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Should the goliath grouper be included as a primary indicator species in 
the Gulf of Mexico and the Caribbean Sea for Hg monitoring programs?

•A national strategy is being developed in association with Mercury Deposition sites across 
North America.  Should sites be established in Central America?

•Protocols are now published but do not identify marine fish indicators.

•Overview paper in Environmental Science and 
Technology(Mason et al., 2005, 39(1):14A-22A)

•Comprehensive outline in Ecosystem Responses to 
Mercury Contamination (Harris et al. 2007)

Existing 
Mercury 
Deposition 
sites in the 
U.S., Canada, 
and Mexico
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Discussion: Our findings demonstrate that Hg levels in goliath grouper muscle tissue are regularly over U.S. EPA human health standards of 0.3 ppm (ww) 

and that individuals with elevated Hg levels are significantly higher in the foodchain.  Mercury levels in some groupers indicate adverse effect levels are 

exceeded. In freshwater teleosts,  spawning success is significantly reduced for individuals with a diet of 0.75 ppm (ww) (Hammerschmidt et al. 2002, Env. Sci.

Technol. 36:877-883).  Relating Hg levels in groupers to size class, prey items, habitat, geographic location, and associated species (such as sharks) and 

measuring adverse effects are future directions we will use for our study. 

Results

A total of 65 goliath grouper samples were collected in 2006 and 2007 from estuarine, mangrove coastal fringes and coral reef patch areas of Southern Belize 

.  We have several findings from our preliminary investigations:

1. Length vs. weight: There is a strong predictive relationship between  

length and weight (n = 1,187).

3. Stable isotope ratios and relationship with goliath grouper Hg: 

4. Stable isotope ratios and relationship in grouper and shark species: 

y = 0.0024x2 - 0.1211x + 1.9464
R2 = 0.8955

0

5

10

15

20

25

30

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

length (cm)

w
e
ig

h
t 
(k

g
)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

H
g

6 7 8 9 10 11 12 13

d15N

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

H
g

-26 -24 -22 -20 -18 -16 -14 -12

d13C

d
1

5
N

6

7

8

9

10

11

12

13

high low

Hg Cat

Hg levels (ppm) vs. 15N  
(r2 = 0.25, df = 1, 42,
p = 0.0006)

Dan Castellanos holds a tagged 
goliath grouper in Southern Belize

2. Hg frequency distribution: A total of 37% of the groupers sampled 

are above the U.S. Environmental  Protection Agency human health standard 

for Hg of 0.3 ppm.
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Based on carbon-nitrogen ratios, the goliath grouper has a widely varied diet.  On average, shark species tend to 

forage at higher trophic levels; variation is also related to differing life history strategies.
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There is a significant positive linear relationship with d15N and muscle Hg levels in goliath grouper.  The relationship of 

d13C is dispersed.  Grouper with muscle Hg levels > 0.3 ug/g (ww) foraged significantly higher in the foodchain.

Abstract

Global levels of available methylmercury in aquatic ecosystems have increased dramatically over the past century.  Recent findings in temperate North America have 

shown  that biological mercury hotspots exist, such hotspots can be related to local emission sources, and a wider variety of fish and wildlife are at risk to the toxicological 

effects of methylmercury than previously realized.  Such new environmental detective efforts continue to demonstrate that aquatic species at high trophic levels with relatively 

long lifespans are at greatest risk.  Although marine apex predators, such as sharks, billfish and tuna have collectively drawn the greatest attention because of their human 

consumption concerns, other marine species that have less commercial value have not been highlighted.  The demographic features of the goliath grouper place it as a species 

of high risk to adverse effects from environmental mercury loads.  Preliminary evidence of tissue mercury and stable isotope analyses from individuals in southern Belize 

demonstrates that muscle levels regularly exceed U.S. EPA advisory standards for human health.  Coastal citizens in southern Belize commonly consume Goliath grouper. The 

regular consumption of large goliath grouper by sensitive groups of people, such as pregnant women, should be monitored, particularly in areas with biological mercury 

hotspots.  The potential impacts of environmental mercury loads on groupers, such as lowered reproductive success and impaired growth rates, should also be studied to 

determine if mercury is an anthropogenic stressor of concern.
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Study Area & Methods

Study area is within the Mesoamerican Reef of southern Belize.

Coauthor, 
Rachel Graham, 
fin-clipping a 

Goliath grouper

Goliath grouper being
sold at a market in

Punta Gorda, Belize

FIELD: Samples of muscle tissue from the pectoral fin area 
were taken from goliath grouper landed at the Punta Gorda 
market in southern Belize between 2006 and 2007.  Samples 
were stored and frozen in 10 ml transport tubes and shipped to 
the U.S.

Lab - Hg: All samples were analyzed by CVAAS using USEPA 
Method 245.6.Standard quality assurance procedures were 
employed, including analysis of duplicate samples, method blanks
(Blank), post digestion spiked samples, laboratory control samples 
(LCS), and standard reference material (DOLT-3; NRC Canada).

Lab – Stable Isotopes: Grouper samples were analyzed using 
automated continuous-flow isotope ratio mass spectrometry. The 
samples were combusted in a EuroVector Euro EA elemental 
analyzer. The combustion gases (N2 and CO2) were separated on 
a GC column, passed through a GVI (GV Instruments) diluter and 
reference gas box, and introduced into the GVI IsoPrime isotope 
ratio mass spectrometer. Ratios of 13C/12C and 15N/14N were 
expressed as the relative per mil (‰) difference between the 
samples and international standards (Vienna PDB carbonate and 
N2 in air, respectively).

Introduction

A principle concern with elevated mercury in the environment is the potential for adverse effects in organisms.

Methylmercury (MeHg) is of particular concern due to its greater ability to bioaccumulate in food webs than inorganic 

mercury (Hg). Both humans and certain fish and wildlife species may be at great risk from the effects of environmental

MeHg loads because of exposure at higher trophic levels of the food web. To characterize potential environmental risks 

we are investigating MeHg availability in targeted marine species.  Little effort has been conducted to characterize Hg 

in tropical ecosystems.

The Mesoamerican Reef is one of the top 200 important intact ecosystems in the world.  It is the largest barrier reef 

system in the Western Hemisphere. It is well known for its biologically diverse communities of corals, mangroves, and  seagrasses that serve as rich nursery, 

breeding, and feeding grounds for many commercially significant species.  In Belize alone, at least 37 species of sharks including the world’s largest shark, the 

whale shark, as well as 13 species of grouper, including the Caribbean’s endemic Nassau Grouper and the critically endangered and relatively rare Goliath Grouper 

are found along the reef.  Many shark, grouper and other fish species are rapidly declining in the Mesoamerican Reef  because of unsustainable fishing pressures.  It 

is our hope that by characterizing the mercury and potentially other contaminant loads in widely edible fish, public awareness of environmental stressors related to 

declining fish populations will be realized.

We chose this area as a case study because of its global biological importance, conservation needs from increasing recreational and development pressures, 

and existing scientific infra-structure.  The template we create for understanding the distribution of mercury in estuarine and marine systems, anthropogenic mercury 

sources, methylation rates and availability to biota, and impacts to ecosystem and human health will be useful toward application in other areas of the world.  

In this study, we aimed to establish a preliminary baseline for Hg exposure in goliath groupers in southern Belize.  Results will provide the basis for an 

expanded project focused on Hg accumulation in marine top predators and their ecosystems in Belize and the region, as well as the identification of Hg point 

sources.  Results will serve to inform the public of the human health impacts related to Hg consumption.

Goliath Grouper (Epinephelus. Itajara)


