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)lIB..- ABSTRACT

In the neotropics, seasonal flooding renders the floodplain an open system in

which many fish species can disperse freely. Consequently, it has been suggest

ed that fish assemblage structure infloodplain lake~is largely stochastic -.

However, recent studies concluded that fish assemblage structure could be deter

mined mostly by local environmental factors. The present work tested-I) the-pre

dictability of fish assemblage structure in lakes of the Mamore River floodplain,

Bolivia, in relation to environmental conditions and 2) the general prediction

_ that fish assemblages are structured following the. pisclvory-transparency-rnor

phometry (PTM) model originally, developed for theOrinoco.Rivere ,Fish species

abundances were quantified in eight lakes of theMarrior~.~~vel"ifloodPJain,!JOsi~

tioned along a spatial gradient of distance to the main river; through five high-
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water and four low-water surveys. We found ~trong

relationships hetween 1ish assemblage structure and

abiotic variables. Spatial variation in fish assemblage

structure was stronger than -temporal variation.

.consistent with,.predictions of the PTM model, relative

abundances of silurifonns and gymrtotiforms declined

in clearer and deeper water, wh~reas relative abun

dances of characiforms and clupeiforms increased, as

expected from knowledge on the sensory capabilities

of these taxa. Partitioning of variation showed that

although internai variables, especially transparency

and water depth, play an important role in structuring

fish assemblages, landscape variables, specifically

temporal variability of water quality and connectivity,

also influenced assemblage structure. These results

support the notion of hierarchical control of assem

blage structure. Landscape variablesseem to operate

as a primaryfilter that differentially limits local move

ment and migration as a function of lake connectivity.

A secoildàry filter reflecting internai processes appears

to exert stronger control in well-eonnected lak'es where

the migration tilter might he weak. At the ordinallevel,

the distribution ,of clupeids, gymnotiforms and siluri

forms appeared to he shaped by both landscape and

internal variables. In contrast, that of characiforms did

,not seem limited by landscape variables.

. .-.
, -

INTRODUCTION

The structure of fish assemblages is influenced

by environmental variations at multiple spatial and

temporal scales. Assemblage patterns should therefore

heevaluated with respect to the relative contribution of

small-scale, local and larger-scale, regional, ecological

processes (Angermeier and Winston 1998).

Specifically, environmental influences acting at differ

ent scales -can he viewed as hierarchical filters that

control -species presence or, abundance (Tonn et al.
, -

1990). Species should he influenced differentially as a

function of theii adaptations to abiotic and biotic selec

tive forces. Abiotic conditions may he influential at all

spatial -scales, although biotic interactions are likely to

operate only at.the local scaie (T-onn et al. 1990; Keddy

1992). Patterns of control in fish assemblaoes differ
, 0

among -systems. For example, in Mediterranean

streams, vanation in fish assemblage structure is most

ly explained by,large-scale factors (stream size and

catchrnent position) rather than by mièrohabitat and

biotic interactions (Magalhaes, Batalha and Collares

Pereira 2002). In -small temperate lakes, piscivory and

both local and -larger-scale environmental variables

(water depth,surface area, isolation) influence the

struct~e of fish, ass~mblages (Tonn et al. 1990).

Finally, in neotropical floodp.1ainlakes of the Orinoco

River.. the piscivory-.tt'atlspar.ency-morphornetry model

.(P1M).propôsed by-R-odrfguez-and Lewis (1997) indi

cates that species distribution and abundance is tightly

linked to -Iake watertransparency, ~hich is in turn eon- '

trolledby lake motphom~try. A similar pattern was

found in the Araguaia River floodplain, Brazil

(Tejerina-Garro, Fortin and Rodriguez 1998).

In most neotroplcal flOodplains, the annual

flo?d c~c!e of ~e'.river is predktable and exlùbits. ." . - - - - -

_rnarked Seas.opal fluctuations jn water level that consti-

tute one of the main' ecolo~ical characteristics of flood

_plain wâter~ies-.:(Junk;;BaYley ,ând- -Sparks 1989).

Floodplain 'Iakes-' aremaiillyiSolated -during the dry 

season, but during the wet season, lake interconnec-
• • 1

tlOns and forest flooding give fish access to a broad

,range of 'habitats. Consequently, the altemation of dry

and wet seasons produces ~jor change in patterns of
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.. Influence of ÎlllerM1 and 1ands<;ape lake condilions

fish abundance and distribution (Lowe-McConnell

1975; Rodrfguez and Lewis 1994).

At the floodplain scale, environmental {;ondi

tians at any given moment and seasonalchange in

those {;onditions are spatially heterogeneous. Young

oxbow lakes are located near the river channel and

retain a channeHike morphology. Over many years,

floodplain lakes undergo morphological i:hange and

become shallower as a consequence of sediment depo

sition, colonization by vegetation and flooding attenu

ation (Amoros et al. 1987). This dynamic physical
• •process IS accentuated as the main channel moves

away from the Lake. Thus, one could expect orderly

changes in fish assemblage structure along an age or

distance gradient ta the main river channel, a relation

ship driven by changes in lake morphometry, intensity

of the flood effect and degree of connection with the

main river channel along the gradient. However,

1" --

•. F1gure 1. Location of the elght study lakesin the central
Marnore River f100dplalnnear Trinidad, Bolivia.
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Rodriguez and Lewis (1997) andTejerina-Garro et aL

(1998) found no influence of landscape variables on

structure of fish assemblages and conctuded that

assemblage structure was determined mostly by inter

nal variables operating locally.

We conducted, over a two-year period, a survey

of the structure of fish assemblages in ..eight lakes of

the Mamoré River floodplain, Bolivia, that were posi

tioned along a sharp spatial gradient of landscape con

ditions. The present work tested: 1) the predictability

of fish assemblage structure in the Mamoré River

floodplain in relation to both internal descriptors and

lake-type categories reflecting landscape conditions

and 2) the general prediction that fish assemblages are

structured following the P1M model originally devel

oped for the Orinoco River floodplain (Rodrfguez and

Lewis. 1997).
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/
/ MATERIALS AND METHOns

STUDYAREA

The Mamoré River is one of the main tributar

ies of the Madeira River, a major affluent of the

Amazon {Figure 1). The Mamoré River drains the

southem Bolivian Andes and a vast savannah plain

broken by forest gallery.-Local climatic conditions are

marked by the a1temation of a wet (October - March)

and a dry season {April - September). A large annual

,

Table 1: Environmental characterlstics (Iandscape and Internai variables) 01 eightlakes 01 the Mamoré Iloodplain. Means (ranges) 01 Internai

variables are given lor the dry and wet seasons.
. .

Season Coitarama _Suarez Florida Potrero Siquero Verdun 2 TIuco Verdun 1

Supra-lake variables

Lake-type 1Position Savannah Savannah Edge Edge Forest Forest Mamoré Mamaé

Estimated age (year) >100 >100 >100 >100 >20 >20 <20 <20

Distance Mamoré (km) 5 6 4.5 4 1.3 1.2 0.1 0.15

temporaryl lemporaryl temporaryl lemporaryl permanent permanent

Connectivity isolated isolated forest channel channel channel

Lake Perimeter 8.08 10.99 4.11 3.4 6.13 4.06 9.94 8.81

Lake area 3.43 42 0.28 0.39 0.67 0.37 1.19 1.01

Lake shape 123 1.51 2.2 1.55 2.11 1.88 2.57 2.48

Temporal variation (CVPCA) -1.35 -0.84 1.5 1.53 -0.35 0.64 -0:61 -0.11

Whole-lake variables

Temperature (éC) Dry :2.7.7 28.8 25.9 25.9 29.1 27.7 27.7 28.4

(26.7-29.3) (26.8-32.9) . (20.3-31.6) (19.4-32) (28.8-29.4) (26.7-28.6) ~24.6-29.6) (26.8-~.3)

Wet 28.4 28 27.6- . 27.2 28.3 27.7 28.7 28:5

(24.4-31.1) (24.1-30.5) (26.4-28.7) (23;1-30.6) (25.7'30.2) ~27.4-28.3) (26.8-32) (28.1-29.2)

-

Water deplh (m) Dry lK 1.2 0.7 0.6 4.4 0.9 8.7 4.9

(1.5-1.5) (1.1-1.3) (0.6-0.8) (0.4-1) (2.3-6.4) (0.7-1.2) {6.1-11.6) (3.4-6.5)

Wet 1.7 1.4 - 2.4 1.5 S.4 5.6 11.9' 10.5- .
(1.6-1.8) (1.3-1.5) .(0.6-4.6) (0.5-3.7) ~3.5-8.5) (3:S-8.1 ) (9.2-17) (9.5-11.7)

8ecchitransparency (cm) Dry 36 - 13.8 8.3 12.5 19.1 19.3 77.6 -33.2

{27.3-43.3) (10-23.3) (8.3-8.3) (s-.29) (9.7-25) (14.7-24) ~48.7-139) (22.7-48.3)

Wet 42.2 38.5 40.6 29.1 45;4 64.6 732 63.8

(35.7-51.3) (31-49) (13.3-68) (8.7-76) (31-60) (46.7-80) (41.3-106) (27-85)

, - ' . . . "-

pH bry 6.8 S.9 5.5 6 6.9' 6.6 7.8 72

(6.6-7) (6.7-7.4) (5.4-5.5) -(5.7-6.5) (6.8-7) (6.1-7.2) (7.2-8.7) , (S.9-7.7) .

Wet '1).5 ' 6.6 --
6.5 6.1 6.4 6.5 7.1 6)

(6.4-6.7) (6.3-6.8) (6.3-6.7) (5.5-6.8) (5.9-6.7) (6.4-6.6) (6.8-7.5) (6.4-7.1)

. Conduetivity (microsls) Dry 17 . 20 90 49- 86 74 228 150

(16-19) {16-24) (73-107) (39-55) (66-97) (42-105) (160-277) (103-237)

Wet 16 19 65 36 43 70 139 97

(15-18) (14-26) -(56-76) (27-60) (30-76) -(51-91) (85-158} (73-113)
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lnflue~t!Of ifl/emol and landscape Lake condûions

flood, potentially extending over ca. 150 000 km1

(Denevan 1980), generally occurs at the end of the wet

season (December - April) and can last as long as thr'ee

or four months (Loubens, Lauzanne and Le .(Juennec

1992).

The study area is situated in the central part of

the Mamoré River floodplain (14°30' - 14°52'S;

64°51' - 65°01'W) near the city of Trinidad. Eight

lakes were studfed that correspond to four different

ecological lake-types (Figure l, Table 1): six are

oxbow lakes situated in the forest gallery at varying

distances from the Mamoré River; the remaining two

are savannah lakes:

• Mamoré:· Lakes Tiuco and Verdun l, situated near

the Mamoré River, were formed about 10 years

ago and have a morphology similar to that of the

river channel. They are permanently connected to

the Mamoré River by way of a short channel «
100 m).

• Forest: Làkes Siquero and Verdun 2, situated in the

middle of the forested floodplain, were formed

more than 20 years ago. They are temporarily con

nected to the Marnoré River ·by way of a small trib

utary that drains the savannah and the floodplain.

The tributary is over 1 km long aÎ1druhs through

one or two other lakes before reaching the Mamoré

River.

• Edge: Lakes Potrero anô Florida, sltuated at thé
forested floodplain.edge, were fonned more than

50 years aga (according to local people). Lake

Florida was connected to the Mamoré River only

by floodwater. Lake Potrero was connected indi-
- , . - "- .. - - ~ ,-

.. rectly to the Mamoré ~iver by way of a short chan- ..

nel that converged with a small temporary tribu

tary. Both lakes aIe Illore than.4 km 9istânt q~m

the Mamoré River.

• Savannah: The last two lakes,. Coitarama .and

Suarez, were situated in the savannah adjacent 10

the floodplain. They were :estimated to have

fonned more than 100 years ago. In years with a

typical hydrologic cycle, they are isolated year

round, but they likely connect with the Mamoré

River in years with exceptionally high water level.

Lakes close to the river may be subject to

flooding by whitewater drained by the Mamoré River

(Loubens et al. 1992.; Ibafiez 2000) and are largely

influenced by annuaI water level fluctuations. Local

rainwater feeds lakes remote from the river, the savan

nah and edge 1ake types, which therefore have charac

teristics, intennediate between white andblackwaterS.

FISH SAMPLING AND ENVlRûNMENTAL MEASUREMENTS

Fish were sampled using thirteen gillnets with

a wide range of mesh sizes (25 m long by 2 m high;

mesh sizes: ID, 15,20,25, 30, 35,40,50,60, 70, 80,

90 and 110 mm). Sampling was conducted during five

periods of wet season (March 1998, March 1999, May

1999, March 2000, May 2000) and four periods of dry

season (July 1998, October 1998, September 1999,

December 1999). For each sampling :(lake-period com

bination), gillnets were left in place for two hours ID

the evening (17:00-19:00) and two hours in the morn

ing (5:00-7:00). Gillnets were placed perpendicular 10

the shore at approximately the same locations through

out the study.

Captured fishes were fixed in buffered

fonnaldehyde (4 -percent) and later preserved_ in

buffered ethanol (75 percent). In the laboratory, fish

were identified to species, or only to gemis when taxo

nomic knowledge was inadequate for reliable specific

identification, by reference to ·voucher specimens left

by a previous taxonomie research project (Lauzanne

and Loubens 1985; Lauzanne, Loubens and Le

Gùennec 1991) atthe Trinidad fish colleCtion {CIRA·

. UTB), the Museo Nacional de Historia Natunû, La paz

and the Musée National d'Histoire Naturelle, Paris. .

Eilvironmerital variables were assigned to two

categories. Eight variables characterizing lake internai

conditions in individual lakes: temperature, water

depth, transparency, conductivity, pH, lake .area,

perimeter .and shape ~calculated as Perimeterl

(4~Area)0.5).Three variables-correspond to landscape

\
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conditions (features external to the lake) that may

influence internai biotic and abiotic processes and that

are related to the position of the lake in the floodplain:

connection type, distance to the main river channel and

temporal variability of water quality. On each sam

pling occasion, five internai variables: temperature,

water depth, transparency (Secchi disk), conductivity

(electronic conductimeter wrw model LF31) and pH

(colorimetric pH meter HACH), were measured at

three points (ltferenced by GPS) in the deepest area of

the lake. Temporal variability of water quality was

quantified by means of coefficients of variation (CV)

of the five landscape variables. Lake scores on the first

axis of a PCAon the covariance matrix of the flve CVs

were used as an overall measure of temporal variation

(CVPCA). Lake area, shape, perimeter and distance to

the main channel were estimated from a photographic

image (ERS satellite; pixel resolution 12.6 m).

STATISTICAL ANALYSES

Species represented by <5 individuals and <3

occurrences were excluded from the analysis (103

species were conserved of a total of 140). Given that

fishing effort was constant, catch per unit effort

(CPUE) was calculated for each species and sampling

occasion as the total number of individuals captured in

ail gillnets. Transformations were performed as

required to better conform to statistical assumptions.

CPUE data weretransformed as ln (X+l) or, for pro-
o • 0.5 - -

portIOns, as arcsm (p ). The environmental viuiables

Secchi transparency, water depth and conductivity

were log-transformed.

Multiviuiate relationships between assemblage
structureand environmental variables were quantified
by canonical correspondence analysis (CCA), (fer
Braak 1986); (programme cANoeo, version 4), a
direct ordination technique based on chi-square dis

ta!lces for the species !lata. Inclusion of predictor vari
ables was based on a forward selection procedure with
cutoff p value ~ 0.05. Statistical significance of
species~environmen[.relationshipsin the. CCA was·
obtained by.means of Mohte ~arlo tests implemented
in CANOCO (1 000 permutations).

The variation-partitioning method of Borcard,

Legendre and Drapeau (1992) was used to determine

the fraction of the variation in the species matrix that

could he explained by the landscape variables (pure

"spatial" effect), the internai variables (pure "environ

mental" effect) and a "shared" effect of landscape and

internai variables (variation explained jointly by spa

tial and environmental variables), as well as the frac

tion of variation not explained by these three -compo

nents ("unexplained"). The variation is partitioned by

dividing .the inertia {sum of ail eigenvalues) of con

strained (partial) CCAs of the species matrix by the

total inertia of a correspondence analysis of the species

matrix (Borcard et al. 1992).

Partitioning of variation was also used to exam

ine further the pure "spatial" component. First, the

effect of the significant environmental variables was

partialled out, leaving only the "pure" spatial variation

and the unexplained variation. Then, forward selection

was used to determine which landscape variables con

tributed significantly to explaining the "pure" spatial

variation.
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• FIgure 2. Boxplot of internaI variables (pH. temperature. con·
ductivity. wat8r depth, Secchi transparency), by lake type. Lake
types are ordered along the horizontal axis according to their
distance to the Mamore River channel.
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Influence ofinzernaJ and /andscope Iake conditions'

As a .test of the general prediction of the P1M

model, scatterplots were used 10 depict the relation

ships between relative abundance of major taxa

(CPUE proportion; arcsine transformed) and trans

parency (Rodriguez and Lewis 1997).

RESULTS

TEMPORAL AND SPATI~ VARIATION OF LAKE INTERNAL

CONDmONS

Variation in water depth, Secchi transparency

and conductivity showed clear temporal and spatial

structure (Figure 2, Table 1). Savannah lakes, showed

very limited variation in water depth both within and

between wet and dry periods (range 20 cm); for the

other (oxbow) lakes, environmental variation general

Iy increased with distance to the river (Figure 2).

Depth of oxbow lakes also diminished with increasing

distance to the river, reflecting the temporal evolution

of lake morphology along a gradient ranging from

recently aband011ed river channel to total dry-out.

Temporal variability of Secchi transparency

and conductivity showed spatial patterns similar to that

249

for water depth, as did the composite measure of tem

poral variability based on five environmental variables

{CVPCA, Table 1). The six oxbow lakes were general

iy deeper, c1earer and had Iower conductivity during

the wet season than <1uring the dry season, contrasting

with savannah lakes, which showed more limited sea

sonal variation (Table 1). pH, conductivity, Secchi

transparency and water depth generally decreased sys

tematically with the increasing ùistance to the river;

however,the savannah lakes, aithough further from the

river than oxbow ~akes, had high pH and Secchi trans

parency relative to their distance from the river.

FISH ASSEMBLAGE STRUCfURE

A total of 38 292 fish, distributed among 140

species, were 'Caught{Table 2). The i03 species select

ed for quantitative analysisrepresented more than 99.8

percent of the total number of individuals. A few very

abundant species accounted for more than half of the

catch: the small tetra Moenkhausia dichroura (30.7

percent), the armored catfish Hypo~topoma joberti

(9.5 percent), thecurimatid Potamorhina latior (5.4

percent), the characid "sardines" Triportheus

,

Table 2: List of 140 fish species captured ln eight lakes of the Mamoré f1oodplaln. Occurrence, total number o,f indivl<!uals cap

tuted, and relative abundance are given for each species, by lake type.

Order, Fami/y Relative Abundance (%)
of analysed spec/es

Specles, Authorlty Total occurrence savannah ~dge -Forest ' Mamoré

pise!. catch (n=57) ~2lakes, 2lakes, (2lakes, (2lakes,

number n=151 n=14) 0=13) 0=15)

Belonlformes -
-

Belonldae

PotamOrrhaphis cf. eigenmanni 3 3 . - -- . . -.

Miranda'Ribeiro, 19j5

Characiformes 88.61 64.53 39.48 "59.04

Acestrorhynchldae
"

,-

Acestromy,;chus spp. S 387 26 1.93 0.29 0.19 0.35

-
Anostomldall' " -

.-

Leporinus friderici friderici (Bloch. 1794) 88 24 0.30 0.16 ' 0.14 0.19

Leporinus trifasciatus Steindachner. 1876 1 1 - - . - .. ..
Rhytiodus micro/epis Kner, 1858 107 13 0.04 1.10 0.31 0.37

Schizodon fascia/us Spix & Agassiz, 1829 154 33 0.48 0.68 0.11 0.46



Order, FamUy ReJaUve Abundance (%)
of analysed specJes

Specles, Authorlty Total occurrence savannah Edge Forest MalllCri
plscL catch (n=57) (2lakes, 2 Jakes, (2lakes, (2lakes,

number n=l5) n=14) n=13) n=l5)

Characldae

Agoniates cf. anchovia Eigenmann, 1914 ~ 9 3 0.00 0.00 0.01 0.10

APhyocha'jx anisitsi Eigenmann & 338 3 0.02 8.78 0.00 0.00

Kennedy, 1903

Brycon cf. cepha/us (Génther, 1869) 3 2 · . · - -. · -
Charax gibbosus (Unnaeus, 1758) ~ 19 11 0.03 0.26 0.02 0.03

Roeboides affinis (Gé nther, 1868) ~ 968 42 4.00 2.07 0.49 2.00

Roeboides biseria/is (Gannan, 1890) ~ 11 3 0.00 0.16 0.00 0.06

Roeboides myersii Gill, 1870 ~ 277 31 0.76 1.02 0.65 0.59

Piabucus me/anostomus Holmberg, 1891 3 1 · . · - -- · -
Astyanax abramis (Jenyns, 1842) 2 2 · . · - · - · -
Astyanax bimacu/atus (Unnaeus, 1758) 48 10 0.19 0.42 0.00 0.00

Ctenobrycon spi/urus (Valenciennes, 1850) 183 19 0.13 3.48 0.23 0.06

Gymnocorymbus temetzi (Boulenger, 1895) 2 2 · - -. -. · .
Hemigrammus sp. 4 1 · . · . · . -.
Markiana nigripinnis (Perugia, 1891) 35 la 0.17 0.05 0.03 0.00
Moenkhausia dichroura (Kner, 1858) 11748 43 61.26 12.47 4.74 3.80

Pareebasis cye/o/epis Eigenmann, 1914 431 17 0.00 1.41 2.19 2.19
PhenaCOf}aster sp. 4 2 · - · - · - · -
Triportheus a/bus Cope, 1872 1336 35 0.29 0.92 2.19 13.46

Triportheus angu/atus (Spix & Agassiz, 1829) 1831 48 4.48 7.44 2.17 7.37
Triportheus cuiter (Cope, 1872) 3 1 · . · . · . -.
TÎiportheus-sp. 4 3 -. · . · . · .
CoIossoma macropomum (Cuvier, 1818) 35 11 0.08 0.45 0.01 0.05

_Mètrn.nis hyPsal.ichen (Méller & Troschel, 1844) 13 - 8 0.04 0.03 0.05 0.00--" - .... .... - -

Metynnis macu/atus" (Kner, 1858) 30 8 0.17 0.00 0.00 0.00

Myleus tiete (Eigenmann& Noms, 1900) 3 3 · . · . · . -.
MYfciSsoma aUfeum (Agassiz, 1829) -

0.00 0.06 0.2832 la 0.02

~soma du~entre(Cuvier.1818) 157 19 '0.06 0.18 " 0.66 1.00

Piaractus brachypomus (Cuvier, 1818) 4 4 ·. -. · . · -
Pygoœntrus nattereri Kner, 1858 § 397 39 0.46 4.06 1.35 0.46

Serrasa/mus compressus Jé gu, Leé 0 & § 21 16 0.07 0.05 '0.04 0.04
Santos, 1991

Serrasalmus eigenmanni ~orman, 1929 ~ 115 21 0.61 0.03, 0.08 0.01
- . - .- - - ..

Semisalmus eÎôngàiiJs_ Knèr, 1858" § 23 14 0.01 0.03 0.06 0.19

Senasa/mushoUandi EigÈmmann, 1915 ~ 372 45 0.35 1.68 1.29 1.61

~salmus: tpombeus (\.jnnaeus; 1766) '§ . 474- 42_ " - 'O.M 0.37 1.50 2.60
'~$àtmiJs 'spi/op/e'Ura -Knèr, -1858 '- ". - "

§ 37 12. 0.20 ,0.05 0.01 0.00. . - - -
-PopteÏ1a compressa (Génther, 1864) 235 20 1.29 0.08 0.08 0.03

Ststhaprion crenatum Eigenmann, 1916 163 14 0.06 ' 0.26 1.45 0.06

TetragonoptefUs 'argenteus Cuvier, 1816 7 4 0.01 6.06 0.04 0.01

/
/
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Order, famlly ReIaIlYe Abundance l%)
of analysed specles

Specles, Authority
Total J occurrence Savannah Edge Forest Mamoré

plscL catch (n=S7) (2lakes, 2lakes, (2Iakes, (2lakes,
number n:15) n:14) 11=13) n:l5)

Curimatldae

Curimata sp. 27 8 0.15 0.00 0.00 0.03

Curimatella albuma (Mé 11er &Troschel, 1069 27 5.81 0.16 0.31 0.46

1844)

Curimatell~dorsalis (Eigenmann & 55 3 0.21 0.00 0.20 0.00

Eigenmann, 1889)

Curimatella immaculata (Femé ndez-Yé pez, 38 5 0.00 0.00 0.01 0.48

1948)

Curimatella meyeri (Steindachner, 1882) 131 17 0.51 0.08 0.41 0.03

Curimatella sp. 431 7 2.48 0.00 0.00 0.05

Potamortlina altamazonica (Cope, 1878) 135 31 0.04 0.81 0.49 0.66

Potamortlina latior (Spix &. Agassiz, 1829) 2058 34 0.05 9.59 7.54 12.52

Psectrogaster amazonica Eigenmann & 95 7 0.07 1.91 0.11 0.00

Eigenmann, 1889

Pse€trogaster cUNiventris Eigenmann & 119 15 0.18 0.10 0.56 {l.40

Kennedy, 1903

Psectrogaster rutiloides (Kner,1858) 395 25 0.08 1.81 1.70 1.96

Psectrogaster sp. 2 2 · . · . · - ..
Steindachnerina sp. 14 5 0.00 0.05 0.00 0.15

Cynodontidae

Cynodon gibbus Spix &Agassiz, 1829 § 29 8 0.02 0.13 0.20 {l.01

Hydrolycus scomberoides (Cuvier, 1816) § 65 17 0.01 0.37 0.33 0.24

Rhaphiodon vulpinus Spix &Agassiz, 1829 § 69 23 0.00 0.08 0.300. 49

Erythrinid!le -

Hoplerythrinus unitaenia/us (Agassiz, 1829) 1 1 · . · . · . ..
Hoplias malabaricus (Bloch,1794) § 100 18 0.29 0.76 0.18 0.05-

Gasteropeiecldae

Thoracocharax stellatus (Kner, 1858) 20 9 0.00 0.03 0.17 0.04
Hemlodontldae

Anodus elongatus Agassiz, 1829 938 28 0.01 0.37 6.61 3.85
Leblaslnldae

Pyrrhulina vittata Rel;lan, 1912 1· 1 · . · . · .-
.... .. ..

. Prochllodontldae

Prochilodus nigricans Spix &Agassiz, 1829 133 28 0.50 0.31 0.19 0.22
-

-

Clupeiformes' 3:15 1.65 14;08 11.90-

Clupeldae

Pellona castelnaeana Valenciennes, 1847 § 187 24 0.26 0.00 0.20 1.60

Pellona f1avipinnis (Valenciennes, 1836} § 968 42 2.89 1.39 0.88 4.31
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Order, f'amffy
Relauvea~ndanœ(%)

of ana specles
Specles, Authorlty Total occurrence savannah Edge forest Marnoré

plscL catch {1l=57) (2lakes, 2lakes, (2lakes, (21akes,
number n=l5) 11=14) 11=13) n=l5)

•
Engraulldae

Anchovie1fa cf. carrikeri Fowler, 1940 2 1 · . · - · . · .
Engrau/idae sp. 1701 28 0.00 0.26 13.00 5.99

Gymnotiformes 0.58 5.87 1.10 0.36

Apteronotldae

Adonloslemarchus sachsi 73 la 0.00 0.08 0.69 0.06

Apleronotus a/bifrons (Unnaeus, 1766) 9 5 0.05 0.00 0.00 0.00
Slemarchorhynchus sp. 2 2 · . · . · . --
Gymnotldae

Gymnotus carapo Unnaeus, 1758 4 3 - - -- · . -.
Hypopom/dae

Brachyhypopomus cf. breviroslris 15 5 0.03 0.08 0.05 0.01
(Steindachner, 1868)

Rhamphichthyidae

Rhamphichlhys roslralus (Linnaeus, 1766) 19 9 0.05 0.13 0.02 0.04
Stemopygfdae

Dislocyc/us conirostris (Eigenmann & 1 1 -. · . · . · .
Allen, 1942)

Eigenmannia humbo/dlJÏ (Steindachner, 1878) 52 9 0.04 0.92 0.05 0.06

Eigenmannia virescens (Valenciennes, 1842) 259 28 0.35 4.35 0.22 0.14

Slemopygus macrurus (Bloch-& Schneider,-1801) - 29 16 0.05 0.31 0.06 0.04

Perciformes 0.35 3.09 0.52 '3.65 --

Clchlidae

Astronolus crassipinnis (Héckel, 1840) -
2 1 · . · . · . · .-

, Chaelobranchopsis orbicu/aris 3 - 3 · - -. ,- - -. -
-

(Steindachner, 1875)

Chaelobranchus flavescens Heckel, 1840 2 2 .. -. · . ..
Aequidens sp. 1 1 · . · . -. · .
Crenicich/a sp. 1 1 - · . · . · . · .
Cichfa monocu/us Spix &Agassiz, 1831 ! 19 12 0.09 0.00 0.00 0.04

Crenlcichfa - cf. seinicHncfà 'Steindachner, 1892 - - , .. - -, - _. - ~

3 3 -. · . -. "

Satanoperr:a jurupaii (Heêkel, 1840) 4 3 · . · . · . · .
_SClaenklae -

'-
- - " -Pachypôps trifilis(Mé /1er &. Troschêl.1848)

-,

f 1 · . -. · . · .
Piagioséion squamosissimus (Heckel, 1840)

,

! 492 38 0.263 .09 0.52 3.61

Pleurollectlformes

Achlrfdae

Achirus achirus (Unnaeus, 1758) 1 1 ·. · . · . ..

/1
/1

i

,:.. ~ .
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Order, FernUy RelatJvé Abundance (%)
of analysed specles

Speeles, Authorlty Total occurrence savannah Edge Forest Mamoré

• plscL çaldl (n=57) (2lakes, 2lakes, (2lakes, (2lakes,
number n=15) n=14) n=13) n=15)

Rajlformes

Potamotrygonldae

Potamotrygon cf. motoro (Méller & Henle, 1841) 17 11 0.05 0.16 0.01 0.01
Silurifonnes 7.26 24.71 44.81 25.04

Agenelosldae

Ageneiosus inermis (Linnaeus, 1766) § 72 16 0.00 0.08 0.59 0.17

Ageneiosus brevis Steindachner, 1881 384 9 0.00 0.24 3.94 0.04
Ageneiosus sp. § 14 5 0.00 0.00 0.13 0.03

Ageneiosus ucayalensis Castelnau, 1855 11 1 -- -. -- --
Tympanopleura sp. § 246 15 0.00 0.10 1.95 0.75

Aspredinldae

Bunocephalus sp. 1 1 · - . . . . ..

Auchenlpteridae

Auchenipterus nuchalis (Spix & Agassiz, 1829) 289 21 0.00 0.29 1.73 1.48
Centromochlus sp. 144 15 0.00 0.00 0.38 1.39

Entomocorus benjamini Eigenmann, 1917 307 22 0.39 5.42 0.16 0.23
Epapterus dispilurus Cope, 1878 124 15 0.00 0.42 0.98 0.21

Trachelyopterus striatulus (Steindachner, 1877) 1i8 17 0.12 1.13 0.02 0.03
Tatia aulopygia (Kner, 1858) 1 1 -- -. . . ..

Callichthyidae

Brochis splendens (Castelnau, 1855) 44 3 0.00 0.00 0.46 0.01
Corydoras sp. -

ô4 4 0.00 0.00 6."59" ' 0.10

Dianema longibarbis Cope, 1872 5 4 0.00 0.05 0.02 0.00

Hoplostemum littorale (Hancock, 1828) 3 1 -- .. -- - -.
-

Megalechis thoracata (Valenciennes, 1840)
-

0.13 0.0017 6 0.01 0.10

Doradidae
- -

Anadoras weddellii (Castelnau, 1855) 19 4 0.00 0.45 0.02 0.00
Astrodoras asterifrons (Kner, 1853) 1 1 · - .. -- -.
Dorassp. 178 22 0.02 1,28 1.08 0.30
Opsod0ra.s sp. -. ' - " 120. 9, 0.00 0.00 _ - 1.00. 0.33 "

Pfatydoras costatus (iJnnaeùs, 1758) 10 '5 0.06 . ,0.00' 0.00 0.00-

Oxydoras niger (Valenciennes, 1821) 30 13 0.05 0.42 0.00 0.06
- - -

Pferodora$ g/ÇInulo.sus. (Valel)Ciennes, 1821) , --

'-
- 4 4' ·- -.-" -. -

Trachydoras 'paraguayensis (Eigenmanl! &' 114 11' O~09 Ü52 .:0.19 - 0.23
.Ward, 1907)
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Delerminism offish assemblage structure in neotropicaI floodplnin lakes:

Order,"Famlly ReJaIlYe Abondance ('Jfo)
01 analysed specles

Specles, Authorlty Total occurrence Savannah Edge Forest Mamon\
plscL catch (n=57) (2lakes, 21akes, (2lakes, (2 Jakes,

number n=15) n=14) n=13) n=l5)

•Hep1apterldae

Pimekx}ella spp.

720 30 3.88 0.58 0.20 0.15
Lorlcarlidae

Hypoptopoma joberti (Vaillant, 1880) 3644 29 0.01 3.35 25.76 13.97
Hypostomus sp. 18 11 0.05 0.05 0.01 0.08
Pterygoplichthys sp. 129 27 0.22 . 2.04 0.13 0.01

Hemiodonlichthys acipenserinus (Kner. 1853) 15 11 0.02 0.26 0.01 0.00

Rineloricaria cf. lanceolata (Gé nther, 1868) 7 5 0.01 0.03 0.03 0.03
Sturisoma nigrirostrum Fowler, 1940 107 10 0.00 0.03 0.86 0.32
Loricaria cf. simillima Regan, 1904 119 16 '().47 0.05 0.07 0.37

Lon'canïchthys maculatus (Bloch, 1794) 164 34 0.51 0.97 0.21 0.24
Pseudohemiodon laliceps (Regan, 1904) 43 9 0.06 0.00 0.19 0.19
Ancistrus sp. 7 6 0.00 0.00 0.04 0.04
Pimelodldae

Hemisorubim platyrhynchos § 6 7 0.01· 0.03 0.01 o.ns
(Valenciennes, 1840)

Leiarius marmoratus (GiII,1870) 1 1 -- -- -- --
Phractocephalus hemioliopterus 1 1 -- -- -- ..
(Bloch & Schneider, 1801)

Pimelodina flavipinnis Steindachner, 1876 1 1 -- -. -- -.
Pimelodus gr. maculatus.blochi 479 40 1.16 4.03 0.54 0.95

Pinirampus pirinampu (Spix & Agassiz, 1829) § 46 16 0.00 0:03 0.35 0.15
Pseudoplatystoma fasciatum (Unnaeus, 1766) § 28 15 0.03 0.13 0.10 0.10

PseUdoPlaty~toma ~grinum (Valenciennes, 1840) § 24 11 ,0.01 0.39 0.01 0.09
Sorubim lima (B/~ch 8. Schneider, 1801) § 196 19 0.01 0.58 1.08 0.91
Hypophthalmus edentatus Spix & Agassiz. 1829 109 33 0.05 0.37 0.36 0.67
Hypophthalmus marginatus Valenciennes, 1840 166 23 0.01

-
0.18 1.06 0.75,

Calophysus macropterus(Uchtenstein. 1819) § 84 17 0.00 0.00 0.41 0.58
,.

Total catch number af!d relative abundance 5757 13.0 17.2 12.9· 21.2
ofpiscivores (30 species)

\

.anguÎaJùs'andt: albus (respeêtivëly 4.8 pèrèent and

3.5 percent) and an unidentifled species of anchovy,

EngrauHdae .~p ..,,-<4~5 petcent).,SeVél1~n species had .

abundance$' excec:.ding. 1. percent of ·the total catch .
(Table2).

The prop~rtionsof indi.viduaI sp«cies, major

orders and piscivores diff.ered among lake-types (-fable

2).. Characiforrns domiriatèd savannah iliJ<e .assem-
- - - - - - -- - ~ - _.

blages (88.6' percent) wh_ereas silurifonns dominated

forest lakes (44.8 percent) and were relatively uncom

mon in the savannah lakes (7.3 percent). Clupeiforms

were common in forest and Mamoré lakes.
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RELATIONSHIPS BETWEEN ASSEMBLAGE STRUCTURE

AND ENVIRONMENTAL CONDITIONS

\
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The CCA ordination shows a segregation of

lake-types (spatiaI effect) on the first two axes (Figure

3). The temporal effect (dry vs. wet season) is reflect

ed in a systematic shift in sample positions that is con

sistent across lake-types, but small relative to overall

variation among samples. Savannah lakes were

grouped in the lower !eft part of the CCA graph and

differ.ed markedly from the oxbow lakes in assemblage

structure as weil as in area, shape and conductivity.

Savannah lakes also showed limited seasonal variation

relative to oxbow lakes. Samples from oxbow lakes

were concentrated in an elliptical cluster aligned with

gradientS in Secchi transparency and water depth. The

relationship beiween species CPUE and environmental

internaI variables (n =57 lake-date combinations; p <

0.(01), with the frrst three canonical axes jointly

explaining 80.8 percent of the variation in the species

environment relationship (respectively 50.8, 20.4 and

9.7 percent; Table 3).

Gymnotiforms were mostly captured in floodplain

edge lakes. Similarly, relative abundance of most

species differed among lake-types (Table 2). As an

example of extreme patterns, the relative abundance of

M. dichroura increased from the Maworé lakes to the

savannah lakes and the relative abundance of T. albus

declined along the same gradient. Other species colo

nized preferentially one lake-type, such as

Aphyocharax anisisti, which was present almost exclu

sively in floodplain edge lakes and Anodus elongatus

and Engraulidae sp., which were captured mostly in

forest and Mamoré lakes.

Six environmental variables (conductivity,

shape, water depth, Secchi transparency, temperature

and lake area) were retained among the eight internai

variables by the forward selection procedure in the

CCA analysis. The CCA revealed a significant overall

./
1
{

Table 3: Results of canonicat correspondence analysis (CCA) IInklng abundancé of 103 fish specles transformed as In(CPUE +

1), to six Internai variables ln eight lakes of the central Mamoré floodplaln (n = 57lake-date combinations). Monte Carlo

tests for slgnlficance of first canonical axis and for ail axes together: p < 0.001 (n = 1,000 permutations).

Eigenvalue

Cumulative% of explained variance of species-Env.relation

_Species-Env. correlation (r)

Axls1 AxIx2 Axis3

0.382 0.154 0.073

50.76 71.16 80.83

- 0.951 0.915 0.811

0.058 -0.062 0.098

0.924 -0.304 -0.678

-0.038 -0.280 1.220

-0.145 0.256 -0.134

-0.556 . _-0.761 -0:532-

0.019- ·-0.209 -0.348

. ..

Canoniéal ooefficiénts .

Temperature

Waterdepth

Secchi .transparency

Conduetivity

Area

Shape

: ... C9rrelaÜons of environmental variables with ordination axes

. ·-r:emperatu.re

Water depth .

Secchi transparency

{;onductivity

Area

Shape

. ~ 0.171 . -0.236 -0.048

0;823 -0.433 -0.082

0.502 -0:523 0.457

0.658 0.196 -0.226

-0.505 -0.759 -0.123

0.723 0.028 -0.309
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• Figure 3. Graphical output of canonical

correspondence analysis (CCA) linking abun

dance of 103 fish species, transformed as

In{CPUE + 1), to six internai variables in eight

lakes of the central Mamoré f100dplain (n =
Sllake-date combinations). Ordination plots

for sampies (A), environmental variables (B),

and individual species (C) are presented sep

arately to avoid cluttering.
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cluster spanned from dry season samples of floodpt~n

edge,lakes (upper left portion of the plot) to wet season

samples of Marnoré lakes (lowerright).

Spedes points in the ordination plot correspond

approximately to the mode of their distributions along.

the environmental gradients (Ter Braak 1986). Patterns

. of-<Îistribution at the ordinallevel can be ~roadly char

acterized- as fo1l6ws. The savannah lake samples wère

-dOininated, mostly by characiform speciesthat were~

-'p~t"weil tepresented .in the,oxbÔY' lakes. ~i"othe~ ,

spêcies were associated mainlywith the transparency

water depth gradient (fWD gradient): species found in

more turbid and shallow conditions were located in the

upper left portion of the ordination plot, whereas

s(>ecies fou~d in clearer and deeper conditions were
, -

lo-cated' in' thelower right portion of the plot.

Characiform species were evenly distri,buted between

the two portions _of the TWD gradient and the savan

nàh lakes samples. Siluriform species were almost 

absent from the savannah lakes (only 4 of 39 species

Were pr.esertt), but were distribu'ted more or lessUrii

'Conrily along thé TWD gradient. GymnoÜforins were

, most ilbundant in' turbid, shallow Wll,ters. In contrast,

'~ethfeecl~peiform speèies had hig~st abundance in

clearer, deeper waters.

~'-"-"------'--------_. _... '-
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Variation partitioning·

Table 4: Partltlonlng of variation ln abundance 011 03l1sh specles, trans10rmed as In(CPUE + 1), at two spatial scales (Iandscape

and Internai). The total Inertla (surn of elgenvalues) 15 partltloned Into four fractions, three 01 Whlch correspond to

explalned variance (Iandscape, Internai, shared), and an unexplalned fraction.

,

U/o of total partitlOOing

lnertia variation of ~xplained

explained variation (%)

1) Total variation (CA fish) 2.39

2) CCA Fish vs Whole-Iake 0.754 31.5

3) CCA Fish vs Supra-Iake 0.572 23.9

4) Partial CCA Rsh vs WhoJe-lakelSupr-lake 0.398 16.7

5) Partial CCA Rsh vs Supra-lake/WhoJe-lake 0.216 9.0

6) Total explained variation (2+5=3+4) 0.970 40.6

Unexplained variation (1-6) 1.42 59.4

Whole-Ieke variables effect (4) 0.398 41.0

Supra-Iake variables effect (5) 0.216 22.3

Shared effect (2-3=3-4) 0.356 36.7
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In principle, partitioning of variation could be

used to estirnate the relative contribution not only of

the two spatial scales, but of seasonal change as weil.

. However, to simplify the interpretation and because

CCA results showed that in the study system seasonal

variation was very Iimited relative to ~pati~l variation;

partitioning of variation waS conductedonly between

the two spatial scales. Landscape and internai variables
- -

jointly explained -40.6 percent of variation of the

species rnatrix (fable 4). The unexplainedvariation

corresponds to stochastic fluctuations as weil as other

biotic or abiotic effectS not' inchided in thé analysis.

The explained variation was partitionedintothree 1_1

. components: 41 percent correspondedto internai vari-

_abl~, 22.3 pe~nt to landscap_~ v!Uillbles and 36.7 per- _. _2 B
cent to 11 shared influence of bothtypes of -vâriables.

-1.L..;._~---+_~__---l
~ 0 .1

• Figure 4. Graphical output of partial canonical correspondence analysis (CCA) linking abundance of 103 fish species. kansformed

as In(CPUE + 1), to two landscape variables in eight lakes of the central Mamoré f100dplain (n = fiT lake-<late combinations). The

effed o1lhe six signiflC8nt internai variables was partial/ed oul Ordination biplots are given separately for individual -species and envi·

.. ronmental variables. Nocon =conneetivity, CVPCA = temporal stabllity of internai variables-(see text).

j-
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In the.partial CCA that eontrolled for internal

variables, two landscape variables were 1"etuned by the

forward selection procedure: the overalf measure of

temporal variation, CVPCA (p < 0.(01) and a binary

variable indicating the presence or absence of a con

nection to the main river channel, NOCON (p = 0.003)

(Figure 4). However, the position of the connectivity

variable very near the origin of the ordination plot rel

ative to the overall dispersion, suggests that the effect

of connectivity was n'ot large. 'Furthennore, there was

no obvious pattern relating connectivity to the distribu

tion of major taxa on the plot In contrast, the distribù

tions ofgymnotifonns and characifonns were associat

ed with variable CVPCA even after the effect of inter

naI variables had been removed; the former were asso

ciated with fluctuating conditions whereas the latter were

associated with more stable conditions (Figilre 4).

,

1,6 Characifurms O;B 'KIDfëfisheS
D

1.2. '°0 ,pra;,....~~ 0,6·
• ,,~CJijt:.'

0.8
. "';'.~...

O;'!-

~.,'~' '.~: _.•".0._ .
•0.04, .. 02

0:0 0:0

1.2 Càtfishes 13 Clupeids

0:0

0,8 Cicblids
"

DD

01)

0:6

0.2

O~O

AIaguaia. ... D.4-,
MaIllœe
OIinOcèl

0.2

OD

,,'. ..•••• il
10 ._. 0·-

••

~•. "fI'-~ •... '...,B. s::.,".
'''!v. : • _II' .

- '-.. uct'....,
Sa.. o·~-~-~

3

..• i=Jgüre.5;·~~~ine.transf9r~relati~ecabu,nd;~e'of-;n*r'.

taXa and piscivores ln relatiorito water tran$pare~. È8{;h'da~

point rePresents one lake-date combination {open clrcles: savan·

nah Iakes; fiHed circles: oxbow lakes}. Solid lines are lowess
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Araguaia (Tejerina-Garro et al. 1998) f100dplains are glven a1so.
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Influence ofiruernaJ. and landscape lake conditions

Applicability of the PTM model to the Mamoré

Ooodplain

•
Variation of relative abundance of major orders

along the gradient of transparency in the Mamoré

oxbow lakes appeared broadly similar to those for the

Araguaia and Orinoco floodplains (Figure 5). Secchi

transparency was strongly associated with the abun

dance of c1upeiforms (positive relationship) and gym

notiforrns (negative relationship). Characiforms had

highestrelative abundance in clearer lakes, whereas

siluriforms had highest relative abundance in more tur

bid lakes, but the relationships appeared weaker (with

broader scatter) for these two groups in the Mamoré

than in the Araguaia and Orinoco floodplains.

Characiforrns were common and siluriforms

uncommon in savannah lakes (15 samples) relative to

oxbow lakes (42 samples). Fish assemblages in savan

nah lakes do not respond to the same environmental

gradients as in oxbow lakes, e.g. abundance trends for

characiforms and siluriforms in relation to transparen

cy are neutral or opposite those in oxbow lakes and the

Orinoco and Araguaia floodplains.

DISCUSSION

.. The results revealed strong relationships

between fish-assemblage structure and abiotic environ

menta.! features. in eight lakes of the Mamoré flood

plain. Fish assemblages .were structured primarily

along amarked spatial gradient correlated with inter

nai and lands~ape variabi~s. Spatial variation was

stronger than temporal variation, as evidenœd by large

differences between lake-types relative to seasonal dif

ferences within lake types. Consequeritly, temporal

variation was not interpreted on. the basis of differ-
- ,."- . - - -- - "- - .

ences between dry and wet seasons, but remained indi-

rectly included by. way .of the landscape variable

CVPCA:an .ïnc\icaior of the .ampiitude of seasonal

fluctuations- 'i~each lake.. Ordination 'results showed'

major effects'of water transparency and water depth on

fish assemblage structure and less marked effects of

pH, conductivity and temperature. In contrast to stud

ies in other river systems, fish assemblage structure in

259

the Mamoré floodplain, surveyed during wet and dry

-seasons, also seemed to be influenced by landscape

variables.

Structural complexity and hydrological dynam-

ies of the floodplain provide a broad 'l'ange of habitat

conditions that support high fish diversity (Welcomme

1985; Lowe-McConnell 1987). Seasonal connectivity

renders the floodplain an open system in which many

species can disperse. Consequently, assemblage struc

ture in lakes can change seasonally and yearly as a

function of variation in ecological conditions and

reproductive success of species. Several studies have

failed to link patterns of fish distribution to lake char

acteristics in neotropical floodplains (Bonetto

Cordiviola de Yuan and Pignalberi 1970; Cordiviolade

Yuan 1980; Lowe-McConnell 1987; Saint-Paul et al.

2000) and the assemblages have often been viewed as

stochastic, mainly because of their strong interannual

variability (Lowe-McConnell 1964; Cordiviola de

Yuan 1980; Goulding. Carvalho and Ferreira 1988;

Merona and Bittencourt 1993). However, differences

between fish assemblages of white and black water

lakes have been reported (Mai'lier 1968; Rodrfguez

and Lewis 1994; Saint-Paul et al. 2000) and fish

assemblage structure in neotropical floodplains has

been interpreted in relation to water quality variables

that reflecUnstantaneous-and local conditions, such as

temperature, pH and oxygen çoncentration (Kramer et

al. 1978; Junk, Soares af!.d Carvalho 1983; Welcomme

1985; Goulding et al. 1988; Henderson and Crampton.

1997): Welco~e (1985) suggested that take mor

phometry plays a role in s~cturing fish assemblages,

as exemplified by influence of Jake size and bottom
. .

type on fish speciescomposition and body size. Two

recent studies that examined the effects of water qual

ity, lake morphotnetryand landscape-level fcatures
. .

(distance to main river channeL connectivity, forest

cover) on fish assem?lages. of the Orinoco (\'en~zuela)

and Araguaia (Brazil) floodplains, foundthatassem

blage structure was associated mostly with two inter

nai variables, water transparency and lake depth

.(Rodrfguez and Lewis 1997; Tejerina-Garro et al.

1998).

\
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Both studies conduded that fish assemblage

structure d~ring the dry season was.controlled primari

Iy by internai variables, with no detectable influence of

landscape variables. Because of high variability in the

inter-annual hydrologic conditions and high potential

connectivity between the lakes, it might be expected
• •

that the spatial position of lakes does not play a major

role in assemblage structure. Given that many fish can

migrate, fish could be assumed to colonize lakes

according to internai conditions, with !ittle influence of

lake position on the floodplain. However, lakes of the

Mamoré floodplain are spatially structured at both

internai and landscape levels, countering the previous

assumption. Although flooding and dispersal could

potentially lead to homogenisation of fish assemblages

across the floodplain, the graduai evolution of lalces

along the successional gradient determined by their

spatial position relative to the Mamoré River (and

related landscape variables) results in spatial hetero

geneity of internai attributes and assemblage structure

(relative abundances of major taxa and piscivores).

A salient result was the marlced difference in

fish· assemblages and. environmental conditions

between savannah lakes and oxbow lakes, which indi

cates that the savannah lalces are not subject to the

same ecological and physical dynamics as the oxbow

lakes. Savannah lalces are large, shallow isolated lakes

_ characterized by high stability of internai conditions._

Except for their low conductivity, they have water

q~ality characteristics comparable to those of oxbow

lalces. Fish assemblages in savannah lalces changed rel-

atively little between seasons. In contrast to oxbow

lakes, savannah lalces yielded few siluriforms and
- -

gymnotiforms and characiforms were dominant.

Beeause savannah lalces remain isolated for long peri

ods of time, local species extinction may not he com

pensàted by coloriization as ·readily as in lalces with

higher co-nnectivity. As a -consequence, species abun

danc~ an.d.survival in isolated lakes may depend more

.. On ·ecologï<:al attribütès· conferring local adaptation·

thanon replenishmènt by recurrent movement or colo

nization events. Several characifonn species seemed

adapted to these conditions.

CCA showed that oxbow lakes were arranged

along successional gradient of internai conditions,

especially transparency and water depth. Mamoré

lakes were deeper and clearer; lalces at the annual

floodplain edge were more turbid and shallower.

Oxbow lakes of the Mamoré floodplain are subject to

annual isolation and flooding. These lakes may favour

species able to respond to contrasting habitat condi

tions by moving or adopting eeological strategies.

Several previous studies have suggested that

exchang.es of fish among lalces and the main river

channel during the wet season lead to stochastic re

assortment of species among the lakes. In contrast,

species distributions showed clear patterns for du

peiforms, which were associated with more transparent

and deeper lakes near to the Mamoré River and gym

notiforms, which were mostly associated with more

turbid, shallower lakes at the forested f100dplain edge.

However, no clear pattern was apparent in the oxbow

lakes for ~haraciform and siluriform species, which

were distributed more or less evenly along the lake

gradient.

CCA provides modal positions of individual

species on the lake-type and TWD gradient. However,

the ordination plot for species distributions is not

robust to random fluctùation in the position of rare

species and, more generally, does not weigh species in

relation to their abundances. In contrast, the relation

between relative abundance of major taxa and water

transparep.cy integrates abundance over species, so that

rare species do noi unduly influence the analysis.

The results for major taxa in the Mamoré River

floodplainappeared concordant with predictions of the

piscivory-transparency-morphometry \PTM) model,

originally developed for flood plain lalces of the

Orinoco-River{Rodrfguez and Lèwis-1997) and sûbse

queiltly tested -in the Araguaia River floodplain

(fejerina-Garro :et al. 1998) -(Figure 4). In the present.

study,an interaëtion of,s~pli~g _methodology with

water transparency could have influenced patterns of

relative abundance. Although species that are not visu

ally oriented might have equal probability of capture in

clear and turbid lakes, visually oriented fishesmight be

,
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able to deteet gillnets more readily in c\ear water and

thus be more vulnerable to capture in turbid water (K.

Winemiller pers. comm.). However, predictions of the

PTM model seem robust and general, because similar

results were obtained in three different floodplain sys

tems (Orinoco, Araguaia, Mamoré) sampled with dif

ferent gears (electrofishing, minnow traps and gillnets
•and gillnets respectively). A general pattern arising

from the comparison of results from these three sys

tems is that relative abundances of siluriforms and

gymnotiforms decline with increasing water c1arity,

whereas relative abundances of characiforms and c\u

peiforms increase. These results are consistent with the

interpretation that differences in sensory capabilities

(whether prevailing sensory modes are visual vs.

chemical, tactile, or auditory) strongly influence

species distributions along a gradient of water trans

parency (RodIiguez and Lewis 1997; Tejerina-Garro et

al. 1998).

Similar to earlier findings, in the Mamoré

floodplain sorne apparent exceptions can be explained

by specific adaptations (RodIiguez and Lewis 1997).

For example, several of the characiforms that are com

mon in turbid waters are surface specialists

_ (Triportheus, Hydrolycus, Cynodon) (Goulding 1980)

or have lateralline adaptations to turbid environments

(Roeboides) (Sazima 1983). Cichlids are visualty ori

ented fishes that are mostly associated with transparent

waters. They are poorly represented in the Mamoré

and only the distribution of Cichla monoculus was

included in: our analysis (Table 2). AlthQugh· C.

monoculus had few occurrences, aIl individuals were

captured in relatively transparent waters in the savan

nah and Mamoré lake samples. This result agrees with

Rodriguez and Lewis' (1997) observation that cichlids

had a UninlO<;Ul1 4istribution peaking in relatively clear

lakesand is also .consistent with the PTM interpreta-·

tiC)D. Ioterestingly, the relative abundance of "other

taxa" in the-Orinoco (mostly Plagioscion, Achirus and

Potamorrhaphis) , Araguaia (Ostéoglossum,

Plagfoscion) and Mamoré (Plagioscion,

Potamo~rygon) floodplains declines with increasing

transparency, suggesting that generally these taxa are

most abundant in turbid waters.
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In the Orinoco f100dplain, piscivorous species,

with the exception of Acestrorhynchus, -showed

deCf"easing abundance or unimodal (Cichla and

Boulenger-ella) distributions in relation 10 transparency

(Rodriguez and Lewis 1997). A similar r-esult applies

in the Mamoré floodplain, where the relative abun

dance of the most abundant piscivores remains rela

tively constant around 20 percent in turbid waters

{Secchi depth <20 cm), but then declines progressive

ly to < 5 percent as water transparency increases

beyond 20 cm (Figure 5). This 20 cm threshold is also

apparent in the Orinoco floodplain for predators and

knifefishes (Figures 2 and 3 in RodIiguez and Lewis

1997). There may thus exist a threshold for visual

search at that transparency level that drives an ecolog

ical switch in foraging modes (and perhaps in predator

avoidance taetics as weil). Many piscivores seem weil

adapted for foraging in 10w transparency conditions

and even species morphologically adapted for visual

hunting have developed special -strategies for foraging

in turbid waters {e.g. cynodontids, Roeboides;

RodIiguez and Lewis 1997).

The two Mamoré savannah lakes did not con

form to the PTM model. Although intermediate in

transparency, they supported relatively few siluriforms

and gyrnnotiforrns. This lack of support for the PTM

model rnight be attributed to the lack of connection of

. these lakes with the rest of the system during the annu

.al flood. Savannah lakes probably do not undergo the

seasonal cycle of recolonization followed by culling of

vulnerable prey by: piscivores as postulated by the

PTM model. This result suggests that siluriforms and

gymnotiforms may require, in addition to a favourable

optical environment, ecological conditions such as sea

sonal aceess to the làkes from the river. By way of

.comparison, "morichal" lakes in Venezuela are adja

cent to the flooélplain, but have no seasonal connec

tions 10 floodwater. Morichal lakes are small, highly

-.• --transparent lakesof lowconductivity within· fortna-
- . . - .

tions of the palril Mauritiajlexuosa and fed mainly by

seepage. Siniïlar to Mamoré savannah lakes, morichal

lakes are generally dominated by characiforms and

have low relative abundance of siluriforms and gym

notiforms.

\
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Partitioning of variation showed that although

internai variables, especiaIly transparency and water

depth, play an important role in ~tructuring fish assem

blages, landscape variables such as distance to the

river, connectivity and environmental variability also

influenced assemblage structure. Because the meas

ured internai variables do not completely characterize

landscape conditions and conversely, the landscape

variables do not fully account for variation in internai

features, the two sets of variables are complementary.

The Mamoré findings support the notion of hierarchi

cal control of assemblage structure, similar to the

sequence of "filters" proposed by Tonn et al. (1990).

Landscape variables (likely distance from the

river channel and its corollary, flood period) operate as

a primary filter that differentially limits dispersion to

the savannah lakes, possibly affecting siluriforms more·

strongly than characiforms. Internai processes appear

to exert stronger control in the oxbow lakes, where the

colonization filter might he weak. Landscape filters

also may play a role in the distribution of clupeiforms

and gymnotiforms, both of which were mostly assod

ated with specific lake-types, but in this case internai

variables can he invoked to interpret species distribu

tions. ln contrast, landscape filters may not operate for.

siluriforms and characiforms in oxbow lakes; these

species appeared more influenced by int~rnal _vari

ables,especially transparency; Beeause of marked dif

ferences in connectivity hetween savannah andoxbow

lakes, colonization or migration may be the processes

most likely -affected by landscape differences in this

system.

. Other processes, however, slich as toleranêe to

environmental fluctuation (as quantified by CV) may

_he affected as well. The savannah lakes_present rela

tively_ stable conditions, whereas arnongthe oxoow

lakes environmental variability increases withdistance

to the Mamoré River. Thé- floodplain edge -laIres -had

-the lowest stabilityand also·had ~xtreme -low ~al~es·

for water depth «0.5 m in the samples; sorne lakes~an

dry out entirely at the end of the dry season in years

with low rainfall). Changes in fish assemblage struc

ture along an environmental gradient of harshness-sta-

bility determined by periodic hypoxia were described

for bog lakes in northern Wisconsin, USA (Rahel

1984); a similar gradient driven by periodic hypoxia

and dessication was found for oxbow lakes in Texas,

United States (WinemilIer et al. 2000).

ln the Mamoré floodplain, the relatively large

proportion of variation (36.7 percent; Table 4) associ

ated with the "shared" component in the CCA indicat

ed that effects of lake type and lake internai environ

mental conditions are partly confounded, as is likely

the case in other floodplain systems. Altholigh the

influence of landscapeconditions on assemblage struc

ture is partly mediated through their relationship to

internai features such as transparency and depth, which

in the Mamoré floodplain vary predictably with lake

position, laildscape variables also contributed to the

"pure" spatial component of variation in assemblage

structure, which was unrelated to the measured envi

ronmental variables and accounted for 22.3 percent of

total variation (Table 4). The partial CCA that exam

ined the "pure" spatial component shed additionallight

on the role of landscape conditions, by showing that

gymnotiforms were associated with fluctuating envi

ronmental 'Conditions whereas characiforms were asso

ciated with more stable environmental conditions

(Figure 4). None of the other major taxa showed a pat

terned distribution on the partial CCA plot. Althol!gh

interpretable in principle on the basis of life-history

strategies (r-K continuum, generalist-specialist, bet-

- hedging) at the ordinallevel, thèse results do not rnesh

srnoothly with previous categorizations of NeOtropical

fishes.

An arialysis of patterns of covariation of ten

life-history traits for 71 fish species in the Venezuelan

llanos revealed astrongphylogenetic effect on life his

tory strategies (Winerniller 1989). ln that study, gym

notiforms were classed as "seasonal"(characterized by

synchrônized reproduction during the early wetsèa~

son, high fecundity, absence of parental care, breeding

migrations); cichlids were rnostly "equilibrium"

. (parental care and aseasonal reproduction); characi

forms were rnostly "seasonal" with sorne "opportunis

tic" (-rapid 'Colonization, early maturation, continuous

\
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reproduction, small clutches);finally, silurifonn

species were split between the "seasorial" and "equi

Iibrium" categories. Winemiller (1989) noted specifie

instances of fishes with divergent strategies in an~nvi

ronment that should favour only one of the strategies

and suggested differential species trophic adaptations,

perceived variation in resourœ abundance and preda

tion pressure. If this explanation applies broadly, infor

mation on trophic linkages may complement that on

abiotic environmental fluctuations when interpreting

life history adaptations of fish species to spatial hetero

geneity in the floodplain.

ln conclusion, internaI variables are linked to

processes that modify assemblage structure via biotic

and abiotic interactions within individuallakes, where

as landscape variables reflect processes related mostly

to movement of fish among lakes and habitat selection

based on large-scale landscape features. At the ordinal

level, c1upeids, gymnotiforms and siluriforms had dis

tributions that may he controlled by bath internal and

landscape variables. In contrast, the distribution of

characiform did not seem limited by the landscape

variables. In the Marnoré River floodplain, characi

forros seemed to have the greatest potential for colo

riization, as reflected by their distribution across all

lake-types. Siluriforms were more spatially restricted,

possibly in relationto their migratory requirements.

Gymnotiforms and c1upeids had the lowest potential

for colonization, as inferred fr~mtheir Iimited spatial"

distributions in this relatively open system.
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