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SUMMARY

The recently explorsd Cueva de Loz Camsrones, in the remote village
nof Constitucion, Chiapas, Mexico, houses a unigue highly wariable popu-
lation of Procambarus crayfish  (Crustacea, Decapodal, Morphologically,
a morg or less clinal variation is revealed at several fealures such as the
dagree of rudimentation in both pigmentation and eye, and the elongation
of body and appendages. Extremes are gquite different, ranging from ty-
pical dark, thick, eved individuals to light, elongated, microphtalmic phe-
notypes. Evolutionary  relationships among  individuals were investigated
elactrophoretically 125 structural gone locit and morphometrically (12 cha-
racters) by means of mullivariate analyses, Resulls from analysis of indi-
widual allogvmic multilocus proliles indicate that the -light - phenolypes
belong to a distinct gene pool with respect to the « dark = ones. but some
level of introgression is hypothesized, Results from analysls of individual
morphometric profiles also show & discrimination between - light. and
- dark « samples, chiefly determined by the shape of the rostrum and chela.
The existence of such a discontinuous wariation both in morphometric and
allozymic characters presumakbly reflects a history of allupatric divergence
followed by secondary contact of the two specles.

Following earlier biospeleclogical investigations in Mexico
supported by the Accademia MNazionale dei Lincei (Sbordoni
and Argano, 1972; Sbordoni et al, 1973, 1977; Beddell, 1981},
the most recent [talian expeditions called -« Malpasos were
carried out in the southern stale of Chiapas and produced
o deal of speleological and biospelenlogical discoveries (Circo-
lo Speleologico Romano, 1986).
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Besides several taxonomic novelties, the « Malpaso « expe-
ditions led to discover a few aguatic cave populations which
appcar lo be of special interest for the evolutionary biologist.
These include Rhamdio Pimelodid fish, Psendothelphusid crabs,
undetermined snails as well as Procambarus crayfish (Shor-
doni et al, 1986). Basically thess populations show a deal
of individual wvariabilitv in several itroglomorphic features at
such an extent that extreme epigean-like vs troglobite-like forms
could appear to belong to distinct species.

Had a palasontologist found a similar situation in the fossil
records, he could inlerpret these contrasting morphologies as
instances of punctuation. Thus, among several good reasons Lo
investigate these phenomena, one is to elucidate the « tempo and
mode » of their evolution.

This paper reports preliminary analyses carried out on an
unique, highly variable population of Procambarus cravfish, di-
scovered during « Malpaso '84 = expedition. This population inha-
bits a recently explored cave, Cueva de Los Camarnnes, in the
remote village of Constitucion, 30 km North of Cintalapa, Chia-
pas. The cave, described by Gambari and Topani (1988), consists
of two main passages, one of which is traversed by a periennal
stream. Near the entrance a lake-siphon occurs, providing waler
to the surface river. The cave stream is about 1 km long, and
terminates in another siphon. Procambarus crayfishes were wi-
despread throughout the stream, beginning from the lake near
the entrance up to the inner explored section of the cave. Mor-
pholngically, a more or less clinal variation is revealed al several
features such as the degree of rudimentation in bolh pigmen-
talion and eye, and the elongation of body and appendages (Fig,
1). Extremes arg guite different, ranging from typical dark, thick,
eved, surface-like individuals to light, elongated, microphtal-
mic, troglobite-like phenotvpes (Shordoni et al., 19386).

Studies concerning analogous situations, also in other or-
ganisms. are not very numercus, although some of them repor-
ted in the lilerature are well known (for a review see Culver
1882}, Verv high within population variation in cavernicolous
traits has bheen usually interpreted as due to hyhridization
with a surface ancestor still alive, after relatively short pe-
riods of isolation in caves.

The characin fish Astvanoax fasciafus, one of the most com-
mon freshwater fishes in Middle America, represents the best
known case of populations with adaptive characters for cave envi
ronment that can still interbreed with surface populations. This
species has developed a series of cave living populations isolated
from surface ones for periods of time as a result of subterranean
stream capture, within a geographically limited area in Central
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Mexico (Mitchell et al, 1977). Parl of cave living populations,
which were originally described as species, are characterized by
the almost complete reduction of eves and pigmentation. Two
further populations show variability of eye and pigmentation.
In particular, the Chica cave contains a hybrid population bet-
ween an extremely reduced cave form and the epigean popu-
lation (Avise and Selander, 1972; Wilkens, 1972, 1985). The Chica
cave situation appears to be comparable, at least morphologi-
cally, to that found in Procamborus crayfish in the Cueva de
Los Camarones, although underlying eveolutionary processes mi-
ght not be the same,

A first sampling of Procamborus population in the Cueva
de Los Camarones was made in 1886, keeping apart individuals
collected in the lake from those in the inner section of ths cave
stream. Typical «light » phenotypes were collected only in this
portion of the cave, allhough at least one individual was ob-
served in the lake. In order to enlighten evolutionary relation-
ships among individuals, it has been investigated on possible
gquantitative and gualitative differences between the two exire-
mes = light » and «dark » phenotvpes, at the morphological and
allozymic level.

MATERIAL AND METHODS

Unfortunately, out of 37 individuals only 18 arrived still alive
in the laboratory and were utilized also for electrophoretic ana-
lysis; other 19 specimens were preserved in alcohol and were
utilized only for morphometrical analysis. The cravyfishes were
subdivided in two groups: 16 light individuals, all males, 13 of
which alive, and 21 dark individuals, 8 males and 13 females,
only 5 af which alive, The =dark » group includes samples more
or less darkly pigmentad,

Each individual was assayved at 25 enzyvme loci by horizon-
tal starch gel electrophoresis, using crude homogenates of abdo-
minal muscle or of the cephalotorax, depending on the enzvmes.
The enzvme patterns were revealed according to the procedures
described in Avala et al. (1972) and Harris and Hopkinson (1976},
The following enzymes were assayed: alkaline phosphatase
(Aphl, aldehyde oxidase {A4g), carbonic anhydrase (Cal), fuma-
rase (Fum), glutamate oxaloacetate transaminase (Got), isoci-
trate dehvdrogenase (Ighl, leucine aminopeptidase (Lap), lac-
tate dehvdrogenase (Ldhl, malic enzyme (Me), malate dehvdro.
genase (Mdh), mannose phosphate isomerase (Mpi), peptidase
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Fig. 1 - Four Procambarps specimens (rom the Cuova de Los Camarones
Lack of pigmeniation, thickness of appendageos and eve reduction
arg visible in the « light = phenotype {on the left) with respect to the
exlreme «dark« one (on the right!)., Individuals in between show
intermadiate characters.

[Pep), phosphoglucomutase (Pgml, phosphoexose isomerase
(PRil, =anthine dehvdrogenase (Xdhk), superoxide dismutase
{Sod) and some other non-ensymalic proteins (P

F-statistics analysis (F.; Wright, 1865) was utilized to mea-
sure differentiation between the two groups. Significance of
the ohserved F. values per locus was lested with a chi-square
heterogeneity test (Workman and Niswander, 1870). Estimates
of genelic identity (1} and distance (D) between dark and light
cravfishes were calculated using Nei's method (1972)

Biometric analysis was made on a sample of 29 individuals,
including only 10 out of those assaved electrophoretically, be-
cause of heavy damages of the 8 remaining animals. Each spe-
cimen has been measured for 12 different characters using uni-
form technigues: carapace length (CAL), rostrum length and
width (ROL and ROW), dactyl length (CDL], palm length and
width (CPL and CPW}, length of mesial margin of palm (CMLJ,
carpus length (CCL), merus length (MEL), abdomen length
tABLY, telson length and width (TEL and TEW).
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Frincipal component analvsis has been used to compare
ordination patterns in morphometric and allozymic traits. The
input matrix for allozyme analysis consisted of 30 allelic variables
(Table 1. It was performed utilizing multilocus genotypic pro-
files of single individuals. Each individual was characterized
for each variable as 1 if homoevgous for that allele and as 0.5
if heterozygous, This coding of data allows one to analyse ge-
netic relationships wilhout any g priori assignment of individuals
to any group. In addition, the same sel of data was employed
in a cluster analvsis (TRGRPS algorithm by Orloci, 1978) Lo
establish hierarchical relationships among genotvpes,

The morphometric matrixz for the principal component ana-
lysis was based on individual morphometric profiles, consisting
of 12 variables (Tahle 21. Size has been removed according to
Jolicoeur and Mosimann (1960). This method assumes thal the
first component represents overall size, since all characters are
positively and similarly correlated with it, 5o the remaining
principal components may be considered as size-independent
shape desariptors.

RESULTS

Tahkle 3 shows allele frequencies per locus for each group.
Of the 25 loci assaved, 11 (Aph-1, Ca-1, Fum, Idh-2, Ldh, Me,
Pt-z2, Pt-4, Pt-5, Pt-8, Sod) were found to be monomorphic, with
the same allele in hoth dark and light groups (a8 locus is consi-
dered polvmorphic if the most common allele has a frequency
lwer than 0.99), The remaining 14 loci (Aph-2, Ao-1, Ca-2, Ca-3,
Got, Lap, Mdh-1, Mpi, Pep, Pgm, Phi, Pi-1. Pt-3. Xdh! showed
variation at leasl in one of the two groups.

Some loci show alleles tvpical of either light or dark cray-
fishes, The Pgm locus shows 3 alleles, one of which is present
in the light crayfishes onlj. The Aph-2 locus shows 3 alleles too,
but one is peculiar of the « darks », one of the «lights - and one
is shared by the two phenotvpes. The Gol, Mpi, Pep, and Xdh
loci present the same alleles in both groups but with widely
different frequencies. Namely, heterozygoles at the Xdh locus
wera found only in the «dark = sample,

The degree of variability is similar in both groups; expected
heterozvgosity (Hel is 0,125 and 0,120 in light and dark group
respectively. Ohserved heterczyvgosity per individual is reported
in Takle 1.
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Table 1. Multilocus genotypic profiles of 18 individuals of Procombarus. Va-
riables consist of 30 allele variants at 14 loci. Individuals are cha-
racterizad Tor each variable as 1 if homezygous for that allele and
as 0.5 if heteroxygous, Heterozvensity par individual (Hb, observed
(Hol and expected (He) average heleroszypgosilies per group are
reported below.

Individual
Tght ! dark
Allale 1 2 3 4 5 E 7 k| 1 1] 11 LE 14 15 16
aph2 102 ] 5 ] 5 ] 5. 5 5 5 1 ] E o i ] 1]
aphd 100 1 5 i 5 1 & 5 L 5 5 ¢ .5 5 0 a 5 i
aph2 = 1] i n ] 0 o0 4] 0 a o ] ] } 1 i 5
nal 0D i 1 1 - J 1 1 i 1 1 1 1 1 1 1 i 1
anl a0 a i 4] [ 5 [ ] ] o o ] 0 o a 4] ]
ca? 103 v} ] a Ju] o o .5 5 N 5 5 ] i} 1 1 1
ca2  wod 1 1 1 1 1 i N 5 G 5 5 5 1 1] ] ] a D
cad  10d 5 5 1 5 1 A8 L] A a o 1} ] 1 A 3 5 A
cad ot 5 5 4 ] 0 56 1 5 1 1 1 -] ] A 5 ] ]
fgot 4+ 100 1 1 1 1 1 1 1 1 R 1 1 1 1 L] 1] 4] ] ]
get — 100 0 il a o i oo ¢ .5 0 0 il 0 1 1 1
lap 100 1 1 1 1 1 11 1 1 1 1 1 & 1 5 1 1
lap a7y a 0 o il 3 o0 0 o 0 & b5 05 i il 4
mdh1 105 1 £ o 5 o 5 b 5 5 A I G 0 n i 5 5 [\
mdhl 100 1] 2] 1 Nl 1 5 B g 5 .5 a 5 1 1 0 B A
mpi 100 1 1 1 1 1 1 1 1 1 0 i 0 @ ]
mpi ar i 1} i} i o 0 0 o i} & n 1 1 1 ! 1
pep 100 1 1 | 1 1 1 1 1 1 1 1 1 | ] a o ]
peg 28 0 1} 0 1} o 0 i} a o i} [+] 1} o o 1 1 1 1
pgm 100 1 Nl 5 5] 1 o 1 ] & 1 1 i -] B 0 1 i 5
pam 4T O i} o} .5 a o a 5 5 i} i} i} ] 1] 1 o R !
pom 93 0 .5 A o i 1 0 ] a ] ] F-] ] 4] i i ] i
phi 100 1 1 1 1 1 5 0 ] 1 1 1 i i 1 i 1 1 1
phi ar o 1} % 1} Q 5 1 0 o i} ] 0 a o 1 o n 0
pil 102 1} i} Q o i} a0 i} G o i} Q 81 ! 0 4] 0 0
ptl 100 1 1 1 1 1 L | 1 I 1 1 1 B 1 1 1 1 1
pid 100 1 1 5 1 1 L | 1 1 1 1 1 1 1 1 1 ]
(k] =11 ] 1 5 0 b o a9 0 1] n 0 4] ] a ] a D o
widh 100 1 1 1 1 1 1 1 1 1 1 1 1 1 5 -] K] o a
welh a7 1} 0 o i} o i} i} o Q i} 0 0 o o3 5 g 1 1
H x ind, iE] 16 .04 20 a4 1 A7 16 24 12 0= 20 @ 13 6

averagn He - g 2 S NS Py - - 21
sverage Ho - =t 2n L 120

t

t



i1

GEMETICS AND MORPHOMETRICE OF PROCAMBARLIS

oLg S6 9§ [rol oL'e 08'g os's SE°L az'Ll oe'e R oLt Ei's2
Ei'g OE'F aLglL are oy G5l ] g el =1y as'c 05E 5202
BGL LG SULE Gla kG G55 aLa SE7G1 Ok"E 0E'8 ol Dig2
LG oLk 0wl 0a's uz'E L5'e oo'e 506 G9'F Sa% ol'e OE' L
or'g e BTl os's DF'E oEe SE'E 9L L2y iy e oz oL
b OE'E OEEL 0g'e oLe 55'2 S3°E aae g o't OE'Z u[s=18
9 Gk Gl 0675 ot SEE GEE 08 oL Lo oL'g 0L
e aL's S¥az 5Z'd e2'g 505 gag srogl ag'e Skg o't SCEE
Lo SFE alal 509 oL are al’g aarel Qi oLg 0t Ok 22
DE'D a8 gL 06 Sk e t2's faal QL9 o3'g neE SE02
oL 065 05 0z 0Z'e ey’ GLF L8] G851 5 D2’ DE'F 555
0c'd 3 s QL Gl 09'g 0E'E SLY =] Cr'tl oE'L ne's 1 SL74E
g 51’0 S8°EC aL's 1] 508 CE'L SLLL IR ] EE'S Ok 09758
DEL GE'S fE'al 06’8 Jul=] a9 DE'B SB'EL £e'g na N8'E 0a1le
o' GBS OE" LE 0oL oL o 066G G2 OE"LL 0ya o'y o'
7a'q oLt julcg=]| OE'L o' SE'F 550 05kl SE'L oe's 228 [ &L
06 GG'E G¥El OES %l SE'E SE°E §1°d S0°5 LY Tl'e [iijT
Wy oLe g ol oLL e 0g'E aLa 0Z'wl oz’ s Uh'e =
S6'9 028 Ok el OE'E as'5 o' oL LT SEB {431 SLE DE 12
A0°6 nea 0% g7 GE'LL LaL SE'L gLl 05782 ab'wl ML o3l nela
0ga o5 [ SELL B oL GRILL Ggae G EL 055 0E'® ok 'FE
tE9 or'r 24l GE'L GH'E Sk e l'b 8521 'L oLy 50'E SELL
089 DE'I OE'El SL'E cBF gz e o 3L - oE'g SE'T as oz
oL 046G TEL TEL QL'd DE'E oL L Ol &l el 0% GE'E Ga'gd
L8] s P gl 06’k 00 OE"L oigl faal = 0EE SLEE
06 ks D5 EL LR oL ool Se°L 0L'Bl ELRL ol SL'E os'Le
i) 05 ge DE2L Gl k7% Qg o0 'Le oL EL oLg 0E'E GO T
oae 51T 086 oe's D'E 1134 CE'Fl SEH s bE'E SO
02t OE"B1 DE'E nz'p as'E <49 2791 0B 02s [ LA
131 mal av Tal 193 MdD gl le] T2 i bl 0 WMoY ™D

98 |EWE) HIEF

SEEW ylep

se|ew b

(UBMDES SPOYISP PUR [BLIS|EW 835) 1%8) 8U1 U1 Uaa1H aaw S[00LWIAS 123001902 Jaf Suoleunidiyg sauciuuresy
SO O BAGTID U1 U1 SOYSUATIO BZ JO UIED J0] PAIODS (WL U)) HIUSLRIMSENN sUlowoydion pAfam] Z a[qel



T2 V. SBORDONI ot al.

Table 3, Allele frequencies at 25 gene loci coding for enzymes and gencral
proleins in - light » and «dark « phenotypes of Procambeses.

Lacus Allala fight dark Loeus Allela ight dark
Aphl 1a0 1.0 AR Ma Hlel} 1,000 T
Aph2 12 AE3 00 Mpi 1060 Rirx] [1104]
100 BT 200 a7 R 1,00
a8 Rk B0
Fep i) 1.000 200
Aol 100 B 100K a8 A0 Bl
80 077 A0
Pam 100 SRS 500
Cal 100 1,000 1,000 ar 154 500
a5 g oo
Ca2 103 .23 1.000
100 .763 i) Fhi 100 a5 Ho)
67 118 200
a3 10 A23 JEO0
P 102 34 L0
o s in 100 B 100
Furm 1060 1,00 .00 I F] 100 1.000 100
Got +100 358 udn P13 1an 2 1.000
—100 g 1.000 BE Rixk] 0o
1dh2 10 1.000 1.000 Frd 100 1000 1900
1
Lap 100 Aas2 Roki] i3 1 1.0 pes
b7 A3g g PLE 100 1.000 1,060
Ldh 0 1. 100K Sod 100 1.000 1.0
Mdh1 105 G2 400 ¥dh 10a 1.000 SO
100 ] R:2] 87 Ru] LT

Tahble 4 provides sstimates of Fa for each polymorphic locus
across two groups examined. On average, the Fa valuss are
large enough and statistically highly significanl (helerogeneity
chi-square significani at P < 0.001), they range from 0003 fo
0.820 with an average of 0321

The genetic distance wvalue between the two groups sam-
pled is &.208.

Principal component analyvsis performed on morphometric
data reveals that the variables responsible of the differentia-
tion between the light and dark crayfishes are chiefly those ra-
flecting the shape of the rostrum and chela. All 12 characters
load positively on component [ {PC 1) and contribute similarly,
thus PC 1 is very likely size related {(Table 5}, Component II
(PC II1 is highly correlated with ROW (negative correlation),
MEL and CDL, and accounts for discrimination between light
and dark phenotypes. Component [II (PC III} is correlated with
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Table 4. F-statistic analysis Trom data on o« light = and - dark = Procamborusg

subpopulations.
F F Fig Fit Fs
Locus light derk
Aphd —.a1d —.25D —.37m Lar 304 ="
Aol — 0B84 00 —. 061 —.058 023
Ca2 —. 3 0 —.216 A2 .dag ++
Cad =102 JBET — 250 —. 225 035
Gt —.37 0o — 030 s ago
Lap — 040 —aii — .t — DS 014
Mdh1 —.237 — 1GT —. 125 —.13 o3
Mpl 1000 g JTER 1.0 L3E e
Fop Rk 1.0D03 21 1.40d0 143
Fgm —.0a1 —.200 — —. 1% 086
Phi B2E 1.000 q27 TRT Rhfed
Xdh anf — Az —. 113 AGE 2
Avoragm
12 laci .24 26 36 L A
=P Hon

Table 5. Variable loadings for the principal components for individual mor
phometric analysis in « light » and «dark = Procombarus,

Varlable PC I PC N PC N

CAL 0.3 —n,15 —D0.25
AOW .26 053 0.1
ROL 028 —0.28 —0.14
cioL 02 .40 0.03
CPL 02 nn 0.3
CrML nzn 0.4 o.ar
GPYW nat —0.26 044
oL 0,25 —0.10 0.4
MEL .27 0.45 —0.17
ABL b | —0,0a —0.33
TEW 0.3g —o. 0L 3d
TEL 0,30 0.00 —i1.30

CPW, CCL, CML, ABEL and TEW, and reveals mainly shape diffe-
rentiation between dark males and females (for character sym-
bols see section Material and Methods).
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Table & Heterczygosity wvalues (Hel In freshwater crayfish specics

number

af log| Ha Retaronse

Procambarus

2 light » 25 125 prosonl [aper

< dark » 245 20 presant papder

acutus 14 it Brawn. 1961

hiraulue 19 Rik]] Brawn, 1981

pubeacans L] anh Brown, 19341

ranayi 19 (o Croawn, 1861

troglodytes 19 mg Brovwesn, 1841

clarkll 15 Bl Attard & Pagtewr, 1964
Qreonectss

imrmunls 14 a3 Mometh & Tracey, 1975

propinguus ke 063 Momoth & Tracey, 1979

wirllis 17 032 Mamath & Tracey, 189

limosus 15 .ons Altard & Pasteur, 1984
Cambarus

barlonil 17 g Memaih & Tracey, 1979

latimanus 19 3 Brower, 181

latlmanus 15 T Memeth & Tracey, 1973

rabusiug 17 A Momoth & Tracey, 1974
Agtacus

asfacus 15 052 Atterd & Pastour, 1084

|aptedaciylus 15 mz Altard & Pasteur. 1984
Austropotamoblus

pallipas 13 et} Aitard & Fasleur, 1982

DISCUSSION

It has besn showed that environmental factors can have
a large effect on pigmentation, In particular, Meguire (1B81),
studying a cave population of another cravfish species, Procam-
barus simulans simulans, found a situation analogous to that
reported in this paper; crayfish collected progressively upstream,
nearer o the entrance, were progressively more deeply pigmen-
ted. In this case, according to Maguire, the differences in pig-
mentation chiefly depend on nutritional factors, in relation to
carctencid availability, Although it is lifelike. this explanation
cannot fit well to situation found in the Cueva de Loz Cama-
rones, because of the high degree of genetic differentiation bet-
ween the two forms, correlated with their morphological diver-
gence,
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Results of this study showed that the «light - phenolvpes
of Procambarus inhabiting the Cueva de Los Camarones diver-
ge genetically at a considerable extent from the ~dark » ones,
with an average F« values of 0.321 and a Nei's D equal Lo 0.208.
The relatively high genetic distance found between the (wo
forms of Procombarus in Cueva de Los Camarones may bring
into question their taxonomic status. D value between « darks »
and «lights. falls into the range of genetic distances (Nei's D
from 0111 to 0.382) reporied by Brown (1981) for five Procom-
barus species from the Savannah River Plant (South Caroli-
nal. In addition, there is clear evidence that Nei's D and degree
of reproductive isolation are correlated in cave populations.
Data from Delichopoda cave crickets, Speonomus Bathysciinae
beetles and Troglocaris cave shrimps indicate that populations
differing by Nei's D greater than .20 are reproductively isolated
by postmating barriers (Allegrucei et al, 1881, 1982, Cobolli
Shordoni et al, 1983, 1987; Delav et al, 1980, Shordoni, 1982;
Shordoni et al, 1987). Furthermore by comparing our data
with those reported for Astvanax fascictus (= A mexiconus;
Avise and Selander, 1972) it should be noted that the level of
genetic differentiation found between light and dark Procant-
berus is three times higher than that calculated betwsaan Chica
cave population and the nearby surface population (Nei's D =
90.07), On the other hand, genetic distances between surface and
pure cave dwelling populations of Astvenox, namely Ahnbbsi
and A.agntrobius (average Nei's D agual to 0151 and 0.206 respec-
tivelvl, are similar to wvalues between the two Procemberus
phznotypes.

Principal component analysis, performed on individual allo-
zymic multilocus profiles, confirmed differences between the
light and dark crayfishes and suggests that the two forms
belong to distinct gene pools (Fig, 2), Genotvpes rather than
allele frequencies have been considered in ordination analysis.
This method appears to be especially advisable in studying rela-
tionships among sympatric species and to detect hybridization or
possible introgressive individuals, Evidence of hybridization bet-
ween the two groups is not supplied by allozymes, and data
from such a small sample cannot provide positive evidence of
introgression.

However, the dendrogram drawn up on the basis of TRGRPS
clustering of genotypes reveals some heterogeneity within both
« light » and - dark » groups (Fig. 31. On the other hand, hete-
rozygosity values determined for these cravfish species are
higher in comparison to reported values for decapods, and in
particular for other Procambarus species (Table 6 Attard and
Pasteur, 1984; Brown, 1981; Hedgecock et al, 1882 Nelson and
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Fig. 2 - Results of the principal component analyvsis performed on allozymic
multilosus profiles of 16 individuals from the Cueva de Los Cama-
rones. Open circles represent - light »  individoals:  closed  circles
are = dark - Iindividuoals.

Hedgecock, 1980; Nemeth and Tracey, 1972). Sympatric condi-
tion of two species in the Cueva de Los Camarones represents
a good opportunity for possible occurrence of genic introgres-
sion, especially between species of relatively recent origin as the
Procambarus «light « and = dark » might be. Thus, some level
of introgression could account for the high degree of heterozy-
gosity observed in these species. Actually, heterozygosity values
caloculated for individual support this hyvpothesis. Some indi-
viduals (nors 9, 13 « light =; 16, 17 = dark »} show heterozygous
condition at about 16-20 per cent of assaved loci, displaving alle-
les shared by the other species {Table 1 and Fig. 2},
Individual rorphometric profiles studied through princi-
pal component analysis also show a clear discrimination of the
= light » species mainly determined by the shape of the rostrum
and chela (Fig, 4). Thus, there is a correlation between the
degree of pigmentation and some morphological characters.
The existence of discontinuous variation both in morphome-
tric and allozvmic characters presumably reflects a history of
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Fig, 3 - Hierarchical relationships among genotypes investigated by TRCGRPS
algorithm of cluster analysis,

allopatric divergence, It could be supposed that the two cray-
tish populations have hecome isolated because of shifting in
patterns of drainage or lack of connection between the cave
and surface. A subsequent interconnession could have allowed
ihe secondary contact of the two species in the same cave. Ho-
wever, alternative hypothesis such as clinal speciation ar diffe-
rentiation by area effect cannot be ruled out in the present
status of research.

Further research in progress is aimed to investigate whether
introgression really exists and whether patterns of microgeo-
graphic variation within the «light - and «dark - species are
detzctable both at structural gene loci and in morphometric
characters. Moreover, taxonomic treatment of these species by
identiflication of diagnostic morphological characters will be
undertook.
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Fig. 4 - Results of the principal component analysis performed on indivi
dual morphometric prefiles of crayfishes. « Light = samples (opcn
circles) are only males. - Dark « individuals are both males (closed
circles] and females {closed sguares], First principal component
appearsd size-related, thus it wuas removed,
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