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ABSTRACT: Perapectlvea of hwdrologlcal dleturbance •• the drlvlng force of Brazlllan eemlerld 

atreem ecoayeteme. Existing conceptual approaches on hydro lo gical disturbance applied 
to aquatic ecosystems provide a relevant insight into the understanding o f Brazilian 
semiarid streams functions. Succession is an appropriate too! for investigating the 
response of ecosystems to hydrological disturbance. Recen t research deve lope d in 
intermittent streams of Brazil suggested that hydrological disturbance is the primary 
force for the operation of these ecosystems. A series of perspect ives rising from 
recent studies are thereby proposed: 1. Low and medium floods occurring within a 
wet period may diminish the density o f sorne aquatic communities: 2 Organisms 
more resistant to disturbanc e by flood might not serve as indicators of sorne 
distUrbance events; 3. The succession pattern at the start of a wet period seems to 
be highly related to drought magnitude in the previous dry period; 4. Different 
frequencies or disturbance may induce very different successional patterns; S. More 
complex communities may be more stable than less complex ones. 
Key-worde: intermittent streams. hydrological disturbance. succession. theore tical 
perspective, semiarid region. Northeas t Brazil 

RESUMO: Perapectlvaa da perturbac;lio hldrol6glca como forc;a organizadora para O. rloe do Seml-

6rldo Braallelro. As abordagens de perturba<;:áo hidrológica desenvolvidas em 
ecossistemas aquáticos proporcionam importantes idéias para o conhecimento do 
funcionamento de rios intermitentes do Semi-árido Brasileiro . A sucessao d e comu· 
nidades aquáticas é urna ferramenta apropriada para analisar a resposta do 
ecossistema frente as perturba<;:óes hidro lógicas. Trabalhos recentes realizados nos 

rios intermitentes do semi·Árido Brasileiro sugerem a perturba<;:áo hidrológica como 
a for<;:a primária na organiza<;:áo destes ecossistemas. urna série de perspectivas 
derivadas de recentes estudos é proposta: 1. Cheias de baixa e média magnitude 
ocorrendo no período úmido podem diminuir a densidade de comunidades aquáti· 
cas; 2. Organismos resistentes as perturba<;:óes hidrológicas podem náo servir para 
identificar alguns eventos perturbadores; 3. A s u cessáo ecológica no inicio de um 
periodo úmido parece estar altamente relacionada com a magnitude da seca anteri
or ao periodo úmido; 4. Diferentes freqüé ncias de perturba<;:óes podem induz ir a 
diferentes modelos de sucessáo; s . Comunidades mais complexas pode m ser mais 
es táveis que comunidades menos complexas. 
Palavrae-Chave: riachos intermitentes . perturba<;:áo hidrológica. sucessáo, perspectí· 

v as teóricas. regiáo semi -árida. Nordeste Brasileiro. 

lntroduction 

The essential characterístic o f Brazilian semiarid region is the low amount of 
rainfall and th e n arrow t empera ture oscillation. This peculiar c lima tic rhythm results 
from the proximity to the Equa torial Zone and from a complex pattern of atmospheric 
circulation. This g e neral trend can vary greatly in space within the extensive semiarid 
region (1.000.000 km"). where dry periods extend between 1 and 11 months per year. 
The geographic variability r esulting from rainfa ll patterns. altitude. relief and 
continentality contributes to increase the la ndscape diversity in the Brazilian semiarid 

Ac ta Umnol. Bras .. t413)o35·41 . 2002 35 



 

region. Episodes of torrential and violent storms are frequent in summer-autumn in 
many parts of the region. 

Most Brazilian semiarid aquatlc ecosystems are intermiltent; the duration of 
wet period varies between l · llmonths. The li1tle re levance of aqulfers In the reglan 
llmits the imponance of groundwater in the function of aquatic ecosystems (IBGE. 
1977). Brazilian semlarld rivers flow into the Atlant ic ocean, at least occaslonally In 
the course of a year. For this reason intense salinization does not occur In these 
ecosystems (Ab'Saber. 1994195). Brazilian semiarid streams were c lasslfled by San
tos (1962) In terms of their c limatic features. T he main characterlstlc o f Brazilian 
semiarid streams is the lack of surface flow along an annual cycle. with a sha rp and 
unpredictable alternation of wet and dry periods. In this context. it is s ignifican! that 
the most typical lotic systems of thls reglon are characterized by low, irregular and 
extreme flows. w ith a high spatlal and temporal variab ility of flood conditions. 

tnformation concerning the climate. vegetat ion, fauna. and human activities is 
available fo r many ecological processes in Brazilian semiarid region . Much less is 
known on the effects of hydrological disturbance on the functioning of Brazilian 
semiarid streams. Research In thls dlrection should lnclude the analysis of communlty 
responses to dlsturbance by flash floods and droughts. Studies on su ccession of 
aqua tic commu nities are appropriate tools for investtgating the response o f 
ecosys tems to hydrologica l dtsturbances. We will analyze here succession sensu 
Picket (1976). as the changes observed in an ecological community following 
disturbance. The main objective of this paper is to analyze the importance o f 
hydrological disturbance on the functioning o f intermittent streams. uslng case s tudies 
from the semiarid region of Brazil. Conceptual perspectives a re proposed on the 
temporal analysis of h ydrologlcal change as the primary forces in the operation of 
these ecosystems. 

The concept of hydrologlcal dlaturbance 
The concept of disturbance as a discrete event defined in te rms of attributes 

s uch as frequency. lntenslty, duration and predictabil i t y (Pickett & Whlte. 1985) ls 
useful to analyze the effects of hydrological varlation on the functtoning o f lntermittent 
streams. Research on disturbanc e has been especially active since Souza (1984) 
deflned disturbance in his work on lntertldal systems. Resh et al. (1988) changed the 
definition proposed by Pickett & Whlte (1985) to include only the events that a re 
beyond the predictability threshold. stnce organisms are adapted ro seasonal 
disturbance. Poff (1992) regarded tour l imitations in Resh et al.'s assertlon that 
dlsturbances a re necessarlly unpredictable (hydrological statistlcs, biological 
adaptation. predictability. and ecological and evolutionary mechanisms). 

on the other hand. the concept of hydro logical disturbance is related to the idea 
of ecosystem stability (Margalef. 1968; Webster e t al.., 1975; Sutherland. 1990). 
Resistance (the degree to whlch a variable remains unchanged during and after 
disturbance) and resilience (rate of recovery after disturbance) are measurable features 
of stabillty which have been used to cha racterize both ecosystem and populat ion 
responses (Webster et al. 1975, Grimm & Fisher 1989). The diverse meanings of stability 
and complexity generated a strong controversy between different authors (Pimm. 
t994). Theoreticians have conside red stabiltty from a mathematical point of v!ew 
(i.e. systems are either stable o r nol). On the other hand. the term stabillty has been 
discussed a t different levels of ecological organization - populatlons. community, 
o r ecosystems · (Pimm. 1984 ). complexity has been taken into different meanings to 
express the number of species. the degree o f interspec ific connectance. and the 
re lativ e abundance of a species in the community. Bonner (1988) defined complexlty 
by the number of cell types found in an organism. T hese definitions provide theoretical 
basis for semiarid stream ecology, inc luding the B razilian semiarid s treams. However. 
the lack of studies that analyze the response of different aquatic communities to the 
sing le hydrological disturbance event m o tlvates field studies to elaborate conceptua l 
approaches and theoretical perspectives related to the s tream functlonlng. 
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Flood a n d d rought a re t h e most im porta n t h ydrological d i sturh a n c e s in 
interm itte n t s treams. Dis turbance s h o u ld b e c h a rac te r i z e d by rh e i r at tr ibu res (i .e. 
magnitude and freque n c y) . The con cep t of d isturbance is cont ro v e rsia l In aQudtic 
ecosys tems (Benke et al. 2000). Wh lle flooding in low g radient rlve rs has an impo,tant 
eco logic a l interac tion b e tw e e n the r i v e r c han n el and its assoc la te d floodpla in (Junk 
e t al. 1989). flood s are c atastrophic e v e nts in streams (Resh e r a l .. 1988). F lo ods a re 
us u ally puls es. e spec ially in cons t r ain ed rivers. In lowland u n con s rrained floodplain 
r ivers. these p ulse eve nts m a y h a ve a n extensive duration. Flo o d a nd d roug h t rnodify 
the structure and func t ion of streams in dese rt s (Fisher & G r imm. 1988: G rim m & 

Flsher. 1989) and M e d ite r ranean re gio n s (Giudicelli e t a l.. 1985; Ma ltc hik e t a l. . 19 94: 
Orteg a e t a L . 199 1; Vida l ·Abarca e t a l .. 1992 ). 

B ra zilia n semia rid s tre a m s are c haracter ize d b y extrem es o f flood and dro ught 
(Ma ltc hik. 19 96. 1999). These e x tre m e e vents a re imp o rt an t diSturbin g age n ts o nd 
in fluenc e the s uccess i o n o f algae (Ma ltchik et a l. 1999). m ac ro p h y tes (!V!al tchik & 

Pedro 2001), macrolnv e rte b rates (Ma lt chik & Silva·Fi lho 2000 : S ilva ·Filho & M a ltchik 
2000), fishes (Mede iros & Maltc h ik 1999. 2000. 2001) and the h uman r opula tio n 
assoc ia ted to s tream ecosystems (M a l t chik 2000). T h e se s tudie s . p e rforme d in th e 
B razilian semiarid reg io n . support that a s p e c i f i c resea rc h framewor k for inte rm itte n t 
streams m ay b e useful and provide a re le vant p e rs pectlve for semia rid s t ream ecology. 
The b asis o f this p roposa l should b e th a t the k e y p rocesses to bear in m ind a re the 
characterlstics of h y dro l ogical dis tu rbance thro u gh time. 

Theoretlcal perspectlves 
The a n a l y sis of the depende n ce o f th e p a u e rn o f ecosys t e m o rga n ization o n 

flood m agnl tud e. together with its tlming. would be the fi rs t aspect to be c o nstd e red . 
Flood m a y exert p osi tlv e o r negative effects on the s tream s truc ture . d ependlng on 
lts magnltud e (Tab. l). 

Table l. Varlalion o f r'nacrolnvercebra te biomass in Avelós srream durtng 1996 rci<Hed 10 thc flood 
magnttude. The floods o! Jow magnlludc in!luenced In a dif!erenr way the macrotnvenebrate 
biomass In rhe A.v e lós s tream. T h e rtnods of O. J m 3 .s·• and 0 .3 m :•.s ·• lncreoscd 1he 

blomass of macroinvenebrate. whlle the flood of o.s m".s-' (Aprll :.t9 ) decrcaseo it. On the 
other hand. the flood of hi!lh magnitude ( 1. 1 m'.s • - Marcb ll) caused an accentuatcd 
decline in the macroinvertebrare biomass. 

Flood megnltude 
(m• .. ·•) 

0 .1 
0 .3 
0.5 
1.1 

Mecrolnvertr.-brate Blom••• 
(~) 

+ 9.5 8 
+ 1,2 44.0 

·3.5 7 
·97.3 7 

Low and med i um flo ods occurring w i thin a w et period may d im inish th e d ensi ty 
of aqua t ic c ommunlty (F ig . 1). H o w e ver. h igh m ag n itude flood s m a y Je mpo rar ily 
ellminate the occurrenc e of a speciflc p o p u la tion in a stream reach (Fig. 1). Organ ism s 

more resJstant to dls tu rbance by flood could n o t serve to id entify sorne o f those 

dlsturbanc e events (F ig. 2 ). 

Th e bac kgro und o f environmenta l c o nditions lh a t th e stream ecosyste ms p resent 

at the s tart o f a wet perio d seem s ro b e highly specific to dro ught magnilude in the 

precedlng dry p e riod (Fig . 3). D l fferent d i s turb ance frequencle s may induce v e ry 
dlfferent p atte rns in the ecosys tem b e h avior due t o the life c y c le s and p e rsis tence 

strategles and adaptatio n o f organisms (Fig. n. Thes e patterns bec o me m o re c omplex 

when o ther features o f d lstu rban ce v a ry as w e ll . d e pending o n t h e comb ina t io n o f 
disturbance events a t the lo ng te r m . 

Stablllty aga in s t d ls turb ance cau sed b y floods a n d dro ught is different b e tw een 
communí tles and b etween e c osys tems. Eac h com m uníty o r populalio n p resen ts a 

reslstance threshold t o d is turbanc e by flood and d r o ught. whlc h can v a ry a m o ng 

annual cycles and s tre a m o rde rs. Mo re comple x communitíes s ensu B o n n e r (1988) 

may b e m ore s tab le than Jess com ple x o nes (Fig . 4 ). 
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Figure 2 : Density o f m acrophytes (Maltchlk & Pedro 2001) and flshes In the Ave lós stream durlng 

a n annual c ycl e 11996). Flood may exeri dlffere nt lnfluences In 1he s tructure of the 

s tream ecosys tem . Whlle flsh c o mmunlty was resistan! to dlsturbance by flood of low 
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not reslstant. Arrow llood o ccurrence. O • Slream dlsch arge . m•.s-•. 
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The homeostatic potential of intermittent stream ecosystems at a large scale is 

undervalued because they are hiShly fluctuating and because contribution of microbes. 

seed-banks. and refuges are rarely taken into account when assessing biodiversity 
of intermittent streams. Estimating these relationships will provide the basis for 

long term research on stream function. 
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