat suitability analysis for speckled hind and point observations of speckled hind and warsaw grouper.
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Proposed reconfiguration (orange) and existing Northern SC MPA spatial closure (green) relative to qualitative habitat suitability analysis for speckled hind and point observations of speckled hind and warsaw grouper.




NORTHERN SC (REORIENT) 

Possible 
aggregation 
site? 
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Proposed (orange) and existing Edisto MPA spatial closure (green) off SC relative to qualitative habitat suitability analysis for speckled hind and point observations of speckled hind and warsaw grouper.  Reconfig 1 & 2 proposed by Expert WG.  Reconfig 3 proposed by SERO Analyst to eoncompass northern points.  A southern extension would also provide benefits.




EDISTO SC (REORIENT/RECONFIGURE) 
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Figure 51. Close-up of proposed (orange) and current (green) marine reserves off North Carolina relative to point observations of speckled hind (X) and warsaw grouper (+) and qualitative habitat suitability analysis for speckled hind.




GEORGIA (RELOCATE) 

Tilefish mud 
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Figure 52. Close-up of proposed and current (green) marine reserves off northern South Carolina relative to point observations of speckled hind (X) and warsaw grouper (+) and qualitative habitat suitability analysis for speckled hind.




ST. LUCIE (RELOCATE/EXTEND) 

“Push Button Hill” 
aggregation site 

WD Anderson 
wreck 
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http://www.thiswaytothe.net/tides/atlanticwrecks.shtml
http://www.thiswaytothe.net/cgi-bin/wreckfetch.pl?area=atlantic&name=W%20D%20Andersonzzzlat%3D27.15032778%26lon%3D-79.93309167
WD Anderson = Tanker sunk by submarine 2/22/42



IMPACTS OF 
CLOSED 

AREAS 
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The impacts of proposed spatial closures upon other stocks were evaluated by overlaying proposed MPAs upon commercial logbook and headboat logbook plots of landings for species associated with speckled hind and warsaw grouper.  Commercial data were plotted in areas 1° tall by 5 fathoms wide.  Headboat data were plotted in areas 1/36° square.  The percentage of average landings (2009-2011) within each logbook-area was computed.  The total area of each logbook-area and the sliced area contained within each MPA were computed.  The potential percent reduction in landings that could occur due to MPA implementation, assuming no effort shifting, was computed as the ratio of the logbook area within the MPA relative to the total area of each logbook-area multiplied by the percentage of mean landings within each logbook-area i:




Evaluated existing and proposed closed areas: 

 Qualitative Habitat Suitability 

  ratio of known and probable areas 

 Quantitative Habitat Suitability 

  ratio of area-weighted probabilities 

 Percent Obs./Gear Samples 

 fishery-dependent (FD) and fishery-
independent (FID) ratios of positive obs. 
to samples 

 

 

IMPACTS OF CLOSED AREAS 
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A variety of no-fishing zones have been established in the SAFMC’s jurisdiction (Table 3).  Additional spatial closure alternatives were developed from recommendations made by the MPA Expert Workgroup (SAFMC 2012), realignments of existing MPAs, and additional MPAs to form a more efficient reserve network (Table 4).  To evaluate the impacts of existing (Table 3) and proposed (Table 4) spatial closures, they were overlaid on speckled hind and warsaw grouper habitat suitability maps.  For the qualitative habitat suitability analysis, the total area of each habitat categorization contained within each MPA was summed for each stock.  This was subsequently expressed as a percentage of the total area of that habitat categorization within the entire SAFMC jurisdiction.  For the quantitative habitat suitability analysis, the probability of detection weighted by area within each depth-grid within each MPA was tallied.  This was subsequently expressed as a percentage of the total area-weighted probability of detection within the entire SAFMC jurisdiction.
 
To provide a proxy for the relative predicted efficiency of existing and proposed MPAs, CPUE indices were developed, expressing the ratio of positive observations relative to the number of observations (POGS: Positive Observations per Gear Sample).  This computation was performed on a gear- and data-source-specific basis for all gears with underlying sampling regimes in which both positive and negative occurrences were recorded (see Table 2).  Positive observations and total samples were summed across gears to develop aggregate fishery-independent (i.e., MARMAP, SEFIS, Oculina-ROV, DW-ROV) and fishery-dependent (i.e., HBS, FRG, RFOP) indices.  Summing across gears functionally treated each gear as equally-weighted within the fishery-independent (FID) and fishery-dependent (FD) POGS.
	



Rudershausen et al. 
(2010) observations 
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Snowy Wreck spatial closure (green) off North Carolina relative to qualitative habitat suitability analysis for speckled hind and point observations of speckled hind and warsaw grouper. Note that point data from SSC Member Jeffery Buckel (Rudershausen et al. 2010) were received too late for inclusion as “YES” (aka KNOWN) habitat for speckled hind, but confirm the concept that MAYBE (aka POSSIBLE) habitats are correctly identified.

This stresses the importance of considering habitat as well as points, as point sampling is heavily biased to areas in/around existing MPAs.
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Max for existing reserves for SH = 8%, WG = 8%
Best reconfiguration for SH = 10%, WG = 10%
240 Closure for SH = 40.2%, WG = 40.5%
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Existing reserves for SH = 6%, WG = 7%
Best reconfiguration for SH = 8%, WG = 8%
240 Closure for SH = 41.5%, WG = 50.5%
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POS. OBSERVATIONS / GEAR SAMPLE 



        
POS. 
OBS. 

PosObs/Sample HABITAT SUITABILITY 

NAME 
AREA 
(km2) 

STATE FID FD KNOWN 
KNOWN & 

PROB. 
% 

STOCK 

EDISTO RECONFIG 1 196.3 SC 68 6.0% 23.2% 16.8% 2.0% 2.2% 
EDISTO RECONFIG 2 234.0 NC 57 5.6% 22.5% 14.1% 2.1% 2.4% 
EDISTO RECONFIG 3 208.7 SC 253 5.5% 41.0% 17.9% 2.3% 2.5% 

GEORGIA MPA RECONFIG 204.7 FL 14 3.1% 15.8% 4.9% 1.9% 2.1% 
NORTHERN SC REORIENT 162.8 SC 112 2.6% 37.7% 6.1% 1.0% 1.2% 

ST LUCIE EXT 71.7 FL 1 no samp. no samp. 0.4% 0.2% 0.0% 
Charleston Deep 66.0 SC 0 no samp. 0.0% 0.0% 0.0% 0.3% 

Edisto 185.6 SC 31 5.7% 23.1% 8.1% 1.6% 1.8% 
Georgia 154.8 GA 0 0.0% 0.0% 0.0% 0.6% 0.8% 

North Florida 152.3 FL 8 4.3% 0.1% 1.6% 1.2% 0.8% 
Northern SC 171.7 SC 22 2.7% 30.3% 3.2% 1.1% 1.3% 
Oculina ECA 279.2 FL 10 26.3% no samp. 3.8% 3.1% 0.5% 

Snowy G. Wreck 187.4 NC 2 9.1% 7.7% 0.4% 0.6% 0.9% 
St. Lucie Hump 24.4 FL 0 no samp. no samp. 0.0% 0.2% 0.0% 

EXISTING 1221   73 17% 8% 6% 
MAX RECONFIG 1333   400 35% 10% 8% 
240-FT CLOSURE 13642 EEZ 1545 28.2% 40.2% 41.5% 

CLOSURE IMPACTS: SPECKLED HIND 
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Table 9. Efficiency and predicted impacts of existing and proposed no-take marine protected areas (MPAs) for A) speckled hind and B) warsaw grouper relative to coverage of speckled hind and warsaw grouper habitats, positive observations per gear sample (POGS) for fishery-dependent (FD) and fishery-independent (FID) data sources, probability of observation as predicted by logistic habitat suitability models relative to area covered (‘Score’) and overall distribution (‘Estimated % Stock Protected’). 
Of the existing reserves, the Edisto, Oculina ECA, North Florida, and Northern SC MPAs appeared to cover the highest percentage of the speckled hind and warsaw grouper populations (Table 9).  A total of 17.1% of known habitat for speckled hind and 10.9% for warsaw grouper was already contained within reserves, with substantially less known and probable habitats already protected (speckled hind: 8.3%, warsaw grouper: 8.1%; Table 9).  Fishery-independent POGS indicated the Oculina, Snowy Wreck, Edisto, Northern SC, and North Florida MPAs were the reserves which are predicted to cover the greatest amount of stock abundance per area (Table 9).  Fishery-dependent POGS and quantitative habitat suitability models suggested the Northern SC, Snowy Grouper Wreck, and the Edisto MPA contained relatively high concentrations of speckled hind (Table 9).
 
Reserves predicted to cover the greatest amount of speckled hind abundance appeared to be the various reorientations, reconfigurations, and extensions of existing shelf-edge MPAs (e.g., Edisto, Northern SC, Georgia, Snowy Wreck), along with the following proposed MPAs: the ‘Charleston Shelf MPA’, the ‘Daytona MPA’, the ‘Fernandina MPA’, the ‘First Devil’s Hole MPA’, the ‘Georgetown Hole MPA’, the ‘Mid-SC MPA’, the ‘North Cape Lookout MPA’ and ‘North Cape Lookout 2 MPA’, the ‘South Cape Lookout MPA’, and the ‘St Simons MPA’(Table 9A).  The ‘Northern SC Reorient’ MPA protected a few identified spawning locations.  The ‘Charleston Shelf’ MPA was one of the smallest proposed MPAs, but had a relatively high fishery-independent POGS for speckled hind.  The largest of the proposed reserves was the ‘Daytona’ MPA, which contained the highest percentage of known and probable speckled hind and warsaw grouper habitat, and had the highest probability for containing warsaw grouper.  The ‘Edisto Reconfig 3 MPA’ contained the highest number of observed points, the highest percentage of known habitat, and the highest score and probability of observing a speckled hind.  The ‘South Cape Lookout NC MPA’ contained the highest fishery-independent POGS.  The ‘North Cape Lookout NC MPA’ contained the highest fishery-dependent POGS.  The ‘Daytona MPA’ contained the highest percentage of known and probable habitats for speckled hind.  The maximum percent of known habitat between 25-100 fathoms covered by non-overlapping MPA alternatives for speckled hind was approximately 84%.  The maximum percent of known and probable habitats between 25-100 fathoms covered by non-overlapping MPA alternatives for speckled hind was approximately 28%.  The maximum summed probabilities of occurrence for speckled hind contained within non-overlapping MPA alternatives was approximately 24%.




        
POS. 
OBS. 

PosObs/Sample HABITAT SUITABILITY 

NAME 
AREA 
(km2) 

STATE FID FD KNOWN 
KNOWN & 

PROB. 
% 

STOCK 

EDISTO RECONFIG 1 196.3 SC 1 0.1% 0.0% 1.2% 1.6% 1.3% 
EDISTO RECONFIG 2 234.0 NC 1 0.2% 0.0% 1.2% 1.8% 1.6% 
EDISTO RECONFIG 3 208.7 SC 12 0.1% 2.2% 2.4% 1.9% 1.4% 

GEORGIA MPA RECONFIG 204.7 FL 4 1.2% 2.6% 11.2% 1.9% 1.7% 
NORTHERN SC REORIENT 162.8 SC 7 0.0% 2.3% 2.5% 0.8% 0.7% 

ST LUCIE EXT 71.7 FL 6 no samp. no samp. 6.5% 0.2% 0.2% 
Charleston Deep 66.0 SC 0 no samp. 0.0% 0.0% 0.0% 0.4% 

Edisto 185.6 SC 1 0.3% 0.0% 1.2% 1.4% 1.2% 
Georgia 154.8 GA 0 0.0% 0.0% 0.0% 0.6% 1.3% 

North Florida 152.3 FL 11 1.8% 0.8% 4.5% 1.2% 1.7% 
Northern SC 171.7 SC 1 0.0% 0.0% 2.5% 1.1% 0.8% 
Oculina ECA 279.2 FL 1 2.6% no samp. 2.6% 3.1% 0.9% 

Snowy G. Wreck 187.4 NC 0 0.0% 0.0% 0.0% 0.5% 0.6% 
St. Lucie Hump 24.4 FL 0 no samp. no samp. 0.0% 0.2% 0.0% 

EXISTING 1221   14 11% 8% 7% 
MAX RECONFIG 1333   41 30% 10% 8% 
240-FT CLOSURE 13642 EEZ 173 31.7% 40.5% 50.5% 

CLOSURE IMPACTS: WARSAW GROUPER 
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Presentation Notes
Table 9. Efficiency and predicted impacts of existing and proposed no-take marine protected areas (MPAs) for A) speckled hind and B) warsaw grouper relative to coverage of speckled hind and warsaw grouper habitats, positive observations per gear sample (POGS) for fishery-dependent (FD) and fishery-independent (FID) data sources, probability of observation as predicted by logistic habitat suitability models relative to area covered (‘Score’) and overall distribution (‘Estimated % Stock Protected’). 
Of the existing reserves, the Edisto, Oculina ECA, North Florida, and Northern SC MPAs appeared to cover the highest percentage of the speckled hind and warsaw grouper populations (Table 9).  A total of 17.1% of known habitat for speckled hind and 10.9% for warsaw grouper was already contained within reserves, with substantially less known and probable habitats already protected (speckled hind: 8.3%, warsaw grouper: 8.1%; Table 9).  Fishery-independent POGS indicated the Oculina, Snowy Wreck, Edisto, Northern SC, and North Florida MPAs were the reserves which are predicted to cover the greatest amount of stock abundance per area (Table 9).  Fishery-dependent POGS and quantitative habitat suitability models suggested the Northern SC, Snowy Grouper Wreck, and the Edisto MPA contained relatively high concentrations of speckled hind (Table 9).
 
Reserves predicted to cover the greatest amount of speckled hind abundance appeared to be the various reorientations, reconfigurations, and extensions of existing shelf-edge MPAs (e.g., Edisto, Northern SC, Georgia, Snowy Wreck), along with the following proposed MPAs: the ‘Charleston Shelf MPA’, the ‘Daytona MPA’, the ‘Fernandina MPA’, the ‘First Devil’s Hole MPA’, the ‘Georgetown Hole MPA’, the ‘Mid-SC MPA’, the ‘North Cape Lookout MPA’ and ‘North Cape Lookout 2 MPA’, the ‘South Cape Lookout MPA’, and the ‘St Simons MPA’(Table 9A).  The ‘Northern SC Reorient’ MPA protected a few identified spawning locations.  The ‘Charleston Shelf’ MPA was one of the smallest proposed MPAs, but had a relatively high fishery-independent POGS for speckled hind.  The largest of the proposed reserves was the ‘Daytona’ MPA, which contained the highest percentage of known and probable speckled hind and warsaw grouper habitat, and had the highest probability for containing warsaw grouper.  The ‘Edisto Reconfig 3 MPA’ contained the highest number of observed points, the highest percentage of known habitat, and the highest score and probability of observing a speckled hind.  The ‘South Cape Lookout NC MPA’ contained the highest fishery-independent POGS.  The ‘North Cape Lookout NC MPA’ contained the highest fishery-dependent POGS.  The ‘Daytona MPA’ contained the highest percentage of known and probable habitats for speckled hind.  The maximum percent of known habitat between 25-100 fathoms covered by non-overlapping MPA alternatives for speckled hind was approximately 84%.  The maximum percent of known and probable habitats between 25-100 fathoms covered by non-overlapping MPA alternatives for speckled hind was approximately 28%.  The maximum summed probabilities of occurrence for speckled hind contained within non-overlapping MPA alternatives was approximately 24%.




NAME 
FISH SPAWNING AGGREGATION SITE? 

Speckled Hind 
Warsaw 
Grouper 

Snapper-
Grouper 

Geomorphology 

Charleston Deep NOT LIKELY 

Edisto OBSERVED OBSERVED POSSIBLE 

Georgia NOT LIKELY 

North Florida POSSIBLE 

Northern SC OBSERVED OBSERVED POSSIBLE 

Oculina ECA POSSIBLE 

Snowy Grouper Wreck LIKELY 

St. Lucie Hump POSSIBLE 

FKNMS SPAs & Ers OBSERVED VERY LIKELY 

EDISTO RECONFIGS 1, 2, 3 OBSERVED OBSERVED POSSIBLE 

GEORGIA MPA RECONFIG POSSIBLE 

NORTHERN SC REORIENT OBSERVED OBSERVED LIKELY 

ST LUCIE EXT ANECDOTAL VERY LIKELY 

SPAWNING AGGREGATIONS? 

Presenter
Presentation Notes
Georgetown Hole, Devil’s Hole (SC) and Warsaw Hole (FL) have anecdotal spawning aggregation sites for warsaw grouper



BYCATCH EFFORT 
Fishing effort and fish stocks 
are heterogeneously 
distributed 
 
Largest bycatch reductions in 
areas with high concentration 
of SH & WG and high fishing 
effort 

Presenter
Presentation Notes
Biggest reductions where you relocate fishing pressure off high concentrations of SH and WG onto sites of lower concentration.



240-FT (40-FATHOM) CLOSURE 
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Fishing Depth (fathoms) 

2009 

2010 

2011 

Year 
Trips in 
>240 ft 

Landings > 10,000 lbs (ww) 

2009 15% blueline 
tilefish 

golden 
tilefish 

greater 
amberjack 

snowy 
grouper 

vermilion 
snapper 

scamp 
yellowedge 

grouper 
gag almaco jack red grouper 

black 
grouper 

2010 17% greater 
amberjack 

golden 
tilefish 

blueline 
tilefish 

snowy 
grouper 

vermilion 
snapper 

almaco jack 
gray 

triggerfish 
yellowedge 

grouper 
scamp 

2011 10% golden 
tilefish 

greater 
amberjack 

blueline 
tilefish 

almaco jack 
vermilion 
snapper 

gray triggerfish 
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Presentation Notes
The 40-fathom closure reduced trips in deep water from 17% in 2010 to 10% in 2011 (a 41% reduction in deep water effort).  It also changed the most landed species, although greater amberjack, vermilion snapper, and gray triggerfish were still commonly landed at those depths and are landed on the same trips as speckled hind and warsaw grouper, although not necessarily on the same gear or set (insufficient data in commercial logbook).  Reef fish observer program data showed very high associations on the same set between speckled hind and warsaw grouper, but indicated these stocks are seldom caught on the same set with another stock.  Commercial logbook trip-level associations between speckled hind, red porgy, and scamp were reasonably high.



EXCLUDED BYCATCH EFFORT 
Using 2010 commercial logbook trips as a baseline, assumed logbook effort 
uniformly distributed within depth grid, and VL and LL trips between 25-100 
fathoms would potentially interact with SH and WG: 

*Based on ratio of percent of 2010 to 2011 trips beyond 40 fathoms 

0% 2% 4% 6% 8% 

EDISTO RECONFIG 1 

EDISTO RECONFIG 2 

EDISTO RECONFIG 3 

GEORGIA MPA 
RECONFIG 

NORTHERN SC 
REORIENT 

ST LUCIE EXT 

240-FT CLOSURE* 

%Trips Excluded 
0 2 4 6 8 10 

EDISTO RECONFIG 1 

EDISTO RECONFIG 2 

EDISTO RECONFIG 3 

GEORGIA MPA 
RECONFIG 

NORTHERN SC REORIENT 

ST LUCIE EXT 

240-FT CLOSURE* 

Relative Efficiency 

Efficiency at 
relocating 
bycatch effort 
per unit area 
protected 

Area weighted 
percent of 
snapper-grouper 
trips excluded by 
MPA 
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Presentation Notes
BLUE=If trips excluded assumes uniformly distributed effort within depth-grid (i.e. reductions proportional to ratio of areas)
Relative efficiency = %Trips / Area of MPA * 10^5 (scaled up)

NOTE – A key to success here is that the bycatch effort excluded from the MPA must not relocate upon an area of even higher concentration of SH or WG.




IMPACTS ON ASSOCIATED STOCKS 
Determined species associated with speckled hind and warsaw 

grouper using percent co-occurrence, hierarchical cluster 
analysis, and dimension reduction analysis 

Overlaid proposed MPAs on commercial (1° tall × 5 fa) and 
headboat (1/6° × 1/6°) mean landings (2009-2011)  

Potential reduction in landings for MPA i computed as: 
  

  

Assumptions: 

 Landings uniformly distributed in logbook-areas 

 Historical locations are predictive 

 No effort shifting 
 

Presenter
Presentation Notes
The impacts of proposed spatial closures upon other stocks were evaluated by overlaying proposed MPAs upon commercial logbook and headboat logbook plots of landings for species associated with speckled hind and warsaw grouper.  Commercial data were plotted in areas 1° tall by 5 fathoms wide.  Headboat data were plotted in areas 1/36° square.  The percentage of average landings (2009-2011) within each logbook-area was computed.  The total area of each logbook-area and the sliced area contained within each MPA were computed.  The potential percent reduction in landings that could occur due to MPA implementation, assuming no effort shifting, was computed as the ratio of the logbook area within the MPA relative to the total area of each logbook-area multiplied by the percentage of mean landings within each logbook-area i:




Atlantic Cod EFH 

Eggs Larvae Juveniles Adults 

ASSOCIATED STOCKS 

With Speckled Hind With Warsaw Grouper 

Rank Commercial Headboat Commercial Headboat 
1 red porgy vermilion snapper red porgy gray triggerfish 
2 scamp gray triggerfish scamp black sea bass 
3 vermilion snapper scamp vermilion snapper red snapper 
4 greater amberjack red porgy greater amberjack gag 
5 red snapper tomtate speckled hind gray snapper 
6 gag white grunt red snapper lane snapper 
7 red grouper knobbed porgy gag vermilion snapper 
8 gray triggerfish greater amberjack gray triggerfish tomtate 
9 warsaw grouper gag red grouper scamp 

10 rock sea bass red snapper red hind whitebone porgy 

11 snowy grouper black sea bass greater amberjack 

Presenter
Presentation Notes
Speckled hind and warsaw grouper rarely co-occurred with snowy grouper, blueline tilefish, yellowedge grouper, misty grouper, queen snapper, or silk snapper (Table 7).  Hierarchal cluster analyses of commercial logbook data indicated relatively low levels of association between warsaw grouper, speckled hind and other deep-water species (Fig. 9).  Warsaw grouper was most closely associated with shallow-water groupers and speckled hind was most closely associated with vermilion snapper, red porgy, and scamp.  Dimension reduction analyses of commercial logbook data showed warsaw grouper was closely associated with misty grouper and lightly associated with snowy grouper, but not other deep-water species.  Speckled hind was closely associated with red grouper, scamp, and red porgy, but not other deep water species (Fig. 10).  Hierarchal cluster analyses of headboat data indicated warsaw grouper most closely associated with shallow-water snappers and speckled hind were most closely associated with porgies and grunts (Fig. 11).  Dimension reduction analyses of headboat data showed warsaw grouper and speckled hind were closely associated with each other.  These species were also associated with grunts and porgies.  Blueline tilefish was most closely associated with snowy grouper and yellowedge grouper (Fig. 12).  Dimension reduction analyses of binary-transformed set-level RFOP and MARMAP data showed warsaw grouper and speckled hind were closely associated with each other (Fig. 13-14) and had low associations with other species.




Figure 60. Average logbook-reported (2009-2011) 
gag overall (inset top) and core (top) commercial 
landings, and overall (inset bottom) and core 
(bottom) headboat landings. 

 

EXAMPLE: 
Possible Closure 
Impacts on Gag 

Harvest 
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EDISTO RECONFIG 3 

GEORGIA MPA RECONFIG 

NORTHERN SC REORIENT 

ST LUCIE EXT 

%Reduction in Landings 

HEADBOAT 

Impacts on 
Harvest 

Note higher impact on SWG 
(4-month closure) 
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Presentation Notes
NOTE reduction in SWG landings between 2010 and 2011 less explained by 240-ft closure, more likely due to 4-month closure.  Other than SWG, greater amberjack prediction was close, blueline more adversely effected than by % area alone, vermilion and red porgy landed more than previous year (not impacted).


Table 10.  Maximum percent reductions in catch of associated species possible given reserve implementation of proposed no-take marine protected areas (MPAs) relative to 2009-2011 average landings baseline from commercial and headboat logbooks, assuming uniform distribution of landings within highest resolution reported area of catch and no effort shifting.  Final row sums maximum reductions if all non-overlapping MPAs were implemented.

The impacts of proposed MPAs were evaluated for species associated with speckled hind and warsaw grouper in the catch data, including blueline tilefish (Fig. 59), gag (Fig. 60), red grouper (Fig. 61), red porgy (Fig. 62), scamp (Fig. 63), snowy grouper (Fig. 64), silk snapper (Fig. 65), vermilion snapper (Fig. 66), and yellowedge grouper (Fig. 67).  Assuming landings were uniformly distributed within the highest resolution reported for catch and that no effort shifting took place to compensate for lost catch, the maximal predicted impacts from the establishment of individual no-take MPAs were relatively small (Table 10).  The proposed ‘Daytona MPA’, ‘Georgetown Hole MPA’, and ‘Devil’s Hole 2 MPA’ had the highest relative impacts, but no individual proposed MPA reduced landings by more than 3% from the historical (2009-2011) average for any given exploited stock when considered across the entire SAFMC jurisdiction.  If the primary landings location were located within the MPA, the impact could be greater than predicted.  If the fishermen redistribute their effort to land stocks in different areas, the impact could be less than predicted.  Maximum landings reductions if all non-overlapping reserves were selected averaged 4.2% for commercial stocks (range 2.5%-6.8%) and 2.7% for recreational stocks (range 0.7%-8.0%).  If all non-overlapping proposed reserves were selected, the maximum predicted reduction in commercial and recreational landings would be 6.8% and 8.0% for commercial and recreational scamp, respectively.  




Discussion: MPA Selection 

1. High FD- and FID-Positive Observations / Gear Sample 

2. High modeled percent stock 

3. High percentage of ‘Known & Probable’ habitat 

4. Low predicted impacts on harvest of associated stocks 

5. High efficiency per unit area 

6. Contain known spawning locations 
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Presentation Notes
Selection of MPAs protecting a reasonable percentage of depth-grids containing known and probable habitats for both speckled hind and warsaw grouper would be a reasonable approach towards enhancing the protection of these stocks from bycatch mortality.  The most efficient closures would be those of reasonable size that are sited in areas with high POGS and a high probability of encounter for each stock.  Within the effective domain of the logistic model (34° N to 26° S), the probability of detection with gear effects removed are proportional to abundances.  Thus, the sum of depth-grid cell probabilities within a given MPA divided by the sum of all SAFMC depth-grid probabilities provides a reasonable estimate of the proportion of the population contained within the MPA (see ‘Prob’ in Table 9).  
 
Less overall area would need to be closed to achieve the same level of protection if the spatial protections are preferentially selected based on their predicted efficiency.  There will likely be tradeoffs between distributing the socioeconomic impacts of spatial protection among fishermen from various coastal states; however, the greatest reductions in bycatch mortality will be realized by closing where fishing pressure for associated stocks is highest, unless this causes redistribution of fishing pressure onto adjacent areas where concentrations of warsaw grouper and speckled hind are even higher.
 
The fishery benefits of an MPA will be most fully realized if the MPA contains spawning habitats.  Unfortunately, little information exists regarding the spawning locations of speckled hind or warsaw grouper.  Ziskin et al. (2011) describes the capture of 12 speckled hind in spawning condition between 24-100 fathoms (mean = 41 fathoms); most captures were between 32-33° latitude in 1979, with one in 2004.  Some of these locations were in and around the proposed Georgetown Hole MPA and the existing Northern SC and Edisto MPAs, and are contained by the reorientations of these MPAs.  Anecdotal information suggests Georgetown Hole (a.k.a. ‘Devil’s Hole’) may have been an important spawning location for speckled hind (SAFMC 2012) and warsaw grouper (Frost 2006).  The Oculina Experimental Closed Area once contained spawning aggregations of speckled hind and shelf-margin groups of warsaw grouper, but no mature speckled hind or warsaw grouper have been seen since 1985 despite surveys in 1995, 2001, 2005, and 2008, possibly due to continued high fishing pressure and illegal trawling within the closed area (R.G. Gilmore, Harbor Branch, pers. comm.).  Anecdotal information also suggests the proposed ‘St. Augustine’ MPA may contain spawning locations for speckled hind (SAFMC 2012).

The selection of MPA alternatives presented in this study will involve a tradeoff of predicted biological benefits and potential economic effects.  In general, larger MPAs or MPAs closer to population centers are predicted to have the greatest economic impacts; however, these MPAs also provide the greatest proportional reduction in fishing pressure.  Our analyses suggested that none of the proposed MPA alternatives would reduce catches by more than 3% of historical averages for any given snapper-grouper stock.  Given that all exploited stocks in the SAFMC are managed by Annual Catch Limits (ACLs), effort shifting may allow fishermen to compensate for the spatial closure, and actual reductions in harvest may be less than predicted unless the core site for the stock is below the resolution of the reported data and is located within the implemented MPA.
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 SPECKLED HIND WARSAW GROUPER 

      
  

POS. 
OBS. 

PosObs/ 
Sample 

HABITAT SUITABILITY 
  

POS. 
OBS. 

PosObs/ 
Sample 

HABITAT SUITABILITY 

NAME 
AREA 
(km2) 

STATE FID FD Known 
Known 

& 
Prob. 

% 
STOCK 

FID FD Known 
Known 

& 
Prob. 

% 
STOCK 

EDISTO RECONFIG 3 209 SC S-G 253 5.5% 41.0% 17.9% 2.3% 2.5% 12 0.1% 2.2% 2.4% 1.9% 1.4% 

GEORGIA MPA RECONFIG 205 FL ? 14 3.1% 15.8% 4.9% 1.9% 2.1% 4 1.2% 2.6% 11.2% 1.9% 1.7% 

NORTHERN SC REORIENT 163 SC SH 112 2.6% 37.7% 6.1% 1.0% 1.2% 7 0.0% 2.3% 2.5% 0.8% 0.7% 

ST LUCIE EXT 72 FL S-G 1 0.4% 0.2% 0.0% 6 6.5% 0.2% 0.2% 

North Florida 152 FL ? 8 4.3% 0.1% 1.6% 1.2% 0.8% 11 1.8% 0.8% 4.5% 1.2% 1.7% 

Oculina ECA 279 FL ? 10 26.3% 3.8% 3.1% 0.5% 1 2.6% 2.6% 3.1% 0.9% 

Snowy G. Wreck 187 NC ? 2 9.1% 7.7% 0.4% 0.6% 0.9% 0 0.0% 0.0% 0.0% 0.5% 0.6% 

MAX RECONFIG 1,333   400 35% 10% 8% 41 30% 10% 8% 

240-FT CLOSURE 13,642 EEZ 1545 28.2% 40.2% 41.5% 173 31.7% 40.5% 50.5% 

SUMMARY: BEST MPAs 

Reconfigured MPAs are more efficient (per unit area) than 240-ft closure at excluding effort from areas 
with high concentrations of SH & WG; however, total percent of stock protected is lower 

Predicted maximum of 6% impact on commercial harvest, 2% on headboat harvest 

Other areas proposed by Expert Workgroup & SERO likely contain source habitats and spawning sites 

Effectiveness of proposed MPAs is reduced if fishing pressure redistributed onto source habitats 
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Presentation Notes
The proposed reconfigurations are more efficient than existing MPAs with regards to containing point observations, known & probable habitat, and modeled percent stock.  They also better encompass spawning sites and observed capture sites of spawning SH.



QUESTIONS? 

Presenter
Presentation Notes
For a deep-water MPA to be effective when continuous enforcement is fiscally infeasible, it is important to have public support.  MPA credibility is enhanced when the benefits of the MPA can be quantitatively demonstrated.  A first step in this process is sampling the fish populations and habitats within the proposed closed areas.  Sampling the fish populations establishes a baseline which may later be used for comparison; illustrating gains in mature fish biomass (see Ault et al. 2006).  Sampling the habitats allows fine-tuning of the MPA configuration and helps ensure that important habitats for the stock are not located outside the MPA (see Eklund et al. 2000).  A second step is evaluating the space use and movements of speckled hind and warsaw grouper in relation to MPA size and boundaries, to ensure there is an adequate buffer to protect the stocks from undesirable fishing pressure that would undermine the effectiveness of the MPA (see Babcock & MacCall 2011, Farmer & Ault 2011).  Finally, a combination of follow-up monitoring and marine population dynamic simulation modeling should be used to evaluate the effectiveness of the MPA.
 
Enforcement is a critical ingredient towards MPA success, as even low-levels of poaching can rapidly erode MPA benefits (SERO‐LAPP‐2009‐07-Rev).  Configuring MPA boundaries so that they are easily interpreted and enforced is an important consideration.  Simplifying regulatory language to make long-distance determination of illegal fishing activities reduces the need for enforcement to board vessels.  Mandatory use of Vessel Monitoring Systems (VMS) would ease the burden on enforcement substantially (SAFMC 2012).  Additional cost-effective enforcement may be achieved by the deployment of passive acoustic listening devices that could record the sounds of illegal fishing operations (SAFMC 2012).  
 
Determining the stock status of speckled hind and warsaw grouper through traditional assessment methods will likely continue to be challenging due to the lack of fishery-dependent catch-per-unit-effort data and the limited spatial coverage of appropriate fishery-independent surveys.  A recent study has suggested that the ratio of fish density outside to fish density inside reserves might be used as a proxy for biomass depletion (B/Btarget) in control rules (Babcock & MacCall 2011).  This would eliminate the need for a stock assessment to estimate depletion, which would be extremely useful for data-poor stocks such as speckled hind and warsaw grouper.  Simulations suggest that a target density ratio of 60% of mature fish caused the spawning stock biomass to equilibrate around 40% of the unfished level (Babcock & MacCall 2011).  This ratio would be relatively simple to determine with fishery-independent surveys inside and outside existing and newly-implemented no-take MPAs.  The success of this target appeared to be mostly independent of the status of the population at the time of reserve establishment (Babcock & MacCall 2011).  This approach is complicated by the various harvest control rules in effect on speckled hind and warsaw grouper outside the reserve, which would tend to depress the density ratio.  Declines in the ratio would be a clear signal that the reserve is not operating efficiently; whereas a failure to detect increases in the ratio would not be a significant cause for concern.  It would be additionally informative to examine the actual densities and length frequencies to infer population trends. 
 
Implementation of spatial closures for speckled hind and warsaw grouper should apply adaptive management principles when possible (Stankey et al. 2005).  Adaptive management modifies management practices and policies to be more successful when new science, socioeconomic information or lessons learned from previous management actions indicate that practices could be made more efficient.  For spatial closures such as those discussed in this study, monitoring and evaluating, testing assumptions, and generating learning opportunities are important aspects of adaptive management.  Any MPAs implemented will not exist in a vacuum, and research should be conducted to understand the level of protection afforded to the stocks by the reserves and to better describe stock status.  As further information emerges regarding ecosystem conditions, fishing operations, community structures, or other social, ecological, or governance factors, MPAs could be modified, added, or removed to best address management needs.  Dynamic MPA management would benefit most from improved resolution on hardbottom identification and increased fishery-independent sampling over a broader geographic range using appropriate gears.  A special emphasis on building a long-term robust time series of population abundance data for both stocks to allow for an updated stock assessment is also recommended.




Data Source Years Resolution Discards? Depth Info 

Commercial Log 2001-2011 1° X 1° area 20% of records 2005-present 

Headboat Log 1973-2011 Some 0.17° X 0.17° 2004-present No 

Reef Fish Obs. 2006-2011 Lat/Long Yes Yes 

MARMAP 1977-2011 Lat/Long Yes Yes 

ALS 1962-2009 State Sub-Regions No No 

FL Trip Ticket 1986-1992 State Sub-Regions No No 

GA & SC T. Ticket 1989-2009 State Sub-Regions No No 

NC Trip Ticket 1994-2010 State Sub-Regions No No 

DW ROV Survey 2004-2011 Lat/Long Yes Not provided 

Fisher Reports 1960s-2011 Loran Lat/Long Yes Some 

SEFIS 2010-2011 Lat/Long Yes Yes 

REEF 1980s-2011 State Sub-Regions Yes No 

Oculina ROV 2003-2005 Lat/Long Yes Yes 

Manooch (FRG) 1972-1977 Lat/Long Yes Yes 

Sedberry Sub 1985, 2002 Lat/Long Yes Yes 

Rudershausen et al. 2007 Lat/Long Yes Yes 

Museum Collections 1884 1991 Lat/Long Yes Yes 
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Presentation Notes
In July 2006, NOAA Fisheries Service began a voluntary reef fish observer program (RFOP) to characterize fishery landings and bycatch in the southern U.S. Atlantic Ocean.  This voluntary program suffers from spatial and sampling biases; however, it does provide accurate species identification and depth of capture at the gear set-level for species encountered using bottom longline, electric (bandit) reel, and hand lines.  Depth fished was reported for each set.
 
The recreational headboat sector of the snapper-grouper fishery was evaluated using HBS logbook data (accessed 2 Feb 2011) reported by headboat operators.  Headboats are large, for-hire vessels that typically accommodate 20 or more anglers on half- or full-day trips.  HBS records contain trip-level information on number of anglers, trip duration, date, area fished, landings (number of fish), and releases (number of fish) of each species.  Headboat encounters (landings plus releases) were summarized by species, year, month, and area fished for the years 1973-2011.  Reporting of area fished has improved through time, with resolution ranging from state level to 0.17° by 0.17° grids.  For cluster analysis, area fished was aggregated at the most common reporting level (1° latitude by 1° longitude).  As with the commercial fishery data, area fished is self-reported and this could have introduced error into the analysis.  Additionally, vessels fishing in multiple areas during a trip would be constrained by the current data form to select one area fished for the trip, which limits the spatial precision of the analysis.  Depth fished was not reported.
 
For over thirty years, the Marine Resources Research Institute at the South Carolina Department of Natural Resources, through the MARMAP program, has conducted fisheries-independent research within the region between Cape Lookout, North Carolina, and Ft. Pierce, Florida.  The overall mission of the program is to determine distribution, relative abundance, and critical habitat of economically and ecologically important fishes of the southeastern U.S., and to relate these features to environmental factors and exploitation activities.  MARMAP survey work has provided a monitoring program that allowed standardized sampling of fish populations over time and development of a historical base for future comparisons of long-term trends.  The gears (e.g., chevron trap, bottom longlines) and methodologies used have been consistent over the years to allow for long term analysis and comparisons.  Historically, sampling effort for snapper-grouper has been concentrated off South Carolina using various trap gears.  MARMAP samples accurately identify fish to species and also collect valuable information on undersized fish.  MARMAP data for the years 1977-2011 were aggregated by individual gear (i.e., a single trap, or a single line), at the set level.  Depth fished was reported for each set.
 
The accumulated landings system (ALS) is a general canvass landings data encompassing all landings statistics for the Southeast Region, including information on the quantity and value of seafood products caught by fishermen and sold to established seafood dealers or brokers, as reported to the fisheries agency in each state.  The ALS data was filtered so only landings from states in the south Atlantic region remained (Florida, Georgia, South Carolina, and North Carolina), and only landings from the Atlantic side of Florida were included.  The database began in 1962 but Florida was the only south Atlantic state that had records during this early period.  ALS data was available in Georgia starting in 1979, South Carolina in 1980, and North Carolina in 1981.  Catch location data did not begin until after 1992.  
 
Each state of the south Atlantic region has a commercial trip ticket database.  These databases provide information on catch (i.e. date, pounds and price) of fish species landed.  This program began in Florida in 1986, followed by South Carolina in 1989, North Carolina in 1994, and then Georgia in 2004.  In later years the states recorded general catch locations in one degree squares.  Florida began providing general catch locations in 1992.  Georgia recorded general catch locations for only 5% of the landings for all years of available data (2004-2009).  South Carolina started reporting general catch locations in 2004, and North Carolina always recorded general locations of the catch since the beginning (1994).   
 
Through public comment and a series of expert workshops, several recreational and commercial fishermen contributed catch location information to SAFMC staff.  These data were incorporated into a Geographic Information System (GIS) map.  An additional warsaw grouper site was identified from two complementary sources (Frost 2006, Maps Unique 2012).
 
Between 2004-2011, NMFS has conducted deep-water remote-operated vehicle (DW-ROV) surveys of the five natural bottom MPAs in the US South Atlantic between Jacksonville, FL and Cape Fear, NC.  Based upon limited multibeam bathymetric maps and the local knowledge of other researchers, ROV transects are surveyed inside the MPAs and in adjacent open-to-fishing areas of similar depth and habitat type.  Transects of roughly 1 km are followed and the resulting videotapes are analyzed for all detected fish and structure forming invertebrates.  Distribution, abundance, habitat associations, and trends over time of dominant reef fish and species of particular interest (e.g., lionfish) are determined and reported.  Observations of speckled hind and warsaw grouper were identified in a GIS map.  Additional information using similar methods were collected in the Oculina Banks MPA between 2001-2005 (Oculina-ROV).
 
Since 2010, the SEFSC Laboratory in Beaufort, NC has conducted fishery independent video (SEFIS-V) and trap surveys (SEFIS-T).  All point observations of speckled hind and warsaw grouper from these surveys were incorporated into GIS.  Additional survey data from submersible dives on continental shelf edge habitats were also incorporated (http://www.sefsc.noaa.gov/labs/beaufort/ecosystems/sefis/).
 
Since 1990, the Reef Environmental Education Foundation (REEF) survey has collected standardized information from volunteer divers and snorkelers on marine fish populations.  Using a roving diver technique, volunteers record the geographic location and approximate abundance of species sited (www.reef.org).
 
Between 1972-1979, scientists from NOAA’s Beaufort, North Carolina, Fisheries Research Group (FRG) collected fish from offshore waters between Cape Lookout and Cape Fear, North Carolina.  Numbers, size, and collection location were recorded by species at three primary sites in Onslow Bay, NC (Rudershausen et al. 2008).
 
In 1985 and 2002, Dr. George Sedberry participated in some research submarine dives on the South Atlantic Bight (Sedberry-Sub).  Speckled hind and warsaw grouper were observed during some of these dives and the locations of the observations were recorded.
 
From 1979 to 2012, NOAA Fisheries Service and the University of Miami, in conjunction with various federal, state and academic partners, have conducted a reef fish visual census (RVC) in the Florida Keys and Dry Tortugas (Brandt et al. 2009).  In this two-stage sampling design, trained divers conduct a stationary point count of all reef fish stocks within a given distance of the sampling site, and record species, abundance, and various size metrics.
 
Since 1884, various U.S. museums have maintained collections of speckled hind and warsaw grouper, including the Florida Museum of Natural History, Gainesville (www.flmnh.ufl.edu/scripts/dbs/fish_pub.asp), the North Carolina State Museum of Natural Sciences, Raleigh (www.naturalsciences.org), and Smithsonian National Museum of Natural History, Washington, DC (www.mnh.si.edu).  Geographic coordinates for capture locations were either downloaded directly from online catalogs or specifically requested (W. Laney, USFWS, pers. comm.).
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Presentation Notes
Mature speckled hind and warsaw grouper show up mostly deeper than 25 fathoms; only warsaw grouper in spawning condition were captured in 95 fa
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Presentation Notes
No depth-based mortality functions available for speckled hind or warsaw grouper.  Gag is the best studied species with a similar life history and body morphology.  Given that ACL=0, bycatch mortality for speckled hind and warsaw grouper must be addressed by time-area closures.  Closures in depths with high release mortality is more likely to promote stock recovery.
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Figure 69.  Meta-analysis of recommendations for percent closure recommendations from various peer-reviewed sources for yield maximization and reduction in risk of overfishing.

Spatial closures, such as no-take marine reserves (NTMRs), have been endorsed as fisheries management tools that, when used in conjunction with traditional management, may help ensure sustainability of intensely exploited regional fisheries resources (Bohnsack et al. 2004).  Theory suggests that buildup of fish biomass, density, and average size in an NTMR due to reduced exploitation (e.g., Ault et al. 2006, 2007; Bartholomew et al. 2008) will result in density-dependent emigration of adult fish across reserve boundaries (Crowder et al. 2000).  Additionally, larval production should be amplified by the larger, older population within the reserve due to its increased spawning stock biomass (Botsford et al. 2001, Lubchenco et al. 2003).  The advection of these eggs and larvae by ocean currents may enhance recruitment in fishable areas (Crowder et al. 2000).
 
Over the past two decades, there has been much scientific discussion regarding the percent of the stock that should be protected by a no-take MPA to provide benefits such as reduced risk of overexploitation, restoration of natural community dynamics, increased spawning stock biomass, and maximization of yield through spillover of adult biomass and larval recruits.  A meta-analysis of percent closure recommendations indicated a consensus that between 20-40% of the stock should be protected unless it is heavily exploited outside the MPA system (NRC 2000; Fig. 69).  Obviously, the exact amount of area or stock that should be protected will depend on the specific objectives of the MPA, and will balance the biology and status of the stocks in need of protection with the regulations that exist outside of the MPA (FAO 2011).  As such, there is no ‘one size fits all’ answer for the appropriate size, scale, or number of MPAs needed (FAO 2011).
 
For the specific case of speckled hind and warsaw grouper protections, a primary goal for spatial protection would be to supplement the existing prohibition of harvest with spatial closures to reduce bycatch mortality.  As such, no-take MPAs would be most effective if located at sites where bycatch mortality has been highest.  Those sites would be in deep water, at the intersection of relatively high stock concentrations and high fishing pressure for associated species.  No-take MPAs would be most effective if scaled to the natural movements of the fish (Botsford et al. 2009, Farmer & Ault 2011), with a sufficient buffer to prevent the redistribution of fishing pressure on the edges of the reserve from offsetting the benefits of protection at the core.  As the spillover of adults and juveniles across reserve boundaries increases, or reserve size decreases, reserves become less effective, with total population abundance eventually approaching that of a system with no reserves.  Farmer & Ault (2011) documented home range sizes of 1.44 ± 1.04 and 2.09 ± 0.39 km2 for black grouper (Mycteroperca bonaci) and red grouper (Epinephelus morio), respectively.  Following Barrett (1995)’s suggestion that a reserve be an order of magnitude larger than the daily movements of the protected organisms, assuming speckled hind and warsaw grouper movements are comparable to black grouper and red grouper, no-take reserves for speckled hind and warsaw grouper should be at least 10-20 km2 in size.  A meta-analysis of reef fish home range sizes relative to body lengths (Botsford et al. 2009, Fig. 7) suggests that speckled hind (maximum length ~ 1100 mm) and warsaw grouper (maximum length ~ 2400 mm) may have much larger home range requirements.  However, anecdotal information suggests that warsaw grouper may have extremely high site fidelity to certain reefs and wrecks (M. Barnette, pers. comm.; G. Gilmore, pers. comm.).  Progressively larger reserves would be necessary to protect a larger percentage of the population, provide adequate buffers against redistributed fishing effort, and encompass key habitats (Botsford et al. 2009, Farmer & Ault 2011).
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Presentation Notes
For a deep-water MPA to be effective when continuous enforcement is fiscally infeasible, it is important to have public support.  MPA credibility is enhanced when the benefits of the MPA can be quantitatively demonstrated.  A first step in this process is sampling the fish populations and habitats within the proposed closed areas.  Sampling the fish populations establishes a baseline which may later be used for comparison; illustrating gains in mature fish biomass (see Ault et al. 2006).  Sampling the habitats allows fine-tuning of the MPA configuration and helps ensure that important habitats for the stock are not located outside the MPA (see Eklund et al. 2000).  A second step is evaluating the space use and movements of speckled hind and warsaw grouper in relation to MPA size and boundaries, to ensure there is an adequate buffer to protect the stocks from undesirable fishing pressure that would undermine the effectiveness of the MPA (see Babcock & MacCall 2011, Farmer & Ault 2011).  Finally, a combination of follow-up monitoring and marine population dynamic simulation modeling should be used to evaluate the effectiveness of the MPA.
 
Enforcement is a critical ingredient towards MPA success, as even low-levels of poaching can rapidly erode MPA benefits (SERO‐LAPP‐2009‐07-Rev).  Configuring MPA boundaries so that they are easily interpreted and enforced is an important consideration.  Simplifying regulatory language to make long-distance determination of illegal fishing activities reduces the need for enforcement to board vessels.  Mandatory use of Vessel Monitoring Systems (VMS) would ease the burden on enforcement substantially (SAFMC 2012).  Additional cost-effective enforcement may be achieved by the deployment of passive acoustic listening devices that could record the sounds of illegal fishing operations (SAFMC 2012).  
 
Determining the stock status of speckled hind and warsaw grouper through traditional assessment methods will likely continue to be challenging due to the lack of fishery-dependent catch-per-unit-effort data and the limited spatial coverage of appropriate fishery-independent surveys.  A recent study has suggested that the ratio of fish density outside to fish density inside reserves might be used as a proxy for biomass depletion (B/Btarget) in control rules (Babcock & MacCall 2011).  This would eliminate the need for a stock assessment to estimate depletion, which would be extremely useful for data-poor stocks such as speckled hind and warsaw grouper.  Simulations suggest that a target density ratio of 60% of mature fish caused the spawning stock biomass to equilibrate around 40% of the unfished level (Babcock & MacCall 2011).  This ratio would be relatively simple to determine with fishery-independent surveys inside and outside existing and newly-implemented no-take MPAs.  The success of this target appeared to be mostly independent of the status of the population at the time of reserve establishment (Babcock & MacCall 2011).  This approach is complicated by the various harvest control rules in effect on speckled hind and warsaw grouper outside the reserve, which would tend to depress the density ratio.  Declines in the ratio would be a clear signal that the reserve is not operating efficiently; whereas a failure to detect increases in the ratio would not be a significant cause for concern.  It would be additionally informative to examine the actual densities and length frequencies to infer population trends. 
 
Implementation of spatial closures for speckled hind and warsaw grouper should apply adaptive management principles when possible (Stankey et al. 2005).  Adaptive management modifies management practices and policies to be more successful when new science, socioeconomic information or lessons learned from previous management actions indicate that practices could be made more efficient.  For spatial closures such as those discussed in this study, monitoring and evaluating, testing assumptions, and generating learning opportunities are important aspects of adaptive management.  Any MPAs implemented will not exist in a vacuum, and research should be conducted to understand the level of protection afforded to the stocks by the reserves and to better describe stock status.  As further information emerges regarding ecosystem conditions, fishing operations, community structures, or other social, ecological, or governance factors, MPAs could be modified, added, or removed to best address management needs.  Dynamic MPA management would benefit most from improved resolution on hardbottom identification and increased fishery-independent sampling over a broader geographic range using appropriate gears.  A special emphasis on building a long-term robust time series of population abundance data for both stocks to allow for an updated stock assessment is also recommended.
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