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Executive Summary

Reef fishes are important biologic, ecologic, and economic resources of the marine
ecosystem which must be managed for sustainability. Until recently, there was no long-term
monitoring program in place to assess the condition of reef fish resources of the northern
Florida Reef Tract (FRT) (northern Miami-Dade, Broward, Palm Beach, and Martin
counties). An assessment/monitoring plan for the northern portion of the Florida reef tract
was designed through a joint cooperative effort by scientists at the University of Miami,
Rosenstiel School of Marine and Atmospheric Science (RSMAS), National Oceanic and
Atmospheric Administration (NOAA)-Southeast Fisheries Science Center (SEFSC) and
Nova Southeastern University Oceanographic Center (NSUOC). This report is a synoptic
compilation of a three-year data collection from all partner agencies, and includes data from
the 232, 324, and 308 sites or Primary Sampling Units (PSUs) sampled in 2012, 2013, and
2014, respectively. The majority of the field work was accomplished through funding
provided to NSUOC by the NOAA Coral Reef Conservation Program (CRCP), with
supplementary funding provided by FDEP-CRCP. Significant amounts of data were also
collected by multiple Southeast Florida Coral Reef Initiative (SEFCRI) partner agencies that
were able to dedicate their time and resources to the project. Field sampling for each year
began in May and ran through October.

During the three-year study period, >560,000 individual fish of 289 species were recorded.
Total mean density for all sites and strata combined for all three years was 170 fishes/SSU
(Second-Stage Sample Unit = SSU or site, 177 m?. For 2012, mean density was 151
fishes/SSU; in 2013 it was 168 fishes/SSU; and in 2014 it was 186 fishes/SSU. When low vs.
high slope strata were compared, the high slope strata showed higher fish density.
Multivariate analyses showed patterns in the reef fish communities associated with benthic
habitats. Water depth was a primary determinant of fish distribution with differences in
assemblages between shallow and deep sites. Also most of the surveys in the southern
regions (Broward-Miami, Deerfield, and South Palm Beach) clustered tightly together
indicating high similarity between communities in the deep habitats within these regions.
Conversely, fish communities in North Palm Beach and Martin were much more variable and
mostly separated in disparate areas of the plot. This suggests that the Martin and North Palm
Beach fish communities are distinctly different from the southern regions.

The dataset, in its entirety, provides the opportunity for further mining to examine individual
species and reef fish assemblage correlations with a host of abiotic and biotic variables. Thus,
from both management and ecological-sciences perspectives, these data are a valuable
resource. It is already clear there are significant differences in the geographic distribution of
reef fishes at local and regional scales. There are interacting strata and latitudinal differences
in total reef fish abundance, species distribution, sizes, and assemblage structure. The
combination of data from all three years provides a complete regional baseline fishery-
independent assessment.




Acknowledgements

The success of this project can be attributed to the cooperative partnerships forged
between multiple key agencies, universities, and individuals who have a vested interest in
maintaining the health and sustainability of the coral reef ecosystems of southeast
Florida. We thank James Bohnsack and Jeremiah Blondeau (NOAA-SEFSC), and Natalia
Zurcher (UM-RSMAS) for their essential support and guidance throughout this process.
By sharing the expertise they have gained through many years of involvement with the
parent RVC project during its evolution in the Florida Keys and Dry Tortugas, they have
strengthened our preliminary monitoring efforts here along the northern reaches of the
Florida Reef Tract. We thank both Kurtis Gregg (NMFS-Southeast Regional Office) and
Dana Wusinich-Mendez (NOAA-CRCP) for their valuable assistance in helping to
facilitate the fundamental partnerships vital to this project, acting as a sounding board
for questions and new ideas, and for providing feedback during preparation of this
document. Additional gratitude is extended to Kurtis for providing diving assistance in
the field.

A large number of well-qualified scientific divers from our partner agencies (many of
whom had much larger additional roles in this project) lent their time and resources to
help make this project a successful and productive endeavor. They are listed as follows:
From FDEP-CRCP - Jennifer Jordan Baez, Meghan Balling, Karen Bohnsack,
Christopher Boykin, Gina Chiello, William Fisher, Melissa Gil, Julio Jimenez, Jamie
Monty, Jenna Sansgaard, Melissa Sathe, Mollie Sinnott, Kristina Trotta, Katherine and
Ori Tzadik, Joanna Walczak, and Ana Zangroniz; from the FWC Tequesta laboratory -
Erick Ault, Jeff Beal, James Brodbeck, Grant Stoecklin, and Jim Whittington; from St.
Lucie Inlet Preserve State Park - Ernest Cowen and Charles Jabaly; from Miami-Dade
County (DERM) - Kevin Iglesias, Iman Olguin-Lira, Damaso Rosales, Rebecca Ross, Jon
Sidner, and Sara Thanner; from Broward County (NRPMD) - Kenneth Banks, Courtney
Kiel, Pat Quinn, and Angel Rovira; from FDEP-West Palm Environmental Resource
Permit Program (ERP) - Irene Arpayaglou; from Coastal Eco-Group, Inc. - Jenny Stein;
and from Nova Southeastern University Oceanographic Center (NSUOC) - Benjamin
Barker, Cameron Baxley, James Brown, Brian Ettinger, Joshua Fredrick, Peter Grasso,
Robert Jermain, Lystina Kabay, Morgan Knowles, Adam Nardelli, Keri O ‘Neil, Allison
Patranella, and Shara Teter.

Special thanks to our partners at NOAA-SEFSC (Tom Adam, Joseph Contillo, Tara
Dolan, Jack Javech, Mike Judge, David McClellan, Lindsey Morrison, Benjamin
Ruttenberg, and Brian Teare), and at UM-RSMAS (David Bryan) for additional training,
logistical, and diving assistance. A final note of gratitude goes to Captain Lance
Robinson and Brian Buskirk for keeping the work-horses in the NSUOC small boat
program going despite our best efforts to test their performance capabilities and
endurance in a harsh environment. They have served us well.




Table of Contents

R | 100 [0 Tox 1 o] ISP PRSPPI 14
2. Project Goals and ODJECHIVES ..........ccuiiiiiiiiiiiieeee e 15
K O |V =11 T (o] (oo Y PSS 16
3.1, Study Area and DESION......ccueiiiiiiieie ettt 16
I B - - W 60 | [T £ o]  HO OSSR 20
3.3.  Data Entry and Proofing........cccccieiiieiiiiieiieie s 22
3.4, Datad ANAIYSIS ..c.veceieciece e e 23
4. RESUILS ANA DISCUSSION ...vveveiiiieieenieiiesieeieesiestee e seestee e seesseesbeeseesneesteeeeaseesseeneens 24
4.1, FiSh ASSEMDIAGE ....veiveeiiciecieee et et sre e 24
4.1.1. FiSN DENSILY ...vviiiieiiicee ettt re e 24
4.1.2.  Fish SPecies RICNNESS .........cccoiiiiiiiicce e 25
4.1.3.  Fish Community Regional Habitat ASSOCIAtioNS............cccccvvevveriiiieieenns 28
4.1.4.  EXPIOIted SPECIES.....cviiiieiieeiecie ittt 45
4.15. Exploited Species: Gray Triggerfish.........ccocooiiiiiiiiinieiee e 47
4.1.6. Exploited Species: Red GrOUPEN .........c.coverieiiieiieriesiesteesie e sre e e ene e 50
4.1.7. Exploited Species: WhHite Grunt............ccceeveiiieiieeie s 53
4.1.8. Exploited Species: Bluestriped Grunt..........cccocevirinininienenc e 56
4.1.9. Exploited Species: HOgFiSh..........c.cocooiiiiiii e 59
4.1.10. Exploited Species: MUttON SNAPPEN..........ccviieieerieiiece e 62
4.1.11. Exploited Species: Gray SNAPPET........cccciirerereriresieeeie e 65
4.1.12. Exploited Species: Yellowtail SNapper..........c.ccceveivieiveviiie e 68
4.1.13. Discussion of LIoNfiSh ........cccooiiiiiiiiiii e 71
4.1.14. Comparison of Southeast Florida to the Florida Keys and Dry Tortugas... 73

4.2.  Sampling Effort and Allocation Performance...........cccocevveviiiie i, 75
5. Summary and CONCIUSIONS ......ccueiiiiiiiiiie e 83
B.  RETEIBNCES ... it 85

B N o] o 1=T 4o [ o SRS ROPSTR 88




List of Figures

Figure 1. Study area included all reef habitats between the northern boundary of Martin
County to Government Cut in Miami-Dade County...........cccccovvveveiienesre e 16
Figure 2. Illustration of Primary Sample Unit (PSU) and Second-Stage Sample Units
(SSUs). Selection of 2 individual target SSUs is accomplished by a randomization
of the 4 cells within the PSU. The dashed circles represent a buddy pair (A and B).
SMith €t al., 2011, .o 17
Figure 3. Mean SSU density by strata, unfiltered data (including all species observed).
N=2012,2013,2014: NEAR-low (N=129,146,40), NEAR-high (N=8,16,100), INNR-
low (N=41,33,8), INNR-high (N=4,12,44), PTSH (N=20,8,10), MIDR-low
(N=68,50,8), MIDR-high (N=7,20,89), OFFR-low (N=66,71,16), OFFR-high
(N=28,86,120), PTDP-low (24,33,6), PTDP-high (N=13,41,29), DPRC-low
(N=19,82,61), DPRC-high (N=3,12,42), RGDP-low (N=2,18,3), RGDP-high
(NZ0,11,29). ettt et ta et e et e nr e neereeneenes 24
Figure 4. Mean SSU density by habitat strata, all three years combined. Letters above
the bars indicate homogenous groupings (SNK, p<0.05). NEAR-low (N=315),
NEAR-high (N=124), INNR-low (N=82), INNR-high (N=60), PTSH (N=38),
MIDR-low (N=126), MIDR-high (N=116), OFFR-low (N=153), OFFR-high
(N=234), PTDP-low (N=63), PTDP-high (N=83), DPRC-low (N=162), DPRC-high
(N=57), RGDP-low (N=23), RGDP-high (N=40). .........cccceeurmrmrrrrrrrrerrerrrrerrrenrnsenn. 25
Figure 5. Species richness by habitat strata. NEAR-low (N=129,146,40), NEAR-high
(N=8,16,100), INNR-low (N=41,33,8), INNR-high (N=4,12,44), PTSH
(N=20,8,10), MIDR-low (N=68,50,8), MIDR-high (N=7,20,89), OFFR-low
(N=66,71,16), OFFR-high (N=28,86,120), PTDP-low (24,33,6), PTDP-high
(N=13,41,29), DPRC-low (N=19,82,61), DPRC-high (N=3,12,42), RGDP-low
(N=2,18,3), RGDP-high (N=0,11,29). .....cccctiiiieieieiesese e e e 26
Figure 6. Species richness broken down by biogeographic subregion. Letters above the
bars indicate homogenous groupings (SNK, p<0.05). Broward-Miami (N=277,320,
292), Deerfield (N=75, 90, 61), South Palm Beach (N=40, 78, 70), North Palm
Beach (N=26,106, 104), Martin (14, 45, 78). .....ccccoccevrmrrrrrrerrisrsesrsinsessessesnsensennens 27
Figure 7. MDS plot of all RVC SSUs (2012 — 2014) categorized by Habitat. ................ 29
Figure 8. Cluster dendrogram of all RVC SSUs (2012 — 2014). Dashed red line indicates
the 36% similarity level which is the main split in the data. All sites linked below
the left cluster are Cluster A and all sites linked below the right cluster are Cluster

2 RSSO PRPRPRN 30
Figure 9. Map of all RVC SSUs (2012 — 2014) illustrating the sites within the two main
clusters of species densities in the multivariate analysis at 36% similarity.............. 31

Figure 10. The number of SSU’s in the two main clusters of species densities in the
multivariate analysis at 36% similarity by habitat type. Cluster A was dominated by
deeper habitats and Cluster B was dominated by shallow ones.............ccccoovvvnenne. 32

Figure 11. MDS plot of all RVC SSUs (2012 — 2014) categorized by Habitat Depth.
Shallow Colonized Pavement, Shallow Ridge and Inner Reef habitats were
categorized as Shallow and all others as Deep. ......ccccvveerieiiriinie e 33



file:///C:/Users/kilfoyle/Desktop/RVC/RVC%20SEFCRI%20Region%202015/Report%20Drafts/SEFCRI_FIA_3_Year_Summary_%20Report_Draft%203.docx%23_Toc428544704
file:///C:/Users/kilfoyle/Desktop/RVC/RVC%20SEFCRI%20Region%202015/Report%20Drafts/SEFCRI_FIA_3_Year_Summary_%20Report_Draft%203.docx%23_Toc428544704

Figure 12. MDS plot of all RVC SSUs (2012 — 2014) categorized by Reef or
Hardbottom. Inner, middle, and outer reef habitats were categorized as Reef and all

pavement and ridge sites were categorized as Hardbottom. .............ccoocvvviiieninnnnnne. 33
Figure 13. MDS plot of all RVC SSUs (2012 — 2014) categorized by Depth and Reef or
Hardbottom. Some Deep Hardbottom sites clustered with the Deep Reef................ 34

Figure 14. MDS plot of all RVC SSUs (2012 — 2014) categorized by Depth, General
Habitat and Slope. Some High Slope Deep Hardbottom sites clustered with the Deep
Reef sites, but others were spread throughout. ............ccccoeiiiie i, 35

Figure 15. MDS plot of all SSUs (2012 — 2014) on DEEP habitats only (APRD, CPDP,
DPRC, LIRM, LIRO, PTCH, RGDP, SCRS, and SPGR) categorized by Coral Reef
Ecosystem Region, General Habitat, and SIOpe. .........ccoveiiiieiiniieecescee e 36

Figure 16. MDS plot of all SSUs (2012 —2014) on SHALLOW habitats only (RGSH,
CPSH, and LIRI) categorized by Coral Reef Ecosystem Region, General Habitat,
100 I] (o] o L= TSR OP SR 40

Figure 17. Examples of known ranges for some of the species driving the differences
between the shallow Broward-Miami High Slope Reef and Martin High Slope
Hardbottom fish communities (Kaschner et al., 2013). The species on the left have
ranges that extend much farther north indicating they live in a broader range of
water temperatures whereas the species on the right diminish rapidly to the north
indicating they are less tolerant of colder conditions (i.e. more tropical)................. 43

Figure 18. Examples of known ranges for some of the species driving the differences
between the deep Broward-Miami High Slope Reef and North Palm Beach Low
Slope Hardbottom fish communities (Kaschner et al., 2013). These species have
ranges that extend much farther north indicating they live in a broader range of
water temperatures compared to the species in Figure 17 on the right that diminish
rapidly to the north indicating they are less tolerant of colder conditions (i.e. more

TFOPICAL). 1.t 44
Figure 19. Mean Density for exploited species, by Year..........ccccccvevveveevieiiece e 47
Figure 20. Gray Triggerfish (Balistes capriscus) total mean density per strata; yearly

(010 0] 0 L [T OSSPSR 48
Figure 21. Gray Triggerfish (Balistes capriscus) total mean density by strata; pre-

exploited and exploited lifestage comparison; 2012-2014 combined....................... 48
Figure 22. Gray Triggerfish (Balistes capriscus) total mean density per habitat strata;

pre-exploited lifestage comparison ONMY. .......ccccooviiieiiieiie i 49
Figure 23. Gray Triggerfish (Balistes capriscus) total mean density per habitat strata;

exploited lifestage comparison ONMY. .......ccoveiiieiiiie e 49

Figure 24. Length frequency of Gray Triggerfish (Balistes capriscus) by size class, all
years combined. Darker gray indicates exploited size classes; legal minimum size of
harvest for this species changed from 12 in. (30.5 cm) to 14 in. (35.6 cm) in April

Figure 25. Red Grouper (Epinephelus morio) total mean density per habitat strata; yearly
(010] 0 0] o F= T <0 PP 51

Figure 26. Red Grouper (Epinephelus morio) total mean density per habitat strata; pre-
exploited and exploited lifestage comparison; 2012-2014 combined....................... 51

Figure 27. Red Grouper (Epinephelus morio) total mean density per habitat strata; pre-
exploited lifestage comparison ONlY. ........ccocviiiiiiiiin e 52




Figure 28. Red Grouper (Epinephelus morio) total mean density per habitat strata;
exploited lifestage comparison ONlY. ........ccccooviiiiii i 52

Figure 29. Length frequency of Red Grouper (Epinephelus morio) by size class. Darker
gray indicates exploited size classes; legal minimum size of harvest for this species

(KS03P 53
Figure 30. White Grunt (Haemulon plumierii) total mean density per habitat strata;
YEAITY COMPATTSON. ...ttt 54
Figure 31. White Grunt (Haemulon plumierii) total mean density per habitat strata; pre-
exploited and exploited lifestage comparison; 2012-2014 combined....................... 54
Figure 32. White Grunt (Haemulon plumierii) total mean density per habitat strata; pre-
exploited lifestage compariSon ONMY. .........ccooieiiieiinciee s 55
Figure 33. White Grunt (Haemulon plumierii) total mean density per habitat strata;
exploited lifestage compariSon ONMY. .........ccooiiiieiincie s 55

Figure 34. Length frequency of White Grunt (Haemulon plumierii) by size class. Darker
gray indicates exploited size classes; estimated minimum size of the exploited phase

fOr this SPECIES 1S 20 CM. ...eeiicie e re e 56
Figure 35. Bluestriped Grunt (Haemulon sciurus) total mean density per habitat strata;
YEArTY COMPATISON. ...cuviivieitieiieeie e sttt ettt et e e re e te e e e ra e beaneesneenras 57
Figure 36. Bluestriped Grunt (Haemulon sciurus) total mean density per habitat strata;
pre-exploited and exploited lifestage comparison; 201-2014 combined. ................. 57
Figure 37. Bluestriped Grunt (Haemulon sciurus) total mean density per habitat strata;
pre-exploited lifestage comparison ONly. .........c.cccooveiiiiiiic e 58
Figure 38. Bluestriped Grunt (Haemulon sciurus) total mean density per habitat strata;
exploited lifestage comparison ONlY. .........ccccooviiiiiiiiccece e 58

Figure 39. Length frequency of Bluestriped Grunt (Haemulon sciurus) by size class.
Darker gray indicates exploited size classes; estimated minimum size of the

exploited phase for this SPECIES 1S 20 CIM. .....cevieiiiiiie s 59
Figure 40. Hogfish (Lachnolaimus maximus) total mean density per habitat strata; yearly
COMIPAIISON. ...ttt bbbttt bt bbbt bt e et e b e bbbt enes 60
Figure 41. Hogfish (Lachnolaimus maximus) total mean density per habitat strata; pre-
exploited and exploited lifestage comparison; 2012-2014 combined....................... 60
Figure 42. Hogfish (Lachnolaimus maximus) total mean density per habitat strata; pre-
exploited lifestage comparison ONMY. .........ccoooeiiiiiini i s 61
Figure 43. Hogfish (Lachnolaimus maximus) total mean density per habitat strata;
exploited lifestage compariSon ONMY. .........ccooiiiiiiiii i 61

Figure 44. Length frequency of Hogfish (Lachnolaimus maximus) by size class. Darker
gray indicates exploited size classes; legal minimum size of harvest for this species

[IS3RC 0ol 3 o TSP 62
Figure 45. Mutton Snapper (Lutjanus analis) total mean density per habitat strata; yearly
(010] 0 0] o F= T <o PSPPI 63
Figure 46. Mutton Snapper (Lutjanus analis) total mean density per habitat strata; pre-
exploited and exploited lifestage comparison; 2012-2014 combined....................... 63
Figure 47. Mutton Snapper (Lutjanus analis) total mean density per habitat strata; pre-
exploited lifestage comparison ONlY. ... 64

Figure 48. Mutton Snapper (Lutjanus analis) total mean density per habitat strata;
exploited lifestage COMPAIISON. .......couiiiiiiiiiiie e 64




Figure 49. Length frequency of Mutton Snapper (Lutjanus analis) by size class. Darker
gray indicates exploited size classes; legal minimum size of harvest for this species

(IS0 o o o USSR 65
Figure 50. Gray Snapper (Lutjanus griseus) total mean density per habitat strata; yearly
COMIPAITISON. ...ttt ettt bbb bttt b bt bbbttt et et e b e bbbt b 66
Figure 51. Gray Snapper (Lutjanus griseus) total mean density per habitat strata; pre-
exploited and exploited lifestage comparison; 2012-2014 combined....................... 66
Figure 52. Gray Snapper (Lutjanus griseus) total mean density per habitat strata; pre-
exploited lifestage compariSon ONMY. .........ccooveiiiiiiniieee s 67
Figure 53. Gray Snapper (Lutjanus griseus) total mean density per habitat strata;
exploited lifestage compariSon ONMY. .........ccooieiiieiinciee s 67

Figure 54. Length frequency of Gray Snapper (Lutjanus griseus) by size class. Darker
gray indicates exploited size classes; legal minimum size of harvest for this species

IS 25 CIML. 1ttt bbbt b b bbb a ettt bbb renre s 68
Figure 55. Yellowtail Snapper (Ocyurus chrysurus) total mean density per habitat strata;
YEArTY COMPATISON. ...c.viivieitieiteete sttt ettt et e e ra e te e e ra e be e e e sneenrs 69
Figure 56. Yellowtail Snapper (Ocyurus chrysurus) total mean density per habitat strata;
pre-exploited and exploited lifestage comparison; 2012-2014 combined. ............... 69
Figure 57. Yellowtail Snapper (Ocyurus chrysurus) total mean density per habitat strata;
pre-exploited lifestage comparison ONly. .........c.cccooveiiiiiiic e 70
Figure 58. Yellowtail Snapper (Ocyurus chrysurus) total mean density per habitat strata;
exploited lifestage comparison ONlY. ........cccccoveiiiii i 70

Figure 59. Length frequency of Yellowtail Snapper (Ocyurus chrysurus) by size class.
Darker gray indicates exploited size classes; legal minimum size of harvest for this

SPECIES 1S 25 CIM. .ttt bbbttt bbb 71
Figure 60. Percent Occurrence (P) of Lionfish (Pterois spp.) by habitat strata. ............. 72
Figure 61. Percent Occurrence (P) of Lionfish (Pterois spp.) by subregion. .................. 72
Figure 62. Exploited species — comparison of SE Florida region to FL Keys and Dry

Tortugas by Percent OCCUIMTENCE (P)........ceveveveeerirereiieiseieiessieeeseseseses e, 74
Figure 63. Exploited species — comparison of SE Florida region to FL Keys and Dry

Tortugas by mean (SSU) density (D)........ccccevveriuereiiiireieiesieeieiese e, 74
Figure 64. Exploited species — comparison of SE Florida region to FL Keys by Lbar (FL

Keys data from Ault et al., 2004).........ccooiiiiiiiiiieiee e 75

Figure 65. A comparison of the habitat proportion in each stratum relative to the mapped
domain. Blue is the percent area of the 100 m PSU grid and orange is the percent
area of the Map POIYGONS. ......oiiii e 76

Figure 66. Scatterplots of average mean density (x axis) versus standard deviation (y
axis) by each strata for the eight key fisheries species targeted. A linear relationship
is expected and indicates good site stratification and allocation. Haemulon plumieriii
had the most variability in higher densities. Blue = 2012, Orange = 2013, and Gray
O SO R 78

Figure 67. Map showing the 2012 100 m grid strata symbolized by the difference in
projected allocation v. realized from Table 2. Most extreme gaps were in the
northern regions. Red values are lower than projected and green are higher. .......... 80

Figure 68. Map showing the 2013 100 m grid strata symbolized by the difference in
projected allocation v. realized from Table 2. Many gaps were corrected in 2013. A



file:///C:/Users/kilfoyle/Desktop/RVC/RVC%20SEFCRI%20Region%202015/Report%20Drafts/SEFCRI_FIA_3_Year_Summary_%20Report_Draft%203.docx%23_Toc428544769
file:///C:/Users/kilfoyle/Desktop/RVC/RVC%20SEFCRI%20Region%202015/Report%20Drafts/SEFCRI_FIA_3_Year_Summary_%20Report_Draft%203.docx%23_Toc428544769
file:///C:/Users/kilfoyle/Desktop/RVC/RVC%20SEFCRI%20Region%202015/Report%20Drafts/SEFCRI_FIA_3_Year_Summary_%20Report_Draft%203.docx%23_Toc428544769
file:///C:/Users/kilfoyle/Desktop/RVC/RVC%20SEFCRI%20Region%202015/Report%20Drafts/SEFCRI_FIA_3_Year_Summary_%20Report_Draft%203.docx%23_Toc428544769
file:///C:/Users/kilfoyle/Desktop/RVC/RVC%20SEFCRI%20Region%202015/Report%20Drafts/SEFCRI_FIA_3_Year_Summary_%20Report_Draft%203.docx%23_Toc428544769

large deficit in survey coverage remained in Nearshore Martin habitats. Red values
are fewer surveys than projected and green are higher..........cccocovevievv i, 81
Figure 69. Map showing the 2014 100 m grid strata symbolized by the difference in
projected allocation v. realized from Table 2. Red values are fewer surveys than
projected and green are higher. The two areas with large deficits were low slope
habitats that were under-surveyed because the sites were higher relief than the map
AEPICTEA. ... bbb 82

List of Tables

Table 1. Map strata for the site randomization to optimize survey outcomes. The
biogeographic subregions, habitat strata, and slope were used to define these areas.
See Table 2 for habitat strata details. ...........ccccovereiiiiii 18
Table 2. Mapped benthic habitat classes and stratification habitat codes for this study,
and major categories for the benthic habitat map in the southeast Florida region. .. 19
Table 3.Yearly sampling effort for each partner agency..........c.ccooevvieieieneninininnnnns 22
Table 4. List of commercially and recreationally important species’ exploited lengths.. 23
Table 5. A similarity percentages analysis (SIMPER) of the transformed SSU species
density data on Deep Habitats up to 50% cumulative percentage. The South Palm
Beach Reef High Slope v. the North Palm Beach Hardbottom Low Slope (left) show
very different abundances of reef fish species whereas the South Palm Beach Reef
High Slope v. the North Palm Beach Hardbottom High Slope (right) are not as
011 =T =] o SRS 37
Table 6. A summary of the significant ANOSIM pairwise tests of the SSU’s on Deep
Habitats between the Eco-regions, general habitats, and slope. The R statistic
indicates the strength of the difference where 1 is the strongest and 0 is weakest. .. 38
Table 7. A summary of the significant ANOSIM pairwise tests of the SSU’s on Shallow
Habitats between the Eco-regions, general habitats, and slope. The R statistic
indicates the strength of the difference where 1 is the strongest and 0 is weakest. .. 41
Table 8. A similarity percentages analysis (SIMPER) of the transformed SSU species
density data on Shallow Habitats up to 50% cumulative percentage. The Broward-
Miami High Slope Reef v. Martin High Slope Hardbottom show very different
abundances of reef fish species contributing to the community differences. ........... 42
Table 9. A similarity percentages analysis (SIMPER) of the transformed SSU species
density data on Deep Habitats up to 50% cumulative percentage. The Broward-
Miami High Slope Reef v. the North Palm Beach Low Slope Hardbottom show very
different abundances of reef fish species contributing to the community differences.
................................................................................................................................... 44
Table 10. The total number of fish per SSU, total number of legal/exploited phase, the
percentage of legal/exploited phase, average Density (D) (fish/SSU), average
Percent Occurrence (P) per SSU, the mean, minimum, and maximum observed
sizes, and the minimum legal/exploited sizes. This list includes the 8 target species
and several other species of commercial and recreational importance. Species are
listed in phylogenetic order, and sizes are listed in centimeters unless otherwise




List of Appendices

Appendix 1. Effort allocation for targeted secondary sampling unit (SSU) locations and
realized sampling locations by strata for each year. Strata: Subregion, Habitat,
S0P, bbb 88

Appendix 2. Site Maps of actual survey locations from the combined 2012-2014 period.
Red, Yellow, and Black points indicate sites sampled in 2012, 2013, and 2014,
TESPECTIVEIY. .ottt a et b e b e e e reenee e 89

Appendix 3. 2012 site maps. Green indicates Target Site and small points indicate actual
survey locations. Target sites without corresponding “actual” sites were not
SUNVEYRU. ...ttt bbbttt bbbt bbbttt b n et 93

Appendix 4. 2013 site maps. Green indicates Core Target Site, Blue indicates Tier 2
Target Site, and small points indicate actual survey locations. Target sites without
corresponding “Actual” sites Were not SUIVEYeEd. .......ccoverviriieiieiiienie e 97

Appendix 5. 2014 site maps. Green indicates Target Site and small points indicate actual
survey locations. Target sites without corresponding “actual” sites were not
SUNVEYRT. ...ttt bbbt b bt bbbttt bbbt 101

Appendix 6. Average percent occurrence (P) per SSU, average density (D) per SSU,
survey precision (CV of D, percent) and range of CV for the three year period 2012-
2014 for the SEFCRI region (three annual surveys) and 15 year period 1999-2013
for the Florida Keys (10 annual surveys) and the Dry Tortugas (5 annual surveys).
Species analyzed had mean percent occurrence greater than 10% in one or both
regions (73 species total). Species with values highlighted in pink were not observed
with greater than 10% occurrence in the SEFCRI region. Species with values
highlighted in gray were not observed with greater than 10% occurrence in the
Florida Keys and Dry TOIUGAS. .........coeieiiriiiieieie ettt 105

Appendix 7. Percent Occurrence (P), Mean Density (D), and Coefficient of Variation
(CV) for all species observed for all three years, in alphabetical order by family. 108

Appendix 8. Additional figures for Gray Triggerfish (Balistes capriscus). .................. 122
Appendix 9. Additional figures for Red Grouper (Epinephelus morio). ....................... 123
Appendix 10. Additional figures for White Grunt (Haemulon plumierii)..................... 124
Appendix 11. Additional figures for Bluestriped Grunt (Haemulon sciurus). .............. 125
Appendix 12. Additional figures for Hogfish (Lachnolaimus maximus). .................... 126
Appendix 13. Additional figures for Mutton Snapper (Lutjanus analis).............c......... 127
Appendix 14. Additional figures for Gray Snapper (Lutjanus griSeus).........c.cccevevuvnne. 128

Appendix 15. Additional figures for Yellowtail Snapper (Ocyururs chrysurus). ......... 129




List of Acronyms

ANOSIM Analysis of Similarity

ANOVA Analysis of Variance

CREIOS Coral Reef Ecosystem Integrated Observing System
CRCP Coral Reef Conservation Program

DERM Department of Environmental Resource Management
FDEP Florida Department of Environmental Protection
FDOU Fishing Diving and Other Uses

FRRP Florida Reef Resilience Program

FRT Florida Coral Reef Tract

FWC Florida Fish and Wildlife Conservation Commission
GIS Geographic Information Systems

LAS Local Action Strategy

LIDAR  Light Detection and Ranging

MDS Multi-Dimensional Scaling

NFWF National Fish and Wildlife Federation

NMFS National Marine Fisheries Service

NRPMD Natural Resources Planning and Management Division
NOAA  National Oceanic and Atmospheric Administration
NSUOC Nova Southeastern University Oceanographic Center
PSU Primary Sampling Unit

QA/QC  Quality assurance and quality control

RSMAS  University of Miami Rosenstiel School of Marine and Atmospheric Science
RVC Reef Visual Census

SEFSC  Southeast Fisheries Science Center

SEFCRI  Southeast Florida Coral Reef Initiative

SE FL Southeast Florida

SSU Second-stage Sample unit

USCRTF U.S. Coral Reef Task Force




Florida Department of Environmental Protection

1. INTRODUCTION

The ecosystem services of the Florida Reef Tract (FRT), including the diverse reef fish
assemblage that it supports, have direct links to the health of both the state and local economies
(Johns et al., 2001; Johns et al., 2004). Yet, it is widely believed and increasingly supported by
multiple studies that many commercially and recreationally important fishes have been over-
harvested and stocks are currently being exploited at an unsustainable rate throughout the region
(Ferro et al., 2005; Johnson et al., 2007; Ault and Franklin, 2011; Gregg, 2013a). Furthermore, a
wide array of other acute and chronic anthropogenic impacts are applying increasing levels of
additional stress to the entire reef system, e.g., coastal construction projects, sedimentation, ship
groundings and anchor damage, water pollution and other water quality issues (Banks et al.
2008; Jordan et al., 2009; Behringer et al., 2011; Walker et al., 2012; Gregg, 2013b). These
impacts are closely linked to the growing human population that resides in the highly developed
coastal region of southeast Florida. Because reef fishes are an important biologic, ecologic, and
economic resource of the marine ecosystem, reef fish population trends and the associated
potential driving forces need to be examined closely in order to understand and effectively
manage these resources sustainably. In 1979, fishery-independent monitoring of reef fish
populations began in the Florida Keys (the southern portion of the FRT from Dry Tortugas to
Biscayne National Park). However, until recently there was no comparable fishery-independent
data collection in place to assess the status of reef fish resources associated with the northern
portion of the FRT (northern Miami-Dade, Broward, Palm Beach, and Martin counties).

Under the guidance of the U.S. Coral Reef Task Force (USCRTF), the Florida Department of
Environmental Protection (FDEP) and the Florida Fish and Wildlife Conservation Commission
(FWC) coordinated the formation of a team of marine resource professionals (local, state,
regional, and federal), scientists, non-governmental organization representatives, and other coral
reef stakeholders. This group, known as the Southeast Florida Coral Reef Initiative (SEFCRI)
Team, gathers to develop local action strategies targeting coral ecosystems in Miami-Dade,
Broward, Palm Beach and Martin counties.

The SEFCRI Team identified the need for the development of a fishery-independent monitoring
program for southeast Florida’s coral reefs in 2004. This management need was again identified
by stakeholders, managers, and scientists in 2008 during the Florida Reef Resilience Program
(FRRP) Workshop and most recently by managers and scientists at the National Oceanic and
Atmospheric Administration (NOAA) Atlantic/Caribbean Coral Reef Ecosystem Integrated
Observing System (CREIOS) Workshop, and at Florida’s Strategic Management Priorities
Workshop. The need for fishery-independent information was confirmed in 2008 as contractors
began gathering fishery-dependent and independent data for SEFCRI Local Action Strategy
(LAS) Fishing, Diving, and Other Uses (FDOU) Project 18 & 20A: Fisheries Resource Status
and Management Alternatives for the Southeast Florida Region. The contractors found several
“snapshot” fishery-independent datasets in two of the four counties within the four-county
region. With one exception (Ferro et al., 2005), these datasets mainly focused on artificial reef
fish populations, and were only collected for one to two years. Preliminary results from Project
18 & 20A indicated that spatially and temporally explicit fishery-independent assessment on
southeast Florida coral reefs was lacking and existing “snapshot” data could not be used to
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determine southeast Florida coral reef fish status and trends. Thus, the development of a fishery-
independent assessment program for the region was recommended (Ault et al., 2012).

In 2011, Nova Southeastern University Oceanographic Center (NSUOC) received funding
through the National Fish and Wildlife Federation (NFWF) to develop a training program aimed
at building the capacity to conduct a large-scale assessment of reef fish populations in southeast
Florida. The assessment project was designed through a joint cooperative effort by scientists at
the University of Miami Rosenstiel School of Marine and Atmospheric Science (RSMAS) and
NOAA-Southeast Fisheries Science Center (NOAA-SEFSC) with the goal to effectively build on
the success of the fishery-independent monitoring program implemented in the Florida Keys and
apply it to the northern portion of the FRT. A robust statistical design and sampling plan for an
initial region-wide survey was developed with additional assistance from, and archival data
being provided by, scientists at NSUOC (Ault et al.,, 2012) (FDEP-CRCP Project 3A)
(http://www.dep.state.fl.us/coastal/programs/coral/reports/DEP_CRCP_3a_Report.pdf). The data
acquired in the assessment has enabled resource managers to examine the Florida Coral Reef
Tract on a holistic scale and to more accurately assess the status of the reef fish resources, as
well as to conduct system-wide stock assessments.

While the majority of the field work for this project was accomplished through funding granted
to NSUOC, a significant portion of the data were collected by multiple partner agencies that
were able to dedicate their time and resources to the project: NOAA-SEFSC, NOAA-Fisheries
Southeast Region, Habitat Conservation Division (HCD), FDEP-CRCP, FDEP-Southeast
District, Miami-Dade County (DERM), Broward County (NRPMD), and the FWC Tequesta
laboratory. Funding to collect data at 200 sites throughout the southeast Florida region was
awarded by FDEP-CRCP to NSUOC on July 1, 2012. Field sampling began that same month and
continued through October of 2012. Funding for the second year of sampling was awarded by the
NOAA Coral Reef Conservation Program (CRCP) to NSUOC through the National Coral Reef
Institute Cooperative Agreement on June 18, 2013, and a supplemental grant from FDEP-CRCP
was awarded to NSUOC on July 15, 2013. Field sampling began in May and ran through
October of 2013. Funding for the third year of sampling was awarded by the NOAA-CRCP to
NSUOC through the Cooperative Institute for Marine and Atmospheric Studies (CIMAS) at
RSMAS on July 1, 2014, and a supplemental grant from FDEP-CRCP was awarded to NSUOC
on July 1, 2014. Field sampling for the third year of the assessment began in May and ran
through October 2014. This report is a compilation of the three-year data collection from all
partner agencies, and includes data from 232, 324, and 308 sites sampled in 2012, 2013 and
2014, respectively. The combination of data from all three years provides a complete regional
baseline fishery-independent assessment.

2. PROJECT GOALS AND OBJECTIVES

The main goal of this project is implementation of a cooperative and statistically robust, habitat-
based, tiered fishery-independent sampling protocol designed to meet two main objectives: 1) to
determine the current status of southeast Florida reef fish populations which will enable
detection of changes in these populations in response to future management strategies, and 2) to
provide a seamless integration with the existing Reef Visual Census (RVC) program data, which
will allow for the entire FRT to be evaluated in a holistic manner. In addition, this project is
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intended to continue fostering beneficial partnerships among NSUOC, NOAA National Marine
Fisheries Service (NMFS), NOAA-CRCP, FDEP-CRCP, FWC, and other Keys RVC and local
southeast FL partner agencies and organizations.

Implementation included: project planning, in water field work/data collection, data entry, data
quality assurance and quality control (QA/QC), data analysis, report writing, coordination with

SE FL partners, Geographic Information Systems (GIS) analyses, and determination of sites for
each subsequent survey season.

3. METHODOLOGY

3.1. Study Area and Design

The study area included all previously mapped
marine benthic hardbottom habitats shallower than
33 m from Government Cut in Miami-Dade County
to the northern border of Martin County (Figure 1).
The survey area for the annual FL Keys RVC
survey spans south from Biscayne Bay National
Park through the Florida Keys. The sampling
design for the northern portion of the FRT was
created with local stakeholder input in a separate
FDEP-CRCP project by Ault et al. (2012). The plan
adapted the stratified, random statistical sampling f Dearileld

design developed and implemented for the Florida g}

Keys reef fish monitoring plan (Smith et al., 2011).
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counts) occurred. During the analysis, an arithmetic
mean for adjacent counts from each buddy team was
calculated to determine the fish density per data
collection area (177 m?). This area is referred to
herein as a second-stage unit (SSU). Each PSU and
SSU was characterized by three main strata types, which combined are termed herein as map
strata: coral reef ecosystem biogeographic subregion, benthic habitat type, and topographic slope
(Table 1). The coral reef ecosystem biogeographic subregions as defined in Walker (2012) and
Walker and Gilliam (2013) were used to divide the study area into ecologically relevant regions.
The grid cells were characterized according to which region the majority of the unit resided.
Benthic habitat maps from previous efforts were used to determine the majority habitat type in

Figure 1. Study area included all reef
habitats between the northern boundary
of Martin County to Government Cut in
Miami-Dade County.
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each PSU and SSU (Riegl et al., 2005; Walker et al., 2008; Walker, 2009; Walker, 2013). The
benthic habitat maps contained more detail than was practical for the stratification, therefore a
priori decisions were made to combine more specific habitats into broader strata (Table 2). Since
topographic complexity also affects local fish distributions (Walker et al., 2009), topographic
slope was included in the stratification as a surrogate for larger scale (10s of meters) topographic
complexity. The slope was calculated in ArcGIS using high resolution LIDAR (Light Detection
and Ranging) data. The LIDAR data were analyzed for slope where all areas greater than 5° were
considered “high slope”. A single polygon layer of these areas was created and used to determine
if the PSU and SSU majority were high or low slope.

100 m
50 m |

Second-Stage Sample Unit

Second-Stage Sample Unit

ARt
\“( A )B/

S oD

I\ Primary Sample Unit /

Figure 2. lllustration of Primary Sample Unit (PSU) and Second-Stage Sample Units (SSUs).
Selection of 2 individual target SSUs is accomplished by a randomization of the 4 cells within the
PSU. The dashed circles represent a buddy pair (A and B). [modified from Smith et al., 2011]

The map strata were used to parse the region into finer categories to optimize survey locations
for the eight targeted fishery species. A pure randomized design would take many more surveys
to acquire the necessary data on the desired species, whereas a strategically targeted design is
much more efficient (Smith et al., 2011). In the Florida Keys, this strategy has been used
effectively to optimize data collection by capturing the variability of species by habitat strata and
allocating more sample sites to those strata with higher variation. In the case of the northern
portion of the FRT, initially there was not much regional information available about the
fisheries species to inform the survey design, thus the proportion of benthic habitats were used
(Ault et al., 2012). Subsequent years used previously collected data to aid in the site allocations
(see Figures 67-69). When including the biogeographic subregions, slope, and benthic habitat
types, there were too many individual categories to be practical in the stratified random design
and many were not thought to pertain to the targeted fish species. For example, the subtle
differences between Colonized Pavement-Shallow and Ridge-Shallow benthic communities and
geomorphology were not thought to be major factors affecting species distribution. Therefore
certain benthic habitats were combined into what were intended to be more relevant strata, such
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as the nearshore habitats (NEAR). Combining the benthic habitats into habitat strata resulted in
thirty-one map strata that were used in the sampling allocations (Table 1).

It was estimated that 360 PSUs could be visited each year with a combined effort from all
partner agencies. Site allocations for each stratum were guided by the proportional distribution of
strata in the sampling frame (Appendix 1). Each stratum was given a minimum of 5 sites. Then
the remaining sites were distributed proportionally by the strata area. Extremely large strata were
limited to 50 sites. There were no other special strata that needed to be accommodated within the
SE FL area survey frame, unlike the FL Keys and Dry Tortugas annual surveys, which have been
conducted largely within the boundaries of protected areas or special use zones. Once the total
number of target sites for each stratum was determined, the corresponding number of PSUs was
randomly chosen based on equal probability of selection from the survey frame using NOAA’s
sampling design tool for ArcGIS (http://coastalscience.noaa.gov/projects/detail?key=185). Then,
two of the four SSUs in each chosen PSU were randomly selected. The center location of the two
chosen SSUs were the sample sites for that PSU.

Table 1. Map strata for the site randomization to optimize survey outcomes. The biogeographic
subregions, habitat strata, and slope were used to define these areas. See Table 2 for habitat
strata details.

Habitat
Subregion Strata | Slope
Broward-Miami INNR | High
Broward-Miami INNR Low
Broward-Miami MIDR | High
Broward-Miami MIDR | Low
Broward-Miami NEAR | High
Broward-Miami NEAR | Low
Broward-Miami OFFR | High
Broward-Miami OFFR Low
Broward-Miami PTDP | High
Broward-Miami PTDP Low
Broward-Miami PTSH N/D
Deerfield MIDR | High
Deerfield MIDR | Low
Deerfield NEAR | Low
Deerfield OFFR | High
Deerfield OFFR Low
Deerfield PTDP | High
Deerfield PTDP Low
South Palm Beach NEAR | Low
South Palm Beach OFFR | High
South Palm Beach OFFR Low
South Palm Beach PTDP | High
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Habitat
Subregion Strata | Slope
South Palm Beach PTDP Low
South Palm Beach PTSH N/D
North Palm Beach DPRC | High
North Palm Beach DPRC | Low
North Palm Beach NEAR | Low
Martin NEAR | High
Martin NEAR | Low
Martin RGDP | High
Martin RGDP | Low

Table 2. Mapped benthic habitat classes and stratification habitat codes for this study, and
major categories for the benthic habitat map in the southeast Florida region.

Map Habitat Class

Habitat Strata

Deep Ridge Complex DPRC
Linear Reef-Inner INNR
Linear Reef-Middle MIDR
Linear Reef-Outer OFFR

Ridge-Deep OFFR (RGDP in Martin only)*
Ridge-Shallow NEAR
e o e gl redes
Aggregated Patch Reef-Deep PTDP
Aggregated Patch Reef-Shallow PTSH

Patch Reef

PTSH <20m; PTDP >20m

Colonized Pavement-Deep OFFR
Colonized Pavement-Shallow NEAR
Unconsolidated Sediment SAND

Scattered Coral/Rock in Sand

PTSH <20m; PTDP >20m

Seagrass SGRS
Spur and Groove OFFR
No Map Data UNKW

*The Ridge-Deep was included in the OFFR strata for the southern portion of the reef tract, however
in Martin County it was recognized as distinctly different and was thus kept as a separate stratum.

Throughout the four-county region, a total of 360 primary and 216 alternate sites were selected
in 2012. For 2013, a slightly different strategy was employed, using 360 primary/core, 105
secondary/tier 2, and 216 alternate sites. Core target sites were prioritized and completed before
the tier 2 sites to ensure a minimum number of sites in each stratum were targeted in case all the
sites were not surveyed. Over the course of the 2013 field season almost every site on both the

Fishing Diving & Other Uses

19 CRCP 3B
August 2015



Florida Department of Environmental Protection

core and tier 2 lists were sampled. Due to the success of the 2013 sampling season, the secondary
site strategy was abandoned in 2014, and 350 primary and 176 alternate sites were selected.

Prior to the beginning of field sampling, the target locations were visually inspected with the
high-resolution bathymetry and benthic habitat maps in GIS to determine if the location was
within the intended strata. If not, the points were moved (within the SSU where possible) to the
designated target habitat. In cases where no suitable habitat was nearby, the point was discarded
and a suitable alternate was chosen. Appendix 2 contains four site maps of actual survey
locations from the combined 2012-2014 period. Appendix 3 contains four maps that illustrate the
target locations and the actual survey locations for 2012. Survey targets without a corresponding
“actual” location were not surveyed. This was more of a problem for sites located in the North
Palm Beach and Martin County regions which were challenging to survey due to logistical
factors (depth, strong currents). Appendix 4 contains four maps that illustrate the target and
actual survey locations for 2013. These maps show “Core” and “Tier 2” target locations.
Appendix 5 displays the targeted and actual locations for 2014.

3.2. Data Collection

Assessing population size and community level or species-specific trends of coral reef fishes is
inherently difficult because of many factors. Reef fishes are speciose, exhibit various
morphological and behavioral traits, have patchy distributions, and occur in heterogeneous and
diverse habitats. These factors can make it difficult to determine optimal or standardized survey
methods, and as a result many different visual survey methods have developed over time that are
designed to provide researchers with the ability to assess fish populations at varying levels of
precision. In recent years much progress has been made in regards to standardizing survey
methodology among multiple academic, scientific and regulatory entities that routinely monitor
and conduct research on the coral reefs found within the territorial waters of United States
(Brandt et al., 2009). The most widely utilized method for assessing populations of coral reef
fishes has become the stationary point-count (Bohnsack and Bannerot, 1986). During a point-
count, the survey diver establishes a location at the center of an imaginary cylinder 15 m in
diameter (177 m?) that encircles a column of water that extends from the seabed to the sea
surface. During a Reef Visual Census (RVC) point-count (RVC count and point-count are used
synonymously throughout the remainder of this document), for the first five minutes only species
names are recorded with the exception of any highly migratory or target species (groupers,
snappers, etc.), which are enumerated as soon as they are seen. It is the species encountered
during the first five minutes that are most critical for establishing a representative “snapshot” of
the area as it existed when the divers entered the water. For the second five minutes, the numbers
and size ranges (mean, min, max) (fork length) of each species are filled in, with new species
being added to the list as they are encountered. Additional members of species that were
observed during the first five minutes that enter the survey area after their initial observation are
not recorded a second time.

All visual assessment methods have pros and cons/biases that are associated with the individual
technique. Advantages of the RCV point-count method include: 1) its non-destructive nature, 2)
the ability to be easily randomized, 3) fishery-independence, 4) the ability to observe and
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characterize the community as a whole, 5) production of data that are amenable to rigorous
statistical analysis, and 6) the ability to be quickly and economically employed. Some items that
are considered as potential biases of the RVC point-count method include the tendency to
underestimate numbers of fish, especially in terms of density and diversity of small, cryptic
fishes and sometimes exceptionally abundant fishes; especially in highly complex habitats.
However, one of the goals of a well-designed fishery-independent monitoring program is to
establish and maintain a consistent sampling method which will track and quantify relative
changes in abundance/density/species richness/diversity over space and time. The RVC method
meets the goals of generating useful data with minimal to moderate logistical requirements.
Creating a completely accurate representation of a complex biological community is neither an
essential goal for most management needs, nor a realistic goal due to the stochastic nature of
community structure. The stratified sampling design implemented in this project is specifically
designed to generate sample sizes adequate to allow for meaningful statistical comparisons
within the observed range of abundance levels.

Task methodology followed established methods from the FDEP-CRCP Project 3A report:
Development of a Coral Reef Fishery-Independent Assessment Protocol for the Southeast
Florida Region (Ault et al., 2012), and RVC report: A Cooperative Multi-agency Reef Fish
Monitoring Protocol for the Florida Keys Coral Reef Ecosystem (Brandt et al., 2009). Fishery-
independent assessment protocol on all habitats included a rapid characterization of multiple
benthic habitat features with each point-count. Divers were equipped with a standardized 1-meter
“All Purpose Tool” (APT) that was used to aid in size estimation of fishes and assessment of the
benthos. Benthic habitat features surveyed after each point-count included: substrate slope, max
vertical hard and soft relief, surface relief coverage of hard and soft features, abiotic footprint,
biotic cover by major organismal category, habitat type, underwater visibility, water temperature,
cylinder radius, and current strength (Brandt et al., 2009).

Abundance and distribution of reef fishes has been shown to fluctuate on a seasonal basis within
the SEFCRI area, with greater abundances for many species being the norm during the summer
months (Bohnsack et al., 1994; Sherman et al., 1999; Walker et al., 2002; Jordan et al., 2004).
Therefore, data collection took place only within the months of May through October in each
year. The percentage of sites sampled during each month of the sampling season is broken down
as follows:

2012 — May (0%), June (0%), July (12%), August (31%), September (30%), October (27%)

2013 — May (3%), June (16%), July (20%), August (26%), September (22%), October (13%)
2014 — May (7%), June (21%), July (12%), August (31%), September (14%), October (15%)

During the combined 2012-2014 sampling seasons, a grand total of 864 PSUs were surveyed
over the course of 3,320 dives. In 2012, 42 divers from 7 partner agencies conducted 881
individual dives, completing surveys at 232 sites (PSUs). In 2013, 34 divers from 6 partner
agencies conducted 1,226 individual dives, completing surveys at 324 sites. In 2014, 35 divers
from 6 partner agencies conducted 1,213 individual dives, completing surveys at 308 sites. For a
detailed breakdown of number of SSUs sampled from each ecological subregion and strata by
year, see Appendix 1. The total number of sites and percent contribution made by each agency
each year (Table 3) does not account for the contribution that divers from a specific agency may
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have made while diving from other partner agency vessels in order to increase sampling
efficiency.

Table 3.Yearly sampling effort for each partner agency and combined totals.

Agency 2012 . 2013 ' 2014 . Total '

# of sites (%) | # of sites (%) | # of sites (%) | # of sites (%)
NSUOC 163 (70%) 192 (59%) 202 (66%) 557 (64.5%)
NOAA-SEFSC 19 (8%) 87 (27%) 0 (0%) 106 (12.3%)
FWC Tequesta 7 (3%) 16 (5%) 50 (16%) 73 (8.4%)
FDEP-CRCP 16 (7%) 16 (5%) 23 (7%) 55 (6.4%)
Miami-Dade County | 15 (6%) 7 (2%) 24 (8%) 46 (5.3%)
Broward County 10 (4%) 6 (2%) 9 (3%) 25 (2.9%)
FDEP-ERP 2 (1%) 0 (0%) 0 (0%) 2 (0.2%)
Totals 232 324 308 864

3.3. Data Entry and Proofing

Efforts to ensure maximum quality of the data were maintained throughout all levels of the data
collection, entry, and verification process in order to create the most accurate database possible.
This began with a review of the data sheet immediately following each dive, during which the
diver consulted with their dive buddy and the other dive team (when applicable) about each
entered variable to detect questionable or unreasonable entries, discrepancies, or missing data.
Divers were encouraged to enter their data as soon as possible upon returning from the field,
ideally the same or next day, but no longer than one week in order to give the diver the ability to
best recall the specifics of each dive, detect any potential errors that were not caught on the boat,
and prevent errors that would be caused by rushing to enter a large amount of data from an entire
season at the last minute. Upon reaching the end of the sampling season, the lead data manager
from each partner agency was responsible for generating proofing sheets which served as an aid
to finding and correcting errors to the dataset during the quality assurance/quality control
process. Once all errors were identified and corrected, the final version of the data (i.e., sample,
species, and substrate files, boat log, diver log, and environmental data) for each agency was
submitted to NSUOC for the final data merge and verification procedures. Once final data from
each agency were compiled, the RVC Annual Master Spreadsheet file was created. This file
consisted of merged (via Merge2.0.exe program) ASCII sample, substrate and species data
outputs from the RVC data entry program, along with a combined version of the Boat/Field and
Water Quality/Environmental logs, each of which became one of four individual worksheets
within the completed RVC Annual Master Spreadsheet file. The next step involved performing
an in-depth cross check of each of the four worksheets to locate any missing samples or
incorrectly entered data, outliers, unlikely sizes and numbers of particular species, and any other
dubious entries. Questionable elements discovered during this process were typically resolved by
contacting the individual diver(s) who collected the data. A final rigorous verification procedure
followed which scrutinized the habitat and substrate data, comparing the observed results to the
GIS database.
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3.4. Data Analysis

A descriptive ecological analysis that includes species inventory, density, and frequency of
occurrence of all fish species observed was performed on the 2012-2014 dataset. This analysis
followed established methods from a previous RVC report (Brandt et al., 2009). Each of the
aforementioned metrics was partitioned by individual strata (subregion, habitat type, and slope).
Density is reported in terms of mean “SSU Density”, which is the average of the data collections
conducted in each secondary survey location (usually 2, rarely 1 or 3). This standardized each
data collection to a single area of 177 m?. For analyses presented in this report, species that were
recorded past the 10 minute mark during a survey were omitted. In addition, an initial
exploration into the trends of distribution and abundance throughout the greater Florida Reef
Tract (combining data from the northern portion of the FRT with that from the FL Keys and Dry
Tortugas) of select species was undertaken.

Of particular interest in the northern portion of the FRT, and one of the primary motivating
factors for this program, is the population status of commercially and recreationally important
reef fish species. Therefore a selection of eight target species (based on their status as species of
commercial and/or recreational importance and their estimated level of exploitation in southeast
Florida) were examined for an in-depth evaluation of average density and percent occurrence at
different life-stages (pre-exploited and exploited) and average length of the exploited phase
individuals. The minimum legal size limit or size at reproductive maturity (for unregulated
species) was used as a measure for pre-exploited versus exploited and varied by species (Table
4). Fish with a fork length (FL) less than the specified length were considered as “pre-exploited”
(not targeted in recreational or commercial fishing) and larger fish as “exploited”. The species
were: Gray Triggerfish (Balistes capriscus), Red Grouper (Epinephelus morio), White Grunt
(Haemulon plumierii), Bluestriped Grunt (Haemulon sciurus), Hogfish (Lachnolaimus
maximus), Mutton Snapper (Lutjanus analis), Gray Snapper (Lutjanus griseus), and Yellowtail
Snapper (Ocyurus chrysurus).

Table 4. List of commercially and recreationally important species’ exploited lengths.

Species Length (cm)
Gray Triggerfish, Balistes capriscus 35
Red Grouper, Epinephelus morio 50
White Grunt, Haemulon plumierii 20
Bluestriped Grunt, Haemulon sciurus 20
Hogfish, Lachnolaimus maximus 30
Mutton Snapper, Lutjanus analis 40
Gray Snapper, Lutjanus griseus 25
Yellowtail Snapper, Ocyurus chrysurus 25
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4. RESULTS AND DISCUSSION
4.1. Fish Assemblage

Over the course of the three-year study period, 563,311 individual fish of 289 species were
observed (216 in 2012, 254 in 2013, and 244 in 2014). There were 16 species observed in 2012
that were not encountered in 2013, and 54 species that were observed in 2013 that had not been
encountered in 2012. In 2014 there were 10 species observed that were not seen in either of the
previous 2 years, and 43 species that were seen in one or both of the first two years that were not
seen in the third. Comparatively, 214 species have been recorded from 13 years of annual
monitoring (2001-2013) at repeated monitoring sites within Broward County (Gilliam et al.,
2014) and a compiled total of 354 species (although not all reef associated) have been recorded
in marine habitats in Broward County from multiple projects over the course of the past 10+
years (Spieler et al., unpublished data).

4.1.1. Fish Density

Total mean density for all sites and strata combined for all three years was 170 £5.9 SEM
fishes/SSU. For 2012 mean density was 151 +6.9 fishes/SSU, in 2013 it was 168 +12.4
fishes/SSU, and in 2014 it was 186 +8.2 SEM. Fish density was higher on high-slope strata. If
low and high slope strata are compared within each individual habitat, mean density was higher
in all three years for the high slope strata with the exception of RGDP-High which was not
sampled in 2012 (Figures 3, 4). It is also worth noting that the spike in density for the RGDP-
high stratum is largely attributable to the presence of high numbers of Mackerel and Rough Scad
(Decapterus macarellus and D. punctatus, respectively) in 2013.

Density by Strata and Year - All Subregions Combined
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Figure 3. Mean SSU density by strata, unfiltered data (including all species observed).
N=2012,2013,2014: NEAR-low (N=129,146,40), NEAR-high (N=8,16,100), INNR-low
(N=41,33,8), INNR-high (N=4,12,44), PTSH (N=20,8,10), MIDR-low (N=68,50,8), MIDR-high
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(N=7,20,89), OFFR-low (N=66,71,16), OFFR-high (N=28,86,120), PTDP-low (24,33,6),
PTDP-high (N=13,41,29), DPRC-low (N=19,82,61), DPRC-high (N=3,12,42), RGDP-low
(N=2,18,3), RGDP-high (N=0,11,29).

Mean Density by Strata - All Years Combined
450
400
Z 350 l ABC
- A |
§ 300 ABCD T T
2 250 T ABC AB BCD B
s b & T ABC LT
g 200 b T D B B
- D
7o)
wn 150 — —
= E
5 100 - - F -
= i i
50 - . j‘r |
0 T T T T T T T T T T T T T T 1
NEARNEARPTSH INNR INNR MIDRMIDR PTDP PTDP OFFR OFFR DPRC DPRCRGDPRGDP
Low High Low High Low High Low High Low High Low High Low High
Habitat Strata

Figure 4. Mean SSU density by habitat strata, all three years combined. Letters above the bars
indicate homogenous groupings (SNK, p<0.05). NEAR-low (N=315), NEAR-high (N=124),
INNR-low (N=82), INNR-high (N=60), PTSH (N=38), MIDR-low (N=126), MIDR-high
(N=116), OFFR-low (N=153), OFFR-high (N=234), PTDP-low (N=63), PTDP-high (N=83),
DPRC-low (N=162), DPRC-high (N=57), RGDP-low (N=23), RGDP-high (N=40).

4.1.2. Fish Species Richness

Mean species richness for all sites and strata combined for both years was 25.0 +£0.23
species/SSU, and remained fairly similar between the three years of the study. For 2012 mean
species richness was 27 £0.45 species/SSU, in 2013 it was 24.5 £0.39 species/SSU, and in 2014
it was 26.0 +0.39 species/SSU. Similar to mean density, when strata were compared, fish
richness was higher on high slope in every instance except for RGDP-high which was not
sampled in 2012 (Figure 5). The northern subregions (Martin and North Palm Beach) had
significantly lower species richness than those further south (SNK, p<0.05) (Figure 6), which is
consistent with the differences in habitat structure, slope, and water temperature.

In general, species richness was higher in 2012 for every habitat strata. It is unlikely the higher
species richness is based on differences among individual counters. The same divers counted
many of the same strata both years. Also it is unlikely the difference is an artifact of differences
in diver identification skills as less-experienced divers are less likely to recognize and
differentiate between species so it would be anticipated 2012 would have lower species counts
than 2013. Year-to-year differences in species richness are not uncommon (Kilfoyle et al., 2013).
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Interestingly, Gilliam et al. (2014) documented overall higher abundance and species richness of
reef fishes in 2013 as compared to 2012 and every year prior. However, that study used transect
surveys in addition to point-counts, and therefore inherently includes higher numbers of cryptic
species and juveniles than the current study. Surveys for the Gilliam et al. (2014) study took
place on a limited number of habitats as well, and therefore it was not able to provide the same
kind of community level assessments on the number of habitats that are targeted in this study.
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Figure 5. Species richness by habitat strata. NEAR-low (N=129,146,40), NEAR-high
(N=8,16,100), INNR-low (N=41,33,8), INNR-high (N=4,12,44), PTSH (N=20,8,10), MIDR-low
(N=68,50,8), MIDR-high (N=7,20,89), OFFR-low (N=66,71,16), OFFR-high (N=28,86,120),
PTDP-low (24,33,6), PTDP-high (N=13,41,29), DPRC-low (N=19,82,61), DPRC-high
(N=3,12,42), RGDP-low (N=2,18,3), RGDP-high (N=0,11,29).

The top 10 most abundant species averaged over all three years were, in order of decreasing SSU
density (D): Bicolor Damselfish (Stegastes partitus), Bluehead Wrasse (Thalassoma
bifasciatum), Masked/Glass Goby (Coryphopterus pesonatus/hyalinus), unidentified/juvenile
Grunts (Haemulon spp.), Tomtate (Haemulon aurolineatum), Slippery Dick Wrasse (Halichoeres
bivitattus), Yellowhead Wrasse (Halichoeres garnoti), Ocean Surgeonfish (Acanthurus
bahianus), French Grunt (Haemulon flavolineatum), and Redband Parrotfish (Sparisoma
aurofrenatum).

In terms of frequency of occurrence (P), the list is fairly similar to the top 10 most abundant
species, with 5 out of 10 species being present on both lists. In decreasing order: Sharpnose
Pufferfish (Canthigaster rostrata), Ocean Surgeonfish (Acanthurus bahianus), Bluehead Wrasse
(Thalassoma bifasciatum), Bicolor Damselfish (Stegastes partitus), Slippery Dick Wrasse
(Halichoeres bivitattus), Doctorfish (Acanthurus chirurgus), Redband Parrotfish (Sparisoma
aurofrenatum), Yellowhead Wrasse (Halichoeres garnoti), Greenblotch Parrotfish (Sparisoma
atomarium), and Blue Tang (Acanthurus coeruleus).
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Following the 2012 surveys, seven species not previously recorded in the FL Keys or Dry
Tortugas RVC surveys were added to the master species list that is used for the RVC data entry
program. Those species are: Spotted Burrfish (Chilomycterus reticulatus), Atlantic Bumper
(Chloroscombrus chrysos), Flying Gurnard (Dactyloscopus volitans), Sharptail Eel (Myrichthys
breviceps), Goldspotted Eel (Myrichthys ocellatus), Atlantic Guitarfish (Rhinobatos
lentiginosus), and Black Brotula (Stygnobrotula latebricola). Following the 2013 surveys, the
following seven species were added to the list: Whitebone Porgy (Calamus leucosteus), Black
Seabass (Centropristis striata), Mottled Mojarra (Eucinostomus lefroyi), Oyster Toadfish
(Opsanus tau), Blackwing Searobin (Prionotus rubio), Banded Rudderfish (Seriola zonata), and
Rough Scad (Trachurus lathami). Following the 2014 surveys, eight species were added to the
list: Dwarf Goatfish (Upeneus parvus), Tiger shark (Galeocerdo cuvier), Chestnut Moray
(Enchelycore carychroa), Red Snapper (Lutjanus campechanus), Palometa (Trachinotus goodei),
Cownose Ray (Rhinoptera bonasus), Freckled Soapfish (Rypticus bistripinnus), and Bank
Seabass (Centropristis ocyurus). The porgy and both seabasses are considered as
temperate/subtropical species that, logically, were found in the northern portion of the survey
area.
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Figure 6. Species richness broken down by biogeographic subregion. Letters above the bars
indicate homogenous groupings (SNK, p<0.05). Broward-Miami (N=277,320, 292), Deerfield
(N=75, 90, 61), South Palm Beach (N=40, 78, 70), North Palm Beach (N=26,106, 104), Martin
(14, 45, 78).
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4.1.3. Fish Community Regional Habitat Associations

Multivariate analyses showed patterns in the reef fish communities associated with benthic
habitats (Figure 7). Surveys in many of the habitats clustered tightly indicating that the
communities at these sites were similar to each other. These included Linear Outer Reef (LIRO),
Spur and Groove (SPGR), Colonized Pavement Deep (CPDP), Aggregated Patch Reef Deep
(APRD), and Linear Reef Middle (LIRM). As indicated by their spread away from each other
and the main cluster of points, other habitats contained more variable but relatively distinct
communities. For example the Ridge Deep (RGDP) and Deep Ridge Complex (DPRC) were
spread out and mostly separated from surveys in other habitats. The Ridge Shallow (RGSH) and
Colonized Pavement Shallow (CPSH) were also spread out, however they were comingled
indicating that the communities in these habitats, although variable, are more similar to each
other than other habitats. These results agree with previously reported analyses on a large dataset
for northern Broward County (Walker et al., 2009). Walker et al. (2009) found that fish
communities were more tightly clustered in the deeper communities and more variable in the
shallow. They also found that the communities on the shallow Ridge and Colonized Pavement
were not statistically different and therefore considered a habitat classification higher up the
hierarchy that combines those two habitats, the Nearshore Ridge Complex. Based on both
Walker et al. (2009) and this study, it appears that combining the communities on the deeper
habitats CPDP, LIRO, SPGR, APRD, and perhaps LIRM could be warranted.

A cluster analysis of all SSUs (2012 — 2014) illustrated the similarity of each site to each other in
a dendrogram (Figure 8). The dendrogram showed a main split in the data at the 36% similarity
level indicating the sites in these two clusters were very different. The sites associated with these
clusters were categorized as Cluster A and Cluster B and plotted in GIS to visualize their spatial
relationships (Figure 9). There was clear spatial separation in two clusters where Cluster A was
mainly offshore spread from the Broward-Miami through South Palm Beach subregions. Cluster
B was mainly constrained to the nearshore in the Broward-Miami region. The SSU’s in Cluster
A and B were associated with different habitat types (Figure 10). The SSU’s in Cluster A mainly
occurred in the deep habitats (APRD, CPDP, DPRC, LIRM, LIRO, PTCH, RGDP, SCRS, and
SPGR) whereas Cluster B SSU’s were associated with mostly shallow habitats (RGSH, CPSH,
and LIRI) supporting that depth was a strong determinant of the differences in the regional
assemblage. When categorized by shallow and deep habitats, the MDS illustrated a tight cluster
of deep SSU’s and that the shallow SSU’s were separate, although spread out considerably
indicating high variability (Figure 11). However there were many deep SSU’s spread throughout
the shallow SSU’s as well, indicating the depth was not the only factor. When combining
habitats into general categories of Reef (LIRI, LIRM, LIRO, APRD, and PTCH) and
Hardbottom (RGSH, CPSH, DPRC, CPDP, RGDP, and SCRS), the MDS revealed that the Reef
SSU’s were mostly tightly clustered and the Hardbottom SSU’s were mostly separate and spread
throughout the plot where the Deep and Shallow MDS sites mixed (Figure 12). This result
indicated that the main differences in habitat associated with fish assemblages was whether it
was deep or shallow reef or hardbottom. When displayed by both depth and general habitat, the
MDS illustrated good splits between most categories (Figure 13). However some assemblages on
Deep Hardbottom sites clustered with those on the Deep Reef sites. The MDS was then
categorized by Depth, General Habitat and Slope (0=Low, 1=High, 2=Not Defined) (Figure 14).
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The general patterns in Figure 13 remained and high slope helped explain the Deep Hardbottom
sites clustering with the Deep Reef sites, however others were spread throughout.

Since Ferro et al. (2005), Walker et al. (2009), and this study’s results indicated depth is one of
the primary determinants of fish community structure, the data were analyzed separately for
surveys that occurred in deep habitats and shallow ones. Among the deep habitat surveys, a
similar pattern emerged in the MDS with a tightly clustered area of sites and many others spread
throughout much of the graph (Figure 15). The potential causes of this pattern were fully
elucidated when categorizing the surveys by the coral reef ecosystem regions of Walker (2012)
and Walker and Gilliam (2013). The Reef sites clustered most tightly together regardless of slope
or ecosystem region indicating a high similarity between the communities. Reef sites only
occurred in the Broward-Miami, Deerfield, and So