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 ABSTRACT 

 Social network analysis has been shown to be effective in 

studying the social structure of cetacean populations. Common 

bottlenose dolphins ( Tursiops truncatus) inhabiting the Indian 

River Lagoon (IRL), Florida, have among the highest 

concentrations of total mercury (THg) in blood reported 

worldwide. The purpose of this study was to examine the 

relationship between THg concentrations in IRL dolphins and 

their social affiliations. Whole blood samples from 98 dolphins 

with photo-identification sighting histories were collected 

between 2003–2007 and 2010–2012. Dolphins were categorized into 

approximate tertiles of low (mean 199.7 μg/L), medium (mean 
366.8 μg/L), and high (mean 990.5 μg/L) THg exposure. Social 
associations between individual dolphins were defined by the 

proportion of sightings documented with another known 

individual. Social network measures of individuals and 

associations between dyads were examined to determine 

differences among THg categories. Strong social affiliations of 

individuals within the highest category of THg were found ( P = 

0.04), suggesting shared exposures among dolphins foraging in 

specific areas of the estuary. Network measures of strength and 

affinity were significantly higher in the highest exposure 

category. This report used social network analysis as a novel 
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way to examine patterns of exposure to an environmental 

contaminant in a cetacean population. 

Key words: mercury, bottlenose dolphin, Tursiops truncatus, 

social structure, social network analysis. 

 Social network analysis, i.e., the investigation of social 

structure using network theory, has been shown to be an 

effective tool for the study of cetacean social structure 

(Lusseau and Newman 2004, Cantor et al. 2012, Mann et al. 2012, 

Titcomb et al. 2015) and can enhance our understanding of the 

structure and function of complex societies (Pinter-Wollman et 

al. 2014). Network theory provides particularly powerful insight 

when combined with assessments of ranging behavior and habitat 

use. Interactions between individuals establish the social 

structure of a population, which in turn can affect individual 

fitness, information flow, disease transmission, and the genetic 

structure and viability of populations (Trivers 1985, Lee 1994, 

Lusseau et al. 2006).  

 Social associations and ranging patterns are integral parts 

of dolphin social structure (Wells 1991, Urian et al. 2009). In 

the Indian River Lagoon (IRL), Florida, common bottlenose 

dolphins ( Tursiops truncatus) occupy defined home ranges with a 

high degree of site fidelity and comingle with known social 

affiliates as shown by longitudinal photo-identification studies 

of individuals (Mazzoil et al. 2008, Titcomb et al. 2015). A 

previous analysis of IRL dolphin social structure found that the 

population was well-differentiated and organized into distinct 

communities along the linear lagoon system. Spatial analyses of 

the population demonstrated that social structure was shaped by 

individual ranging patterns as well as habitat preference and 

avoidance behavior (Titcomb et al. 2015). 
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 The Indian River Lagoon is a biodiverse shallow-water 

ecosystem that comprises 40% of Florida’s central east coast. 

The estuary contains three major basins: the Indian River, the 

Banana River, and the Mosquito Lagoon, and can be divided into 

six segments based on unique hydrodynamic and geographic 

features (Woodward-Clyde 1994) (Fig. 1). The IRL extends 250 km 

from Ponce De Leon Inlet in the north to Jupiter Inlet in the 

south and is connected to the Atlantic Ocean by five small, 

widely spaced inlets and a single lock. The exchange of water 

between the lagoon and the ocean is limited by the size of these 

inlets and the shallow nature of the lagoon. Due to limited 

tidal exchange, the long narrow shape, and shallow depth, the 

lagoon is particularly vulnerable to the accumulation of 

pollutants (U.S. EPA 1996). 

 As apex predators with a long life span, bottlenose 

dolphins can serve as indicators of environmental contamination 

and ecosystem health (Reddy et al. 2001, Wells et al. 2004, 

Bossart 2006). IRL dolphins bioaccumulate multiple organic 

contaminants, including PCBs, pesticides, polyfluorinated 

compounds, and polybrominated esters (Fair et al. 2010). 

Inorganic contaminants and trace elements have also been 

measured in blood and skin of IRL dolphins (Stavros et al. 2007, 

2008). Most notably, the concentrations of total mercury (THg) 

in blood and skin of IRL dolphins are among the highest reported 

worldwide in delphinids (Reif et al. 2015). Further, THg 

concentrations in blood and skin are significantly correlated 

with the concentrations in liver of free-ranging Florida 

dolphins (Stavros et al. 2011). Bioaccumulation of THg in IRL 

dolphins has been associated with pathophysiological effects in 

hepatic, renal, endocrine, hematological, and immune parameters 
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(Schaefer et al. 2011; JSR, unpublished data).  

 Concentrations of THg in liver, muscle, and kidney of 

deceased, stranded dolphins have been used as indicators of 

environmental contamination worldwide (Reif et al. 2015). In the 

IRL, incorporation of photo-identification data to assign 

individuals to specific geographic segments demonstrated a north 

to south gradient in the concentrations of THg in blood 

(Schaefer et al. 2015 a). The explanation for this spatial 

distribution is unclear; the lack of local point sources of 

industrialization and mercury emissions suggests that global 

transport and atmospheric deposition is responsible for the bulk 

of the ecosystem burden in Florida. Estuarine ecosystems, 

including much of southern Florida, are hydrogeological sinks 

for Hg due to their biogeochemistry, concentrations of sulfates 

in sediments, and patterns of rainfall deposition (Guentzel et 

al. 2001). 

 Differences in THg concentrations related to habitat type 

and ecological factors within a particular environment have been 

reported in fish species (Chumchal and Hambright 2009). 

Therefore, geographic variation in Hg concentrations in the apex 

predator may be related to differences in the concentrations in 

prey species (Pouilly et al. 2013). These spatial differences 

may reflect regional differences in environmental conditions 

that include deposition, biogeochemistry and trophic transfer 

(Stavros et al. 2011). 

 IRL dolphins are known to prey upon fish species that have 

been found to have detectable concentrations of THg (Tremain and 

Schaefer 2015). Six prey species of the IRL dolphin (spotted 

seatrout, Cynoscion nebulosus; Atlantic croaker, Micropogonias 

undulates; red drum, Scianops ocellatus; spot, Leiostomus 
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xanthurus; striped mullet, Mugil cephalus; and pinfish, Lagodon 

rhomboid) had THg concentrations 3–12 times higher than those 

reported for the same species in Charleston, South Carolina 

(Stavros et al. 2007). 

 Differences in prey selection and habitat utilization 

likely have an effect on exposure to mercury and other 

environmental contaminants. According to de Waal and Luttrell’s 

(1986) similarity principle, it may be more beneficial for 

individuals who share similar foraging tactics to forage 

together, since by coordinating their behavior they may receive 

by-product benefits. Dolphins have been known to associate 

preferentially with individuals who share similar foraging 

tactics and priorities (Gero et al. 2005, Díaz López and Shirai 

2008), forage cooperatively (Connor et al. 2000), and use food-

related social signaling between social affiliates (King and 

Janik 2015). Dolphin social structure can be influenced by 

feeding associations (Díaz López and Shirai 2008) and 

communities sharing habitats have been known to be socially 

segregated based on foraging strategies, such as dolphins who 

feed without human cooperation vs. those who cooperate with 

local fisherman. (Chilvers and Corkeron 2001; Daura-George et 

al. 2012). In some dolphin populations, foraging techniques may 

be transmitted from mother to calf via social learning processes 

(Weiss 2006, Sargeant and Mann 2009), suggesting that groups 

with mother calf pairs likely use the same feeding strategies. 

Further, stable isotope analysis has detected fine scale 

differences in fatty acid signatures between IRL dolphins 

inhabiting the northern and southern areas of the lagoon 

(Browning et al. 2014). Longitudinal studies that document 

social structure, foraging habits, and habitat use in the IRL 
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dolphin population may provide additional insight into factors 

that lead to the accumulation of Hg from the local environment. 

The purpose of this study was to examine the relationship 

between THg concentrations and measures of social affiliation in 

IRL dolphins. 

 METHODS 

 Free-ranging bottlenose dolphins ( Tursiops truncatus) 

inhabiting the IRL were captured, sampled, and released during 

the Bottlenose Dolphin Health and Environmental Risk Assessment 

Project (HERA) between 2003–2007 and 2010–2012 using previously 

described techniques (Fair et al. 2006). Age was determined by 

examination of dentine layers in an extracted tooth (Hohn et al. 

1989). Whole blood samples were drawn from the periarterial 

venous rete in the flukes as soon as possible after the animal 

was restrained with a 19-gauge, 1.9 cm, butterfly catheter 

(Becton Dickinson, Franklin Lakes, NJ) and collected in S-

monovette tubes for trace metal analysis (Sarstedt Inc., Newton, 

NC). The collection vials were placed on dry ice, transported to 

the laboratory, and frozen at −40ºC until analysis (Stavros et 
al. 2008). 

 A complete description of the analytic methods for 

determination of THg concentrations in blood was published 

previously (Stavros et al. 2008, Schaefer et al. 2015 a) and are 

described briefly here. Total mercury concentration was 

determined in whole blood samples using combustion atomic 

absorption spectrometry (CAAS). Laboratory analyses were 

conducted by the National Oceanic and Atmospheric Administration 

(NOAA), Center for Coastal Environmental Health and Biomolecular 

Research from 2003 to 2005 and by the Florida Wildlife 

Commission, Fish and Wildlife Research Institute from 2006 to 
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2012. The CAAS analysis was conducted with a calibrated DMA-80 

Direct Mercury Analyzer (Milestone Inc., Shelton, CT) in both 

laboratories using EPA Method 7473 (U.S. EPA 2007). Quality 

control procedures included analysis of laboratory method 

blanks, duplicate or triplicate tissue samples, and certified 

reference material (TORT-2 or DOLT-4 obtained from the National 

Research Council of Canada) for each group of 10 samples 

analyzed (U.S. EPA 2007). Duplicate matrix spikes were completed 

for each group of 40 samples analyzed. THg concentrations were 

reported as micrograms per liter (μg/L wet weight). Inter-

laboratory variability was compared using an independent sample 

t-test. No statistically significant differences were detected 

in the current analysis or the results previously reported by 

Schaefer et al. (2015 a). 

 Boat-based photo-identification surveys were conducted on a 

quarterly basis in the IRL (Fig. 1) from July 2002 to December 

2012 to document behavior, spatial distribution, and social 

affiliations among individual dolphins. Details of survey 

design, data collection, and analysis of digital images have 

been described previously (Mazzoil et al. 2008). A sighting 

group was defined as an aggregation of dolphins within 100 m of 

each other that were engaging in similar behavior. All of the 

members of an identified sighting group were considered to be 

associated. Due to the methods used in our study which involve 

observing known individuals in the field, it was not possible to 

record data blindly. 

 Dolphins with measured concentrations of THg in blood were 

divided into approximate exposure tertiles (low, medium, high) 

based on the distribution of their data. A total of 98 

individuals had sufficient photo-identification histories (three 
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or more sightings) for inclusion in the analysis. Associations 

among dolphins within each category of THg exposure were 

evaluated by measuring the number of sightings of each 

individual dolphin documented with another known individual (a 

dyad). The strength of the social relationship between dyads was 

calculated in SOCPROG 2.4 (Whitehead 2009) using the half-weight 

association index: 

 HWI = X/[ X + Yab + ½( Ya +  Yb

where X is the number of times dolphins a and b were observed 

together, Y

)], 

ab is the total number of times dolphins a and b were 

identified in separate groups, Ya is the number of times dolphin 

a was identified and Yb

 Social affiliations among dolphins were examined in order 

to determine whether individual dolphins in each of the three 

categories of THg concentrations were more likely to be 

associated with each other than individuals in the other 

categories of THg concentrations. To elucidate differences in 

social affiliation between categories of THg, network measures 

of strength, clustering coefficient, eigenvector centrality, and 

affinity were calculated in SOCPROG 2.4 in MATLAB 2014 

(Whitehead 2009). Strength is the sum of the association indices 

for each individual; a high strength indicates that an 

individual is strongly associated with others in the population. 

 is the number of times dolphin b was 

identified (Cairns and Schwager 1987, Whitehead 2008). The index 

is scaled from 0 (two individuals were never sighted together) 

to 1 (two individuals were always sighted together.) The HWI 

association index was calculated for each dyad in each THg 

category. The mean association index for all individuals in the 

category was then calculated and compared across THg categories 

using analysis of variance (ANOVA). 
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Eigenvector centrality is the weighted sum of direct and 

indirect connections and measures the influence of an individual 

within the network of the population. The clustering coefficient 

(calculated for weighted networks in SOCPROG using the matrix 

described by Holme et al. 2007) measures how well an 

individual’s associates are themselves associated. Affinity 

measures the strength of an individual’s associate connections. 

Mean THg, and the above network measures were compared between 

Hg categories using ANOVA. Statistical analysis was conducted 

using SPSS 23.0 (SPSS Inc., Chicago, IL). P < 0.05 was 

considered statistically significant. 

 To visualize the relationship between THg and social groups 

within the population, the social network structure of the THg 

concentration categories was illustrated in Gephi 0.8.2 (Gephi 

Consortium, 13 Rue de l’Université, Paris, France) and arranged 

using the Force Atlas algorithm, which interprets networks by 

attracting and repulsing nodes in proportion to the distance 

between them (Bastian and Heymann 2010). The relative distance 

between individual nodes in the figure represents the level of 

social affiliation within each THg group. Statistical analyses 

were conducted using IBM SPSS statistics 20 for Windows (IBM 

Corp., Armonk, NY) and MATLAB 2014 (MathWorks Inc., Natick, MA). 

 The spatial distribution of dolphin sightings in each 

category was mapped using the Kernel Density tool in the Spatial 

Analyst toolbox within ArcMap 10.4 which gives a 95% fixed 

kernel density estimate. To minimize observation bias when 

calculating the kernel densities, 10 random sightings of each 

individual in the category were used (Urian et al. 2009). The 

distribution of sightings of the high, medium, and low groups 

was expressed as kernels in order to establish home ranges for 
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dolphins in each of the exposure categories. 

 RESULTS 

 The mean concentrations ± standard deviation (SD) for 

dolphins in the high, medium and low categories of THg 

concentration were 990.47 μg/L (487.02), 366.77 μg/L (53.88), 
and 199.73 μg/L (61.8) wet weight, respectively (Table 1). There 

was no statistically significant difference in ages between 

exposure groups ( P = 0.48), which is in agreement with a 

previous analysis of THg concentrations in IRL dolphins 

(Schaefer et al. 2015 a, Table 1) that found no statistically 

significant difference across age groups in either males or 

females. The difference between THg concentrations in males and 

females was also not statistically significant. 

 Association indices within each exposure category were 

measured by the HWI as defined above (Table 1). Dolphins in the 

highest exposure category had statistically significant 

differences in mean association indices ( P = 0.04), with the 

highest HWI with other individuals in the highest exposure 

category (0.08). There were no significant differences in the 

mean association indices among dolphins in the middle and lowest 

THg groups. 

 The parameter means for social affiliation indices between 

categories of THg exposure were evaluated to determine whether 

dolphins in the highest exposure category were more likely to be 

associated with each other than dolphins in the lower exposure 

categories (Table 1). Individuals in the highest exposure 

category had a mean strength of 0.77, which was significantly 

higher than that for individuals in the medium and low exposure 

categories (0.34 and 0.45, respectively, ( P < 0.01). Affinity 

was also significantly higher for individuals in the high 
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exposure category ( P < 0.02). There were no significant 

differences between categories of THg exposure for clustering 

coefficient or eigenvector centrality. 

 The social network of individual dolphins in the IRL is 

shown in Figure 2 with their corresponding assignment to 

categories of THg exposure. Some clustering can be seen among 

individuals with high and medium THg exposure (red and yellow 

nodes, respectively); a small cluster appears in the network on 

the left side and another large cluster on the right. Photo-

identification data show the spatial distribution of the left 

cluster to be in the northern IRL and southern Mosquito Lagoon, 

while the right cluster is comprised of dolphins known to range 

in the southern reaches of the IRL, including the St. Lucie 

River. 

 The kernel density estimates of IRL dolphins with high, 

medium and low concentrations of THg were mapped (Fig. 3). The 

figure shows overlapping home ranges throughout the study area; 

there was no clear separation of home ranges according to the 

concentration of THg in blood. Home ranges of the high 

concentration animals were very dense in the northern area of 

the lagoon, with another large range in the southern half of the 

lagoon. The medium concentration animals had fairly even 

densities throughout the lagoon with the densest area located at 

Sebastian Inlet, which lies in the middle of the lagoon system. 

The low concentration animals ranged in the far northern areas 

and southern half of the lagoon, with the densest cluster 

located south of Sebastian Inlet. 

 DISCUSSION 

 Several indications of social affiliation among dolphins 

with high levels of exposure to mercury were found in these 
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analyses, which have important implications for ecosystem 

health. Social affiliations as measured by the HWI index were 

significantly stronger among individuals within the highest THg 

exposure category; individuals were more likely to be associated 

with animals in the same exposure group compared to dolphins 

with lower THg exposure. The mean HWIs for all exposure 

categories (low THg = 0.07; medium THg = 0.05; high THg = 0.08) 

were higher than the overall HWI for the IRL population (0.01) 

reported previously but within the range of the means previously 

described for the five discrete IRL communities (0.02–0.09) 

(Titcomb et al. 2015). The difference in mean HWI between all 

individuals in the population and those within each THg exposure 

category suggests that the association of individuals within 

exposure categories is not random, but may be based on feeding 

patterns or prey species availability in specific locales within 

the IRL. The higher measure of strength among individuals in the 

highest THg group indicates that those individuals are more 

strongly associated with others in the same category compared to 

individuals in the lower and middle categories. Likewise, the 

strong measure of affinity within the highest THg category 

indicates that individuals with high THg levels have associates 

who are well-connected within the network. It is likely more 

beneficial for individuals to forage with others who share 

similar foraging techniques (deWaal and Luttrell 1986) and 

bottlenose dolphins are known to associate preferentially while 

foraging (Gero et al. 2005, Lopez and Shirai 2008). Similar prey 

preferences for dolphins inhabiting the IRL may indicate that 

microhabitats with varying concentrations of Hg in the biota 

could be driving exposure in certain areas. 

 Photo-identification studies of home ranges of individual 
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IRL dolphins show that they spend most of their time in 

individual geographic segments and do not move back and forth 

between the ocean and the estuary in significant numbers 

(Mazzoil et al. 2008). This is important since the concentration 

of THg in blood is a short-term measurement reflecting recent 

dietary intake. Therefore, the concentrations of THg are 

unlikely to be affected by movement and feeding in other areas. 

 There were no significant differences in the clustering 

coefficients or eigenvector centrality measures between THg 

categories. The lack of significant differences in these 

measures is most likely due to our analysis of all individuals 

in each THg category, without separating individuals in each THg 

category spatially. The linear nature of the study area 

restricts many of these animals (particularly those whose 

habitats are in the far northern or southern reaches of the 

lagoon) from associating with each other (Titcomb et al. 2015). 

Similarly, the lack of difference in centrality was expected. 

Centrality measures the scope of an individual’s interactions 

with the entire population; individuals that are exposed to THg 

are not necessarily more likely to be associated than other 

individuals in the population as a whole. In this case of 

mercury exposure, centrality is probably not as meaningful as it 

would be in an infectious disease epidemic, where the animals 

with the highest centrality can drive the spread of a disease in 

a population (Gomez et al. 2013, Rushmore et al. 2013). 

 Strong social affiliations suggest these individuals may be 

foraging together in the same areas and perhaps even feeding 

cooperatively (Daura-George et al. 2012). Dolphins routinely 

display differences in tactics and prey selection within 

populations that are adaptations to local conditions (Krutzen et 
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al. 2005, Sargeant et al. 2007). For example, bottlenose 

dolphins in Belize were observed fishing more frequently in 

specific microhabitats within their particular home range; e.g., 

areas where seagrass beds adjoined open salt flats (Eierman and 

Connor 2014). Such local differences could partially explain the 

variations and associations observed in this study and are 

supported by a previous stable isotope analysis of IRL dolphins 

(Browning et al. 2014). Isotopic signatures from 153 live 

dolphins were used to assign dolphins to one of three 

subpopulations within the IRL. However, the differences were not 

driven by the trophic level of feeding but rather by the 

proportions of specific prey consumed. Therefore, these 

differences in dietary structure may contribute to the observed 

results. In support of this hypothesis, stable isotope analysis 

detected fine scale differences in fatty acid signatures between 

dolphins inhabiting the northern and southern areas of the 

lagoon (Browning et al. 2014), suggesting that the diets of 

dolphins differ across the estuary. 

 The clustering of individuals with high THg exposure shown 

in Figure 2 who are routinely sighted in the northern IRL is 

consistent with a previous report which documented higher 

concentrations of THg in dolphins inhabiting the northern 

segments of the lagoon (Schaefer et al. 2015 a). These findings 

add to the evidence that concentrations of mercury in the IRL 

are not homogenous and that the social structure and feeding 

ecology of the population contributes to bioaccumulation of 

mercury through the food chain in local habitats. Differences in 

THg concentration have been reported on fine scales that are 

related to differences in microhabitat type and other ecological 

factors (Chumchal et al. 2008). Failure to discriminate between 
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exposure groups according to their home ranges as shown in maps 

of kernel density estimates suggests that ranges of these apex 

predators overlap at the level of the entire estuary. 

 Mercury exposure among IRL dolphins is due primarily to 

dietary sources of Hg (Stavros et al. 2007). Tremain and 

Schaefer (2015) reported significantly higher THg concentrations 

in silver perch ( Bairdiella chrysoura), Irish pompano ( Diapterus 

auratus), pinfish ( Lagodon rhomboids), and striped mullet ( Mugil 

cephalus) sampled from the northern Indian River than from the 

southern reaches of the estuary. Within the IRL, silver perch 

contained the highest Hg levels among the common dolphin prey 

species examined (0.222 mg/kg) and striped mullet the lowest 

(0.015 mg/kg), a 15 fold difference (Tremain and Schaefer 2015). 

Silver perch have been documented in the diets of IRL dolphins 

(Barros 1993, Luczkovich et al. 2000). Atlantic croaker 

( Micropogonias undulates) and striped mullet are also an 

important prey biomass for IRL dolphins; their diets also 

include spot ( Leiostomus xanthurus) 

 Environmental and hydrological characteristics are not 

homogeneous within the lagoon. The IRL is ecologically diverse 

and spans a major biogeographic boundary between the subtropics 

and temperate zones (U.S. EPA 1996). The large latitudinal 

range, the extensive canal system draining into the IRL and the 

location of rivers and inlets contribute to variations in water 

temperature, salinity, and currents (Woodward-Clyde Consultants 

1994). Shallow depths and the limited tidal exchange between the 

in smaller quantities 

(Barros 1993). Additional foraging ecology studies are needed to 

determine whether the differences in THg concentrations among 

social clusters are driven by differential prey selection and 

availability in local areas within the lagoon. 
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lagoon and the Atlantic Ocean result in minimal flushing (Smith 

1993); therefore, chemical and microbial agents may become 

concentrated within areas of the lagoon with limited tidal 

movement. This is particularly true in the northern areas of the 

IRL where the dolphin groups with the highest THg concentrations 

were routinely observed. Further evaluation of local 

biogeochemistry and accumulation of mercury in prey species is 

needed to better understand factors influencing the distribution 

of Hg in the apex predator. 

 The current study is the first of its kind to utilize 

social networks in a coastal dolphin population to evaluate 

shared environmental exposures among groups of individuals. The 

approach described has the potential to be applied to other 

populations and wildlife species in order to understand 

exposures among social groups. Additionally, data on social 

affiliations and habitat use combined with environmental 

exposures have the potential to identify environmental hotspots 

that represent hazards to both wildlife and public health. For 

example, the identification of the northern IRL as a hotspot of 

Hg accumulation and exposure in dolphins has environmental 

implications as well as significance for other species that 

consume fish from the IRL including humans. We recently showed 

that hair mercury concentrations in coastal residents along the 

IRL were higher among those who obtained a substantial portion 

of their seafood from local, recreational sources (Schaefer et 

al. 2015 b). The current study adds to the evidence that the 

bottlenose dolphin represents an excellent sentinel for 

ecosystem and public health. 
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 Figure 1. The Indian River Lagoon, Florida, subdivided into 

six segments based on hydrodynamics and geographic features. 

 Figure 2. Social affiliation and clustering among 

individual IRL dolphins by categories of total mercury 

concentration in blood (High-Red, Medium-Yellow, Low-Blue). 

Lines between nodes represent individuals sighted together. The 

relative distance between individual nodes represents the level 
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of social affiliation. 

 Figure 3. Kernel density estimates of the home ranges of 

individual dolphins in the three THg categories: high (a), 

medium (b), and low (c). 
1 Corresponding author (e-mail: mmurdoch@fau.edu). 
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 Table 1. Mean associations (HWI) and network measures of social affiliation (± 

standard deviation) for categories of blood THg concentration (μg/L wet weight) among IRL 
dolphins.

 

1 

Low Thg Medium Thg High THg P 

n 27 37 34  

Mean THg (μg/L) 199.73 (61.80)  366.77 (53.88) 990.47 (487.02) <0.01 

Range 34.90–279.46 285.01–480.00 494.05–2,750.02  

Mean age (years) 13.77 (6.34) 11.36 (4.24) 12.41 (6.65) 0.48 

Gender 

 Male ( n, %) 

 

20 (74.1) 

 

23 (62.1) 

 

18 (52.9) 

 

0.07 

Sampling period 

 2003–2007 

 2010–2012 

 

18 (66.7) 

9 (33.3) 

 

27 (73.0) 

10 (27.0) 

 

30 (88.2) 

4 (11.8) 

0.12 

Mean association (HWI) 

 Low THg 

 Mid THg 

 High Thg 

0.07 (0.07) 

0.05 (0.03) 

0.05 (0.03) 

0.06 (0.05) 

0.05 (0.02) 

0.05 (0.03) 

0.06 (0.02) 

0.07 (0.07) 

0.08 (0.07) 

0.90 

0.15 

0.04 
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Network measures 

 Strength 0.45 (0.35) 0.34 (0.30) 0.77 (0.56) <0.01 

 Clustering coefficient 0.06 (0.06) 0.10 (0.06) 0.09 (0.05) 0.70 

 Eigenvector centrality 0.06 (0.14) 0.07 (0.12) 0.08 (0.12) 0.83 

 Affinity 0.60 (0.24) 0.50 (0.21) 0.99 (0.35) 0.02 

 
1 From SOCPROG 2.4 MATLAB.  
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