
Factors Affecting Water Strider (Hemiptera: Gerridae) Mercury Concentrations  1 

in Lotic Systems 2 

 3 

Timothy D. Jardine†*, Karen A. Kidd†, Richard A. Cunjak‡§, and Paul A. Arp§ 4 

†Canadian Rivers Institute and Department of Biology, University of New Brunswick, Saint John, 5 

New Brunswick E2L 4L5 6 

‡Canadian Rivers Institute and Department of Biology,  7 

§Faculty of Forestry and Environmental Management, University of New Brunswick, Fredericton, 8 

New Brunswick  E3B 5A3 9 

 10 

(24 September 2008; Accepted 12 January 2009) 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

*To whom correspondence may be addressed (t.jardine@griffith.edu.au). 19 

The current address of T.D. Jardine is Australian Rivers Institute, Griffith University, Nathan, 20 

Brisbane, QLD, Australia 411. 21 

 22 

 23 

 24 

 25 

26 

mailto:t.jardine@griffith.edu.au�


 2 

Abstract--Water striders (Hemiptera: Gerridae) have been considered as a potential sentinel for 27 

mercury (Hg) contamination of freshwater ecosystems, yet little is known about factors that control 28 

Hg concentrations in this invertebrate.  Striders were collected from 80 streams and rivers in New 29 

Brunswick, Canada in August and September of 2004 through 2007 to assess the influence of 30 

factors such as diet, water chemistry and proximity to point sources on Hg concentrations in this 31 

organism.  Higher than average Hg concentrations were observed in the southwest and Grand Lake 32 

regions of the province, the latter being the location of a coal-fired power plant that is a source of 33 

Hg (~100 kg annually) with elevated Hg concentrations in the lichen Old Man’s Beard (Usnea spp.) 34 

in its immediate vicinity.  Across all streams, pH and total organic carbon of water were relatively 35 

weak predictors of strider Hg concentrations.  Female striders that were larger in body size than 36 

males had significantly lower Hg concentrations within sites, suggestive of growth dilution.  There 37 

was no relationship between percent aquatic carbon in the diet and Hg concentrations in striders.  38 

For those striders feeding solely on terrestrial carbon, Hg concentrations were higher in animals 39 

occupying a higher trophic level.  Mercury concentrations were highly variable in striders collected 40 

monthly over two growing seasons, suggesting short-term changes in Hg availability.  These 41 

measurements highlight the importance of considering both deposition and post-depositional 42 

processes in assessing Hg bioaccumulation in this species.  They also suggest striders may be more 43 

appropriate as a terrestrial rather than an aquatic Hg sentinel, underscoring the importance of 44 

understanding the origin of food for organisms used in contaminant studies. 45 
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Introduction 52 

Mercury (Hg) contamination of freshwater ecosystems remains a major problem in 53 

industrialized nations, with deposition from natural and anthropogenic sources and subsequent 54 

methylation leading to high Hg concentrations in fishes [1].  Human and wildlife health concerns 55 

surrounding consumption of Hg-contaminated fishes requires considerable research and monitoring 56 

efforts by government agencies [2] and losses of Hg-contaminated products (mainly fish and marine 57 

mammals) are estimated at billions of dollars globally [3].   58 

Environmental sentinels hold great promise in providing efficient and ecologically relevant 59 

information on the regional and global distribution of contaminants [4].  Ideal characteristics of 60 

sentinel species include wide distribution, limited home range, well-known life history, moderate to 61 

high abundance, and simple taxonomic identification [4].  The predaceous water strider (Hemiptera: 62 

Gerridae) meets many of these criteria.  One species, Aquarius remigis Say, is common and 63 

abundant on the surface film of streams and rivers across North America [5], has a home range that 64 

is restricted to approximately 100 m [6], and has Hg concentrations that have been correlated with 65 

those in small brook trout Salvelinus fontinalis, an important recreational fish species [7].    66 

Despite an improved understanding of the Hg cycle over the past 40 years, several 67 

fundamental questions remain about the effect and extent of point source emissions on the 68 

surrounding environment, and the relative importance of atmospheric deposition compared with 69 

other abiotic and biotic processes such as water chemistry and food web characteristics.  While 70 

mathematical models predict that reduced emissions from point sources such as coal-fired power 71 

plants will result in reductions in animal tissue concentrations [8] and certain studies have shown 72 

such concentration declines after emissions reductions [8,9], these decreases may not always be 73 

achieved due to complexities associated with water chemistry and biology [10].  Given the logistic 74 

issues surrounding the collection and analysis of fish samples for Hg on a broad geographic scale, 75 

water striders are envisioned as a rapid means of assessing spatial patterns in Hg bioaccumulation in 76 

lotic food webs [7].  Specifically, herein water striders were sampled in order to identify potential 77 
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Hg Hotspots and Areas of Concern, as have been reported previously for Northeastern North 78 

America [8].  79 

The present study examined spatial variability and potential factors that influence Hg 80 

concentrations in water striders.  First, preliminary sampling was conducted on a broad geographic 81 

scale in New Brunswick, Canada to assess the variation in strider Hg concentrations across the 82 

landscape.  A study was then designed to assess spatial patterns in Hg deposition relative to a coal-83 

fired power plant in New Brunswick, Canada, and determine if Hg concentrations in water striders 84 

reflect local deposition [11].  Lichen (Usnea spp., Old Man’s Beard) were used as a second sentinel 85 

species since they are indicators of heavy metal contamination via atmospheric deposition [12].  A 86 

variety of other factors was examined as possible determinants of water strider Hg concentrations.  87 

For example, increased acidity [13] and dissolved organic matter content [14] of water, changes in 88 

growth and activity rates [15,16], and differences in feeding ecology [17] can all modulate Hg 89 

concentrations in aquatic biota.  Differences in growth patterns among water strider species and 90 

sexes within sites were also examined to explain possible differences in Hg concentrations across 91 

sites. Mercury data from all sites were also compared with previously reported [18] stable isotope 92 

ratios of carbon (13C/12C or δ13C) and nitrogen (15N/14N or δ15N) as indicators of food source 93 

pathway (aquatic vs terrestrial) and trophic level, respectively, to assess the effects of feeding 94 

ecology on Hg concentrations in striders.  Finally, seasonal and inter-annual changes in Hg 95 

concentrations were measured at four index sites sampled bi-weekly over two growing seasons.   96 

All of these measurements were done to assess the utility of water striders as environmental Hg 97 

sentinels, and determine the relative importance of atmospheric deposition and in-stream processes 98 

in affecting Hg concentrations in this organism. 99 

Methods and Materials 100 

Water striders were collected with hand nets from a total of 80 streams in New Brunswick 101 

(NB) from 2004 to 2007.  In 2004 water striders were collected from 42 randomly selected streams 102 

(Fig. 1a) that represented the eight recreational fishing areas designated by the provincial authority 103 
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(NB Department of Natural Resources) and the major drainage basins in the province; these data 104 

were used to establish regional patterns of Hg concentrations.  These sites were generally forested 105 

first to sixth order streams and rivers with cobble/gravel bottoms.  Although four species of water 106 

strider were present at some sites (Aquarius remigis, Metrobates hesperius, Limnoporus sp., and 107 

Gerris comatus), adult A. remigis was most common and collections focused primarily on this 108 

species.  Metrobates hesperius was also collected at nine of the sites in 2004, but it only occurred in 109 

sympatry with A. remigis at one site.   110 

In 2005, A. remigis was collected from 13 streams, with preliminary sampling directed at 111 

locations near two coal-fired power plants operated by NB Power in Belledune (northern NB) and 112 

Grand Lake (south-central NB) (Fig. 1a).  The Grand Lake plant, burning local high S coal (S 113 

content = 6.6%, [19]) at approximately 230,000 to 430,000 metric tons per year, is a source of low-114 

grade sulphur dioxide [20] and also emits approximately 100 kg of Hg per annum [21].  The 115 

Belledune plant releases approximately 13 kg of Hg per annum [www.ec.gc.ca/npri, 21] but the 116 

presence of two other local sources (a metal smelter emitting ~30 kg Hg per annum and a chlor-117 

alkali plant emitting ~32 kg Hg per annum, [22]) add further amounts of Hg to the local 118 

environment.   119 

In 2006 a bullseye design was used to select sampling sites and map Hg concentrations in 120 

water striders and Usnea spp., with the Grand Lake generating station at the centre of the bullseye 121 

(Fig. 1b).  Repeat sampling of the sites within the bullseye was done in 2007, due to an operational 122 

shutdown at the station in 2006 during the months of July and August (A. Bielecki, NB Power 123 

Corporation, personal communication).  A minimum of one site was chosen within each section 124 

delineated by six radii (10, 20, 30, 50, 100, >100 km) and eight compass directions, yielding a total 125 

of 60 sites per year (Fig. 1b).  Water striders were collected in August/September from these sites, 126 

with A. remigis again being the main target species (collected at 51 sites); M. hesperius was also 127 

collected when present (9 sites).  Old Man’s Beard was randomly sampled from two to five trees 128 

http://www.ec.gc.ca/npri�
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per site at the same locations sampled for water striders (Fig. 1b), and pooled into a single 129 

composite for analysis, for a total sample size of 60.  130 

In all four years, water quality samples were collected during baseflow conditions (August 131 

and September, n = 1/site).  In 2004 water samples were analyzed for total Hg and total organic 132 

carbon (TOC) with a Tekran Model 2600 (U.S. Environmental Protection Agency Method 1631) 133 

and a Technicon Traacs 800 auto analyzer, respectively.   In 2005, water samples were analyzed for 134 

total Hg at the Environment Canada Laboratory in Moncton, NB, by flameless atomic absorption 135 

spectrometry after oxidation to inorganic mercury by sulphuric acid, dichromate and ultraviolet 136 

photo-oxidation and reduction with stannous sulphate in hydroxylamine sulphate - sodium chloride 137 

solution. The detection limit was 0.02 µg/L.  From 2005 through 2007, water samples were 138 

analyzed for pH and TOC at the NB Department of Environment Analytical Laboratory 139 

(Fredericton, NB).  Due to logistic constraints associated with the collection of large volumes of 140 

water at remote sites, in 2006 and 2007 water samples were not analyzed for Hg.  Also, because the 141 

pH, TOC, and Hg of water samples was not being compared among years, no trials were performed 142 

to compare data generated by the different techniques. 143 

In 2006 and 2007, water striders from four index sites (Corbett Brook, N 45.92 W 66.64, 144 

English Brook N 46.43 W 66.60, McKenzie Brook N 46.22 W 66.53, and Parks Brook N 45.46 W 145 

66.35) were sampled bi-weekly from May to October to assess seasonal changes in Hg 146 

concentrations.  Aquarius remigis adults and nymphs were collected at all four sites; M. hesperius 147 

was only present at Parks Brook and was not included in any temporal analyses.   148 

For the strider samples collected in both 2004 and 2005, two to three composite samples of 149 

two individuals (sexes and wet weights not determined) per composite were analyzed for total Hg 150 

from each site.  In 2006 and 2007, male and female striders were analyzed separately; males are 151 

readily discernable from females by inspection of genital morphology [23].  For each site, 152 

individuals were weighed to obtain wet weights and two to seven individuals were pooled for each 153 
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sex.  This yielded a mean wet weight and a single composite Hg concentration for each sex at each 154 

site on a given date.   155 

In the laboratory, water strider samples were freeze dried for a minimum of 48 h and 156 

homogenized with a mortar and pestle.  Lichen samples were cut with stainless steel scissors into 1 157 

cm sections and freeze-dried prior to analysis.  All instruments were cleaned with 10% hydrochloric 158 

acid between samples.  All strider and lichen samples (2004-2007) were weighed to approximately 159 

10 mg and analyzed for total Hg using a direct mercury analyzer (DMA 80, Milestone Microwave 160 

Laboratory Systems, Shelton, CT, USA).  The direct mercury analyzer was routinely calibrated by 161 

analyzing a certified reference material at varying weights to yield a calibration curve that covered 162 

the range of Hg in the samples.  Data are reported as µg/g dry weight.  Samples were run with two 163 

certified reference materials – DORM-2 (dogfish muscle, National Research Council, Ottawa, ON, 164 

certified mean value Hg = 4.64 µg/g, 95% confidence interval = 4.38 to 4.90 µg/g) and IAEA 336 165 

(lichen, International Atomic Energy Agency, Vienna, Austria, Hg = certified mean value = 0.20 166 

µg/g, 95% confidence interval = 0.16 to 0.24 µg/g) – for water striders and Old Man’s Beard, 167 

respectively.  Recoveries of DORM-2 (n = 60) and IAEA 336 (n = 17) were 4.33 ± 0.17 µg/g 168 

standard deviation (SD) (93.3 ± 3.6% SD) and 0.16 ± 0.01 µg/g SD (78.2 ± 1.6% SD), respectively.  169 

The lower value for IAEA-336 is likely due to the aliquot received, as the same batch analyzed at a 170 

second lab (n = 33) yielded similar results (mean = 0.15 ± 0.01 µg/g, recovery = 76.5 ± 3.7% SD).  171 

Sample repeats yielded average standard deviations of 0.02 µg/g both within (n = 24) and across (n 172 

= 25) analytical runs, and blanks yielded Hg that was consistently less than 10% of sample Hg.  To 173 

determine if the power plant was causing increased deposition of sulphur [20] and whether S and 174 

Hg concentrations exhibited similar deposition patterns, Old Man’s Beard samples from 2006 were 175 

also analyzed for percent S using a LECO CNS 2000 elemental analyzer (LECO Instruments, 176 

Mississauga, ON, Canada).   177 

 Mercury concentrations in water striders were compared to their dietary habits using the 178 

previously-reported percentage of aquatic carbon (calculated using δ13C) and δ15N data [18].  For 179 
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analysis of stable isotopes, approximately 0.2 mg of each freeze-dried, ground sample was weighed 180 

into tin cups.  Samples were analyzed with a NC2500 elemental analyzer connected to a Finnigan 181 

Delta XP mass spectrometer.  Isotope data are expressed using delta notation in per mil (‰) 182 

according to: (Rsample/Rstandard – 1) ·1000, where R is the raw ratio of heavy to light isotope (e.g., 183 

13C/12C) and standards are Peedee belemnite carbonate and atmospheric nitrogen for carbon and 184 

nitrogen, respectively.  Accuracy and precision were monitored with commercially available 185 

standards as described in [18]. 186 

 A subset of water strider samples (A. remigis, n = 26; M. hesperius, n = 6) was analyzed for 187 

methyl Hg.  These samples were selected from 14 sites sampled in 2005 and 2006 and 188 

approximated the range of total Hg concentrations observed (0.05 - 0.71 µg/g).  Methyl Hg 189 

extractions were done using methods outlined in [24].  Resultant solutions were analyzed by gas 190 

chromatography-mass spectrometry on a Hewlett-Packard 6890 series with HP injector series 7683 191 

following [25].  Recovery of a certified reference material (DORM-2) averaged 98 ± 12% SD 192 

(range = 83 to 118%, n = 13). 193 

 Data were analyzed using NCSS (Kaysville, UT) and SYSTAT (ver 9, SPSS, Chicago, IL, 194 

USA) software.  All Hg data for striders and Usnea spp. were log-transformed prior to analysis to 195 

reduce heteroscedasticity and to normalize its distribution.  Based on inspection of a probability 196 

plot, percent sulphur data for Usnea spp. were judged to be normally distributed and hence were not 197 

transformed.  To assess general patterns of strider Hg concentrations from sampling done in 2004 198 

and 2005, analysis of variance (ANOVA) was used with site nested within recreational fishing area 199 

(2004) and site nested within region (2005).  Concentrations of methyl versus total Hg were 200 

compared first between species of water striders and then between sexes using analysis of 201 

covariance (ANCOVA, intercept representing percent methyl Hg) with methyl Hg as the dependent 202 

variable and total Hg as the covariate.  Equivalency of slopes was tested prior to testing intercepts.  203 

Unless otherwise mentioned, α was set at 0.05 for all statistical analyses. 204 
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 For Old Man’s Beard data, we examined relationships between distance (independent 205 

variable) and Hg concentrations (2006 and 2007) or percent sulphur (2006 only; dependent 206 

variables) using linear regressions.  Because the same sites were sampled in 2006 and 2007 (thus 207 

violating the assumption of independence of samples for multi-year models) and samples were 208 

pooled within sites, a paired t test was used to determine differences in Old Man’s Beard Hg 209 

concentrations between these two years.  The effect of compass direction on Hg in Old Man’s 210 

Beard was tested separately for 2006 and 2007 using an ANCOVA, with direction (NW, NE, SE, 211 

SW) as the categorical variable and distance from the power plant as the co-variate.   212 

 Linear regressions were used to separately test the effect of distance from the power plant on 213 

water strider male and female Hg concentrations in each of 2006 and 2007.  Two sites were 214 

excluded in 2007 as outliers in Hg versus distance plots, identified by R[student] > 2.  Because data 215 

were from pooled samples, paired t tests were used to compare Hg concentrations in striders 216 

between the latter two years.  An ANCOVA was used to test the effect of direction on strider Hg 217 

concentrations separately for sexes and years.  Linear regressions were used to test the effect of 218 

different water chemistry variables on strider Hg concentrations (focusing on females in 2006 and 219 

2007 because female Hg concentrations were highly correlated with those of males).  For 2006 and 220 

2007 data, a multiple regression model was used to test for the effects of distance from the power 221 

plant and pH (the most likely driver of changes in Hg due to water quality).  To examine the 222 

influence of body size (as a surrogate for growth) on Hg concentrations, paired t tests were used to 223 

compare Hg concentrations and body weights between sexes within species and to compare Hg 224 

concentrations between A. remigis and M. hesperius at sites where they co-existed.  Sites were used 225 

to pair sexes and species in these two analyses.   The influence of percent aquatic carbon in the diet 226 

on strider Hg concentrations was tested using linear regression (again focusing on females in 2006 227 

and 2007 for reasons noted above).  For those sites with no contribution of aquatic carbon to strider 228 

diet (% aquatic carbon = 0%), Hg concentrations in striders were compared to their δ15N as an 229 

indicator of trophic level.  For this analysis it was assumed there was no variation in baseline δ15N 230 
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across sites since terrestrial organic matter shows little variation (e.g., alder, δ15N = -1.0 ± 0.5‰ 231 

SD, range = -2.6‰ to 1.4‰, n = 92, T.D. Jardine, unpublished data).   232 

For the data collected at the four index sites over the growing season, results were grouped 233 

into two generations (as in Jardine et al. [18]) - the first group returned to stream surfaces after 234 

overwintering (post-winter) and the second group was the new generation that hatched in early 235 

summer (pre-winter).  Adults sampled in the period after ice-out in the spring up to and including 236 

the first day when a new generation of nymphs was present (typically early July) were considered as 237 

the post-winter sample.  Adults sampled for the remainder of the growing season (July – October) 238 

were made up of a new generation and considered pre-winter.  This latter period also corresponded 239 

roughly to the time period when the annual spatial sampling (bullseye) was conducted.  The timing 240 

of the arrival of the new generation, and hence the delineation of the two samples, varied slightly 241 

from one stream to another.  Originally, the intention was to examine whether Hg concentrations 242 

varied significantly over time and between sexes at the four streams that were regularly sampled by 243 

comparing adult water strider Hg concentrations across sampling periods using general linear model 244 

analysis of variance (GLM-ANOVA).  The GLM-ANOVA had three factors – site (random factor: 245 

Corbett Brook, English Brook, McKenzie Brook, and Parks Brook), sex (fixed factor: male and 246 

female), and generation (fixed factor: post- and pre-winter) separately for the two years of data 247 

(2006 & 2007) with a Bonferroni-adjusted probability of 0.025.  However, because several 248 

interactions were significant (p < 0.025) in this model, including site x generation and sex x 249 

generation, data were further separated into four groups - two generations in each of 2006 and 2007.  250 

Within each of these groups, a GLM-ANOVA was run with two factors – sex (fixed) and site 251 

(random).  Bonferroni adjusted probabilities were used with α = 0.05/4 = 0.012. 252 

To compare Hg concentrations in adults and nymphs, mean values for males and females 253 

were compared to those of nymphs for those times that they co-occurred (mainly summer) with two 254 

factors (stage – fixed, and site - random) in a GLM-ANOVA with α = 0.05.   255 
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Results 256 

Samples collected in 2004 and 2005 revealed regional patterns in water strider Hg 257 

concentrations in New Brunswick.  In 2004, total Hg concentrations in water striders ranged from 258 

0.08 to 0.52 µg/g across the 31 sites.  Concentrations were typically more elevated at sites in the 259 

southwest portion of the province while lowest concentrations occurred in the northern half of the 260 

province (Table 1, Fig. 1).  There were no significant differences among recreational fishing areas 261 

(F = 2.12, degrees of freedon (df) = 7, p = 0.064), but strong differences among sites (F = 9.17, df = 262 

26, p < 0.001) in this year.  In 2005, total Hg concentrations in striders were also significantly 263 

different among sites (F = 25.72, df = 10, p < 0.001) and had a similar range (0.06 - 0.52 µg/g) 264 

across sites as those collected in 2004.  Concentrations were significantly elevated in the Grand 265 

Lake region compared to the Belledune region (F = 3.89, df = 1, p = 0.047), despite a site 266 

immediately adjacent to the Grand Lake power plant having striders with the lowest concentration 267 

recorded (0.06 µg/g) (Table 1).   268 

Most of the Hg in water strider tissues was in the form of methyl Hg (% methyl Hg = 87 ± 269 

15% SD, range = 59 to 132%, n = 32, both species combined; values >100% stem from analytical 270 

error associated with methyl and total Hg determination), and there were no differences in percent 271 

methyl Hg between species (F = 0.79, df = 1, p = 0.382) or between male and female A. remigis (F 272 

= 0.24, df = 1, p = 0.627).  A best fit equation for both sexes and both species relating methyl Hg to 273 

total Hg was: Methyl Hg = 0.865·Total Hg + 0.0025 (r2 = 0.96). 274 

Mercury concentrations in Old Man’s Beard ranged from 0.06 µg/g to 0.52  275 

µg/g and declined significantly with distance from the power plant in both 2006 and 2007 (p < 276 

0.001, Fig. 2a).  Sulphur concentrations in 2006 also declined with distance from the plant (p = 277 

0.007, Fig. 2b), although the effect was not as strong as that observed for Hg (Hg versus distance r2 278 

= 0.41 in 2006, 0.29 in 2007; %S versus distance r2 = 0.13, Fig. 2).  There were differences in Hg 279 

concentrations between years for Old Man’s Beard, with 2007 having significantly higher 280 

concentrations (t = 3.25, n = 51, p = 0.002).  In 2006, there were significant differences among 281 
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directions in Hg concentrations (F = 3.38, df = 3, p = 0.024), with sites to the northeast of the power 282 

plant having higher concentrations than sites to the southwest.  In 2007, there were no significant 283 

differences among directions (F = 2.43, df = 3, p = 0.076).  284 

In 2006 while the power plant was not operational, Hg concentrations in water striders 285 

showed no linear relationship with distance from the generating station for either females (r2 < 0.01, 286 

n = 52, p = 0.902) or males (r2 < 0.01, n = 51, p = 0.592) (Fig. 3a).  In addition, there was no 287 

correlation between Hg concentrations in Old Man’s Beard and concentrations in male (r < 0.01, p 288 

> 0.05) or female (r = -0.16, p > 0.05) water striders across sites for this year.  In contrast to 2006, 289 

Hg concentrations in striders collected in 2007 significantly declined with distance from the plant in 290 

both females (r2 = 0.12, p = 0.025, n = 49) and males (r2 = 0.21, n = 46, p = 0.002) (Fig. 3b).  291 

Merucry concentrations significantly increased in males (t = 1.79, n = 40, p = 0.040) but not 292 

females (t = 0.97, n = 41, p = 0.169) in 2007 compared with 2006.  There was no effect of direction 293 

on Hg concentrations in males or females in either 2006 or 2007 (p > 0.05). 294 

Water quality variables were inconsistent predictors of Hg concentrations in water striders 295 

over the four years of study, accounting for a maximum of 64% of the variation when analyzed 296 

independently (Table 2).  In 2004, significant relationships were observed between Hg in A. 297 

remigis and pH (r2 = 0.38, p < 0.001), TOC (r2 = 0.14, p = 0.030), and conductivity (r2 = 0.22, p = 298 

0.003).  There was no relationship between Hg in striders and total Hg in water in 2004 for either 299 

strider species, but in 2005 a significant positive relationship between these two variables was 300 

observed for A. remigis (r2 = 0.64, p = 0.008).  Conductivity (r2 = 0.51, p = 0.003) and TOC (r2 = 301 

0.41, p = 0.008) were also significant predictors of Hg in A. remigis in 2005 (Table 2).  In 2006 and 302 

2007, none of the water quality variables were significant predictors of Hg concentrations in A. 303 

remigis or M. hesperius (Table 2).  When analyzed in a multiple regression with pH and distance as 304 

variables, trends were generally similar to those observed with distance or water quality variables 305 

alone.  Stream-water pH had a weak but significant effect on female strider Hg concentrations in 306 

2006 (r2 = 0.10, p = 0.026) while distance had no effect (r2 = 0.02, p = 0.310) and males showed no 307 
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effect of pH (r2 = 0.06, p = 0.097) or distance (r2 = 0.003, p = 0.682).  In 2007, female Hg 308 

concentrations were not affected by pH (r2 = 0.05, p = 0.122) or distance (r2 = 0.04, p = 0.137) but 309 

males showed a significant effect of distance (r2 = 0.10, p = 0.025) and not pH (r2 = 0.04, p = 310 

0.138).  When two outliers were included in the analysis, relationships between Hg concentrations 311 

and distance or pH were non-significant (p > 0.05) in the multiple regressions for males and females 312 

in both 2006 and 2007. 313 

 In both 2006 and 2007 there were between-sex differences in body size and Hg 314 

concentrations for both species of water striders.  Female water striders were consistently larger 315 

than males (Fig. 4a).  The difference in body weights between sexes was less pronounced in A. 316 

remigis (2006: mean % difference = 23.0 ± 10.8% SD, t = 15.02, n = 54, p < 0.001; 2007: mean % 317 

difference = 21.2 ± 14.8% SD, t = 10.49, n = 47, p < 0.001; Fig. 4a) than M. hesperius (2006: mean 318 

% difference = 61.9 ± 10.3% SD, t = 15.79, n = 9, p < 0.001; 2007: mean % difference = 65.4 ± 319 

6.7% SD, t = 19.33, n = 7, p < 0.001; Fig. 4a).  Male striders had higher Hg concentrations than 320 

females for both A. remigis (2006: mean % difference = 13.4 ± 31.9% SD, t = 3.33, n = 50, p = 321 

0.001; 2007: mean % difference = 3.8 ± 7.6%, t = 5.20, n = 47, p < 0.001; Fig. 4b) and M. 322 

hesperius (2006: mean % difference = 53.7 ± 36.3% SD, t = 5.65, n = 9, p < 0.001; 2007: mean % 323 

difference = 58.1 ± 8.6% SD, t = 18.41, n = 7, p < 0.001; Fig. 4b).  Metrobates hesperius had 324 

significantly higher Hg concentrations than A. remigis (t = 2.98, n = 6 sites, p = 0.003, data not 325 

shown) where the two species co-existed.    326 

 There was no relationship between percent aquatic carbon in the diet and Hg concentrations 327 

in A. remigis water striders (p > 0.05, Fig. 5a), however these analyses were limited given the large 328 

number of sites (n = 22 of 41, [18]) with striders having 0% aquatic carbon in the diet.  For those 329 

striders that had aquatic carbon in their diets (2 - 100 %), their Hg concentrations fell within the 330 

range of those animals that relied solely on terrestrial carbon with one exception.  Striders from a 331 

single site (Clark Brook, N 46.06 W 65.54) had atypically high Hg (average Hg = 2.0 µg/g) and 332 

were feeding mainly on aquatic food sources (average % aquatic carbon = 79%).  For those striders 333 
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with 0% aquatic carbon in the diet (i.e., entirely terrestrial feeders), δ15N as a measure of trophic 334 

level explained significant variation in Hg concentrations, with high δ15N (high trophic level) 335 

associated with high Hg (r = 0.60, n = 25, p = 0.001, Fig. 5b).  By including distance from the 336 

power plant as a second variable in a stepwise regression, over half of the variation was accounted 337 

for (r2 = 0.53), and both δ15N (p = 0.001) and distance (p = 0.012) were significant. 338 

Seasonal and inter-annual variation was high in A. remigis Hg concentrations at the four 339 

index sites (Fig. 6), but patterns in three of the four streams (exception Corbett Brook) were similar, 340 

with generally lower concentrations in the late summer/fall compared to spring.  At Corbett Brook, 341 

the second generation of 2006 (adults from July to October) had Hg concentrations (0.40 - 0.60 342 

µg/g) that remained high into the spring of 2007 after overwintering; in contrast, the second 343 

generation collected at this site in 2007 had lower concentrations (0.10 - 0.30 µg/g, Fig. 6) than 344 

those from 2006.  During the pre-winter period when one-time sampling at 60 sites was conducted, 345 

the other three index sites had consistent concentrations between years.  At all index sites, 346 

concentrations of Hg in males and females diverged in the spring, with male concentrations 347 

increasing relative to females (Fig. 6).  Concentrations of Hg in females generally remained low 348 

(0.10 - 0.30 µg/g) throughout the growing season.  Overall, there were several interactions (p < 349 

0.025) in the statistical analyses between sexes, generations and sites, requiring a breakdown of the 350 

analysis.  When analyzed separately by generation and year, post-winter males had significantly 351 

higher Hg than post-winter females in both 2006 (F = 121.59, df = 1, p = 0.002) and 2007 (F = 352 

48.07, df = 1, p = 0.006).  Hg concentrations among sites were not significantly different during the 353 

post-winter sample in 2006 (F = 1.36, df = 3, p = 0.275) but they were different in 2007 (F = 5.26, 354 

df = 3, p = 0.004).  For pre-winter samples, Hg concentrations among sexes were not significantly 355 

different in either year (2006: F = 3.72, df = 1, p = 0.149; 2007: F = 3.20, df = 1, p = 0.172) but 356 

among sites were different during this time period in both years (2006: F = 24.76, df = 3, p < 0.001; 357 

2007: F = 4.73, df = 3, p = 0.010).  In 2006, nymphs had similar concentrations to adults (F = 6.40, 358 
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df = 1, p = 0.086); in contrast, nymphs collected in 2007 had significantly lower Hg concentrations 359 

than those of adults (F = 28.51, df = 1, p = 0.013, Fig. 6).    360 

Discussion 361 

The present study examined the physical, chemical and biological factors affecting Hg 362 

concentrations in water striders collected across the province of New Brunswick, Canada.  363 

Variation in water strider Hg concentrations was related to distance from the coal fired generating 364 

station, sex, body size, and trophic level, highlighting the importance of both abiotic and biotic 365 

factors in determining Hg concentrations in this organism.  Water striders revealed regional patterns 366 

of Hg concentrations in New Brunswick that may be related to atmospheric Hg deposition and 367 

landscape characteristics, with striders from the northern part of the province having lowest Hg 368 

concentrations and those from the southern part having highest concentrations.  These organisms 369 

feed mainly on terrestrial carbon (>50%; [18]); this likely explains the weaker relationship between 370 

water chemistry parameters and their Hg concentrations, and suggests that striders may be more 371 

useful as indicators of Hg availability in the terrestrial rather than aquatic environment.  372 

Spatial studies with sentinel species are useful for identifying areas of high and low 373 

contaminant concentrations [4].  In the present study, Hg concentrations in striders collected in 374 

2004 were highest in the southwest region (Fig. 1 and Table 1) and generally decreased in a 375 

southwest to northeast direction; this pattern is consistent with studies on other organisms in the 376 

region [8].  In the earlier study, yellow perch (Perca flavescens) and loons (Gavia immer) from 377 

lakes in the Lepreau Region (southwest NB) showed elevated Hg concentrations.  In the present 378 

study, Hg analyses of water striders and Old Man’s Beard in 2006 and 2007 also showed elevated 379 

concentrations (>0.40 µg/g) in the Grand Lake region in south-central NB (Fig 2, 3).  Areas 380 

characterized by higher concentrations of Hg in either water striders or Usnea spp. may potentially 381 

contain fish with high Hg concentrations, and therefore could be targeted as locations for more 382 

detailed food web sampling.   383 
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Concentrations of Hg in both sentinel species varied considerably among sites that were at 384 

similar distances from the coal fired generating station and this may be due to spatial variability in 385 

the atmospheric deposition of this pollutant.  Prior monitoring and modeling efforts for the Grand 386 

Lake power plant revealed that S deposition was affected by: prevailing wind direction, which is 387 

generally directed towards the northeast; topography, with greater S deposition occurring on the 388 

ridges than valleys located along the northeast direction; plume height, as overall S deposition rates 389 

can be expected to decrease with increasing plume height; and variations in atmospheric stability, 390 

with highest S deposition patterns occurring during unstable and neutral conditions [20].  391 

Deposition of Hg in this area could also be affected by these processes and explain some of the 392 

among-site differences for both striders and Usnea spp. at comparable distances from the generating 393 

station; however examination of these processes was beyond the limits of the present study.   394 

We found increased concentrations of Hg in striders collected near the coal-fired power 395 

plant (~10-50 km away) in 2007 when compared to 2006, possibly due to the unanticipated 396 

shutdown that occurred during the first year of sampling.  Given their strong linkages to terrestrial 397 

carbon [18], the main source of Hg for water striders would be from Hg in terrestrial insects, which 398 

could respond relatively quickly to changes in deposition rates via transfer from terrestrial 399 

vegetation [26].  Links have been shown to exist between Hg deposition from precipitation and Hg 400 

concentrations in biota [27], suggesting that on relatively large spatial and temporal scales, Hg 401 

deposition may predict areas with high Hg risk [27].  Determining the relationship between Hg 402 

deposition and Hg in water striders will require sampling across a much broader range of Hg 403 

deposition, such as that observed across North America [27], than that represented in this study.   404 

In 2006 when striders and lichen were sampled during a shutdown of the generating station, 405 

only lichen showed decreasing Hg concentrations with increasing distance from the plant (Fig 2).  406 

In contrast, in 2007 when the plant was operational, both lichen and striders showed higher Hg 407 

concentrations at sites closer to the power plant.  Differences in lifespan of these sentinel species 408 

and responsiveness to changes in atmospheric deposition may explain the among-year variability.  409 
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Consistently high Hg concentrations in Usnea spp. nearest the source may simply reflect a longer 410 

lifespan and Hg accumulation from previous years or decades when the power plant was operating 411 

at a greater capacity, burning coal with a higher concentration of Hg, or not yet using emission 412 

control technology.  Striders, meanwhile, have a one-year lifespan and exhibit rapid turnover of 413 

their body tissues [18]; hence they are more likely to reflect recent exposure to Hg.  414 

While Hg concentrations in striders and lichens were higher closer to the coal-fired 415 

generating station at Grand Lake (Figs. 2, 3), maximum concentrations of Hg occurred at different 416 

distances for these two sentinels.  The major zone of influence indicated by lichens (~0-10 km from 417 

the power plant) is comparable to that found for a chlor-alkali plant in New Brunswick [22] and for 418 

ground level measurements of gaseous Hg around a chlor-alkali plant in Sweden [28]; in contrast, 419 

strider Hg concentrations peaked at distances 10 to 50 km from the generating station and were 420 

poorly correlated with Hg concentrations in Usnea spp.  This suggests some differences in Hg 421 

exposure for the two sentinels, even though atmospheric deposition is expected to exert some 422 

control over Hg concentrations in both Usnea spp. (via direct uptake) and striders (indirectly via 423 

vegetation and riparian insects given the importance of terrestrial carbon in their diets, [18]).  424 

Although biogeochemical cycling of Hg is not well understood and the spatial differences between 425 

these two sentinel species cannot be explained at present, the variability in Hg concentrations may 426 

be due to the fact that lichen take up inorganic Hg directly either through gaseous or particulate-427 

bound forms whereas Hg in striders (the majority of which is methyl Hg) would be affected by 428 

various chemical and biological processes after it is deposited onto the terrestrial or aquatic 429 

landscape and taken up into its prey.  It is also possible that their concentrations reflect the 430 

deposition of different forms of Hg; lichen concentrations may be more reflective of particulate-431 

bound Hg deposited closer to the generating station whereas strider concentrations may reflect 432 

higher deposition of gaseous forms of Hg2+ at distances further removed from the power plant [11].  433 

In the Grand Lake Region, it is possible that deposition of Hg bound on particulates occurs closer to 434 

the power plant than the deposition of gaseous Hg2+.  Old Man’s Beard situated to the northeast of 435 
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the power plant had higher concentrations than those to the southwest in 2006, consistent with the 436 

prevailing wind direction for the area and previously measured patterns of SO2 deposition [20].  437 

This suggests that dry deposition was an important source of Hg to lichens because most 438 

precipitation (i.e., storm events) originates from the opposite direction, the northeast.   439 

Results from this study concurred with others that have found lower than expected Hg 440 

concentrations in aquatic consumers at sites immediately adjacent to emission sources [29,30].  441 

Another possible explanation for the spatial differences between strider and lichen Hg 442 

concentrations described above may be due to decreased bioavailability of Hg to striders living 443 

closer to the power plant.   This decreased bioavailability may be due to an inhibition of 444 

methylation of Hg or to the concurrent deposition of selenium [30].  For example, lakes near 445 

Sudbury, Ontario metal smelters with high Se concentrations in water have biota with lower total 446 

and methyl Hg concentrations than lakes far away from the smelters with low Se concentrations 447 

[30]. Selenium can interfere with Hg binding sites in proteins and thus limit Hg assimilation, as 448 

well as participating in the demethylation of methyl Hg [31].  While previous studies have not 449 

found unusually high Se concentrations in New Brunswick wildlife (e.g., [32]), these surveys were 450 

not conducted in the Grand Lake region.  It is known, however, that Se co-accumulates with S in 451 

sulfide-carrying coal beds such as those of the Grand Lake area [33]. The local burning of this coal 452 

with a high S content of 6.6% [19] would therefore add Se as a logical associate to the local S and 453 

Hg emission and deposition patterns, but whether this deposition is sufficient to affect Hg uptake by 454 

striders remains to be resolved.    455 

Water chemistry, particularly acidity and organic matter content, is typically a determinant 456 

of Hg concentrations in aquatic organisms [10].  Recent work on blackflies, which reside low on the 457 

food chain as primary consumers, showed strong relationships between Hg concentrations and pH 458 

and dissolved organic carbon [14], likely because low pH and high dissolved organic carbon may 459 

increase the availability of Hg to lower-trophic-level organisms [13].  In the present study striders 460 

had Hg concentrations that were not consistently correlated with pH and TOC of the streams across 461 
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sampling years; however, among-site variability in water chemistry is likely inconsequential for 462 

species such as water striders that derive the majority of their biomass from the terrestrial 463 

environment [18] and are thus disconnected from processes occurring in the aquatic environment.   464 

While relationships between Hg concentrations in water striders and stream water chemistry 465 

were inconsistent, there were consistent and significant differences within sites between sexes and 466 

species.  Within sites, females of both species had larger body sizes and lower Hg concentrations 467 

than males.  Males and females hatch and grow to adulthood at the same time, meaning differences 468 

in size are most likely due to differences in growth and differences in Hg between sexes suggest 469 

growth dilution of Hg by females [16].  Furthermore, M. hesperius attain smaller maximum body 470 

sizes than A. remigis (Fig. 4a, Fig. 5a) yet have higher Hg concentrations, suggesting a link between 471 

growth and Hg concentrations across species.  Mercury concentrations in fishes can be affected by 472 

differences in feeding rates, food conversion efficiency and growth [15].  Since A. remigis 473 

populations in NB have a single generation each year (T.D. Jardine, unpublished data) and A. 474 

remigis mean adult body sizes differed between sites by 72% in males and 66% in females, among-475 

site differences in body size likely reflect differences in growth and food availability.  These growth 476 

differences among sites could therefore confound assessment of spatial patterns in Hg 477 

concentrations and contribute to some of the variability observed here.   478 

The sex difference in growth and Hg for A. remigis is not due to source of food or trophic 479 

level as indicated by stable isotope studies of this species [18], but could be due to differences in 480 

feeding rate, activity level or loss of Hg during egg deposition. There are major differences between 481 

sexes in the spring in activity levels, where males aggressively seek out female partners for 482 

copulation (A. Sih, University of California, Davis, CA, USA, personal communication).  Increased 483 

activity relative to food consumption can increase Hg concentrations [15], but body size and Hg 484 

differences between sexes are also evident during the fall.  While it is also possible that females 485 

may lose part of their Hg burden via egg production, nymph Hg concentrations were similar to 486 

breeding females at all four sites suggesting no net loss of Hg through this pathway.  During the late 487 
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summer (pre-winter) when the majority of sampling was conducted, differences between males and 488 

females were not apparent and Hg concentrations were generally more stable at the index sites.  489 

However, inter-annual variation may be high at certain sites, e.g., Corbett Brook where Hg 490 

concentrations in late summer 2006 were approximately 0.45 µg/g and in late summer 2007 were 491 

approximately 0.15 µg/g.  These large, unexplained changes in Hg concentrations indicate the 492 

short-term relevance of strider contamination levels relative to longer-lived species such as fish and 493 

possibly Usnea spp.  494 

Stable isotope ratios suggested no link between carbon sources and Hg concentrations in 495 

striders.  The majority of strider populations exclusively use terrestrial energy (22 of 41 sites had 496 

0% aquatic carbon, [18]), and only in rare instances do striders derive the majority of their biomass 497 

from aquatic prey (7 of 41 sites had >50% aquatic carbon, [18]).  There was no relationship 498 

between percent aquatic carbon in the strider diet and Hg concentrations (Fig 6a).  The lack of a 499 

direct link between carbon source and Hg concentrations in striders contrasts to previous work in 500 

lakes, where animals connected to the pelagic zone have higher Hg concentrations than those that 501 

use littoral energy [17].  In the present study it was expected that animals foraging in streams on 502 

aquatic biofilm, which is a mixture of algae, fungi and bacteria, may be exposed to higher amounts 503 

of Hg due to methylation by sulfur-reducing bacteria [34].  However, this methylation of Hg 504 

requires anoxic conditions [34] that were rarely encountered in the well-oxygenated streams of this 505 

study (minimum dissolved oxygen concentration for sites sampled in 2004 = 6.4 mg/L, T.D. 506 

Jardine, unpublished data).  Striders that use terrestrial carbon can get that energy either from 507 

consumption of terrestrial insects or of aquatic insects that process terrestrial particulate organic 508 

matter.  These latter two sources are likely low in Hg due to limited methylation in the terrestrial 509 

environment [35,36].  Enhanced methylation has been shown, however, to occur as a result of the 510 

flooding of terrestrial vegetation [37], and the highest concentrations observed in the present study 511 

were at a site (Clark Brook) where strider Hg concentrations increased from 0.4 and 0.3 µg/g in 512 

2006 to 2.1 and 1.8 µg/g in 2007 in females and males, respectively, possibly due to flooding of the 513 
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area upstream of the site by beavers in the latter year (T.D. Jardine, personal observation).  At this 514 

site, striders were feeding on aquatic prey (aquatic C = 79%), suggesting a link between methyl Hg 515 

release from flooded vegetation and subsequent uptake by algae. Flooding could therefore exert 516 

greater control over Hg concentrations in stream biota than all other factors examined here. 517 

For those striders that were entirely connected to the terrestrial food source pathway, trophic 518 

level explained significant variation in Hg concentrations across sites (Fig. 6b), likely reflecting 519 

biomagnification stemming from the consumption of larger insects that are positioned higher in the 520 

food chain [38] or cannibalism.  Water striders had a high proportion of their total Hg as methyl Hg, 521 

not surprising given their status as obligate predators and the enhanced biomagnification of methyl 522 

relative to inorganic mercury at higher trophic levels [13].  Earlier studies have shown that percent 523 

methyl Hg is related to position in the food chain for benthic invertebrates (e.g., 35-50% methyl Hg 524 

in grazers-detritivores and 70-95% methyl Hg in predators, [39]).  Because methyl Hg is the more 525 

toxic form of Hg and subsequently of greater interest in fish, wildlife, and human health studies [1], 526 

a high proportion of total Hg as methyl Hg in a sentinel species is considered a positive attribute.   527 

The combination of environmental sentinels in this study was useful for determining where 528 

follow-up work on Hg cycling may be warranted, as the two sentinels provided different types of 529 

information on Hg availability to ecosystems.  While Usnea spp. provided a clear picture of Hg 530 

deposition near the power plant, water striders appeared more likely to reflect the complexities 531 

associated with Hg cycling within terrestrial and aquatic food webs.  Spatial assessments of Hg 532 

contamination using water striders as a sentinel will therefore require an appreciation of their 533 

ecological characteristics (such as potential growth rates and trophic level) as well as variation in 534 

their Hg concentrations over the course of the growing season.  In terms of absolute abundance, 535 

sampling striders in the fall provides the highest likelihood of capturing individuals in sufficient 536 

numbers to analyze for total Hg and methyl Hg, and to perform other analyses including stable 537 

isotopes or other contaminants.  Due to their smaller body size, rapid growth rates, low Hg 538 

concentrations and limited availability, nymphs should only be sampled in studies concerned with 539 
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ontogenetic or seasonal changes in Hg concentrations.   Male striders present problems given their 540 

greater seasonal variability in Hg concentrations, particularly in the spring.  This leaves females as 541 

the best candidate for sampling given their more stable Hg concentrations over time and their larger 542 

body size. 543 

Overall, striders appear to have limited utility as a sentinel for aquatic Hg contamination 544 

simply because the majority of their biomass is derived from the terrestrial environment and they 545 

have no secondary route of exposure to this contaminant (i.e., waterborne Hg, [40]).  However, a 546 

strong connection to the terrestrial environment may lend them to a role in linking measured Hg 547 

concentrations with predicted atmospheric Hg deposition, allowing a better understanding of spatial 548 

and temporal trends in Hg contamination, as well as serving as indicators of Hg concentrations in 549 

other organisms that consume terrestrial insects such as brook trout [7].  Also, their apparent ability 550 

to undergo rapid change in Hg concentrations (based on seasonal data) may make them useful as 551 

short-term indicators of Hg availability, although this would have to be tested through controlled 552 

experimentation.  Understanding the poor correlation between Hg in striders and Hg in Usnea spp. 553 

will also require further examination to better model the relationship between Hg emissions, 554 

deposition, and resultant concentrations in aquatic biota. 555 
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Table 1.  Total Hg (µg/g dry wt) in water striders collected in eight recreational fishing areas (as 659 

designated by the provincial authority in New Brunswick, Canada, see Fig. 1) in 2004 and two 660 

regions with point sources of Hg (Belledune and Grand Lake) in 2005 (n = No. of sites sampled).  661 

Different capital letters indicate significantly different means (tested separately for the two years of 662 

study).  663 

 664 

Location n Total Hg (Standard Error) Range 
Recreational Fishing Area (2004)    
Southwest (SW) 6 0.26 (0.05)A 0.15 to 0.69 
Lower St. John (LSJ) 4 0.22 (0.06)A 0.12 to 0.42 
Inner Bay of Fundy (IBF) 5 0.20 (0.03)A 0.12 to 0.26 
Upper St. John (USJ) 4 0.15 (0.04)A 0.08 to 0.27 
Miramichi (MIR) 6 0.14 (0.01)A 0.10 to 0.17 
Southeast (SE) 4 0.14 (0.02)A 0.09 to 0.19 
Restigouche (REST) 4 0.13 (0.02)A 0.08 to 0.15 
Chaleur (CHA) 3 0.13 (0.03)A 0.09 to 0.19 
    
Region (2005)    
Grand Lake 6 0.35 (0.06)A 0.06 to 0.46 
Belledune 7 0.15 (0.02)B 0.09 to 0.25 
    
 665 
 666 
 667 
 668 
 669 
 670 
 671 
 672 
 673 
 674 
 675 
 676 
 677 
 678 
  679 
 680 
 681 
 682 
 683 
 684 
 685 
 686 
 687 
 688 
 689 

Table 2.  Best-fit equations relating log-transformed water strider mercury concentrations and log-690 

transformed water quality characteristics in New Brunswick, Canada streams.  All equations are in 691 
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the form y = mx + b, n is the number of streams sampled, and TOC is total organic carbon. P-values 692 

in italics are significant at α = 0.05. 693 

Year Species n Variable Slope Intercept r2 p 
2004 Aquarius 

remigis 
36 TOC 0.16 -0.90 0.14 0.030 

   pH -2.12 0.88 0.38 <0.001 
   Water Hg   0.02 0.390 
   Conductivity -0.29 -0.27 0.22 0.003 
 Metrobates 

hesperius 
9 TOC 0.46 -0.96 0.24 0.171 

   pH   <0.01 0.954 
   Water Hg   0.33 0.109 
   Conductivity   <0.01 0.933 
2005 A.remigis 15 TOC 0.48 -1.01 0.41 0.008 
   pH   0.09 0.300 
   Water Hg 0.49 -0.85 0.64 0.008 
   Conductivity -0.52 0.33 0.51 0.003 
2006 A.remigis 51 TOC   0.05 0.313 
   pH   0.06 0.144 
   Conductivity   0.02 0.328 
 M.hesperius 9 TOC   0.29 0.145 
   pH   0.12 0.514 
   Conductivity   0.02 0.763 
2007 A.remigis 49 TOC   0.04 0.208 
   pH   0.01 0.561 
   Conductivity   0.06 0.090 
        
 694 
 695 
 696 
 697 
 698 
 699 
 700 
 701 
 702 
 703 
 704 
 705 
 706 
 707 
 708 
 709 
 710 
 711 
 712 
 713 
 714 
 715 
 716 
 717 
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Figure Legends  718 

Figure 1. Location of streams sampled in 2004 (open circles) and 2005 (open circles) (A) and in 719 

2006 and 2007 (B) in New Brunswick, Canada.  Point sources of Hg are marked with stars in the 720 

Belledune region and the Grand Lake region, and the Grand Lake power plant sits at the center of 721 

the bullseye in the years 2006 and 2007.  Acronyms in (A) are recreational fishing areas designated 722 

by the Department of Natural Resources and include: SW (Southwest), LSJ (Lower St. John), IBF 723 

(Inner Bay of Fundy), USJ (Upper St. John), MIR (Miramichi), SE (Southeast), REST 724 

(Restigouche), and CHA (Chaleur).  725 

Figure 2. Mean total mercury concentrations (µg/g dry wt) (A) and mean percent sulphur (dry wt) 726 

(B) in Old Man’s Beard (Usnea sp.) relative to distance from a coal-fired power plant in New 727 

Brunswick, Canada in 2006 (open circles, solid best-fit line) and 2007 (solid diamonds, hatched 728 

best-fit line).   729 

Figure 3. Mercury concentrations in female (solid diamonds, solid best-fit line) and male (open 730 

circles, hatched best-fit line) water striders (Aquarius remigis) in New Brunswick, Canada in 2006 731 

(A) and 2007 (B) relative to distance from a coal-fired power plant (Fig. 1).  732 

Figure 4. Correlation between male and female wet weights (A) and mercury concentrations (B) for 733 

Aquarius remigis in New Brunswick Canada streams in 2006 (open diamonds, solid best-fit line) 734 

and 2007 (solid diamonds, hatched best-fit line). Inset: Correlation between male and female wet 735 

weights (A) and mercury concentrations (B) for Metrobates hesperius in 2006 (x, solid best-fit line) 736 

and 2007 (+, hatched best-fit line).  737 

Figure 5. Mercury concentrations in Aquarius remigis in New Brunswick Canada streams in 738 

relation to (A) the percentage of aquatic carbon in the diet, and (B) δ15N as an indicator of trophic 739 

level for those streams with water striders having 0% aquatic carbon in the diet.   740 

Figure 6. Total mercury concentrations (µg/g dry wt) in Aquarius remigis females (solid 741 

diamonds), males (open circles) and nymphs (open triangles) from four New Brunswick, Canada 742 

streams during the growing season in 2006 and 2007.  743 
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Figure 6.  744 
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Figure 7.  770 
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Figure 8.  780 
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Figure 9.  796 
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Figure 10.  809 
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Figure 6.  821 
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