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Water striders accurately reﬂect the entry of mercury in food chains of small freshwater systems.
Abstract
To circumvent some of the previous limitations associated with contaminant-monitoring programs, we tested the suitability of
the water strider (Hemiptera: Gerridae) as a mercury sentinel by comparing total mercury concentrations in water striders and
brook trout (Salvelinus fontinalis) from a variety of stream sites in New Brunswick, Canada. There was a strong association between
the two variables across sites (r2 Z 0.81, P ! 0.001) in systems where both atmospheric deposition and a point source (an
abandoned gold mine) were likely contributing to ambient mercury levels. In a small stream draining the gold mine tailings pile,
water striders had mercury concentrations an order of magnitude higher than those from reference locations. Temporal variation at
three southern New Brunswick stream sites was non-signiﬁcant. These results suggest that water strider mercury levels accurately
quantify food chain entry of the element. The use of sentinel species holds great potential for expanding contaminant-monitoring
programs.
Ó 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
Given that concentrations of contaminants, such as
mercury, have increased in certain areas of the world
over the past century (Schuster et al., 2002), there is
a growing need to identify geographic areas of concern
and associated ecological pathways (Pilgrim et al.,
2001). To achieve these goals, it is necessary to have
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consistent measurement indices, allowing comparisons
to be made locally, regionally, and globally. One
approach to unifying otherwise diverging monitoring
eﬀorts is through the use of sentinel species (Beeby,
2001). Sentinel species accurately reﬂect ambient contaminant concentrations, and can be routinely and
conveniently collected and analyzed as part of monitoring programs. In this regard, invertebrate species are
commonly used as environmental sentinels, as exempliﬁed by extensive monitoring of contaminant levels in
marine bivalves (O’Connor, 1998; Rebelo et al., 2003).
In freshwater, shellﬁsh have also been employed to
measure contaminant concentrations along perceived
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gradients (Cope et al., 1999). However, shellﬁsh are
rarely abundant in small headwater streams, in which
case benthic macroinvertebrates have been utilized.
Some limitations surrounding the use of stream benthos
include diﬃculty in taxonomic resolution and the
attainment of adequate tissue for analysis, reduced
distribution across sites of interest (Cain et al., 1992),
and poor relationships between concentrations in
insects and direct contaminant sources (Croteau et al.,
2003).
Water striders (Hemiptera: Gerridae) are relatively
long-lived, predatory invertebrates that feed on aquatic
and terrestrial insects (Pennak, 1978). They meet much
of the criteria outlined by Beeby (2001) as appropriate
sentinel (accumulator) species. These include: ubiquity
and abundance, large body size, long life span, ease of
identiﬁcation and ageing, and a relatively sedentary
lifestyle. They occur over a wide range in North America
and the world, and are abundant in many pond, lake,
and river ecosystems. Each generation can survive up to
1 year (Merritt and Cummins, 1996), and wingless forms
show low mobility during summer months (Wilcox and
Maier, 1991).
Mercury build-up in aquatic food chains can, in
part, result from atmospheric deposition (Bodaly et al.,
1993) and from local point sources due to local
geological deposits, or be introduced by industrial and
residential processes and mining activities (Mol et al.,
2001). Many such sources are present in Canada’s
Atlantic provinces (Pilgrim et al., 2000). In this study,
we attempted to calibrate and validate water striders as
an environmental sentinel (Beeby, 2001) by relating
mercury levels in the family to those of small brook
trout, an important recreational species, in New
Brunswick streams. We also sought to determine the
ability of water striders to accumulate high mercury
levels (i.e. an order of magnitude above comparable
reference sites) to evaluate their potential for future use
in identifying mercury areas of concern on a local,
regional, and global scale.

2. Materials and methods
Water striders and brook trout were collected
simultaneously from small streams in New Brunswick,
Canada from May to July 2002 and 2003 (Table 1,
Fig. 1). Water striders were captured with D-frame kick
nets, while brook trout were ﬁshed with a backpack
electroshocker. Collection sites were generally second
and third order streams approximately 1–5 m wide.
HAB, MCB, and PLB are small coastal basins (!50
km2) along the north shore of the Bay of Fundy. DCB,
EAB, GHB, and TRB are small streams on Grand
Manan, an island 35 km oﬀ southern New Brunswick in
the Bay of Fundy. 18A, 18M, 18B, GCU, and SEU are

stream sections in the headwaters of the Southeast
Upsalquitch River in northern New Brunswick, and
drain a former gold mine tailings pile. Water striders
were also captured opportunistically at two locations
(DEB and NWA) in the Little Southwest and Northwest
Miramichi River, respectively, in north central New
Brunswick (Table 1).
Water striders were analyzed whole or pooled (two to
20 individuals) for a single analysis and brook trout
muscle tissue or whole bodies were analyzed depending
on size (Table 1). Total mercury (mg/g dry weight) levels
were measured using cold vapour atomic ﬂuorescence
spectroscopy (Tekran, model 2600) after freeze-drying
for 48 h, 7:3 nitric/sulphuric acid digestion, and heating
(90  C for 4 h). QA/QC was monitored using internationally accepted standards (Horvat et al., 1997). Each
run of 48 analyses included four blanks, four HgCl
standards, four DORM-2 standards, and samples. Runs
were accepted if sample peaks were greater than four
times the blank peaks and standards were within 10% of
their relative standard deviations. Samples were corrected based on DORM-2 conversion. Ranges of 95–
98% conversions were found for spiked samples. Sample
replicates varied by less than 10%.
A 500 ml surface water sample was collected at
a subset of sites directly into a clean ﬂuoropolymer
bottle following sample handling techniques designed
for collection of mercury at trace levels (US
EPA, 1996). A 0.45 mm, 15 mm diameter capsule ﬁlter
(AquaprepÒ12175), ﬂuoropolymer tubing and a peristaltic pump were used for sampling. Samples were
preserved with 0.5% BrCl solution immediately upon
collection. Field blanks with De-Ionized water and the
same reagents were obtained for every set of samples.
Total mercury concentrations were determined following US EPA Method 1631B (US EPA, 1999). Quality
was assured through calibration and testing of the
oxidation, purging and detection system. Surface water
samples were analyzed for trace levels of mercury at the
class-100 mercury analytical laboratory of Fisheries and
Oceans Canada in Dartmouth, Nova Scotia. Samples
having high (O0.5 mg/l) total mercury concentrations
were analyzed at the University of New Brunswick on
a cold-vapor atomic absorption spectrometer following
the same procedure.
All statistical analyses were conducted using SYSTAT 9.0 software (SPSS, Inc.). Correlations of water
strider total mercury levels with brook trout total
mercury levels and water mercury levels were analyzed
using linear regression. To reduce heterogeneity of
variance across sites, water strider, brook trout and
water mercury levels were log-transformed for tests
involving the site draining the gold mine tailings pile.
One-way analysis of variance (ANOVA) was used to
compare mercury levels in water striders at three sites
potentially inﬂuenced by the gold mine tailings with
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Table 1
Sites and dates of brook trout (n, number of individuals analyzed) and water strider (n, number of composite samples analyzed with individuals per
sample in parentheses) collections in New Brunswick streams
Site

Abbreviation

Date

n

FL (mm)

Brook trout
regression equation

Hay Brook

HAB

McLaughlin Brook

MCB

Point Lepreau Brook

PLB

Deep Cove Brook
East Brook
Grand Harbour Brook
Trout Brook
18-Mile Brook
above Gossan Creek
18-Mile Brook
at mouth of Gossan Creek
18-Mile Brook
below Gossan Creek
Gossan Creekdnear tailings
Southeast Upsalquitch River
Little Southwest
MiramichidDevil’s Brook
Northwest Miramichidabove
salmon barrier

DCB
EAB
GHB
TRB
18A

GCU
SEU
DEB

21-May-03
*7-Jul-03
20-May-03
*7-Jul-03
20-May-03
*7-Jul-03
*9-Jul-03
*9-Jul-03
*9-Jul-03
*10-Jul-03
27-Jun-02
*28-Jun-03
27-Jun-02
*28-Jun-03
27-Jun-02
*28-Jun-03
28-Jun-03
27-Jun-02
12-Jun-03

5
3
2
3
5
5
5
5
4
4
15
5
18
5
15
5
NP
14
NC

142 G 22
137 G 34
73 G 31
170 G 27
87 G 39
152 G 17
122 G 17
156 G 35
115 G 49
112 G 11
106 G 27
117 G 15
129 G 30
117 G 21
95 G 19
76 G 21
NP
92 G 15
NC

Hg
–
–
–
Hg
Hg
Hg
Hg
–
–
Hg
Hg
Hg
Hg
Hg
Hg
–
Hg
–

NWA

5-Jun-03

NC

NC

–

18M
18B

Z ÿ0.0072 ! FL C 2.3748

Z
Z
Z
Z

0.0013 ! FL C 0.1657
ÿ0.0008 ! FL C 0.4724
0.0078 ! FL ÿ 0.0062
0.0001 ! FL C 0.4596

Z
Z
Z
Z
Z
Z

0.0005 ! FL C 0.1404
ÿ0.0018 ! FL C 0.5877
0.0012 ! FL C 0.2056
0.0011 ! FL C 0.6761
0.0025 ! FL C 0.0906
ÿ0.0015 ! FL C 0.7089

Z 0.0045 ! FL C 0.1459

r2

Gerridae, n

0.05
–
–
–
0.71
0.04
0.76
!0.01
–
–
0.05
0.05
0.08
0.02
0.27
0.03
–
0.24
–

3 (1)
3 (3)
4 (2)
7 (2–4)
2 (1)
3 (2–3)
7 (2–4)
4 (2–6)
6 (12–20)
6 (4–5)
NC
8 (2)
NC
6 (2–3)
NC
9 (2–3)
3 (2)
NC
5 (2–3)

–

4 (2)

Mean fork lengths (G1 SD) and regression equations describing mercury variability with ﬁsh size are included.
NC, not collected; NP, not present at site; asterisks indicate samples used in trout vs. strider regression.

three reference sites. Linear regression analysis was
performed on mercury concentrations in brook trout
and water striders in relation to distance downstream
from the gold mine tailings pile, and on water striders in
relation to water mercury levels. A general linear model
(GLM) with three factors was used to determine the
eﬀect of sampling period (May vs. July) and site (HAB,
MCB, PLB) on water strider and brook trout mercury
levels. To test for interaction, the model was initially run
with all possible interactions (including three-way).
Interaction terms were removed in a stepwise fashion
by excluding in order of signiﬁcance level (i.e. highest P
value ﬁrst) and the model was re-analyzed with
remaining terms. Interactions were considered nonsigniﬁcant at a Z 0.05.

3. Results
Associations between brook trout fork length (typically used as a covariate; Somers and Jackson, 1993) and
mercury levels were generally weak, with low r2 values
and conﬂicting slope directions at given sites (Table 1),
possibly reﬂecting the relatively small size range of trout
from collection sites (range 35–201 mm for all sites).
Therefore, we used mean brook trout mercury concentrations as representative of each particular site.
There was a strong correlation between water strider
total mercury levels and brook trout total mercury levels

(r2 Z 0.81, P ! 0.001, Fig. 2). Highest concentrations in
both trout and striders were measured in Hay Brook
(HAB), a second order stream on the Fundy mainland
coast of southwest New Brunswick. Lowest concentrations were found at Point Lepreau Brook (PLB,
a second order stream located w10 km southwest of
HAB) and at 18-Mile Brook above the conﬂuence of
Gossan Creek (18A, a pristine site located in northern
New Brunswick). Intermediate values were found in
stream sites on Grand Manan (DCB, EAB, GHB,
TRB), an island 35 km from mainland New Brunswick
in the Bay of Fundy.
Immediately downstream of the gold mine tailings
pile in a ﬁrst order steam (GCU) at the headwaters of
the Southeast Upsalquitch River in northern New
Brunswick, we were unable to capture any ﬁsh species
or benthic macroinvertebrates, despite comparable
eﬀorts electroﬁshing and kick netting, respectively,
relative to other sites. The only taxon present at GCU
was surface dwelling water striders, and mercury
concentrations in these striders were an order of
magnitude higher than those at reference sites (Fig. 3).
Mercury concentrations in brook trout and water
striders decreased in a downstream direction away from
the tailings pile (r2 Z 0.38, P ! 0.001, Fig. 3). However,
when comparing water striders from the mine-aﬀected
reach (GCU, 18M, 18B) with local (18A) and regional
(DEB, NWA, both in the Miramichi, a neighbouring
basin) reference sites (Fig. 4), only those water striders
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1.6

y = 0.06x + 0.88
r2 = 0.81

18B

18M

SEU

water strider total [Hg]

1.4

18A

GCU

HAB

1.2
1.0
GHB
EAB

0.8

DCB

MCB

0.6

18M

TRB
0.4 PLB

18B
18A

0.2
0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

brook trout total [Hg]
Fig. 2. Correlation between total mercury levels (mg/g dry weight) in
small brook trout and water striders in New Brunswick streams,
measured in late June and early July 2003. Each data point represents
the mean (G1 standard error) of three to nine analyses. See Table 1 for
site codes.

NWA
DEB

and striders intermediate and PLB lowest (Fig. 6). No
interaction terms were signiﬁcant.

MCB
PLB

EAB

4. Discussion

HAB

GHB

DCB
TRB

Fig. 1. Map of the two main study sites including the area surrounding
a former gold mine operation (top panel) and the outer Bay of Fundy
(bottom panel) in New Brunswick, Canada. Arrows indicate the
direction of water ﬂow. Sampling locations are marked with circles.
See Table 1 for site codes.

The strong correlation between mercury levels in
water striders and small brook trout indicates that water
striders are an appropriate sentinel in determining the
entry of mercury in food chains of small lotic systems.
The low temporal variation in the relationship also provides evidence that point-in-time estimates can provide
a reliable indication of the overall pattern in the system
of study. Furthermore, the ability of water striders to
survive in hostile environments and accumulate high
levels of mercury provides compelling evidence that the
1.5
y = -1.03x - 0.223
r2 = 0.38

1.0

log total [Hg]

in the stream section immediately below the tailings pile
(GCU) had signiﬁcantly higher mercury levels
(P ! 0.05).
Water strider mercury levels were also associated
with water mercury levels (r2 Z 0.68, P Z 0.006, Fig. 5),
due largely to the high water and Gerrid mercury levels
in the stream section immediately below the gold mine
tailings pile (GCU).
Three sites in southern New Brunswick (HAB, MCB,
PLB) were used to test temporal variation in the
relationship between water strider and brook trout
mercury levels. The eﬀects of taxon (F Z 0.342, df Z 1,
P Z 0.562) and sampling period (F Z 0.978, df Z 1,
P Z 0.377) were non-signiﬁcant, but diﬀerences across
the three streams were identiﬁed (F Z 4.729, df Z 2,
P Z 0.014, Fig. 5). HAB trout and striders had
consistently highest mercury levels, with MCB trout

0.5
0.0
-0.5
-1.0
GCU

SEU

18B

18M

-1.5
0.0

0.2

0.4

0.6

0.8

1.0

log distance from tailings
Fig. 3. Log-scale total mercury levels in water striders (solid circles)
and brook trout (open circles) vs. distance downstream from a gold
mine tailings pile. The solid line indicates best-ﬁt linear regression for
all data. See Table 1 for site codes.
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a

1.8

mine-impacted background

trout May
strider May
trout July
strider July

1.6

10.0

Total [Hg] (ug/g dry weight)

water strider total [Hg]

12.0

8.0
6.0
1.0
b
b

b

0.5

b

b

1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.0
GCU

18M

18B

18A

DEB

NWA

0.0
HAB

SITE

MCB

PLB

SITE
Fig. 4. Water strider total mercury levels (mg/g dry weight) at three
sites below a gold mine tailings pile (GCU, 18M, 18B) and at three
reference sites (18A, DEB, NWA). Diﬀerent letters indicate signiﬁcant
diﬀerences at a Z 0.05 (one-way ANOVA). See Table 1 for site codes.

family is tolerant of adverse conditions and may not be
able to regulate its contaminant burden, both important
characteristics in choosing an environmental sentinel
(Beeby, 2001).
Nummelin et al. (1998) previously concluded that
water striders were suitable as bioindicators of heavy
metal accumulation. These authors found diﬀerences in
metal levels (Al, Fe, Mn, Zn, Cu, Cd) in striders in close
proximity to a steel factory compared with reference
locations. However, there was no comparison made as
to how these levels matched concentrations in other
matrices (e.g. water or another taxa), such as in this
study.
Despite a decreasing trend of mercury concentrations
in water striders and brook trout with distance from the
point source of contamination (the gold mine tailings
pile), mercury levels in the upper reaches of the
Southeast Upsalquitch River drainage (18M, 18B) were
similar to reference sites both locally (18A) and
regionally (DEB, NWA). Hence the tailings contamination seems to have a localized zone of inﬂuence where
mercury levels are well above background and no biota

water strider total [Hg]
(ug/g dry weight)

10
y = 0.2854x + 0.4224
r2 = 0.681

1

0.1
0.001

0.01

0.1

1

10

100

water [Hg] (ug/L)
Fig. 5. Correlation between total mercury levels (mg/g dry weight) in
water striders and stream water (mg/l) in New Brunswick, Canada,
plotted on log-log scale.

Fig. 6. Brook trout and water strider total mercury levels (mg/g dry
weight) at three Fundy coastal sites (Hay Brook, McLaughlin Brook,
and Point Lepreau Brook) collected on two sampling dates (May 20–
21 and July 7, 2003). See Table 1 for site codes.

(save for water striders) can be supported. High mercury
levels have been shown to cause growth and reproductive impairments in ﬁsh (Friedmann et al., 1996;
Hammerschmidt et al., 2002; Latif et al., 2001). The
confounding inﬂuence of acidity in the stream immediately below the tailings pile is a potential factor
governing the lack of a benthic assemblage and the
presence of ﬁsh species. Acid environments have been
shown to adversely aﬀect brook trout populations
(Lachance et al., 2000) and stream benthos (Courtenay
and Clements, 1998). However, throughout much of its
length, the pH of the stream is circumneutral (T.A. Al,
unpublished data) and therefore not likely limiting
colonization by invertebrates. Concentrations of other
dissolved metals (Cu, Zn, Cd, Pb) are highly elevated in
the stream (T.A. Al, unpublished data). These metals
have been implicated previously in adversely impacting
stream benthos (David, 2003; Quinn et al., 2003).
Local site diﬀerences in mercury concentrations of
biota inhabiting adjacent streams draining to the Bay of
Fundy, as found in our study, may be related to physical
variables such as water colour/dissolved organic carbon
concentrations (Watras et al., 1998), pH (Scheuhammer
and Graham, 1999), and catchment characteristics such
as forest cover and wetland type (Balogh et al., 2002; St.
Louis et al., 1996, 2001).
The near one-to-one ratio observed between water
strider and trout mercury levels raises questions about
the mechanisms governing contaminant uptake in the
two unrelated taxa. Feeding strategies may be similar,
with a large component of the diet made up of terrestrial
invertebrates (Pennak, 1978; Scott and Crossman,
1973). Stable isotope analyses of carbon (13C/12C) and
nitrogen (15N/14N) ratios may therefore provide information on the comparative feeding ecology of the
two groups (Peterson and Fry, 1987). The route of
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mercury exposure for ﬁsh is largely through the diet,
with a small component entering via the gills (Hall et al.,
1997). The route of uptake for water striders is
unknown, but in highly contaminated environments,
such as the stream draining the gold mine tailings pile
(current study), airborne exposure may be a source of
mercury as it evades oﬀ the surface of the water. The
absolute amount of methyl-mercury is also likely greater
in brook trout compared to water striders because ﬁsh
generally have higher methyl-mercury to total-mercury
ratios than do invertebrates (Cope et al., 1999;
Hammerschmidt et al., 1999). Nummelin et al. (1998)
also found diﬀerences in the accumulation of metals in
water striders based on species and development stage.
Striders in our study were not tested separately for the
inﬂuence of these variables, and future research may
involve analyses of this type.

5. Conclusions
We have demonstrated in this study the generality of
the Gerridae family in its ability to reﬂect environmental
conditions. While water striders possess a series of
characteristics considered optimal for their classiﬁcation
as a sentinel species (Beeby, 2001), the key to their utility
lies in their easy identiﬁcation and capture. This
characteristic will allow a wide range of investigators
( government, university, community) to collect and
submit samples for analysis, with great potential for the
detection of areas with elevated mercury levels where
risks to humans and other consumers of aquatic resources
may be high (Chan et al., 2003; Risher et al., 2002).
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