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A B S T R A C T

N ineteen species and subspecies o f  freshwater crabs from the anom uran fam ily  A eglidae are rep­
resented in C hile, 16 o f  w hich are endem ic to this country. We seq u en ced  - 2 ,6 0 0  nucleotides o f  
the 12S, I6S , COI, and COII gen es from  m itochondrial D N A  to estim ate  ph ylogen etic  relation­
ships am ong the C hilean aeglids. We sam pled 16 putative C hilean sp ec ies  and subspecies and one  
m orphologically  unrecognized taxon according to the m ost recent A eg lid ae  c lassification. In addi­
tion to the C hilean aeg lid s , one sam ple o f  A eg la  r io lim ayan a  and tw o  sam p les o f  A eg la  affin is  
were collected  from Argentina to check  previous hypotheses about the origin o f  the group. Two other 
anom urans, one galatheid (M unida su bru gosa )  and one porcellanid (P a ch yc h e le s  h a igae ), were se ­
quenced to serve as outgroups in our ph ylogen etic  analysis. Our results sh ow  the clear separation 
o f  A eg la  p a p u d o  from the other A eg la  sp ecies , as has been su ggested  p rev iou sly  based on mor­
phology. Its basal position in the A eglidae trees a lso  supports a Pacific origin  for the A eglidae. Our 
ph ylogen ies provide strong m onophyletic support for the currently recogn ized  species, with the e x ­
ception o f  A eg la  la ev is  and A eg la  ch o lch o l sam ples, w hich form non m onoph yletic groups.

north, and ranging to Madre de D ios Island 
in the Insular Territory (see Fig. 1). From a 
biogeographical perspective, the Chilean  
aeglids represent an interesting group within 
the A eglidae because o f  their geographical 
isolation associated with the uplift o f  the An­
dean Cordillera. S ixteen o f  them are endem ic 
to C hile, som e occurring only in a single 
drainage (e.g ., A eg la  baham ondei Jara, 1982, 
at Tucapel R iver and A. sp ec ta b ilis  Jara, 
1986, at Imperial River), and three are found 
on both sides o f  the Andean Cordillera (A. ab­
tao  Schinitt, 1942, A. neuquensis  Schmitt, 
1942, and A. affinis Schmitt, 1942).

The origin o f  C hilean aeglids as w ell as 
their trans-Andean relatives is uncertain. Ort- 
mann (1902) proposed that A egla  species 
from Chile included the more primitive forms 
o f the genus. H ow ever, Schmitt (1942) hy­
pothesized that the A egla  from the Atlantic 
side o f  South A m erica were more primitive, 
and species ranging in the Chilean streams 
were more derived. Feldmann (1986) con­
sidered both conclusions to be speculative, al­
though based on the discovery o f  the marine 
fossil H am u riaegla  g laessn eri Feldmann, 
1984, in N ew  Zealand, he suggested that the 
primitive aeglids cam e from the Indo-Pacinc

The A eglidae Dana, 1852, are freshwater 
anomuran crabs with several features that 
m ake them a fascinating group for evo lu ­
tionary study. First, they are restricted to the 
N eotropical region o f  South Am erica, the 
only anomuran family thus restricted. Second, 
m orphologically, the aeglids are included  
with the galatheid, porcellanid, and chi- 
rostylid crabs in the superfamily Galatheoidea 
Sam oulle, 1819. However, there are som e im ­
portant m orphological d ifferences between  
aeglids and their relatives (e.g ., gili structure 
and caparace sutures; see Martin and A bele, 
1988) that throw into question the taxonom ic 
position o f  A eglidae (Martin and A bele, 
1986). Finally, from an eco log ica l perspec­
tive, aeglids are a unique group because they 
are the only Galatheoidea family entirely re­
stricted to freshwater habitats.

The present A eglidae belong to a single  
genus, A egla  Leach, consisting o f  approxi­
m ately 70 recognized species and subspecies  
(see Bond-Buckup and Buckup, 1994) d is­
tributed am ong C hile, Brazil, Argentina, 
Uruguay and B oliv ia . The Chilean aeglids  
constitute a group o f  19 putative species and 
subspecies with a latitudinal distributional 
pattern starting at the Choapa River in the
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F ig . 1. C hile, sh o w in g  the main hydrographic basins  
w h ere A eg la  occur: 1, Choapa; 2 , La L igua; 3, 
A concagua; 4 , V alparaiso; 5 , M aipo; 6 , R apel; 7, 
M ataquito; 8, M aule; 9 , N uble; 10, B io  B io; 11, Tucapel; 
12, Im perial; 13, T oltén; 14, Valdivia; 15, B ueno; 16, 
M aullin; 17, C hiloé Island; 18, Chi loé Continental; 19, 
Aysén; 20, Insular Territory.

region and dispersed through South Am erica  
from the Chilean coast.

There has been no extensive work in terms 
o f  establishing A eg lid ae phylogenetic rela­
tionships. Partial relationships have been pro­
posed for som e Argentinean sp ecies (e.g ., 
Schuldt e t a i ,  1988), but no phylogenetic  
study has been published on the Chilean

aeglids. One o f  the biggest d ifficulties in con­
structing m orphological-based phylogenies o f  
this group is a lack o f  enough shared derived 
characters relative to the large number o f  ex ­
tant species. Thus, the analysis demands con­
siderable effort, and a w ell-established phy- 
logeny is not guaranteed. This makes aeglids 
ideal candidates for m olecular system atics; 
the use o f  D N A  sequences allow s for the co l­
lection o f  more data to investigate the rela­
tionships among these taxa. In this paper, we 
w ill study the phylogenetic relationships 
am ong the A eglidae from C hile using four 
m itochondrial genes; 12S, 16S, COI, and 
COII. The resulting phylogeny is then used 
to address alternative hypotheses concerning  
the origin o f  the group and the m onophyly  
o f  currently recognized species.

M a t e r ia l s  a n d  M e t h o d s

S a m p lin g .— Crabs were c o lle c ted  by hand, dipnet, or 
trawl fish in g from A ugust 1999 to February 2000 , A b­
dom en and g ili tissues from som e sp ecim en s were d is ­
sected  and preserved in 100% E tO H  for  D N A  extraction. 
T he rem aining specim ens w ere preserved in 70% EtOH  
and are housed in the crustacean co llection  at the M onte  
L. B ean L ife  Scien ce  M useum , B righam  Young U niver­
sity. W e sam pled  betw een  on e and six  ind iv idu als  per  
sp ecies  or subspecies (49  ind ividuals sam pled total) from  
one to four localities and for a total o f  16 o f  the 19 pu­
tative C hilean  sp ecies or su b sp ecies  (Table 1 ). A  m or­
p h o log ica lly  unrecognized taxon according to the m ost 
recent taxonom ic c lassification  develop ed  by Jara (1996)  
w as a lso  co llected  at Tucapel R iver. T h is putative new  
sp ecies was included in this study under the nam e A egla  
sp. T h o se  sp ecies  not sam pled  include: A eg la  c o n c ep ­
c ion en sis  Schm itt, 1942, and A eg la  expansa  Jara, 1992, 
en d em ic  from  the C oncepción  R iver and the Hualqui 
Creek, respectively  (B fo  B io  Basin ); and A eg la  neuquen­
sis, a trans-Andean sp ecies  that a lso  occurs m arginally  
in the Insular Territory o f  C hile. T he first tw o  sp ecies  
cou ld  be considered extinct due to human pollution and 
forest exp loitation  (B aham onde e l a l„  1998; Jara, per­
sonal observation). In addition to the C hilean aeglids, one  
sam ple o f  A egla  riolim ayana  Schm itt, 1942, and two sam ­
ples o f  A eg la  affinis w ere co llected  in  Argentina to check  
previous m orphological hyp otheses about the origin o f  
the C h ilean  aeg lids. A nother tw o  anom urans, one  
galatheid (M unida su bru gosa  (W hite, 1847)) from  C hile  
and on e porcellanid (P a ch ych e les  h a ig a e  R odrigues da 
C osta, 1960) from Brazil, w ere co llected  to be used as 
the initial outgroup (Table 1).

D N A  E x tra c tio n  a n d  S equ en cin g .— T he D N A  w as e x ­
tracted from  the preserved tissu es using the m ethods de­
scribed in Crandall and Fitzpatrick (1996). The PCR prod­
ucts for four m itochondrial genes (~  2 ,6 0 0  bp) w ere am ­
p lified  using the primers 1 2 S -f 5 '-G A A A C C A G G A T - 
TA G A TA C C C -3' 12S-r 5 '-T T T C C C G C G A G C G A C G -  
G G C G -3' (M okady e t al., 1999); and C O I-f 5 '-G A G -  
C TCC A G ATATAG CATTCC-3' C O I-r 5'-A G T A T A A G - 
CG TC TG G G TA G TC -3' (van S y o c , 1995); and the four 
n ew ly  d esign ed  prim ers !6 S a eg lid -f  5'-A C T T G A TA -
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Table 1. A egla  species and outgroups (M unida subrugosa  and P achycheles h a igae ), and number o f  specim ens (n) 
exam ined in this study listed in alphabetical order. Key numbers for main Chilean basins in Fig. 1 are also included. 
A R 1, AR 2 =  Argentina.

T.
C

Species Main basin, minor drainage n Coordinates
Ei

A. a b tao  Schm itt, 1942 (15 ) B ueno River, Rupanco Lake 2 4 0 °46 'S , 72°36'W
(14) Valdivia River, Riñihue Lake 2 39°46'S , 72°27'W E.
(15 ) B ueno River, Chifin River 2 40°46 'S , 73°09'W

A. affinis Schm itt, 1942 (8 ) M aule River 1 35°58 'S , 70°33'W 1 E‘
(8 ) M aule River, M aule Lagoon 1 36°00'S , 70°33'W

(A R 1) Colorado River, C hico R iver 1 35°48'S , 70°08'W E<
(A R 1) Colorado River, C hico R iver 1 3 5 °5 I'S , 69°48'W

A. alacalufi Jara and L ópez, 1981 ( 18) Continental Chiloé, 2 41°23'S , 72°17'W O:
R eloncavi River

A. araucaniensis  Jara, 1980 (10) B io  B io River, 2 36°51'S , 72°52'W Er
Chaimávida Creek 1

A. baham ondei Jara, 1982 (11) Tucapel River, H uillinco Creek 2 37°44'S , 73°23'W Pr
A. cholchol Jara, 1999 (12) Imperial River, C hol-Chol River 4 38°36'S , 72°52'W
A. den ticu la ta  denticu lata (15) Bueno River, Chifin River 2 40°46'S , 73 “09'W —

N icolet, 1849
A. denticu la ta  lacustris  Jara, 1989 (1 5 ) Bueno River, Rupanco Lake 2 40°46 'S , 72°37'W
A. hueicollensis  Jara, 1999 (1 5 ) Bueno River. H ueicolla  R iver 2 40°09 'S , 73°39'W an
A. laevis  laev is  (Latreille, 1818) (5) M aipo River, Trebulco Creek 2 3 3 °I9 'S , 70°24'W ad
A. laevis  talcahuano  Schm itt, 1942 (8) M aule River. Lircay River 2 35°32'S , 70°20'W (IV

(9) Nuble River. Torreón River 2 36°30'S , 72°11'W dil
A. manni Jara, 1980 (14 ) Valdivia River, 3 39°48 'S , 73°09'W ho

Buenaventura Creek in
A. papu do  Schmitt, 1942 (3) A concagua River, Rabuco River 2 32°42'S , 70°33'W 1 str
A. pew enchae  Jara, 1994 (10 ) B io B io  River, Icalm a Lake 3 38°48 'S , 71°16'W toi
A. riolim ayana  Schm itt, 1942 (A R 2) N egro River, 2 38°52'S , 71°12'W im

M oquehue-AIum iné Lake we
A. rostra ta  Jara, 1977 (14) Valdivia River, Riñihue Lake 2 39°46 'S , 72°27'W vei
A. spec tab ilis  Jara, 1986 (12) Imperial River, C hol-Chol River 1 38°36 'S , 72°52'W inc
A egla  sp. (11) Tucapel River, H uillinco Creek 2 37°44'S , 73°23'W Wt
M unida subrugosa  (W hite, 1847) Q uellón, Chiloé, Chile 1 43°06 'S , 73°40'W w e
Pachycheles haigae Tramandai. Brazil 1 2 9 “55'S, 50°00'W I91

Rodrigues da Costa, 1960 usi

TATA ATTA A A  G G G -3' 16S aeg lid -r  5'-C T G G C G C C G - 
G TC TG A A C T C A A A T C -3'; and C O JIaeglid -f 5'-C T - 
TAYTTAGGATTTCAAGATAG-3' C O IIaeglid-r 5'-GGT- 
ATAAATCTATGATTTGC-3'. T hese last four primers are 
based on aeglid sequences obtained in a preliminary screen­
ing. Standard PCR conditions were used on a Perkin-F.lmer 
9 600  machine and consisted o f  the follow ing: an initial dé­
naturation at 96°C for 3 rnin fo llow ed  by 5 0  cy c les  o f  95°C  
for 1 min, 45°C  (12S  and COI) or 50°C  (16S  and COII) 
for 1 min, 72°C  for 1 m in fo llow ed  by an extension at 72°C  
for 5 min. Successful PC R  products w ere purified using a 
GeneClean® II kit (B io  101). Autom ated sequences were 
generated in both directions on an A B I 377X L  automated 
sequencer using the A B I B ig-dye R eady-R eaction kit, fo l­
low ing the standard cy c le  sequencing protocol, but using  
a quarter o f  the suggested reaction size.

Ph ylogen etic  A nalyses,— N u cleotid e  seq uences were 
aligned using Clustal X  (Thom pson e t a i ,  1994) and then 
adjusted by eye. Phylogenetic relationships were estimated 
using m axim um parsim ony and m axim um  likelihood  
(Felsenstein, 1981), recognizing a diversity o f  opinions rela­
tive to the appropriate m ethodology for reconstructing phy­
logenetic relationships. Both p h ylogen y reconstruction  
methods assum e a m odel o f  evo lu tion . M axim um  parsi­
mony im plicitly assum es that all character changes are 
equally likely. M axim um  lik elih ood , on the other hand, 
makes explicit assum ptions about the relative likelihoods 
o f  character change using a m odel o f  evolution (Huelsen-

beck and Crandall, 1997). Therefore, for this method, the 
choice o f  mode! must be justified relative to the data at hand. 
This can be accom plished easily  within the lik elihood  
framework (Felsenstein, 1998; Goldman, 1993; H uelsen- 
beck and Crandall, 1997). W e used the approach outlined  
by H uelsenbeck and Crandall (1997) to test hypotheses re­
lating to the molecular evolution o f  the nucleotide sequences 
exam ined in this smdy. This approach estimates a starting 
tree using neighbor-joining assum ing a Jukes and Cantor 
model o f  evolution. With this u ee , likelihood scores are cal­
culated for a variety o f  m odels o f  evolution that incorpo­
rate different assum ptions about the types o f  changes in­
volved (e .g ., base frequencies are equal or not). The like­
lihood scores are then compared statistically using a 
likelihood ratio test (Posada and Crandall, 1998). The model 
choice is then dictated by the null hypotheses rejected. The 
fo llow ing null hypotheses were tested: 1) nucleotide fre­
quencies are equal, 2 ) transition rate equals transversion  
rate, 3) transition rates are equal, 4 ) transversion rates are 
equal, 5) transversions occur at only tw o rates, 6) rate ho­
m ogeneity occurs across sites, 7) proportion o f invariable 
sites is not significant. The likelihood values associated with  
these m odels were estim ated in PA UP* version 4 .0b 8 
(Swofford, 2000). The statistical tests were performed us­
ing M odeltest version 3,1 (Posada and Crandall, 1998).

O nce a m odel was selected , ph ylogen etic relationships 
w ere estim ated  via m axim um  lik elih ood  incorporating  
this m odel o f  evolution . M axim um  lik elihood and m ax­
im um  parsim ony searches w ere heuristic. A s such, they
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Table 2. L ikelihood ratio tests o f  m odels o f  m olecular evolution (H uelsenbeck and Crandall, 1997; Posada and 
Crandall, 1998) for 12S +  16S +  COI +  C O ll genes.

Null hypothesis Models com pared -InL, -InL, -21 n . df. e

Equal base frequencies H„ : JC69 
H, : F81

9 ,499 9 ,276 447 3 <0.000001

Equal ti/tv rates H „ :F 8 I  
H, : H K Y85

9,276 8,913 726 1 <0.000001

Equal ti rates H0 ; H K Y 85  
H, :TrN

8,913 8,912 1.97 1 0.160

Equal tv rates H„ : TrN
H, : K S lu f

8 ,912 8,907 11.1 1 0.0009

Only two tv rates H0 : K 8 1 uf 
H. : TVM

8,907 8,895 24.09 2 0.000006

Equal rates am ong sites : TVM  
H, ; TV M  +  r

8,895 8,268 1,254 1 <0.000001

Proportion o f  ins anable sites H„ ; TV M  +  r  
H, ; TVM  +  r  +  I

8.268 8,191 153 1 <0.000001

are subject to  biases associated  w ith the order o f  taxon  
addition (T em pleton , 1992) and m ultiple tree islands  
(M addison, 1991 ). To avoid  these b iases, 10 random ad­
dition heuristic searches w ere perform ed for the lik e li­
hood and 1,000 for the parsim ony analyses. C onfidence  
in the resulting relationships w as a ssessed  using the boot­
strap procedure with IOO replications (F elsenstein , 1985) 
for m axim um  likelihood and 1,000 replications for m ax­
imum parsimony. L ikelihood and parsim ony searches as 
w ell as the bootstrap analyses w ere execu ted  in PAUP*  
version 4 .0b8 (Sw offord, 2000). Data sets w ere analyzed  
independently with m od els optim ized for each data set. 
We then perform ed a partition hom ogen eity  test to  see  if 
we were ju stified  in com bin ing data sets (Farris e t a i ,  
1994). This test was im plem ented in PAUP* version 4.0b8  
using 1.000 replicates. P h y logen etic  signal w ith in  the 
com bined data set was assessed  for different com bin a­
tions o f  taxa using the g  statistic o f  the random tree d is­
tribution (H illis  and H uelsenbeck , 1992).

R e s u l t s

Our sequencing efforts resulted in 196 new  
12S, 16S, COI, and COII mtDNA sequences 
from 18 putative sp ecies or subspecies o f  
aeglids and two outgroups (Table 1). The 
alignment for these sequences can be down­
loaded from our lab webpage (http://zoology. 
byu.edu/crandall_lab/cranlabpubs.htm). The 
new sequences have been deposited in Gen- 
Bank under the accession numbers AY049985— 
AY050166.

To root the Aeglidae trees we initially used 
two species from the Galatheoidea fam ilies 
Galatheidae (Munida subrugosa) and Porcel­
lanidae (Pachycheles haigae) according to the 
morphological phytogenies proposed by Mar­
tin and Abele (1986) for the anomuran deca­
pods. Because o f the large genetic divergence 
among these three fam ilies, the branch con­
necting outgroup and ingroup taxa was much

longer than those relating the ingroup taxa. In 
all the likelihood and parsimony analyses Aegla  
papudo  Schmitt, 1942, was placed in the basal 
position o f  the Aeglidae tree. Thus, although 
we initially used Munida subrugosa  and Pachy­
cheles haigae  as the outgroup to check A egli­
dae monophyly, once this hypothesis was con­
firmed and the basal position o f A. papudo  in 
the tree was established, we used this species 
as the outgroup to study phylogenetic rela­
tionships among the other Aeglidae. We think 
this strategy avoids the alignment ambiguities 
and inconsistency (i.e., long branch attraction) 
produced by a distant outgroup, especially in 
the parsimony analysis (e.g ., Harris et al., 
2000). Therefore, only A eglidae sequences 
were used for analysis unless otherwise stated.

Different trees based on the four distinct 
gene regions gave sim ilar topologies (results 
not shown). Moreover, a partition hom ogene­
ity test (Farris et al., 1994) indicated that our 
Aeglidae data front these gene regions were 
not significantly heterogeneous (P  = 0 .33 ), 
thereby justifying their com bination. Phylo­
genetic signal (g ,) w ithin this data set was 
-0 .6  (P  <  0 .01). To correct for strong contri­
bution in signal o f  the best-supported clades 
in the tree, clades with bootstrap values higher 
than 90% were collapsed and g, recalculated. 
The new g, values were always less than -0 .45  
(P  <  0 .01). The maximum likelihood hypoth­
esis testing procedure resulted in the rejec­
tion o f  all seven null hypotheses tested ex ­
cept hypothesis (3): transition rates are equal 
(Table 2). N ucleotide frequencies were s ig ­
nificantly different from being equal with A 
=  0.34, C = 0.12, G = 0.14. and T = 0.40. Tran­

http://zoology
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sition rates were equal and transversion rates 
were not equal. Thus, different maximum like­
lihood estimated rates were used for each o f  
the six reversible rates o f  change except 
A<->G and 0 - > T  (R, =  2.22, R, =  15.93, R, 
= 1.55, R a =  1.45, R, =  15.93, and Rh = 1.00). 
There w as also significant rate heterogeneity  
in these data. Rate heterogeneity is taken into 
account in models o f  evolution using a gamma 
distribution with the shape parameter o f  the 
distribution (a )  estim ated from the data via 
maximum likelihood (Yang, 1996). The esti­
mated shape parameter for the gamma distri­
bution for these data was a  = 0.57. There was 
also a significant proportion o f  invariable sites 
in these data estim ated at 6 8 .6 %. Thus, our 
justified m odel was the transversion m odel 
plus gamma distributed rate heterogeneity plus 
a significant proportion o f  invariable sites 
(TVM  + r + I).

Incorporating this model o f  m olecular ev o ­
lution, w e estim ated phylogenetic relation­
ships among aeglid taxa using maximum like­
lihood. Ten random sequence addition  
searches resulted in the same maximum like­
lihood tree (Fig. 2). This phylogeny clearly  
puts A eg la  pa p u d o  apart from the other 
Chilean aeglids (100%  bootstrap support), 
which are also split into two clades with 70% 
and 98% bootstrap support. The ML tree also  
show s that the A egla  laevis  and A egla  ch o l­
ch ol Jara, 1999, populations do not form  
m onophyletic clades, and A egla  sp. forms a 
sister group with A egla  bahamondei.

U nlike maxim um  likelihood m ethods for 
which all characters are “phylogenetically in­
form ative,” m aximum  parsimony lim its phy­
logenetically  inform ative characters to 
synapom orphic character changes. Our data 
set consisted o f  366  parsim ony-inform ative 
characters out o f  2 ,589 characters. The in i­
tial maximum  parsimony analysis resulted in 
one island o f  eight m ost parsim onious trees 
with a tree length o f  903 steps. The majority 
rule consensus tree o f  these eight maximum  
parsimony trees also supports the separation 
o f  A. papu do  from the other Chilean species 
(Fig. 3), which are also clustered in the same 
two groups shown by the ML tree. Again the 
A egla  laevis  and A. cholchol populations do 
not form m onophyletic groups. The m axi­
mum parsimony bootstrap analysis gave sim ­
ilar results to the likelihood analysis with  
strong support for the sam e phylogenetic as­
sem blages mentioned above (Fig. 4).

D i s c u s s i o n

Our analyses showed clear support for the 
separation o f  A egla  pa p u d o  from the other 
Chilean aeglids when M unida subrugosa  and 
P achycheles haigae  are used as the outgroup 
(Figs. 2 -4 ) . This sam e result has previously  
been shown by Cerda (1992) and Jara (1992, 
1996) based on morphology: A. papu do  does 
not have a ventral linea aeg lica , the median 
suture o f  the telson is obliterated, and the 
“bar” linea  is convergent. Therefore, both 
m olecular and m orphological data suggest 
that A. papu do  could be m oved to a new  
genus. However, the proposition and the di­
agnosis o f  a new name for this species are be­
yond the scope o f  this study. We will address 
this issue in a subsequent paper. The p osi­
tion o f  A. papudo  as the sister group o f  the 
other Chilean and trans-Andean freshwater 
crabs (A egla  affinis, A. riolim ayana, and A. 
ab tao )  a lso conflicts with Schm itt’s (1942) 
hypothesis about a trans-Andean origin for 
A eglidae, but supports the Pacific origin hy­
pothesis suggested  by Ortmann (1902) and 
Feldmann (1986).

Both likelihood and parsimony m olecular 
trees separate Chilean aeglids (except A. 
pa p u d o ) that occur m ainly in the north basins 
(A. laevis  and A. pew en ch ae  Jara, 1994) from  
those occurring in the south basins (A. hue­
icollensis iara, 1999, A. denticulata, A. manni 
Jara, 1980, and A. alacalufi Jara and López, 
1981), but not com pletely (e.g ., A. affinis or 
A. ab tao). Therefore, from a biogeographi- 
cal perspective, this d ivision does not seem  
to clearly fo llow  the latitudinal distribution 
pattern indicated by Baham onde and López 
(1963) and Jara (1996). Presumably the b io­
geography o f  these species is closely  related 
to other major geo log ica l events. The uplift 
o f the Andean Cordillera (Pliocene), and the 
repeated incursions and regressions o f  marine 
waters during the ice-ages (Pliocene and Qua­
ternary) associated with the advance and re­
cession  o f  the glaciers (G lacial-Interglacial 
periods) modified the course o f  Chilean rivers 
and provided new  upland aquatic habitats 
where these freshwater crabs could evo lve  
(Lundberg et al., 1998).

The phylogenies suggested by our m olec­
ular data provide strong support for the mono- 
phyly o f  m ost o f  the currently recognized  
Chilean A eglidae species; only A egla  laevis  
and A. cholchol are placed in nonm ono-
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ing the T V M  +  r  + 1 m odel o f  evolu tion  (Table 2). Branch lengths are sh ow n  proportional to  the am ount o f  change  
along the branches. Bootstrap values are show n as percentages and are based on 100 bootstrap replications. K ey  
numbers for m ain C hilean basins in  Fig. 1 and Table 1 are show n after sp ecies  nam es.
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phyletic groups (Figs. 2—4). Under certain 
sp ecies concepts (e .g ., Cracraft, 1983), 
sp ecies must form m onophyletic groups. 
Thus, populations within these two species  
cou ld  represent distinct species; whereas,

other species concepts (e.g ., cohesion species 
concept, Tem pleton, 1989) allow  for non- 
m onophyletic relationships within a single 
species. A egla  sp. could also be considered  
an unrecognized species or subspecies based
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on its position on the trees and the length o f  
the branch connecting it to its c losest rela­
tive (A. baham ondei). The c lose  relationship 
between A egla  sp. and A. bah am ondei and 
their occurrence in the sam e locality  
(H uillinco Creek) could suggest a com m on  
history and a c lose  taxonom ic relationship. 
However, more extensive sam pling would be 
necessary to confirm this hypothesis.

We hope this first analysis o f  the phyloge­
netic relationships am ong these Chilean  
aeglid species w ill set the stage for new com ­
parative analyses o f  the ecology, morphology, 
and biogeography o f  these interesting fresh­
water crabs.
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