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Abstract Population densities in different sites are

frequently observed to fluctuate synchronously, a

phenomenon termed temporal coherence. The two

main causes of temporal coherence are dispersal and

the effects of a regional factor (Moran effect) that

influence each of the populations similarly. If

synchronous patterns are observed, it is possible to

infer that there is a regional process (e.g., climate)

exerting a uniform influence over the entire region.

Here, we evaluate patterns of temporal coherence in

total densities of zooplankton groups. Data were

gathered at 11 sites in the Corumbá Reservoir

(Central Brazil) between 1996 and 2000 (n =

27 months). These sites were distributed in the main

channel, arms, and tributaries of the reservoir.

Reservoir-wide correlations (as estimated by the

average Spearman rank correlation between temporal

trajectories of abundances) were low (-0.01, 0.06,

0.23, and 0.14 for cladocerans, copepods, rotifers,

and testate amoebae, respectively). In general, high

temporal coherence was detected only between

geographically adjacent sites and/or between sites

with similar limnological characteristics. Contrary to

many recent studies, these results illustrate that, in a

small geographic area (i.e., a single reservoir of

approximately 65 km2), local processes may override

the effects of regional processes or dispersal. More-

over, they demonstrate that the lack of regional

trajectories (i.e., time series of population densities

with asynchronous patterns of fluctuation) should be

considered in interpreting results obtained in long-

term studies or monitoring programs based on a

single site per ecosystem.
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Introduction

The degree to which the temporal series of limno-

logical variables (biotic and abiotic), obtained in a

subset of aquatic environments within a predefined

realm, are positively correlated (i.e., vary synchro-

nously) is defined as temporal coherence (George

et al., 2000). Following Magnuson et al. (1990),

Rusak et al. (1999) defined temporal coherence ‘‘as

the phenomenon of synchronous fluctuations in one
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or more parameters among locations within a

geographic region.’’ Detecting temporal coherence

has different implications. Firstly, a significant

pattern of temporal coherence or synchrony might

indicate the prevalence of regional, extrinsic factors

(e.g., climate) on the dynamics of the variables of

interest (e.g., plankton population density; Kratz

et al., 1987). Conversely, if a low level of temporal

coherence is found, one may infer the predominance

of local-scale regulators (Rusak et al., 1999). In this

way, some of the main local mechanisms in main-

taining population synchrony are environmental

drivers, predation, food source, and/or local spatial

complexity (Kent et al., 2007 and references therein).

Secondly, from an applied perspective, a high level of

temporal coherence is a paramount condition to a

reliable extrapolation of the results obtained in a set

of sites to a larger region (Stoddard et al., 1998).

Previous studies addressing temporal coherence

were made across a series of distinct lakes at different

temporal and spatial scales (see Kratz & Frost, 2000).

For instance, George et al. (2000) demonstrated the

effects of climatic driving variables (e.g., North

Atlantic Oscillation (NAO), wind-mixing) affecting

the levels of coherence of winter temperature and

summer abundance of zooplankton in five lakes in the

English Lake District. In contrast, low levels of

temporal coherence were estimated by Baron &

Caine (2000), despite the physiographic similarity of

the lakes in two alpine lake basins of the Colorado

Front Range (USA). In the system studied by Kling

et al. (2000) encompassing a lake district in arctic

Alaska (USA), the best predictor of temporal coher-

ence was the geographical proximity between the

lakes. Webster et al. (2000) demonstrated how the

position of the lakes in the landscape (lowland versus

highland lakes) and the level of hydrogeologic

complexity within a lake district may affect the

levels of temporal coherence. Benson et al. (2000)

examined the degree of temporal coherence of lake

thermal variables of four lake districts in the Upper

Great Lakes region of North America and found a

high general level of temporal coherence (within and

between lake districts). Baines et al. (2000) demon-

strated a high level of temporal coherence for

temperature, calcium, and chlorophyll in lakes of

Northern Wisconsin and suggested the usefulness of

carefully selected sentinel lakes to predict the

regional effects of climatic variability on aquatic

ecosystems. In a last example, Weyhenmeyer (2004)

has shown that synchronous relationships between

NAO and water chemistry were restricted to variables

strongly driven by surface-water temperature.

All aforementioned studies were developed in

discrete systems (e.g., distinct lakes). Independently

of the area of these systems, only one time series was

gathered for each system and the levels of temporal

coherence (correlation between time series) were

estimated. However, the level of temporal coherence

may vary even within a single system. Thus, the

degree of temporal coherence must also be investi-

gated within ecosystems by correlating the temporal

trajectories of limnological variables measured in

different sampling sites within a single ecosystem in

order to examine at what spatial extent temporal

coherence may be detected. This is especially true for

monitoring purposes as a way to verify whether the

time series obtained in a single site can be extrap-

olated to other regions (e.g., arms of a reservoir) of

the ecosystem monitored. Scale is an important issue

in this discussion. Without the verification of tempo-

ral coherence, most conclusions derived from

monitoring a single sampling site within an ecosys-

tem cannot be easily extrapolated for the ecosystem

of interest as a whole. Because the definition of an

ecosystem is controversial (O’Neill, 2001) in this

article we used this term in a broad context to refer to

a realm or unity of management or study.

In this study, we analyzed temporal fluctuations in

the total density of zooplankton groups in a tropical

reservoir (Corumbá Reservoir, Brazil) to determine

the relative strength of the endogenous (local) and

exogenous factors in determining population dynam-

ics and to verify our capability to estimate reservoir-

wide density trajectories, which are relevant for the

purpose of ecosystem management.

Methods

Study area

Corumbá Reservoir (Central Brazil) is situated at

17�590 S and 48�310 W, in southern Goiás State near

the border with Minas Gerais State. It is formed by

the Corumbá River and other small tributaries

(Fig. 1). The drainage basin of the Corumbá Reser-

voir covers an area of 27,800 km2. The Corumbá
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River was dammed in September 1996, flooding an

area of 65 km2. It is approximately 60 km long with

an average depth of 23 m. The theoretical water

residence time (estimated as a ratio of the annual

mean reservoir volume to the annual mean outflow) is

ca. 30 days.

Sampling

Sampling was performed monthly between November

1996 and November 1997, and every 2 months between

January 1998 and March 2000 (n = 27 months), at 11

sites distributed among the reservoir main channel

(RES1, RES2, RES3, RES4, and RES5), arms (ARM1

and ARM2), Corumbá River upstream and down-

stream of the reservoir (RIV1 and RIV2), and

tributaries (TRI1 and TRI2) (Fig. 1). All sites were

sampled at all time points except for one, RES4, where

n = 25. For each sample, 1,000 l of water was

collected just below the surface with a motorized

pump and filtered through a 68-lm mesh plankton net.

The samples were fixed in 4% buffered formalin and

concentrated in a final volume of 150 ml. Total

abundances for each taxonomic group (cladocerans,

copepods, rotifers, and testate amoebae) were deter-

mined by counting subsamples (2.5 ml) taken with a

Hensen-Stempell pipette. At least 200 individuals of

each group were counted per sample using a Sedg-

wick-Rafter counting cell and an optical microscope

(about of 10% of whole). If samples had few individ-

uals, the whole sample was counted. Density was

expressed as individuals m-3.

The following limnological variables were deter-

mined twice: once in the rainy season (March 1999) and

once during the dry season (September 1999), at all

stations: water temperature (�C, by digital thermome-

ter), pH (portable pH meter), dissolved oxygen (mg l-1,

by the Winkler method, modified by Golterman et al.,

1978), electrical conductivity (lS cm-1), using a glass

electrode, alkalinity (lmol l-1, according to Mackereth

et al., 1978), and turbidity (NTU, LaMotte portable

turbidimeter). Moreover, 5 l of water was collected for

laboratory determination of chlorophyll-a concentra-

tion (lg l-1, Golterman et al., 1978), dissolved organic

carbon (mg l-1, Carbon Analyzer Schimadzu TOC

5000), total phosphorus (lg l-1, according to

Golterman et al., 1978), and total Kjeldahl nitrogen

(lg l-1, according to Mackereth et al., 1978).

Data analysis

Spearman rank correlation coefficients between the

time series of two sites (no time lags were consid-

ered) were calculated as a measure of temporal

coherence between these sites. Accordingly, for each

of the considered zooplankton groups, we constructed

a triangular site 9 site matrix of these correlation

coefficients (S). Each off-diagonal value in this

matrix (one matrix for each group) represents the

strength of the relationship between the temporal

trajectories of the abundances measured in a pair of

sites. The reservoir-wide level of temporal coherence

was estimated as the average Spearman rank corre-

lation from all sites. Following Bjørnstad et al.

(1999a), a bootstrap confidence interval for each

Fig. 1 Map of Corumbá Reservoir and position of sampling

sites. RES, reservoir main channel; ARM, arms; RIV, Corumbá

River; and TRI, tributaries
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average (one per taxonomic group) was estimated by

sampling with replacement among sites.

Variation in the level of temporal coherence

between sites (S) was modeled considering geo-

graphical distance (G) and limnological dissimilarity

(L) (data obtained in March and September 1999) as

explanatory matrices. Matrix L was based on the

following variables: dissolved oxygen, conductivity,

pH, total phosphorous, total nitrogen, dissolved

organic carbon, turbidity, and chlorophyll-a. Geo-

graphical distance between sites was expressed in

kilometers, whereas the standardized Euclidean dis-

tance was used to quantify the limnological

dissimilarities between sites. The correlations

between S and G or between S and L were quantified

by the standardized Mantel statistic (Legendre &

Fortin, 1989). The Mantel’s (1967) statistic is

designed to measure the relationship between two

(usually) symmetrical matrices and, in its standard-

ized form, the test criterion is

r ¼
Xn

i¼1

Xn

j¼1

sijgij=n� 1

where sij (i.e., temporal coherence between sites i and

j) and gij (i.e., geographical distance between sites i

and j) are the previously standardized (off-diagonal)

elements (by subtracting the mean of all the elements

in the matrix from each observation and then dividing

by the standard deviation) of the matrices S and G,

respectively. A high negative (and significant) value

of the statistic r indicates that temporal coherence

decreases as geographical distance increases.

By using a series of partial Mantel tests (Smouse

et al., 1986), we also evaluated the relationships

between S and L after taking into account the

geographical patterns (G) and between S and G after

taking into account the limnological distances among

sampling sites (L). The partial Mantel statistic is

designed to evaluate the relationship between two

matrices (say S and L) while controlling for the

effects of a third matrix (i.e., G). A detailed

description of the testing procedure is given by

Legendre (2000). All tests were performed using the

library VEGAN version 1.6–7 (Dixon, 2003; Oksa-

nen, 2005) in R (R Development Core Team, 2004).

Results

Data of some limnological variables are presented in

Table 1. According to data obtained in March and

September 1999, there is clear spatial and temporal

variation in the water chemistry variables across the

Corumbá Reservoir. The surface oxygen concentra-

tion varied from 5.7 to 9.4 mg l-1. Conductivity

ranged between 15 and 55.7 lS cm-1 and pH between

5.9 and 9.6. Concentrations of total phosphorous and

total nitrogen varied from 14 to 162 lg l-1 and from

157 to 2,200 lg l-1, respectively. Dissolved organic

Table 1 Data of some limnological variables obtained in the rainy season (W) and dry season (D) in the Corumbá Reservoir stations

Station DO

(mg l-1)

Turbidity

(NTU)

DOC

(mg l-1)

pH Conductivity

(lS cm-1)

Alkalinity

(lmol l-1)

Chlorophyll

(mg l-1)

Total nitrogen

(lg l-1)

Total

phosphorous

(lg l-1)

W D W D W D W D W D W D W D W D W D

RIV1 7.4 6.8 495.6 13.1 5.9 2.3 7.3 7.3 22.4 44.0 80.2 313.9 0.0 46.9 2200.3 508.2 59.2 55.0

TRI1 7.2 7.6 75.6 9.2 6.7 1.2 6.9 7.2 21.6 25.8 156.7 392.1 0.0 0.0 682.4 181.5 22.0 17.9

RES1 7.1 7.4 560.8 7.4 7.5 2.7 6.5 7.9 22.4 55.7 107.4 535.0 0.0 48.9 2130.6 435.6 43.3 59.8

RES2 6.7 5.7 192.7 15.0 4.5 2.4 6.5 7.3 23.8 53.3 99.2 543.9 0.0 16.2 598.8 254.1 44.2 38.6

TRI2 7.8 7.7 143.0 21.9 4.4 1.7 7.0 6.9 14.8 35.0 927.7 361.1 0.0 0.0 1392.6 217.8 44.6 52.2

ARM1 7.1 7.9 39.1 8.9 2.9 2.3 6.8 9.3 28.8 44.3 135.5 515.2 0.8 52.2 473.5 580.8 22.0 48.6

RES3 6.8 3.1 69.5 4.2 7.6 2.4 7.8 6.8 27.7 47.7 177.3 551.4 0.0 10.6 529.2 205.7 14.1 32.5

RES4 7.5 9.4 24.2 7.4 2.5 2.3 7.6 9.6 35.7 46.8 190.7 468.7 3.3 45.9 389.9 605.0 14.3 26.3

ARM2 7.1 8.0 77.2 3.0 4.3 1.9 6.9 8.7 35.5 38.6 187.0 490.2 5.6 9.2 264.6 278.3 14.1 16.1

RES5 6.6 8.0 9.6 1.9 3.6 1.7 7.0 8.3 35.9 35.8 176.1 481.1 2.5 7.7 362.1 968.0 14.3 161.8

RIV2 4.7 0.3 72.4 2.1 4.5 1.2 5.9 6.4 28.9 37.0 190.9 507.4 0.0 2.7 487.4 157.3 13.9 16.5
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carbon ranged from 1.1 to 7.6 mg l-1. In general, due

to high turbidity (1.9–561 NTU) and low residence

time, phytoplankton biomass in the reservoir (as

indicated by chlorophyll-a concentration) is low,

varying from values below the limit of detection to

52 lg l-1. In general, higher values of DOC, turbidity,

total phosphorous, and total nitrogen were recorded in

rainy season (March), while the higher values of

chlorophyll-a, alkalinity, and electrical conductivity

were observed in dry period (September).

Total zooplankton abundance varied from 520 to

447,657 ind. m-3. The highest densities occurred in

lentic habitats (reservoir and arms), whereas the

lowest densities were found in the lotic ones (riverine

region and tributaries). Microcrustaceans (mainly

copepods) and rotifers dominated in lentic habitats,

while testate amoebae and rotifers were predominant

in lotic habitats.

The most abundant species among testate amoebae

were Centropyxis aculeata (Ehrenberg), C. ecornis

(Ehrenberg), Cyclopyxis kahli (Deflandre), Arcella

vulgaris Ehrenberg, A. discoides Ehrenberg, and

Difflugia gramen Pènard. Rotifers were mainly repre-

sented by Synchaeta pectinata Ehrenberg, Polyarthra

vulgaris Carlin, P. dolychoptera Idelson, Ptygura sp.,

Trichocerca cylindrica (Imhof), Keratella americana

Carlin, and Brachionus calyciflorus Pallas. Among

microcrustaceans, Ceriodaphnia cornuta Sars, Diap-

hanosoma spinulosum Herbst, Bosminopsis deitersi

Richard, Bosmina hagmanni Stingelin, and Moina

minuta Hansen were the most abundant cladoceran

species, and Thermocyclops minutus (Lowndes),

T. decipiens (Kiefer), and Notodiaptomus iheringi

(Wright) dominated among copepods.

The degree of temporal coherence, as estimated by

the Spearman rank correlation between the series,

ranged from -0.4 to 0.63 for testate amoebae

(mean = 0.14; estimated by summing all off-diago-

nal elements of the matrix S and dividing by the total

number of elements), from -0.14 to 0.78 for rotifers

(mean = 0.23), from -0.56 to 0.67 for cladocerans

(mean = -0.01), and from -0.45 to 0.57 for cope-

pods (mean = 0.06). The confidence intervals for the

mean correlation were positive for testate amoebae

(CI95% = 0.07, 0.21; see Table 2) and rotifers

(CI95% = 0.18, 0.39; Table 2), indicating that the

dynamics of these groups were significantly corre-

lated. On the other hand, the confidence intervals for

the mean correlation of cladocerans (CI95% = -0.08,

0.062) and copepods (CI95% = -0.012, 0.13)

included negative values, indicating that the overall

levels of temporal coherence (reservoir-wide) for

these groups were not significant (Table 2).

For testate amoebae, temporal coherence between

pairs of sites located in the upper reach of the

reservoir (including sites RIV1, RES1, RES2, TRI1,

and TRI2, Fig. 2A) was always higher than 0.5. The

highest value of temporal coherence was measured

between sites RIV1 and RES1 (Spearman’s correla-

tion = 0.63). However, even sites not directly

connected by water flow exhibited a high level of

temporal coherence in this part of the reservoir, for

example, between pairs TRI1–TRI2 (0.62) and TRI1–

RIV1 (0.60).

The highest level of temporal coherence for

rotifers was also found between sites RIV1 and

RES1 (0.78). However, temporal coherence was also

detected in the southern part of the reservoir

(Fig. 2B), where the lentic conditions were predom-

inant. Similar results were obtained for cladocerans

(Fig. 2C) and copepods (Fig. 2D). For this last group,

however, high levels of temporal coherence were

detected only among the sites ARM1 and RES4

(0.52) and between sites RES3 and RES4 (0.57).

Surprisingly, considering the level of temporal

coherence between sites ARM1–RES4 and RES3

and RES4 (Fig. 2C and D) as well as the spatial

adjacency, low levels of temporal coherence between

sites ARM1 and RES3 were detected for both

copepods (0.22) and cladocerans (0.32).

The highest levels of synchrony in density fluctu-

ations of testate amoebae were found among sites

located in the upper reach of the reservoir, where

lotic conditions predominated and where this group

was more abundant (Fig. 3A). On the other hand,

microcrustaceans (cladocerans and copepods) were

more abundant and presented evident synchronous

patterns in the southern part of the reservoir, where

the lentic conditions predominated (Fig. 4A–B). In

relation to rotifers, although differences in density

were not so remarkable, they were also more

abundant in the lower reach but synchronous patterns

could be found, in general, in both stretches of the

reservoir (Fig. 3B).

A decline in temporal coherence with increasing

geographical distance between site pairs (matrix G)

was found for cladocerans, copepods, and rotifers, as

indicated by the Mantel test (Table 3). The strongest
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Table 2 Spearman rank correlations (temporal coherence) between temporal trajectories of abundances measured for testate

amoebas (A), rotifers (B), cladocerans (C), and copepods (D) in 11 sites at the Corumbá Reservoir

RES1 RES2 RES3 RES4 RES5 RIV2 RIV1 TRI2 ARM1 TRI1 ARM2

A

RES1 1.00

RES2 0.53 1.00

RES3 -0.07 0.32 1.00

RES4 -0.08 -0.02 0.12 1.00

RES5 -0.27 -0.10 0.20 -0.17 1.00

RIV2 0.13 0.18 0.06 0.44 -0.21 1.00

RIV1 0.63 0.59 0.31 -0.02 -0.03 0.16 1.00

TRI2 0.52 0.38 -0.15 -0.10 -0.19 0.16 0.58 1.00

ARM1 0.18 0.09 0.04 -0.26 0.10 -0.08 0.42 0.19 1.00

TRI1 0.54 0.62 -0.03 0.11 -0.40 0.30 0.60 0.62 0.22 1.00

ARM2 0.00 0.09 0.12 -0.02 -0.18 0.09 0.13 0.10 0.16 0.21 1.00

B

RES1 1.00

RES2 0.50 1.00

RES3 0.10 0.14 1.00

RES4 0.10 0.06 0.49 1.00

RES5 0.27 0.22 0.20 0.44 1.00

RIV2 0.08 -0.09 0.15 0.30 0.19 1.00

RIV1 0.78 0.51 0.32 0.17 0.13 0.09 1.00

TRI2 0.36 0.14 -0.02 0.26 0.10 0.09 0.33 1.00

ARM1 -0.09 -0.01 0.20 0.65 0.22 0.21 0.01 0.35 1.00

TRI1 0.41 0.45 0.08 0.02 0.32 -0.14 0.41 0.45 0.08 1.00

ARM2 0.26 0.00 0.04 0.63 0.31 0.21 0.33 0.41 0.45 0.12 1.00

C

RES1 1.00

RES2 0.53 1.00

RES3 -0.06 0.12 1.00

RES4 -0.05 -0.18 0.60 1.00

RES5 0.15 -0.06 -0.11 0.35 1.00

RIV2 -0.04 -0.39 -0.24 0.11 0.21 1.00

RIV1 0.00 0.02 0.17 -0.20 -0.36 -0.13 1.00

TRI2 -0.45 -0.11 0.18 -0.09 -0.56 -0.34 -0.18 1.00

ARM1 -0.35 -0.29 0.32 0.67 0.11 0.07 0.00 -0.03 1.00

TRI1 0.06 0.17 -0.14 -0.17 0.02 0.05 -0.20 0.14 -0.14 1.00

ARM2 -0.44 -0.30 0.01 0.24 0.23 0.16 0.12 0.08 0.42 -0.16 1.00

D

RES1 1.00

RES2 -0.07 1.00

RES3 -0.13 0.13 1.00

RES4 -0.40 -0.29 0.57 1.00

RES5 -0.32 0.18 0.15 0.36 1.00

RIV2 -0.31 -0.45 -0.19 0.39 -0.03 1.00

RIV1 0.43 0.10 0.25 -0.12 -0.36 -0.14 1.00
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Table 2 continued

RES1 RES2 RES3 RES4 RES5 RIV2 RIV1 TRI2 ARM1 TRI1 ARM2

TRI2 0.34 -0.25 0.00 0.24 0.04 -0.01 -0.12 1.00

ARM1 -0.33 -0.18 0.22 0.52 0.44 0.04 -0.10 0.15 1.00

TRI1 0.05 0.13 0.07 0.19 0.32 -0.22 -0.06 0.21 0.45 1.00

ARM2 -0.02 -0.23 -0.11 0.44 0.37 0.10 -0.25 0.37 0.35 0.39 1.00

Fig. 2 Spearman rank

correlations between sites

for each taxonomic group

analyzed: (A) testate

amoebae, (B) rotifers, (C)

cladocerans, (D) copepods.

Only values C0.49 are

shown. Solid arrows were

used when the sites in

comparison are directly

‘‘connected’’ by water flow.

Otherwise, dashed arrows

were used. RES, reservoir

main channel; ARM, arms;

RIV, Corumbá River; and

TRI, tributaries
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predictor of temporal coherence was the limnological

distance between sites calculated for March 1999

(matrix L; Table 3). However, in September 1999, S

was significantly correlated with L only for cladoc-

erans (Table 3).

In March 1999, except for testate amoebae, results

of partial Mantel tests indicated a significant effect of

limnological characteristics on patterns of temporal

coherence, after controlling for spatial effects. The

more different the limnological conditions among sites

the lower the concordance and, therefore, the signs of

the correlations are negative. On the other hand, no

significant spatial autocorrelation was detected when

limnological variation was removed (Table 3).

Results obtained in September 1999 (dry season)

were rather different from those registered in March

1999 (rainy season). Specifically, only matrix G was

a significant predictor of S (for microcrustaceans and

Fig. 3 Temporal variation

in density (log X) of testate

amoebae (A) and rotifers

(B). s, RIV1; h, RES1; e,

RES2; D, TRI1; d, ARM1;

j, RES3; r, RES4; m,

ARM2; +, TRI2; Æ, RES5;

-, RIV2. RES, reservoir

main channel; ARM, arms;

RIV, Corumbá River; and

TRI, tributaries. The first

vertical dotted line indicates

when the reservoir reached

the maximum water level;

the second vertical dotted

line means started operation
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rotifers), when limnological variation was statisti-

cally controlled for (Table 3).

Discussion

Before discussing our results, some of their potential

caveats must be mentioned. First, most studies on

temporal coherence were based on time series longer

than the one analyzed by us (e.g., Baines et al.,

2000). For instance, short-term time series may

preclude the detection of synchronous dynamics and

trends due to low statistical power (Urquhart et al.,

1998). Also, the beginning of our study coincided

with the creation of the reservoir (November 1996),

and therefore, the temporal dynamics we recorded

may be atypical. Thus, our results should be

interpreted cautiously. We also estimated the tempo-

ral coherence only within the major groups of

zooplankton, whereas analyses based on species or

Fig. 4 Temporal variation

in density (log X) of

cladocerans (A) and

copepods (B). s, RIV1; h,

RES1; e, RES2; D, TRI1;

d, ARM1; j, RES3; r,

RES4; m, ARM2; +, TRI2;

Æ, RES5; -, RIV2. RES,

reservoir main channel;

ARM, arms; RIV, Corumbá

River; and TRI, tributaries.

The first vertical dotted line

indicates when the reservoir

reached the maximum water

level; the second vertical

dotted line means started

operation
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guilds are more common (Jenkins & Buikema, 1998;

but see Kent et al., 2007). However, aggregated

variables (e.g., total density of a given taxonomic

group) have lower background variability than spe-

cies density (Cottingham & Carpenter 1998), and this

property may be useful when detecting temporal

coherence.

Considering that our data were gathered for a

single system, we would expect a much higher level

of temporal coherence, similar to those previously

detected in aquatic ecosystems (George et al., 2000

and references therein; Kent et al., 2007). However,

the low synchrony indeed suggests that local com-

munity varies rather independently within the

reservoir and that dispersal of organisms among

locations cannot overwhelm out these local dynam-

ics. The fact that there is an association between the

pattern of covariance and the limnological character-

istics of sites suggests that local factors may be

responsible for local dynamics (Rusak et al., 1999)

and the overall pattern of low synchrony. Also, one

important reason for the difference with other studies,

in terms of the level of synchrony, may be that our

system was very heterogeneous in habitat type, i.e., a

combination of lotic and lentic environments.

Variations in the levels of temporal coherence in

the dynamics of microcrustaceans and rotifers, during

the rainy season (March), were significantly predicted

by limnological differences (see partial Mantel tests

results). Thus, highest levels of temporal coherence

were detected when sites presented similar limnolog-

ical conditions, independently of spatial proximity.

Interestingly, limnological differences estimated in

the rainy season (March 1999) better predicted the

variability in the levels of temporal coherence than

did the limnological differences estimated in the dry

season, where the opposite results were detected and

geographic distance was a significant predictor of the

temporal coherence variation. During the dry season,

we detected a lower level of spatial variability in

limnological characteristics (see Table 1).

The variation in the levels of temporal coherence

detected in this study is probably accounted for by the

two main mechanisms that may synchronize abun-

dance dynamics (dispersal and Moran’s effect; see

Moran, 1953; Royama, 1992; Hanski & Woiwod,

Table 3 Mantel statistics and associated probabilities evaluating the relationships among the spatial synchrony of each taxonomic

group and the explanatory matrices used in this study (geographical and limnological distances between sites)

Mantel test Geographical

distances (G)

Limnological distances (L)

(March 1999)

Limnological distances (L)

(September 1999)

Cladocerans -0.36 -0.43 -0.25

P = 0.0064 P = 0.0018 P = 0.0422

Copepods -0.40 -0.46 0.03

P = 0.0062 P = 0.0012 P = 0.4369

Rotifers -0.31 -0.41 -0.17

P = 0.0172 P = 0.0038 P = 0.1138

Testate amoebae -0.12 -0.23 -0.03

P = 0.2466 P = 0.0904 P = 0.3943

Partial Mantel test SLMarch 1999 � G SG � LMarch 1999 SLSep 1999 � G SG � LSep 1999

Cladocerans -0.31 -0.20 -0.19 -0.33

P = 0.0125 P = 0.0829 P = 0.0873 P = 0.0131

Copepods -0.33 -0.24 0.12 -0.42

P = 0.0222 P = 0.0859 P = 0.781 P = 0.0063

Rotifers -0.31 -0.15 -0.12 -0.29

P = 0.021 P = 0.1855 P = 0.2229 P = 0.0299

Testate amoebae -0.199 -0.01 -0.01 -0.12

P = 0.1524 P = 0.4527 P = 0.4529 P = 0.2348

Partial Mantel statistics are also shown. Matrices after dots were those statistically controlled for
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1993; Heino et al., 1997; Bjørnstad et al., 1999b;

Hudson & Cattadori, 1999; Paradis et al., 1999). As

indicated below, the relative importance of these

mechanisms, however, was dependent on the taxo-

nomic group analyzed and on the geographic position

of the sampling sites.

Particularly, the incidence of dispersal, which

includes the transport of individuals by water flow,

for testate amoebae and rotifers may be inferred

considering the high temporal coherence between

sites with a hydrological connection (e.g., sites RIV1

and RES1). Indeed, the influence of hydrological

factors on testate amoebae and rotifer abundances,

transporting individuals from substrates to the water

column, is observed frequently in intertropical eco-

systems (Lansac-Tôha et al., 2004). On the other

hand, the temporal fluctuations in the total abundance

of testate amoebae at sites TRI1 and TRI2 were also

synchronized, despite the absence of a direct spatial

and hydrological connection between these sites.

Thus, dispersal is not supported as a mechanism or

at least is not the only explanation, and the influence

of a reservoir-wide factor is the most parsimonious

explanation for this specific result. Variations in water

discharge, which transport individuals from upstream

to downstream sites, may also be synchronous due to

the regional effects of precipitation on the entire

reservoir’s watershed. Recently, a number of studies

have indicated the importance of spatial configuration

of sampling sites in a hydrological network for

predictive and interpretative purposes (Ganio et al.,

2005; Cressie et al., 2006; Peterson & Urquhart, 2006;

Peterson et al., 2006; Ver Hoef et al., 2006). Studies

of temporal coherence in lotic systems would benefit

highly from this approach, mainly after taking into

account the idea of ‘‘hydrologic distance weighted by

discharge volume’’ (Peterson et al., 2007).

In September 1999, the levels of temporal coher-

ence for microcrustaceans and rotifers were

significantly correlated with geographical distances,

after statistically controlling for limnological varia-

tion. Dispersal and the Moran effect (environmental

synchrony that declines with distance) may also

explain the patterns of decrease in temporal coher-

ence between sites as the distance between them

increases (Swanson & Johnson, 1999). Unfortunately,

there are no abiotic time-series data allowing a direct

estimate of environmental synchrony. This could

allow us to verify if abiotic variables show a decline

with distance equivalent to that observed in animal

populations, which could give support to the Moran

effect as an explanation for the pattern (Ranta et al.,

1999; Koenig 2002).

It is important to emphasize the low levels of

temporal coherence found for microcrustaceans,

indicating the preponderance of intrinsic or site-

specific factors (Rusak et al., 1999; Hessen et al.,

2006). This result may be explained by the low

potential of dispersing individuals to alter population

density in the downstream sites (Michels et al.,

2001). As predicted by Beisner et al. (2006 and

references therein), one should expect, under this

scenario, the preponderance of local factors over (i.e.,

spatial distribution of sampling sites and their con-

nections on the reservoir) to explain patterns of

temporal coherence. Jenkins (1995) and Jenkins &

Underwood (1998) also highlighted the infrequency

of rotifer dispersal.

Independently of the mechanisms that could

explain these patterns, our results have at least one

implication for the design of monitoring programs in

reservoirs. The extent to which local data (i.e.,

obtained at each site) can be used to infer population

trajectories across larger spatial scales depends on the

level of synchrony (or coherent variation) among

different sites. If temporal coherence is high, data

gathering in few sites can be effective to estimate

regional trajectories (for the entire reservoir) because

the temporal patterns of variation are similar inde-

pendently of the sampling site. On the other hand,

where spatial synchrony is low, data obtained in a

single site cannot be extrapolated for the entire

environment of interest (see Urquhart et al., 1998 for

a similar discussion). In these more complicated

cases, the statistical power to detect regional trends in

the abundance of a particular taxonomic group may

be improved by the measurement of relevant covar-

iates that explain inter-site variation or by the

identification of sites with similar patterns of vari-

ability (Urquhart et al., 1998).

In short, our study indicates that the highest levels

of temporal coherence (population synchrony) were

detected for rotifers and testate amoebae in the upper

part of the reservoir. Many species belonging to these

groups are considered pseudoplanktonic (Lansac-

Tôha et al., 2004). Thus, densities may be correlated

with the stochastic fluctuations in water flow that wash

out (‘‘disperse’’) individuals from sediments and other
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substrates to the water column. This process may

occur between adjacent sites or between sites located

in different basins which are, nevertheless, affected by

the same regional factor (e.g., precipitation) that

causes synchrony in water flow. Alternatively, water

flow fluctuations may also modify local growth

conditions. On the other hand, reservoir-wide syn-

chrony estimated for microcrustaceans was not

significant, indicating the preponderance of local

factors. Identifying the environmental factors that

may explain the spatial variability in the temporal

trajectories of this group is the main way to improve

our power to detect reservoir-wide trends in the total

abundance of these organisms.
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