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EBFM (NMFS, 2016) 

Different meanings (8) and different principles (at least 10) (Link and Markshak, 2021)

“A systematic approach to fisheries management in a geographically specified area that contributes to the 
resilience and sustainability of the ecosystem; recognizes the physical, biological, economic, and social 
interactions among the affected fishery-related components of the ecosystem, including humans; and seeks 
to optimize benefits among a diverse set of societal goals”

Moving beyond a single species approach
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Where are We Now?: 
Description of the Fisheries System
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BARRACUDA JACKS

MACKEREL,

KING

PORGY, 

UNSPECIFIED

TUNA AND 

MACKERELS, 

UNSPECIFI

GROUPER, 

UNSPECIFIED

SNAPPER, 

LANE

SNAPPER, 

MUTTON

SNAPPER, 

SILK

SNAPPER, 

YELLOWTAI

L

LOBSTERS, 

SPINY

SNAPPER, 

UNSPECIFIED YEAR REGION LOCATION GEAR

S1 0 0 0 0 0 0 0 0 0 0 2359.01639 0 1983 PR-East CEIBA BY HAND, DIVING GEAR

S2 0 0 0 0 0 0 0 0 0 0 0 0 1983 PR-East CEIBA HAUL SEINES

S3 0 0 0 906.557377 0 1732.786885 627.868852 88.5245902 0 1345.90164 0 0 1983 PR-East CEIBA HOOK AND LINE, BOTTOM

S4 0 0 0 1909.836066 0 3455.737705 9993.44262 724.590164 0 1422.95082 301.639344 0 1983 PR-East CEIBA POTS AND TRAPS, FISH

S5 0 0 108.196721 0 0 0 0 0 0 0 0 0 1983 PR-East CEIBA TROLL LINES

S6 0 0 0 0 0 0 0 0 0 0 2498.36066 0 1983 PR-East CULEBRA BY HAND, DIVING GEAR

S7 0 0 195.081967 0 0 3906.557377 0 0 0 2419.67213 0 0 1983 PR-East CULEBRA HOOK AND LINE, BOTTOM

S8 0 0 0 0 0 1632.786885 122.95082 106.557377 0 1062.29508 0 0 1983 PR-East CULEBRA POTS AND TRAPS, FISH

S9 0 0 0 0 0 0 0 0 0 0 1677.04918 0 1983 PR-East CULEBRA POTS AND TRAPS, SPINY LOBSTER

S10 0 0 1139.34426 0 0 60.65573771 0 0 0 0 0 0 1983 PR-East CULEBRA TROLL LINES

S11 0 0 0 0 0 0 0 0 0 0 7829.5082 0 1983 PR-East FAJARDO BY HAND, DIVING GEAR

S12 0 0 0 0 0 73.7704918 118.032787 0 0 36.0655738 0 0 1983 PR-East FAJARDO GILL NETS, OTHER

S13 1290.163934 0 278.688525 0 0 0 0 19.6721311 0 647.540984 0 0 1983 PR-East FAJARDO HAUL SEINES

S14 0 0 2800 19.67213115 0 2318.032787 1308.19672 929.508197 788.52459 28239.3443 0 0 1983 PR-East FAJARDO HOOK AND LINE, BOTTOM

S15 0 0 0 0 0 62.29508197 103.278689 65.5737705 0 50.8196721 0 0 1983 PR-East FAJARDO LONG LINES, BOTTOM

S16 42.62295082 0 155.737705 1496.721311 0 9913.114754 2221.31148 1583.60656 0 2675.40984 859.016393 32.78688525 1983 PR-East FAJARDO POTS AND TRAPS, FISH

S17 0 0 25301.6393 0 0 204.9180328 0 0 0 0 0 0 1983 PR-East FAJARDO TROLL LINES

S18 0 0 0 0 0 18.03278689 0 0 0 0 2467.21311 0 1983 PR-East HUMACAO BY HAND, DIVING GEAR

S19 0 0 0 0 0 0 0 0 0 0 0 0 1983 PR-East HUMACAO CAST NETS

S20 0 0 0 0 0 0 386.885246 0 0 0 0 0 1983 PR-East HUMACAO GILL NETS, OTHER

S21 0 0 0 0 0 0 0 0 0 0 0 0 1983 PR-East HUMACAO HAUL SEINES

Indicators Barracuda Jacks Scomb Porgy Scomb Grouper Snapper Snapper Snapper Snapper Lobster Snapper

Landings data (SEFSC):
Response variable (Biomass)

1983 -2020
NCE = 28%



Martínez Rivera, Stephanie, Kimberley Johnson, and M. Refik Orhun. 2024. SEDAR 84 Commercial fishery 
landings of Yellowtail Snapper (Ocyurus chrysurus) in St. Thomas and St. John, US Caribbean, 2012-2022. 
SEDAR84-WP-02. SEDAR, North Charleston, SC. 15 pp.

Working paper SEDAR 84
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SO FAR:

1) Interpretation of temporal trends change as we 
add species (variables or dimensions)

2) Changes can be measured in magnitude and 
direction

3) However:
1) one species left out
2) Metric distances (i.e. Euclidean) not ideal 

for biological (alive) systems.

Landings Puerto Rico
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BARRACUDA JACKS

MACKEREL,

KING

PORGY, 

UNSPECIFIED

TUNA AND 

MACKERELS, 

UNSPECIFI

GROUPER, 

UNSPECIFIED

SNAPPER, 

LANE

SNAPPER, 

MUTTON

SNAPPER, 

SILK

SNAPPER, 

YELLOWTAI

L

LOBSTERS, 

SPINY

SNAPPER, 

UNSPECIFIED YEAR REGION LOCATION GEAR

S1 0 0 0 0 0 0 0 0 0 0 2359.01639 0 1983 PR-East CEIBA BY HAND, DIVING GEAR

S2 0 0 0 0 0 0 0 0 0 0 0 0 1983 PR-East CEIBA HAUL SEINES

S3 0 0 0 906.557377 0 1732.786885 627.868852 88.5245902 0 1345.90164 0 0 1983 PR-East CEIBA HOOK AND LINE, BOTTOM

S4 0 0 0 1909.836066 0 3455.737705 9993.44262 724.590164 0 1422.95082 301.639344 0 1983 PR-East CEIBA POTS AND TRAPS, FISH

S5 0 0 108.196721 0 0 0 0 0 0 0 0 0 1983 PR-East CEIBA TROLL LINES

S6 0 0 0 0 0 0 0 0 0 0 2498.36066 0 1983 PR-East CULEBRA BY HAND, DIVING GEAR

S7 0 0 195.081967 0 0 3906.557377 0 0 0 2419.67213 0 0 1983 PR-East CULEBRA HOOK AND LINE, BOTTOM

S8 0 0 0 0 0 1632.786885 122.95082 106.557377 0 1062.29508 0 0 1983 PR-East CULEBRA POTS AND TRAPS, FISH

S9 0 0 0 0 0 0 0 0 0 0 1677.04918 0 1983 PR-East CULEBRA POTS AND TRAPS, SPINY LOBSTER

S10 0 0 1139.34426 0 0 60.65573771 0 0 0 0 0 0 1983 PR-East CULEBRA TROLL LINES

S11 0 0 0 0 0 0 0 0 0 0 7829.5082 0 1983 PR-East FAJARDO BY HAND, DIVING GEAR

S12 0 0 0 0 0 73.7704918 118.032787 0 0 36.0655738 0 0 1983 PR-East FAJARDO GILL NETS, OTHER

S13 1290.163934 0 278.688525 0 0 0 0 19.6721311 0 647.540984 0 0 1983 PR-East FAJARDO HAUL SEINES

S14 0 0 2800 19.67213115 0 2318.032787 1308.19672 929.508197 788.52459 28239.3443 0 0 1983 PR-East FAJARDO HOOK AND LINE, BOTTOM

S15 0 0 0 0 0 62.29508197 103.278689 65.5737705 0 50.8196721 0 0 1983 PR-East FAJARDO LONG LINES, BOTTOM

S16 42.62295082 0 155.737705 1496.721311 0 9913.114754 2221.31148 1583.60656 0 2675.40984 859.016393 32.78688525 1983 PR-East FAJARDO POTS AND TRAPS, FISH

S17 0 0 25301.6393 0 0 204.9180328 0 0 0 0 0 0 1983 PR-East FAJARDO TROLL LINES

S18 0 0 0 0 0 18.03278689 0 0 0 0 2467.21311 0 1983 PR-East HUMACAO BY HAND, DIVING GEAR

S19 0 0 0 0 0 0 0 0 0 0 0 0 1983 PR-East HUMACAO CAST NETS

S20 0 0 0 0 0 0 386.885246 0 0 0 0 0 1983 PR-East HUMACAO GILL NETS, OTHER

S21 0 0 0 0 0 0 0 0 0 0 0 0 1983 PR-East HUMACAO HAUL SEINES

Indicators Barracuda Jacks Scomb Porgy Scomb Grouper Snapper Snapper Snapper Snapper Lobster Snapper

µ, σ2

Univariate

Multivariate:
- Centroids
- Dispersion

Corrrelation Structure

Evenness
Diversity



Yellowtale SnapperRed Hind CONCH,QUEEN Spinny lobster Queen Snapper Queen Troggerfish

1983 30772.13115 37965.57378 64118.03284 655067.2131 661278.6886 31409.83617 115142.623 447081.9674 359124.5901

1984 14105.08475 14776.27119 62733.89832 499615.2542 557916.9492 30250.84751 116371.1865 419013.5595 264294.9153

1985 27250 11926.78571 59773.21429 464351.7857 489291.0714 32950.00003 71689.28571 374457.1429 228614.2857

1986 4839.999999 16622.66666 45320.00002 250469.3333 240452 15237.33326 46809.33333 279056 149984

1987 6146.666666 21566.66667 46786.66668 187712 208849.3334 15059.99989 41760.00001 203481.3333 109874.6667

1988 0 13630.35714 78.571428 407889.2857 154675 11442.85718 44141.07143 250205.3572 135992.8572

1989 1521.568626 25919.60785 4915.686277 311017.6471 150286.2746 19321.56863 46845.09805 360305.8825 181462.7451

1990 24337.2549 7341.176477 45270.58828 211196.0784 229098.0393 12298.03922 39721.56867 328080.3924 158147.0589

1991 50947.05883 24064.70589 62964.70594 211001.9608 274013.7255 34260.78432 55892.15691 413200.0002 173105.8824

1992 27695 11693.33334 63610.00001 150948.3333 193848.3334 26251.66667 33441.66667 266683.3334 99096.66667

1993 37361.66667 10949.99999 88893.33333 274023.3333 267325 21430.00001 30543.33333 280486.6667 173771.6666

1994 41579.6875 16457.8125 81334.375 266390.625 218040.625 34401.5625 45301.5625 299634.375 146873.4375

1995 73667.60563 22683.09858 92504.22537 299750.7042 198029.5775 34881.69015 65407.04224 392446.4789 213245.0704

1996 76545.07041 26281.69014 89657.74653 337004.2254 235633.8029 33260.56338 82611.26763 392897.1832 140318.3098

1997 67957.6923 31655.1282 102502.5641 305108.9744 208311.5384 38735.89742 85755.12823 362697.4361 133603.8461

1998 57088.46152 40800.00001 114870.5128 333957.6923 142552.5641 27117.94872 61256.4103 380914.1027 135619.2308

1999 59985.89742 28676.92306 105248.718 272878.2051 149194.8718 32323.07691 57266.66671 417232.0513 160714.1025

2000 80431.57894 40968.42111 144066.667 490482.4562 199408.7722 40936.84211 98859.64947 448261.4041 212363.158

2001 86561.76473 24402.94118 109419.1176 356526.4706 222052.9412 33541.17647 97808.82349 410583.8236 139991.1765

2002 78933.72094 25391.86046 91093.02312 273016.279 170548.837 32361.62787 77912.79055 348845.3486 135287.2092

2003 62081.74358 17629.62665 101669.1905 344602.6305 183845.8104 32506.47723 66107.34992 395763.3344 141426.3759

2004 70661.74095 14875.61845 113466.1379 377290.2506 211070.3036 32374.42464 86200.00348 475716.8882 95496.82264

2005 48616.35819 14603.93598 192772.67 726291.148 294332.7272 18838.65476 127302.5546 772042.9109 259189.9256

2006 17576.14071 8234.421129 59246.56893 240873.3539 88442.54746 20975.45615 51712.67721 275025.8896 79593.14356

2007 25738.41728 2989.992057 48392.93138 251269.5756 59917.3574 15375.48883 54154.98984 263699.6016 59467.63431

2008 33101.32499 1953.107591 49757.46482 234501.3709 69209.35803 107356.8687 52284.29101 325832.4819 124282.3364

2009 45872.48167 2981.439648 57374.58386 271491.988 80044.30896 46550.14256 65100.70569 322016.5783 90587.64376

2010 30255.46703 1908.380255 55648.59918 269952.0684 51952.21384 49393.3923 54565.28943 288534.1282 76196.47805

2011 48214.37942 1789.410931 39450.71637 234701.8032 25437.54949 20957.35738 52560.41235 272944.9259 39593.64808

2012 62522.18369 1698.769051 47373.23792 371843.0665 12573.64451 46441.30262 66949.80495 383896.2165 45674.56745

2013 54039.30112 383.800034 34967.78198 312828.2278 7000.303038 26414.24072 48386.25835 274598.4282 29853.726

2014 48275.83209 2950.825022 37767.43995 295632.6569 3978.186037 30410.24457 59194.5349 375817.2323 29364.39539

2015 63521.18251 2144.827852 41337.61763 303764.046 1621.044202 24707.83775 53877.37111 417017.1042 29085.38417

2016 64229.45462 1406.924765 38274.06113 350256.309 2713.445851 24565.28904 53175.87952 445158.3867 32376.52009

2017 47537.39845 1384.196581 32406.35 300054.5235 1431.62238 15205.10644 30593.71183 279658.3704 22927.20766

2018 62816.65603 1382.399807 39054.73866 393161.1447 791.700644 13273.31445 70587.11194 517112.2813 29515.97393

2019 65196.08469 894.014296 41291.12664 202132.2576 2319.20605 19318.25733 58075.37349 486291.2987 26354.41154

2020 34452.20231 258.202874 29880.95541 142150.5895 5934.00602 7427.210801 33947.57749 333718.0589 18904.89379

2021 61233.07228 237.598032 32954.60808 208208.6217 13053.28702 19805.80948 39105.85572 468631.2135 36998.63704

….. AND 212 MORE



Yellowtale SnapperRed Hind CONCH,QUEEN Spinny lobster Queen Snapper Queen Troggerfish

1983 30772.13115 37965.57378 64118.03284 655067.2131 661278.6886 31409.83617 115142.623 447081.9674 359124.5901

1984 14105.08475 14776.27119 62733.89832 499615.2542 557916.9492 30250.84751 116371.1865 419013.5595 264294.9153

1985 27250 11926.78571 59773.21429 464351.7857 489291.0714 32950.00003 71689.28571 374457.1429 228614.2857

1986 4839.999999 16622.66666 45320.00002 250469.3333 240452 15237.33326 46809.33333 279056 149984

1987 6146.666666 21566.66667 46786.66668 187712 208849.3334 15059.99989 41760.00001 203481.3333 109874.6667

1988 0 13630.35714 78.571428 407889.2857 154675 11442.85718 44141.07143 250205.3572 135992.8572

1989 1521.568626 25919.60785 4915.686277 311017.6471 150286.2746 19321.56863 46845.09805 360305.8825 181462.7451

1990 24337.2549 7341.176477 45270.58828 211196.0784 229098.0393 12298.03922 39721.56867 328080.3924 158147.0589

1991 50947.05883 24064.70589 62964.70594 211001.9608 274013.7255 34260.78432 55892.15691 413200.0002 173105.8824

1992 27695 11693.33334 63610.00001 150948.3333 193848.3334 26251.66667 33441.66667 266683.3334 99096.66667
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1999 59985.89742 28676.92306 105248.718 272878.2051 149194.8718 32323.07691 57266.66671 417232.0513 160714.1025

2000 80431.57894 40968.42111 144066.667 490482.4562 199408.7722 40936.84211 98859.64947 448261.4041 212363.158

2001 86561.76473 24402.94118 109419.1176 356526.4706 222052.9412 33541.17647 97808.82349 410583.8236 139991.1765

2002 78933.72094 25391.86046 91093.02312 273016.279 170548.837 32361.62787 77912.79055 348845.3486 135287.2092

2003 62081.74358 17629.62665 101669.1905 344602.6305 183845.8104 32506.47723 66107.34992 395763.3344 141426.3759

2004 70661.74095 14875.61845 113466.1379 377290.2506 211070.3036 32374.42464 86200.00348 475716.8882 95496.82264

2005 48616.35819 14603.93598 192772.67 726291.148 294332.7272 18838.65476 127302.5546 772042.9109 259189.9256

2006 17576.14071 8234.421129 59246.56893 240873.3539 88442.54746 20975.45615 51712.67721 275025.8896 79593.14356

2007 25738.41728 2989.992057 48392.93138 251269.5756 59917.3574 15375.48883 54154.98984 263699.6016 59467.63431

2008 33101.32499 1953.107591 49757.46482 234501.3709 69209.35803 107356.8687 52284.29101 325832.4819 124282.3364

2009 45872.48167 2981.439648 57374.58386 271491.988 80044.30896 46550.14256 65100.70569 322016.5783 90587.64376

2010 30255.46703 1908.380255 55648.59918 269952.0684 51952.21384 49393.3923 54565.28943 288534.1282 76196.47805

2011 48214.37942 1789.410931 39450.71637 234701.8032 25437.54949 20957.35738 52560.41235 272944.9259 39593.64808

2012 62522.18369 1698.769051 47373.23792 371843.0665 12573.64451 46441.30262 66949.80495 383896.2165 45674.56745

2013 54039.30112 383.800034 34967.78198 312828.2278 7000.303038 26414.24072 48386.25835 274598.4282 29853.726

2014 48275.83209 2950.825022 37767.43995 295632.6569 3978.186037 30410.24457 59194.5349 375817.2323 29364.39539

2015 63521.18251 2144.827852 41337.61763 303764.046 1621.044202 24707.83775 53877.37111 417017.1042 29085.38417

2016 64229.45462 1406.924765 38274.06113 350256.309 2713.445851 24565.28904 53175.87952 445158.3867 32376.52009

2017 47537.39845 1384.196581 32406.35 300054.5235 1431.62238 15205.10644 30593.71183 279658.3704 22927.20766

2018 62816.65603 1382.399807 39054.73866 393161.1447 791.700644 13273.31445 70587.11194 517112.2813 29515.97393

2019 65196.08469 894.014296 41291.12664 202132.2576 2319.20605 19318.25733 58075.37349 486291.2987 26354.41154

2020 34452.20231 258.202874 29880.95541 142150.5895 5934.00602 7427.210801 33947.57749 333718.0589 18904.89379

2021 61233.07228 237.598032 32954.60808 208208.6217 13053.28702 19805.80948 39105.85572 468631.2135 36998.63704

….. AND 212 MORE

1983 1984 2020 2021

1983

1984 92

… 89 94

… 64 70 72

… 51 57 59 84

… 58 64 66 80 80

2020 67 73 75 83 71 83

2021 62 68 70 81 77 80 85

…..

Dis/Similarity index (e.g. Bray-Curtis)
Non metric, No assumptions (e.g. lineal)
Data as it is, Simple 

Non-metric MDS
Resemblance: S17 Bray-Curtis similarity

ISLAND
PR

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021
2D Stress: 0.04

Ordinations

- Formal statistics:
- Non-parametric, 
- No assumptions
- More power 

- Multiple correlations:
- Environmental, 
- Fisheries independent
- Habitat
- Socio-economic
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Relative Landings per gear/region/year



Centroid 2012





Centroids Puerto Rico Landings
Non-metric MDS

Standardise Variables by Maximum

Resemblance: S17 Bray-Curtis similarity

ISLAND
PR

2012
2013

2014

2015
2016

2017

2018
2019

2020

2021

2D Stress: 0.06
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SO FAR….USING a multi-species approach:

1) Patterns of spatial and temporal variation of the landings (or any 
other matrix….TIP, Fisjh. Ind) can be described using the entire 
suite of species/groups. 

2) Species responsible for those patterns can be described
3) Correlations structure can be identified among those 

species/groups 
4) Changes can be measured in magnitude and direction

BUT…..what is a “good/bad” or a (un)desirable “Change”

EFP



Centroids Puerto Rico Landings
Non-metric MDS

Standardise Variables by Maximum

Resemblance: S17 Bray-Curtis similarity

ISLAND
PR

2012
2013

2014

2015
2016

2017

2018
2019

2020

2021

2D Stress: 0.06

Reference Point

HOW?
1) Increase cost-benefit?
2) Increase diversity?
3) Increase Biomass?
4) Increase value?
5) Existing Management 

options?

Stakeholder engagement



Yellowtale SnapperRed Hind CONCH,QUEEN Spinny lobster Queen Snapper Queen Troggerfish

1983 30772.13115 37965.57378 64118.03284 655067.2131 661278.6886 31409.83617 115142.623 447081.9674 359124.5901

1984 14105.08475 14776.27119 62733.89832 499615.2542 557916.9492 30250.84751 116371.1865 419013.5595 264294.9153

1985 27250 11926.78571 59773.21429 464351.7857 489291.0714 32950.00003 71689.28571 374457.1429 228614.2857

1986 4839.999999 16622.66666 45320.00002 250469.3333 240452 15237.33326 46809.33333 279056 149984

1987 6146.666666 21566.66667 46786.66668 187712 208849.3334 15059.99989 41760.00001 203481.3333 109874.6667

1988 0 13630.35714 78.571428 407889.2857 154675 11442.85718 44141.07143 250205.3572 135992.8572

1989 1521.568626 25919.60785 4915.686277 311017.6471 150286.2746 19321.56863 46845.09805 360305.8825 181462.7451

1990 24337.2549 7341.176477 45270.58828 211196.0784 229098.0393 12298.03922 39721.56867 328080.3924 158147.0589

1991 50947.05883 24064.70589 62964.70594 211001.9608 274013.7255 34260.78432 55892.15691 413200.0002 173105.8824

1992 27695 11693.33334 63610.00001 150948.3333 193848.3334 26251.66667 33441.66667 266683.3334 99096.66667

1993 37361.66667 10949.99999 88893.33333 274023.3333 267325 21430.00001 30543.33333 280486.6667 173771.6666

1994 41579.6875 16457.8125 81334.375 266390.625 218040.625 34401.5625 45301.5625 299634.375 146873.4375

1995 73667.60563 22683.09858 92504.22537 299750.7042 198029.5775 34881.69015 65407.04224 392446.4789 213245.0704

1996 76545.07041 26281.69014 89657.74653 337004.2254 235633.8029 33260.56338 82611.26763 392897.1832 140318.3098

1997 67957.6923 31655.1282 102502.5641 305108.9744 208311.5384 38735.89742 85755.12823 362697.4361 133603.8461

1998 57088.46152 40800.00001 114870.5128 333957.6923 142552.5641 27117.94872 61256.4103 380914.1027 135619.2308

1999 59985.89742 28676.92306 105248.718 272878.2051 149194.8718 32323.07691 57266.66671 417232.0513 160714.1025

2000 80431.57894 40968.42111 144066.667 490482.4562 199408.7722 40936.84211 98859.64947 448261.4041 212363.158

2001 86561.76473 24402.94118 109419.1176 356526.4706 222052.9412 33541.17647 97808.82349 410583.8236 139991.1765

2002 78933.72094 25391.86046 91093.02312 273016.279 170548.837 32361.62787 77912.79055 348845.3486 135287.2092

2003 62081.74358 17629.62665 101669.1905 344602.6305 183845.8104 32506.47723 66107.34992 395763.3344 141426.3759

2004 70661.74095 14875.61845 113466.1379 377290.2506 211070.3036 32374.42464 86200.00348 475716.8882 95496.82264

2005 48616.35819 14603.93598 192772.67 726291.148 294332.7272 18838.65476 127302.5546 772042.9109 259189.9256

2006 17576.14071 8234.421129 59246.56893 240873.3539 88442.54746 20975.45615 51712.67721 275025.8896 79593.14356

2007 25738.41728 2989.992057 48392.93138 251269.5756 59917.3574 15375.48883 54154.98984 263699.6016 59467.63431

2008 33101.32499 1953.107591 49757.46482 234501.3709 69209.35803 107356.8687 52284.29101 325832.4819 124282.3364

2009 45872.48167 2981.439648 57374.58386 271491.988 80044.30896 46550.14256 65100.70569 322016.5783 90587.64376

2010 30255.46703 1908.380255 55648.59918 269952.0684 51952.21384 49393.3923 54565.28943 288534.1282 76196.47805

2011 48214.37942 1789.410931 39450.71637 234701.8032 25437.54949 20957.35738 52560.41235 272944.9259 39593.64808

2012 62522.18369 1698.769051 47373.23792 371843.0665 12573.64451 46441.30262 66949.80495 383896.2165 45674.56745

2013 54039.30112 383.800034 34967.78198 312828.2278 7000.303038 26414.24072 48386.25835 274598.4282 29853.726

2014 48275.83209 2950.825022 37767.43995 295632.6569 3978.186037 30410.24457 59194.5349 375817.2323 29364.39539

2015 63521.18251 2144.827852 41337.61763 303764.046 1621.044202 24707.83775 53877.37111 417017.1042 29085.38417

2016 64229.45462 1406.924765 38274.06113 350256.309 2713.445851 24565.28904 53175.87952 445158.3867 32376.52009

2017 47537.39845 1384.196581 32406.35 300054.5235 1431.62238 15205.10644 30593.71183 279658.3704 22927.20766

2018 62816.65603 1382.399807 39054.73866 393161.1447 791.700644 13273.31445 70587.11194 517112.2813 29515.97393

2019 65196.08469 894.014296 41291.12664 202132.2576 2319.20605 19318.25733 58075.37349 486291.2987 26354.41154

2020 34452.20231 258.202874 29880.95541 142150.5895 5934.00602 7427.210801 33947.57749 333718.0589 18904.89379

2021 61233.07228 237.598032 32954.60808 208208.6217 13053.28702 19805.80948 39105.85572 468631.2135 36998.63704

….. AND 212 MORE

ACL 700000 80000 80000 50000 330000 233000 550000 75000 82000



Puerto Rico Landings
Non-metric MDS

Standardise Samples by Maximum

Resemblance: S17 Bray-Curtis similarity

ISLAND
PR

Puerto Rico FMP

20122013

2014
20152016

2017

2018

2019
20202021

ACL

2D Stress: 0.03



Centroids Puerto Rico Landings
Non-metric MDS

Standardise Variables by Maximum

Resemblance: S17 Bray-Curtis similarity

ISLAND
PR

2012
2013

2014

2015
2016

2017

2018
2019

2020

2021

2D Stress: 0.06

Puerto Rico Landings
Non-metric MDS

Standardise Samples by Maximum

Resemblance: S17 Bray-Curtis similarity
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PR

Puerto Rico FMP

20122013
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20152016
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2D Stress: 0.03



Landings St. Croix
Non-metric MDS

Standardise Variables by Maximum

Resemblance: S17 Bray-Curtis similarity

ISLAND
STC

St. Croix FMP

2012

2013

2014
2015

2016

2017

2018

2019

2020

2021 ACL

2D Stress: 0.04

Landings St. Thomas/St. John
Non-metric MDS

Standardise Variables by Maximum

Resemblance: S17 Bray-Curtis similarity

ISLAND
STJ/STT

St. Thomas/St. John FMP

2012

2013

2014

2015

2016

20172018

2019
2020

2021

ACL

2D Stress: 0.06



Landings

Temporal correlation structure among USCFE components (Puerto Rico) 

TIP

0.443

Fish Assemblages
Acanthurus chirurgus (177) 
Caranx crysos (69, 27) 
Caranx lugubris (178, 27)
Cephalopholis cruentata (162, 13)
Epinephelus striatus (†) 
Gymnothorax moringa (*)
Lactophrys triqueter (17)
Lutjanus apodus (181, 20)
Lutjanus jocu (143, 20)
Lutjanus synagris (108, 20) 
Mycteroperca interstitialis (110, 13)
Sparisoma chrysopterum (183, 11) 
Sparisoma rubripinne (*, 11)
Sphyraena barracuda (120)
Ocyurus chrysurus (7)

0.717

Habitat (Benthos)

0.557
Corals
CCA

Macroalgae

Environmental

0.621 
Gorgonian,Macroalgae,Zoanthids

0.544 
mean.sst_mean,sd.sst_mean,
sd.k490_mean,mean.rain_sd,
sd.rain_sd

0.553 
sd.k490_sd,sd.prod_mean,sd.prod_sd,mean.rain_sd,sd.
rain_sd

0.547 
mean.sst_mean,sd.sst_mean,sd.k
490_sd



Landings

TIP

0.260…no sig

Fish Assemblages
Acanthurus bahianus (60)
Gymnothorax funebris (*)
Halichoeres cyanocephalus (*)
Holocentrus coruscum
Holocentrus marianus
Hypoplectrus guttavarius
Inermia vittata
Microspathodon chrysurus
Pempheris schomburgki
Pomacanthus arcuatus
Priacanthus arenatus
Sargocentron coruscum
Sargocentron vexillarium
Scorpeana plumieri
Serranus tabacarius
Stegastes variabilis
Xyrichtys splendens

0.476

Habitat (Benthos)

Environmental

Temporal correlation structure among USCFE components (STT/STJ) 

Especies tienen que ser revizadas en WORMS

0.25…not sig.

0.354 sd.k490_mean

0.509 sd.k490_mean,sd.prod_mean

0.698 
Corals, Gorgonian,Macroalgae,Zoanthids

0.612 CCA,Corals,Sponge



SO FAR….USING a multi-species approach:

1) Patterns of spatial and temporal variation of the landings (or any 
other matrix….TIP, Fish. Ind. data) can be described using the entire 
suite of species/groups. 

2) Species responsible for those patterns can be described
3) Correlations structure can be identified among those 

species/groups 
4) Changes can be measured in magnitude and direction

5) Reference Points can be identified in a multidimensional (i.e. multi-
species) space...important to define what is important.
6) Need to talk (redefine?) about ACL’s (or ABS or MSY) from a multi-
specific point of view.



CONCLUSIONS:

1) Patterns of spatial and temporal variation of the landings (or any 
other matrix….TIP, Fish. Ind. data) can be described using the entire 
suite of species/groups. 

2) Species responsible for those patterns can be described
3) Correlations structure can be identified among those 

species/groups 
4) Changes can be measured in magnitude and direction

5) Reference Points can be identified in a multidimensional (i.e. multi-
species) space...important to define what is important.
6) Need to talk (redefine?) about ACL’s (or ABS or MSY) from a multi-
specific point of view.

7) Indicators can be identified…foundational stone of EBFM


