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Scope and Obijectives

* Investigate temporal variability in stocks’ recruitment
deviations in the Gulf of Mexico large marine ecosystem

* Explicitly account for temporal autocorrelation

* Relate recruitment variability to ecological considerations
* Focus on Sargassum macroalgae as habitat
* Focus on Ecosystem Status Report (ESR) indicators for the region

* Describe and interpret the ecosystem trajectory for the Gulf’s
complex adaptive fishery ecosystem (Gulf CAFE)

* Discuss potential impacts to decision making/assessment
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What is Redundancy Analysis (RDA)?

* A form of constrained Principal Components
Analysis (PCA)

PCA

* Axes are orthogonal

e AXes are linear
combinations of Y
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* Summarize multivariate
relationships between Y & X
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* Summarize multivariate
relationships between Y & X

* Canonical axes sorted
according to increasing
percent variability
explained
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* Summarize multivariate
relationships between Y & X

* Canonical axes sorted
according to increasing
percent variability
explained

| ° Cartesian distances among
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* Summarize multivariate
relationships between Y & X

* Canonical axes sorted
according to increasing
percent variability
explained

| ° Cartesian distances among

objects is proportional to
the underlying resemblance

* Vector Heading: Direction
indicator gradient increases
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Asymmetric Eigenvector
Mapping (AEM)
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Modeling Time with AEMs

AEM1
0.2

0
30 Year Cycle

AEM 3

0.2
0.2
0
0.2 ’ .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
AEM 5 AEM 6

HAVAVA

0 5 10 15 20 25 30

AEM 7

H\VAVAYAN

0 5 10 15 20 25 30

Temporal structure in
sampling universe



AEM* Optimal Model Selection

Determine the optimal
AEMT™ model for deviations



AEM" Optimal Model Selection

(+) Temporal
Eigenfunctions
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Determine the optimal
AEMT™ model for deviations
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Y

Recruitment
Deviations

*Using the method of Blanchet, Legendre, and Borcard (2008)



AEM" Constrained Analysis
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AEM" Constrained Analysis
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Ecosystem Irajectories



Ball and Cup Analogy

Perturbation
—_—

* Green surface = System conditions
* Ball = System response

* Location on surface = System state

TRENDS in Ecology and Evolution Vol.18 No.12 December 2003

Catastrophic regime shifts in
ecosystems: linking theory to

observation

Marten Scheffer! and Stephen R. Carpenter?

Ecosystem state

"Department of Aquatic Ecology and Water Quality Management, Wageningen University, PO Box 8080, 6700 DD Wageningen,
The Netherlands
2Center for Limnology, University of Wisconsin, 680 North Park Street, Madison, WI 53706, USA

TRENDS in Ecology & Evolution




Ecosystem Irajectories

Perturbation
—_—

Marine ecosystem assessment in a fisheries
management context

Ecosystem state Jason 5. Link, Jon K.T. Brodziak, Steve F. Edwards, William J. Overholtz,
David Mountain, Jack W. Jossi, Tim D. Smith, and Michael J. Fogarty

TRENDS in Ecology & Evolution




Linking the ball-and-cup analogy and ordination trajectories to
describe ecosystem stability, resistance, and resilience

[ J [ J
Kare A. Lamorse 2,2+ Kerra M. Somers,' anp Donarn A, Jackson 20 I i t I t
]Deparfmtaf Ecology and Evelutionary Biology, University of Toronto, 25 Willoodks Street, Toronta, Owtario M55 382 Canada C O S -’ S e m r a] e C O r 1 e S

Citation: Lamothe, K. A, K M. Somers, and D. A Jackson. 20149, Linking the ball-and-cup analogy and ordination
trajectories to describe emsystem stability, resistance, and resilience. Ecosphere 103 ):e02629. 10.1002/em2.2629
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Data Sources
&

Model Parameterizations
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¢ SS3 Predicted Recruitment

Greater Amberjack Stock Recruitment (1970-2015)
=>==Beverton-Holt Estimate
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¢ SS3 Predicted Recruitment

Greater Amberjack Stock Recruitment (1970-2015)
=>==Beverton-Holt Estimate
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Greater Amberjack Recruitment Deviations

Calculated Recruitment Deviations (1970-2015)

SS3 > Beverton-Holt
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Hogfish Stock Recruitment Red Grouper Stock Recruitment
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Gray Snapper Stock Recruitment Red Snapper Stock Recruitment
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Gray Snapper Recruit Deviations | Red Snapper Recruit Deviations
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Gray Triggerfish Stock Recruitment

Gray Triggerfish Stock Recruitment
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Gray Triggertish Recruit Deviations

Gray Triggerfish Recruit Deviations
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Temporal Scales for Greater Amberjack Models

Eutrophication (1987-2014) 28 YRS.




Temporal Scales for Reet Fish Models

ALL SNAPPERS (GSnap + RSnap + VSnap)  (1993-2012)

Hogfish + Red Grouper (1992-2012)

Gray Triggerfish (1987-2012)
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Greater Amberjack Early Life History Model

SOUTHBOUND JRTHBOUND

Spawn/Dispersal
Greater Amberjack Ontogenetic Stage|Jan. Feb.| Mar. Apr. May . . .|Sep. Oct. Nov. Dec.
Spawning X X X

Eggs X X
Yolk-sack larvae X

Larvae (start feeding) X
Pelagic Juveniles (feeding pelagic)
Recruited stage (YOY > 150 days)

Peak-spawning-period spawned class
Commercial Fishing Closed
Recreational Fishing Closed

* Spawning/Larval Dispersal period model: March = May
* Pelagic Juvenile/Recruitment period model: June -2 August




Table 1

						Hypotheses

		Symbol		Description		Spatial		Temporal

		coverALL

Joshua Kilborn: Joshua Kilborn:
Mean annual areal coverage of the Total GoMex.		Mean annual coverage (km2) for full Gulf LME

		biomALL

Joshua Kilborn: Joshua Kilborn:
Mean annual biomass of the Total GoMex.		Mean annual biomass (mil. tons) for full Gulf LME

		edges		The Edges (40 Fathom Contour)

		fgbE		Flower Garden Banks east

		gom		Gulf-wide experimental area

		gomC		Central Gulf experimental area

		gomE		Eastern-central Gulf experimental area

		gomW		Western-central Gulf experimental area

		mouth		Gulf 'mouth' experimental area

		madison		Madison Swanson Marine Reserve

		mcgrail		McGrail Bank

		middle		The FL Middle Grounds

		pulley		Pulley Ridge

		efhRF		Essential fish habitat for reef fishes

		steam		Steamboat Lumps Reserve

		See: https://gulfcouncil.org/fishing-regulations/federal/#1567024726348-197a283c-476c for details of spatial boundary coordates.





Table 2

								Spawn/Dispersal						Pelagic/Recruit

		Greater Amberjack Ontogenetic Stage		Jan.		Feb.		Mar.		Apr.		May		Jun.		Jul.		Aug.		Sep.		Oct.		Nov.		Dec.

		Spawning						X		X		X		X

		Eggs						X		X		X		X

		Yolk-sack larvae								X		X		X		X

		Larvae (start feeding)								X		X		X		X

		Pelagic Juveniles (feeding pelagic)										X		X		X		X		X		X		X		X

		Recruited stage (YOY > 150 days)																X		X		X		X		X





		Peak-spawning-period spawned class

		Commercial Fishing Closed

		Recreational Fishing Closed





























Table 3

												Hypotheses

		Source		Symbol		Description		Observation Years				Spatial		Temporal

		ESR 2017		amo		Mean annual Atlantic multidecadal oscillation index 		1970-2015

		ESR 2017		artREEF		Annual net change in Gulf-wide number of artificial reefs (non-oil) present 		1970-2015

		ESR 2017		doLAf		Annual mean dissolved O2 off Louisiana in fall		1987-2015

		ESR 2017		doLAs		Annual mean dissolved O2 off Louisiana in summer		1987-2015

		ESR 2017		doTXf		Annual mean dissolved O2 off Texas in fall		1987-2015

		ESR 2017		doTXs		Annual mean dissolved O2 off Texas in summer		1987-2015

		ESR 2013		flood		Marsh flooding rate in Barataria Bay, LA		1981-2011				Direct		Direct

		ESR 2013		flowMS		Mean streamflow for Mississippi River		1980-2011				Direct		Direct

		ESR 2013		hurr		ACE index of hurricane activity		1980-2011				Indirect		Direct

		ESR 2017		no3		Annual Gulf-wide nitrate input from the Mississippi-Atchafalaya River Basin (MARB)		1980-2014

		ESR 2017		nOx		Annual Gulf-wide nitrogen oxides input from the MARB		1980-2014

		ESR 2017		oilPLT		Annual net-change in Gulf-wide number of oil platforms		1970-2015

		ESR 2013		oilSPL		Number of U.S. Gulf LME oil spills		1980-2011				Indirect		Direct

		ESR 2017		phos		Annual Gulf-wide phosphate input from the MARB		1980-2014

		ESR 2013		precip		Total precipitation for Mississippi River watershed		1980-2011				Indirect		Direct

		ESR 2017		sea		Mean annual change in sea level for all Gulf states		1970-2015				-		Direct

		ESR 2017		sstC		Mean annual monthly sea surface temperature anomaly for central Gulf		1982-2015				Direct		Direct

		ESR 2017		sstE		Mean annual monthly sea surface temperature anomaly for eastern Gulf		1982-2015				Direct		Direct

		ESR 2017		sstW		Mean annual monthly sea surface temperature anomaly for western Gulf		1982-2015				Direct		Direct

		ESR 2017		zoopS		Average zooplankton volume in the spring		1982-1984; 1986-1990; 1992-2015				-		Direct





Table 4

				Sargassum (2000-2015)		Ecological (1982-2010) (1970-2015)*		Eutrophication (1987-2014)

		1		biomALL		amo		doLAf

		2		coverALL		artREEF*		doLAs

		3		edges		flood		doTXf

		4		efhRF		flwMS		doTXs

		5		fgbE		hurr		no3

		6		gom		oilPLT*		nOx

		7		gomC		oilSPL		phos

		8		gomE		precip

		9		gomW		sea*

		10		madison		sstC

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month


		11		mcgrail		sstE

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month.

		12		middle		sstW

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month



		13		mouth		zoopS

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month



		14		pulley

		15		steam





Table 5



		Model		Period		n		Minimum		Mean		Median		Maximum		StndDev.		StndErr.		Normal		p-value

		Habitat		1970-2015		46		-1233.4		-286.2		-434.4		1324.6		638.25		94.12		No		0.0069

		Ecological		1982-2010		29		-1233.4		-124.6		-250.0		1324.6		679.16		126.12		Yes		0.1097

		Eutrophication		1987-2014		28		-1089.1		-190.5		-339.9		1254.6		595.89		112.61		Yes		0.0511

		Sargassum		2000-2015		16		-1089.1		-389.4		-467.1		1165.6		519.35		129.84		Yes		0.3259





Table 6

		Model		Period		n		Λi (Period 1)		Λi (Period 2)		F		R2		R2adj		p-value

		Habitat		1970-2015		46		Λ2 (23 years)		-		10.5		0.1922		0.1738		0.0029

		Ecological		1982-2010		29		Λ5 (11 years)		-		7.0		0.2067		0.1773		0.0141

		Eutrophication		1987-2014		28		Λ1 (28 years)		Λ7 (8 years)		4.9		0.2794		0.2218		0.0169

		Sargassum		2000-2015		16		Λ4 (8 years)		-		7.9		0.3621		0.3165		0.0071





Table 7

								Selected Predictors				F				R2adj				p-Value																		Selected Predictors				F				R2				R2adj				p-Value

		Model		Fit R2adj (Dtrnd.)		Period		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.								Model		Fit R2adj (Dtrnd.)		Period		n		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.

		Habitat		0.1738 (0.8262)		1970-2015		'oilPLT' + 'artReef'				239.12		-		0.9137		-		0.0001		-								Habitat		0.1738 (0.8262)		1970-2015		46		'oilPLT' + 'artReef'				239.12		-		0.9175		-		0.9137		-		0.0001		-

		Ecological		0.1773 (0.8227)		1982-2010		'precip'		'amo' + 'oilPLT'		3.94		6.75		0.0949		0.2910		0.0586		0.0050								Ecological		0.1773 (0.8227)		1982-2010		29		'precip'		'amo' + 'oilPLT'		3.94		6.75		0.1272		0.3416		0.0949		0.2910		0.0586		0.0050

		Eutrophication		0.2218 (0.7782)		1987-2014		'doTXf'				9.69		-		0.2434		-		0.0045		-								Eutrophication		0.2218 (0.7782)		1987-2014		28		'doTXf'				9.69		-		0.2714		-		0.2434		-		0.0045		-

		Sargassum #1		0.3165 (0.6835)		2000-2015		'middle1'				5.15		-		0.2167		-		0.0378		-								Sargassum #1		0.3165 (0.6835)		2000-2015		16		'middle1'				5.15		-		0.2689		-		0.2167		-		0.0378		-

		Sargassum #2		0.3165 (0.6835)		2000-2015		'mouth2'				-		2.57		-		0.0949		-		0.0884								Sargassum #2		0.3165 (0.6835)		2000-2015		16		'mouth2'				-		2.57		-		0.1552		-		0.0949		-		0.0884





Table 8

		Model		Proportion of Total		Modeled Prop.		Total % Modeled

		Habitat		0.1738		0.9137		16%

		Ecological*		0.8227		0.291		24%

		Eutrophication		0.2218		0.2434		5%

		Sargassum #1		0.3165		0.2167		7%





ESR 2017

										Hypotheses

		Source		Symbol		Description		Observation Years		Spatial		Temporal



		ESR 2017		amo		Mean annual Atlantic multidecadal oscillation index 		1970-2015

		ESR 2017		artREEF		Annual net change in Gulf-wide number of artificual reefs (non-oil structure) present 		1970-2015

		ESR 2017		doLAf		Annual mean dissolved O2 off Louisiana in fall		1987-2015

		ESR 2017		doLAs		Annual mean dissolved O2 off Louisiana in summer		1987-2015

		ESR 2017		doTXf		Annual mean dissolved O2 off Texas in fall		1987-2015

		ESR 2017		doTXs		Annual mean dissolved O2 off Texas in summer		1987-2015

		ESR 2017		no3		Estimated annual Gulf-wide nitrate input from the Mississippi-Atchafalaya River Basin (MARB)		1980-2014

		ESR 2017		nOx		Estimated annual Gulf-wide nitrogen oxides input from the MARB		1980-2014

		ESR 2017		oilPLT		Annual net change in Gulf-wide number of oil platforms present		1970-2015

		ESR 2017		phos		Estimated annual Gulf-wide phosphate input from the MARB		1980-2014

		ESR 2017		sea		Mean annual change in sea level for all Gulf states		1977-2015		-		Direct

		ESR 2017		sstC		Mean annual standardized montly sea surface temperature anomoly for central GoM		1982-2015		Direct		Direct

		ESR 2017		sstE		Mean annual standardized montly sea surface temperature anomoly for eastern GoM		1982-2015		Direct		Direct

		ESR 2017		sstW		Mean annual standardized montly sea surface temperature anomoly for western GoM		1982-2015		Direct		Direct

		ESR 2017		zoopS		Average zooplankton volume in the spring		1982-1984; 1986-1990; 1992-2015		-		Direct





Sarg_TimeSeries_Totals

				Time Series Totals (2000-2018)

		Region		Mean Biomass (mil. tons)		Mean Cover (km2)		Spawning Cover  (km2)		Larv./Juv. Cover  (km2)

		edges		0.00		0.17		0.06		0.49

		fgbE		0.00		0.04		0.10		0.12

		gom		2.12		628.33		731.23		1265.80

		gomC		0.21		64.16		91.29		112.36

		gomE		0.22		72.77		42.57		205.88

		gomW		0.32		101.45		205.28		133.37

		mouth		0.03		11.91		4.42		35.24

		madison		0.00		0.05		0.03		0.18

		mcgrail		0.00		0.01		0.03		0.06

		middle		0.00		0.16		0.06		0.48

		pulley		0.00		0.06		0.05		0.21

		efhRF		0.47		139.08		208.26		235.52

		steam		0.00		0.02		0.01		0.12
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Ecological Models — Sargassum Time Series
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Ecological Models — Sargassum Time Series

Sargassum Areal Coverage Pelagic/Recruitment Period (2000-2018)
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Predictor Models for Greater Amberjack Deviations

General Ecological Model Indicators

MARB and Climate Predictors (1982-2010) Perturbance Predictors (1982-2010)




Predictor Models for Greater Amberjack Deviations
Additional Model Indicators
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Predictor Models for Greater Amberjack Deviations
Artificial Habitat Indicators

Artificial Habitat Model Predictors (1970-2015)
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Predictor Models for Reef Fish Deviations

Climate and Sea Surface Temperature Indicators

Climate and Warming Predictors
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Predictor Models for Reef Fish Deviations

Food Web, Overfishing, and Waterbird Indicators

Food Web and Overfishing Predictors Waterbird Abundance Predictors

35 35
25 $ 2.5
15 - : 15

05 e g . 05

w
()]
-
o]
Q
KL
N

0.5 * e -0.5
15 B 15
2.5 P 25

3.5 3.5
1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

---@--- BioMen — @ — RytherNdx —@— Pelican --@--Frigate Spoonbil  +++«O--+ Whlbis Woodstork




Predictor Models for Reef Fish Deviations

Eutrophication Indicators

Dissolved Oxygen Predictors Nitrogen and Phosphorus Predictors
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Results



Greater Amberjack
Recruit Deviations

AEM Results



Temporal Detrending Results

Model Period N A; (Period 1) A; (Period 2)

Habitat 1970-2015 |46 Az (23 years) - 10.5 0.1922]0.1738
Ecological 1982-2010 |29 A5 (11 years) - 7.0 0.2067)0.1773
Eutrophication 1987-2014 |28 A; (28 years) A7 (8 years) 4.9 0.2794|0.2218

Sargassum 2000-2015 |16 A4 (8 years) - 7.9 0.3621]0.3165




Table 1

						Hypotheses

		Symbol		Description		Spatial		Temporal

		coverALL

Joshua Kilborn: Joshua Kilborn:
Mean annual areal coverage of the Total GoMex.		Mean annual coverage (km2) for full Gulf LME

		biomALL

Joshua Kilborn: Joshua Kilborn:
Mean annual biomass of the Total GoMex.		Mean annual biomass (mil. tons) for full Gulf LME

		edges		The Edges (40 Fathom Contour)

		fgbE		Flower Garden Banks east

		gom		Gulf-wide experimental area

		gomC		Central Gulf experimental area

		gomE		Eastern-central Gulf experimental area

		gomW		Western-central Gulf experimental area

		mouth		Gulf 'mouth' experimental area

		madison		Madison Swanson Marine Reserve

		mcgrail		McGrail Bank

		middle		The FL Middle Grounds

		pulley		Pulley Ridge

		efhRF		Essential fish habitat for reef fishes

		steam		Steamboat Lumps Reserve

		See: https://gulfcouncil.org/fishing-regulations/federal/#1567024726348-197a283c-476c for details of spatial boundary coordates.





Table 2

								Spawn/Dispersal						Pelagic/Recruit

		Greater Amberjack Ontogenetic Stage		Jan.		Feb.		Mar.		Apr.		May		Jun.		Jul.		Aug.		Sep.		Oct.		Nov.		Dec.

		Spawning						X		X		X		X

		Eggs						X		X		X		X

		Yolk-sack larvae								X		X		X		X

		Larvae (start feeding)								X		X		X		X

		Pelagic Juveniles (feeding pelagic)										X		X		X		X		X		X		X		X

		Recruited stage (YOY > 150 days)																X		X		X		X		X





		Peak-spawning-period spawned class

		Commercial Fishing Closed

		Recreational Fishing Closed





























Table 3

												Hypotheses

		Source		Symbol		Description		Observation Years				Spatial		Temporal

		ESR 2017		amo		Mean annual Atlantic multidecadal oscillation index 		1970-2015

		ESR 2017		artREEF		Annual net change in Gulf-wide number of artificial reefs (non-oil) present 		1970-2015

		ESR 2017		doLAf		Annual mean dissolved O2 off Louisiana in fall		1987-2015

		ESR 2017		doLAs		Annual mean dissolved O2 off Louisiana in summer		1987-2015

		ESR 2017		doTXf		Annual mean dissolved O2 off Texas in fall		1987-2015

		ESR 2017		doTXs		Annual mean dissolved O2 off Texas in summer		1987-2015

		ESR 2013		flood		Marsh flooding rate in Barataria Bay, LA		1981-2011				Direct		Direct

		ESR 2013		flowMS		Mean streamflow for Mississippi River		1980-2011				Direct		Direct

		ESR 2013		hurr		ACE index of hurricane activity		1980-2011				Indirect		Direct

		ESR 2017		no3		Annual Gulf-wide nitrate input from the Mississippi-Atchafalaya River Basin (MARB)		1980-2014

		ESR 2017		nOx		Annual Gulf-wide nitrogen oxides input from the MARB		1980-2014

		ESR 2017		oilPLT		Annual net-change in Gulf-wide number of oil platforms		1970-2015

		ESR 2013		oilSPL		Number of U.S. Gulf LME oil spills		1980-2011				Indirect		Direct

		ESR 2017		phos		Annual Gulf-wide phosphate input from the MARB		1980-2014

		ESR 2013		precip		Total precipitation for Mississippi River watershed		1980-2011				Indirect		Direct

		ESR 2017		sea		Mean annual change in sea level for all Gulf states		1970-2015				-		Direct

		ESR 2017		sstC		Mean annual monthly sea surface temperature anomaly for central Gulf		1982-2015				Direct		Direct

		ESR 2017		sstE		Mean annual monthly sea surface temperature anomaly for eastern Gulf		1982-2015				Direct		Direct

		ESR 2017		sstW		Mean annual monthly sea surface temperature anomaly for western Gulf		1982-2015				Direct		Direct

		ESR 2017		zoopS		Average zooplankton volume in the spring		1982-1984; 1986-1990; 1992-2015				-		Direct





Table 4

				Sargassum (2000-2015)		Ecological (1982-2010) (1970-2015)*		Eutrophication (1987-2014)

		1		biomALL		amo		doLAf

		2		coverALL		artREEF*		doLAs

		3		edges		flood		doTXf

		4		efhRF		flwMS		doTXs

		5		fgbE		hurr		no3

		6		gom		oilPLT*		nOx

		7		gomC		oilSPL		phos

		8		gomE		precip

		9		gomW		sea*

		10		madison		sstC

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month


		11		mcgrail		sstE

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month.

		12		middle		sstW

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month



		13		mouth		zoopS

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month



		14		pulley

		15		steam





Table 5



		Model		Period		n		Minimum		Mean		Median		Maximum		StndDev.		StndErr.		Normal		p-value

		Habitat		1970-2015		46		-1233.4		-286.2		-434.4		1324.6		638.25		94.12		No		0.0069

		Ecological		1982-2010		29		-1233.4		-124.6		-250.0		1324.6		679.16		126.12		Yes		0.1097

		Eutrophication		1987-2014		28		-1089.1		-190.5		-339.9		1254.6		595.89		112.61		Yes		0.0511

		Sargassum		2000-2015		16		-1089.1		-389.4		-467.1		1165.6		519.35		129.84		Yes		0.3259





Table 6

		Model		Period		N		Λi (Period 1)		Λi (Period 2)		F		R2		R2adj		p-value

		Habitat		1970-2015		46		Λ2 (23 years)		-		10.5		0.1922		0.1738		0.0029

		Ecological		1982-2010		29		Λ5 (11 years)		-		7.0		0.2067		0.1773		0.0141

		Eutrophication		1987-2014		28		Λ1 (28 years)		Λ7 (8 years)		4.9		0.2794		0.2218		0.0169

		Sargassum		2000-2015		16		Λ4 (8 years)		-		7.9		0.3621		0.3165		0.0071





Table 7

								Selected Predictors				F				R2adj				p-Value																		Selected Predictors				F				R2				R2adj				p-Value

		Model		Fit R2adj (Dtrnd.)		Period		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.								Model		Fit R2adj (Dtrnd.)		Period		n		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.

		Habitat		0.1738 (0.8262)		1970-2015		'oilPLT' + 'artReef'				239.12		-		0.9137		-		0.0001		-								Habitat		0.1738 (0.8262)		1970-2015		46		'oilPLT' + 'artReef'				239.12		-		0.9175		-		0.9137		-		0.0001		-

		Ecological		0.1773 (0.8227)		1982-2010		'precip'		'amo' + 'oilPLT'		3.94		6.75		0.0949		0.2910		0.0586		0.0050								Ecological		0.1773 (0.8227)		1982-2010		29		'precip'		'amo' + 'oilPLT'		3.94		6.75		0.1272		0.3416		0.0949		0.2910		0.0586		0.0050

		Eutrophication		0.2218 (0.7782)		1987-2014		'doTXf'				9.69		-		0.2434		-		0.0045		-								Eutrophication		0.2218 (0.7782)		1987-2014		28		'doTXf'				9.69		-		0.2714		-		0.2434		-		0.0045		-

		Sargassum #1		0.3165 (0.6835)		2000-2015		'middle1'				5.15		-		0.2167		-		0.0378		-								Sargassum #1		0.3165 (0.6835)		2000-2015		16		'middle1'				5.15		-		0.2689		-		0.2167		-		0.0378		-

		Sargassum #2		0.3165 (0.6835)		2000-2015		'mouth2'				-		2.57		-		0.0949		-		0.0884								Sargassum #2		0.3165 (0.6835)		2000-2015		16		'mouth2'				-		2.57		-		0.1552		-		0.0949		-		0.0884





Table 8

		Model		Proportion of Total		Modeled Prop.		Total % Modeled

		Habitat		0.1738		0.9137		16%

		Ecological*		0.8227		0.291		24%

		Eutrophication		0.2218		0.2434		5%

		Sargassum #1		0.3165		0.2167		7%





ESR 2017

										Hypotheses

		Source		Symbol		Description		Observation Years		Spatial		Temporal



		ESR 2017		amo		Mean annual Atlantic multidecadal oscillation index 		1970-2015

		ESR 2017		artREEF		Annual net change in Gulf-wide number of artificual reefs (non-oil structure) present 		1970-2015

		ESR 2017		doLAf		Annual mean dissolved O2 off Louisiana in fall		1987-2015

		ESR 2017		doLAs		Annual mean dissolved O2 off Louisiana in summer		1987-2015

		ESR 2017		doTXf		Annual mean dissolved O2 off Texas in fall		1987-2015

		ESR 2017		doTXs		Annual mean dissolved O2 off Texas in summer		1987-2015

		ESR 2017		no3		Estimated annual Gulf-wide nitrate input from the Mississippi-Atchafalaya River Basin (MARB)		1980-2014

		ESR 2017		nOx		Estimated annual Gulf-wide nitrogen oxides input from the MARB		1980-2014

		ESR 2017		oilPLT		Annual net change in Gulf-wide number of oil platforms present		1970-2015

		ESR 2017		phos		Estimated annual Gulf-wide phosphate input from the MARB		1980-2014

		ESR 2017		sea		Mean annual change in sea level for all Gulf states		1977-2015		-		Direct

		ESR 2017		sstC		Mean annual standardized montly sea surface temperature anomoly for central GoM		1982-2015		Direct		Direct

		ESR 2017		sstE		Mean annual standardized montly sea surface temperature anomoly for eastern GoM		1982-2015		Direct		Direct

		ESR 2017		sstW		Mean annual standardized montly sea surface temperature anomoly for western GoM		1982-2015		Direct		Direct

		ESR 2017		zoopS		Average zooplankton volume in the spring		1982-1984; 1986-1990; 1992-2015		-		Direct





Sarg_TimeSeries_Totals

				Time Series Totals (2000-2018)

		Region		Mean Biomass (mil. tons)		Mean Cover (km2)		Spawning Cover  (km2)		Larv./Juv. Cover  (km2)

		edges		0.00		0.17		0.06		0.49

		fgbE		0.00		0.04		0.10		0.12

		gom		2.12		628.33		731.23		1265.80

		gomC		0.21		64.16		91.29		112.36

		gomE		0.22		72.77		42.57		205.88

		gomW		0.32		101.45		205.28		133.37

		mouth		0.03		11.91		4.42		35.24

		madison		0.00		0.05		0.03		0.18

		mcgrail		0.00		0.01		0.03		0.06

		middle		0.00		0.16		0.06		0.48

		pulley		0.00		0.06		0.05		0.21

		efhRF		0.47		139.08		208.26		235.52

		steam		0.00		0.02		0.01		0.12






Temporal Detrending Results

Modeled and Detrended GAJ Recruitment

Modeled and Detrended GAJ Recruitment
Deviations (Sargassum Model 2000-2015)
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Temporal Detrending Results

Modeled and Detrended GAJ Recruitment
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Temporal Autocorrelation Considerations

Model Period N A; (Period 1)  A; (Period 2) F R? R%,y p-value
Habitat 1970-2015 |46 Az (23 years) - 10.5 0.1922]0.1738

Ecological 1982-2010 |29 A5 (11 years) - 7.0 0.2067]0.4773

Eutrophication 1987-2014 |28 A; (28 years) Az (8 years) 4.9 0.2794
Sargassum  2000-2015 |16 A4 (8 years) - 7.9 0.3621]0.3165

* Between 17-32% of all GAJ recruitment deviation explained by
synthetic autocorrelation structures (AEMs)

* Between 8 and 11-year “decadal” signal apparent in 60% models

* Approximately 25-year “multi-decadal” sighal in 40% of models

» Unaccounted for temporal processes?
» Mechanistic bias in assessment model?



Table 1

						Hypotheses

		Symbol		Description		Spatial		Temporal

		coverALL

Joshua Kilborn: Joshua Kilborn:
Mean annual areal coverage of the Total GoMex.		Mean annual coverage (km2) for full Gulf LME

		biomALL

Joshua Kilborn: Joshua Kilborn:
Mean annual biomass of the Total GoMex.		Mean annual biomass (mil. tons) for full Gulf LME

		edges		The Edges (40 Fathom Contour)

		fgbE		Flower Garden Banks east

		gom		Gulf-wide experimental area

		gomC		Central Gulf experimental area

		gomE		Eastern-central Gulf experimental area

		gomW		Western-central Gulf experimental area

		mouth		Gulf 'mouth' experimental area

		madison		Madison Swanson Marine Reserve

		mcgrail		McGrail Bank

		middle		The FL Middle Grounds

		pulley		Pulley Ridge

		efhRF		Essential fish habitat for reef fishes

		steam		Steamboat Lumps Reserve

		See: https://gulfcouncil.org/fishing-regulations/federal/#1567024726348-197a283c-476c for details of spatial boundary coordates.





Table 2

								Spawn/Dispersal						Pelagic/Recruit

		Greater Amberjack Ontogenetic Stage		Jan.		Feb.		Mar.		Apr.		May		Jun.		Jul.		Aug.		Sep.		Oct.		Nov.		Dec.

		Spawning						X		X		X		X

		Eggs						X		X		X		X

		Yolk-sack larvae								X		X		X		X

		Larvae (start feeding)								X		X		X		X

		Pelagic Juveniles (feeding pelagic)										X		X		X		X		X		X		X		X

		Recruited stage (YOY > 150 days)																X		X		X		X		X





		Peak-spawning-period spawned class

		Commercial Fishing Closed

		Recreational Fishing Closed





























Table 3

												Hypotheses

		Source		Symbol		Description		Observation Years				Spatial		Temporal

		ESR 2017		amo		Mean annual Atlantic multidecadal oscillation index 		1970-2015

		ESR 2017		artREEF		Annual net change in Gulf-wide number of artificial reefs (non-oil) present 		1970-2015

		ESR 2017		doLAf		Annual mean dissolved O2 off Louisiana in fall		1987-2015

		ESR 2017		doLAs		Annual mean dissolved O2 off Louisiana in summer		1987-2015

		ESR 2017		doTXf		Annual mean dissolved O2 off Texas in fall		1987-2015

		ESR 2017		doTXs		Annual mean dissolved O2 off Texas in summer		1987-2015

		ESR 2013		flood		Marsh flooding rate in Barataria Bay, LA		1981-2011				Direct		Direct

		ESR 2013		flowMS		Mean streamflow for Mississippi River		1980-2011				Direct		Direct

		ESR 2013		hurr		ACE index of hurricane activity		1980-2011				Indirect		Direct

		ESR 2017		no3		Annual Gulf-wide nitrate input from the Mississippi-Atchafalaya River Basin (MARB)		1980-2014

		ESR 2017		nOx		Annual Gulf-wide nitrogen oxides input from the MARB		1980-2014

		ESR 2017		oilPLT		Annual net-change in Gulf-wide number of oil platforms		1970-2015

		ESR 2013		oilSPL		Number of U.S. Gulf LME oil spills		1980-2011				Indirect		Direct

		ESR 2017		phos		Annual Gulf-wide phosphate input from the MARB		1980-2014

		ESR 2013		precip		Total precipitation for Mississippi River watershed		1980-2011				Indirect		Direct

		ESR 2017		sea		Mean annual change in sea level for all Gulf states		1970-2015				-		Direct

		ESR 2017		sstC		Mean annual monthly sea surface temperature anomaly for central Gulf		1982-2015				Direct		Direct

		ESR 2017		sstE		Mean annual monthly sea surface temperature anomaly for eastern Gulf		1982-2015				Direct		Direct

		ESR 2017		sstW		Mean annual monthly sea surface temperature anomaly for western Gulf		1982-2015				Direct		Direct

		ESR 2017		zoopS		Average zooplankton volume in the spring		1982-1984; 1986-1990; 1992-2015				-		Direct





Table 4

				Sargassum (2000-2015)		Ecological (1982-2010) (1970-2015)*		Eutrophication (1987-2014)

		1		biomALL		amo		doLAf

		2		coverALL		artREEF*		doLAs

		3		edges		flood		doTXf

		4		efhRF		flwMS		doTXs

		5		fgbE		hurr		no3

		6		gom		oilPLT*		nOx

		7		gomC		oilSPL		phos

		8		gomE		precip

		9		gomW		sea*

		10		madison		sstC

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month


		11		mcgrail		sstE

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month.

		12		middle		sstW

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month



		13		mouth		zoopS

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month



		14		pulley

		15		steam





Table 5



		Model		Period		n		Minimum		Mean		Median		Maximum		StndDev.		StndErr.		Normal		p-value

		Habitat		1970-2015		46		-1233.4		-286.2		-434.4		1324.6		638.25		94.12		No		0.0069

		Ecological		1982-2010		29		-1233.4		-124.6		-250.0		1324.6		679.16		126.12		Yes		0.1097

		Eutrophication		1987-2014		28		-1089.1		-190.5		-339.9		1254.6		595.89		112.61		Yes		0.0511

		Sargassum		2000-2015		16		-1089.1		-389.4		-467.1		1165.6		519.35		129.84		Yes		0.3259





Table 6

		Model		Period		N		Λi (Period 1)		Λi (Period 2)		F		R2		R2adj		p-value

		Habitat		1970-2015		46		Λ2 (23 years)		-		10.5		0.1922		0.1738		0.0029

		Ecological		1982-2010		29		Λ5 (11 years)		-		7.0		0.2067		0.1773		0.0141

		Eutrophication		1987-2014		28		Λ1 (28 years)		Λ7 (8 years)		4.9		0.2794		0.2218		0.0169

		Sargassum		2000-2015		16		Λ4 (8 years)		-		7.9		0.3621		0.3165		0.0071





Table 7

								Selected Predictors				F				R2adj				p-Value																		Selected Predictors				F				R2				R2adj				p-Value

		Model		Fit R2adj (Dtrnd.)		Period		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.								Model		Fit R2adj (Dtrnd.)		Period		n		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.

		Habitat		0.1738 (0.8262)		1970-2015		'oilPLT' + 'artReef'				239.12		-		0.9137		-		0.0001		-								Habitat		0.1738 (0.8262)		1970-2015		46		'oilPLT' + 'artReef'				239.12		-		0.9175		-		0.9137		-		0.0001		-

		Ecological		0.1773 (0.8227)		1982-2010		'precip'		'amo' + 'oilPLT'		3.94		6.75		0.0949		0.2910		0.0586		0.0050								Ecological		0.1773 (0.8227)		1982-2010		29		'precip'		'amo' + 'oilPLT'		3.94		6.75		0.1272		0.3416		0.0949		0.2910		0.0586		0.0050

		Eutrophication		0.2218 (0.7782)		1987-2014		'doTXf'				9.69		-		0.2434		-		0.0045		-								Eutrophication		0.2218 (0.7782)		1987-2014		28		'doTXf'				9.69		-		0.2714		-		0.2434		-		0.0045		-

		Sargassum #1		0.3165 (0.6835)		2000-2015		'middle1'				5.15		-		0.2167		-		0.0378		-								Sargassum #1		0.3165 (0.6835)		2000-2015		16		'middle1'				5.15		-		0.2689		-		0.2167		-		0.0378		-

		Sargassum #2		0.3165 (0.6835)		2000-2015		'mouth2'				-		2.57		-		0.0949		-		0.0884								Sargassum #2		0.3165 (0.6835)		2000-2015		16		'mouth2'				-		2.57		-		0.1552		-		0.0949		-		0.0884





Table 8

		Model		Proportion of Total		Modeled Prop.		Total % Modeled

		Habitat		0.1738		0.9137		16%

		Ecological*		0.8227		0.291		24%

		Eutrophication		0.2218		0.2434		5%

		Sargassum #1		0.3165		0.2167		7%





ESR 2017

										Hypotheses

		Source		Symbol		Description		Observation Years		Spatial		Temporal



		ESR 2017		amo		Mean annual Atlantic multidecadal oscillation index 		1970-2015

		ESR 2017		artREEF		Annual net change in Gulf-wide number of artificual reefs (non-oil structure) present 		1970-2015

		ESR 2017		doLAf		Annual mean dissolved O2 off Louisiana in fall		1987-2015

		ESR 2017		doLAs		Annual mean dissolved O2 off Louisiana in summer		1987-2015

		ESR 2017		doTXf		Annual mean dissolved O2 off Texas in fall		1987-2015

		ESR 2017		doTXs		Annual mean dissolved O2 off Texas in summer		1987-2015

		ESR 2017		no3		Estimated annual Gulf-wide nitrate input from the Mississippi-Atchafalaya River Basin (MARB)		1980-2014

		ESR 2017		nOx		Estimated annual Gulf-wide nitrogen oxides input from the MARB		1980-2014

		ESR 2017		oilPLT		Annual net change in Gulf-wide number of oil platforms present		1970-2015

		ESR 2017		phos		Estimated annual Gulf-wide phosphate input from the MARB		1980-2014

		ESR 2017		sea		Mean annual change in sea level for all Gulf states		1977-2015		-		Direct

		ESR 2017		sstC		Mean annual standardized montly sea surface temperature anomoly for central GoM		1982-2015		Direct		Direct

		ESR 2017		sstE		Mean annual standardized montly sea surface temperature anomoly for eastern GoM		1982-2015		Direct		Direct

		ESR 2017		sstW		Mean annual standardized montly sea surface temperature anomoly for western GoM		1982-2015		Direct		Direct

		ESR 2017		zoopS		Average zooplankton volume in the spring		1982-1984; 1986-1990; 1992-2015		-		Direct





Sarg_TimeSeries_Totals

				Time Series Totals (2000-2018)

		Region		Mean Biomass (mil. tons)		Mean Cover (km2)		Spawning Cover  (km2)		Larv./Juv. Cover  (km2)

		edges		0.00		0.17		0.06		0.49

		fgbE		0.00		0.04		0.10		0.12

		gom		2.12		628.33		731.23		1265.80

		gomC		0.21		64.16		91.29		112.36

		gomE		0.22		72.77		42.57		205.88

		gomW		0.32		101.45		205.28		133.37

		mouth		0.03		11.91		4.42		35.24

		madison		0.00		0.05		0.03		0.18

		mcgrail		0.00		0.01		0.03		0.06

		middle		0.00		0.16		0.06		0.48

		pulley		0.00		0.06		0.05		0.21

		efhRF		0.47		139.08		208.26		235.52

		steam		0.00		0.02		0.01		0.12
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Model Selection Results
Selected Predictors RQadj p-Value

Model Fit #°,, (Dtrnd.) Period Fit Dtrnd. Fit Dtrnd. Fit  Dtrnd. Fit  Dtrnd.
Habitat 0.1738}(0.8262) 1970-2015 |'0il PLT' + 'artReef" 239.12 -10.9137 - 0.0001
Ecological 0.1773)(0.8227 1982-2010 'precip' amo' + 'oilPLT' 394 6.75 0.0949(0.2910 | 0.0586 0.0050

Eutrophication 0.7782 1987-2014 |'doTXf' 9.69 -{0.2434 - 0.0045

)
3|( )
Sargassum #1 (o 6835)  2000-2015 5.15 : - 0.0378
Sargassum #2 0.3165 (0.6835)  2000-2015 'mouth2! - 257 - 0.0949 - 0.0884

Model Proportion of Total Modeled Prop. |Total % Modeled

Habitat 0.1738
Ecological* 0.8227 : NO AEM CONSTRAINTS

Eutrophication 0.2218
Sargassum #1 0.3165




Table 1

						Hypotheses

		Symbol		Description		Spatial		Temporal

		coverALL

Joshua Kilborn: Joshua Kilborn:
Mean annual areal coverage of the Total GoMex.		Mean annual coverage (km2) for full Gulf LME

		biomALL

Joshua Kilborn: Joshua Kilborn:
Mean annual biomass of the Total GoMex.		Mean annual biomass (mil. tons) for full Gulf LME

		edges		The Edges (40 Fathom Contour)

		fgbE		Flower Garden Banks east

		gom		Gulf-wide experimental area

		gomC		Central Gulf experimental area

		gomE		Eastern-central Gulf experimental area

		gomW		Western-central Gulf experimental area

		mouth		Gulf 'mouth' experimental area

		madison		Madison Swanson Marine Reserve

		mcgrail		McGrail Bank

		middle		The FL Middle Grounds

		pulley		Pulley Ridge

		efhRF		Essential fish habitat for reef fishes

		steam		Steamboat Lumps Reserve

		See: https://gulfcouncil.org/fishing-regulations/federal/#1567024726348-197a283c-476c for details of spatial boundary coordates.





Table 2

								Spawn/Dispersal						Pelagic/Recruit

		Greater Amberjack Ontogenetic Stage		Jan.		Feb.		Mar.		Apr.		May		Jun.		Jul.		Aug.		Sep.		Oct.		Nov.		Dec.

		Spawning						X		X		X		X

		Eggs						X		X		X		X

		Yolk-sack larvae								X		X		X		X

		Larvae (start feeding)								X		X		X		X

		Pelagic Juveniles (feeding pelagic)										X		X		X		X		X		X		X		X

		Recruited stage (YOY > 150 days)																X		X		X		X		X





		Peak-spawning-period spawned class

		Commercial Fishing Closed

		Recreational Fishing Closed





























Table 3

												Hypotheses

		Source		Symbol		Description		Observation Years				Spatial		Temporal

		ESR 2017		amo		Mean annual Atlantic multidecadal oscillation index 		1970-2015

		ESR 2017		artREEF		Annual net change in Gulf-wide number of artificial reefs (non-oil) present 		1970-2015

		ESR 2017		doLAf		Annual mean dissolved O2 off Louisiana in fall		1987-2015

		ESR 2017		doLAs		Annual mean dissolved O2 off Louisiana in summer		1987-2015

		ESR 2017		doTXf		Annual mean dissolved O2 off Texas in fall		1987-2015

		ESR 2017		doTXs		Annual mean dissolved O2 off Texas in summer		1987-2015

		ESR 2013		flood		Marsh flooding rate in Barataria Bay, LA		1981-2011				Direct		Direct

		ESR 2013		flowMS		Mean streamflow for Mississippi River		1980-2011				Direct		Direct

		ESR 2013		hurr		ACE index of hurricane activity		1980-2011				Indirect		Direct

		ESR 2017		no3		Annual Gulf-wide nitrate input from the Mississippi-Atchafalaya River Basin (MARB)		1980-2014

		ESR 2017		nOx		Annual Gulf-wide nitrogen oxides input from the MARB		1980-2014

		ESR 2017		oilPLT		Annual net-change in Gulf-wide number of oil platforms		1970-2015

		ESR 2013		oilSPL		Number of U.S. Gulf LME oil spills		1980-2011				Indirect		Direct

		ESR 2017		phos		Annual Gulf-wide phosphate input from the MARB		1980-2014

		ESR 2013		precip		Total precipitation for Mississippi River watershed		1980-2011				Indirect		Direct

		ESR 2017		sea		Mean annual change in sea level for all Gulf states		1970-2015				-		Direct

		ESR 2017		sstC		Mean annual monthly sea surface temperature anomaly for central Gulf		1982-2015				Direct		Direct

		ESR 2017		sstE		Mean annual monthly sea surface temperature anomaly for eastern Gulf		1982-2015				Direct		Direct

		ESR 2017		sstW		Mean annual monthly sea surface temperature anomaly for western Gulf		1982-2015				Direct		Direct

		ESR 2017		zoopS		Average zooplankton volume in the spring		1982-1984; 1986-1990; 1992-2015				-		Direct





Table 4

				Sargassum (2000-2015)		Ecological (1982-2010) (1970-2015)*		Eutrophication (1987-2014)

		1		biomALL		amo		doLAf

		2		coverALL		artREEF*		doLAs

		3		edges		flood		doTXf

		4		efhRF		flwMS		doTXs

		5		fgbE		hurr		no3

		6		gom		oilPLT*		nOx

		7		gomC		oilSPL		phos

		8		gomE		precip

		9		gomW		sea*

		10		madison		sstC

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month


		11		mcgrail		sstE

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month.

		12		middle		sstW

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month



		13		mouth		zoopS

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month



		14		pulley

		15		steam





Table 5



		Model		Period		n		Minimum		Mean		Median		Maximum		StndDev.		StndErr.		Normal		p-value

		Habitat		1970-2015		46		-1233.4		-286.2		-434.4		1324.6		638.25		94.12		No		0.0069

		Ecological		1982-2010		29		-1233.4		-124.6		-250.0		1324.6		679.16		126.12		Yes		0.1097

		Eutrophication		1987-2014		28		-1089.1		-190.5		-339.9		1254.6		595.89		112.61		Yes		0.0511

		Sargassum		2000-2015		16		-1089.1		-389.4		-467.1		1165.6		519.35		129.84		Yes		0.3259





Table 6

		Model		Period		n		Λi (Period 1)		Λi (Period 2)		F		R2		R2adj		p-value

		Habitat		1970-2015		46		Λ2 (23 years)		-		10.5		0.1922		0.1738		0.0029

		Ecological		1982-2010		29		Λ5 (11 years)		-		7.0		0.2067		0.1773		0.0141

		Eutrophication		1987-2014		28		Λ1 (28 years)		Λ7 (8 years)		4.9		0.2794		0.2218		0.0169

		Sargassum		2000-2015		16		Λ4 (8 years)		-		7.9		0.3621		0.3165		0.0071





Table 7

								Selected Predictors				F				R2adj				p-Value																		Selected Predictors				F				R2				R2adj				p-Value

		Model		Fit R2adj (Dtrnd.)		Period		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.								Model		Fit R2adj (Dtrnd.)		Period		n		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.

		Habitat		0.1738 (0.8262)		1970-2015		'oilPLT' + 'artReef'				239.12		-		0.9137		-		0.0001		-								Habitat		0.1738 (0.8262)		1970-2015		46		'oilPLT' + 'artReef'				239.12		-		0.9175		-		0.9137		-		0.0001		-

		Ecological		0.1773 (0.8227)		1982-2010		'precip'		'amo' + 'oilPLT'		3.94		6.75		0.0949		0.2910		0.0586		0.0050								Ecological		0.1773 (0.8227)		1982-2010		29		'precip'		'amo' + 'oilPLT'		3.94		6.75		0.1272		0.3416		0.0949		0.2910		0.0586		0.0050

		Eutrophication		0.2218 (0.7782)		1987-2014		'doTXf'				9.69		-		0.2434		-		0.0045		-								Eutrophication		0.2218 (0.7782)		1987-2014		28		'doTXf'				9.69		-		0.2714		-		0.2434		-		0.0045		-

		Sargassum #1		0.3165 (0.6835)		2000-2015		'middle1'				5.15		-		0.2167		-		0.0378		-								Sargassum #1		0.3165 (0.6835)		2000-2015		16		'middle1'				5.15		-		0.2689		-		0.2167		-		0.0378		-

		Sargassum #2		0.3165 (0.6835)		2000-2015		'mouth2'				-		2.57		-		0.0949		-		0.0884								Sargassum #2		0.3165 (0.6835)		2000-2015		16		'mouth2'				-		2.57		-		0.1552		-		0.0949		-		0.0884





Table 8

		Model		Proportion of Total		Modeled Prop.		Total % Modeled

		Habitat		0.1738		0.9137		16%

		Ecological*		0.8227		0.291		24%

		Eutrophication		0.2218		0.2434		5%

		Sargassum #1		0.3165		0.2167		7%





ESR 2017

										Hypotheses

		Source		Symbol		Description		Observation Years		Spatial		Temporal



		ESR 2017		amo		Mean annual Atlantic multidecadal oscillation index 		1970-2015

		ESR 2017		artREEF		Annual net change in Gulf-wide number of artificual reefs (non-oil structure) present 		1970-2015

		ESR 2017		doLAf		Annual mean dissolved O2 off Louisiana in fall		1987-2015

		ESR 2017		doLAs		Annual mean dissolved O2 off Louisiana in summer		1987-2015

		ESR 2017		doTXf		Annual mean dissolved O2 off Texas in fall		1987-2015

		ESR 2017		doTXs		Annual mean dissolved O2 off Texas in summer		1987-2015

		ESR 2017		no3		Estimated annual Gulf-wide nitrate input from the Mississippi-Atchafalaya River Basin (MARB)		1980-2014

		ESR 2017		nOx		Estimated annual Gulf-wide nitrogen oxides input from the MARB		1980-2014

		ESR 2017		oilPLT		Annual net change in Gulf-wide number of oil platforms present		1970-2015

		ESR 2017		phos		Estimated annual Gulf-wide phosphate input from the MARB		1980-2014

		ESR 2017		sea		Mean annual change in sea level for all Gulf states		1977-2015		-		Direct

		ESR 2017		sstC		Mean annual standardized montly sea surface temperature anomoly for central GoM		1982-2015		Direct		Direct

		ESR 2017		sstE		Mean annual standardized montly sea surface temperature anomoly for eastern GoM		1982-2015		Direct		Direct

		ESR 2017		sstW		Mean annual standardized montly sea surface temperature anomoly for western GoM		1982-2015		Direct		Direct

		ESR 2017		zoopS		Average zooplankton volume in the spring		1982-1984; 1986-1990; 1992-2015		-		Direct





Sarg_TimeSeries_Totals

				Time Series Totals (2000-2018)

		Region		Mean Biomass (mil. tons)		Mean Cover (km2)		Spawning Cover  (km2)		Larv./Juv. Cover  (km2)

		edges		0.00		0.17		0.06		0.49

		fgbE		0.00		0.04		0.10		0.12

		gom		2.12		628.33		731.23		1265.80

		gomC		0.21		64.16		91.29		112.36

		gomE		0.22		72.77		42.57		205.88

		gomW		0.32		101.45		205.28		133.37

		mouth		0.03		11.91		4.42		35.24

		madison		0.00		0.05		0.03		0.18

		mcgrail		0.00		0.01		0.03		0.06

		middle		0.00		0.16		0.06		0.48

		pulley		0.00		0.06		0.05		0.21

		efhRF		0.47		139.08		208.26		235.52

		steam		0.00		0.02		0.01		0.12






Table 1

						Hypotheses

		Symbol		Description		Spatial		Temporal

		coverALL

Joshua Kilborn: Joshua Kilborn:
Mean annual areal coverage of the Total GoMex.		Mean annual coverage (km2) for full Gulf LME

		biomALL

Joshua Kilborn: Joshua Kilborn:
Mean annual biomass of the Total GoMex.		Mean annual biomass (mil. tons) for full Gulf LME

		edges		The Edges (40 Fathom Contour)

		fgbE		Flower Garden Banks east

		gom		Gulf-wide experimental area

		gomC		Central Gulf experimental area

		gomE		Eastern-central Gulf experimental area

		gomW		Western-central Gulf experimental area

		mouth		Gulf 'mouth' experimental area

		madison		Madison Swanson Marine Reserve

		mcgrail		McGrail Bank

		middle		The FL Middle Grounds

		pulley		Pulley Ridge

		efhRF		Essential fish habitat for reef fishes

		steam		Steamboat Lumps Reserve

		See: https://gulfcouncil.org/fishing-regulations/federal/#1567024726348-197a283c-476c for details of spatial boundary coordates.





Table 2

								Spawn/Dispersal						Pelagic/Recruit

		Greater Amberjack Ontogenetic Stage		Jan.		Feb.		Mar.		Apr.		May		Jun.		Jul.		Aug.		Sep.		Oct.		Nov.		Dec.

		Spawning						X		X		X		X

		Eggs						X		X		X		X

		Yolk-sack larvae								X		X		X		X

		Larvae (start feeding)								X		X		X		X

		Pelagic Juveniles (feeding pelagic)										X		X		X		X		X		X		X		X

		Recruited stage (YOY > 150 days)																X		X		X		X		X





		Peak-spawning-period spawned class

		Commercial Fishing Closed

		Recreational Fishing Closed





























Table 3

												Hypotheses

		Source		Symbol		Description		Observation Years				Spatial		Temporal

		ESR 2017		amo		Mean annual Atlantic multidecadal oscillation index 		1970-2015

		ESR 2017		artREEF		Annual net change in Gulf-wide number of artificial reefs (non-oil) present 		1970-2015

		ESR 2017		doLAf		Annual mean dissolved O2 off Louisiana in fall		1987-2015

		ESR 2017		doLAs		Annual mean dissolved O2 off Louisiana in summer		1987-2015

		ESR 2017		doTXf		Annual mean dissolved O2 off Texas in fall		1987-2015

		ESR 2017		doTXs		Annual mean dissolved O2 off Texas in summer		1987-2015

		ESR 2013		flood		Marsh flooding rate in Barataria Bay, LA		1981-2011				Direct		Direct

		ESR 2013		flowMS		Mean streamflow for Mississippi River		1980-2011				Direct		Direct

		ESR 2013		hurr		ACE index of hurricane activity		1980-2011				Indirect		Direct

		ESR 2017		no3		Annual Gulf-wide nitrate input from the Mississippi-Atchafalaya River Basin (MARB)		1980-2014

		ESR 2017		nOx		Annual Gulf-wide nitrogen oxides input from the MARB		1980-2014

		ESR 2017		oilPLT		Annual net-change in Gulf-wide number of oil platforms		1970-2015

		ESR 2013		oilSPL		Number of U.S. Gulf LME oil spills		1980-2011				Indirect		Direct

		ESR 2017		phos		Annual Gulf-wide phosphate input from the MARB		1980-2014

		ESR 2013		precip		Total precipitation for Mississippi River watershed		1980-2011				Indirect		Direct

		ESR 2017		sea		Mean annual change in sea level for all Gulf states		1970-2015				-		Direct

		ESR 2017		sstC		Mean annual monthly sea surface temperature anomaly for central Gulf		1982-2015				Direct		Direct

		ESR 2017		sstE		Mean annual monthly sea surface temperature anomaly for eastern Gulf		1982-2015				Direct		Direct

		ESR 2017		sstW		Mean annual monthly sea surface temperature anomaly for western Gulf		1982-2015				Direct		Direct

		ESR 2017		zoopS		Average zooplankton volume in the spring		1982-1984; 1986-1990; 1992-2015				-		Direct





Table 4

				Sargassum (2000-2015)		Ecological (1982-2010) (1970-2015)*		Eutrophication (1987-2014)

		1		biomALL		amo		doLAf

		2		coverALL		artREEF*		doLAs

		3		edges		flood		doTXf

		4		efhRF		flwMS		doTXs

		5		fgbE		hurr		no3

		6		gom		oilPLT*		nOx

		7		gomC		oilSPL		phos

		8		gomE		precip

		9		gomW		sea*

		10		madison		sstC

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month


		11		mcgrail		sstE

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month.

		12		middle		sstW

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month



		13		mouth		zoopS

jpk: jpk:
Mean month anomoly value.

Values in BOLD are missing one month



		14		pulley

		15		steam





Table 5



		Model		Period		n		Minimum		Mean		Median		Maximum		StndDev.		StndErr.		Normal		p-value

		Habitat		1970-2015		46		-1233.4		-286.2		-434.4		1324.6		638.25		94.12		No		0.0069

		Ecological		1982-2010		29		-1233.4		-124.6		-250.0		1324.6		679.16		126.12		Yes		0.1097

		Eutrophication		1987-2014		28		-1089.1		-190.5		-339.9		1254.6		595.89		112.61		Yes		0.0511

		Sargassum		2000-2015		16		-1089.1		-389.4		-467.1		1165.6		519.35		129.84		Yes		0.3259





Table 6

		Model		Period		n		Λi (Period 1)		Λi (Period 2)		F		R2		R2adj		p-value

		Habitat		1970-2015		46		Λ2 (23 years)		-		10.5		0.1922		0.1738		0.0029

		Ecological		1982-2010		29		Λ5 (11 years)		-		7.0		0.2067		0.1773		0.0141

		Eutrophication		1987-2014		28		Λ1 (28 years)		Λ7 (8 years)		4.9		0.2794		0.2218		0.0169

		Sargassum		2000-2015		16		Λ4 (8 years)		-		7.9		0.3621		0.3165		0.0071





Table 7

								Selected Predictors				F				R2adj				p-Value																		Selected Predictors				F				R2				R2adj				p-Value

		Model		Fit R2adj (Dtrnd.)		Period		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.								Model		Fit R2adj (Dtrnd.)		Period		n		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.		Fit		Dtrnd.

		Habitat		0.1738 (0.8262)		1970-2015		'oilPLT' + 'artReef'				239.12		-		0.9137		-		0.0001		-								Habitat		0.1738 (0.8262)		1970-2015		46		'oilPLT' + 'artReef'				239.12		-		0.9175		-		0.9137		-		0.0001		-

		Ecological		0.1773 (0.8227)		1982-2010		'precip'		'amo' + 'oilPLT'		3.94		6.75		0.0949		0.2910		0.0586		0.0050								Ecological		0.1773 (0.8227)		1982-2010		29		'precip'		'amo' + 'oilPLT'		3.94		6.75		0.1272		0.3416		0.0949		0.2910		0.0586		0.0050

		Eutrophication		0.2218 (0.7782)		1987-2014		'doTXf'				9.69		-		0.2434		-		0.0045		-								Eutrophication		0.2218 (0.7782)		1987-2014		28		'doTXf'				9.69		-		0.2714		-		0.2434		-		0.0045		-

		Sargassum #1		0.3165 (0.6835)		2000-2015		'middle1'				5.15		-		0.2167		-		0.0378		-								Sargassum #1		0.3165 (0.6835)		2000-2015		16		'middle1'				5.15		-		0.2689		-		0.2167		-		0.0378		-

		Sargassum #2		0.3165 (0.6835)		2000-2015		'mouth2'				-		2.57		-		0.0949		-		0.0884								Sargassum #2		0.3165 (0.6835)		2000-2015		16		'mouth2'				-		2.57		-		0.1552		-		0.0949		-		0.0884





Table 8

		Model		Proportion of Total		Modeled Prop.		Total % Modeled

		Habitat		0.1738		0.9137		16%

		Ecological*		0.8227		0.291		24%

		Eutrophication		0.2218		0.2434		5%

		Sargassum #1		0.3165		0.2167		7%





ESR 2017

										Hypotheses

		Source		Symbol		Description		Observation Years		Spatial		Temporal



		ESR 2017		amo		Mean annual Atlantic multidecadal oscillation index 		1970-2015

		ESR 2017		artREEF		Annual net change in Gulf-wide number of artificual reefs (non-oil structure) present 		1970-2015

		ESR 2017		doLAf		Annual mean dissolved O2 off Louisiana in fall		1987-2015

		ESR 2017		doLAs		Annual mean dissolved O2 off Louisiana in summer		1987-2015

		ESR 2017		doTXf		Annual mean dissolved O2 off Texas in fall		1987-2015

		ESR 2017		doTXs		Annual mean dissolved O2 off Texas in summer		1987-2015

		ESR 2017		no3		Estimated annual Gulf-wide nitrate input from the Mississippi-Atchafalaya River Basin (MARB)		1980-2014

		ESR 2017		nOx		Estimated annual Gulf-wide nitrogen oxides input from the MARB		1980-2014

		ESR 2017		oilPLT		Annual net change in Gulf-wide number of oil platforms present		1970-2015

		ESR 2017		phos		Estimated annual Gulf-wide phosphate input from the MARB		1980-2014

		ESR 2017		sea		Mean annual change in sea level for all Gulf states		1977-2015		-		Direct

		ESR 2017		sstC		Mean annual standardized montly sea surface temperature anomoly for central GoM		1982-2015		Direct		Direct

		ESR 2017		sstE		Mean annual standardized montly sea surface temperature anomoly for eastern GoM		1982-2015		Direct		Direct

		ESR 2017		sstW		Mean annual standardized montly sea surface temperature anomoly for western GoM		1982-2015		Direct		Direct

		ESR 2017		zoopS		Average zooplankton volume in the spring		1982-1984; 1986-1990; 1992-2015		-		Direct





Sarg_TimeSeries_Totals

				Time Series Totals (2000-2018)

		Region		Mean Biomass (mil. tons)		Mean Cover (km2)		Spawning Cover  (km2)		Larv./Juv. Cover  (km2)

		edges		0.00		0.17		0.06		0.49

		fgbE		0.00		0.04		0.10		0.12

		gom		2.12		628.33		731.23		1265.80

		gomC		0.21		64.16		91.29		112.36

		gomE		0.22		72.77		42.57		205.88

		gomW		0.32		101.45		205.28		133.37

		mouth		0.03		11.91		4.42		35.24

		madison		0.00		0.05		0.03		0.18

		mcgrail		0.00		0.01		0.03		0.06

		middle		0.00		0.16		0.06		0.48

		pulley		0.00		0.06		0.05		0.21

		efhRF		0.47		139.08		208.26		235.52

		steam		0.00		0.02		0.01		0.12






Reef Fish
Recruit Deviations
AEM Results



Temporal Detrending Results

Response Group A/ (Period 1) |A/ (Period 2)| A/ (Period 3) --

All SpeCIes 1993-2012 |2 . 0.5229(-0.0071| 0.5164

Hogfish/ 1992-2012 |21 - 0.3416|-0.3168| 0.8419
Red Grouper

All Snappers  [1993-2012 _-_ 0.5825|0.1187 | 0.3701
Gray Triggerfish [1987-2012|26|A" (26 years)| As' (7 years) |A." (13 years)|43.7 |0.8564|0.8368 | 0.0001




Temporal Detrending Results

Modeled and Detrended Gray Triggerfish Recruitment Deviations (1987-2012)

~84% of Gray Triggerfish recruit
} deviations expl. by AEMs

Z-Scores

1997 1999 2001 2003 2005 2007 2009 2011 2013

1989 1991 1993 1995
A TriggerGRAY-43 e yFit —@—yDT




Selected AEM Predictors

Selected AEMs for Gray Triggerfish Recruit Deviations

Oscillating 7-Year

AEM Value

Oscillating 13-Year

2003

Composite




AEMSs’ Contributions to Fitted Scores
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Temporal Autocorrelation Considerations

Response Group A7 (Period) A7 (Period) A/ (Period) --

All SpeCIeS 1993 2012 2 O 5229 O 0071 O 5164

Hogfish/ 1992-2012 |21 - 0.3416|-0.3168 0.8419
Red Grouper

wsnappers Poazoizlpd] || | L3 |osszs|oatar|oarol
ray Triggerfish [1987-2012 Af (26 years)|A4” (7 years)|As" (13 years)O.8564 0.8368]0.0001

* “84% of Gray Triggerfish recruitment deviation was explained by
three (3) synthetic autocorrelation structures (AEMs)

e Short-term 7 and 13-year “decadal” signals apparent

* Long-term 26-year “multi-decadal” signal dominant
» Unaccounted for temporal processes?
» Mechanistic bias in assessment model?



G-TRIG

MODEL mpor: Temporally Structured
Biological Response Ecological Forcing Models
Fitted (Temporal Autocorrelation)
Axe S PREDICTOR

MODELS >
Climate, Habitat,

G-TRIG Sargasum
MODEL

Non-Temporally Structured
Non-Temporally Structured Ecological Forcing Models

RENTVET Biological Response
Axes



Temporal Autocorrelation Considerations

Gray Triggerfish Selected Predictors

Predictor Model |Fit R*,q; Fit

0.8368 |Whlibis+RytherNdx
Food Web Whibis+RytherNdx
Water Temp. ealvl

Eutrophication



Temporal Autocorrelation Considerations

Gray Triggerfish Selected Predictors
Predictor Model [Fit R%|  Fit | Dund | Fit |Dtmnd| Fit | Dtrnd | Fit | Dtmnd_
All X 0.8368 |Whibis+RytherNdx [SSTe+doTXf|32.36 |7.03 [0.7150 0.3255 [0.0001 [0.0044

FoodWeb | - |Whibis+RytherNox] - 132.36/1.45 0.7150 01278 10.0001 [0.2553
WaterTemp. | - |Sealvi  |SSTe  [25.20/5.21 |0.4828(0.1441 [0.0001/0.0306
Eutrophication | _—_ldorxf | - [11.740.51 [0.3005/0.1328/0.0032/0.7981




Discussion Points for the SSC

* Why do AEMs “work” at all for SS3 outputs?

* |s this behavior expected given the way SS3 operates?
e Can AEMs be used to “tune” the internal recruitment estimates?
e Can AEMs be used to inform bias-corrections?

* Temporal observation scale matters

* AEMs as proxies/substitutes for unknown processes:
* All models identified new covariates of interest
 Potential for describing Gulf-wide teleconnections (e.g., AMO)

e Useful for informing simulation studies and management
strategy evaluations?



Discussion?



Perturbation
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Ecosystem state

TRENDS in Ecology & Evolution

Remember
Ecosystem Trajectories?

Marine ecosystem assessment in a fisheries
management context

Jason S. Link, Jon K.T. Brodziak, Steve F. Edwards, William J. Overholtz,
David Mountain, Jack W. Jossi, Tim D. Smith, and Michael J. Fogarty



Gulf of Mexico ESR Update (2017)

INTEGRATED SOCIO-ECOLOGICAL SYSTEM OF THE GULF OF MEXICO

g Human Wellbeing
: Social Services, Basic Needs,
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Seabirds, Protected Species rl : i, Sy e Connec
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Climate & Ceoean Drivers ﬁmh:ag::fr:_rm
Climate. Sea-Level Rise, Ocean e A
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NOAA-NMES Ecosystem Status Report Update for the Gulf of Mexico

(2017) Karnauskas, M., C.R. Kelble, S. Regan,C. Quenee, R. Allee, M. Jepson, A. Freitag, ].K. Craig, C. Carollo, L. Barbero,
N. Trifonova, D. Hanisko, G. Zapfa. NOAA Tech. Memorandum NMFS-SEFSC-706, 56 p.




Gulf CAFE (1986-2013) Response Indicators - Y

23 Responses

* Population status estimates:
e Upper trophic level spp. (xi6)
e Lower trophic level spp. (x1)

* Multispecies stock structure (x4)
* Fishing revenues 1)

* Ryther index of large marine ecosystem
overfishing x1)
Things we care about



Gulft CAFE (1986-2013) Predictor Indicators - X

15 Predictors

* Climatological Indicators:
* Regional spatial scale
* Basin-wide spatial scale ()

* Eutrophication estimates (x3)

* Fishery utilization:
e Commercial extractions 1)
e Recreational effort (x2)

* Fishery ecosystem:
e Basal resource levels 1)

Hypothesized to affect * Habitat availability
things we care about * Coastal population change 1)



Modeling Time with AEMs

(Asymmetric Eigenvector Mapping)

AEM 1 AEM 2

Selected temporal scales within the sampling universe
(i.e., 1986-2013) relevant to fisheries ecosystem response



Constrained Analysis Framework

Effect ?

Hypothesized to affect

: Thi bout
things we care about Mg WS Celine GOl



Gulf CAFE AEM Model
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Gulf CAFE AEM Model
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Gulf CAFE AEM Model
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Gulf CAFE AEM Model

Increase over time
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Gulf CAFE Trends & Predictor Influences

Gulf of Mexico CAFE Temporal Trends (1986-2013)

Stepwise Variable Selection with
Akaike’s Information Criterion (AIC)

SSresi
AIC =n * log, (%ua“) + 2K

—0— Canonical AxisI = —@— Canonical Axis II



Temporally Structured Predictors

Gulf of Mexico CAFE Temporal Trends (1986-2013)

* Net change in number of oil platforms Gulf-wide
» Atlantic Multidecadal Oscillation (AMO)
* Total # of recreational fishing trips taken

* Sea surface temperature (SST) in eastern Gult




Temporally Structured Predictors

Gulf of Mexico CAFE Temporal Trends (1986-2013) Gulf of Mexico CAFE Temporal Trends (1986-2013)

4
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* Net change in number of oil platforms Gulf-wide
» Atlantic Multidecadal Oscillation (AMO)
* Total # of recreational fishing trips taken

* Sea surface temperature (SST) in eastern Gult

* Net change in # of artificial reefs (excl. oil platforms)




AEM and Variation Partitioning Summary

* The Gulf CAFE response followed two major temporal trends

e 27 years (dominant)
e 13.5 years (secondary)

*27yr. -2 Discouraging: Commercial indices
- Encouraging: UT spp. & Structural

* 13.5 yr. = Discouraging: Cobia stock
- Encouraging: UT spp. & System health



Gult CAFE
Ecosystem Irajectory
(1986-2013)
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Gulf CAFE Response Trends

Canonical Analysis of Principal Coordinates (CAP)
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Gulf CAFE Response Trends
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Linking the ball-and-cup analogy and ordination trajectories to
describe ecosystem stability, resistance, and resilience
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Gulf of Mexico CAFE Trajectory

Canonical Analysis of Principal Coordinates (CAP)

* Ecosystem Status Report for
Gulf of Mexico (2017)

* Period: 1986-2013

e 23 Response indicators of
marine resource structure
and function

o) Jojof X Jof X X )
[T s = TN e > B B N S I S B

—
o

ES
©
N
o
o
»n
©
8-
c
5]
c
@
&)

* Gradual directional change?
Humpty dumpty?
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Discussion Points for the SSC

* |dentify trade-offs?

* Between response states and long-term CAFE changes
* Can see the effects of management on the system’s LMRs

e Useful for multispecies complex monitoring?

* How to operationalize results for fishery management?
e Update risk probabilities for management options (implicit)
* Implementation of covariates in assessment models (explicit)

* Fishery management plan control rules based on system state
placement, and any trade-offs elucidated (explicit)



Discussion?
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