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Abstract 

         Mercury is an environmental contaminant that reaches aquatic environments 

through atmospheric deposition of inorganic mercury.  A highly toxic form of mercury, 

methylmercury, occurs as a result of methylation by anaerobic bacteria.  Methylmercury 

(MeHg) bioaccumulates through trophic levels in aquatic ecosystems, and it spreads to 

terrestrial food webs largely from insectivory.  For this reason, it is highly important 

ecologically to look at the mercury and methylmercury contamination of aquatic insects.  

Deposition and methylation of mercury in an environment is related to several 

anthropogenic and natural factors.  Agricultural land use, as well as gold mining, can aid 

in the process of transport of mercury through sediment into water bodies.  The 

environmental factors that carry the strongest association with total and methyl mercury 

in aquatic food webs are low water pH, intermediate to high organic matter, low water 

retention time, and high rates of fluctuation in water level.  These factors were considered 

when collecting samples and comparing data from insects and sediments at a stormwater 

catch basin and a vernal pool on the Wheaton College campus in southeastern 

Massachusetts, especially organic matter and residence time.  Higher concentrations of 

total mercury were detected in sediment at the basin site (mean=128.3 ng/g s=67.9) 

compared to the vernal pool site (mean=61.4 ng/g, s=17.6); however, no significant 

difference in MeHg or %MeHg was observed between invertebrate samples at the two 

sites.  Two sample collection methods, emergence traps and pitfall traps, were used to 

collect aquatic and terrestrial invertebrates, respectively.  Significantly higher levels of 

MeHg were found in invertebrates from the emergence traps, regardless of site.  This 

finding is consistent with MeHg production in aquatic sediments. 



4 
 

 

Introduction   

The total mercury (HgT) and methylmercury (MeHg) concentrations of a water 

body depend on various factors, including human land use, water residence time, and 

dissolved organic matter.  Mercury appears in aquatic environments as inorganic mercury 

primarily due to atmospheric deposition as a result of both natural and anthropogenic 

processes.  Processes of natural emission of mercury include volcanic activity and growth 

of vegetation (Gworek et al. 2016).  The largest anthropogenic sources of mercury 

emissions are gold mining and combustion of coal (UNEP 2019).  After being emitted 

into the atmosphere, mercury reaches aquatic ecosystems through wet deposition, or rain 

and snow, as well as dry deposition, or dust particles (Nagorski et al. 2021).  Mercury can 

also reach aquatic environments from transport in sediment due to pesticide or fertilizer 

use and small-scale gold mining.  During the gold rush of the late 1800s, the Carson 

River drainage basin alone saw a discharge of over a billion grams of mercury (Gustin et 

al. 1994).        

Mercury is converted into MeHg principally by sulfate reducing bacteria (SRBs), 

as well as other anaerobic bacteria (Tsui et al. 2008, Lescord et al. 2018).  This process is 

more prevalent in anoxic or hypoxic conditions because it favors the presence of these 

anaerobic bacteria (Twining et al. 2021).  Mercury methylation rates are higher when 

more inorganic mercury is released from aquatic vegetation and sediment, which can be 

accelerated by the building of man-made water bodies such as reservoirs (Syaripuddin et 
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al. 2014).  The methylation of atmospherically deposited inorganic Hg by SRBs is the 

primary source of MeHg in leaves (Tabatchnick et al. 2012).   

There are various biological and chemical factors that determine the concentration 

of total mercury and MeHg in aquatic ecosystems.  Intensity of human land use is a major 

determinant of HgT concentrations and MeHg formation (Twining et al. 2021).  

Agricultural activity, and fertilizer use in particular, leads to nutrient runoff into aquatic 

systems and eutrophic, anoxic conditions.  As a result, rates of methylation by anaerobic 

bacteria increase (Twining et al. 2021).  Another land use activity that causes an increase 

in mercury contamination is mining.  In addition to discharge of inorganic mercury into 

ecosystems, metal mining can also be a source of sulfate loading, which increases the 

methylation activity of SRBs (Karjalainen et al. 2020).  Anthropogenic activities also 

have the potential to elevate water acidity, which is associated with higher 

bioaccumulation rates of MeHg (Nelson et al. 2020).  

         Lower water residence time (WRT) of a body of water is another condition that 

favors mercury contamination.  WRT is inversely correlated with decay of organic 

carbon, so a lower WRT means more dissolved organic carbon (DOC) in a water body 

(Catalan et al. 2016).  DOC concentrations are linked with Hg contamination because 

DOC aids in the process of mercury transport (Driscoll et al. 1995).  WRT has been 

found in a study to explain over half of the variation in HgT concentrations, and just 

under half of the variation in MeHg (Richardson et al. 2021).  As a result, rivers and 

streams are potentially more at risk to be contaminated environments than many shallow 

lentic environments (Lescord et al. 2018, Richardson et al. 2021).  A stormwater drainage 
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basin similar to the one in our study may also be at risk since frequent fluctuations in 

water level can enhance methylation (Nelson et al. 2020).  

         DOC concentrations have an association with both MeHg and HgT (Driscoll et al. 

1995).  Additionally, there is a latitude gradient in which DOC tends to decrease with 

increased latitude (Richardson et al. 2021).  Total dissolved organic matter (DOM) has an 

interesting relationship with mercury, in that aquatic environments with intermediate 

DOM concentrations tend to experience the most methylation (Poulin et al. 2019).  The 

binding of inorganic Hg and MeHg by DOM has the potential to increase 

bioaccumulation rates, as shown in a study of blackfly larvae in Northern Europe 

(Karjalainen et al. 2020). 

         MeHg is bioaccumulative, so it will tend to show up in higher concentrations in 

species of higher trophic levels.  Its bioaccumulative properties are considerable; 

predators have been observed to have over 90% of their HgT as MeHg, whereas the 

%MeHg in primary consumers, was found to be in the 35-50% range (Riva-Murray et al. 

2020).  As a result, HgT concentration is a very useful proxy for MeHg in top predators.  

Methylation of inorganic mercury occurs largely in aquatic environments, but aquatic 

insects are a major link in the process of MeHg transfer to terrestrial food webs (Riva-

Murray et al. 2020).  Interestingly, mosquitoes have been found to alter their reproductive 

behavior by laying eggs in more contaminated spots when exposed to non-toxic levels of 

MeHg as larvae, so even low levels of contamination can become exacerbated easily 

(Neff et al. 2019). 
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         Bioaccumulation is also related to diet, especially the amount of aquatic prey 

consumed by a predator.  MeHg in spiders has shown a strong association with 

proportion of aquatic prey to terrestrial prey (determined by nitrogen and carbon stable 

isotopes), explaining over two thirds of the variation in MeHg contamination between 

spider taxa (Ortega-Rodriguez et al. 2019, Jackson et al. 2020).  This association makes 

sense because aquatic insects can be up to 20 times more contaminated than terrestrial 

insects in the surrounding area (Ortega-Rodriguez et al. 2019).  In fact, among bats living 

near a common mercury contaminated reservoir, insectivorous bats had higher MeHg 

concentrations in their hair than fruit bats by at least an order of magnitude (Syaripuddin 

et al. 2014). 

         Insectivorous songbirds are one of the most at risk predator groups for MeHg 

contamination.  Mercury in some songbirds is associated with season due to the behavior 

of birds to forage for more aquatic prey earlier in the spring (Jackson et al. 2020).  Gann 

et al. (2015) calculated avian risk values during a study of the risk spiders posed to birds 

in a large lake, showing that Carolina Chickadees among the most vulnerable species, 

since the concentration that puts them at risk for adverse effects is lower than the MeHg 

in insectivorous spiders in many environments.  

         This review displays the prevalence of mercury as a contaminant in aquatic 

environments, especially MeHg.  There has been a significant amount of scientific 

literature regarding MeHg, its bioaccumulative properties, and conditions that favor its 

presence.   The available information suggests that low water pH, low water retention 

time, and intermediate to high concentrations of total dissolved organic matter are all 

associated with MeHg concentrations in organisms.  Since MeHg is chiefly formed in 
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aquatic environments, insects are key to its transfer to other food webs since they are a 

major component of the diet of many terrestrial predators.  

In this study we examine HgT and MeHg contamination in sediments and 

invertebrates from two different types of shallow water bodies.  Specifically, the research 

investigates a stormwater catch basin with low water retention time and high rates of 

water-level fluctuation and compares it to a typical New England vernal pool with lower 

rates of water level fluctuation.  We hypothesize that the drainage basin will contain more 

MeHg in its associated invertebrates due to its shorter hydrologic period.  

2. Methods 
 
 2.1 Sites 
 
 The sampling sites were two small, stillwater bodies on the campus of Wheaton 

College in Norton, MA.  The first site was a seasonal vernal pool just behind Wheaton’s 

athletic center, and the second was a stormwater drainage basin about 200 yards from the 

vernal pool.  When full, the drainage basin is slightly smaller in both length and depth 

than the vernal pool.  Both sites drain and refill, but the basin does so at a much higher 

frequency.  This was a primary reason for choosing the drainage basin site, as prior 

literature has shown an association between shorter water residence time and higher 

MeHg contamination (Richardson et al. 2021).  These sites allowed us to test the 

hypothesis that MeHg would be higher in invertebratess collected near the water body 

with a shorter hydroperiod.  Each site is likely to receive similar atmospheric deposition 

of HgT due to their similar location, but the drainage basin is likely to receive more 

runoff due to its openness.  Although both sites are near parking lots, the vernal pool is 
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separated by thick forest vegetation and the basin is only separated by a narrow strip of 

grass.  The basin is also connected to a drainpipe through which it receives inputs directly 

from the parking lot. 

 2.2 Invertebrate Sampling  
 
 Invertebrate sampling took place from April 2021 to July 2021.  Two different 

sampling methods were used in order to collect invertebrates directly associated with the 

pools (aquatic invertebrates) and invertebrates living around the pools (terrestrial 

invertebrates).  This distinction was made in order to test the hypothesis that emergent 

invertebrates would have a greater MeHg contamination than terrestrial invertebrates.  It 

also provided an opportunity to investigate spiders, some of which may feed on aquatic 

insects, thereby exhibiting biomagnification.   Emergent invertebrates at both sites were 

collected using Bugdorm amphibious emergence traps 

(https://shop.bugdorm.com/amphibious-emergence-trap-black-white-p-121.html) floating 

on the water surfaces.  Each trap consisted of a 1 m x 1 m bottomless tent and a collecting 

bottle at the top with a small amount of ethanol.  Invertebrates were sampled from the 

bottles weekly.  The first emergence trap was deployed at the vernal pool site on April 

29th, 2021, and the second was deployed at the basin site on June 24th.  Both tents were 

removed at the end of July.   
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Figure 1.  The emergence trap deployed at the vernal pool site. 

 

 Terrestrial invertebrates were collected from pitfall traps on the ground 

surrounding both sites.  Each trap consisted of a bowl filled with water and a small 

amount of detergent.  There were six pitfall traps at the vernal pool site from May 26th to 

June 24th, and four at the basin site from July 5th to 19th.  The bowls were sampled 1-4 

times a week depending on availability.  After collection, invertebrates were identified to 

the order level and stored in small jars in a freezer.   

 2.3 Sediment Sampling 

  The purpose of sediment sampling was to determine the background total 

mercury (HgT) levels in the two pools.  Since the pools are close together, they likely 
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receive very similar atmospheric deposition.   However, Hg deposited via runoff into the 

pools is likely greater for the drainage basin.  Surface sediments were collected from the 

two pools on June 16th, July 16th, October 20th, and February 22nd.  Three samples 

from the bottom of each aquatic site were scooped with a gloved hand and placed in a 

plastic bag.  Grab samples were taken from a variety of depths, ranging from a few inches 

near the edge of each site and several feet near the center of each site..  This process was 

repeated four times.  The vernal pool site was not sampled during the February sampling 

session.  At the drainage basin site, samples were mostly homogenous mud, with more 

leaves present at the vernal pool.  

 2.4 Methylmercury Analysis  
 
 Invertebrates were removed from jars, weighed, dried overnight at 65℃ and 

reweighed.  The dry weight was recorded, and invertebrate samples were transferred into 

15-mL centrifuge tubes.  In the case of the first round of spider samples, only wet weight 

was measured, and dry weight MeHg concentration was estimated by multiplying wet 

weight concentration by 3.27 (as per Gann et al. 2015).  Following the method of 

Hammerschmidt et al. (2005), 3.5 to 6.5 mL of 4.7 M nitric acid was added to each tube, 

and the tubes were incubated in a hot (60℃) water bath for 12-18 hours. 

 After invertebrates were digested, they were analyzed for MeHg by aqueous-

phase ethylation, GC separation, thermal decomposition, and cold-vapor atomic 

fluorescence spectroscopy (CVAFS) detection.  Three flasks with bubbler tops were 

rinsed and filled to 100 mL with reverse-osmosis water.  For all samples and standards, 

500 µL of sodium acetate buffer was added to each flask.  In order to convert Hg species 

to volatile ethyl derivatives, 100 µL of 1% sodium tetraethyl borate (NaTEB) was used.  
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When running digestates, the sample was added first, followed by the equivalent volume 

of KOH to neutralize the nitric acid prior to addition of the sodium acetate buffer and 

NaTEB.  The clamps on the flasks were closed, TENAX traps were connected to the 

flasks and the solution was allowed to react for 15 minutes.  Next, the bubblers were 

connected to gas flow meters and the sample was sparged with Ar onto TENAX traps for 

15 minutes.  After the TENAX traps dried for 5 minutes, they were heated for two 

minutes, and the Hg species were passed through a GC column for separation.  The 

analytical gas stream passed through a hot quartz column which decomposed the species 

to Hg(0) before passing through the fluorescence detector.  The MeHg peak eluted 

between four to five minutes. 1 ng/mL MeHg standards (25-200 µL) were used to create 

calibration curves, and best-fit linear equations were used to determine the MeHg 

concentrations of samples. 

  
 2.5 Total Mercury Analysis 
 
  Sediment samples from the drainage basin site were homogenized with a 

hand mixer. Vernal pool samples were transferred to a blender, mixed, and dried 

overnight.  Acid-washed flasks were weighed, tared, then reweighed after addition of a 

sample.  This process was repeated for each sample, as well as a standard reference 

material, and one sample was triplicated.  Drainage basin samples were weighed in small 

dishes, dried overnight, then reweighed for wet to dry weight conversion factors.  Five ml 

of 5:2 nitric:sulfuric acid was added to each flask, which were then heated for several 

hours on a hot plate.  Flasks were cooled, diluted to 50 mL with RO water, and 500 µL of 

BrCl was added to the flask to assure that Hg stayed as Hg2+ in solution..  For 

invertebrate samples, 500 µL of BrCl was added to the digestates after MeHg analysis 
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was completed.  BrCl is a very strong oxidizing agent that breaks the MeHg down into 

Hg2+ for the HgT analysis. 

Three large acid-washed flasks with bubbler tops were washed then filled to about 

100 mL with RO water.  Gold traps were connected to the bubblers via soda lime traps, 

and 0.5 mL of 20% tin chloride solution was added, followed by the appropriate sample 

or mercury standard, or nothing in the case of blanks.  Tin (II) chloride is a powerful 

reducing agent that converts all of the Hg2+ into Hg(0).  The elemental mercury was 

sparged from the bubblers with Ar and collected on the gold traps.  Gold traps were 

heated for two minutes, and an HgT peak eluted between 40 and 50 seconds.   

2.6 Loss on Ignition 

 Percent organic matter (%OM) was determined in sediment samples through loss-

on-ignition analysis.  Oven-dried samples were transferred to small porcelain dishes, 

weighed, placed in a furnace at 600 ℃ for 6 hours, then reweighed after cooling for 

several hours.  The percent of mass that was lost was used as an estimate of organic 

matter content and %OM was expressed on a dry-weight basis. 

 
 2.7 Statistical Analysis 
 

Statistical tests were carried out on the invertebrate data to determine differences 

in MeHg concentrations and % MeHg in invertebrates between: 1) sites, 2) collection 

routes, and 3) orders.   These comparisons were aimed at elucidating the importance of 1) 

hydroperiod, 2) aquatic versus terrestrial habitats and 3) trophic status on MeHg 

accumulation in invertebrates.  In order to provide a sufficient number of samples, only 

isopods and mosquitos were chosen for comparison between two invertebrate orders.  

Student t-tests were performed to determine if there was a significant difference in means 
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for the following measurements between the two sites: HgT in sediments, MeHg 

concentration and %MeHg in isopods, MeHg concentration in mosquitoes, and MeHg 

and %MeHg across all invertebrates.  These parameters were chosen because they 

provide insight into the differences in mercury deposition and methylation between the 

sites, and they provided at least n = 13 for statistical analysis. 

A t-test was also performed to test for difference in MeHg contamination between 

terrestrial invertebrates sampled from the pitfall traps compared to the emergence trap at 

both sites.   

 Two-factor ANOVA was performed to test for interaction between 1) site and 

order (Isopoda vs Diptera) 2) site and trap type.  All statistical analysis was done in either 

R or Microsoft Excel and all t-tests were two-sided.   

 
3. Results  
 
 3.1 HgT in Sediment 
 
 The mean total mercury concentration across 11 sediment samples from the basin 

site was 128.3 ng/g (s=67.9) compared to 61.4 ng/g (s=17.6) at the vernal pool site (n=8) 

(Fig. 2). A two-tailed Student’s t-test comparing the means indicated strong evidence of a 

higher HgT concentration at the drainage basin sediments compared to the vernal pool 

(p=0.0087).   
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Figure 2.  Average total mercury concentration (ng/g) in surface sediment samples at both the basin and 
vernal pool sites.  The basin site has a much higher mean (represented by the x) and median (represented by 
the horizontal line in the shaded area), and the vernal pool's contamination was generally more consistent 
with less variability.  
 

 
 3.2 Organic Matter 
 
 The mean %OM in vernal pool sediments was 91.5% (%RSD= 3.39) compared to 

29.4% (%RSD= 74.2) in basin sediments.  Models for the linear regression of HgT onto 

%OM were fitted for each site (Figure 3).   

 Both sites displayed some positive association between %OM and HgT, but the 

association was not significant at either site (Vernal Poll, p=0.33; Basin, p=0.95) 
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A.

 

B. 

 

 
Figure 3.  The relationship between total mercury and %OM at the basin (A) and vernal pool site (B).  A 
simple linear regression model was fit to the relationship between total mercury and %OM at the vernal 
pool site, represented by the red line in B.   
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 3.3 Methylmercury in Invertebrates 
 
 Table 1 summarizes the mean MeHg concentrations and %MeHg in four orders of 

invertebrates collected at both sites.  A complete inventory of all MeHg and %MeHg 

measurement is presented in Appendix A. 

 A two-factor ANOVA found significant evidence of interaction between site and 

trap (p=0.009228), but not between site and order when comparing Diptera and 

Collembola (p=0.07426).   

 Using the assumption of no interaction between site and order, the MeHg 

contamination at the basin and vernal pool sites were compared across all invertebrate 

samples regardless of classification, which yielded no evidence of significant difference 

(Table 2).  On the other hand, there was strong evidence of a higher mean MeHg 

concentration among invertebrates sampled from the emergence traps compared to the 

terrestrial pitfall traps regardless of site (p=0.001362). 

 Statistical comparisons among orders, sites, and traps are summarized in Table 2.  

No statistical tests were run for order Collembola due to the small quantity of samples. 

The mean methylmercury concentration in isopod samples was 103.64 ng/g at the basin 

site compared to 69.04 ng/g at the vernal pool site (Table 1).   No significant difference 

between sites was found for the MeHg concentration or %MeHg of isopods. 

There was no evidence of significance difference in either MeHg or %MeHg in 

mosquitoes between sites, or between emergent mosquitoes sampled in the spring versus 

the summer.   
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Table 1.  Summaries of MeHg and %MeHg results in isopods (A), mosquitoes (order Diptera)  (B), springtails (order 
Collembola) ( C ), and spiders (order Araneae) (D).  For ng/g by biomass, total pg of MeHg across all samples was 
divided by the sum of the mass of all samples, to account for varying mass of each sample.  For ng/g by samples, a 
simple average of the concentration of each sample was taken, regardless of mass.  Tests were run using the latter for 
ease of statistical analysis.  In D, dry weight for spiders sampled from the vernal pool had to be estimated using 
literature values, but spiders from the basin site had already been dried beforehand.  Estimated number of individual 
invertebrates per sample is 2-3 in isopods, 3-4 in mosquitoes, 5-7 in springtails, and 1 in spiders. 

A. Isopoda 

Site # of 
sampl
es 

Total Dry 
Mass 
(mg) 

Total 
pg 
MeHg 

ng/g MeHg by 
biomass 

ng/g MeHg by 
samples 

% MeHg by 
total biomass 

Average % 
MeHg by 
Samples 

Basin 6 61.3 5405.
77 

88.19 103.64 43.69 49.16 

Vernal 
Pool 

7 172.6 11765
.11 

68.16 69.04 53.15 45.32 

B. Diptera (Mosquitoes) 
Site # of 

sampl
es 

Total Dry 
Mass 
(mg) 

Total 
pg 
MeHg 

ng/g MeHg by 
biomass 

Ng/g MeHg by 
samples 

%MeHg 
Biomass 

Average % 
MeHg 

Basin 8 28.4 5344.
56 

188.19 208.35 36.64 54.30 

Vernal 
Pool  

7 14.1 5236.
33 

371.37 480.10 62.59 61.49 

C. Collembola (Springtails) 
Site # of 

samples 
Total 
Dry 
Mass 
(mg) 

Total 
pg 
MeHg 

ng/g MeHg by 
biomass 

ng/g MeHg by 
samples 

%MeHg 
Biomass 

%MeHg 
Sample 

Basin 2 1.3 505.1
5 

388.58 276.05 28.55 20.28 

Vernal 
Pool 

4 2.8 1102.
57 

393.78 380.56 36.87 31.80 

D. Araneae (Spiders) 
Site # of 

samples 
Total Wet 
Mass 
(mg) 

Total 
pg 
MeHg 

ng/ wet g 
MeHg by 
biomass 

Estimated ng/g 
dry weight by 
biomass 

ng/wet g 
MeHg by 
samples 

Estimated ng/g dry 
weight by samples 

%MeHg by 
biomass 

%MeHg by 
samples 

Basin 3 16.6 5819
.70 

- 350.58 - 372.94 66.57 66.57 

Vernal 
Pool 

7 253.8 3334
.04 

13.14 42.96 14.89 48.70 14.89 12.29 
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Table 2.  A summary of all Student t-tests that were performed related to methylmercury in invertebrates. 

 
 
 

Measurement Variables Sample Mean-x Sample Mean-y p-value 

ng/g MeHg X- Isopods Basin 
Y- Isopods VP 

103.64 69.04 0.3865 

% MeHg X- Isopods Basin 
Y- Isopods VP 

49.16 45.32 0.7926 

ng/g MeHg X- Mosquitoes 
Basin 
 
Y- Mosquitoes VP 

208.36 480.10 0.1279 

ng/g MeHg X- Mosquitoes VP 
Y- Isopods VP 

480.10 69.04 0.03562 

ng/g MeHg X- All VP Samples 
Y- All Basin 
Samples 

218.82 208.40 0.8832 

% MeHg X- All VP Samples 
Y- All Basin 
Samples 

33.58 48.11 0.1187 

ng/g MeHg X- All Emergence 
Trap Samples 
Y- All Terrestrial 
Pitfall Samples 

318.19 101.22 0.001362 

% MeHg  X- All Emergence 
Trap Samples 
Y- All Terrestrial 
Pitfall Samples 

48.00 36.11 0.216 

ng/g MeHg X- Araneae Basin 
Y-Araneae VP 

350.58 42.96 0.2154 
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a. 

 
b.  
 

 
Figure 4. Comparison of mean MeHg concentration (ng/g) and mean %MeHg by trap type(a) and site(b)  
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4 Discussion  
  
 One of the assumptions of our study design was that the two water bodies receive 

similar HgT deposition due to their proximity.  However, Figure 2 indicates that this is 

not the case.  The %OM at the vernal pool site was much higher than that of the basin 

site, which was surprising given that the basin sediments showed significantly higher 

HgT contamination, and that previous literature has reported a positive association 

between %OM and mercury concentration (Nasr et al. 2011).  The substantial difference 

in HgT concentrations could be attributed to a variety of factors.  Most notably, since 

vernal pools typically have a lack of inlets and outlets and high topography compared to 

their surroundings, the vernal pool site should receive most of its mercury content from 

rain and very little from other inputs (Bauder et al. 2005).  The basin site, on the other 

hand, has a lower topography and is only separated from a parking lot by a narrow strip 

of grass, and is likely to be more prone to mercury loading from runoff or inputs from the 

connected drainpipe.  The inputs from the pipe could well be contaminated with mercury 

but not rich in organic matter, which would offer an explanation as to why the basin 

sediment contains higher HgT with a lower %OM. It is also possible that differences in 

tree species between the sites could account for some difference in mercury 

contamination in leaf litter, although our study did not classify trees surrounding the sites 

(Tsui et al. 2008).  The basin samples also had much more variability in %OM than the 

vernal pool samples, suggesting dramatic fluctuations in particulate matter inputs, which 

is consistent with the much more frequent emptying and filling of that site. 

 Overall, MeHg concentrations in invertebrate samples were slightly higher than 

previous invertebrate measurements at sites not considered to be highly contaminated, but 
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%MeHg values were fairly consistent with the literature (Ortega-Rodriguez et al. 2019, 

Moyo et al. 2020, Riva-Murray et al. 2020).  Among samples from the Diptera and 

Araneae orders, %MeHg was slightly lower than expected based on previous studies 

(Gann et al. 2015, Hammerschmidt et al. 2005, Ortega-Rodriguez et al. 2019, Hannappel 

et al. 2021). 

 Statistical comparison using all invertebrate samples across the two sites did not 

show a significant difference in MeHg concentrations.  Therefore, the hypothesis was not 

supported.  This lack of a significant difference is particularly surprising in view of the 

higher HgT in basin sediments.  The higher %MeHg in invertebrates at the basin site does 

indicate some, albeit not statistically significant, evidence of more methylation taking 

place in the basin, perhaps associated with shorter WRT (Richardson et al. 2020).  We 

would be able to discern more if we had been able to run MeHg analyses on sediment 

samples, but with the given time frame invertebrate samples were of a higher priority.  

Inorganic Hg in sediment has been shown to be only weakly correlated with MeHg in 

aquatic life, which may explain the lack of significant difference (Eagles-Smith et al. 

2016). 

 The significant difference in MeHg contamination between emergent aquatic 

invertebrates and terrestrial invertebrates was as expected since mercury methylation 

occurs mostly in aquatic environments (Twining et al. 2021).  However, the difference in 

MeHg concentration was much narrower than what has been described in some literature 

(Ortega-Rodriguez et al. 2019), indicating transfer between aquatic and terrestrial food 

webs.  
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 The group with the largest difference in mean MeHg concentration between sites 

was the spiders (Table 2).  We did not classify invertebrates further than the order level, 

but perhaps the species of spiders collected varied greatly in their proportion of aquatic 

prey, as previous literature has shown a positive association between proportion of 

aquatic prey and MeHg contamination (Jackson et al. 2020). 

This study followed previous work that has examined methylmercury in aquatic 

invertebrates and related contamination to hydrology and deposition (Richardson et al. 

2020, Windham-Myers et al. 2014, Gann et al. 2015, Hammerschmidt et al. 2005).   

However, this to our knowledge is the first study directly comparing a stormwater 

drainage basin to a vernal pool, and it would be interesting to see future research look at 

that relationship using a greater number of samples.  Analysis of water quality metrics as 

well as MeHg in sediments could also be useful.   
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Appendix A 

A summary of MeHg concentrations and %MeHg where applicable in all invertebrate samples that were 
analyzed 

Collection 
Date Range 

Site Trap Order ng/g MeHg %MeHg 

Mid-June, 
2021 
 

Basin Pitfall 
 

Isopoda 62.89 36.91 

Mid-June, 
2021 

Basin Pitfall Isopoda 274.51 91.16 

Mid-June, 
2021 

Basin Pitfall Isopoda 70.81 24.18 

Mid-June, 
2021 

Basin Pitfall Isopoda 109.31 81.50 

Mid-June, 
2021 

Basin Pitfall Isopoda 65.44 48.06 

Mid-June, 
2021 

Basin Pitfall Isopoda 38.89 24.15 

Early July 
2021 
 

Vernal Pool Pitfall Isopoda 74.43 46.42 

Early July 
2021 

Vernal Pool Pitfall Isopoda 47.77 20.25 

Early July 
2021 

Vernal Pool Pitfall Isopoda 65.16 51.20 

Early July 
2021 

Vernal Pool Pitfall Isopoda 79.10 46.31 

Early July 
2021 

Vernal Pool Pitfall Isopoda 112.32 25.05 

Early July 
2021 

Vernal Pool Pitfall Isopoda 21.54 48.06 

Early July 
2021 

Vernal Pool Pitfall Isopoda 82.96 79.98 

May 2021 Vernal Pool Emergence Diptera 947.87 - 

May 2021 Vernal Pool Emergence Diptera 166.22 - 
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May 2021 Vernal Pool Emergence Diptera 318.59 - 

June 2021 Vernal Pool Emergence Diptera 306.73 - 

May 2021 Vernal Pool Emergence Diptera 139.12 34.09 

June 2021 Vernal Pool Emergence Diptera 1158.64 88.89 

June 2021 Vernal Pool Emergence Diptera 323.56 - 

July 2021 Basin Emergence Diptera 195.60 - 

July 2021 Basin Emergence Diptera 264.18 - 

July 2021 Basin Emergence Diptera 176.87 91.40 

July 2021 Basin Emergence Diptera 217.15 73.16 

July 2021 Basin Emergence Diptera 105.82 33.19 

July 2021 Basin Emergence Diptera 406.56 42.36 

July 2021 Basin Emergence Diptera 95.08 31.39 

July 2021 Basin  Emergence Diptera 205.58 - 

Early July 
2021 

Vernal Pool Emergence Collembola 400.90 
 

51.96 

Early July 
2021 

Vernal Pool Emergence Collembola 516.68 38.78 

Early July 
2021 

Vernal Pool Emergence Collembola 163.36 18.28 

Early July ‘21 Vernal Pool Emergence Collembola 441.30 36.46 

Early July 
2021 

Basin Emergence Collembola 67.07 4.94 

Early July 
2021 

Basin  Emergence Collembola 485.03 35.63 

June 2021 Vernal Pool Pitfall Araneae 21.11 6.57 

June 2021 Vernal Pool Pitfall Araneae 26.89 22.30 

June 2021 Vernal Pool Pitfall Araneae 17.21 11.91 

June 2021 Vernal Pool Pitfall Araneae 7.90 12.21 

June 2021 Vernal Pool Pitfall Araneae 9.64 12.48 
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June 2021 Vernal Pool Pitfall Araneae 17.04 18.86 

June 2021 Vernal Pool Pitfall Araneae 4.48 1.69 

June 24-July 
8, 2021 

Basin Pitfall Araneae 145.26 
 

66.57 

June 24-July 
8, 2021 

Basin Pitfall Araneae 697.70 - 

June 24-July 
8, 2021 

Basin Pitfall Araneae 275.87 - 
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Appendix B 
 
A log of invertebrates sampled at all sites, their quantity, order if known, and sampling date. 

 

Site Date Order Number 

BET 7/8/2021 ? 1 

BET 7/8/2021 Araneae 2 

BET 7/8/2021 Collembola 55 

BET 7/8/2021 Diptera 7 

BET 7/8/2021 Hymenoptera 2 

DBP 7/8/2021 Araneae 1 

DBP 7/8/2021 Blattodea 1 

DBP 7/8/2021 Coeloptera 2 

DBP 7/8/2021 Diptera 1 

DBP 7/8/2021 Isopoda 8 

VPET 7/8/2021 ? 7 

VPET 7/8/2021 Collembola 28 

DBP 7/5/2021 Diptera 5 

DBP 7/5/2021 Isopoda 1 

DBP 7/5/2021  1 

Drainage Basin Pitfall (DBP) 7/5/2021 Araneae 1 

DBP 7/19/2021 Isopoda 5 

DBP 7/19/2021  5 

DBP 7/19/2021 Collembola 1 

DBP 7/19/2021 Araneae 1 

VPET 7/19/2021 Coeloptera 2 

VPET 7/19/2021 Araneae 1 

VPET 7/19/2021 Collembola 17 

BET 7/19/2021 Diptera 145 

BET 7/19/2021 Coeloptera 1 

BET 7/19/2021 Diptera 1 

DBP 7/12/2021 Isopoda 5 

DBP 7/12/2021 Araneae 3 
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DBP 7/12/2021 Hymenoptera 2 

DBP 7/12/2021 Diptera 1 

DBP 7/12/2021 Collembola 1 

BET 7/1/2021 Araneae 1 

BET 7/1/2021 Coeloptera 1 

BET 7/1/2021 Collembola 1 

BET 7/1/2021 Diptera 1 

BET 7/1/2021 Hymenoptera 2 

BET 7/1/2021 Siphonaptera? 1 

VPET 7/1/2021 ? 12 

VPET 7/1/2021 Coeloptera 2 

VPET 7/1/2021 Collembola 50 

VPET 7/1/2021 Diptera 1 

VPET 7/1/2021 Hymenoptera 1 

VPET 7/1/2021 Trombidiformes 1 

VPET 6/3/2021 Diptera 1 

Basin Emergence Trap (BET) 6/24/2021 Araneae 1 

BET 6/24/2021 Blattodea 3 

BET 6/24/2021 Coeloptera 11 

BET 6/24/2021 Collembola 1 

BET 6/24/2021 Diptera 6 

BET 6/24/2021 Isopoda 1 

VPET 6/24/2021 Coeloptera 1 

VPET 6/24/2021 Collembola 27 

VPET 6/24/2021 Diptera 5 

VPET 6/24/2021 Diptera 1 

VPET 6/24/2021 Hymenoptera 1 

VPET 6/24/2021  16 

VPET 6/24/2021  6 

VPP 6/23/2021 Araneae 1 

VPP 6/23/2021 Coeloptera? 1 

VPP 6/23/2021 Collembola 12 
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VPP 6/23/2021 Diplopoda 1 

VPP 6/23/2021 Isopoda 28 

VPP 6/21/2021 Araneae 12 

VPP 6/21/2021 Coeloptera 1 

VPP 6/21/2021 Diptera 1 

VPP 6/21/2021 Hymenoptera 2 

VPP 6/21/2021 Isopoda 22 

VPP 6/21/2021  1 

Vernal Pool Pitfall (VPP) 6/18/2021 Araneae 2 

Vernal Pool Pitfall (VPP) 6/18/2021 Araneae 1 

Vernal Pool Pitfall (VPP) 6/18/2021 Coeloptera 1 

Vernal Pool Pitfall (VPP) 6/18/2021 Hymenoptera 2 

Vernal Pool Pitfall (VPP) 6/18/2021 Isopoda 2 

Vernal Pool Pitfall (VPP) 6/18/2021  1 

Vernal Pool Pitfall (VPP) 6/17/2021 Araneae 4 

Vernal Pool Pitfall (VPP) 6/17/2021 Diplopoda 3 

Vernal Pool Pitfall (VPP) 6/17/2021 Hymenoptera 1 

Vernal Pool Pitfall (VPP) 6/17/2021 Isopoda 1 

VPET 6/17/2021 Diptera 3 

VPET 6/17/2021 Isopoda 2 

VPET 6/17/2021  1 

Vernal Pool Pitfall (VPP) 6/16/2021 Araneae 2 

Vernal Pool Pitfall (VPP) 6/16/2021 Collembola 1 

Vernal Pool Pitfall (VPP) 6/16/2021 Isopoda 4 

Vernal Pool Pitfall (VPP) 6/16/2021  1 

VPET 6/10/2021 Coeloptera 1 

VPET 6/10/2021 Diptera 2 

VPET 6/10/2021 Psocoptera? 1 

VPET 6/10/2021  1 

VPET 5/6/2021 Coeloptera 5 

VPET 5/6/2021 Diptera 29 

VPET 5/6/2021 Diptera 6 
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VPET 5/6/2021 Diptera 1 

Vernal Pool Pitfall (VPP) 5/28/2021 Araneae 4 

Vernal Pool Pitfall (VPP) 5/28/2021 Chilopoda 1 

Vernal Pool Pitfall (VPP) 5/28/2021 Coeloptera 4 

Vernal Pool Pitfall (VPP) 5/28/2021 Diptera 4 

Vernal Pool Pitfall (VPP) 5/28/2021 Hymenoptera 2 

Vernal Pool Pitfall (VPP) 5/28/2021 Isopoda 16 

Vernal Pool Pitfall (VPP) 5/28/2021 Odanata 2 

Vernal Pool Pitfall (VPP) 5/28/2021  1 

Vernal Pool Pitfall (VPP) 5/28/2021  2 

Vernal Pool Pitfall (VPP) 5/28/2021  1 

Vernal Pool Pitfall (VPP) 5/28/2021  2 

Vernal Pool Pitfall (VPP) 5/26/2021 Araneae 3 

Vernal Pool Pitfall (VPP) 5/26/2021 Araneae 1 

Vernal Pool Pitfall (VPP) 5/26/2021 Araneae 1 

Vernal Pool Pitfall (VPP) 5/26/2021 Diptera 5 

Vernal Pool Pitfall (VPP) 5/26/2021  1 

Vernal Pool Pitfall (VPP) 5/26/2021  1 

VPET 5/20/2021 Coelopera 1 

VPET 5/20/2021 Diptera 4 

VPET 5/20/2021 Diptera 1 

VPET 5/20/2021  1 

VPET 5/14/2021 Coeloptera 5 

VPET 5/14/2021 Diptera 75 

VPET 5/14/2021 Diptera 14 

VPET 5/14/2021 Diptera 3 

VPET 5/14/2021 Hymenoptera? 1 

Vernal Pool Emergence Trap 
(VPET) 4/29/2021 Diptera 1 

VPET 4/29/2021 Coeloptera 15 

VPET 4/29/2021 Diptera 
1 
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Appendix C 
 
Summary of ANOVA for comparison of Site vs. Trap Type (A) and Site vs Order (B) 

A.  

Source DF  Sum of 
Squares 

Mean Square  F Statistic P-Value 

 Factor A - 
rows (Site 

2 8490.038 4245.019 0.1062 0.8995 

Factor B - 
columns (Trap 

1 651460.9 651460.9 16.305 0.000244 

Interaction 2 423229.3 211614.6 5.2964 0.009228 

Error 39 1558233 39954.69   

Total 44 2641413 60032.1   

B.  
 

Source DF Sum of 
Squares 

Mean Square F-Statistic P-Value 

Factor A- rows 
(Site) 

2 127825.5 63912.74 1.4824 0.2489 

Factor B- rows 
(Order) 

1 511196.8 511196.8 11.8566 0.0022318 

Interaction 2 252927 126463.5 2.9332 0.07426 

Error 22 948528.4 43114.93   

Total 27 1840478 68165.8   
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Appendix D 

 
A plot of the number of total individual invertebrates sampled across all sites and traps vs. time.  

Week 0 is the week of April 19-23 and Week 13 is the week of July 19-23 
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