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Abstract—The study aims to evaluate the impact of insecticides associated with rainfall-induced surface runoff from arable land
on macroinvertebrate populations. These effects of insecticides were distinguished from the hydraulic stress also associated with
surface runoff. Transient increase in discharge and insecticide contamination (maximum 6 mg/L parathion–ethyl in stream water,
302 mg/L fenvalerate in suspended particulates) was observed in a headwater stream subsequent to surface runoff from arable land.
In the aquatic macroinvertebrate community, eight of the eleven abundant species disappeared, and the remaining three were reduced
significantly in abundance following the insecticide-contaminated runoff. Recovery within 6 months was observed for four species
and recovery within 11 months for nine species. Two species remained at a low population density for over a year. The effects of
insecticides were distinguished from other parameters, such as hydraulic stress associated with surface runoff, as well. The causal
connection between insecticide contamination and biological response was established by eliminating increased hydraulic stress
during surface runoff using in-parallel bypass microcosms containing the dominant species Gammarus pulex and Limnephilus
lunatus. The mortality of these species was similar to that of the same species in the stream. Additional microcosms, disconnected
from the stream during runoff events, served as a control. Thus, the toxic potential of the runoff water is considered to be responsible
for the observed effect on the macroinvertebrates. It is concluded that agricultural insecticide input may alter the dynamics of
macroinvertebrate communities in streams.
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INTRODUCTION

It is known that streams are contaminated by insecticides
because of surface-water runoff from arable land [1]. Whether
this contamination has a considerable effect on the aquatic
community is a subject of discussion. Some authors infer such
an ecological significance [2–6]. However, a firm causal con-
nection between the contamination due to runoff and a related
change of the aquatic community has not yet been established.
A biological response to surface-water runoff contaminated
with insecticides has so far been demonstrated only by the use
of in situ bioassays [7,8]. In these investigations, the link be-
tween contamination and biotic response is limited to the test
organisms in the bioassay. No link was previously established
between contamination and response of the community in the
stream.

This information gap apparently results from difficulties in
quantifying the contamination and in distinguishing the effects
of insecticide from those of other environmental parameters.
The quantification is problematic and costly, because streams
with an agricultural catchment area are subject to unpredict-
able, brief pesticide inputs following precipitation [1,9,10].
Isolating of the effects of insecticides is problematic, because
the runoff-induced insecticide input is always correlated with
an increase in hydraulic stress due to an increase of discharge
[11]. Such short-term changes in discharge are likely to alter
the community. Negative effects on macroinvertebrates can
occur because of the increase of current velocity [12] and
because of destabilization of substrate [13,14]. Additional pa-
rameters, such as the introduction of suspended particulates
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as a result of surface runoff, might be of ecological relevance
as well [15].

The aim of this study was to identify the effects of runoff-
related insecticide contamination on the aquatic community in
a headwater stream. Responses related to insecticides are dis-
tinguished from those related to other runoff-related parame-
ters by different approaches: (1) An extensive quantification
of relevant parameters over a long period of time together with
a frequent monitoring of the macroinvertebrate community and
(2) An experimental isolation of insecticide stress from other
stressors (e.g., increased discharge during runoff events) with
the use of bypass microcosms.

METHODS

Study area

The studies were carried out in the Ohebach (528109N,
108289E), a small headwater stream (base flow: 10 L/s; peak
discharge up to 150 L/s) in northern Germany. The velocity
of flow comes to 0.1 and 0.2 m/s at normal discharge. The
stream bed (mean 6 SE of n 5 3; measurements taken in June
1994) consists of 8.3 6 0.2% sand, 84.1 6 3.0% silt, and 7.6
6 0.4% clay (TOC: 3.2 6 0.1%). The dominant land use is
agricultural, with no other sources of pollution (e.g., waste-
water treatment plant, urban areas, industry). Sugar beets, win-
ter barley, and winter wheat are the most common crops. The
insecticides used during the period of investigation were para-
thion–ethyl, fenvalerate, and deltamethrin. The catchment area
(150 m above sea level) comprises 0.9 km2 of slightly sloping
(2–4% gradient) fields of loess loam and clayey marl. The
investigated site is located about 400 to 1,200 m downstream
from the spring.
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Table 1. Mean, minimum, and maximum of the chemical and physical
water parameters in the Ohebach during the study period (February

1994–April 1995)

Parameter Minimum Maximum

pH 8.24 8.70
Oxygen (mg/L) 9.0 10.5
Temperature (8C) 1 19.5
Ammonium (mg/L) 0.05 1.0
Nitrite (mg/L) 0.04 0.15
Nitrate (mg/L) 10 50
Orthophosphate (mg/L) 0.046 0.18
CaCO3 (mg/L) 338 445
Chloride (mg/L) 20 70

Fig. 1. Microcosms, operated in the bypass to the stream. Changes
in hydraulic stress during runoff events are eliminated in both mi-
crocosms. The microcosm with runoff was continuously connected to
the headwater stream and could receive the insecticide-contaminated
runoff. The microcosm no runoff was cut off from the stream during
precipitation and served as a control.

General water-quality parameters

Water-quality parameters were measured at monthly inter-
vals and also during runoff with a runoff-triggered sampler
(for method of obtaining samples, see Sampling and Analysis
of Insecticides), with electronic meters and photometric test
kits from Merck Darmstadt, Germany (Table 1).

Discharge, turbidity, and precipitation

Precipitation (at 15-min intervals, 500 m distance to in-
vestigated site) and discharge (at 3-min intervals) data were
provided by the Institute for Geography and Geoecology at
the Technical University of Braunschweig, Germany. Hydrau-
lic stress was analyzed in terms of discharge and change in
discharge per minute, which characterizes the drift-inducing
component of stream flow better than the maximal discharge
does [16]. Turbidity was measured continuously with an elec-
tronic meter.

Sampling and analysis of insecticides

A runoff-triggered sampler provided a measurement of the
maximum insecticide contamination of suspension-free water
and of suspended particulates in the water by sampling the
brief peak contamination levels during runoff events [10]. The
duration of the main contamination peak was assumed to be
approximately 1 h (detailed description of the dynamics can
be found in Liess et al. [10]). In most samples, the content of
suspended particulates (centrifugation at 3,000 g for 5 min.)
was not enough for analysis, and only the suspension-free
water was analyzed. The suspended particulates were more
efficiently monitored with an SPS—a sedimentation vessel that
was positioned in the stream and that was emptied every 2
weeks [17]. The analyses were performed at the Institute for
Ecological Chemistry and Waste Analysis at the University of
Braunschweig in Germany. Chemical data were determined
once because there was a limited number of samples. The water
samples were processed by solid-phase extraction with C18
columns (Bakerbond, Baker, Hannover, Germany); the insec-
ticidal substances in the suspended particulates were extracted
with acetone and were subsequently purified by column chro-
matography using aluminum oxide. The measurements were
made with a GC/ECD (gas chromatograph NP 5990, Series
II; Hewlett-Packard, Avondale, PA, USA) and were confirmed
with GC/MS (negative chemical ionization, a Varian 3400 gas
chromatograph [varian, Walnut Creek, CA, USA] with an HP
7673 autosampler, which was directly capillary coupled to the
quadruple mass spectrometer SSQ 700 [Finnigan, Bremen,
Germany]), with the following quantification limits: lindane
and parathion–ethyl, 0.01 mg/L for water and 1 mg/kg (dry

weight [dw]) for suspended particulates; fenvalerate and del-
tamethrin, 0.05 mg/L for water and 5 mg/kg (dw) for suspended
particulates. These techniques are described in Liess et al. [10].

Macroinvertebrate abundance and emergence

The invertebrates were collected on nine occasions in the
time period from March 1994 to April 1995 using a Surber
sampler (area: 0.062 m2; 1-mm mesh). On each occasion, eight
independent samples were randomly taken over a stream length
of 700 m (four samples upper reach, 400–500 m downstream
from the spring; four samples lower reach, 1,100–1,200 m
downstream). The sampling variation was relatively low com-
pared with natural streams, as the stream is uniform in the
longitudinal direction, with only submerged macrophytes as
structural elements. About 50% of the stream bed is covered
by vegetation in June, with the dominant species being Ve-
ronica beccabunga L., Berula erecta Coville, Sparganium
erectum L., Mentha aquatica L., and Glyceria fluitans L. The
macroinvertebrates were sorted out in white plastic tubs, pre-
served in 70% EtOH, and identified to the species level. The
emergence was measured with eight emergence tents (four
tents upper reach, four tents lower reach; basal surface: 1 m2,
1-mm mesh, checked weekly). Only the macroinvertebrate spe-
cies present in at least two of the eight Surber samples on at
least two of the nine occasions were included in the subsequent
analysis. All other species (e.g., chironomids, leeches, and
beetles) were excluded from the analyses because of their scar-
city. The statistical analysis of the reductions of macroinver-
tebrate population densities was made by means of a two-way
(time, location) analysis of variance (ANOVA). Scheffé’s F
test was used to detect significant differences among means.

Microcosms in bypass to the stream

The toxic potential of surface runoff was assessed in two
artificial channels supplied with water from the headwater
stream described above. One of these channels was continu-
ously provided with water from the headwater stream by means
of electrical pumps (Fig. 1, with runoff). The other channel
was cut off from the stream water supply during precipitation,
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Table 2. Insecticide contamination in the water (1-h peak concentration) and the suspended particulates
(14-d composite sample), discharge, and turbidity during runoff events in the Ohebacha

Date
(1994)

No.
of event

Parathion–ethylb

Water
(mg/L)

Suspended particulate
(mg/kg, dry wt)

Discharge
increase
(%/min)

Turbidity
(FTU)

March 1 1 — 2.2 (7.3.) 2.29 294
March 17 2 — ND (29.3.) 2.20 331
April 13 3 — 1.0 (17.4.) 3.47 522
April 25 4 0.04 ND (28.4.) 4.30 643
Mai 19 5 6.0 50.8 (26.5) 3.05 273
Mai 25 6 0.9 50.8 (26.5) 2.05 127
June 8 7 0.2 19.4 (9.6.) 3.45 508
c 8.2 (16.6.)
August 13 8 ND 2.2 (18.8.) 6.44 581
August 18 9 ND 2.2 (18.8.) 6.66 612
August 24 10 ND 20.0 (1.9.) 4.17 582
October 3 11 ND 6.0 (15.9.) 0.65 494

a — 5 not analyzed; ND 5 not detected; dry wt 5 dry weight; FTU 5 formazine turbidity unit.
b Suspended particulates consist of a composite sample collected over 2 weeks. The date in brackets

indicates the last day of the 2-week interval. During event 7, the insecticide fenvalerate was detected
in suspended particulates with a concentration of 71 mg/kg, suspended particulates were obtained with
the runoff-triggered sampler. The 1-h peak concentrations were 62 m/kg for parathion–ethyl and 302
mg/kg for fenvalerate.

c The values in this line do not correspond directly to a surface-water runoff. As no input of insecticides
occurs in that sampling interval, the decrease in the contamination of suspended particulates could be
monitored.

and its internal circulation was maintained without allowing
runoff water to enter (Fig. 1, no runoff). One hour after the
rainfall had stopped, the communication between this channel
and the stream was restored. Three plastic cages were hung
in each channel, with water flowing through them at 0.15 m/s.
The front and back walls of the cages were made of gauze
and were covered with net curtain material (1.5-mm mesh) in
order to retain emerged Trichoptera. Each cage had a floor area
of 0.12 m2 and contained 75 larvae of Limnephilus lunatus
Curtis (Trichoptera) and 25 individuals of Gammarus pulex
L. (Amphipoda), along with 100 g brook sediment and nine
20-cm-long B. erecta plants to serve as case-building material
and food. The densities of the macroinvertebrates and plants
in the microcosms corresponded to the natural densities. About
every 10 d, larvae and emerged individuals were counted. In
order to test the change of water quality when disconnected
from the stream, the supply of stream water to the artificial
channel ‘‘no runoff’’ was switched off for 72 h prior to the
experiment. The internal reservoir was large enough (200 L)
that the water quality did not change, and no damage to the
two macroinvertebrate species was observed. During runoff,
the pump was switched off for a maximum of 28 h. The sta-
tistical analysis of the population density reduction of the ma-
croinvertebrates in the artificial channels with runoff and with
no runoff was performed by means of a chi-square, Fisher’s
exact test; the data from the three cages in each artificial chan-
nel were combined.

RESULTS

Stress factors related to the runoff events

Transient high-peak insecticide loads were monitored with
the runoff-triggered sampler. The contamination of the stream
and the discharge and turbidity during runoff events are sum-
marized in Table 2. The values for discharge and turbidity
were used as indicators for hydraulic stress.

The insecticides parathion–ethyl and fenvalerate were ap-
plied in the catchment of the Ohebach in 1994. The first ap-

plication of parathion–ethyl took place on May 18, 1994, the
subsequent runoff event on May 19, 1994. Prior to this event,
the parathion–ethyl concentration did not exceed 0.04 mg/L in
the water or 2.2 mg/kg in the suspended particulates. Fenval-
erate was first applied on June 6, 1994, and the next runoff
event occurred on June 8, 1994. Prior to this event, the fen-
valerate concentration in the water and in the suspended par-
ticulates was below the detection limit.

The insecticide lindane (not applied) was detected in the
suspended particulates of the stream with a mean concentration
of 1.5 mg/kg dw. During runoff events, no increase in the level
of contamination could be observed. The insecticide delta-
methrin was not detected.

Of all runoff events, only event numbers 5, 6, and 7 showed
an increased insecticide contamination in the water and the
suspended particulates that was considerably more than one
order of magnitude above the background concentration (Table
2). These events were graded as high contamination. All other
events were graded as low contamination. Events 1, 2, and 3
were graded as low, since they occurred prior to the period of
insecticide application and since the suspended particulates
did not show elevated concentrations during that time.

Effects of runoff on the macroinvertebrate community in
the stream

Figure 2 shows the number of species in the headwater
stream, the discharge, and the runoff events over the course
of time. Shortly after the runoff events graded as high con-
tamination, the number of species decreased significantly (AN-
OVA, Scheffé’s F test, p , 0.0001). In contrast, no correlation
was found between the hydraulic stress (discharge, change of
discharge) or the turbidity and the reduction of species number.
The runoff events graded as low contamination were associated
with similar or, in some cases, even higher values of the hy-
draulic stress components, when compared with high-contam-
ination runoff events (see Fig. 2 and Table 2).

The abundance dynamics of the different species and the
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Fig. 2. Number of species and discharge over the course of time.
Arrows indicate runoff events: black, with high insecticide contam-
ination; shaded, with low insecticide contamination. Exact values of
insecticide contamination, discharge, and turbidity during runoff
events are shown in Table 2.

occurrence of the runoff events with high insecticide contam-
ination (arrows) are shown in Figure 3. The population density
of all species decreased significantly shortly after the occur-
rence of the three highly contaminated runoff events. None of
the merolimnic species emerged in the investigated period.
Eight of the eleven abundant species disappeared, and the
remaining three species were reduced significantly in abun-
dance following the insecticide-contaminated runoff. Recov-
ery within 6 months was observed for four species (Fig. 3A)
and within 11 months for nine species (Fig. 3A and B). Two
species remained at a low population density for about a year
(Fig. 3C). No correlation between the abundance of species
and the intensity of the hydraulic stress was found for any of
the species.

Effects of runoff on two species in bypass microcosms

Both investigated species (L. lunatus and G. pulex) showed
a higher decrease of survival in microcosms with runoff than
in the no-runoff microcosms. This applies to L. lunatus par-
ticularly during the period of highly contaminated runoff
events 5 and 6 and also to a lesser extent during the low-
contamination runoff events 3 and 4. As a result, the population
density in microcosms with runoff was significantly lower than
in those with no runoff from the end of April to the end of
the test period (chi-square, p , 0.0001, Fig. 4A). None of the
larvae emerged throughout the whole test period.

With the species G. pulex, a reduction of survival in the
treatment with runoff compared with the treatment no runoff
also occurred during the period of highly contaminated runoff
events 5 and 6 (Fig. 4B). Thus, the population density in
microcosms with runoff was also significantly lower than in
those with no runoff in the samples taken at the beginning of
June (chi-square, p , 0.022). In contrast to L. lunatus, this
difference between the two sets of microcosms did not remain
significant during the remainder of the test period. Further-
more, runoff events 3 and 4 with low contamination did not
reduce the survival of this species in the microcosms with
runoff.

The effects of the runoff events on the microcosms with
runoff are comparable to those in the stream. The strongest

effects—the near elimination of L. lunatus in the microcosm—
were observed subsequent to runoff events 5 and 6 in the
microcosms and events 5, 6, and 7 in the stream. To a lesser
extent, a similiar situation could be observed with G. pulex.
In the microcosms with runoff and in the stream, the density
of this species was reduced to one-half during runoff events
5, 6, and 7.

Since the survival in the microcosms was monitored more
frequently, it is possible to differentiate the effects of these
three particular events. After runoff events 5 and 6, which
were contaminated with parathion–ethyl, nearly all individuals
of L. lunatus in the microcosms with runoff had already died,
whereas the numbers of G. pulex were significantly reduced.
There was no appreciable further decrease in survival of G.
pulex during runoff event 7, which was contaminated with
fenvalerate (Table 2).

DISCUSSION

Analysis of parameters responsible for the observed effects

All species of macroinvertebrates found in the headwater
stream showed a significant population reduction during the
highly contaminated runoff events with an insecticide con-
centration well above the background level (multiyear moni-
toring, Liess et al. [10]). In contrast, no negative effect on the
macroinvertebrates was detected in the stream during the
events with low contamination. The results strongly suggest
that the insecticide contamination of runoff events 5, 6, and
7 was responsible for the observed population reduction. All
the other parameters monitored appeared to be of minor im-
portance.

Hydraulic stress apparently plays a minor role for the pop-
ulation reduction during the highly contaminated runoff
events, given that during runoff events with a low insecticide
concentration, the discharge, the change of discharge, and the
load of suspended particulates were similar or even higher
(Table 2 and Fig. 2). In addition, the results from the micro-
cosms support the idea that hydraulic stress is of minor im-
portance for the investigated macroinvertebrates. The abun-
dance of both species was also significantly reduced in the
microcosms with insecticide contamination (with runoff) but
without hydraulic stress during the highly contaminated runoff
events 5, 6, and 7. The decrease in abundance of both species
is similar in the microcosms (with runoff) and in the headwater
stream. Limnephilus lunatus nearly disappeared in the micro-
cosm experiment and in the headwater stream because of the
highly contaminated runoff, whereas the abundance of G. pu-
lex was reduced to about one-half in the microcosms and in
the headwater stream (Figs. 3 and 4). The microcosms with
no runoff served as a control; here, neither of the two inves-
tigated species showed an increase in mortality during the
highly contaminated runoff events.

Nevertheless, there is an indication that suspended partic-
ulates can affect L. lunatus but not G. pulex. During runoff
events 3 and 4, a significant reduction in the larvae of this
species was observed in the microcosms with runoff (Fig. 4A).
Both events were correlated with a high turbidity (Table 2).
No such population decline was observed in the stream. This
difference might be due to longer intervals of sampling in the
stream. It is likely that the effects of events 3 and 4 were
obscured by other processes, such as migration.

Ammonium, nitrite, and nitrate are not likely to play sub-
stantial roles in governing the population dynamics of the
investigated species in the Ohebach. First, the observed con-
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Fig. 3. Abundance of various macroinvertebrate species over the course of the season. The arrows indicate the period of the runoff events with
high insecticide contamination (5, 6, and 7; see Table 2). The significance levels refer to the reduction of abundance before and after the insecticide
input and to the differences between the spring abundances in the 2 years (analysis of variance, Scheffé’s F test, p , 0.05 (*), p , 0.01 (**),
p , 0.001 (***). Species grouped according to observed recovery: (A) 6 months. (B) 11 months. (C) no recovery within 11 months.

centrations (Table 1) are far below concentrations that are
found to be toxic for closely related species [18–20]. Second,
hydrophilic ions (like , , and originating from1 2 2NH NO NO4 2 3

arable land are at a minimum concentration in the stream dur-
ing the surface runoff; the maximum concentration is reached
several hours to a few days later, because they are mainly
introduced after passage through the soil [21]. This has also
been previously shown for the investigated site, the Ohebach
[22]. As the microcosms without runoff were reconnected to
the stream water supply a few hours after the actual runoff,
they received the elevated concentrations of , , and1 2NH NO4 2

after runoff events. These concentrations apparently do2NO3

not affect the investigated species, in view of the finding that

no runoff-related decrease of individuals occurred in the mi-
crocosms without runoff (Fig. 4).

Deposition of insecticides due to spray drift was not mon-
itored within this study, but the pattern of the biological re-
sponse in the microcosms without runoff gives no evidence
that major importance is attributable to this pathway of con-
tamination. These microcosms, disconnected from the water
supply only during rainfall, continued to receive stream water
during spraying of insecticides. No increased mortality of ei-
ther test species was observed in the microcosm without runoff
during the application of insecticides (May 18 and June 6,
1994).

Considering these aspects, we conclude that the insecticide
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Fig. 4. Mean survival rate (61 SE) of Limnephilus lunatus (A) and
Gammarus pulex (B) in microcosms with and without surface runoff.
Arrows indicate runoff events: black, with high insecticide contam-
ination; grey, with low insecticide contamination. Insecticide contam-
ination during runoff events is shown in Table 2.

contamination of the runoff is most likely responsible for the
observed population decrease in the stream and in the micro-
cosms.

Concentration–response relationship of insecticides in the
field

The results of this investigation strongly suggest that the
parathion–ethyl contamination is responsible for the observed
biological effects. The distinct toxicological importance of
parathion-ethyl–contaminated runoff events (5, 6) compared
with the fenvalerate-contaminated runoff event (7) was estab-
lished because of the high time resolution of abundance mea-
surement in the microcosms. The main abundance reduction
of both species occurred during runoff events 5 and 6. As
fenvalerate was measured only in association with suspended
particulates, a reduced bioavailability could be assumed in the
investigated case. However, this result does not necessarily
imply a higher toxicity of parathion–ethyl under field condi-
tions, since the first contamination of a previously uncontam-

inated community elicits the strongest biological response
[23].

The strongest effects—the near elimination of L. lunatus
in the microcosm—were observed subsequent to runoff events
5 and 6. In the stream, too, comparable effects on L. lunatus
were observed following runoff events 5, 6, and 7. A similiar
but less severe situation was observed in the case of G. pulex.
In the microcosms with runoff and in the stream, the density
of this species was reduced to one-half during the runoff
events.

A noteworthy observation resulting from this study is that
under field and microcosm conditions, the reactions of both
species were stronger than the response predicted using lab-
oratory toxicity data. It is assumed that the parathion–ethyl
concentration of 6 mg/L measured in the water for event 5
(Table 2) lasted only for a short time: approximately 1 h [10].
For L. lunatus, nearly eliminated in the microcosm and in the
stream, this short-term peak concentration is lower by a factor
of 10 than the LC50 of 64 mg/L for a 1-h exposure followed
by a 24-h observation period [24]. The results obtained with
G. pulex confirm these findings; for G. pulex, which was re-
duced by one-half in the microcosm and in the stream, this
short-term peak concentration is a factor of approx. 500 lower
than the LC50 of 3,500 mg/L for 1 h of exposure followed by
a 24-h observation period [24]. According to the equilibrium
partitioning concept, the measured contamination of suspended
particulates should not be of significant toxicity. The maximum
of 50.8 mg/kg for the time interval between the May 19 and
20, 1994, should result in a contamination of the water of
approx. 3 ng/L [25], which would not significantly contribute
to the short-term contamination. Hence, in view of the con-
centrations measured in the field, it is not possible to fully
explain the observed mortality reaction of both species.

There are several possible explanations for the difference
between the concentration–response relationships in the field
and in the laboratory. It might be that the duration of contam-
ination was longer than assessed or that the elevated contam-
ination of suspended particles (Table 2) increased the overall
exposure of the organisms more than was calculated above. A
higher sensitivity of the investigated species under field con-
ditions as opposed to laboratory tests could be another pos-
sibility. Similar findings have already been described: 100%
mortality of caged G. pulex, following a peak concentration
of 27 mg/L carbofuran, was observed; this exceeds the 24-h
LC50 of 21 mg/L only for 3 to 5 h [8]. Also, other authors
[7] expected differences in measured and real exposure con-
centrations to be a reason for higher mortalities in in situ
bioassays than was predicted by laboratory data.

Recovery from insecticide contamination

The results of this study show that 1 year after the observed
runoff event, which was contaminated with insecticides, two
out of the eleven investigated species had not yet fully recov-
ered. Given that no emergence of the merolimnic insects was
observed in this stream, it seems likely that for many species,
recovery was due to recolonization from less affected sites. In
the present example, a small headwater stream surrounded by
meadows is located 500 m away from the study site. No con-
tamination with insecticides was detected in this stream during
several years. Hence, a recolonization from this stream could
be possible.

It is obvious, however, that some species are not necessarily
dependent on less contaminated refugial streams. Out of the
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11 investigated species, three did not fully disappear after the
runoff event (Fig. 2). So it can be expected that their recovery
is partly due to reproduction of the autochthonous population.
Considering this ability, the following species could be clas-
sified as relatively insensitive to insecticide contamination: G.
pulex, Dugesia gonocephala, and Helodes minuta.

The other eight investigated species disappeared tempo-
rarily from June on, or during July at the latest, from the
investigated stream section after the contaminated runoff
event. Out of these eight species, the seven merolimnic insects
showed no emergence in the investigated stream section, and
all occurred in other streams of the same area for long periods
in the same year [26]: Tubifex tubifex, Ptychoptera lacustris,
and Tipula maxima throughout the whole year; L. lunatus until
the end of September; Plectrocnemia conspersa until the end
of July; and Limnephilus extricatus, Stenophylax permistus,
and Micropterna sequax until the end of June. Therefore, these
eight species are classified as sensitive to insecticide contam-
ination.

Missing link between hydraulic stress and
macroinvertebrate community

Some authors have found negative effects of hydraulic
stress on macroinvertebrate communities. An increase of the
current velocity can reduce larval size [12]. Substrate dis-
placement reduces macroinvertebrate abundance [14] and re-
duces emergence of Trichoptera [13]. In view of these findings,
some negative effects of the hydrodynamic stress on the ma-
croinvertebrates investigated in this study might have been
expected. We argue that the reason they were not observed in
the stream studied here is that the community structure is
already adapted to this type of stress because of its frequent
occurrence in runoff-affected streams.

In the Ohebach, more than 11 runoff events involving sub-
sequent hydraulic stress and transport of suspended particu-
lates occurred in the year of investigation. More than 10 runoff
events per year involving increased hydraulic stress were also
measured in previous years [10]. Hence, agricultural headwater
streams are subject to an average of about one runoff event
per month. As the recovery of disturbed species by recolo-
nization takes a few months [23,27], the species found in this
headwater stream must be able to stand the approximately
monthly recurrence of increased hydraulic stress. This implies
that the macroinvertebrate community is adapted to hydraulic
stress. In such a situation, it is thus comprehensible that no
response of macroinvertebrates to the hydraulic component of
runoff events was measured.

Applicability to other headwater streams with agricultural
catchment

The authors conclude that the present results do apply to
other small headwater streams. With respect to catchment mor-
phology and the meteorological situation, the insecticide con-
tamination measured here can be considered to be average.
The amount and frequency of precipitation during the years
of the study correspond to the average of the last 9 years [10].
Other authors have observed a similar frequency of insecticide
input [9,28]. However, the results of the present study are not
transferable to streams with a bigger catchment area. As a
result of dilution effects, sedimentation, and decay of insec-
ticides along the longitudinal gradient, the contamination is
expected to be lower in streams with larger catchment areas
[28–30].

CONCLUSIONS

We demonstrated that agricultural insecticide input is al-
tering the dynamics of the macroinvertebrate community in
the investigated stream. If these findings are validated for a
variety of streams, the future ecotoxicological assessment of
insecticides should not only be based on laboratory and me-
socosm investigations but should also give more consideration
to the situation in the field.
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