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All aspects of regulatory interactions between
organisms are of significant importance for ecosystem
structure and functions. Certain aspects of regulatory
interactions were considered in the preceding works [1,
2]. Regulatory interactions in trophic chains, including
the regulation of lower links by higher links (the top–
down control), are of cardinal importance [3, 4]. The
ecosystem regulation disturbances caused by anthropo-
genic impact are dangerous in terms of conservation of
biological diversity [5–7].

The goal of this work was to formulate the concept
of the inhibitory analysis of regulatory interactions in
trophic webs, taking into consideration our own exper-
imental findings and information available from the lit-
erature. According to this concept, the inhibitory anal-
ysis of regulatory interactions in trophic networks is
considered as a tool for testing the ecosystem regula-
tory apparatus. Another goal of this work was to dem-
onstrate the ability of the concept to provide a suffi-
ciently deep insight into mechanisms of ecological sys-
tems, using aquatic systems as an example.

The efficiency of the top–down control was demon-
strated by many researchers in both natural and artifi-
cial (laboratory) systems. This control is certainly
extended to the regulation of algal population states [3,
4]. A sufficiently deep insight into the factors of the reg-
ulation of algal populations is required to solve the
problem of eutrophication and prevention of algal
blooms (including toxic algal blooms).

The purpose of our experiments was to study the
effects of certain substances on the trophic activity of
aquatic invertebrates. The invertebrates normally fed
on plankton organisms, including algae.

It was shown in our experiments that xenobiotics
induced a decrease in the trophic activity of inverte-
brates. The xenobiotics tested in this work inhibited the
regulation of organisms of lower levels of trophic
chains by organisms of higher levels of these chains
(Tables 1–3) [8–12]. Our experiments revealed that the
xenobiotic-induced inhibition of trophic-chain regula-
tion occurred in both freshwater (Table 1) and marine

(Tables 1–3) organisms. Not only individual sub-
stances, but also mixed preparations (e.g., synthetic
surfactants), were shown to exert inhibitory effects
when added to water (Table 3).

It should be emphasized that inhibitory effects were
observed at sublethal concentrations of contaminants,
i.e., neither invertebrates nor their food objects (unicel-
lular planktonic organisms) were killed at these con-
centrations. The substances tested in this work were
found to induce a partial or even complete inhibition of
the top–down control of unicellular planktonic popula-
tions by organisms belonging to higher links of the
trophic chain (invertebrates). The ecological hazard of
this inhibition of the phytoplankton control by higher
links of the trophic chain may be aggravated by phy-
toplankton growth facilitated by chemical environmen-
tal pollution. The phytoplankton-growth stimulation by
chemical pollutants was observed in our studies on Tri-
ton X-100 (TX100) effects on marine plankton cyano-
bacteria 

 

Synechococcus

 

 sp. [13] and surfactant-induced
effects on the growth of phytoplankton organisms
(unpublished data obtained in collaboration with
N.N. Kolotilova).

Analysis of a system of interacting species treated
with chemical inhibitors provides important informa-
tion about the degree of the regulatory effect of higher
trophic chains. This approach is based on the addition
of chemical inhibitors. Therefore, it is similar to the
conventional method of inhibitory analysis widely used
in biochemistry for studying individual enzymes and
multienzyme complexes. In my opinion, this approach
to ecological problems may prove to be as effective as
in biochemistry.

The experimental results of this work are summa-
rized in Table 1. These data provide new information,
which is consistent with our theoretical concept and
previous experimental findings.

It was found in systems containing Cladocera spe-
cies (

 

Daphnia magna, D. longispina, Simocephalus
vetulus

 

, and 

 

Ceriodaphnia dubia

 

) and phytoplankton
species (

 

Chlorella

 

 sp., 

 

Raphidocelis subcapitata

 

, etc.)
that the algal population control by daphnia is sensitive
to chemical agents added to the experimental system.
The following chemical agents were shown to suppress
the algal population control: heavy metals (Cd, Cu, and
potassium bichromate), fluoranthene, dimethoate, and
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dichloroaniline. These results were reported by
M. Scholten (the Head of the Project), R. Jak, B. Clem-
ent, E. Foekema, P. Hernandez, K. Kaag, H. van Dok-
kum, M. Smit, and

 

 

 

others

 

 

 

(Institute of Applied
Research, Den Helder) at the Workshop on Problems of
Eutrophication (The Netherlands, December 9–12, 1999).

It should be noted that many chemical agents sup-
press the trophic activity of daphnia even at concentra-
tions having no negative effect on the phytoplankton
algal populations. This is true for many pesticides
(endosulfan, diazinon, methylparathion, atrazin, lin-
dan, dichlobenyl, etc.). These data were also reported at

 

Table 1. 

 

New data on the inhibitory effects of various chemical compounds on the top–down control of plankton organisms

Species of a higher trophic 
level exerting a regulatory

effect
Species of a lower trophic level Chemical inhibitors 

of regulatory effects
Concentration, 

mg/l

 

Brachionus angularis Chlorella sp.

 

TDTMA

 

0.5
B. plicatilis Chlorella sp.

 

TDTMA

 

0.5
Unio tumidus Scenedesmus quadricauda, Synechocystis sp. 6803 TX100 5
U. tumidus Synechocystis sp. 6803 TX100 1
U. pictorum Synechocystis sp. 6803

 

TDTMA

 

 1–2
U. pictorum Saccharomyces cerevisiae

 

TDTMA

 

1–2
åytilus galloprovincialis Dunaliella viridis

 

SDS

 

1.7
å. galloprovincialis Monochrysis lutheri

 

TDTMA

 

1
å. galloprovincialis Monochrysis lutheri

 

AHC

 

5–60
å. galloprovincialis Monochrysis lutheri

 

SS

 

6.7–50
M. edulis Isochrysis galbana

 

SDS

 

1–5
M. edulis Isochrysis galbana íï100 0.5–5

 

Note: TDTMA, tetradecyltrimethylammonium bromide; SDS, sodium dodecylsulfate; AHC, Avon Hair Care (a hair shampoo, Avon Cos-
metics); SS, synthetic surfactants (Lotos-Ekstra, Losk-Universal, and Tide-Lemon). Experiments were performed with the expert
assistance of Dr. P. Donkin, F. Staff, N.N. Kolotilova, N.V. Kartasheva, and N.E. Zurabova. In some experiments, 

 

S. cerevisiae

 

 was
used as a model planktonic unicellular organism. New experimental findings and materials of preceding publications [8–12] are
included.

 

Table 2. 

 

Tetradecyltrimethylammonium bromide (TDTMA)
reduces the ability of 

 

Mytilus galloprovincialis

 

 to control the
cell population of 

 

Monochrystis lutheri

 

 M
on

ito
ri

ng
pe

ri
od

Incubation 
time,
min

Optical density 
at 650 nm

 

B/A, %

 

Variant A 
(+TDTMA)

Variant B 
(–TDTMA)

 

1 10 – 0.088 65.19
11 0.135 –

2 14 – 0.061 47.66
15 0.128 –

3 26 – 0.039 31.20
27 0.125 –

4 41 – 0.030 25.86
42 0.116 –

5 45 – 0.027 23.68
46 0.114 –

6 50 – 0.023 21.70
51 0.106 –

 

Note: Experimental tanks contained 500 juvenile (two-month-old)
mollusks each (a total of 0.5 g raw weight including shells).
Incubation temperature, 25.8

 

°

 

C. Optical density was mea-
sured using an SF-26 spectrophotometer (LOMO, Russia) at
an optical path length of 10 mm. Water incubation medium
volume, 50 ml.

 

Table 3. 

 

Synthetic surfactants (SS) reduces the ability of

 

Mytilus galloprovincialis

 

 to control the cell population of

 

Monochrystis lutheri

 

M
on

ito
ri

ng
 p

er
io

d

Incuba-
tion time, 

min

Optical density at 650 nm

 

B/A, %

 

V
ar

ia
nt

 A
 (

+
SS

)

V
ar

ia
nt

 B
 (

–S
S)

 V
ar

ia
nt

 C
 

(o
nl

y 
al

ga
e 

w
ith

ou
t 

m
ol

lu
sk

s 
an

d 
–S

S)

 

1 9 – 0.128 – 76.65
10 0.167 – –
13 – – 0.173

2 15 – 0.095 – 55.23
17 0.172 – –
18 – – 0.166

3 47 – 0.029 – 18.13
48 0.160 – –
49 – – 0.167

 

Note: The incubation temperature was 27.8

 

°

 

C. In variant A (+SS),
the mollusks were preincubated for 20 min in the presence of
13.3 mg/l SS. The other experimental details were as in Table 2.
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the Workshop on Problems of Eutrophication (The
Netherlands, December 9–12, 1999). Similarly, it was
shown in our experiments that, although certain con-
centrations of xenobiotics are able to inhibit the trophic
activity of invertebrate consumers of unicellular
aquatic planktonic organisms (including bacterial
plankton), these concentrations of xenobiotics exert
significantly lower inhibitory effects on bacterial
growth. This was demonstrated using the effect of
TX100 on marine prostecobacteria 

 

Hyphomonas

 

MHS-3 as an example [14]. These findings indicate that
it is the regulatory function of higher links of trophic
chains that is the most vulnerable to chemical pollution.

The results of our experiments (Tables 1–3) are con-
sistent with the data obtained in the framework of the
project headed by Dr. M. Scholten. The practical signif-
icance of these findings is that they provide new insight
into the possible causes and detrimental mechanisms of
water eutrophication and algal blooms (including these
processes in estuary and coastal sea waters). The results
of these experiments show that the anthropogenic pol-
lution of water may cause disbalances in the natural
mechanisms of algal phytoplankton population control.
In addition to regulation of phytoplankton, this conclu-
sion seems to be true for unicellular plankton control in
general.

In my opinion, this factor provides a deeper insight
into the causes and mechanisms of (1) eutrophication
of freshwater, estuary, and seawater basins and (2) algal
blooms, algal bloom models, and methods of algal
bloom prevention. Full-scale regulatory interactions in
trophic webs of aquatic ecosystems are also required to
provide effective self-purification of water [8–10, 12].
Regulatory interaction disturbances caused by the
chemical contamination of water should be regarded as
a potential hazard to the sustainable use of aquatic [15]
and living [5–7] resources.
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