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Water striders (Heteroptera, Gerridae) as bioindicators of heavy

metal pollution

Matti Nummelin, Martin Lodenius & Esa Tulisalo

1. Introduction

Nummelin, M., Lodenius, M. & Tulisalo, E. 1998: Water striders (Heteroptera:
Gerridae) as bioindicators of heavy metal pollution. — Entomol. Fennica 8:
185-191.

Heavy metal contents of water striders collected near a stee] factory and from
control sites were analyzed by AAS. The average concentrations pLg/g of dry
weight found near the factory vs. the control areas were: Al 76, 65; Fe 840,
330; Mn 49, 37; Zn 310, 280; Cu 44, 42; Cd 1.6, 6.5, respectively. In most
cases Ni and Pb concentrations were below the determination limit in both
sites. There were significant differences between sites in the concentrations of
iron and cadmium. Fifth instar larvae had higher iron content than adults, but
sexes did not differ in heavy metal content. There were also significant
differences between different water strider species as accumulators of zinc,
aluminium and cadmium. It is concluded that water striders seem suitable as
bioindicators of heavy metals.
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However, insects are fairly little used as bioin-
dicators of heavy metal pollution (see e.g. Spehar

Several types of organisms have been used as
biomonitors of air pollution by heavy metals (e.g.
Steinnes 1989). In this study, we test the suitabil-
ity of water striders (Heteroptera: Gerridae) as
heavy metal bioindicators around a well-studied
iron and steel factory in Southern Finland (e.g.
Monni & Mikinen 1995).

High concentrations of cadmium have been
reported from Finland in Formicidae-ants (4—7 pg/g)
(Yld-Mononen et al. 1989) and from spiders (2—
8 ug/g) (Nuorteva et al. 1992). Many aquatic in-
vertebrates may accumulate cadmium and other
heavy metals and they are relatively insensitive
to these heavy metals (Spehar ef al. 1978).

et al. 1978, Rao & Saxena 1981, Luther 1993).
Individuals of many species are not easy to col-
lect in quantities large enough or there is short
seasonal supply. Often their origin is unknown
due to their flying ability. In many cases also a
taxonomic expert is needed to determine the species.

Water striders overcome many of the above-
mentioned problems: They are predators/scaven-
gers (Jamieson & Scudder 1977) and thus prone
to bioaccumulation. They are often easy to col-
lect in large quantities and species determination
is fairly easy on species level (e.g. Vepsildinen &
Krajewski 1986). Even the winged individuals do
not disperse for long distances (Fairbairn 1986).
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Previous studies have shown that ocean-dwell-
ing pleuston gerrids, sea-skaters (Halobates spp.)
are suitable bioindicators for cadmium distribu-
tion in oceanic surface waters (Cheng et al. 1984,
Schulz-Baldes 1989). Sea-skaters are able to con-
centrate cadmium to their tissues (Schulz-Baldes
& Cheng 1979) and high concentrations of cad-
mium have been measured in sea-skaters from
tropical oceans (Cheng et al. 1976, Bull et al.
1977).

The aim of this study is to screen several com-
mon water strider species in southemn Finland and
their developmental stages from a well-studied
area polluted by heavy metals and from a control
area in order to assess the suitability of water
striders for heavy metal bioindictors.

2. Material and methods
2.1. Species studied

Gerrids have one and a partial second generation during
one summer in southern Finland. Overwintered adults are
common during May and June. Newborn adults are com-
mon during August (see e.g. Vepsiildinen 1974).

G. argentatus Schumm. (body length 6.5-8 mm, sizes
according to Linnavuori 19606) is the smallest Finnish wa-
ter strider species, G. odontogaster (Zett.) (7-8.5 mm) and
G. lateralis Schumm. (9—11 mm) are medium sized Finn-
ish water striders, and G. thoracicus Schumm. (10-11.5 mm)
is somewhat bigger than the two last-mentioned species.
Vepsiildinen (1973) has given closer descriptions of the
habitat preferences of studied species.

2.2. Study area and sampling

The samples were taken with a pond net from five localities
(3 sites <2 km, 2 sites > 7 km from the factory, see Table 1).
The two polluted sites were situated close to the iron and
steel factory on a sea shore in Koverhar, Hanko Peninsula
(59°50°N, 23°13E) (see e.g. Helidvaara ef al. 1982, Fritze
1991, Pankakoski et al. 1992, Monni & Mikinen 1995).
The emissions of the Koverhar iron and steel factory were
in 1994 according to the factory’s official report (Fundia
Wire 1995): SO, 1 175t, NO, 554 t, dust 1 193 t (large part
of this Fe), and heavy metals 1.5 t (only As, Cd, Pb, Zn are
included). In 1995, dust, SO, and NO, emissions decreased
due to technical improvements in the factory. High concen-
trations of heavy metals have been measured close to the
Koverhar iron and steel factory in small mammals (Panka-
koski et al. 1994), pine needles (Hyle 1979), mosses (Rinne
& Mikinen 1988), and from epiphyte lichens (Linden 1977,
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Helminen et al. 1986, Holmberg 1989, 1992, Holmberg &
Pihlstrém 1992).

As unpolluted reference sites, Langskir island and Lan-
gis rivulet were used. Léngskir island is situated ca. 7km S
from the factory (see e.g. Nummelin ez al. 1984). Langskir
is the outermost woody island in the Tvérminne archipelago,
in the Northern Baltic Sea. Langis rivulet is situated in T#ck-
tom ca. 7 km SW from the factory. The collection site in
Técktom is adjacent to a road connecting Tvarminne vil-
lage and Hanko town, having less than 10 cars/hour pass-
ing the site. Both Langskir and Ticktom are against the
prevailing winds from the iron and steel factory.

The first samples were collected in June 1995. At that
time of the year, the adults belong to overwintered popula-
tion. The adults collected in August 1995 represent a gen-
eration which has hatched during the ongoing summer.
Overwintered generation adults were collected between 19
and 21 June and the same summer generation samples were
collected after 7 August (except one G. thoracicus V instar
sample on 7 July).

The samples were divided according to sex, if there
was enough material. In V-instar larvae, the sex was deter-
mined by the appearance of the genital segments with the
aid of a binocular microscope. The main character referred
to was the second last segment which is divided into two in
females. Each analyzed sample consisted of 50-100 indi-
viduals.

2.3. Chemical analysis

All collected insects were first killed by deep freezing and
dried at + 60°C in plastic tubes in a drying chamber for 10
hours and then stored at room temperature in plastic tubes.
Before the chemical analysis, samples were dried overnight
at 105°C. The animal samples were weighed in toto at an
accuracy of 0.1 mg to 0.5 g or less in glass test tubes and
heated in 5 ml of concentrated HNO, (BDH, Aristar) for
2 h at 50°C, and after that for 1618 h at 110°C. Five ml of
H,0, (Merck, p.a.) was added, and the samples were heated
for an additional 6 h. The samples were filtered and diluted
with distilled water to 25 ml. Finaily, the heavy metal
concentrations (Al, Cd, Cu, Fe, Mn, Ni, Pb, Zn) of sample
solutions were analyzed with a flame atomic absorption
spectrophotometer (Varian SpectrAA 400) or graphite fur-
nace AAS (Varian SpectrAA 400 equipped with a GTA-
96). For the determination of Al, NaCl was added to the
sample solutions to make a concentration of at least 500 g/ml
of Na* and analyzed with a flame AAS (Perkin-Elmer 360).
All the results are reported as concentrations in pg/g of the
dry weight.

3. Results

Water strider samples taken from close to the fac-
tory had higher heavy metal concentrations of all
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the other metals than Cd (see the end of the sec-
tion for statistical differences). The average dry
weight concentrations (LLg/g) found near the fac-
tory were: Al 76; Fe 844; Mn 49; Zn 313; Cu 44;
Cd 1.6; and in control areas: Al 65; Fe 333; Mn
37;7Zn 282; Cu 42; Cd 6.5. In most cases, Ni and
Pb concentrations were below the determination
limit in both sites (Table 1).

Canonical correspondence analysis on corre-
lation matrix (Ter Braak 1988) was made based

on heavy metal contents analyzed from water
strider samples. The ordination diagram shows
that water strider samples collected from near the
iron and steel factory form their own group hav-
ing very little overlap along the two canonical axes
with the samples collected in control sites (two
axes explain over 93% of total variance). G. odon-
togaster samples collected from near the factory
mix with samples of other species collected from
the control areas. On the other hand, in the ca-

Table 1. Heavy metal contents (ug/g) of Gerris lateralis, G. odontogaster, G. thoracicus and G. argentatus
close to the Koverhar iron and steel factory and in the unpolluted control areas (* below the determination limit)
(f: females, m: males, ad.: adults, V: V instars, if sex is not indicated, sexes are combined in the sample) (Syn:
Syndalsudden spring, 1 km S from the factory; Tva: Tvarminne trasket 2 km SE from the factory; Lap: Lappvik
bay, 1 km NW from the factory; Tac: Tacktom rivulet, 7 km SW from the factory; Lan: Langskar island pools,

7 km S from the factory) (Jn: late June, JI: early July, Au: early August).

Al Fe Mn Zn Cu Ni Cd Pb
Close to the iron and steel factory
G.lat. ad. Syn Jn 30 1160 80 400 50 b 1.5 ‘
G.lat. fad. Syn Au 105 1500 65 365 55 * 2.1 -
G.lat. m.ad. Syn Au 60 1550 85 430 60 * 2.0 *
G.at. f.V. Syn Au 95 1 500 55 315 50 - 1.6 0.6
G.lat. m.V. Syn Au 50 1700 50 290 50 . 1.7 0.5
G.at. fad. Lap Au 70 620 45 320 45 * 1.9 0.6
G.at. m.ad. Lap Au 110 690 45 345 40 E 2.0 0.6
G.odo. ad. Tva Au 55 380 70 420 45 * 24 *
G.odo. ad. Lap Au 120 310 35 300 40 0.7 1.7 "
G.tho. ad. Lap Jn 80 520 35 280 40 0.6 0.96 0.5
G.tho. fad. Lap Au 55 380 30 220 30 * 0.86 *
G.tho. m.ad. Lap Au 40 440 30 235 35 * 0.91 -
G.tho. f.V. Lap Au 100 540 30 225 35 * 1.1 -
G.tho. m\V. Lap Au 90 530 30 235 35 * 1.4 05
Mean 76 844 49 313 44 - 1.6 -
Control areas

G.at. ad. Tac Jn 40 620 125 470 45 " 3.8 N
G.lat. fad. Tac Au 40 560 65 380 55 2 5.2 A
G.lat. m.ad. Tac Au 35 610 65 375 45 * 5.9 *
G.lat. V. Tac Au 110 690 55 345 45 e 5.2 *
G.odo. fad. Lan Au 65 170 25 310 40 A 12.4 *
G.odo. m.ad. La&n Au 50 150 20 270 45 " 10.4 *
G.odo. V. Lan Au 55 200 20 265 35 = 8.5 '
G.tho. fad. Lan Jn 35 290 40 260 40 & 2.6 1.1
G.tho. m.ad. Lan Jn 45 250 25 160 40 " 1.9 1.0
G.tho. fad. Lan Au 70 250 25 230 30 " 7.6 0.5
G.tho. m.ad. La&n Au 65 220 25 220 35 ¥ 7.4 *
G.tho. f.V. Lan J 75 360 20 235 45 i 33 0.5
G.tho. m.V. Lan J 70 350 20 225 45 2 31 *
G.arg. fad. Lan Au 95 200 20 270 45 * 10.5 i
G.arg. m.ad. Lan Au 90 190 20 255 45 E 9.1 *
G.arg. V Lan Au 95 220 15 245 40 12 7.4 0.5
Mean 65 333 37 282 42 - 6.5 -
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Fig. 1. Ordination diagram based on canonical correspondence analysis (correlation matrix) of the heavy metal
concentrations in water strider samples from sites close to the Koverhar iron and steel factory and from a
control site. Letters by each point indicate i) species: A = G. argentatus, L = G. lateralis, O = G. odontogaster,
T = G. thoracicus; i) developmental stage: A = adult, V = V-instar larva; iii) sex: F = female, M = male, ? =
undetermined; iv) sampling time: E = early summer, L = late summer. Samples close to the iron and steel

factory are indicated with a black square.

nonical correspondence analysis ordination,
G. odontogaster values from near the factory dif-
fer greatly from the ones collected in the control
areas (Fig. 1).

In the analysis of the effect of the sampling
site (less/over 2 km from the factory) on iron and
cadmium, concentrations differed significantly
(P =0.001, Sign test, species, sex, developmental
stage and water strider generation constant). [ron
concentrations were higher and cadmium concen-
trations lower in samples taken from close to the
factory than those from the control sites.

Heavy metal concentrations did not differ sig-
nificantly between the sexes in any species in pair-
wise comparisons (Sign test, distance from the
factory, species, developmental stage and water
strider generation constant).

The iron content of the developmental stages
(adults vs. V-instar larvae) differed significantly.
Adults had significantly less iron than larvae (P =

0.008, Sign test) in pairwise comparisons. There
were no differences in other heavy metals between
developmental stages (Sign test, distance to fac-
tory, species, sex and water strider generation were
kept constant).

The efficiency of different species as accumu-
lators of heavy metals was tested from samples
taken in August from Langskar island. Since there
was a significant difference between adults and
V-instars in iron content (see above), iron was
omitted from species comparison. G. thoracicus
accumulated significantly less zinc than G. argen-
tatus and G. odontogaster (t=4.06,P=0.01,df =5
for G. argentatus; t =—4.33, P=0.008, df =5 for
G. odontogaster, two-sample t-test). G. odonto-
gaster accumulated significantly less aluminium
than G. argentatus (t =7.78, P = 0.002, df = 4)
and G. thoracicus (t = 3.02, P = 0.029, df = 5).
Also G. argentatus was more efficient in accu-
mulating aluminium than G. thoracicus (t= 8.37,
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Fig. 2. Ordination diagram based on canonical correspondence analysis (correlation matrix) of the analyzed

heavy metal concentrations in water strider samples.

P=0.0004, df =5). G. odontogaster accumulated
significantly more cadmium than G. thoracicus
(t=—2.91, P=0.033, df = 5). All other species-
wise comparisons in other heavy metal contents
were statistically non-significant (two-sample t-
test).

4. Discussion

Water striders seem to be efficient in accumulat-
ing cadmium, Cd 6.5 pg/g of dry weight found in
in this study, compared with cadmium concentra-
tions considered as high in Formicidae-ants (4-
7 ng/g) (Yld-Mononen et al. 1989) and from spi-
ders (2-8 11g/g) (Nuorteva et al. 1992). This study
confirms the observations by Cheng et al. (1984)
and Schulz-Baldes (1989) about the suitability of
the water strider especially for cadmium indica-
tors. The cadmium concentrations observed in this
study are not as high as observed in sea-skaters in
tropical oceans (over 100 j1g/g) (Cheng et al. 1976,
Bull et al. 1977), but much higher than in Tricho-
ptera larvae in acidificated lakes in Finland (0.5—
2 ng/g) (Verta et al. 1990). High Cd concentra-
tions in sampled water striders may be partially
explained by slightly higher Cd concentrations in
stream sediments and stream water in the Hanko
area than on average in Finland (Lahermo et al.

1995). Also, in the bed rock in the Hanko area,
there are small zinc concentrations including cad-
mium (Raimo Lahtinen, Geological Survey of Fin-
land, pers. comm.). This may also be the case for
the bed rock and thus rock pools of Langskir.

This study did not detect any decline in the
content of copper and lead with increasing dis-
tance from the factory. This type of decline has
been detected in mosses in the same area (Rinne
& Mikinen 1988).

In the canonical correspondence analysis, iron,
cadmium and nickel seemed to separate each from
the cluster of the rest of the heavy metals (Fig. 2).
The difference in iron is easy to understand due
to the proximity of the factory. Nickel contents
were in most cases below the determination level
explaining its separation. However, high values
of cadmium in “undisturbed” sites require closer
studies in the future.

There seems to be a tendency for females to
have higher heavy metal contents than males, but
the difference is not significant in this study. We
hypothesize that the difference could be explained
by higher food uptake of larger sized females than
males. Additionally, females need more energy
and thus food for egg production than males for
sperm production. However, possible differences
between sexes as heavy metal accumulators need
further studies.
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V-instar larvae seem to have significantly
higher iron contents than adults. The difference
between developmental stages were not observed
in the contents of the other heavy metals. Syndals-
udd spring had a thick rusty sediment on its shal-
low bottom, and individuals caught in the net were
often submerged to the sediment, thus causing
external contamination.

G. lateralis populations sampled were almost
totally wingless, thus adults originated from the
sampling site. Adults in other studied species were
winged and thus they may have arrived at the sam-
pling sites from a distance. We believe that G.
thoracicus adults taken from Lappvik bay in June
are most prone to the latter in our samples.

According to the results, it seems that Finnish
water striders are suitable as bioindicators for
heavy metal studies.
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