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Abstract

Catastrophe theory seems to be a useful model to study the ecological consequences of flood.
The speed of inundation, the size of flooded areas and the time span of flood are important in
the formation of jumps of fold catastrophes, size of hysteresis and the time relations of jumps.
The possibilities of cusp catastrophe are determined by the number of refuge places.

Recolonization from outer areas consists of two steps: (a) in the immigration phase the
increase of size of the initial population is saturation-type and (b) in the multiplication phase it
is logistic. The possibilities and proportions of these two steps depend on the migration ability
of recolonizing populations and the multiplication strategies of their propagula.

Introduction

The main difficulties in animal ecological investigations of the flood area o
River Tisza derive from the floods taking place in every year. The effect of flood is an
ecological perturbation that prevents the development of near-to-climax states,
structurally constant animal communities and well defined trophic-energetic systems.
This means that the methods usually applied to study ecosystems are not sufficient
to investigate the structure and energetics of flood area communities. According to
above mentioned the results of the ecological investigations have been made in the
flood area cannot be generalized in space and time because they refer to different
phases of ecological succession after perturbations.

There are several works concerning the effects of flood in the literature of Tisza
research but only few authors have investigated the problems of recolonization after
floods from quantitative respects. GALLE (1972) documented the influence of inunda-
tion on the density of ant populations. The effect of flood was also investigated on the
structure and productivity of plant communities by BopROGKOZY and HORVATH
(1979) and on the recolonizations of Apoidea populations by TANACS (1979).

The aim of present work is to give some a priori hypotheses on the influence
of flood on the structure of animal communities using some known data. Our two
basic topics are: 1. role of inundation in the structure of communities and the rele-
vant properties of the succession after flooding; 2. the phases of immigration and
recolonization after flooding.
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Effects of flood on the community structure

Calculating diversity values from the data of BODROGKOzY and HORVATH (1979)
and TANAcS (1979) by the well known Shannon function it can be seen that the diver-
sity is a good indicator of the changes taking place in the structure after flood (Fig.
1, 2). Diversity increases just after flooding and at the end of the season decreases,
from phenological reasons.

To investigate the influence of flood on the diversity of communities we apply one
of the relatively new results of mathematical topology, the catastrophe theory (THOM
1969). Catastrophe theory has been widely used in biology, especially in embriogenesis
and developmental biology, and also in the modelling of nerve impulses (Woobpcock
1977). In ecology it has been used for Choristoneura — forest system (JONES 1977)
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Fig. 1. Changes in divesity of plant communities after flood on the basis of BoprOGKOZY’s and
HoORVATH’s data (1979).
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Fig. 2. Changes in diversity of Apoidea community during regeneration after flood, calculated
from TANAcS’s (1979) data.
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and dutch elm desease (JEFFERS 1978). In its original form this theory investigates the
behaviour of the dynamics systems in terms of the maxima and minima of the assi-
ciated potential energy function. Minima represent stationary or (quasi-) equilibrium
states in ecological systems and they are attractants while instable points correspond-
ing to maxima are repellents (JONEs 1977). For the study of the influence of flood
a starting point can be a system where two attractive and one repellent points
can be found (Fig. 3), This very simple two component system (e.g. a primitive com-

Fig. 3. A simple two component system with one repellent and two attractive points.

petitive phase plain or a cenosystem consisting of two populations) satisfies the bimo-
dality criteria of catastrophe theory. The transition from one stabil state to the other
meets the criterium of dicontinuity (“catastrophe™). In the application for the flood

X

Fig. 4. Hysteresis in a simple fold model of the function between height of flood (x) and the
diversity of epigeic animal community.
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effect hysteresis is represented by the delayed reaction scheme of the recolonization
of the community (Fig. 4): at a given height the water floods the majority of flood
areas and killes almost all animals. Surviving individuals concentrate into certain
“refuge places” i.e. small dunes, hills, tree trunks etc. As a consequence of flooding
such strata that have been transitional refuge places (grass layers, bushes etc.) the
level of water has to decrease under the value x corresponding point “B”, to the x
value of point “A” to let radiation start from refuge places. As a result of this, average
diversity (H) increases in the whole area. It is obvious that both the number of refuge
places and their ratio to the whole or the flooded area are important: the absence or
very small proportion of refuge places don’t make a rapid after-flood radiation possible

and AA’ jumping return is prevented. In this case the recolonization is a slow process
by immigration from outer areas and it corresponds to the smooth return in simple

: . : t ;
cusp. Such a “cusp” scheme is shown in Fig. 5 where - =Zis the whole area/refuge

places ratio, x is the height of the flood and H is the average diversity of the community.
The time span of the inundation is also an important factor. In long lasting water
coverage a “refuge place succession™ takes place and there are strong selective me-
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Fig. 5. Cusp catastrophe in the relation of flood height (x); whole area/flood area ratio (z) and
diversity.
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Fig. 6. The effect of height and time span (t,;) of inundations on diversity.
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Fig. 7. Supposed behaviour of a structural property of an ecological system as a consequence
of perturbations of different intensity (x).
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chanisms in it. This selection results a decrease in the diversity of communities in
refuge places. In this case diversity can’t return to its original value by rapid radiation
from refuge places after inundation and a smooth return pattern takes place by
immigration (Fig. 6).

Two properties of ecological perturbations can be established on the basis of
fold catastrophe (as for 1. see also JONES 1977):

1. Perturbation have to be reduced to a value x, much less than the threshold
X, at which community structure was dramatically changed, to ensure the system to
return into its original state (Fig. 7).

2. A second threshold can take place from where there is no return in positive
ranges, and for this reason it is an irreversible perturbation that gets the system in
that state (x; and x, in Fig. 7).

Properties of recolinization

Present work deals with two types of recolonizations:

1. Radiation: a rapid distrubution of populations from refuge palces without
multiplication phase.

2. Immigration: slow process from outer areas. On the basis of a model got
on ant populations (Gallé, unpublished), there are two phases of this type (Fig. 8):
(a) sensu stricto immigration, when population increase is a saturation-type function
of time:
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Fig. 8. Two steps of recolonization after floding.

160



where N is the size of population; and (b) multiplication phase when multiplication
is the most important factor in population growth. In this phase population growth
follows a logistic function:

dN

T ~NOl—-eN O

The possibilities and proportions of these two steps depend upon migration ability
of populations and ecological strategies of their propagula.
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Az arhullam, mint az epigéikus allatkozosségek okologiai perturbacidja.
I. Néhany elozetes hipotézis a katasztrofa elmélet alkalmazasarol,
Martély—Kortvélyesi adatok alapjan

GALLE L., GYORFFY Gy. és H. HORNUNG ERZSEBET

Jozsef Attila Tudomanyegyetem Allattani Tansz€k, Szeged, Magyarorszag

Kivonat

A tiszakutatds irodalmaban igen kevés olyan adat szerepel, amely az drvizeknek az epigéikus
4llatpopulédciok strukturdjara gyakorolt kvantitativ hatasara vonatkozik. Ezért a szerz6k ezen
adatok alapjan valoszinisithetd feltevései a priori és munkahipotézis jellegliek: 1. Az 4rvizek
okologiai konzekvencidinak tanulmanyozasdra alkalmas modell a katasztrofa elmélet. A fold
katasztrofa ugrasainak kialakuldsaban, a hiszterézis nagysagaban, az ugrasok idS-relacidiban az
elontés sebessége, az elontott teriiletek nagysdga és az arviz idStartama jatszik fontos szerepet.
A cusp tipusu katasztréfa kialakulasanak lehetéségeit viszont a refugiumok szdma hatarozza
meg. 2. A kilsé teriletekrdl torténé rekolonizacio két 1épésti: a) Az immigracios fazisban az
inicidlis populdcié nagysaga szaturacids; b) amultiplikacios fazisban pedig logisztikus noveke-
désti. E két 1épés alakuldsanak lehetdségei és egymashoz viszonyitott ardnya az ujratelepiild
populaciok migracios hajlamanak, valamint propagulumaik szaporodasi stratégidjanak fiigg-
vényei.

161



Poplava kao ekolo ka perturbacija epigejskih zoocezona.
I. Nekoliko prethodnih hipoteza primene teorija katastrofa
na osnovu podataka Mcdrtély—Kortvélyes

GaALLE L., GYORFFY GY. 1 H HORNUNG ERZSEBET

JATE, Allattani Tanszék, Szeged, Hungaria
Abstrakt

O uticaju poplava na strukturalne odlike epigejskih Zivotinjskih populacija u kvantitativ-
nom pogledu, postoji veoma mali broj podataka u literaturi o istrazivanjima reke Tise. Zbog

toga, moguce pretpostavke autora, na osnovu tih podataka, su a priori i radnohipoteti¢nog
karaktera: .

1. Teorija katastrofa se pojavljuje kap pogodan model za izucavanje ekoloskih posledica
poplava. U odnosu na skokovite katastrofe, veli¢inu histereze u razvitku Zemplje, na vremenske
relacije katastrofa, znacajnu ulogu igra intenzitet poplave, veli¢ina poplavljenog prorucja i vreme
trajanje poplave. Mogucnosti pojave katastrofe tipa cups pak su odredjeni brojem refugijuma.

2. Rekolonizacija sa okolnih povrsina je dvojaka:

(a) u fazi imigracije veli¢ine inicijalne populacije je saturacijalna,
(b) u fazi multiplikacije pokazuje logisticki razvoj.

Moguc¢nosti i medjusobni odnos razvoja ove faze su funkcije migratornih sklonosti kolo-

nistickih populacija i strategije njihovih propaguluma razmnozavanja.

HABOJHEHUS, KAK ITOBEPXHOCTHAS 3KOJOI'MYECKAS
TMEPETYPBAIIA B3AVMHBIX OTHOIMEHUM KVBOTHBIX

€. OTnelbHBIC Npe/IBapUTeIbHbIe THIOTE3bl HA OCHOBAHMM JTAHHBIX
Mapreii KépTaeiienl no npuMeHeHHI0 TEOPHH KaTacTPodbI

JI. Tanmne, . Avepdu u 3. XOpHYHT
VHusepcuter um. Moxeda Attumsr, xadeapa 3oomoruu, Ceren, Benrpust

Pe3rome

B nuTepaTypHBIX MCTOYHMKAX Mall0 NMPOBOJMTCA HAHHBIX, KOTOpPbIE OBIIM OBI OTHOCEHBI K
KBAaHTHTATUBHOMY BIIMSIHAIO HABOJHEHWH HAa ITOBEPXHOCTHYIO CTPYKTYpY TOIYJISUHH KHBOTHOTO
Mupa. B CBsi3M ¢ 3THM, aBTOPBI HA OCHOBAHMM IPUBEACHHBIX JAHHBIX MO BEPOSATHOCTH ITOCTAHOBKHU
BOIPOCA, HOCSALIErO0 XapakTep npuoputeTa U pabouero npeamonoxenusi: 1. s W3ydyeHus: 3K0510-
THUYECKO IIOCTIeI0BATEIbHOCTA HABOIHCHUI OAX0 1At MOJCIIBIO SIBIISIETCSI TEOPHs KATaCTPOQBI.
B dopmupoBaHMH CKayKOB 3€MHBIX KaTacTpod, AIUTENBHOCTH BPEMEHHM OTIENbHBIX IITAMIIOB
BaXHYIO POJIb MUTPAIOT CKOPOCTh 3aJIMBAHHUs, BEIMYMHA 3AIATOM TEPPUTOPHMM M JUIMTEIBLHOCTH
HABOJHEHUsI. BO3HUKHOBEHHE KaTAaCTPOd THIA «KYyCT» ONpelelisieT KOIHYeCTBO pedyruMoB.

2. VI3 BHEWIHAX IUTONIAACH PEKOJIOHM3ALMs MPOXOIUT B ABYX (ha3ax: a) B MUMMUIpaLMOHHOM
(aze BenMYMHA WHUIMATHBHOW IOMYJSLMH caTypalbHas; 6) B MynTHIUIMKAaUMOHHOM ¢asze pocT
JIOTUCTHYECKHIA.

Bo3MoxHOCTE 00pa3oBanus IBYX ()a3 ¥ B3aUMHBIX OTHOLICHUA, SBISIETCS pe3yIbTaTOM 00pa-

30BaHMs] HOBOBO3HUKIIMX MHIDALMOHHBIX IONMYISANMM, @ TaKKe CTPATErHH PA3MHOKEHHS MpOMa-
TYJIyMOB.
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