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ABSTRACT. Morphometric variability among shrimp populations of the gePasaemoneteddeller, 1869 from seven lakes
(Huanayo and Urcococha, in Peru; Amana, Mamiraua, Camaledo, Cristalino e Iruganga, in Brasil) in the Amazon Basin, presumably
belonging toPalaemonetes carteiGordon, 1935 andalaemonetes ivoniculdolthuis, 1950, were studied. The morphometric studies

were carried out from the ratios obtained from the morphometric characters. Multivariated analysis (Principal Componeigs Analys
PCA, Discriminant Function Analysis and Cluster Analysis) were applied over the ratios. Intra- and interpopulation vafistiens o
rostrum teeth, and the number of spines in the male appendix, were analyzed through descriptive statistics and bivargate analys
(Spearman Rank Correlation test). Results indicated a wide plasticity and overlapping in the studied ratios between pdfhdations
Principal Components Analysis was not able to separate different populations, revealing a large intrapopulation plasiictggand
interpopulation similarity in the studied ratios. Although the Discriminant Functions Analysis was not able to fully diserimina
populations, they could be allocated in three subgroups: 1) Cristalino and Iru¢anga; 2) Huanayo, Urcococha and Camaledo and 3)
Mamiraua and Amana. The first two groups were morphometrically separated from each other, whereas the third one presented a
strong overlap with the former two. The Cluster Analysis confirmed the first two subgroups separation, and indicatedittsiaanie f

third groups were closely related. Rostrum teeth and number of spines appleedix masculinshowed a large intrapopulation
variation and a strong overlapping among the studied populations, regardless of the species.
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RESUMO. Variabilidade morfométrica em popula¢gdes dePalaemonetesspp. (Crustacea, Decapoda, Palaemonidae) da
Amazonia peruana e brasileira.Foram estudadas as variagdes morfométricas entre sete populacdes de camardes do género
Palaemoneteddeller, 1869 da bacia Amazonica (lago Huanayo e lago Urcococha, no Peru; lago Amana, lago Mamiraua, lago
Camaledo, lago Cristalino e lago Iruganga, no Brasil), presumivelmente das efaéa@monetes carteiGordon, 1935 éPalaemonetes

ivonicus Holthuis, 1950. Os estudos morfométricos foram realizados a partir das razdes obtidas dos caracteres morfométricos. Analise
multivariada (analise de componentes principais, analise de funcdo discriminante e analise de agrupamento hierarquico) foram
aplicadas unicamente sobre as razdes. VariagBes intra- e interpopulacionais do nimero de dentes de rostro, assim coomndedo nimer
espinhos no apéndice masculino, foram analisadas mediante estatistica descritiva e andlise bivariada (teste de SpeauitadpsOs re
indicaram uma grande plasticidade e sobreposicdo nos caracteres diagnosticos entre as populacdes. A andlise de congipaisntes prin
n&o conseguiu separar as diferentes populacdes, revelando uma grande plasticidade intrapopulacional e forte semelhalacéoiraerpop

nas razdes estudadas. Embora a analise de fungBes discriminantes ndo tenha logrado discriminar completamente as papulagdes, est
ficaram alocadas em trés subgrupos: 1) Cristalino e Irucanga; 2) Huanayo, Urcococha e Camaledo e 3) Mamiraud e Amana. Os
primeiros dois grupos ficaram morfologicamente separados entre si, enquanto que o terceiro apresentou uma forte sobneposicdo co
os dois anteriores. A analise de agrupamento hierarquico confirmou a separagdo dos primeiros dois subgrupos, e indicoeigue o pr

e o terceiro grupos se encontram mais estreitamente relacionados. O nimero de dentes de rostro e o nimero de espinbhes do apéndi
masculino apresentaram uma grande variacdo intrapopulacional e uma forte sobreposi¢cdo entre as populac6es estudadas
independentemente da espécie.

PALAVRAS-CHAVE. Palaemonetesmorfometria, bacia amaz6nica, espécies-irmas, camardes de agua doce.

The genusPalaemonetesieller, 1869 has three taxonomic differentiation (ONeTz-CoLLART & ENRICONI,
species in the Amazon BasiRalaemonetes carteri 1993; GRrcia-DAviLA & M acaLHAES, 2003). In the Amazon
Gordon, 1935p. ivonicusHolthuis, 1950, anB. mercedae Basin, the river systems are roughly classified in black,
Pereira, 1986 (Lo, 2003). While the former is clearly white and clear water (&1, 1968). The occurrence of
characterized by its smaller size, morphology and ratitbkese two species has been mostly related to their
of the second pair of pereiopods, shape of telsere@, environmental distribution, withP. carteri being
1986), and larval development fghLHAES, 1988), the associated to environments of black and clear water river
latter two show a great morphological resemblance, whigystems andp. ivonicus to the white and mixed water
makes their taxonomic separation very difficult. In hisiver systems. Notwithstanding,A8cia-DAviLA &
revision of the genus,ddrHuis (1952) used the position MacaLHAEs (2003) showed the overlap of morphological
of the branchiostegal spine and the rostral shape acltbracters in specimens from both types of environments.
dentition to distinguish both species. Recent studies  The adult morphology is the main source of
showed that these characters are quite variable, indicattagconomic characters, although keys and descriptions
that they are not useful as diagnostic characters foften use subjective features with little or no discussion
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of the character intraspecific variation or measurablecalities in the Amazon Basin: lake Huanayo (Rio Pastaza
differences in the shape between the specieC(Me  basin) and lake Urcococha (Rio Amazonas), in the Peruvian
& WicksTen, 1997). In spite of the fact that morphologicalAmazon; lake Amana (Rio Japuré basin), lake Mamiraua
differences are useful in distinguishing species, it is ngRio Solimdes basin), lake Cristalino (Rio Negro basin),
always possible to describe new species based on thgge Camaledo (Rio Solimdes basin) and lake Iruganga
differences (BucH et al, 1993), as individuals within a (Rio Tapajos basin), in the Brazilian Amazon (Fig. 1). The
species can present morphological variations related §pecimens were identifiea priori according to water
sex,i.e.secondary sexual dimorphism related to behavigype (SoLi, 1968) from their locality of collection.
and external morphology @¢zoter, 1971). This is Therefore, populations from lake Huanayo, lake Irucanga
emphasized in sibling species, in which different specigglear water), lake Amana and lake Cristalino (black water)
can be grouped together under the same namgere assigned tB. carteri while populations from lake
considering the differences between them as intraspeciligcococha, lake Mamiraua and lake Camale&o (white
variation, or, on the other hand, a single species can ater) were considered Bsivonicus Voucher specimens
treated as a separate species based on smadre deposited in the Collection of Crustacea, Instituto
morphological differences. Nacional de Pesquisas da Amaz6nia, Manaus, Brazil.
As organisms are essentially multidimensional,  Morphometric studies were carried out with the
morphological studies should be mainly carried out usingtios obtained from the morphometric characters and
multivariate methods. Morphometric studies in decapogfere abbreviated as follows: number of rostrum dorsal
crustaceans based on multivariate analysis have beaeeth (MS); number of rostrum ventral teeth (MI);
directed mainly to studies of growth patterns andephalotorax length/rostral length (CL/R); rostral length/
determination of sexual maturity ggnoseanet al, 1997;  rostral height (R/AR); branchiostegal spine length/
Savpepro et al, 1999; Muifo et al, 1999; ErnaNDEZ-  distance between base of branchiostegal spine and
Vereazet al, 2000). Morphometric studies of Amazoniananterior margin of cephalotorax (B/BM); branchiostegal
shrimps are not currently available. spine length/height of the insertion of the branchiostegal
The present study aims to verify the intra- andpine in the cephalotorax (B/AB); telson length/width of
interpopulational morphometric variability usingtelson base (T/BT); dactyl length/palm length of second
multivariate analysis in populations of the presumptivgereiopod (D/P); carpus length/palm length of second
speciesP. carteriandP. ivonicus in order to confirm if pereiopod (C/P); carpus length/merus length of second
both constitute two separate taxonomic entities in thgereiopod (C/M); numbers 3, 4, 5 indicated the third,

Amazon Basin. fourth and fifth pereiopod, respectively. Another
abbreviation used was CV for coefficient of variability.
MATERIAL AND METHODS Data Analysis. To run the following analysis the

raw ratios were log10 transformed and only those that
A total of 490 specimens (70 specimens/populatioproved to be normal (Kolmogorov-Smirnov test, P<0.05)
35 males and 35 females) were studied, from severere used (&AL & RoHLF, 1995; 4R, 1996; lowLER et
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Fig. 1. Geographic localization of the seven lakes from the Peruvian and Brazilian Amazon Basin where populBtitaemonetes
spp. were collected.
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al., 1998;TownNenp, 2003; ManLy, 1994). RESULTS
Bivariante analysis (Spearman Rank Correlation o ) N
test) was used to test correlation between cephalotorax ~ Bivariate analysis of the rostral dentition (MS and
length and number of rostral teeth, and betweeM!) showed a strong overlap among populations and a
cephalotorax length and position branchiostegal spindigh variability within them (Tab. ), regardless of the
A Discriminant Function Ana|ysis (DFA) was run Species. The varlablllty within _pop_ulatlons for rostral
to test the effectiveness of the selected ratios in predictiMgntral teeth was low for lake Cristalino (CV = 11%) and
different group locations. The DFA calculates lineahigh for lake Camaleéo (CV =24%) (Tab. I). _
combinations of variables that maximize differences ~ The position of the branchiostegal spine, given
between groups which were classifiadpriori. The the seven populations as a whole, resulted in the
problem that is addressed with DFA is how distinct théollowing: tip of branchiostegal spine reaching (20%),
separation of two or more groups of individuals opverreaching (61%) or clearly failing to reach the anterior
localities (ManLy, 1994; BwLER et al., 1998). margin of carapace. This variation occurred
A Principal Components Analysis (PCA) wasindependently of the species. The variability (CV) for B/
conducted to compare variation within the shrim@M was 18% - 28% and for B/AB was 16% - 26%,
populations. The object of a PCA is to take “p” variable@SPeCUVe')ﬁ_ ) o
Xy, X, .., %,@nd to find combinations of these to produce ~ The Principal Component Analysis indicated that
indices Z, Z,...Z, that are uncorrelated. The lack ofthe accumulated variance for the first four principal
correlation is a useful property because it means that t@mponents (PC) represented 64% of the total (Tab. Il).
indices are measuring different ‘dimensions’ of the datat seems that both PC1 and PC2 were closely associated
However, the indices are also ordered so thdisplays t0 pereiopod segment variation. On the other hand, PC3
the greatest amount of variation,tde second greatest and PC4 were better discriminants for cephalotorax
amount of variation, and so on fMLy, 1994; wieret ~ dimensions (Tab. Il). The individual score projections of
al., 1998). each population for the first and second principal
An UPGMA Cluster Analysis on Euclidian Distancecomponents showed an overlap, which indicates that
was undertaken to evaluate the similarity among shrintpere is a great resemblance among them (Fig. 2).
population from different localities. Cluster analysisisa  The Discriminant Function Analysis resulted in six
technique that classifies sampling units into a smadliscriminant functions, which explained 100% of the
number of homogenous clusters. In cluster analysis, tagcumulated population variance (Tab. Ill). The
true number of clusters is not known and part of theigenvalues for the last five functions were less than 1,
analysis is to identify the number of clustersafM, suggesting that the functions were not able to totally
1994; FowLer et al.,, 1998). discriminate the studied groups. The coefficients (C/R,

Table I. Descriptive statistics and correlation for diagnostic characters of the seven populations of the freshwat@aktemgmetes
spp. from the Amazon Basin (taxa accordingatopriori identification; CV, coefficient of variabilityP, probability value; & Spearman
correlation).

Presumptive Lake Median Range cv Correlation
Species I =)

A. Upper mandible teeth

P. carteri Huanayo 8 6 - 12 13% 0.008 0.947
P. ivonicus Urcococha 8 7-11 11% -0.080 0.512
P. carteri Amana 8 5-12 14% 0.090 0.459
P. ivonicus Mamiraua 8 6 -11 12% 0.231 0.055
P. carteri Cristalino 8 7 - 10 11% -0.029 0.810
P. ivonicus Camaleéo 8 6 - 10 11% 0.131 0.280
P. carteri Irucanga 9 6 -11 15% 0.281 0.019
B. Lower mandible teeth
P. carteri Huanayo 3 2-4 23% 0.052 0.667
P. ivonicus Urcococha 3 2-4 23% 0.077 0.528
P. carteri Amana 3 2-5 22% -0.006 0.962
P. ivonicus Mamiraua 3 2-5 20% -0.025 0.840
P. carteri Cristalino 4 3-5 11% 0.146 0.228
P. ivonicus Camaleéo 3 2-5 24% 0.153 0.207
P. carteri Iruncaga 4 3-5 14% 0.311 0.009
C. Distance from branchiostegal spine to mandible
P. carteri Huanayo 0.022 0.010-0.041 30% 0.632 <0.001
P. ivonicus Urcococha 0.015 0.002-0.032 30% 0.374 <0.001
P. carteri Amana 0.019 0.007-0.036 35% 0.600 <0.001
P. ivonicus Mamiraua 0.020 0.012-0.036 27% 0.339 <0.001
P. carteri Cristalino 0.020 0.012-0.034 21% 0.542 <0.001
P. ivonicus Camaleao 0.017 0.010-0.032 24% 0.359 <0.001
P. carteri Irungaga 0.021 0.015-0.036 21% 0.575 <0.001
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T/BT, D5/P5, D4/P4) and (C4/P4, D3/P3, C3/P3, R/ARhe total were reclassified correctly in their groups of
contributed the most to the first and second discriminantigin (a priori groups) and 21% were reclassified in other
function, respectively (Tab. 1V). The projection of thegroups & posteriorigroups) (Tab. V).
first two-discriminant functions is shown in figure 3. The The dendrogram resulted from cluster analysis
reclassification of individuals based on results of theevealed two groups of populations. The larger group,
analysis of discriminant functions showed that 79% dhcluding five populations, is divided into two subgroups:
one formed by populations from lake Huanayo, lake
Table II. Component loadings for the first four principalCamale&o, and lake Urcococha; and the other formed by
components based on the 14 ratios of the morphometrj opulations from lake Amana and lake Mamiraua. The

characters of the populations of the freshwater shrimg : - . .
Palaemonetespp. from seven lakes of the Peruvian and Brazilia maller group includes populations from lake Cristalino

Amazon Basin (B/AB, length of branchiostegal spine/height ofNd lake Irucanga (Fig. 4).
the base of branchiostegal spine to branchiostegal groove; C,
carpus; CL/R, cephalotorax/rostrum; D, dactylus; M, merus; PP,
propodus; R/AR, rostrum/rostrum height; T/BT, length of telson/

DISCUSSION

width of telson base).

The existence of sibling species among decapod
crustaceans is widely reported in the literatuneoi{Ton,

Ratios PC1 PC2 PC3 PC4 1986; RLumBl & Benzig, 1991; ELDER & StaTON, 1994;

CL/R -0.102 -0.043 -0.873 0.100 CuesTAa & ScHuBaRT, 1998; Ganpieanet al, 1998; KnG &

R/AR 0.761  0.200  0.081 -0.003  Hanner, 1998; SHuBART et al, 2000; SanTon et al, 2000).

.?;ABE; :8'82(23 :8'838 ?645(;3 '8'823 These investigators showed that closely related species

C1/PP1 .0.062 -0.648 0212 0.249 are often hardly distinguished using morphologic

C2/PP2P 0.004 -0.281 0.463 0.270 characters, mainly due to their intraspecific variability.

D3/PP3 0.126  0.733  0.360  0.276 Little knowledge of the degree of intraspecific variability

giﬁgi g-ggg g-ggg 8-?23 8-?22 can compromise the differentiation of closely related

Ca/Ppa 0668 0147 0156 0505 SPecies, making the process of identification and

C4/M4 0.602 -0.010 0.233 0.299 Validation of their taxonomic status very problematic

D5/PP5 0.027  0.853 -0.026 0.114  (CuesTA& ScHUBART, 1998).

C5/PP5 0.844  0.103 -0.120  0.017 Taxonomic delimitation oPalaemonetes carteri

E.S’MS 0871 0.003 0.112 -0.130 ~ g,qp ivonicus based on the adult morphology, was
ingenvalues 3.794 2.209 1.994 1.020 . .

Total variance 27.102 15.776 14.242 7.287  established by blLtHuis (1952). The current taxonomic

Cumulative variance 27.102 42.879 57.121 64.408 Status of these two species is questioned by the apparent

Table IIl. Statistical analysis of first six discriminant functions for the ratios of the populatioRalaémonetespp. from seven
lakes of the Peruvian and Brazilian Amazon Basin (DF, degrees of freghgmobability value).

Function \Alue \ariance(%) Cumulative variance(%) ChiSquare DF p
1 3.676 63.9 63.9 1514.326 84 001
2 0.738 12.8 76.7 776.293 65 <0.001
3 0.710 12.3 89.0 511.804 48 %001
4 0.498 8.7 97.7 254.965 33 &.001
5 0.084 1.4 99.1 61.730 20 6.001
6 0.049 0.9 100 23.039 9 0.006

Table IV. Discriminant functions and coefficients for the ratios of the populatioimala#femonetespp. from seven lakes of the
Peruvian and Brazilian Amazon Basin (B/AB, length of branchiostegal spine/height of the base of branchiostegal spineostdgainchi
groove; C, carpus; CL/R, cephalotorax/rostrum; D, dactylus; M, merus; PP, propodus; R/AR, rostrum/rostrum height; T/Bdf length

telson/width of telson base).

Discriminant functions and coefficients

Ratios
1 2 3 4 5 6
CL/R 1.001 0.010 0.697 0.267 0.003 0.077
R/AR 0.048 0.496 0.888 0.626 0.132 0.178
B/AB -0.274 0.309 0.092 -0.123 0.266 -0.095
T/BT 0.437 0.272 -0.254 0.009 0.415 -0.240
C1/PP1 -0.218 -0.347 0.400 -0.597 -0.051 0.453
C2/PP2 -0.174 -0.129 0.420 0.155 0.010 -0.326
D3/PP3 0.035 -0.403 -0.103 -0.304 -0.488 0.066
C3/PP3 -0.034 -0.423 -0.012 0.003 0.944 -0.212
D4/PP4 0.138 0.375 0.000 -0.467 -0.518 -0.710
C4/PP4 0.086 -0.607 0.184 0.500 -0.048 -0.388
C4/M4 -0.079 0.334 0.050 -0.295 -0.130 0.617
D5/PP5 0.231 0.119 0.677 -0.345 0.656 0.362
C5/PP5 0.048 0.296 -0.131 0.390 -0.635 0.560
C5/M5 -0.108 -0.294 0.121 -0.048 0.055 -0.636
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Fig. 2. Projection scores of first and second principal components for populatidteslagEfmonetespp. from seven lakes of the
Peruvian and Brazilian Amazon Basin (A, lake Irucanga; B, lake Camaledo; C, lake Cristalino; D, lake Mamiraud; E, lake Amand; F
lake Urcococha; G, lake Huanayo).
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Fig. 3. Projection scores of first and second discriminant function for populatioRal@émonetespp. from seven lakes of the
Peruvian and Brazilian Amazon Basin (A, lake Huanayo; B, lake Urcococha; C, lake Amana; D, lake Mamiraua; E, lake Cristalino; F
lake Camaledo; G, lake Iruganga).
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Fig. 4. Dendrogram grouping for populations Rdlaemonetespp. from seven lakes of Peruvian and Brazilian Amazon Basin.
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Table V. A posteriori classification matrix of the members of populationsPalaemonetespp. from seven lakes of the Peruvian and
Brazilian Amazon Basin (values in parenthesis represent the percentage of reclassification within each group).

Classification matrix

Lakes Huanayo Urcococha Amand Mamiraua Cristalino Camaleao Irugcanga otal

Huanayo 49 (70.0) 4 (5.7) 2 (2.9) 4 (5.7) - 10 (14.3) 1 (1.4) 70/(100)
Urcococha 1(1.4) 59 (84.3) - 1(1.4) - 9 (12.9) - 70/(100)
Amana 2 (2.9) 2 (2.9) 61 (87.1) 3 (4.3) 1(1.4) 1(1.4) - 70/(100)
Mamiraua - 5 (7.1) 4 (5.7) 4868.6) - 11 (15.7) 2 (2.9) 70/(100)
Cristalino - - 1(1.4) - 63(90.0) - 6 (8.6) 70/(100)
Camaledo 7 (10.0) 7 (10.0) 1(1.4) 8 (11.4) - 47 (67.2) - 70/(100)
Irucanga - - 1(1.4) - 7 (10.0) - 62 (88.6) 70/(100)

high morphologic plasticity of the two main diagnostidntrapopulational variability (BM: CV 21-35%; CB/BM:
characters (number of rostral teeth and position of tH&V 18-28%; CB/AV: CV 16-26%). The plasticity of this
branchiostegal spine) used for their separation. In spitbaracteristic was verified with the Student Newman-
of not being a morphometric character, the number #feulsa posterioritest, which revealed that BM was one
rostral teeth was considered in the present study becao$éhe two characteristics (the other was D3) that did not
of its current use in separating both species. show significance among the populations under study.
Historically, rostral dentition was considered a good HoLtHuis (1950) describedP. ivonicus but the
character for identification of some palaemonid shrimpsiwumber of specimens was so small that it did not allow a
There have been taxa established solely on the basisvefification of the difference in the diagnostic
rostral characteristics €3Grave, 1999a), a situation that characteristics used to sepat&onicugromP. carteri
was attributed to the fact that many authors were unawarbis lack of clarity in the patterns of morphological
of the variability shown by this structure €05ravE, variation, as already mentioned bypi@1z-CoLLART &
1999b). Variation in the number of rostral teeth has alreadyriconi (1993) and Grcia-DAviLa & M acaLHAES (2003),
been studied in other speciefalaemonetee Grave, demand the necessity of more precise tools to measure
1999a). in what proportions such morphological variability could
Sixteen specimens Bf carteridescribed by Groon  compromise, in both species, the recognition of their real
(1935) had five to eight dorsal and three to seven venttalkonomic status. LEming (1969) also questioned the
rostral teeth, while BiLtHuis (1950) counted six to ten taxonomic character used byoHHuis (1952) to
dorsal and three ventral rostral teeth in just two typdistinguish some species of this genus due to the overlap,
specimens oP. ivonicus Later, ®iNeTz-CoLLART &  Vvariability and indistinctiveness of some of these traits.
Enriconi (1993), studying a population Bf carterifrom Although PCA failed to separate the populations,
the lower Rio Negro, found similar variability with thisit revealed that pereiopod ratios (C4/P4, C4/M4, C5/P5,
characteristic (five to nine dorsal teeth; two to six ventra@5/M5, C1/P1, D3/P3, D4/P4, D5/P5) and R/AR ratio
teeth) as reported byddrHuis (1952). However, @netz-  showed the greatest differences among populations in
CoLLArT & ENrIcONI (1993) pointed out that most of theirthe first two components, which represented, both, 43%
specimens (94.8%) had six to eight dorsal, and two tf the total variation. According to these results, the few
five ventral rostral teeth. The present data also shadistinctive characters among the populations were those
great variation in this character: the number of dorsaf the pereiopods and rostrum, and not the position of
teeth varied from five to twelve. Such variation suggestbe branchiostegal spine, which ratio was responsible
a great plasticity for this character, although the variatidior very little of the variation in these two components
is quite similar among all the populations studied (mo%t0.032 and -0.095, respectively). The great similarity of
of the specimens had seven to nine dorsal, and twotte populations is also corroborated by the fact that the
four ventral rostral teeth), regardless of the species (Tdbur principal components found in this study explained
[). On the other hand, such variation is not related to tl&&% of the total variation among the species. The first
size of the individual because the rostral dentition ditlvo components were responsible for over 80% of total
not show any relationship with the carapace length. Du&riation in other studies about sibling species in
to this plasticity, the rostral dentition is not a goodCrustacea (MCLURE & WicksTEN, 1997; SapiNi et al,
characteristic for separating both species af999).
PalaemonetesSimilar findings were verified in In spite of the fact that the Discriminant Function
Palaemonetes variargy De Grave (1999a), who reported Analysis - DFA was not able to clearly separate the
a high variability in this characteristic, although it showeg@opulations studied (due to the overlapping range among
some relationship with latitude. However,Ralaemon groups), it contributed to clarify the relationship among
concinnusthe variation in the number of rostral teetithem. Therefore, three groups could be identified: a close
was relatively constant within the populations studietelated group formed by the lake Cristalino and lake
(De Gravg, 1999D). Irucanga populations; a group including the populations
Variability in the position of the branchiostegalof lake Huanayo, lake Urcococha and lake Camale&o; and
spine in these species was reported bywgz-CoLLArT  a third group, with the populations of lake Amana and
& ENricont (1993) and @rcia-DAviLA & MacalHAEs  lake Mamiraua (Fig. 3). The former two groups were
(2003). In the present study, this character showed a grelightly separated, showing a small morphometric
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difference between them, while the latter watake Amana have beempriori classified ad. carteri
morphometrically in between the other two groups.  due to the clear or dark appearance of their water, the
On the other hand, the fact that in themorphometric resultsa(posterior) indicate that these
reclassificationa posterioriall populations showed populations are more closely related to the group that
individuals in one or other population confirming thatvas considered aB. ivonicus Although visually
the great intrapopulational plasticity in the two nominatlassified as clear/black water environments, the
species determines the overlapping of characteristics tlggtological history of both areas is similar to that of the
interferes in their taxonomic separation. However, somaove mentioned lakes of the Amazon River floodplain
relationships could be inferred on the basis of sudliunbserc et al, 1998). Lake Huanayo belongs to the
reclassification: (a) populations from lake Huanayo, lakRio Pastaza basin, which originates in the Ecuadorian
Urcococha and lake Mamiraué showed a high degreeAhdes and drains an area of volcanic origin in the
reclassification in the population from lake Camaledo, artdolocene (Quaternary); this gives a relatively dark color
vice-versa; (b) populations from lake Cristalino and lak&o the water (RsAnen, 1993), whereas lake Amané has a
Irucanga, besides presenting a percentage stirong yearly influence from the white water floodplain
reclassification very close to each other, showed a slighgstem of Rio Japura and Rio Solimdes.
degree of reclassification with that of the lake Amana However, a clear taxonomic separation of these two
(1.4%); and (c) populations from lake Amana and lakgpecies should not rely on environmental characteristics,
Mamiraué had individuals reclassified in almost all othegs definition of the watercolor could be influenced by
populations. These relationships would indicate that tfg@asonal factors, water quality and the subjectiveness
first relationship was established among populations froff the observer (KiioLa & Punakka, 1993). Considering
white water environments or situated near them and tHeat a clear separation of both taxa on the basis of

second relationship was established among populatiof@rPhological characteristics is compromised by a high
from black and clear water environments. degree of intra- and interpopulational variability, other

Collectively, the type of environment could help incharacteristics, such as those provided by molecular

inetasonomicseparaion of e o specesn he AmasgEV=, shol e taken e accountfor o more
Basin, beind®. ivonicugelated to white and mixed water P P :
environments, an@. carterirelated to black and clear Acknowledgments. To Conselho Nacional de
water river systems. However, the plasticity shown bgesenvolvimento Cientifico e Tecnolégico - CNPq for research
the populations from lake Amana (black water) and lakegnds (PNOPG proc. nr. 520339/99-1) and grants (to CRGD and
Mamirau (white water) that presented a percentage gf, il & beservobimento Syl Viamiaue - oo
individuals reclassified in opposite environments seenf%r re\F/)ipewing? the Egnglish_ ’ ‘
to contradict such trend in the reclassification.
Morphom(_atri_c diﬁerences_ and variability in morphologic REFERENCES
characteristics as possible adaptive responses to the _ -
environment have been reported in the literature for oth&yat, F.; Barata, C. & HonToria, F. 1995. A mediterranean origin
populations of crustaceansiAr et al, 1995; WESTA & S%ru:ggl "oef'dé';éig;:gpﬁ;”cggfgrg”'a Leach population.
Scrusart, 1998; DiniELs et al, 1998; GANDIEAN €t al,  ciesra J. A & SHusarr, C. D. 1998. Morphological and molecular
1998; Srpa et al, 1998; Sarini et al, 1999). differentiation between three allopatric populations of the

The fact that the Cluster Analysis grouped together littoral crab Pachygrapsus transversugGibbes, 1850)
the populations from lake Cristalino and lake Irucanga g‘;fi‘zgg“lrgbsGrapSidae)Jouma' of natural History
(Fig. 4) reaffirms the idea that the morphologlcal _S|m|Iar|t)6ANIELS’ S. R.: Sewarr, B. A. & Gissons, M. J. 1998, Genetic and
could be r_elated tothe type of_enV|ronment, Wh'_Ch would morphometric variation in the potamonautid river crab
be reflecting the geological history of the basin. These Potamonautes parvispingDecapoda: Potamonautidae) from
lakes are black and clear water bodies belonging to EA(OtWeS;%fnlza%pizfé\éefs- South Africdournal of natural

; ; ; ; i istory 32: - .

hydmgraphlc basins (R.IO Negfo and Rio quajo%fE Grave, S. 1999a. Rostral variation iRalemon concinnus
respectively) whose origins are in Archean shields Of papa " 1852 (Decapoda, Palaemonida€rustaceana
Guiana and Central Brazil, respectively. In addition, these 72(7):701-704.
rivers run mostly through ancient areas of leached soils, 1999b. Variation in rostral dentition and telson setation in a
having only their lower course on more recent (Tertiary) Sg'rtu”;?gigapoggsgog dg-fjallvzel?eon?g:ﬁj alga:jlfonbiit?oacig)
zones. Such waters are usually transparent or darkenedg’ 101 108 poda: y 9
by dissolved humic acids, with small quantities ofeioer, D. L. & Sraton, J. L. 1994. Genetic differentiation in
inorganic sediments (&1, 1968). The other group trans-Floridian species complexes Stsarmaand Unca
includes populations from lakes Urcococha, Mamiraua (B?f;f%%aé Brachyura)Journal of Crustacean Biology
and Camaledo, typ'c"’“ of the Amazon River ﬂQOdplal RNA.NDEZ-VERG/-AZ, V.; ABeLLAN, L. J. L. & BaLcuerias, E. 2000.
system, a Iarge_ sedimentary area from tertiary an Morphometric, funcional and sexual maturity of the deep-
quaternary sediments eroded from Andean and pre-sea red cratChaceon affinisinhabiting Canary island water:
Andean regions. Such waters are called “white waters” chronology of maturationMarine Ecology - Progress
due to their heavy load of suspended inorganic material,series 204169-178. o ,
giving them a muddy appearance, or “mixed waters” whdhEMING, L. E. 1969. Use of male external genitalic details as

. . - taxonimic characters in some species Rdlaemonetes
decanted or mixed with clear water from the adjacentterra ocanoda:  Palaemonidae) Proceedings of  the

firme areas (Bu1, 1968). . Biological Society of Washington 82443-452.
Although the populations of lake Huanayo androwier, J.; Gwen, L. & Jarvis, P. 1998.Practical Statistics
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