
predict that female HVc neurons will re- 
spond to a broader array of conspecific song 
stimuli than is observed in male HVc, in 
which neurons respond specifically to the 
bird's own song. 

A challenge remaining is to determine 
how song perception develops in female 
birds that do not normally sing. It has been 
proposed (17) that neurons in male HVc 
acquire their pronounced song selectivity 
through a mechanism similar to that pre- 
sented in the motor theory of human speech 
perception (18). This theory posits that, to 
perceive a song syllable, a bird must first 
convert the sound it hears into the motor 
commands required to produce that sound. 
Male HVc neurons develop song selectivity 
during the sensorimotor phase of song 
learning (6) .  Song production and song 
perception are thus viewed as being h c -  
tionally linked in males. Female birds that 
do not normally sing presumably do not 
develop the entire set of motor commands 
required in male HVc for the production of 
full adult song. However, females learn to 
perceive even subtle differences among the 
songs of conspecific males (8, 19). It thus 
seems unlikely that such perceptual learning 
in female birds can be explained fully by a 
motor theory of song perception, at least as 
proposed for males (1 7). Rather, the sexes 
may differ in the mechanisms by which 
neurons in song nuclei develop their selec- 
tivity to conspecific courtship signals. 

male roller canary song containing 19 syllable types 
and consisting of bouts of 4.8 5 2.3 phrases (x 5 

SD), lasting 5.4 + 3.0 s, and separated by silent 
intervals of 1.8 + 0.9 s. [See F. Nottebohm and M. 
E. Nottebohm, Z .  Tierpsychol. 46,298 (1978)l. In 
preliminary studies, female canaries only responded 
to songs produced by males of the same strain. The 
heterospecific stimulus was a white-crowned spar- 
row song recorded from the 2.1. ~uttalli dialect in 
northern California. [See L. Baptista, Univ. Calif: 
Publ. Zool. 105 (1975)l. White-crowned sparrow 
song was used because it contains frequency-modu- 
lated syllables as does canary song but has a very 
different syntactical structure. The single sparrow 
song lasted 1.55 s, repeated at intervals of 2.45 s for 
5 min. Songs of both species were played at a 
maximum root-mean-square amplitude of 90 dB 
sound pressure level at 50 cm. The two songs were 
presented in random order each day, at 3-hour 
intervals to minimize facilitation or habituation ef- 
fects. 

10. A. KingandM. West, Science 195, 1002 (1977); M. 
Baker et al., ibid. 214,819 (1981); W. Searcy and P. 
Marler, 2. Tierpyschol. 66, 128 (1984); W. Searcy 
and E. Brenowia, Nature 332, 152 (1988). 

11. Lesions were made by passing 100  amps of anodal 
direct current for 2 min through insulated tungsten 
wire. Sites of lesions were confirmed histologically. 

12. For sham lesions, birds were anesthetized, and an 
electrode was lowered to the stereotactic coordinates 
of HVc, but no current was delivered to the elec- 
trode. 

13. For statistical analysis I used the median number of 
each bird's displays obtained from her full set of 
pre-lesion and post-lesion playback sessions. There 
were 1 to 4 pre-lesion and 1 to 13 post-lesion 
playback sessions per bird. 

14. Ranges for the median number of solicitation dis- 
plays are as follows: (i) effectively lesioned birds, 
pre-lesion canary song, 5 to 20 displays; post-lesion 
canary song, 4 to 16.5 displays; pre-lesion sparrow 
song, 0 to 1 display; post-lesion sparrow song, 3 to 
11 displays; (ii) sham-lesioned birds, pre-lesion ca- 
nary song, 5 to 12 displays; post-lesion canary song, 
5 displays; pre-lesion sparrow song, 0 display; post- 
lesion sparrow song, 0 to 1 display. 

15. It is unlikely that lesions acted by disrupting fibers of 
passage between song nuclei other than HVc. Axons 
projecting from lateral MAN (magnocellular nucleus 
of the anterior neostriatum) to RA travel lateral and 
ventral to HVc [F. Nottebohm, D. Kelley, J. Paton, 
3. Comp. Neurol. 207, 344 (1982)l. Only lesions of 
medial caudal HVc induced responses to sparrow 
song. Projections between other song nuclei do not 
pass adjacent to HVc. 

16. To determine whether effective lesions of HVc 
eliminated all song discrimination, I played the 
songs of different bird species to one female canary 7 
months post-lesion. She responded strongly ( 2 5  
solicitation displays during 5 min of playback) to 
songs of the northern mockingbird (Mimus polyglot- 
tos), the bay wren (Thryothorus nigricapillus), and the 
buff-breasted wren (T. leucotis). These songs have 
different syntactical structures, but are similar to 
each other and to canary song in that each has 
syllables with pronounced frequency modulation. 
The same female did not respond to rufous-and- 
white wren (T.  rufalbus) song, which contains little 
frequency modulation. These observations suggest 
that !esions of medial caudal HVc eliminated the 
species-specificity of responses and resulted in a 
more generalized pattern of signal discrimination. 
The altered pattern of response may be related 
functionally to reports that HVc neurons respond 
more selectively to species-specific song stimuli than 
do neurons in the afferent auditory nucleus, field L 
(6).  

17. H. Williams and F. Nottebohm, Science 229, 279 
(1985). 

18. A. M. Liberman, Am. Psychol. 37, 148 (1982). 
19. D. Miller, Anim. Behav. 27, 376 (1979); Nat~rre 

280, 389 (1979); see M. Baker et al. (10). 
20. Thanks to M. Beecher, S. Bottjer, K. Canady, G. 

Klump, P. Loesche, K. Nordeen, G. Rose, E. Rubel, 
D. Sengelaub, S. Volman, H. Zakon, and two 
anonymous referees for comments. S. Bottjer and A. 
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Nalls provided technical assistance. Supported by 
NIH DC 00487, NSF BNS 86-02469, and a Sloan 
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8. AU birds were kept in a short-day photoperiod 
(light:dark, 8: 16 hours) for at least 2 months before 
the start of the experiment. They were then gradu- 
ally shifted to a long-day photoperiod (light:dark, 
14: 10 hours) to bring them into breeding condi- 
tion. When a female developed a vascularized brood 
patch, she received two subdermal implants of estra- 
diol (inner diameter, 0.76 mm; outer diameter, 1.65 
mm; length = 12 mm) to induce copulation solici- 
tation behavior in response to conspecific song. 

9. The conspecific stimulus was a 5-min sequence of 

The Effect of Anti-Neoplastic Drugs on Murine 
Acquired Immunodeficiency Syndrome 

The murine acquired immunodeficiency syndrome (MAIDS) is associated with pro- 
liferation of target cells that have been infected by a defective retrovirus. To control the 
growth of this primary neoplasia, v i rus- indated mice were treated with anti- 
neoplastic drugs. Paradoxically, cyclophosphamide, which is also immunosuppressive, 
was very effective in preventing the appearance and progression of the disease, in 
restoring a normal T cell function, and in depleting the number of infected target cells. 
This result suggests that the proliferating infected target cells were responsible for the 
immunodeficiency. 

T HE DUPLAN STRAIN (1) OF MURINE 

leukemia virus (MuLV) induces a 
severe immunodeficiency syndrome 

in mice (2-6). The disease shows many 
similarities with human AIDS (7, 8), includ- 
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P. Jolicoeur, Depamnent of Microbiology and Immu- 
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ing abnormal T and B lymphocyte func- 
tions, polyclonal B-cell proliferation, lym- 
phadenopathy, splenomegaly, hypergamma- 
globulinemia, enhanced susceptibility to in- 
fections, and late appearance of B cell lym- 
phomas (2-9). The etiologic agent of this 
murine AIDS (MAIDS) has been identified 
as a defective retrovirus (10, 11). 

The mechanism by which the immunode- 
ficiency arises in these mice remains un- 
known, but viral replication does not seem 
to be required for the appearance of the 
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disease. Target cells proliferated and 
emerged as oligodonal populations in 
lymph nodes of diseased mice that had been 
inoculated with helper-& stocks of defec- 
tive Duplan retrovirus (12). Therefore, it 
appears that the defective virus is oncogenic 
in infected animals, and induces a primary 
moplasia in association with an a q W  
immunodeficiency syndrome (12). 

If this model of pathogenesis is correct, 
treatment with the anti-neoplastic drugs cy- 
dophosphamide (Procytox'), 5-aza-2'daoxy- 
cytidine (5-aza-dC), and arabiilcytosine 
(Ara-C) (CvtosaR should be beneficial. The 
;nadi& l&al do& (LD,) of cydophospha- 
mide and 5-aza-dC, were respectively, 530 
mgkg and 25 mg/kg in C57BU6 mice 
(Charles River, Canada). Sublethal doses of 
cyclophosphamide (300 m e )  and of 
5-azadC (15 mglkg) induced a slight 
(<20%) reduction of body weight, but 
Ara-C (2000 m&) was not toxic in this 
strain of mouse. 

In group A, 30- to 40-day-old C57BU6 
mice were inoculated once intraperitoneally 
with a helper-fiee stock of d-ve Duplan 
(Du5H) retrovirus, as described (12). Treat- 
ment with anti-neoplastic drugs was begun 
6daysafterinodation,atwhichtimevirus 
entry and integration has occurmi but no 
signs of disease are detectable. Mice that 
received the drugs alone remained healthy 
throughout the experiment (Table 1, groups 

Fig. 1. Representative hcdogial sections of spleens from normal, dkased, and cyclophosphamkk- 
treated mice. (A) Spkcn from conad moux treated with cydophosphamide alone. (B) Spken from a 
diseased mouse incdatcd with the helper-fiee defcttive Duplan (Du5H) virus. (C) Spleen from a 
virus-inoculated mouse treated with cyclqhcsphanude (group B-5). Hernatoxilin-eosin stain (X 95). 

A-2, A-3, and A-4). All mice that received 
the virus alone developed MAIDS, as mea- 
sured by the appearance of splenomegaly 
and lymphadenopathy (Table 1, group 
A-5), but the disease was more pronounced 
when the virus was given in two separate 
inoculations (compare groups A-5 and B-4). 
All virus-inoculated mice that received cy- 
dophosphamide were fiee of macroscopic 
lesions when the mice were killed. Ara-C 
and 5-aza-dC had no effect on the incidence 
of the disease, although the lymph nodes of 
mice treated with 5-azadC were not as 

Tabk 1. E&ct of drug therapy on dK appcmnce of MAIDS. 

enlarged (20% of the enlargement seen in 
untreated inoculated mice). 

In group B, drug treatment was started 48 
days after viral inoculation. Two infected 
mice that were killed at this time had en- 
larged spleens (x of 274 mg) and lymph 
nodes (X of 238 rng), and their splenocym 
were not stimulated by concanavalin A (Con 
A) (13), a good indication of the progres- 
sion of the disease. 

Drug treatment was stopped 2.5 to-4 
w& before the mice were killed (starting 
at day % after virus inoculation). Treatment 

FY of Weight (ft + SEM) 
VlCUS - IgM 

Group -- ( m g  no. No. mice inoculated 
R~~~ to Con A (X + SEM 

days after virus liJd (g) S P ~  (mg) 
Lymph node ( x  2 SEM c~m)ll 

lation* *ation) (mg)§ 

None 
None 
None 
None 
0 
0 
0 
0 
None 
None 
None 
O+ 14 
0 + 14 
0 + 14 

None 
Cyclo. (6) 
5-a~a-dc (6) 
Am c (6) 
None 
Cyclo. (6) 
5-mdC (6) 
Am c (6) 
None 
Cyclo. (48) 
5-a~a-dC (48) 
None 
Cyclo. (48) 
5-a~a-dC (48) 

-- 

N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
294.6 2 9.4 
277.4 + 75.6 
N.D. 
544.8 2 47.2 
216.8 + 17.0 
N.D. 

tm&sted by ddective Du5H DNA (12 was used m pfoduce stocks ofhelper-frcc v i m .  Mi of group A-1 through A-8 rarcived one inn- 
kTL-m":l!&) or d ine  at day 0. Mice ofgoy. B-1 d k q h  B-6 maked two marutive injections at days 0 and 14, rqeajvcly. +All %-treated mice nraod 
0.8 ml ofoacimal drue concentration diluted in stenk 0.996 NaCI. Trcaancnt rceimcns were: Cvchhos~hamide 300 mdke in om intecaon cverv 14 davs for four consecutive 
acaancnts,'starring a t h y  6 (groups A-2 and Ad)  or for three collsccutive &ts startin at &ay 48 (&up B-2 and B'-5i6fm virus' i ' : 5 - a z a d ~ ,  15 mgk& divided 
into three injections evety 6 hr at Yuab of 14 days & rcspedvely six (groups A-3 and A - 8  and three (group B-3 and B-6) consecutive=ts. Cyodne a r a b t d e ,  2000 

d iv idedinthrcc injec t ionsevcry6hrat inrcnnlsof14daysfors ix~~~mtmcnts (groupA4andA-8) .  detectable signs of 
and l~mph- at a $Total weight ofthe h.mP in each -. Lymph nodes larger han 10 zt?MTq enlarged am 

contds. The A b d a r ,  d a r y ,  in MI, mediastin& and mcyntaic nodes were w-. & A assays were p e & d  on spleen PW 
py ious~~dg ibed  (10). Each well mewed 2OO$MO c& and 20 d m 1  Gm A For each dilution ofcon A, mptica. were done. Plates (Nur)  were i m + a a d  for 3 days 
pnor a of [3H]-thyrmdinc (1 pCi per well). The cells wnr coUected 16 hr lam and pmcessed for r a d i i t y  detection (10). and mean values detcrnuned. The counts 
obaincd in thc p-ce of Con A were subsacred from thc backgmd (counts obtained without Con A). Maximal &es (usually obtained at 10 &ml &Con A) of each 

u arerrpocred.The ' bccween thc groups ofvirus-inoculated non-treated and mad mice (group A-5 and A-6, P = 0.0001), (group B 4  and B-5, P = 
rdlpps B 4  a n d ~ O . 0 0 5 3 )  are stanstidly sig~ficant as revealed by a two wa is of variance with multiple corn-. No statistidy significant di&renca 
wereth betweengroupA-5andA-7(P>0.5)andgroupA-5andA-8(~>0.5). 9 L 1 ~ ~ k v  els were determined with thc use of mouse I@ radial- immunodi~i  
mt plates (ICN), as rarommcndcd bythc manufacturer. N.D., not daarmmd. 
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Fig. 2A. Southern (DNA) blot A 
analysiis of DNA from spleens 1 5 6 7 8 9 10 11 12 I3 14 15 16 17 K b  
ofdiscascdandcydophospha- 
mide-treated mice. DNA from - Q L  
individual virus-inoculated cy- 
dophosphamide-treated mice 
(group B-5) (lanes 1 to 4 and 
6 to lo), from a n d  cydo- 
pho@am&-treatd C57BU6 
mouse (lane 5), or from individ- 
ual, v i r u s - i t e d ,  untreated 
mice (group B-4) (lam 11 to 
16). Cellular DNA (20 pg pet 
lam) was dipted with Pst I, 
~w=seperaccdby 
el-is in 1% aganwc 
gels, mnskmed to n i d k  
rnembmxs, and hybndizcd with 
a 32P-labded D34 probe as de- 
scribed (12). 32P-labekd Hind 
III-digesndADNAwasusedas 
marker (lam 17). Arrow indi- 
cates the'defkake viral gannm. 

ofvirus-inoculated mice with cyclophospha- 
mide was very e&ctive; no mice showed 
signs of disease (Table 1, group B-5). Eight 
of the ten virus-inoculated micc that had 
been treated with 5-aza-dC were also fke of 
macroscopic disease, and the lymph node 
and spleen masscs of all 5-aza-dC-treated 
micc were markedly reduced (group B-6). 

As has previously been shown (2, 3, lo), 
we observed a severe decline of the Con A 
response in all mice of both groups of 
untreated, virus-inoculated mice (Table 1). 
In groups A and B, most virus-inoculated 
mice treated with cydophosphamide 
(groups A-6 and B-5) and with no macro- 
scopic evidence of disease had a normal Con 
A response, which indicates that the treat- 
ment had indeed restored this T cell fhc-  
tion. AU the mice treated with BazadC or 
Ara-C in group A were macroscopically 
diseased and most of them had a poor Con 
A response, which was statistically compara- 
ble to the control untreated virus-inoculated 
mice (P > 0.5) (Table 1). In group B, 
several mice treated with 5-azadC had no 
macroscopic disease, these also had a Con A 
response significantly better (P = 0.005) 
than the untreated virus-inadad mice 
(Table 1). Together, these results indicated 
that some anti-neoplastic agents are &ve 
in restoring one important immune function 
in these diseased mice. 

Mice with MAIDS have elevated levels of 
serum IgM (2, 3, 10). Cydophosphamide 
lowered the levels of serum IgM in these 
mice (Table .l) and hence restored another 
parameter of immunity. 

As previously reported (1416), the 
splenic architecture of all (5 of 5 tested) 
diseased mice was profoundly disorganized 
(Fig. 1). In contrast, the splenic architecture 
of most (eight out of nine) cydophospha- 

mide-treated virus-inoculated mice (group 
B-5) was almost indistinguishable fiom that 
of control mice treated with cydophospha- 
mide (Fig. 1). 

We next quantitated the dcf;ectve proviral 
DNA in s p i i  of control and *:treated 
virus-inoculated mice. We chose the restric- 
tion endonudease Pst I, which deaves the 
defective viral DNA intemallv within the 
long mminal repeats (LTR~) Ad  generates 
a 4.2 kb fhgment (12). DNA fiom spleens 
of most (8 out of 11) of the control virus- 
inoculated mice contained the 4.2 kb provi- 
ral DNA (Fig. 2 4 .  In spleen DNA from 
virus-inoculated mice that had been treated 
with cydophosphamide (group B-5), the 
4.2 kb proviral DNA was not detected, 
except very faintly in one mouse. This rep- 
resents a significant (P = 0.009) diffe~~nce 
as measured by the Fisher's exact test for the 
equality of two proportions. By comparative 
end-point dilution between these groups, 
we estimated that the disappearance of pro- 
viral DNA from most treated mice repre- 
sented a 20-fold reduction in proviral DNA 
in the i n k e d  spleens (17). fhk represents 
a 200- to 400-fold reduction of defective 
viral DNA, as calculated from the total 
weight of th& respective lymphoid organs. 
The amount of the 4.2 kb viral RNA from 
spleens of most (8 of 9) virus-inoculated 
mice that had been treated with cydophos- 
phamide was much lower than in most (9 of 
11) control virus-inoculated mice (Fig. 2B), 
again a significant d8erence (P = 0.003). 
By end-point dilution, we estimated that 
viral RNA had d d  by 160- to 320- 
fbld after drug treatment in most mice (17). 

As no replicating MuLVs, other than 
xenotropic MuLV, were detectable in mice 
inoculated with helper-& stocks of defec- 
tive Duplan virus (12), these results strongly 

Fig. 28. Northcm (RNA) blot analysis of RNA 
from spleens of discasod and cydophosphamidc- 
treated mice. Total RNA from control normal 
(lane 1) or cydophosphamide-treated (lane 2) 
C57BU6 mouse, individual virus-inoculated cy- 
dophoqhmde-treated mice (group B-5) (lanes 
3 to 7), or individual virus-inoculated untreated 
dixased mice (group B-4) (lanes 8 to 12). RNA 
(20 pg per lane) was from spleens as 
desaibed (2a and separated by ekcnophorcsis in 
1% Wdehyde-agarose gels (26). After blot- 
ting on nitroceIIulose membranes, the samples 
were hybridized with a 32P-labeled D30 probe as 
before (12). 

suggest that the inkted target cells have 
been depleted by the treatment. To c o b  
the absence of replicating helper MuLV in 
dkased tissues, the Northern (RNA) blots 
were rehybridized (12) with a probe repre- 
senting BALBJc endogenous, ecoaopic, 
MuLV, with a probe specific tbt env of 
ecotropic MULV: and wi& a probe speci6c 
fbr the U3 LTR of Moloney MuLV (1 8). In 
control lymph nodes of mice inoculated 
with d&dve virus and rescued with the 
ecotropic G6T2 MuLV, the representative 
and the ecotropic MuL.V-speci6c probes 
were able to detect the helper 8.0-kb fd- 
length and env-specific RNA, as expected. 
None of the three probes d d  similar 
helper RNA species in spleens of mice inoc- 
ulated with helper-flee Duplan virus, which 
confirmsthatthesevirusstocksandthis 
disease are helper-&. 

The drugs uscd have been demonstrated 
to be eiktive antileukemic agents in mice 
(19,20). Cydophosphamide is also etktive 
against some immune distases (21). It ap- 
pears paradoxical that this anti-neoplastic 
drug, which is normally imrnunmpp~ive  
(22,23), is so &cient in treating an irnmu- - 

d a c n c y  syndrome. 
The anti-neoplastic regimen probably suc- 

ceeds by killing prolifimting cells. Thesc a l l  
populations would probably expand again if 
the mice were left untreated for a longer 
period of time. We previously postdated 
that the important initiating event in 
MAIDS is the expansion of the infected 
target cells after inkction with drt helper- 
flee stock of d W v e  virus (12). Our pre- 
sent data are consistent with the h e e s i s  
that these prolifimting target cells are re- 
sponsible h r  the appearance of the disease. 
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Expansion of this cell population may ini- 
tiate a cascade of events that leads to immu- 
nodeficiency. Other uninfected cells, includ- 
ing B cells, T cells, and other hematopoietic 
cells, also proliferate in this disease (2, 3, 5, 
9). The ~clophosphamide treatment was 
probably also cytostatic for these cells. 

This model of pathogenesis may be rele- 
vant to other immunodeficiency syndromes. 
For example, if this mouse model of immu- 
nodeficiency shares some aspect of its patho- 
genesis with human AIDS, and especially if 
a critical target cell population is proliferat- 
ing in human AIDS, this type of therapy 
may be considered for prevention and treat- 
ment of human AIDS. A detailed compari- 
son of the pathogenesis of both diseases will 
be necessary to test the validity of this 
approach in humans. The recent isolation of 
a simian immunodeficiency virus variant 
that induces a severe gut l~mphoprolifera- 
tive disorder with loss of T and B lympho- 
cytes (24) suggests that a link may exist, as in 
MAIDS. between lentivirus-induced immu- 
nodeficiency and cell proliferation. 
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Evidence for Biased Gene Conversion in Concerted 
Evolution of Ribosomal DNA 

Concerted evolution is the production and maintenance of homogeneity within 
repeated families of DNA. Two mechanisms-unequal crossing over and biased gene 
conversion-have been the principal explanations of concerted evolution. Concerted 
evolution of ribosomal DNA (rDNA) arrays is thought to be largely the result of 
unequal crossing over. However, concerted evolution of rDNA in parthenogenetic 
lizards of hybrid origin is strongly biased toward one of two parental sequences, which 
is consistent with biased gene conversion as the operative mechanism. The apparent 
gene conversions are independent of initial genome dosage and result in homogeniza- 
tion of rDNA arrays across all nucleolar organizer regions. 

A LTHOUGH CONCERTED EVOLUTION 

of DNA sequences (the homogeni- 
zation of repeated units within indi- 

viduals and populations) has been docu- 
mented for several gene families ( I ) ,  the 
proposed mechanisms, which include un- 
equal crossing over (2) and biased gene 
conversion (3), remain controversial. The 
debate over the relative importance of these 
mechanisms primarily has involved theoret- 
ical, rather than empirical, studies (2-4; but 
see 5, 6). Unisexual hybrids provide a 
unique opportunity to study interchromo- 
somal mechanisms of concerted evolution 
because they contain entire arrays of repeat- 
ed gene families that initially are fixed within 
chromosomes but differ between chromo- 
somes (6). Moreover, unisexual hybrid lin- 
eages provide an opportunity to distinguish 
between unequal crossing over and biased 
gene conversion because the predicted pat- 
terns of variation produced by these two 
mechanisms differ in these "permanent hy- 
brid" lines. 

We have investigated the tandernly re- 
peated ribosomal RNA genes and their as- 
sociated spacer regions (rDNA) within a 
group of unisexual parthenogenetic lizards 
and their sexual relatives, which together 

comprise the Heteronotia binoei complex (7). 
We conducted this study to determine 
whether concerted evolution occurs in par- 
thenogenetic lineages, and, if so, to deter- 
mine which of the proposed mechanisms of 
concerted evolution is consistent with the 
observed patterns of variation. 

The H ,  binoei complex consists of several 
cryptic sexual species and a large number of 
parthenogenetic lines of hybrid origin (7, 
8). The two sexual species known to be 
involved in the origination of the partheno- 
gens have been designated CA6 and SM6, 
pending their formal description (8). These 
two species apparently hybridized in the 
past, and backcrosses to each of the sexual 
species produced many independent, trip- 
loid, parthenogenetic lineages (8). Each of 
these lineages contains one haploid set of 
chromosomes from one of their sexual an- 
cestors and two from the other (that is, 
lCA612SM6 or 2CA611SM6). Unlike most 
other unisexual vertebrates. there is clear 
evidence from allozyme studies for multiple 
origins of these parthenogenetic lineages 
(8). 

Parthenogenetic species that arise 
through hybridization are usually fixed het- 
erozygotes at all loci that are diagnostic in 
the parental species (9). In Heteronotia, each 
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