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I. INTRODUCTION

This chapter examines temporal stability of fish assemblage structure in two
tropical rivers and briefly reviews similar information from other tropical rivers.
The factors associated with population and assemblage change plus those asso-
ciated with population persistence and long-term stability of assemblage struc-
ture are discussed.

We know that many, and probably most, biotic communities change over
time. Changes in community composition and structure are the hallmarks of
processes like vegetative succession (Clements, 1949) and ephemeral habitats

": such as residual pools in the Florida everglades (Kushlan, 1976). Yet much of
the basic and applied literature either assumes or strongly implies the existence
of stable systems and chronic density-dependence. Traditional fisheries man-. agement, in particular, is rife with assumptions of density-dependence and

assemblage stability as, for example, in stock indices for small impoundments
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(Anderson and Gutreuter, 1983) and the application of stock-recruit models for
estimation of optimal yields (critique in Fletcher and Deriso, 1988). The pre-
sent-day search for indicators of ecosystem health and integrity has resulted in 'XI
the acceptance of methods that contain strong assumptions about the structure'
and stability of natural systems. Karr et aI.'s (1986) index of biotic integrity (IBI)
for North American streams implies that these fish assemblages have regular, ".
stable, and, hence, predictable structures that can be assessed against standards
across different settings.

At the same time, however, some ecologists are evaluating the degree of
temporal consistency observed in biotic communities. For example, the stabil-
ity assumption has been questioned for North American stream fish assem-
blages (Grossman et al., 1982, 1990). When temporal change is observed, it begs
the following questions: To what extent are stochastic environmental and demo-
graphic factors indicated, and to what extent are deterministic biotic factors
indicated? Virtually all of the chapters contained in this volume offer insights
into the question of whether communities represent "chance aggregations" or
"stable systems" (following Keast's terminology in Chapter 3 of this volume).

Climatic regime and the abiotic environment can directly influence mortality
and reproduction. In harsh or unpredictable climates, environmental factors
can cause apparent stochastic mortality. This idea dates back at least to Darwin's
time and was well articulated by Dobzhansky (1950). Consequently, in more
moderate or stable climates, biotic factors that are largely deterministic may
have dominant effects on populations and communities. Availability of space
and other resources, competition, predation, and other biotic interactions can
influence mortality, growth, reproduction, resource use, and niche segregation.
However, the contrast between stochastic and deterministic factors can be
blurred, as largely stochastic abiotic factors may interact with density-depen-
dent biotic factors. Appleblossom thrips show density-dependent mortality in
response to cold temperatures because at higher densities more individuals are
excluded from microhabitats that serve as safe havens from freezing (Davidson
and Andewartha, 1948).

A. Temperate Fish Assemblages

The assumption of temporal stability of temperate fish assemblages was put to a
test by Grossman (1982; Grossman et al., 1982). He found high temporal stabil-
ity and resiliency in intertidal fish assemblages but not in a Midwestern stream -'""-
assemblage. Because his interpretations challenged traditional thinking, they ..

promptly received strong challenges (Herbold, 1984; Rahel et al., 1984; Yant et
al., 1984). Yet clearly there is much evidence for the disruptive influence of . \'
floods and droughts on stream biotas (Harrell, 1978; Matthews, 1986; Resh et
al., 1988; Yount and Niemi, 1990; Reice, 1994).
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Part of the controversy is due to variation in the scale of analysis (assemblage,
space, time) and its influences, but part is derived also from differences in
biological interpretation of the patterns. Subsequent research on the temporal
stability of North American stream fish assemblages has led to the general
conclusion that both stochastic and deterministic factors influence all of these
systems, but the degree and scale of their effects differ from place to place and
from time to time. For example, Matthews (1986) showed how a stream fish
assemblage was changed by flooding yet returned to a more or less consistent
structure during a period of relative habitat stability. Several studies highlight
how stochastic disturbances alter stream fish assemblages in the short term,
though in the longer term assemblages are persistent and relatively stable
(Moyle and Vondracek, 1985; Ross et al., 1985; Freeman et al., 1988; Matthews
et al., 1988; Yount and Niemi, 1990). Here persistence and stability follow the
operational definitions of Connell and Sousa (1983): persistence is indicated by
consistent species presence, and stability by consistent patterns of species rela-
tive abundance.

B. Tropical Fish Assemblages

Long-term studies of river fish assemblages in tropical rivers are relatively
scarce. This is not surprising given the fact that many fish biologists equate the
state of ichthyological knowledge of the Neotropics with that of North America
during the early nineteenth century: Rapidly changing taxonomy, incomplete
biogeographical knowledge, and the paucity of even the most basic faunal
surveys over vast regions of the tropics have all contributed to a heavy emphasis
on sampling large areas at the expense of repeated sampling within sites. Yet a
few exceptional studies can be cited; Lowe-McConnell (1964) was among the
first to discuss the temporal dynamics of fish ecology in a tropical region,
namely the Rupununi savanna district of Guyana. Although her study did not
track the dynamics of a designated study site, she discussed numerous ecologi-
cal factors associated with wet/dry seasonality; including fish migrations, respi-
ratory adaptations, population dynamics, diet shifts, and species diversity (see
also Lowe-McConnell, 1979).

Bonetto et al. (1969) were perhaps the first to examine the temporal stability
of fish assemblages at fixed locations within a tropical river system. They sur-
veyed assemblage composition of floodplain pools on islands of the Rio Parana
in northern Argentina, a region with strong wet/dry seasonality: Their study
highlighted the random nature of species strandings in isolated pools but at the
same time noted how deterministic processes, especially predation, interact
with pool conditions to influence development of fish assemblages subsequent
to pool isolation. Welcomme (1969) examined the temporal dynamics of fish
populations in a stream flowing into Lake Victoria, Africa. As in Low-McCon-



102 Kirk O. Winemiller

nell's regional study, Welcomme's findings highlighted strong seasonal dynamics
and the importance of longitudinal migrations, especially those associated with
wet-season spawning and return to dry-season refugia. ..

In a similar study, Rodriguez and Lewis (1990) surveyed fish assemblages'",
during two consecutive dry seasons in 20 oxbow lagoons in the floodplain of the
lower Rio Orinoco, Venezuela. They found much greater variation between ..lakes within years compared to variation within lakes between years. Species .
richness and species composition within lakes between years was characterized
as strikingly similar, and fish-habitat associations were hypothesized to account
for this pattern. Similarly, Chapman and Chapman (1993) analyzed the stability
of fish assemblages in residual floodplain pools of the River Sokoto, Nigeria,
based on data from a fisheries survey conducted by Holden (1963). They identi-
fied some of the same random elements discussed by Bonetto et al. but also
found a high degree of interannual consistency in the species present in pools;
like Rodriguez and Lewis, they postulated habitat selection as a mechanism.

Zaret and Rand's (1971) study of a fish assemblage in a small Panamanian
stream was perhaps the first to examine the effect of seasonality on patterns of
niche segregation. They observed that most fishes expanded resource use during
the wet season when most resources are more abundant and showed a trend to
niche compression and segregation during the dry season. Because of its pointed
claim to support the "competitive exclusion principle," this study has been
widely cited by both fish and non-fish ecologists. Despite the fact that similar
patterns have been demonstrated in other tropical fish assemblages (e.g.,
McKaye and Marsh, 1983; Winemiller, 1989a), several authors have expressed
skepticism over Zaret and Rand's study due to their small sample sizes and use of
inappropriate statistics for comparing niche overlaps. With a focus on the use of
terrestrial resources rather than niche segregation, Goulding (1980) examined
seasonal diet shifts among fishes of the Rio Madeira in Brazil's Amazon basin.
Goulding's study clearly revealed a great reliance by many fishes on food re-
sources of the flooded forest and identified the potential of fishes as seed dis-
persers for riparian plants.

Several studies associated with international development projects have ex-
aminedseasonal ecological dynamics (e.g., Lagleret al., 1971) or faunal changes
in association with river impoundments (e.g., Balon and Coche, 1974). Zaret
and Paine (1973) discussed the changes that occurred in the food-web structure
of Lake Gatun, Panama (an impoundment of the Rio Chagras in the Canal
Zone), following the introduction of exotic Cichla ocellaris, a voracious South
American piscivore. They noted how the lake's fish assemblage changed over a ..

period of just four years with major effects on non-fish taxa, both aquatic and.
terrestrial. Recently; Agostinho et al. (1992) examined the influence of the Itaipu
Reservoir on faunal changes in the Upper Rio Parana and associated wetlands in ~

Brazil. They presented evidence that exotic piscivores, brought in by the sub-
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mergence of a natural barrier to upstream dispersal, have contributed to changes
in the fish assemblage of the upper Parana.

Over the past 10 years,l have studied the fish assemblage of Cafio Maraca, a
swamp creek in the western llanos of Venezuela. Based primarily on data ob-
tained over 12 months of 1984, various aspects of the seasonal dynamics have
been published, including resource utilization (Winemiller, 1989a), life-history
strategies (Winemiller, 1989b), the influence of respiratory adaptations on pop-
ulation dynamics (Winemiller, 1989c), and food-web structure (Winemiller,
1990, 1996). This chapter examines assemblage stability based on survey data
acquired over the fulll0-year interval 1984-1994. In addition, I will compare
data from fish surveys conducted in the Upper Zambezi River and associated
floodplain in Zambia, Africa during 1966 (Kelley, 1968) with those from a very
similar survey that I conducted in the same area in 1989 (Winemiller, 1991a;
Winemiller and Kelso-Winemiller, 1994).

II. METHODS

A. Study Regions

1. South American Llanos

During January 1984-June 1994, surveys were conducted on the fish assem-
blage of CafioMaraca, a lowland stream (cafio) in the Venezuelan llanos (Fig. 1).
The study site is located in the upper reaches where this low-gradient stream has
a large, seasonally-inundated floodplain (additional descriptions of the habitat,
community, and food-web appear in Winemiller, 1989b,c, 1990). Highly seaso-
nal rainfall produces large within-year variation in the physical and biological
attributes of the site. During the harsh dry season (january through early May),
many aquatic plants and invertebrates (e.g., diatoms, rooted macrophytes, mol-
luscs, entocostrachans, conchostracans, annual killifishes) survive in sediments
in a state of quiescence or arrested early development. During the early stages of
wet-season flooding, these populations have very rapid production.

Sources of basal ecosystem production differ markedly between seasons
(Winemiller, 1990, 1996). During the wet season (late May-August), the vast
flooded plain contains very high densities of aquatic and emergent macro-
phytes. Relatively few invertebrates or fishes feed directly on these plants, but
numerous herbivores consume periphyton (diatoms and filamentous algae)
attached to macrophytes. Wet-season primary production is transferred to the
upper food web via abundant invertebrates and juvenile fishes. During the
transition to dry season (September-December), increasing desiccation causes
dieback in the accumulated macrophyte biomass. Macrophyte decomposition
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FIGURE 1. Map showing the location of Calio Maraca within the RIo Ponuguesa basin of the
western llanos in Venezuela.

.
and the confinement of water in isolated pools and small channels results in
reduced dissolved oxygen (DO) and higher concentrations of hydrogen sulfide.
Some of the resident fishes survive hypoxia by using special respiratory adapta-
tions and are able to feed and, in some cases, reproduce (Winemiller, 1989b).
Detritus from aquatic macrophytes is the principal source of basal production
during the dry season. Some fishes have seasonal migrations and leave the site
during the onset of harsh dry-season conditions, while other species remain
throughout the year; some of these suffer high mortality during the dry season .~

when aquatic macrophyte cover is reduced and fishes are at their highest densi-
ties.

Diverse life-history strategies have been documented for fishes at the site - .,
(Winemiller, 1989b). Some species remain throughout the dry season and, by
virtue of their special respiratory adaptations, survive harsh conditions. Other
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populations remain during the dry season, suffer high mortality from hypoxic
conditions and predation, but later rebound with a burst of reproduction follow-
ing the first floods. Other year-round residents suffer high dry-season mortality
and rebound during the wet season either by virtue of an opportunistic strategy
of rapid maturation and multiple spawnings of small clutches or by way of an
equilibrium strategy of less frequent spawning, production of larger eggs, ex-
tended parental care, and enhanced juvenile survivorship. Finally, the fishes that
leave the site during the dry season return during the floods and spawn large
numbers of eggs, usually by scattering them among submerged plants.

2. Barotse Floodplain of South-Central Africa

During April- December 1989, fishes and their habitats were surveyed in the
Upper Zambezi River and associated Barotse floodplain in Zambia's western
province (Fig. 2). These surveys were comparable to very similar studies per-
formed in the same region during 1966 (Kelley, 1968). Like the llanos, the
Upper Zambezi River has a very strong seasonal cycle of flooding and desicca-
tion (additional descriptions appear in Winemiller, 1991a). As in the llanos,
aquatic macrophytes, periphyton, and much of the detritus from aquatic plants
originate on the floodplain during high water (January-April). Basal produc-
tion is transferred to the upper food web primarily in floodplain habitats (i.e.,
lagoons, sloughs, canals), and to a lesser extent within the primary river channel
(Winemiller, 1996). During the period of falling water (May-August), there is a
massive movement of organisms from the floodplain to the river channel. There,
as also in the llanos, detritus assumes greater importance as a basal input, while
macrophyte standing stocks decline with falling water levels.

B. Field Surveys

Fish and habitat surveys were conducted at the Caiio Maraca site during each
month of 1984 and at several irregular intervals thereafter. Methods for habitat
parameters are described in detail elsewhere (Winemiller, 1989c). Each survey
required one day, used the same sampling methods, and was performed with the
same criterion, namely to sample until one hour of sampling yielded no addi-
tional (rare) species. In some instances, a representative sample that reflected
species' relative abundance rankings was retained and preserved (in place of
sacrificing all captured specimens). During each survey; fishes were captured
from a "large open pool" area with a 20-m seine (12.7-mm mesh), from "open
pool" areas and "vegetation mats" with a 2.5-m seine (3.2-mm mesh), and from
"shallow vegetated edge" habitats with a large dipnet (3.2-mm mesh). Total
sampling effort varied between dates depending on habitat conditions, but the
methods permitted good assessment of species richness without sacrificing
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information on relative abundances. Fishes were ultimately fixed in formalin
and preserved in ethanol; most specimens were ultimately deposited in natural
history collections. During four surveys (in December 1984, January 1988, .,October 1993, and June 1994), quantitative seine hauls also were made in open .

water and densely vegetated habitats. These samples permitted comparisons of
population densities on a per-unit-area basis between habitats on the same -dates, and between dates within these habitats. Except for several large speci- -

mens that were identified, measured, and weighed in the field prior to release,
fishes from the quantitative samples were retained, and species numbers and
biomasses were determined in the laboratory.

During April-December 1989, fishes were surveyed at locations scattered
throughout the Upper Zambezi River and Barotse floodplain from Sioma in the
South to the juncture of the Kabompo and Zambezi Rivers in the North (Fig. 2).
All habitats were targeted, including the main river channel, lagoons, canals,
creeks, and flooded vegetation. Fishes in deepwater habitats were captured with
monofilament experimental gillnets (50 X 2 m, containing segments of 5.1-,
10.2-, and 15.2-cm mesh) operated overnight. Angling supplemented some of
the river channel samples. Fishes were also captured using seines (30.5 X 2 m,
25-mm mesh; 6 X 1.5 m, 6-mm mesh), castnets (25-mm mesh), and dipnets
(3.2-mm mesh). Samples of fishes leaving the flooded plain during the early
falling-water period (May-July) were obtained by purchasing maalelo catches
from local fishermen; maalelo are dams constructed of grass mounds or reed
fences that direct fishes into a trap as they attempt to move from flooded
grasslands to the permanent water bodies.

Very similar methods were employed by Kelley (1968) to survey the same
areas of the Upper Zambezi/Barotse plain during 1966. The goals of the two
surveys were to obtain samples representative of fish densities, population size
structures, and habitat associations during different seasons. Kelley used a 25-m
(12.7.mm mesh) and a 3.3-m (12.7-mm mesh) seine and several30-m gillnets
with meshes ranging between 3.8 and 15.2 cm. Fish abundances were totalled
from data reported by Kelley (1968) based on 119 overnight sets of 100 m of
gillnet, 43 seine hauls, and nine maalelo samples. His flood-season (March-
April) gillnet sets (N = 40) caught relatively few fishes. The 1989 abundances
were derived from 40 sets of 100 m of gillnet (earliest set was June 28), 40 seine
hauls, and two maalelo samples, plus specimens taken by castnet, dipnet, and
hook-and-line. Kelley's 1966 survey produced a total of 25,508 specimens, and
my 1989 Barotse survey produced 14,504 specimens.

~

C. Data Analyses

Spearman's rank correlations and Pearson's product-moment correlations were
used as estimates of sample similarity based on species abundances. Rank cor-
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FIGURE 2. Map showing the location of the Upper Zambezi River and Barotse floodplain in
western Zambia.

relation has been used extensively in studies of temporal stability of vertebrate
assemblages (Grossman et al., 1990) because it reduces the effects of subtle
changes in species abundances that may be influenced by sampling bias. I chose
to use rank correlations as a conservative test and also parametric correlation to
highlight the effect of the magnitude of differences in species' relative abun-
dances on assemblage similarity. The latter was used primarily in cluster
analyses ("average linkage" method) to show hierarchies of assemblage sim-
ilarities, following the approach of Ross et al. (1985).

The criterion (or relative abundance scale) used to exclude rare species
influences assemblage patterns and their interpretation (Rahel et al., 1984). No
consensus exists for this criterion; most investigators choose either to exclude
those species comprising <1% of the total fishes surveyed (e.g., Ross et al.,
1985; Bass, 1990), or to examine only the dominant 10 species (Matthews et

c/"""~""'.""'C":/.c'"""";,,,,,c,.
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al., 1988; Chapman and Chapman, 1993). Inclusion of many species that are
always rare tends to inflate similarity and estimates of assemblage stability
based on correlative methods (Rahel et al., 1984; Grossman et al., 1990). .
Conversely, to eliminate all but a handful of dominant species imposes a rigid .
criterion that severely reduces the chance of identifying high similarity based
on abundance estimates from field samples. Rather than select a single arbi- -trary criterion, I examined the influence of scale on assemblage patterns by -
making comparisons and performing analyses based on several different rela-
tive abundance criteria for species inclusion. All available species-abundance
data were compiled, and average monthly abundances of species were plotted
by rank (Figs. 3 and 4). I looked for inflections in these frequency distribu-
tions and analyzed several data sets based on such "natural" breaks. Most of
the patterns and interpretations were the same, and therefore results from only
two of these data sets are presented here to contrast low and high inclusion
criteria: the first inflection that grouped at least 10 dominant species (N = 14

for both Venezuela and Zambia studies), and a later inflection that grouped
many species, but still eliminated the long tail of the distribution representing
very rare taxa (N = 58 for Venezuela, N = 31 for Zambia). Kelley (1968) failed

to report certain species either because they were undescribed at the time and
confused with known taxa (e.g., Serranochromis altus, Winemiller and Kelso-
Winemiller, 1991) or because they were difficult to key out (e.g., Synodontis spp.).
Thus certain 1989 data had to be combined in order to match the taxonomic
units reported by Kelley (e.g., Synodontis spp., Barbus spp., Aplocheilichthys
spp.), thereby reducing the number of taxa from 68 to 38 (Fig. 4).
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FIGURE 3. Plot of species' average monthly abundances by abundance rank for Calio Maraca
fishes based on 1984 surveys.




