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ABSTRACT: Modelling the food web of a stream in Atlantic forest. Mathematical modeiling
can be employed in a varlety of ways to aid the analysis of ecological communities;
here we use it 10 examine the structure of a lotic food web and make qualitative
predictions about the effects of excluding components. we studied a community
comprising two species of freshwater shrimp, Macrobrachium sp. and Potimirim sp., a
dominant ephemeropteran, other macroinvertebrates, periphyton and detritus.
Previous experiments showed that when shrimps were excluded, periphyton and
sediments decreased and when shrimps and Ephemeroptera were excluded,
periphyton and sediments increased. we interpreted this as a trophic cascade in
which shrimps repress ephemeropterans which are the principal herbivore-
detritivores. The result is interesting in the light of (i} other Neotropical stream
research with similar fauna which did not show trophic cascade and (ii) food web
theory which predicts that a dominant omnivore should not produce a trophic
cascade. We modelled the system using modified Lotka-Volterra equations and the
program Model Maker. The model reproduced the resulis of excluding shrimps and
shrimp + ephemeropterans. it also predicted the outcome of manipulating other
components. The model was sensitive to the strength of the herbivory of
Macrobrachium on periphyton, which we interpreted as important for the stability of
the trophic cascade.
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RESUMO: Modelando a rede tréfica de um cérrego de Mata Atldntica da llha Grande, Rio de Janeiro.
A modelagem matemdtica pode ser empregada de diversas maneiras para auxiliar a
andlise de comunidades ecoldégicas. Neste trabalho, nés a usamos para examinar a
estrutura 16tica de redes tréficas e fazer previsdes qualltativas sobre o efeito da
exclusao de outros componentes. Estudamos uma comunidade composta por dois
tipos de camardes, Macrobrachium sp. e Potimirim sp., efemeropteras, ©Qutros
macroinvertebrados, perifiton e sedimentos. Experimentos anteriores mostram que
a exclusao de camardes reduzem a quantidade de algas e sedimentos € a exciusao
de camardes e efemeropteras aumenta a quantidade de algas e sedimento. Interpre-
tamos isso como uma cascata tréfica na qual os camardes reprimem a atividade
dos efemeropteras, que seriam os principais herbivoros-detritivoros. O resultado é
Interessante pois (i) pesquisas em outros rlos Neotropicais com fauna simiiar nao
tem cascatas tréficas e (i) teorias de redes tréficas prevéern que nao existem cas-
catas iréficas onde existe um onivoro doeminante. Modelamos o sistema usando
equacghes derivadas das equagdes Lotka-volterra no programa Model Maker. O mo-
delo reproduz os resultados da exclusdo de camarbes e da exclusdo de camardes
e efemeropteras. Também prevé os resultados de manipulacdes de outros compo-
nentes. O sistema foi sensivel & pressido de herbivoria de Macrobrachium no perifiton,
que interpretamos como importante para a estabilidade da comunidade.

Palavras chave: modelagem, redes iréficas, cascatas tréficas, exciusao
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Introduction

The analysis of food webs is basic to community and ecosystem ecology.
Quantitative studies of material flow between components of an ecosystem normally
implies the combining of similar taxa into functional groups, as in the classic work
of Lindeman (1942). On the other hand, qualitative descriptions of the trophic
relationships between the species of communities aim to be as specific and
comprehensive as possible. Many food webs have been described and a data base
of them continues to expand (Cohen, 1978). These descriptions have provided the
basis for the analysis of general properties of food webs (Cohen, 1878; Cohen et al.,
1993) and the reality with which theoretical analysis can be judged (Pimm, 1982).
Goldwasser & Roughgarden (1997) provide a warning about the uncritical use of this
database. claiming that incomplete food webs can give incorrect interpretations of
patterns of connectance.

The dynamics and stability of food webs can be studied also as a matrix of
influences between thé components, as opposed to a quantitative or qualitative
description of the transfer of material between the components (Pimm, 1982). This
approach has ylelded a large body of theory (May, 1973; May, 1976; Yodzis, 1988)
which examines the stability, resilience and structure of food webs. Real-world testing
this theory has been divided into “press™ and “pulse” experiments, (as weli as the
observational evidence cited above). Press experiments maintain one or more of the
components in an altered state, for example, excluding a species or maintaining a
species at a higher level using a cage. Pulse experiments cause an alteration to the
community and observe the result, usually in terms of time-course to recovery,

Rarely have real-world experiments quantified the matrix of interactions; Schmitz,
(1997) provides a notable exception. On the other hand, there is a largde literature of
experimental manipulations of communities and a corresponding body of
deneralizations. The ploneering work of Paine (1966) and many subsequent press
experiments in the rocky intertidal have revealed the importance of top predators in
mediating competitive Interactions of lower trophic levels. The phenomenon has
come to be known as the key-stone predator concept and its importance in
understanding and conserving ecosystems has been emphasised by Power et al.
(19986). Hurlbert (1097) provides a salutary criticism of the concept.

Pertinent to our research are experiments that demonstrate the strong Interaction
of certain fauna on the benthos of Neotropical rivers and streams: Flecker (1996)
studied benthic-feeding fish in a venezuelan piedmont river and characterized their
action {“environmental engineering™) in sediment removal and the effect on benthic
organisms, (see also Power, 1997). In Puerto Rico and Costa Rica, various publications
have found strong effects of atyid and palaemonid shritnp (Crowl et al., 1996; Pringle,
1996; Pringle et al., 1993; Pringle & Blake, 1994} and fish (Pringle & Hamazaki, 1998).
In all of these cases, the dominant organisms (shrimp and fish) are much larger than
their prey (macroinvertebrates, algae, detritus) and are omnivorous. They apparently
do not produce a “trophic cascade” in which their predation on intermediate herbivores
would have a positive effect on the growth of algae. Trophic cascades are commoniy
seen in aquatic systems (Vanni et al., 1997; Strong, 1902), and Pringle & Hamazaki
(19g8) attribute their absence in this case to the omnivorous relationships of the top
consumers. This is also predicted from iheoretical considerations of a food web
with a dominant omnivore.

Our work is part of a study of the food web and community dynamics of a
Neotropical stream which has similar organisms to those of the above mentioned
studles in Puerto Rico and Costa Rica: atyid and palaemonid shrimp,

macroinvertebrates, benthic algae and sediments. We use mathematical modelling to
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analyse the dynamics of the food web using the known feeding relationships and
resuits of press perturbations (exclusion experiments). The output of the model can
indicate if our understanding of the system is correct, at least in terms of the structure
of the trophic relationships and interactions. It can also predict the consequences of
exclusions other than those for which we have experimental observations. we did
not have measurements of the real parameters for growth rate, carrying capacity or
interspecific interaction coefficients. However this was not an impediment to the
modelling exercise since we were interested in the qualitative behaviour of food webs
with various structures. Therefore we experimented with different values for the
parameters and adjusted the model to simulate the behaviour observed In the field.

The food web of Mide D’Agua and experimental exclusions

Our experimental area is at a site know locally as *“Mae D’'dégua” in a third-order
stream, Rio Andorinha, close to the research facility CEADS of Universidade do Estado
de Rio de Janeiro at Vila Dois Rios, llha Grande, Rio de Janeiro, {23° 1I'S, 44° 12'W). At
this site the substrate is a continucus granite slab, with a pool area upstream, a
relatively shallow area {4 to 30 cm deep) in which we worked and an inclined rock
face and waterfall downstream {Moulton & Souza, 1998). The biotic community has a
reduced diversity of specles probably because of the low structural heterogeneity.
The principal organisms are: the palaemonid shrimp Macrobrachium olfersi (Wiegmann,
1838), the atyid shrimp Potimirim glabra (Kingsley, 1878), larval baetid
ephemeropterans  (four morphospecies), larval chironomid dipterans (four
merphospecies) and periphytic algae. Trichopterans and plecopterans are rare within
the study area, although common on the rockface.

we categorized the community using the functional feeding groups of Cummins
& Klug (1979). Macrobrachium was considered mainly as a shredder of organic matter,
but could also act as a predator, Potimirim as a scraper of algae and detritus,
Ephemeroptera as a grazer and Chironomidae as a collector. For the purposes of the
model, we did not separate the algae, but note that they comprise a mucilaginous
epilithon of cyanophytes, diatoms and chiorophytes, with associated fungi. bacteria
and detritus. Filamentous green algae (Spirogyra spp. and others) occur sporadically.

Our interpretation of the trophic relationships comes from a series of experiments.
We manipulated this community using exclusion by cages and electric fences (Table I).
When shrimps were excluded by cages, algal biomass decreased (Siviero & Moulton,

1008). We interpreted this result as indicating a trophic cascade in which shrimp were

Table I: Principal results of previous fleld experlments.
Experiment Type of exolusion Resuits Referance
Exclusion by cages Shrimps of both familles  Algae (chlorophyli) Siviero & Moulton. 1998
decreased In absence of
shrtmps
Exclusion using weak Shrimps of both families  Algae decreased inareaof  Moulton ot al., 1999
electric current excluslon
Exclusion usitng strong Shrimps of both famliles  Algae, sediments and Moulton e1 al., 1999:
elactric current and Ephemeropiera chitonomilds increased In Sivlero, 1908

area of exclusion

inhibiting an important herbivore, and it appeared that common baetid
ephemeropterans were likely 1o be exerting this function. The result was apparently
repeated using an electric fence which excluded shrimps but not ephemeropterans
(unpublished data, quoted in Moulton et al., 1908). The experimental method was
then enhanced by electric fence capable of excluding the larger ephemeropterans
and observed a dramatic increase in periphytic algae, sediments and chironomids
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{(Moulton et al., 1999; Siviero, 1999). With these results we confirm that the shrimp
fauna are “strong interactors” as in streams of Puerto Rico and Costa Rica, but that
the dynamics appear to be different, and, at least in the area studied, there appears
to be a trophic cascade.

We stress that these resulls are preliminary, and we do not extract quantitative
parameters from the data, the phenomena and trophic relationships upon which the
model is based are merely the best information that we have at this stage of our
investigations. The model hopefully indicates to us how well we understand the
system and what further observations and experiments are necessary for a fuller
understanding.

Materials and methods

The model was based on a modification of Lotka-Volterra equations developed
by Berryman et al, (1995):

71_'&5R;=a,-b,X,.~7-X’—.d‘X"“’

X, dr ciXit X

where R_is the specific rate of growth attained by population X, a, iIs the maximum
rate of growth per capita, b, is the impact of an individual on the per capita growth
rate of its own species, X, is the number of individuals of species i In the population,
¢, is the coefficient of interaction between the species in question and the species it
consumes, X, is the number of individuals in the consumed species, d, is the
coefficient of interaction between the species in question and the species that con-
sumes it, and X, is the number of individuals in the predator species.

The mode! was developed in the program Model Maker (1994), with compartments
representing each component of the food web and connections ("influences”) between
each compartment conforming to the above equation. The parameters we used to
build the model were calculated via Model Maker modelling software and common
sense. We tried several parameter combinations untili we found one abie to reproduce
the qualitative behaviour of our field experiments. Subsequently, we tested various
manipulations of the model {exclusion of species) in order to investigate its properties
and relate the outcomes to the observed experimental results. We also carried out
manipulations that were not observed in the field.

The matrix of components and Interactions included detritus, which, although
not an organism, had a rate of accumulation and consumption that could be modelled
by the same equation. The abundances of the components correspond to those of an
area of 16 m? except for the two species of shrimp which have a higher mobility and
derive {rom an area of 324 m? We assume that the populations are at equilibrium
before provoking perturbations. As can be seen, there are interactions between almost
all of the components of the model, but some are stronger than others (Table ]I). The
principal interactions of the model are: Principal predator - Macrobrachium, princi-

pal detritivore - Potimirim, principal herbivore - Ephemeroptera.

Results

We carried out a simulation of the two experiments of exclusion by electrification,
in which f{irst the two shrimp species were excluded, then shrimps plus
Ephemeroptera (Fig. 1, Table 1). The dynamics of the components followed qualitatively
the results of the experiments (Table I): the algae diminished when the shrimps were

excluded and increased when the Ephemeroptera were also excluded (Fig. 2).
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Figure 1: The food web with experimental exclusion by elecrricity. The two experimental exclusions
were not executed simultaneously and are represented by ‘“Electrification 1 and
"Electrification 2",
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Figure 2: Dynamics of the food web including effects of the two electrical exclusions. The food
wepb remained without Impacts until the 1!™ month when the two shrimp specles were
excluded (simulating low-intensity electrification. Electrification 1). At the 15" month,
Ephemeroptera were excluded in addition 10 shrimps {(slmulating Eiectrification 2). *Alg"
= algae. “Mac"= Macrobrachivm, “Ch" = Chironomidae, "Eph" = Ephemeéropitera, “Pot”™ =
Potimirim and *Det* = detritus.
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We also ran simulations of exclusions other than those for which we had expe-
rimental observations (Table lI}. All were carried out with the same interaction
coefficients as in the previous model (Table 1), excepting for the last in which the

Table II: parameters used In the modelr.

Relation Parameters
Algae effect on Pollmirim +1
Algae effect on Chironomidac +4
Algae effect on Macrobrachium +1
Algae effect on delritus +0.2
Potimirim effect on detrtus -0.002
Potirnirim effect on algae -0.00002
Poilmirim effect on Chironomidae -0.000005
Chlronomidae effect on algae -0.00008
Chironomidae effect on Potimirim +2
Chironomldae effect on Macrobrachium +3
Chironomldae effect on detritus -0.0002
Ephemeroptera effect on Macrobrachium +5
Ephemeroptera effect on detritus -0.00025
Algae effect on Ephemeroptera +3
Ephemeropiera effect on algae -0.001
Macrobrachium effect on algac -0,0000002
Macrobrachium effect on Chironomidae -0.000!
Macrobrachium effect on Ephemeropiera -0.15
Macrobrachium effect on detritus -0.00002
Detrltus effect on algae 0.5
Detritus effect on Potimirim +4
Detritus effect on Chironomidae +]
Detritus effect on Ephemeroptera +2.5
Detritus effect on Macrobrachium +3
Algae growth rate 1
Potlmirim growth rate 0.3
Ephemeroptera growth rate 0.35
Chironomidae growth rate 0.2
Macrobrachium growth rate 0.15
Detritus growth rate ]
Algae Carmrrying Capacity |000
Polimirim Carrying Capaclty 1000
Ephemeroptera Carrying Capacity 2000
Chironomidae Carrying Capacity 5000
Macrobrachium Carrying Capacity 1000
Detritus Carrying Capacity 50000
Increased Macrobrachium effect on algae 22
Increased Algae effect on Macrobrachium +0.0004

Table HI: princlpal results of the model. Population Increase f. Population decrease . No change in

population numbers O.

Treatment Effect
”E. llheil IIP“I! ilgh” Ilchl!l IID.‘"

Exctusion of Ephemeroptera and Poinvim t t _ _ [
Exclusion of Macrobrachium shrimps 1 —_ [ o} [} 4
Exclusion of Ephemeropiera and L o o - _— f
Chironomlidec

Excluslon of Ephemeroptera T ] 1 I 1t 13
Exclusion of Chirenomidac I ) ) 4 - L
Exclusion of Ephemeroptera and t - Lf _— T 3
Macrobrachium

Excluslon of Podmirim J 3 _ o [} t
Increased offect of Macrobrachiurn on T ] [] Extinction 1 o

_algac
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effect of Macrobrachium on algae was Intensified, Some of these exclusions would
be difficuit, if not impossible, to carry out in practice. Some of the results are quite
counter-intuitive, as is often the case in trophic web models {Pimm, 1982). For instance,
when Macrobrachium was excluded, Chironomidae, decreased and Ephemeroptera
did not change, apparently due to feedback loops In other parts of the model.

Discussion

The results of the simulations of exclusion by electricity showed that the absence
of both species of shrimp reduces the amount of algae and Chironomidae, and when
Ephemeroptera were also excluded the algae, Chironomidae and organic matter
increased (Fig. 2). These outputs mimic the results of the actual experiments and
sugdest that our understanding of the system is correct. we cannot, of course,
distinguish a Type !l error of obtaining the correct result but through erroneous logic,
but we are heartened by the fact that the model responds correctly to more than one
manipulation.

The biological result is the opposite to that seen by Pringle & Hamazaki (1998)
and appears also to conflict with food web theory (Pimm, 1982) in that an omnivore
should not cause a trophic cascade If it acts on the same primary food source as its
prey. It seems, however, that in our case where the omnivores are feeding on
herbivores and substantially on detritus (organic matter), their absence can provoke
a trophic cascade in which the release of the prey herbivore reduces the primary
level (algae). In this situation, the omnivore Is not seriously competing for the same
food source {algae) as its prey, and thus coexistence is maintained. Support for this
hypothesis comes from the manipulation in which we increased the pressure of herbivory
by Macrobrachium and observed the extinction of Ephemeroptera {Table I1, last line}.

The equation developed by Berryman et al. (1995) appeared 10 function well for
the simulation of interspecific interactions that we wanted to model. The separation
of the organisms into functional groups made the modelling more simple than trying
to Incorporate all of the different species {even taking into account the naturally
depauperate status of the study area). For the purposes of the modelling exercise,
the imprecision thus generated did not apparently diminish the result, bearing in
mind that we wished to obtain a general picture of the community dynamics. We can
easlly imagine improvements to the details and realism of the model: the algal
component, for example, could profitably be separated into functional types of erect
and prostrate, and general taxonomy (blue-green, diatom and green), which could be
modelled as having different rates of herbivory of the different herbivores.

The model made predictions about the effects of excluding components other
than those for which we had experimental results (Table 1llI}. This could be very
useful for designing new experiments and eventually for making predictions about
real-world events, such as anthropogenic impacits and natural perturbations. Despite
ihe fact that the model was not based on measured parameters, it was able to describe
the behaviour of the natural system and could possibly provide a starting point for
rationa! diagnosis and pianning. The fidelity that the model has for natural proces-
ses will, of course, depend on the correctness of Its structure (trophic relationships)
and precision of its interaction coefficients. As these improve, we will be able o
make more realistic and precise predictions. An obvious extension of the work is 10
experimentally determine the interaction coefficients and incorporate them into the
model (cf. Schmitz, 1997). A cautionary note to the general applicability of perturbation
experiments was given by Yodzis (1988), but it is not obvious that subsequent work
over the last 10 years has born out his pessimism (Pimm, pers. comm.j.

Overall, the modeiling exercise presented here demonstrates the potential critical
importance of analysing the community as a whole. Many of the interactions of Table LIl
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are quite counter-intuitive and a single factor analysis would arrive at erroneous
conclustons or at least a conundrum. For instance, the intensification of herbivory of
Macrobrachium on algae resulted in a higher standing crop of algae. A simplistic
interpretation of this might postulate a stimulation of algal growth caused by grazing
activity, whereas In the model the effect was caused by interaction with
Ephemeroptera. Of course we must not credit the model with a complete explication
of reality and It is imperative 10 test any of the models predictions before accepting
them as reality. Likewise the application of these results to other areas needs to be
made with caution, but the potential of insight is great

Acknowledgements

RMLS received a post-graduate schelarship from CNPg. we thank our colleagues
of the stream ecoclogy group for their advice and assistance; in patticular Marcelo
Souza helped with the modelling and Felipe Krsulovic provided diet analysis. Stuart
Pimm and Robert Powell gave much insight and stimulation. The research forms part
of a project at Centro de Estudos Ambientais e Desenvolvimento Sustentado, UERJ,
at Itha Grande, RJ, and Projeto Integrado 520549/87-0, CNPq. I would like to thank the
Acta Limnolégica Brasiliensia editorial corps for their suggestions

References

Berryman A.A., Michalski, )., Gutierrez, A.P & Arditi, R. 1995. Logistic theory of food
web dynamics. Ecology, 76:336-343.

Cohen, 1L.E. 1978, Food webs and niche space Princeton University Press. Princeton,
237p.

Cohen, J.E., Beaver, R.A., Cousins, S.H., Deangelis, D.L., Goldwasser, L., Heong,
K.L., Holt, R.D., Kohn, A.J,, Lawton, J.H., Martinez, N., O Malley, R., Page, L.M.,
Patten, B.C., Pimm, S.L., Polis, G.A., Rejmanek, M., Schoener, T.W., Schoenly. K.,
Sprules, W.G., Teal, J.M., Ulanowicz, R.E., wWarren, P H., Wilbur, H.M. & Yodzis, P
1893. Improving Food webs. Ecology, 74:252-258.

Crowl, T.A., Covich, A.P, Johnson, S.L. & McDowell, W.H. 1986. The role of
omnivorous shrimp in controlling stream community structure: detrital processing
and predation effects. Bull. Ecol. Soc. Am., 77:147.

Cummins, K.W. & Klug, M.J). 1979. Feeding Ecoclogy of stream Invertebrates. Anh. Rev.
Ecol. Syst., 10: 147-172.

Flecker, A.S. 1996. Ecosystem engineering by a dominant detritivore in a diverse
tropical stream. Ecology. 77:1845-1854,

Goldwasser, L. & Roughgarden, J. 1997. Sampling effects and the estimation of food-
web properties. Ecology, 78:41-54.

Lindeman, R.1L. 1942. The trophic-dynamic aspect of ecology. Ecology, 23:157-176.

Hurlbert, 5.H. 1997. Review: Functional importance vs keystoneness: Reformulating
some questions in theoretical biocenology. Aust. J. Ecol.,, 22:369-383.

May, R.M. 1973. Stability and diversity in model ecosystems. Princeton University
Press, Princeton. 235p.

May. R.M., (ed.)1976. Theoretical Ecology: principles and applications. (Ist ed.).
Blackwell,Oxford. 317p.

Moulton, TP & Souza, M.L. 1998. Comparisons of the benthic community dynamics of a
freshwater stream rock-face and the marine intertidal. In: Watanabe, §. (ed.) Anais do

Iv Simpdsio de Ecossistemas Brasileiros. ACIESP S&o Paulo. p.237-243.

70 SILVEIRA, A.M.I. & MOULTON, T.P Modeling the food web of a stream in Atlantic Fores:.



Aoulton, T.P, Souza, M.L. de., Siviero, EN., Paula, JLC.D., Krsulovic, FAM.,
Maidonado, J. & Silveira, R.M.L. 1999. Effects of shrimp on zooc and phytobenthos
and sediment in a stream in Atlantic Forest, Rio de Janeiro, Brazil. Bull, North
Am. Benthol. Soc., 16:176.

dodel Maker. 1994 Cherwell Scientific Publishing, Oxford.

ralne, R.T. 1866. Food web complexity and species diversity. Am. Nat., 100:65-75.

’lmm, S.L. 1882. Food webs. Chapman & Hall. London: 3990p.

sower, M.E. 1097. Estimating impacts of a dominant detritivore in a Neotropicai stream.
Trends Ecol. Evol., 12:47-48.

’ower, M.E., Tilman, D., Estes, J.A., Menge, B.A., Bond, W.J., Mills, L.S., Daily, G.,
Castilla, J.C., Lubchenco, J. & Paine, R.T. 1996. Challenges in ithe Quest for
Keystones. Bioscience, 46:609-620.

Pringle, C.M., Blake, G.A., Covich, A.P, Buzby, K.M. & Finley,A. 1993. Effects of
omnivorous shrimp in a montane tropical stream: Sediment removal, disturbance
of sessile invertebrates and enhancement of understory algal biomass. Oecologia,
83:1-11.

Pringle, C.M. & Blake, G.A. 19904, Quantitative effects of atyid shrimp (Decapoda:
Atyidae) on the depositional environment in a tropical stream: Use of electricity
for experimental exclusion. Can. J. Fish. Aquat. 5cl., 51:1443-1450.

Pringle, C.M. 1096. Atyld shrimps influence the spatial heterogeneity of algal
communities over different scales in tropical montane streams, Puerto Rico.
Freshwater Biol., 35:125-140.

Pringle, C.M. & Hamazaki, T. 1998. The role of omnivory in a Neotropica! stream:
separating diurnal and nocturnal effects. Ecology, 79:269-280.

S$chmitz, O.1. 1997. Press perturbations and the predictability of ecolegical interactions
In a food web. Ecology, 78:55-69.

Slviero, EN. 1999. Influéncia de crustidceos na comunidade perifitica em um cdrrego
de Mata Atléntica na llha Grande, RJ. Rio de Janeiro, Instituto de Biclogia Roberto
Alcantara Gomes, Unlversidade do Estado do Rio de Janeiroc. {Bachelors degree
monograph)

Slviero, EN. & Moulton, T.P. 1998. Influéncia de crustdceos na comunidade de fitobéntos
de um cdrrego da Mata Atlantica, Rio Barra Grande, na llha Grande, RJ. Watanabe,
S. {ed.) Anais do IV Simpésio de Ecossistemas Brasileiros. ACIESPE Sao Paulo.
p.426-431,

Strong, D.R. 1992 Are trophic cascades all wet? Ecology, 73:747-754.

vannl, M.J., Layne, C.D. & Arnott, S.E. 1997 “Top-down" trophic interactions in lakes:
effects of fish on nuirient dynamics. Ecology, 78:1-20.

Yodzis, P 198B. The indeterminacy of ecological experiments as perceived through

perturbation experiments. Ecologdy, 69:508-515.

Acta Limnol. Bras. 12:63-71, 2000 T1



