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2.3 Case Study: Using an Inventory to Conduct a Gap Analysis in the 
Southern Gulf of Mexico

N. Simoes 

Unidad Multidisciplinaria de Docencia e Investigación de Sisal (UNAM) 

2.3.1 Background 

My colleagues at Unidad Multidisciplinaria de Docencia e Investigación de Sisal (UNAM) and I were 
contracted by the Harte Research Institute of Gulf of Mexico Studies (HRI) to use an inventory to 
produce a gap analysis of the species diversity from benthic habitats in the southern Gulf of Mexico 
(SGOM) related specifically to oil and gas exploration and extraction and its associated risks. General 
information about this project is available at (in Spanish), and a report on the project (English) is on file at 
HRI. The presentation that I gave during the plenary session of the GOMWIR can be found here. 

The gap analysis that was produced from an inventory demonstrates the potential of bibliographic 
inventories to describe and summarize the state of current knowledge, to help identify new research 
questions and priorities, and to inform management needs. 

The objectives of the Simoes et al. (2016) gap analysis were: 

• To describe historic benthic sampling effort in the SGOM 
• To compile species occurrence from different sources 
• To identify SGOM areas that were poorly sampled and poorly described 
• To identify vulnerable areas in the SGOM prone to impact from natural and anthropogenic 

disturbances, particularly oil and gas development. 

Data were compiled on a specific set of animal taxa known to represent at least 80% of the benthic 
species in the SGOM (fish, cnidarians, sponges, crustaceans, molluscs, annelids, echinoderms, 
platyhelminths, bryozoans, and tunicates). The species list used to guide the data compliation is largely 
extant in the book “Gulf of Mexico, Origin, Waters, and Biota, Volume 1: Biodiversity” (Felder and 
Camp 2009). Diversity, abundance, and distribution data were mined from the Ocean Biogeographic 
Information System, Mexico’s National Biodiversity Information System from the Comisión Nacional 
para el Conocimiento y Uso de la Biodiversidad (CONABIO), and UNAM’s scientific collections. 
Taxonomic nomenclature and systematics followed World Registry of Marine Species (WoRMS) and 
Assembling the Tree of Life (AToL AToL Decapoda). 

Parallel to the data mining from online or publicly-available databases, there was an effort to identify the 
potential for extracting species distribution points from papers in specialized academic journals, as well as 
other sources, such as reports and theses cited in Felder and Camp (2009). A modified PRISMA 
statement protocol (Moher et al. 2009) was followed to clearly indicate the sequence of actions and 
criteria used to extract information from bibliographies to be included in meta-analysis such as this one. 
From an initial 2,820 known published sources of information with potential information on taxa, such as 
fish, cnidarians, sponges, crustaceans, mollusks, echinoderms, bryozoans, and tunicates, only 1,069 were 
accessible through PDF or print, indicating a clear need to digitize older bibliographies. Books and 
technical reports by state or federal agencies were information sources which were more difficult to get 
copies of. 

For the historic benthic sampling effort, location information was gathered from a variety of resources, 
concentrating on those institutions that had or have research vessels: UNAM, PEMEX, NOAA (US 
Department of Commerce), Secretaría de Marina (SEMAR), and Instituto Nacional de Pesca (INP). A 
total of 8,077 sampling points were identified. 
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Information about the geographic distribution of current oil fields (Figure 52) and oil field auction blocks 
to be explored within the next decades (Figure 53), as well as locations of seismic surveys from 2015 was 
obtained from Mexico’s Comisión Nacional de Hidrocarburos (CNH). The historic paths of Category 4 or 
5 hurricanes up to December 2016 were also compiled. Type of coast (e.g., coral reef, rocky shore, etc.) 
was determined from Atlas de vulnerabilidad ambiental del Golfo de México (UNAM 2006). Geographic 
information was plotted on a one-tenth and one-fifth degree grid for Mexico’s Economic Exclusive Zone 
(7,572 and 1,946 total pixels, respectively). A rapid spatial analysis was run using a simple summed scale 
for “oil-spill- risk” (presence of active oil wells and pipelines + recently adjudicated oil fields + 5 year 
national oil fields bidding program + frequency of seismic surveys + depth + distance to the continental or 
island coasts + accumulated historic hurricane activity) and species density, to identify those areas where 
very little knowledge exists on the local fauna, and the risk of an oil spill is large. 

 

 

Figure 52. Map of current petroleum production in the SGOM. 
From Simoes et al. (2016). 
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Figure 53. Map of the locations of lease blocks to be auctioned off by 2020. 
The different colors indicate lease blocks that will be auctioned off together during each sale. From Simoes et al. 
(2016). 

2.3.2 Using the Inventory 

A series of maps were produced that allowed comparisons between sampling effort, species richness or 
taxon distribution, and information about current and future/potential hydrocarbon development. 

2.3.2.1 Sampling Effort and Biodiversity 

The pattern of benthic sampling effort through time indicates an increase during the last decades. Benthic 
sampling has focused on the shallow and coastal areas, especially in the current offshore oilfields area off 
Tabasco and southern Campeche (Figure 54). The large northern Yucatan carbonate basin has been 
sampled to some extent, however, the sampling point density is relatively low except in coastal areas, 
where data associated with octopus and sea cucumber fisheries is fairly concentrated. Generally speaking, 
coral reefs and cays are relatively well sampled and the deep sea is much less studied. 
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Figure 54. Map of benthic sampling stations by institution. 
From Simoes et al. (2016). 

The comparison between the distribution of benthic sampling stations (Figure 54) and relative species 
richness (Figure 55) shows the expected relationship between richness and sampling effort (more 
sampling = greater richness) but also shows that in many places that were sampled only a single species 
was recorded. More than 50% of the SGOM has no publicly-available data on species presence (Figure 
56). There is also a great deal of variability as to whether benthic sampling data has related species data 
recorded or whether species data has related sampling data recorded (e.g., specific location; Figure 57). 
Clearly, there must be information from the areas where sampling has occurred, but in some cases there is 
no related species data recorded. Surprisingly, there are many species records that do not match with the 
reported sampling effort, especially in the deep sea where benthic sampling is very expensive. This has 
two possible explanations: not all species included in this study and herein mapped are benthic, and/or the 
sampling effort compilation is not complete or exhaustive. 
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Figure 55. Map of species richness. 
Values represent number of species. From Simoes et al. (2016). 
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Figure 56. Map showing where data on species distribution do and do not exist in the GOM. 
From Simoes et al. (2016). 
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Figure 57. Map showing the distribution of sampling data (e.g., specific location) and species 
records. 
From Simoes et al. (2016). 

Some species may have a pelagic distribution of larva, but their adult form can only be found in the
benthos and vice versa. The distinction between each species traits and their functional biology is not 
available for all species or even standardized, which inhibits division of the available information into 
smaller packages that are more useful for specific questions. For example, filtering the species by the 
category “benthic” in the classifications included in the different chapters of Felder and Camp (2009), did 
note xclude some pelagic species from the inventory. To best of our knowledge there isn’t yet a 
centralized repository if this kind of information other than Felder and Camp (2009). 

Another example is that all inventory species records from Laguna de Términos lack data on the location 
of the specific sampling points even though the lagoon has been extensively studied with many published 
reports that may contain data. The fact that there are many species records in areas where no sampling 
apparently occurred, suggests hidden historic information scattered in many academic institutions and 
state-federal government agencies. Some maybe possible to retrieve through an exhaustive search in the 
academic and grey literature, as well as direct contact with the institutional representatives to explore 
gaining access to otherwise classified information. It also indicates a lack of interest by researchers or 
research entities to log and curate the specific locations of their sampling sites. 
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Figure 58 is a map showing the preliminary oil “risk” index for the SGOM. A higher risk index is found 
in those areas where the risk for an exploration/production oil spill is higher and where there is less 
information available on the species present. In other words, higher risk areas are those where there 
should be effort expended to develop species inventories. Areas of current and future oil 
exploration/production are generally considered at high risk although areas with little species data, such 
as the yellow areas along Campeche Bank, where there are significant coral reef habitats, end up with a 
low-mid ranking, likely due to this lack of information. There is also a substantial amount of benthos on 
Campeche Bank that lacks biologic data of any kind. 

 

 

Figure 58. Preliminary “Oil Risk Index” map produced using the inventory. 
Oranges and reds (higher numbers) equate to greater risk than greens and yellows (lower numbers). From Simoes et 
al. (2016). 

Sampling in all areas is clearly too costly. Considering that many of the benthic habitats in the SGOM are 
relatively homogeneous and extensive, the species distribution modelling approach could be of great use 
to estimate the probability of a species to be present at a particular site. Models depend on good 
environmental data layers and on accurate species distribution information. Used together, these powerful 
models could contribute with products for effective management strategies. 
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2.3.3 Conclusions 

Especially when coupled with mapping tools, the inventory provides data that can be visualized or 
modelled to address a variety of conservation and management questions. In this case, the maps produced 
using the inventory records clearly illustrate the large gaps in the existing records. That so few species 
records have sufficient metadata (e.g., exact location) clearly illustrates a need that current researchers 
should address. On the one hand, this kind of information cannot be re-created from the sources from 
which the data in the inventory have been taken, especially those sources that are decades old. On the 
other hand, these data are easily obtainable today with clearly defined metadata standards, and their 
collection should be part of every researcher’s protocol. In areas where there were data that contained 
both species presence and location data that overlapped with oil production, the oil risk index 
corresponded to what would be expected – high risk. In areas where there were no or few data and little 
oil production activity, the oil risk index settled in the middle. 

The compilation of a marine benthic species distribution inventory in the SGOM and its use in 
conjunction with an oil-spill-risk index and map, helped identify those areas with a priority to develop, or 
update species inventories, before the projected expansion of Mexico´s offshore oil industry after the 
opening of the energy market in 2013. It also helped identify those institutions known to have conducted 
sampling in the past, but for which results are not yet publicly available, as well as demonstrating the 
need for a centralized repository on species traits and their functional biology. Finally, the bibliography 
screening exercise showed the potential to extract relevant species point-distribution data from old 
published information, although it will be time and labor intensive. 

To fully exploit the potential of species distribution models to calculate the probability of a species 
occurrence at a particular site and time in the SGOM, we need: 

• To complete the compilation of the benthic sampling effort historic time-series and update it with 
new information from recent species distribution sampling campaigns 

• To extract historic species-point-distribution data from published literature and preserved 
specimens in scientific and museum collections 

• To complete and make available classifications of all relevant species according to their traits and 
functional biology 

• To develop a species interactions network and database 
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