Using Video Surveys to Examine the Effect of Habitat on Gag Grouper Encounter
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[bookmark: _GoBack]Introduction
[image: ]The Gag Grouper (Mycteroperca microlepis) is a popular recreationally- and commercially- targeted fish found along the continental shelf of the United States and Mexico. Historically, overfishing led to declines in the Gulf of Mexico stock, which was declared overfished in 2009.  In response, numerous fishing regulations were established to rebuild the stock. Although Gag Grouper are no longer listed as overfished and are not subject to overfishing in the Gulf of Mexico, fisheries managers are concerned that stocks may not be recovering. Limited information on life history has created uncertainty about the long-term effectiveness of current management strategies in aiding recovery. Adults and subadults Gag Grouper spend much of their life on offshore reefs, but relatively little is known about the kinds of reefs they use. Although numerous studies have focused on habitat in geographic areas where Gag Grouper occur in great abundance, there is a wide information gap regarding habitat use throughout their overall range. Understanding the kind of habitat Gag Grouper use could help resource managers decide what areas warrant protection or increased regulation. Our objective was to identify habitat characteristics important to Gag Grouper in the eastern Gulf of Mexico. Based on previous studies, we created a candidate model set to investigate the effects of habitat on the probability of encountering of Gag Grouper. Variables in the models included percent coverage of rock and hard coral, maximum vertical relief, depth, and latitude (Gilmore and Jones 1992; Coleman et al. 2011). Because known spawning sites occur in deeper waters and higher latitudes, models for surveys encompassing a range of latitudes included an interaction between those two variables (Coleman et al. 2011). Similarly, because vertical relief is likely influenced by rock coverage, candidate models also included an interaction between these two variables.
Methods
[bookmark: _Hlk37689278]To identify habitat variables important to Gag Grouper, we obtained data from three separate fisheries-independent video surveys that occurred in the West Florida Shelf from 2010-2017:  the National Atmospheric and Oceanic Administration (NOAA) Panama City, FL Office (PC) Video Survey, the NOAA Southeast Area Monitoring and Assessment Program (SEAMAP) Video Survey, and the Florida Fish and Wildlife Research Institute (FWRI) Video Survey (Figure 1). We removed redundant variables based on a Pearson correlation test where correlations > 0.70 or < -0.70 were considered highly correlated. We ran a separate analysis for each survey due to discrepancies among survey methodologies. The candidate model set included univariate and multivariate models of variables hypothesized to be important to Gag Grouper, as well as a model created using backward stepwise selection (AIC-based) of all available (non-redundant) variables. To account for the potential variation due to time, we included survey month and year as random effects in all candidate models. For models to converge, predictor variables were rescaled by centering their values around the mean.  Models with a ∆ AIC < 3 made up the confidence model set.  
Results
[image: ]Although the top models differed slightly among the surveys the variables -percent rock coverage, maximum vertical relief, latitude, and depth - were present in all confidence models.  Percent hard coral coverage was exclusively present in the FWRI confidence models (Table 1). The interaction of percent rock coverage and maximum vertical relief was included in all confidence model sets, and the interaction of latitude and depth was included in the FWRI confidence models, but not the SEAMAP confidence model. The model created using backward stepwise selection resulted as the model with the lowest AIC for all surveys, and was the sole confidence model for the SEAMAP and PC survey. The PC step-based model included three variables that we had not hypothesized would affect Gag Grouper occurrence (percent coverage of seawhip and epifauna, and depth), and the SEAMAP step-based model included percent coverage of seawhip and algae. However, the step-based model for the FWRI survey included only the variables that were included in our other candidate models. All variables had a positive effect on the probability of encountering a Gag Grouper, except percent coverage of algae and epifauna, and depth (PC) which had a negative effect (Table 2). All interactions – percent rock coverage and relief, and depth and latitude – had negative effects on the probability of encountering a Gag.

Discussion
[image: ]Our findings that, across the eastern Gulf of Mexico, percent coverage of rock and hard coral, maximum vertical relief, depth, and latitude were important variables in predicting the probability of encountering Gag Grouper were consistent with published literature (Gilmore and Jones 1992; Coleman et al. 2011). Although we hypothesized that depth was important because of its interaction with latitude, depth did not have the same effect on Gag Grouper across the three surveys, and our findings suggest that there is a non-linear relationship between depth and the probability of encountering a Gag Grouper. In the PC survey, which sampled relatively shallow waters (< 60 m), depth had a negative effect on the probability of encountering a Gag Grouper, but in the SEAMAP and FWRI surveys (which occurred in waters up to 120m), depth had a positive effect on the probability of encountering a Gag Grouper. Given these findings, shallower habitats in the northern latitudes may be more suitable for Gag Grouper, whereas deeper habitats might be more suitable in the southern latitudes. This is substantiated by our finding that the effect of depth was not as important in higher latitudes (FWRI). As hypothesized, the interaction of percent rock coverage and maximum vertical relief was important, but had a negative relationship.   
Most of the variables in our confidence models are consistent with previous literature (Gilmore and Jones 1992; Coleman et al. 2011). However, because this study covered a much broader spatial scale, our findings suggest that Gag Grouper habitat use is fairly consistent throughout their entire range. We did find that the effect of depth on the probability of encountering a Gag Grouper is not consistent across latitudes. Although marine protected areas designed to protect Gag Grouper exist in deep water at higher latitudes, our results suggest that MPAs in shallow water at those same latitudes would also be effective. Managers may be able to help Gag Grouper and encourage their recovery by establishing or expanding protected areas throughout the northern latitudes.
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Figure 1. Study site along the West Florida Shelf in the Gulf of Mexico. Dots
indicate the location of video surveys conducted by the National Atmospheric and
Oceanic Administration (NOAA) Panama City. FL Office (PC). NOAA Southeast
Area Monitoring and Assessment Program (SEAMAP). and Florida Fish and Wildlife
Research Institute (FWRL).
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Survey Confidence Model (s) K AIC AAIC AICWt

PC [[Rock * Relief + Depth + Epifauna + Seawhip]] 9 640.55 0.00  0.99
SEAMAP [[Rock * Relief + Latitude + Depth + Algae + Seawhip]] 10 538.08 0.00 0.9
FWRI [[ Hard Coral + Rock * Relief + Latitude + Depth ]|~ 9 53548 0.00  0.49
Hard Coral + Rock * Relief + Latitude * Depth 10 537.33 185 019

Hard Coral + Rock + Latitude * Depth 8 537.83 225 0.16

Hard Coral + Rock + Relief + Latitude * Depth 9 53777 229 0.6

Table 1. Akaike Information criteria (ALC) summary table of the confidence model set (A AIC < 3)
for all surveys. The model created using backwards stepwise selection is enclosed in double
brackets. Rock = percent rock coverage, Relief = maximum vertical relief (m), Latitude = latitude
(DD), Depth = depth (m), Hard Coral = percent hard coral coverage, Epifauna = percent epifauna
coverage, Seawhip = percent seawhip coverage, and Algac = percent algac coverage.
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Table 2. Relative effect (+ o -) of variables from
cach survey’s confidence model(s) on the
probability (p) of encountering a Gag Grouper.
. indicates that the variable was not in the
confidence model(s). “NA” indicates that either
the variable was not measured or that it was not in
the candidate models.




