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I. Abstract 

This project provided the first attempt to predict and verify multi-species reef fish spawning 
aggregations in the northwestern Gulf of Mexico. We used three sources of information to 
identify spawning aggregations: (1) anecdotal information learned from interviews with 
fishermen, (2) fisheries dependent and independent data, and (3) geomorphological models that 
predict likely locations based on habitat features known to be associated with aggregations. To 
verify predicted sites, we worked collaboratively with commercial and charter captains to verify 
snapper-grouper spawning using various techniques, including underwater video, catch per unit 
effort (CPUE), and collection of biological samples (gonadal tissue for histology and otoliths for 
aging). For this study, we used a suite of tools for field verification of spawning aggregation sites 
based on cooperative monitoring methods developed during this project and formalized for the 
U.S. South Atlantic (Heyman, 2016). Fisher interviews revealed a set of possible spawning times 
and locations for several fish species in several locations in the Gulf of Mexico, most of which 
require additional sampling for verification. Verification techniques were utilized to characterize 
Cubera snapper, horse-eye and crevalle jack, and sheepshead aggregation sites. Additional effort 
is needed to identify, characterize, and monitor spawning aggregations in the Gulf of Mexico. 
These data in turn can be used to help monitor and manage stocks. Regional variations in species 
composition, fleet dynamics, scientific understanding, governance regimes and local capacity 
dictate the need for regionally-specific work plans. Nonetheless, monitoring spawning 
aggregation sites will likely contribute to more robust stock assessments for multiple species, and 
ultimately support the rebuilding and recovery of reef fish throughout their natural range. 
Information collected during this project will be disseminated via peer-reviewed publications and 
will be made available to relevant management bodies. 
 
  

1



II. Executive Summary 
 
Species within the reef fish complexes that spawn in transient but predictable aggregations can 
and should be monitored at their spawning sites, rather than when the fish are dispersed into their 
home ranges that may span hundreds of thousands of square miles. Though reef fish are fished 
extensively in the western Gulf of Mexico, no spawning sites have been documented in the Gulf 
outside of the west Florida Shelf, the Florida Keys, and the Dry Tortugas. The most likely place 
for them to occur, based on studies from the Wider Caribbean and the eastern Gulf, would be the 
banks on the northwestern Gulf of Mexico, which have both vertical and horizontal discontinuity 
in the correct depth zones, and are close to the continental shelf. This project was the first such 
study in the region and aimed to predict and verify multi-species spawning aggregations in the 
northwest Gulf of Mexico. This in turn will allow consolidation of existing methods and further 
development of robust fishery-dependent and independent data collection methods, designed to 
evaluate the status of all of the stocks that use multi-species spawning aggregation sites.  

We used three sources of information to identify spawning aggregations: (1) anecdotal 
information learned from interviews with fishermen, (2) fisheries dependent and independent 
data, and (3) geomorphological models that predict likely locations based on habitat features 
known to be associated with aggregations.   
 

1) Commercial and recreational fishermen that frequently fish in the Gulf of Mexico were 
queried in informal interviews about the time and location of spawning aggregations for various 
species. In order to collect and collate these data, we developed and used an anecdotal data 
information form and associated database (following Heyman, 2016). 
 

2) At the onset of the project, we believed that the most likely sources of publically 
available data that might reveal information on the timing and location of spawning aggregations 
included NMFS landings data, SEAMAP larval data, and bathymetry data from a variety of 
sources. A relatively comprehensive search and analysis revealed that there was very little to be 
learned about spawning aggregation timing and location based on any of these sources.  
 

3) Existing comprehensive bathymetric datasets for the Gulf of Mexico however, were 
found inadequate for predicting spawning aggregation sites in large part because their resolution 
is too coarse and/or inconsistent. There only exists a small portion of the Gulf of Mexico that is 
both shallower than 200 meters (m) and also has high-resolution multi-beam data available 
(shown as a dark line in Figure 1).  Therefore, a small area on the shelf break (within this dark 
band), less than 200 m, was selected for bathymetric prediction of spawning areas. The area 
selected contained an area that was identified by an interviewed commercial fisherman as a 
Cubera snapper spawning aggregation site.  
 
The most valuable techniques for the verification of spawning aggregations are fishery 
dependent surveys, underwater visual assessments, and mapping aggregation locations in relation 
to local bathymetry and habitat (Kobara et al., 2013). The complementary deployment of 
underwater passive acoustic recorders at select verified locations to monitor sound production 
associated with spawning aggregations can provide validation of fish abundance, site usage, and 
readiness to spawn (Rowell et al., 2012; Schärer et al., 2012a,b; Appeldoorn et al., in press; 
Rowell et al., in press). Data gathered using these relatively simple techniques can together 
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provide scientific verification of spawning aggregations, excellent data for improved stock 
assessments for various species, and a baseline for future monitoring. 
 
To verify predicted sites, we worked collaboratively with commercial and charter captains to 
verify snapper-grouper spawning using various techniques, including underwater video, catch 
per unit effort (CPUE), and collection of biological samples (gonadal tissue for histology and 
otoliths for aging). For this study, we used a suite of tools for field verification of spawning 
aggregation sites based on cooperative monitoring methods developed during this project and 
formalized for the U.S. South Atlantic (Heyman, 2016).  
 
Primary Findings: 
 
- Fisher interviews revealed a set of possible spawning times and locations for several fish 
species in several locations in the Gulf of Mexico, most of which require additional sampling for 
verification. 
- Available public and historical data sources (e.g. NOAA Fisheries, SEAMAP larval 
distribution and abundance data) were found inadequate to predict times and locations of 
spawning aggregations, but bathymetry data were compiled and proved useful for prediction in 
limited geographic areas. 
- Drop video cameras, biological sampling, quantitative video analyses, fisher interviews, and 
geomorphological predictions were used to characterize a Cubera snapper Lutjanus cyanopterus 
spawning aggregation site in the Chain Lumps area of the western Gulf of Mexico. 
- Drop video cameras and fisher interviews revealed indications of spawning aggregations of 
horse-eye Caranx latus and crevalle jacks C. hippos, at the West Flower Garden Banks. Fisher 
interviews revealed that scamp Mycteroperca phenax also spawn there though attempts to verify 
them in this project were unsuccessful. 
- Drop cameras, biological sampling, fisher interviews, dockside sampling from charter vessels, 
temperature loggers, and passive acoustic hydrophone data were used to characterize a 
sheepshead, Archosargus probatocephalus spawning aggregation at the Galveston ship channel.   
 
This project provided the first attempt to predict and verify spawning aggregations on the banks 
of the northwestern Gulf of Mexico. All four objectives were met with varying levels of success. 
Field verification of spawning aggregations in the waters of the Gulf of Mexico is an important 
but difficult task. Sites are generally small, remote, and transient in time, often occurring during 
periods of rough weather and requiring multi-day trips for evaluation. This project has illustrated 
the value of the described approach by documenting several spawning aggregations in both 
nearshore and offshore waters. Additionally, the project compiled and analyzed fishery-
dependent and fishery-independent data, expert fishery knowledge, and geomorphological 
predictions of likely spawning aggregation sites that can be used in subsequent studies.  
 
A great deal of additional effort is needed to identify, characterize, and monitor spawning 
aggregations in the Gulf of Mexico. These data in turn can be used to help monitor and manage 
stocks. Regional variations in species composition, fleet dynamics, scientific understanding, 
governance regimes and local capacity dictate the need for regionally-specific work plans. 
Nonetheless, monitoring spawning aggregation sites will likely contribute to more robust stock 
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assessments for multiple species, and ultimately support the rebuilding and recovery of reef fish 
throughout their natural range. 
 
III. Purpose 
 
Description of Problem: 
 
The Reef Fish Complex  

 
Many reef fish are top predators and comprise most of the highly desired and heavily exploited 
fishes in the U.S. South Atlantic, Gulf of Mexico and the Wider Caribbean, supporting 
commercial and recreational fishing, diving and tourism industries, and coastal culture. Many of 
these species share similar life-history characteristics that reduce their resilience to fishing 
pressure—they are long-lived, slow to reproductive maturity, and migrate to spawn in 
aggregations (Huntsman and Waters, 1987; Coleman et al., 1999; 2000). Because of their shared 
life history characteristics and habitats, the “reef fish complex” has traditionally been targeted 
within multi-species fisheries (Lindeman et al., 2000; Ault et al., 2005; Kadison et al., 2006; 
Patterson III et al., 2012). Yet management in U.S. federal waters, as governed by the 
Magnusson-Stevens Fishery Conservation and Management Act (MSFCMA), is applied mostly 
at the level of stocks.  
 
Unfortunately, however, many reef fish stocks have experienced significant declines, some to 
critical levels (Sadovy De Mitcheson et al., 2008; Sadovy De Mitcheson and Erisman, 2012).  
Managers have responded with an assortment of species-specific regulations, adjusting catch 
limits, gear and permit limits and time/area closures, all of which reduce fishing access. 
Unfortunately, because of the multi-species nature of the reef fish complex, unintended bycatch 
and mortality of managed species occurs (regulatory discard) and/or other species are harvested 
below allowable levels to avoid overfished species (Lindeman et al., 2000; Ault et al., 2005; 
Kadison et al., 2006; Patterson III et al., 2012). 

 
The management of reef fish complexes has been difficult throughout their geographic range, as 
basic life history statistics, catch and effort data, and landings information are difficult and 
expensive to obtain. With a few exceptions most reef fish stocks are considered, “data-poor 
fisheries” as defined by Honey et al. (2010).  

 
The Value of Cooperative Science with Fishermen 
 
Because of their continuous interaction with the environment and the resources, fishermen 
maintain a deep ecological understanding of the species they target. This information can 
complement scientific research and provide practical information that can be used in 
management (Pitcher et al., 1998; Johannes et al., 2000; Berkes, 2012). Interviews with 
fishermen may provide valuable local ecological knowledge (LEK), especially with regards to 
where and when large aggregations of spawning fish occur (Johannes, 1998; Sedberry et al., 
2006; Johannes and Neis, 2007). 
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When fishermen participate in research, they become cognizant of the methods used to collect 
data and the way that the data are used to guide management decisions. They are more trusting of 
the data and more supportive of subsequent stock assessment results (Mackinson and Nøttestad, 
1998; Neis et al., 1999; Heyman, 2011). This increases their support for additional cooperative 
research and data collection projects.  Furthermore, their involvement in the research contributes 
to fishermen’s sense of pride and worth, fosters their sense of responsibility for stewardship, and 
leads to a functional and adaptive management process (Mackinson and Nøttestad, 1998; Berkes, 
2012; Heyman and Granados-Dieseldorff, 2012). 
 
The Value of Monitoring Spawning Aggregation Sites  
 
Salmon fisheries are perhaps the best monitored and best managed set of species in the world.  
This is due in large part to the fact that fishers and managers take advantage of their natural 
history whereby the salmon return to their natal rivers to spawn. Because of this, fisheries data 
collection is concentrated in space and time, allowing extremely efficient allocation of sampling, 
monitoring, enforcement, and management resources. Thus the accuracy of stock assessments 
can be increased and the critical life history stages are protected so as to promote maximum 
sustainable harvest.   
 
Using the same logic, species within the reef fish complexes that spawn in transient but 
predictable aggregations can and should be monitored at their spawning sites, rather than when 
the fish are dispersed into their home ranges that may span hundreds of thousands of square 
miles. Since multi-species reef fish spawning aggregations have been identified in many areas of 
the Wider Caribbean (Kobara et al., 2013) and the eastern Gulf of Mexico (Coleman et al.,  
2011), the same was thought to be true for the banks of the northwest Gulf of Mexico (Heyman, 
2008). 
 
The Wider Caribbean region offers an extensive set of examples of scientists working with 
fishermen to map, characterize, and protect multi-species snapper-grouper spawning 
aggregations (e.g. Lindeman et al., 2000; Claro et al., 2001; Heyman and Kjerfve, 2008; 
Granados-Dieseldorff et al., 2013). These experiences and examples serve as a guide and 
template for continued work in the Caribbean, as well as expanded work that recognizes regional 
differences in the U.S. South Atlantic and Gulf of Mexico.   
 
Studies in the Caribbean appear to indicate that transient, multi-species reef fish aggregations 
occur predictably at shelf edges, associated with vertical and horizontal curvature and these sites 
can be located through collaborative research using a combination of fisher knowledge, 
bathymetric maps and models, and other ancillary data. To document and verify these 
aggregations, a combination of underwater visual observations (e.g. Heyman et al., 2004; 
Kaddison et al., 2006; Heyman and Kjerfve, 2008); and passive acoustic monitoring (e.g. Rowell 
et al., 2011; 2012; in press; Schärer et al., in press) techniques may be employed. 

 
Situation Analysis in the U.S. Gulf of Mexico 
 
The eastern edge of the Gulf of Mexico is characterized by the steep west Florida escarpment.  
Working collaboratively with fishermen, researchers have documented multi-species spawning 
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aggregations of gag, scamp, and red snapper along the west Florida shelf edge, which served as 
impetus for the creation of the Madison Swanson Fishing Reserve, Steamboat Lumps, and the 
Edges Reserves on the west Florida shelf (Koenig et al., 2000; Coleman et al., 2011). The 
aggregation sites in the eastern Gulf are associated with ridges, ledges and pinnacles (vertical 
discontinuities) along the shelf edge.  
 
Though reef fish are fished extensively in the western Gulf of Mexico, no spawning sites have 
been documented in the Gulf outside of the west Florida Shelf, the Florida Keys, and the Dry 
Tortugas. The most likely place for them to occur, based on studies from the Wider Caribbean 
and the eastern Gulf, would be the banks on the northwestern Gulf of Mexico, which have both 
vertical and horizontal discontinuity in the correct depth zones, and are close to the continental 
shelf.   
 
The reefs and banks of the northwest Gulf of Mexico as described first in detail by Rezak et al. 
(1985) result from salt dome diapirs and are capped by coral reefs, creating excellent reef fish 
habitat. These areas are well known by fishermen who target gag, scamp, and many other reef 
fish species. The banks are likely to harbor aggregations of spawning reef fish and there exists 
some anecdotal evidence that aggregations of Marbled grouper (Dermatolepis inermis) and 
Cubera snapper have existed at Geyer Bank. The Flower Garden Banks National Marine 
Sanctuary presently includes three banks, East and West Flower Garden Banks and Stetson 
Bank, and has proposed to include several additional banks within the boundary (NOAA, 2010).  
Documenting spawning aggregations would add significant impetus for including areas within 
the boundary expansion. Yet no comprehensive study of the timing and location of the spawning 
aggregations for reef fish species had been undertaken for the banks of the northwestern Gulf of 
Mexico.  
 
This project was the first such study in the region and aimed to predict and verify multi-species 
spawning aggregations in the northwest Gulf of Mexico. This in turn will allow consolidation of 
existing methods and further development of robust fishery-dependent and independent data 
collection methods, designed to evaluate the status of all of the stocks that use multi-species 
spawning aggregation sites. The long-term vision of this project was to provide managers of reef 
fish fisheries valuable data to allow more fishing opportunity while conserving stock-complex 
integrity.  

Objectives: 
 

1) Conduct key-informant interviews with commercial and recreational fishermen of the 
offshore banks of the northwestern Gulf of Mexico about the location and timing of 
spawning aggregations;  

2) Compile, synthesize, and analyze available fisheries-dependent and independent data that 
indicate spawning activity for the region and by bank; 

3) Use spatial statistics to combine predictive variables into a reduced universe of predicted 
spawning aggregation sites/times/species for field verification; and 

4) Conduct field verification of selected spawning aggregation sites in collaboration with 
commercial and for-hire recreational fishermen.   
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IV. Approach 
 
Statement of Work: 

We used three sources of information to identify spawning aggregations: (1) anecdotal 
information learned from interviews with fishermen, (2) fisheries dependent and independent 
data, and (3) geomorphological models that predict likely locations based on habitat features 
known to be associated with aggregations.   
 
Key informant interviews 
 
Fishermen have discovered most reef fish spawning aggregations, prior to their “verification” by 
scientists (Johannes, 1998; Lindeman et al., 2000; Sedberry et al., 2006; Heyman, 2011). The 
LEK of fishermen is maintained in their memories, historical log books and photos, catch and 
sales records, charts and stored GPS coordinates, etc. This information can be organized, 
consolidated, and documented using in-depth key informant interviews. There are several key 
elements to the success of such interviews. First and foremost is to develop the trust and honest 
collaboration of fishermen, who are wary of sharing such data with fishing competitors or 
regulators. Another key element for success for these interviews is that the person(s) conducting 
the interviews must have a solid understanding of what is known about the species and family of 
fishes under scrutiny, including their life history characteristics, habitat preferences, and 
spawning seasonality and signs. Finally, the interviewer and fishermen must bring appropriate 
tools to facilitate information exchange. These include fish ID guides to help identify species 
(given differences in common names in some areas) and tools, maps, charts, and GPS 
coordinates that can be used to display geographic information (including appropriate units, 
coordinate systems, depth contours, and other navigational aids), in ways that fishermen are most 
familiar with, thus facilitating a two way dialogue and information exchange.   
 
Commercial and recreational fishermen that frequently fish in the Gulf of Mexico were queried 
in informal interviews about the time and location of spawning aggregations for various species. 
In order to collect and collate these data, we developed and used an anecdotal data information 
form and associated database (following Heyman, 2016). 
 
Analysis of existing fisheries dependent and independent data 
 
There are a variety of published and grey literature reports, maps, and valuable data sets that can 
be mined for data and information concerning spawning aggregation times and locations. At the 
onset of the project, we believed that the most likely sources of publically available data that 
might reveal information on the timing and location of spawning aggregations included NMFS 
landings data, SEAMAP larval data, and bathymetry data from a variety of sources. A relatively 
comprehensive search and analysis revealed that there was very little to be learned about 
spawning aggregation timing and location based on any of these sources. Specific findings from 
these analyses are detailed below (Findings).  
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Geomorphological models 
 
Based on previous studies, many multi-species spawning aggregation sites occur in areas with 
locally distinctive bathymetric signals that include a combination of steep shelf edges and either 
vertical (pinnacles) or horizontal discontinuities (promontories) (Kobara et al., 2013). Successful 
prediction of the location of various spawning aggregation sites for reef fishes in Belize, Mexico, 
the Cayman Islands, and the U.S. South Atlantic was accomplished by using these signals within 
a model to scan bathymetric data (Kobara and Heyman, 2008; 2010; Heyman et al., 2014; 
Farmer et al., personal communication). The goal of this portion of the study was to evaluate if 
this method could be adopted for use in the western Gulf of Mexico.   
 
For all of the previous studies, we had a consistent set of bathymetric data (field collected) from 
which to make geomorphologically based predictions. The first step towards this approach for 
the western Gulf, therefore, was to evaluate the existing sources of bathymetric data for 
consistency and resolution. Existing comprehensive bathymetric datasets for the Gulf of Mexico 
however, were found inadequate for predicting spawning aggregation sites in large part because 
their resolution is too coarse and/or inconsistent (Table 1). 
 
There only exists a small portion of the Gulf of Mexico that is both shallower than 200 meters 
(m) and also has high-resolution multi-beam data available (shown as a dark line in Figure 1).  
Therefore, a small area on the shelf break (within this dark band), less than 200 m, was selected 
for bathymetric prediction of spawning areas. The area selected contained an area that was 
identified by an interviewed commercial fisherman as a Cubera snapper spawning aggregation 
site.  
 

 
 
Figure 1.  Available multi-beam data in the Gulf of Mexico. The dark line illustrates the areas 
shallower than 200 m within this dataset. 
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Since most currently available bathymetric datasets are not provided with appropriate resolution 
for our quantitative model, we instead chose to use high-resolution multi-beam bathymetric 
datasets collected for a bank on which we also had predictive information data from fisher 
interviews.   
 
We downloaded freely available multi-beam bathymetric data (4-5 m horizontal resolution) from 
United States Geographical Survey (USGS) at: http://pubs.usgs.gov/of/2002/0411/data.html for 
an area near Rezak Bank (Figure 2). Those data were then used to predict spawning aggregation 
locations based on geomorphic features. We tested both the bathymetric position index (BPI) 
calculation (Wright et al., 2005) and the Benthic Terrain Model (BTM) toolbox of ArcGIS and 
chose the latter to proceed with predictions.  
 
 

 
 
Figure 2. High resolution (4-5 m horizontal) multi-beam data in an area near Rezak Bank 
suspected to include a spawning aggregation of Cubera snapper. Note that the map does not 
contain graticules, scale, or depth data to obscure its location. 
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Table 1. Bathymetric data sources for the Gulf of Mexico 
 

Data Source Link Resolution Area 
Coastal Relief 
Model 

NOAA 
NCEI 

http://www
.ngdc.noaa.
gov/mgg/c
oastal/mod
el.html 
 

3-arc sec (~90 m) 

 

Merged multi-
beam and 
seismic 

Texas Sea 
Grant  

CDROM 
or 
http://gcoo
s.tamu.edu/
products/to
pography/
MB-
UTM.html 

300 m 

 

Multi-beam 
grid in 
northwestern 
Gulf 

Texas Sea 
Grant 

CDROM 
or 
http://gcoo
s.tamu.edu/
products/to
pography/
MB-
UTM.html 
 

50 m 

 

Multi-beam 
soundings in 
northwestern 
Gulf 

Texas Sea 
Grant 

CDROM 
or 
http://gcoo
s.tamu.edu/
products/to
pography/
MB-
Pts.html 
 

various 

 

Banks in 
northwestern 
Gulf  

USGS http://pubs.
usgs.gov/of
/2002/0411
/data.html 
 

4-5 m 
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The multi-beam bathymetric data shown above (Figure 2) were classified according to several 
spatial statistics using ArcGIS BTM toolbox. The slope at every point was classified as flat (0-5 
degrees), moderate (5-12), steep (12-19), or very steep/drop-off (19-89). The shelf edge break 
was defined as the line at which the slope exceeds 20 degrees vertical. Sinuosity was calculated 
for each point along the shelf edge break and is a measure of the horizontal curvature of the shelf 
edge within a moving window of a selected radius (one km in this case). Areas with high 
sinuosity values are considered as reef promontories and likely spawning aggregation sites. 
Rugosity was calculated using the division of surface area over planar area. The output values 
represent ranges from one in flat areas to four in areas of high variation (Wright et al., 2005).  
 
Field verification of spawning sites 
 
The most valuable techniques for the verification of spawning aggregations are fishery 
dependent surveys, underwater visual assessments, and mapping aggregation locations in relation 
to local bathymetry and habitat (Kobara et al., 2013). The complementary deployment of 
underwater passive acoustic recorders at select verified locations to monitor sound production 
associated with spawning aggregations can provide validation of fish abundance, site usage, and 
readiness to spawn (Rowell et al., 2012; Schärer et al., 2012a,b; Appeldoorn et al., in press; 
Rowell et al., in press). Data gathered using these relatively simple techniques can together 
provide scientific verification of spawning aggregations, excellent data for improved stock 
assessments for various species, and a baseline for future monitoring. 
 
Fish spawning can be verified directly in one of two ways – by observing gamete release or by 
documenting hydrated oocytes or post-ovulatory follicles in the gonads of female fishes at the 
site (Colin et al., 2003; Heyman et al., 2004). Indirect evidence of spawning areas includes 
elevated, site-specific catch per unit effort (CPUE) of gravid fishes of a single species, 
observation of courtship behaviors and coloration, and fish densities three to four times the 
normal average for a given site during non-spawning periods (Colin et al., 2003; Heyman et al., 
2004; Domeier, 2012).  
 
To verify predicted sites, we worked collaboratively with commercial and charter captains to 
verify snapper-grouper spawning using various techniques, including underwater video, catch 
per unit effort (CPUE), and collection of biological samples (gonadal tissue for histology and 
otoliths for aging). For this study, we used a suite of tools for field verification of spawning 
aggregation sites based on cooperative monitoring methods developed during this project and 
formalized for the U.S. South Atlantic (Heyman, 2016). A letter of authorization (LOA) research 
permit that allowed collection of biological samples was acquired from NOAA Fisheries in 2015 
for the field work. The techniques outlined below are demonstrated with sheepshead as an 
exemplar and were utilized for the additional species reported in the “Findings” section of this 
report. 
 
Fishery dependent survey / Underwater video / Biological sample processing  
 
Biological sampling was conducted from commercial and charter fishing vessels, haphazardly 
during March and April 2015 at the Buccaneer oil and gas field and at the Galveston jetties along 
the ship channel (Figure 3). Based on the results from the first year’s sampling, indicating that 
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spawning was definitely occurring at the jetties, and in order to collect the maximum number of 
samples at the lowest possible costs during 2016, samples were primarily collected from 
cooperating recreational guides at dockside in the marina, after they caught them near the 
Galveston jetties.  Intensive sampling occurred during February, March, and April 2016.  
 

 
 
Figure 3.  Study location showing both the Buccaneer oil and gas field and the jetties on either 
side of the Galveston ship channel. 
 
All samples were collected using hook and line fishing, with the exception of four fish caught 
with a spear at the Buccaneer field, where it was difficult to catch sheepshead with hook and 
line, due to competition for the bait from red snapper. The location and time of capture for each 
fish were recorded using a Garmin 72H handheld GPS and each fish was tagged at the time of 
capture. Catch was recorded as the number of fish captured at each location and these data were 
recorded along with the total number of hooks in the water for the total amount of fishing time at 
each site in order to calculate CPUE in fish caught per hook hour (the number of hooks times the 
soak time). 
 
At the dock, total length (TL) and fork length (FL) were measured to the nearest mm, and whole 
weight was measured to the nearest 0.1 kg. These data were recorded along with the tag number 
and sex. Otoliths were removed (Figure 4) and were placed in individually labeled sample 
envelopes for subsequent age analysis.   
 
Gonads were removed from each fish, photographed and weighed to the nearest 0.1 g (Figure 5). 
Gonadosomatic indices were calculated as 100 times the ratio of gonad weight to whole fish 
weight to measure spawning season. A small sample of the gonad tissue was cut from the center 
of one of the ovaries or testes using sharp razor blade. Each sample was placed in an individually 
labeled tissue-processing cassette and preserved in 10% formalin for a minimum of 24 h to 
assure complete fixation. All samples were then transferred to 90% EtOH for shipping to the lab.  
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At the laboratory of Dr. Brad Erisman, University of Texas, all otoliths were secured with epoxy 
to individually labeled wooden blocks and a thin section was cut from the core of the otolith 
using a double-bladed isomet saw. These samples were polished as necessary and read for age 
using a compound-dissecting microscope equipped with a video screen. Two readers read all 
ages independently and a third reader read the few where discrepancies between readers occurred 
until a consensus on the age was reached.    
 
All histology samples were processed at the Crowder Histological Laboratory and mounted thin 
sections were returned to LGL for reading. Each thin section was examined under a stereo 
dissecting microscope and the various development stages were recorded following the 
development schema of Erisman et al. 2007 (Table 2).   
 

 
 
Figure 4.  Otoliths are easily removed from sheepshead after a triangular section is removed 
from their head. 
 

 
 
Figure 5.  Sheepshead gonads were removed, photographed, and weighed to the nearest 0.1 g.  
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Table 2.  Description of gonadal development stage descriptions following Erisman et al. (2007). 
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For video observations we used a V-Go video drop camera setup equipped with GoPro 3+ digital 
video cameras (Heyman, 2016). Water clarity near the jetties was generally less than three feet 
and precluded the systematic use of video drop cameras for density counts. Nonetheless, when 
occasional clarity allowed for some video to be shot at the jetties (Figure 11), and very clear 
video was shot at the Buccaneer oil and gas field (Figure 12), as well as the Cubera site (Figure 
6) and the Flower Garden Banks (Figure 10). These videos were used to document and illustrate 
fish density, courtship coloration, and behaviors.  
 
 

 
 
Figure 6.  Cubera snapper descending in the water column as captured in a still frame extracted 
from drop camera video near Rezak Bank. 
 
 
Sound production monitoring  
 
Sound production in groupers has been well documented and attributed to reproductive behavior 
at spawning aggregations for a number of species (Mann et al., 2010; Schärer et al., 2012a; 
2012b), including red grouper (Nelson et al., 2011), black grouper (Schärer et al., in press), and 
goliath grouper, Epinephelus itajara (Mann et al., 2009). The sounds can be used to locate new 
spawning aggregations (Rowell et al., 2011) and determine species abundance, habitat use, and 
spawning periodicity (Rowell et al., 2012; Appeldoorn et al., in press; Rowell et al., in press).   
 
In an attempt to record courtship sounds attributable to spawning fish species, we installed a 
digital hydrophone within the sheepshead spawning aggregation from 20 February – 21 April 
2016. A DSG-ST digital recorder (Loggerhead Instruments, USA) was deployed near the end of 
the north jetty at Galveston channel, approximately 12 feet below the water surface and about 
150 feet from the end of the jetty. An ONSET Tidbit temperature logger was installed with the 
hydrophone. The DSG-ST recorded at an interval of 2 minutes every 15 minutes, yielding 5808 
acoustic recordings. Mr. Timothy Rowell analyzed the acoustic record. 
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V. Findings 

Results: 
 
Key-informant interviews 
 
Commercial and recreational fishermen that frequently fish in the Gulf of Mexico were queried 
in informal interviews about the time and location of spawning aggregations for various species. 
Because much of these data are confidential, we only report a summary of the metadata and offer 
a few examples of the kinds of information that were collected. In total, we conducted over 20 
interviews, which led to 10 credible reports of spawning aggregations in the western Gulf of 
Mexico. Many of these reports include multi-species observations and several have guided 
verification work conducted in this project. Three of these reports led to three of our most 
important field verification programs conducted in this study: 1) a Cubera snapper aggregation in 
the western Gulf of Mexico, 2) an aggregation of scamp at the Flower Garden Banks, and 3) an 
aggregation of sheepshead at the Galveston jetties. 
 
Compile and analyze available data 
 
At the onset of the project, we believed that the most likely sources of publically available data 
that might reveal information on the timing and location of spawning aggregations included 
NMFS landings data, SEAMAP larval data, and bathymetry data from a variety of sources. A 
relatively comprehensive search and analysis revealed that there was very little to be learned 
about spawning aggregation timing and location based on any of these sources.  
 
NMFS landings data are generally lumped by trip, month, or year and are reported with only 
very coarse geographic information. Dockside sampling for these data generally includes length 
and weight measurements and otolith collection for age determination, but does not generally 
include collection of gonad tissue for histology, nor specific geographic information on landings.  
There may be more information that can be gleaned from proprietary data collected using vessel 
monitoring systems (VMS) and correlating to trip landings (N. Farmer, personal communication) 
but that was beyond the scope and access that we had available to us for this project.   
 
Dr. Scott Raborn evaluated the utility of SEAMAP larval data for locating the time and location 
of spawning aggregations. Unfortunately, he found that the data were too coarse, spatially and 
temporally to be useful. Though this time series of larval fish data is the most comprehensive 
available for this region, the taxonomic resolution of specimens and the spatio-temporal 
resolution of samples are limited. Species level identification is lacking for some larval fish in 
this region (Carassou et al., 2012) and inconsistent across the SEAMAP time series (Muhling et 
al., 2012). The SEAMAP sampling grid is coarse with minimal replication at each station.  
Stations are typically ≈50 km apart, and sampling is centered on May (termed the “spring 
plankton survey” in the SEAMAP documentation) and September-October (the “fall plankton 
survey”). Moreover, sampling occurs to a maximum vertical depth of 200 m where bottom 
depths allow, or to within 1-5 m of the bottom over shallower depths. Thus, specimens from 
oblique tows over the slope occur somewhere between the surface and 200 m of vertical depth, 
with no stratification into discrete depth bins. Furthermore, no information exists for vertical 
depths deeper than 200 m. Thus, while some broad scale patterns in larval fish assemblages are 
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detectable with SEAMAP data (e.g., Briggs and Ressler, 2001; Muhling et al., 2012), horizontal, 
vertical, and seasonal gradients remain less defined over the continental slope compared to the 
shelf edge shoreward.   
 
Existing published literature about spawning aggregations in the Gulf of Mexico is restricted to 
those sites described for the eastern Gulf on the west Florida Shelf (e.g. Koenig et al., 2000; 
Coleman et al., 2011) and the southern Gulf in the waters of Mexico (e.g. Brulé, et al., 1999; 
2003; Tuz-Sulub et al., 2006). Several studies offer indications of spawning season for species 
that are believed to spawn in the western Gulf, but none of those have spatial information or 
details about spawning aggregations. Indeed, there is a total lack of information on spawning 
aggregations of reef-associated fishes in the western Gulf of Mexico, which served in part as 
impetus for this study.   
 
The only published account of a spawning aggregation in the region is for an aggregation of 
sheepshead Archosargus probatocephelus around petroleum platforms in the Buccaneer oil and 
gas field (Gallaway and Martin, 1980).  Those aggregations have not been revisited prior to this 
project.  
 
Using spatial statistics to predict spawning aggregation sites 
 
Existing comprehensive bathymetric datasets for the Gulf of Mexico were found inadequate for 
predicting spawning aggregation sites in large part because their resolution is too coarse and/or 
inconsistent. Using a small portion of multi-beam data, we calculated slope, rugosity, and 
sinuosity along the shelf break and within appropriate depth ranges to predict potential spawning 
locations. High likelihood areas are illustrated with yellow circles in Figure 7 and appear as shelf 
edge reef promontories, consistent with areas throughout the Caribbean (Kobara et al., 2013) and 
the U.S. South Atlantic (Farmer, personal communication). One of these sites was verified as a 
Cubera snapper spawning aggregation site using field verification during this study (see below). 
 

 
 
Figure 7.  Predicted spawning aggregation sites occur at reef promontories along the shelf edge 
of a submerged bank in the western Gulf of Mexico. 
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Field verification of spawning sites 
 
Three different spawning aggregation sites were investigated using our field verification 
procedures. Each is discussed below. 
 
Field verification of a Cubera snapper spawning aggregation  
 
Drop cameras, biological sampling, quantitative video analyses, fisher interviews, and 
geomorphological predictions were used to characterize a Cubera snapper Lutjanus cyanopterus 
spawning aggregation site in the Chain Lumps area of the western Gulf of Mexico. 
 
Quantitative digital video analysis was performed for over 20 drop camera deployments in the 
area believed to be a spawning area by a commercial fishermen and near to the areas predicted 
using geomorphologic cues. Max Count (the largest number of fish of a given species in a single 
frame) was recorded by location for Cubera snapper and these data were superimposed on a map 
showing their location (Figure 8). Two Cubera snapper were captured at the same location where 
the two highest Max Count videos were recorded (n=15 and n=22), just at the shelf edge (Figure 
8) at the sharpest and most extreme reef promontory predicted by geomorphological analysis 
(Figure 8). These data serve as direct evidence and verification of a spawning aggregation of 
Cubera snapper (Figure 9). We also observed other species that may be spawning in the area, 
most notably black jack Caranx lugubris. These were seen in large numbers and we observed 
ripe ovaries in many of them. 
 
 

 
Figure 8.  The Max Count of Cubera snapper at this location was extracted from the still frame 
above and plotted on the map below. 
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Figure 9. Two Cubera snapper were caught at the site marked with a green triangle.  A) The fish 
on the right was a male that weighed 61 pounds, was 1174 mm TL and was 30 years of age, and 
was spawning at the time of capture. The fish on the left was a female that weighed 95 pounds, 
was 1346 mm TL and was 39 years of age.  B) The female contained 4.6 pounds of ovaries 
packed with fully formed embryos.  C) A histological sample of this fish shows that the fish was 
in the initial stages of hydration and spawning was imminent.   
 
Field verification of jack spawning aggregations at the West Flower Garden Bank  
 
Drop video cameras and fisher interviews revealed indications of spawning aggregations of hors-
eye jack Caranx latus (cover photograph) and crevalle jack Caranx hippos (Figure 10) at the 
West Flower Garden Banks. Fisher interviews revealed that scamp also spawn there, though 
attempts to verify this during this project were not successful. 
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Figure 10. A) Crevalle jack aggregations at Flower Garden Banks, B) showing courtship 
coloration on their abdomen. 
 
Field verification of sheepshead spawning aggregations at the Galveston jetties 
 
Drop cameras, biological sampling, fisher interviews, dockside sampling of recreational vessels, 
temperature loggers, and passive acoustic hydrophone data were used to characterize a 
sheepshead Archosargus probatocephalus spawning aggregation at the Galveston ship channel 
(see Figure 3 above).   
 
Sheepshead (n=312) were collected from spawning aggregations at the Galveston jetties between 
20 February and 8 April 2016 and were sampled at the dock from a total of 28 chartered trips.  
Catch per unit effort was consistently recorded at between 0.9 and 2.4 fish/hook*hour. Total 
numbers of fish captured per trip ranged between two and 60 with a mean of 14.4 ± 12.5. During 
the peak of the season, there were as many as 24 vessels fishing the jetties which would capture a 
mean of ~345 fish/trip (690 fish/day). At maximum capture rates recorded herein, 24 vessels 
catching 60 fish/day could produce as many as 1,440 fish/trip or 2,880 sheepshead per day.  
Since anglers could only keep five fish/day, however, some of these would be discarded live and 
likely survive.  
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Figure 11.  Sheepshead aggregation (still shot extracted from GoPro video) recorded on 2 April 
2015 near the seaward end of the jetty on the south edge of the Galveston ship channel in 6 feet 
of water depth. In spite of relatively poor visibility (< 10 feet), there are six sheepshead visible in 
this frame. 
 

 
 
Figure 12.  Aggregation of sheepshead (n > 15) photographed at the Buccaneer artificial reef site 
on 7 April 2015 using GoPro drop camera setup. There are at least 15 sheepshead visible. 
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In total, 312 sheepshead were sampled during the 2016 fishing season. Total length (mm) for all 
male (n=128) and female (n=120) sheepshead captured and aged during this study is plotted as a 
function of age (years) (Figure 13). Note: Figures 13-21 are provided at the end of this 
section. Females ranged from 2-23 years of age and males ranged from 2-20. Most fish were 
concentrated between ages 2-10. 
 
Gonosomatic index (GSI) for female sheepshead ranged between 1.2 and 16.8% (i.e. between 
one and 17% of total body weight). GSI varied among individuals but did not show a seasonal 
trend. This observation is consistent with continuous batch spawning throughout the spawning 
season (Figure 14).  
 
Figure 15A shows a gonad sample from a female sheepshead in the F4 stage with many hydrated 
oocytes. This indicates that spawning was imminent for this fish at the south jetty at the time of 
collection. Figure 15B shows histology from a female sheepshead in the F5 stage that contains 
hydrated oocytes indicating imminent spawning, and post ovulatory follicles indicating that 
spawning had already occurred. There are oocytes in various stages of development in both 
slides consistent with continuous, daily batch spawning behavior. 
 
Male sheepshead (n=152) collected during each week of the spawning season from the 
Galveston jetties reflect continuous spawning throughout the sampling period (Figure 16A). By 
contrast, female sheepshead began to spawn during the week of March 6, and spawned 
continuously through the rest of the sample period (Figure 16B). 
 
The measured mean daily seawater temperature shows a clear and typical spring rising trend 
through the sheepshead spawning season (Figure 17).   
 
The DSG-ST digital recorder successfully recorded ambient sound from 20 February 2016 to 21 
April 2016. Five unique fish sounds were observed in the recordings but differed greatly in the 
number of occurrences and persistence throughout the dataset. Calls attributed to black drum 
(Pogonias cromis; Figure 18) were the most prominent of the five sounds identified and were 
registered throughout the sampling period. Calls of black drum occurred throughout each day but 
increased during the evening hours when chorusing by large numbers of individuals was 
observed (Figure 19). The dominant frequencies of black drum calls and chorusing were between 
70 and 300 Hz. Sound pressure levels within the 73–301 Hz band fluctuated across the entire 
study period (Figure 20) with higher levels of sound production in the months of February and 
March in comparison to April. Diel patterns in black drum calling and chorusing was seen with 
maximum sound production levels measured each evening at ~18:00 CST (Figure 21).   
 
The DSG-ST also recorded sounds produced by sand seatrout (Cynoscion arenarius). The 
dominant frequencies of sand seatrout calls and chorusing were between 325 and 450 Hz. While 
calls of sand seatrout were recorded in the month of February, sound pressure levels within the 
325–448 Hz band were highest in amplitude during the months of March and April. Similar to 
black drum, sand seatrout calling rates and chorusing levels exhibited diel patterns with 
maximum sound production observed later in the evening ~20:00 – 21:00. 
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The DSG-ST also recorded the presence of silver perch (Bairdiella chrysoura) sound production 
from February through April. The dominant frequencies of silver perch sound production were 
between 1000 and 1700 Hz. Sound pressure levels within the 999 – 1696 Hz band were highest 
in the months of March and April. Maximum levels of silver perch sound production were 
observed during the hours of ~20:00-21:00 CST. 
 
The sources of two remaining unique sounds could not be identified to an individual species. 
Observations of these sounds were rare and random throughout the sampling period; thus, time 
series of sound pressure levels attributable to each sound could not be generated. The dominant 
frequencies of the first unidentified sound were centered on 650 Hz and it likely was produced 
by a sciaenid due to the characteristics of the call. The last sound from an unidentifiable source 
was centered on a frequency of 100 Hz. Due to the rarity of these calls it is unlikely that either 
was produced by sheepshead, which were aggregated at the site throughout the majority of the 
sampling period. 
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Figure 13. Total length (mm) for all male (n=128) and female (n=120) sheepshead captured and 
aged during this study are plotted as a function of age (years).  Females ranged from 2-23 years 
of age and males ranged from 2-20.  Most fish were concentrated at ages 2-10. 
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Figure 14.  Gonosomatic index (GSI) for female sheepshead ranged between 1.2 and 16.8% (i.e. 
gonad weight accounted 1-17% of total body weight).  GSI varied among individuals but did not 
show a seasonal trend. 
 

 

 
 
Figure 15.  A) Histology sample from a female sheepshead in F4 stage showing hydrated 
oocytes and indicative that spawning was imminent for this fish at the south jetty at the time of 
collection. B) Histology sample from a female sheepshead in F5 stage contains hydrated oocytes 
indicating imminent spawning, and post-ovulatory follicles indicating that spawning has already 
occurred.  There are oocytes in various stages of development in both slides consistent with 
continuous batch spawning behavior. 
 

A 

B 
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Figure 16. A) Percentages of each gonadal maturity phase for male sheepshead (n=152) 
collected during each week of the spawning season from the Galveston jetties.  B) Percentages of 
each gonadal maturity phase for female sheepshead (n=159). 
 

A 

B 
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Figure 17. Mean daily seawater temperature (°F) measured with a Hobo Tidbit temperature 
logger deployed 12 feet below mean sea level at the north jetty in Galveston, Texas is plotted for 
each day of collection between Julian Days 51 (2 February 2016) and Day 112 (16 April 2016).  
The temperature shows a clear and typical spring rising trend through the sheepshead spawning 
season. 
 

 
 
Figure 18. Spectrogram of a series of individual black drum (Pogonias cromis) calls during a 
period of time without chorusing. 
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Figure 19. Spectrogram of a black drum (Pogonias cromis) chorusing during the evening hours. 
Chorusing is made up of an unknown total of individual calls. 
 
 

 
 
Figure 20. Time series of sound pressure levels in the 73-301 Hz band, indicative of changes in 
black drum (Pogonias cromis) calls and chorusing. 
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Figure 21. Daily time series of sound pressure levels in the 73-301 Hz band overlaid to depict 
diel patterns in black drum (Pogonias cromis) calls and chorusing. Sound levels reached a 
maximum ~18:00 Central Standard Time; deviations from this pattern resulted from nearby 
vessel operation. 
 
Problems Encountered: 
 
We initially believed our study would focus almost entirely on the snapper-grouper complex 
species associated with outer shelf edge banks. And, indeed, such studies were conducted at the 
Flower Garden Banks and other shelf edge banks to the east. However, our approach to using 
fishery-dependent surveys where fishermen were contracted to fish at the time and location of 
predicted spawning sites proved problematic. Charter fishermen had fast and efficient vessels, 
but typically needed to leave and return to the dock on a daily basis. In contrast, commercial 
vessels spent protracted time at sea (2 weeks or more), but would spend a large fraction of their 
time at sites other than aggregation sites. Nevertheless, we were able to verify predicted 
spawning aggregation sites using industry vessels, although not to the extent we originally 
envisioned. Thus, Objective 4 “conduct field verification of selected spawning aggregations….” 
was met, but only to the extent originally envisioned for the sheepshead. To be entirely 
successful for shelf edge sites, a different logistics plan than used in this study would be 
necessary. A dedicated, contracted commercial or charter vessel can target sampling an 
individual site at a much higher and more-frequent temporal scale than used in the study, though 
at a higher cost. 
 
Additional Work Needed: 
 
Additional efforts are needed to further characterize the multi-species spawning aggregations 
that have been identified and verified during this study. These include the scamp and jack 
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aggregation at West Flower Garden Banks, the sheepshead and black drum aggregations at the 
Galveston jetties, and the Cubera snapper aggregations. The methods described herein, repeated 
with greater frequency and at different times can be used to further characterize spawning 
aggregations. Passive acoustic receivers (e.g. DSG-ST used in this study) would be particularly 
valuable in documenting the scamp aggregations at the West Flower Garden Bank. Finally, 
additional efforts are needed to verify the time and location of several spawning sites that have 
been described by fishermen in interviews but have not been visited. It will be important that 
new data being generated be used to support stock assessments. 
 
VI. Evaluation 

Achievement of Goals and Objectives: 
 
This project provided the first attempt to predict and verify spawning aggregations on the banks 
of the northwestern Gulf of Mexico. All four objectives were met with varying levels of success. 
Field verification of spawning aggregations in the waters of the Gulf of Mexico is an important 
but difficult task. Sites are generally small, remote, and transient in time, often occurring during 
periods of rough weather and requiring multi-day trips for evaluation. This project has illustrated 
the value of the described approach by documenting several spawning aggregations in both 
nearshore and offshore waters. Additionally, the project compiled and analyzed fishery-
dependent and fishery-independent data, expert fishery knowledge, and geomorphological 
predictions of likely spawning aggregation sites that can be used in subsequent studies.  
 
An unexpected finding was that the only documented spawning aggregation of any reef fish in 
federal waters in the northwestern Gulf of Mexico was for the sheepshead Archosargus 
probatocephalus (Gallaway and Martin, 1980). However, these aggregations had not been 
studied since their discovery in the late 1970’s. As described herein, we documented sheepshead 
aggregations still occur. Consistent with the design of the sampling program in the proposal, the 
sheepshead investigations provided a valuable way to test methods in that they could be 
conducted in a half day, near to shore. Because of their proximity to shore, more spawning 
aggregation verification data were collected than would have been possible to collect at shelf 
edge sites where spawning aggregations were not known with certainty on either a temporal or 
spatial basis. 
 
A great deal of additional effort is needed to identify, characterize, and monitor spawning 
aggregations in the Gulf of Mexico. These data in turn can be used to help monitor and manage 
stocks. Regional variations in species composition, fleet dynamics, scientific understanding, 
governance regimes and local capacity dictate the need for regionally-specific work plans. 
Nonetheless, monitoring spawning aggregation sites will likely contribute to more robust stock 
assessments for multiple species, and ultimately support the rebuilding and recovery of reef fish 
throughout their natural range. 
 
Dissemination of Results: 
 
Dr. Will Heyman offered an oral presentation based on preliminary results that were funded 
under this project. The talk was entitled, Cooperative Research and Monitoring Program for the 
Western Central Atlantic. It was presented as the culminating talk within a NOAA sponsored 
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workshop on data-limited stock assessments, held on November 11, 2015 in Panama City, 
Panama, as part of the 68th Annual Gulf and Caribbean Fisheries Meeting. The presentation was 
very well received (Appendix A).  
 
Summary reports of the project’s findings were also published as part of the “Foundation Project 
Update” section of the “Gulf and South Atlantic News”, a publication of the Gulf & South 
Atlantic Fisheries Foundation, Inc. This newsletter is distributed to over 700 organizations and 
individuals throughout the region. An electronic version of this newsletter (PDF) is also included 
in the regular updates to the Foundation’s website (www.gulfsouthfoundation.org).   
 
Copies of this project’s Final Report will be published and distributed to various federal and state 
fishery agencies, university extension/Sea Grant offices, and Industry associations.  In addition, 
PDF copies of the Final Report will be made available for download from the Foundation’s 
website. 
 
Additionally, the research team plans to disseminate project results through a peer-reviewed 
publication for sheepshead and the discovery of a Cubera snapper spawning aggregation site as 
well as provide presentations to relevant management bodies such as the Gulf of Mexico 
Fisheries Management Council if requested. 
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Thanks:	
•  South	Atlan'c	Fishery	Management	Council	

•  LGL	Ecological	Research	Associates	
•  Belize	Na'onal	Spawning	Aggrega'ons	Working	Group	

•  Gulf	and	Caribbean	Fisheries	Ins'tute	
•  Comunidad	y	Biodiversidad	(COBI)	

•  Summit	and	Oak	Founda'ons	

•  Gulf	and	South	Atlan'c	Fisheries	Founda'on	
•  NOAA	Saltonstall-Kennedy	Program	

•  Pew	Charitable	Trusts	
•  NOAA	RESTORE	Act	Science	Program	

•  Many,	many	fishermen	
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Species	transcend	
poli'cal	boundaries		 Connec'vity		
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Large	predatory	
fish	that	spawn	
in	aggrega'ons	
are	delicious	

42



and vulnerable 

2012	
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form	mul'-species	spawning	
aggrega'ons	that	occur	predictably	at	

reef	promontories	

44



National Research 
Council. 2014. Evaluating 
the Effectiveness of Fish 
Stock Rebuilding Plans 
in the United States 

Applica'on	of	MSY-based	control	rules	is	
unrealis'c	and	alternate	paradigms	should	be	

considered	for	data-poor	stocks			
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Spawning	aggrega'on	studies	

•  many	exis'ng	projects		
•  li[le	coordina'on	or	standardiza'on	
•  limited	funding	

•  FAO	Western	Central	Atlan'c	Fisheries	
Commission	(WCAFC)	recommenda'ons,	2014	
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Fishermen know when and where 
fish spawn 

Ideal	Ci'zen	Scien'sts	
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Coopera've	Monitoring	and	Conserva'on	
Program	for	Western	Central	Atlan'c	Spawning	

Aggrega'ons	(CMCP	WCASA)	
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Vision	
Coopera've	Monitoring	and	Conserva'on	

Program	for	Western	Central	Atlan'c	Spawning	
Aggrega'ons	(CMCP	WCASA)	

A	network	of	fishermen,	scien'sts,	and	managers	
who	coopera'vely	monitor	and	protect	mul'-species	
spawning	aggrega'ons	and	thus	support	sustainable	
management	of	the	snapper	grouper	complex	in	the	
Western	Central	Atlan'c.			
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Standardized	Methods	

•  Fisher	interviews	
•  Site	mapping	
•  Underwater	video	(drop	cameras)	
•  Underwater	visual	assessments	(SCUBA)	
•  Landings	and	catch	per	effort		
•  Biological	sampling	
•  Histology	
•  Passive	Acous'c	monitoring	
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Site mapping 
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Drop	Cameras	
A B 

C D 
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Landings	and	catch	per	effort	

53



A B 

Biological	Sampling	

Length,	weight,	age,		
gonad	weight,	
gene'cs,		
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Histology	

A B 

C D 
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Database	Structure	
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Data	visualiza'on	and	sharing	

Spawning	sites	as	
coastal	ocean	
observing	sta'ons	
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Georgetown	Hole	

Captain:	Mark	Marhe_a	
Vessel:	F/V	Amy	Marie	

A	

B	

April	18	2015		
12:19	PM	
122	m	

Scamp	aggrega'on	

Scamp	courtship	colora'on	and	
behavior	

25	April	2014	
10:40	AM	
42	m	
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System	benefits	

•  Protect	mul'-species	spawning	aggrega'ons	

•  Ci'zen	involvement	in	data	collec'on		

•  More	and	be[er	data	to	manage	data	poor	stocks	

•  Wider	understanding	and	compliance	

•  Connec'vity	and	exchange		
•  Eventual	new	data	stream	for	stock	assessments	

•  Assessments	at	the	scale	of	species	ranges	

•  Monitor	range	extensions	from	climate	change	
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Status	and	Support	for	Approach	

•  Belize	Spawning	Aggrega'ons	Working	Group	
•  COBI	in	Mexico	
•  South	Atlan'c	Fisheries	Management	Council	
•  Guatemala	
•  Many	fishermen	

•  NEXT	STEPS	
•  Gulf	of	Mexico	Fisheries	Management	Council	
•  Addi'onal	Caribbean	partners	
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28	March	2014	SCIENCE	
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24	

RECOMMEND . . . regional plan for the management and 
conservation of fish species that aggregate to spawn 

RECOMMEND . . .member countries assess the timing, 
location and status, of all known transient multi-species 
spawning aggregations. .  prioritize for monitoring, 
conservation and management 

SOLICIT the support for, and the direct and immediate 
implementation by the countries in the Wider Caribbean. .  
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Vision:	Coopera've	Monitoring	and	
Conserva'on	Program	for	Western	Central	

Atlan'c	Spawning	Aggrega'ons		
(CMCP	WCASA)	

			To	catalyze	development	of	a	network	of	fishermen,	
scien'sts,	and	managers	who	coopera'vely	monitor	
and	protect	mul'-species	spawning	aggrega'ons	
throughout	the	Western	Central	Atlan'c,	thus	
suppor'ng	regional	recovery	and	resilience	of	the	
snapper	grouper	complex.			
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