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The karyotypes of 9 species of parrot (Psittacidae), lorikeet (Loriidae) and cockatoo (Cacatuidae) are 
presented togemer with C-band data on 5 of the species. AU cockatoos possess a similar karyotype, which 
is very distinct from those observed in lorikeets and parrots. Even though there is Considerable karyotypic 
diversity within the panots (Rimidae) an ancestral karyotype can still be d e d d  This anceshal karyo- 
type appears to be shared with lorikee$s (Lmiidae), indicating that parrots and lorikeets are closely 
dated. C-band variation is greatest within the oocLatoos (Cacatuidae) and involves both centromeric and 
intersitid bands. The panem of C-band distribution on the Zchromosomes is also distinctive in both 
cscatuidae and R i i d a e ;  its possibk si@- is discussed 
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The parrot order Psittaciformes comprises some 330 
to 350 species, grouped by the most widely used 
classifications (FORSHAW 1973; MORONY et al. 
1975) into three families: Cacatuidae (cockatoos), 
Loriidae (lorikeets) and Psittacidae (parrots). Coc- 
katoos and lorikeets are confined to the Australasian 
and South Pacific regions while parrots are more 
widespread, ranging from central and South Ame- 
rica to Australasia and the South Pacific, southern 
Asia and Africa. 

Even though many species are kept in captivity, 
few have been karyotyped. Those that have are 13 
species from central and South America, 5 from the 
Afro-Asian region and 9 from Australasia, compris- 
ing three parrots and six cockatoos (summarized in 
VAN DONCEN and DE BOER 1984; SCHMUTZ and 
PRUS 1987). Despite the few species studied, the 
available data indicate considerable karyotypic 
variability within the order. To add to the karyo- 
typic information for the order we describe here the 
karyotypes of three cockatoos, three parrots and two 
lorikeets from Australasia, together with that of one 
African parrot. C-banded karyotypes are also pre- 
sented for five of these species. The patterns of 

chromosomal evolution in the Psittaciformes are 
summarized and discussed. 

Material and methods 
The following members from the three currently 
recognized psittaciform families were examined 
karyotypically (the second number refers to indi- 
viduals C-banded), Cacatua roseicapilla, Galah (3 ,  
2 males, 2, 2 females), C .  galerita, Sulphur-crested 
Cockatoo (1, 1 male) and Nymphicus hollundicus, 
Cockatiel (1, 1 male), all Cacatuidae (Cockatoos); 
Alisterus scupularis, Australian King Parrot (4, 3 
females), Plutycercus elegans, Crimson Rosella (3, 
2 males, 1 female), Psephotus varius, Mulga Parrot 
( 1  male, 1 female) and Agapornis roseicollis, 
Peach-faced Lovebird (1 male), all Psittacidae (par- 
rots); Trichoglossus haematodus, Rainbow Lorikeet 
(1 male, 1 female) and Lorius hypoinochrous, West- 
em Lory (1 male) both Loriidae (lorikeets). Apart 
from Nymphicus and Agupornis both of aviary ori- 
gin, all species were collected in the wild; their 
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localit! data are available from the authors on re- 
quest. Nomenclature fo l lo \v \  Morio\> et al. ( 1975). 

Chi-ornosomal preparation\  ere made from 
short tenn bone m a r r m  cell cultures a s  outlined in  
C I I R I ~  I I I ~  ( 1985). C-bands were obtained through 
a modification of the Ba(OH,) method of SNILER 
(19713; in which the ~ x S S C  treatment i \  reduced to 
50 min at 65°C. Both banded and unhanded slides 
were stained uith 3 % Giemsa in pho\phate buffer 
(pH 7.13) for 5 min. 

Results 
C C / w m  /-o. \c~ic~trpi l lcr  (Fig. I 1. - The diploid k r t r p  
type cornprize.. 76 chroniowxnez in \rhich eight 
pair\ of' autu\omal n i a c r ~ c h r o i i i ~ \ ~ i i i e ~  can he rec- 
o g n i r d .  Autowrne\ 3 and 3 are :icroccntric while 
the rcinainder. including the niicrochromo~oine\. 
ai-c telocentric. The Z-chromosome i \  metaccntric 
and fourth in order of size. \\hilt. the xroccntric 
W-chromo\ome is equivalent to ;iutoscmies 7 and 
X. .Auto\onie\ 1-3 are \iniilar in  si/e a\ ;ire 1-6 and 
7 - 8 .  C'-hnndin~ (Fig. 6b 1 reveal\ both ;I centromeric 
iuncl :I prosimal interstitial band on each of  the te- 
1 oce n t r i c iiu tom in al iliac roc h romosonic4. The inter- 
z t i t i i i l  band i \  generall!~ the more prominent. 
Acrocmtric autosome\ 2 and 3 Iia\.e faint centro- 
iiicric band\ a\ does the Z-chroino\ome. The W- 
chromo\ome is differentially banded uith two large 
b;tnd\ on the long arm: one is di.tal and the other 
prouimiil .  One pair of large microchromosomes and 

several mailer one\ are largely C-positive while 
the remainder have a centromeric C-band. 

Ccurrlr(r g t 7 / ~ 1 ? t ( i  (Fig. 2). - This karyotype differs 
from that of the previous cockatoo insofar as auto- 
sonies 2 and 3 are telocentric rather than acrocentric 
and the diploid number is 80. Furthermore, auto- 
sonies 7 and 3 are noticeably smallcr than 1 .  A 
female was not examined but VAV DONGEN and DE 
BOER ( 1984) identified the W-chromosome as a me- 
tacentric element similar in  size to autosomes 7 and 
8 in this species. The Z-chromosome is second in 
order of size overall. C-banding (Fig. 6d) reveals a 
contrasting pattern to c'. r-oscicupillci in that the 
centromeric C-bands are much more prominent than 
the interstitial one\. Autosomes I to 7 have both 
interstitial and centromeric C-bands although the 
fomier are not always clear in both homologues. 
Autosonic 8 lacks an interstitial C-band. In our male 
examined. both 2-chromosomes display a centro- 
meric C-band and one of them also has a prominent 
interstitial C-band. The distribution of heterochro- 
matin amongst the microchromosomes is similar to 
that in L' trmlrcr  roscic~upillcr. 

"Vyniphic~its hollc~tztlic~ir.~ (Fig. 3). - The diploid 
number of 72 includes only seven pairs of auto- 
wmal iiiacrochrom(~somes. which show a progrec- 
jive decrease in size. Autosomes I to 3 are 
acrocentric. 4 is submetacentric and the remaining 
three are telocentric. The metacentric Z-chromo- 
some is equivalent in size to autosonie 1 .  C-bands 
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Fig. 3. Karyotype of male Cockatiel (Nymphzcus hollan- 
d ims) .  term scapularis). 

Fig. 4. Karyotype of female Australian King Parrot (Alrs- 

(Fig. 6c)  are not very pronounced in this species. 
Autosome 1 has both a centromeric and a proximal 
interstitial C-band while 2 ,3  and the Z-chromosome 
lack any obvious bands. Only one of the autosome 
4 homologues has an obvious centromeric band. 
Autosomes 5 to 7 have distinct proximal and fainter 
centromeric C-bands. Few of the microchromo- 
somes possess clear C-bands. 

Alisterus scapularis (Fig. 4). - The distinctive 
karyotype of this species comprises 76 chromo- 
somes with eight pairs of medium-sized autosomal 
macrochromosomes. Apart from pair 8, which has 
minute short arms, the remaining macrochromo- 
somes range from acrocentrics to metacentrics. The 
Z-chromosome is third in size and submetacentric 
as is the slightly smaller W-chromosome. Promin- 
ent C-bands (Fig. 5 )  are centromeric on all the auto- 
soma1 macrochromosomes and on many of the mic- 
rochromosomes. No bands are apparent on the Z- 
chromosome but the W-chromosome has three dis- 
tinct bands, one near the centromere and one near 
each of the telomeres. 

Plutyc erc us elegans (Fig. 7) .  - Its diploid number 
of' 68 comprises six pairs of autosomal macrochro- 
mosomes, the sex-chromosomes, and 54 telocentric 
microchromosomes. Autosomes 1, 4, 5, and 6 are 
acrocentric while 2 and 3 are metacentric. Chromo- 
somes 1 to 3 are similar in size, as are 4 to 6. In 
this species, the submetacentric Z-chromosome is 
fifth or sixth in size and the W-chromosome is a 
telocentric microchromosome. Most chromosomes 
possess centromeric C-bands (Fig. 6a). The Z-chro- 
mosome, however, lacks any obvious C-band, while 
autosomes 4 and 5 have additional distal C-bands 
on their long arms. 

Psephotus varius (Fig. 8). - Apart from its lower 
diploid number of 66, the karyotype of this species 
is very similar to that of the rosella, Platycercus 
elegans. Autosome 6 displays a proximal secondary 
constriction on the long arm which is not apparent 
in the rosella. The W-chromosome here is a te- 
locentric medium-sized element. 

Agapornis roseicollis (Fig. 9). - The unusual 
karyotype of this species comprises only 46 chro- 
mosomes, of which 22 are macrochromosomes. Al- 
though pair 5 resembles the Z-chromosome in the 
previous four species, the sex pair cannot be identi- 
fied because only a male was examined. Chromo- 
somes 1 to 7 are biarmed, while 8 to 11 and the 
microchromosomes are telocentric. 

Trichoglossus haematodus (Fig. 10). - This spe- 
cies has a low diploid number of only 58, with seven 
pairs of autosomal macrochromosomes and a me- 
tacentric microchromosome pair intermediate in 
size between macro- and microchromosomes. Auto- 
somes 1, 2 ,  4, 5 ,  6 and the Z-chromosome display 
a similar morphology to their counterparts in Pse- 
photus varius and Platycercus elegans. Autosome 
3 is acrocentric in Trichoglossus and smaller than 
its metacentric counterpart in Platycercus and Pse- 
photus. Sub-metacentric macrochromosome 7 has 
no obvious counterpart in either Platycercus or Pse- 
photus. The W-chromosome is sub-metacentric and 
intermediate in size between autosomes 7 and 8. 

Lorius hypoinochrous (Fig. 11). - A decrease in 
the diploid number to 54 and two additional pairs 
of metacentric microchromosomes are the only 
features which distinguish the karyotype of this spe- 
cies from that of Trichoglossus haernatodus. 



50 L CHRISTIDIS ETA1 He,-editus 114 (1991) 

z 

7 

8 

* 

6." '. 
* 

# 

a3 

2 

2 

Fig. 5. C-banded metaphase spread of female Australian King Parrot (Alisterus srapu- 
laris). 

Discussion 
Sex-chromosomes and heterochromatin varia- 
tion 

Very little is known of the patterns of heterochro- 
matin distribution amongst the Psittaciformes. Out- 
side the present study, C-band information has only 
been gathered for five species of Arutinga (DE 
LUCCA 1984), Forpus xunthoptergius (DE LUCCA 
1983: DE LWCA and De MARCO 1983), and for the 
W-chromosome in three species of Amazonu 
(MENGDEN 1981), all of which are South American. 
Nevertheless, the available data indicate that 
changes in both the quantity and distribution of he- 
terochromatin have played a significant role in 
chromosomal evolution in this order. 

Within the cockatoos. Cucutua rosricqillu and 
C.  ,qulei.itu display contrasting patterns in the pro- 
minence of centromeric and interstitial C-bands on 
the macrochromosomes. In C. guleritu. the more 
prominent bands are centromeric while in C. rmei- 
u i p i l l ~  they are interstitial. This pattern is also 
found on the Z-chromosomes. Npp1iicir.Y holluri- 

dicus differs in having both faint interstitial and 
centromeric bands. The significance of this vari- 
ation is not known because no obvious link between 
C-band pattern and chromosomal morphology 
could be established. Autosomes 2 and 3 in C. rosei- 
cupilfu are acrocentric and lack the interstitial C- 
bands found on the remaining telocenhic macro- 
chromosomes. It is argued below that these 
acrocentric chromosomes are the result of macro- 
microchromosome fusions and so the question a- 
rises as to whether the lack of interstitial C-bands 
predisposed these chromosomes to fusion or if the 
bands were lost during or after fusion events. Apart 
from this anomaly, it is of interest that all the macro- 
chromosomes in the three cockatoos display a sin- 
gle-species specific C-banding pattern. 

Interstitial C-bands appear to characterize the ca- 
cactuine karyotype. In all other psittaciform genera 
that have been examined - Alisterus, Plutycerc-us 
(this study), Arutingu (DE LLICCA 1984) and Forpus 
(Drs LUCCA 1983: DE LUCCA and DE MARCO 1983) 
- C-bands are confined to the centromeric regions 
of the macrochromosomes and microchromosomes. 
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Fig. 6a-d. C-banded metaphase spreads. a male Crimson Rosella (Plutycercus elegans), b female Galah (Cacatua 
r-oseicupillu), c male Cockatiel (Nyrnphicus hollundicus), d male Sulphur-crested Cockatoo (Cacatua guleritu). One 
of the autosome 5 homologues is missing from the cell of the Crimson Rosella. 

The Z-chromosome appears to be conserved 
amongst the Psittacifomes as it is similar in size 
and metacentric in all species examined, except in 
the hanging parrot, Loriculus, where it is telocentric 

(RAY-CHAUDHURI 1969). Although its morphology 
may be conserved, its C-band pattern is more vari- 
able. In Cacatua galeritu, for example, the male 
examined was polymorphic for the presencelab- 
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Fig. 7. Karyotlpe of female Crimson Kosella (PIut\<er(NT 
eipqun 5 I 

Fig. 8. Karyotype of female Mulga Parrot (Prephofur 
> l l r l r r r )  

sencc of an interstitial C-band. In other species. the 
Z-chromosome can also be distinguished readily 
from the autosomal macrochromosomes by its C- 
band pattern. In Alister-us, Platwcr.cxs. F o t p r s  and 
probably Al-dt igu,  centromeric C-bands are mis- 
sing from the Z-chromosomes whereas. in the mac- 
ro-autosomes. they are prominent. The situation is 
inore complex in the cockatoos because of the vari- 
ation in autosomal C-bands. but again, the Z-chro- 
inosonies display a C-band pattern that contrasts 

an alternating pattern of' C-positive and intermedi- 
ately stained bands. Nevertheless, the centromeric 
regions in these genera are characterized by the 
lighter bands, whereas in Ama;ona they are the dar- 
kest. These preliminary observations indicate that 
detailed analysis of highly repeated DNA sequences 
in the Psittaciformes, particularly the cockatoos, 
will be useful in elucidating the patterns and signi- 
ficance of chromosomal evolution in this order. 

Karyotppic changes and relationship9 with that in the mdcro-autosome\ Similar patterns 
ot Z-chromosome banding are alco shown in estril- 
dine finches. Passeridak (CHRISTIDIS 1986a, b). Within the Psittaciformes, there is a sharp distinc- 
Here, the Z-chromosome usually displays a C-band tion between the karyotypic organization of the Ca- 
pattern opposite to that on the macro-autosomes catuidae (e.g., C~zctrfua, Nyniphicus and Cdppto- 
whether they possess centromeric C-bands or not. r . l i J w h z i . s )  and that of the Loriidae (e.g., Lol-ius, 
Given that the W-chromosome is believed to have Tr.ic.lro,~lossits) and most Psittacidae (e.g., P l o f y w -  
evolved from the 2-chromosome through aniplifi- ('us, Psephotus and Psittacuka). Cockatoos have a 
cation of highly repeated DNA sequenccs (SIV;H et high diploid number (72-80) composed largely of' 
al. 1976: MF\c;DL.\ I981 ), is i t  possible that this telocentric chromosomes. Most Psittacidae exa- 
unique behaviour of the 2-chromosome was a prc- mined and the Loriidae have, in contrast, lower di- 
cursor for the origin of  ii highly differentiated W- ploid numbers (60-72) with five to seven pairs of 
chromosome'? bianned macrochromosonies. It is a distinction 

In morphology and C-band pattern. the W-chro- strongly supported by protein electrophoretic data 
mowme is much more variable uithin the Psittaci- (Oi.r~unr-s et al. 1987; CHRISTIDIS et 31.. submitted). 
formes. I t  ranges in size from a macrochroinosome The relationship between the cacatuine karyotype 
to it microchromosome. I n  Forpus (DE Lccc.4 and and those of the Psittacidae and Loriidae is difficult 
DI: M wco 1983) and A,-trtiri,gu (DF Lr cc.1 1983). to interpret without detailed G-banding data. There- 
the W-chroinosome is largely C-positive while fore. we treat with caution the conclusion of VAN 
M E v m n  ( 19X 1 ) reported light and dark C-bands D o u ~ t x  and DE BOER (1984) that the karyotypes of 
in thc W-chromosomes of three species of A m -  the parrot genera Lorkrrlus and Amcrzona are close- 
.-otzu. The \'-chromosomes of Cuuituct r.o,seic,apilltr ly  allied to those of the cockatoos. 
and A/iSfc,/.li.Y .scapri!ur-ix examined here also display Three different karyotypes have now been ob- 
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Fig. 9. Karyotype of male Peach-faced Lovebird (Agupor- 
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scrvcd in Cacatua. C.  galerita (VAN DONGEN and 
DE BOER 1984; present study), C.  sanguinea, and 
C .  gofini (SCHMUTZ and PRUS 1987) have a similar 
karyotype. which lacks any biarmed autosomes. C.  
n7oluc.c~ensi.s (SCHMUTZ and PRUS 1987) has a single 
pair of acrocentric macrochromosomes; and C .  ro- 
scicupillu (present study) has two such pairs. There 
is additional variation in diploid number but in 
some instances this is probably an artifact of pre- 
paration. Nevertheless, C .  roseicapilla appears to 
have four fewer microchromosomes than C.  
,yulc~itu in both C-banded and unbanded prepara- 
tions (present study). Taking this into account with 
the larger size of acrocentric autosomes 2 and 3 in 
C. 1-oseicapilla relative to their telocentric counter- 
parts in C.  galerita leads us to conclude that micro- 
macrochromosome fusions probably account for the 
larger acrocentrics in C. roseicapilla. In C .  moluc- 
t~,n.s is  (SCHMUTZ and PRUS 1987) a similar rear- 
rangement has probably occurred between auto- 
some 1 and a microchromosome. 

Cul?ptor.hynrlzus banksii (as magnificus) (VAN 
D O X ~  and DE BOER 1984) has no biarmed macro- 
chromosomes and otherwise resembles C. galerita 
in its karyotype; the arm ratio of the Z-chromosome 
is more submetacentric, however, in Calypto- 
rhynchus. Given the large genetic divergence be- 
tween Cacutua galerita and Calyptorhynchus 
(CmimDIs et al. 1991), it is likely that a karyotype 
lacking biarmed autosomes is ancestral for the Ca- 
catuidae. 

Fusions between macrochromosomes and micro- 
chromosomes may also account for the derivation 

Fig. 10. Karyotype of male Rainbow Lorikeet (Tricho- 
glossus htrerncr/oclu\). Inset shows sex-chromosomes of a 
female. 

of the karyotype of the Palm Cockatoo, Prohosciger 
aterrimus, which has four pairs of acrocentric mac- 
rochromosomes and a lower diploid number than 
Calyptorhynchus (VAN DON(iliN and DE BOER 
1984). Such fusions in the Cacatuidac have prob- 
ably been derived independcntly among the genera. 
Nymphicus, however, may share 1 he same fusions 
as C. roseicapilla in that autosomes 2 and 3 are 
both acrocentric. In Nymyhic~us. a fusion involving 
a telocentric in the autosornc 4 to 6 sizc series with 
another in the autosome 7 to 8 sizc series could also 
account for an additional sub-mctaccntric and lack 
of two telocentric macrochromosomcs. Morpholo- 
gical data (D. HOMBERGER and R. SCHODDE, un- 
publ.) suggest a link between Nyniphicus and C .  
roseicapilla and thereby support the karyotypic in- 
terpretation. As C. roseirapilla is sometimes separ- 
ated generically in Eo1ophir.s (FOKSIIAW 1973). links 
between Cacatua, Eolophus and Nymphicus need 
further investigation. 

As recognized by MUROVY ct al. (1975). the Psit- 
tacidae are a much more diverse assemblage than 
the Cacatuidae and Loriidae and there is doubt as 
to whether they are monophyletic (SMITH 1975; 
HOMBERCER 1980). Available chromosomal data 
certainly reveals significant variation (summarized 
in CHRISTIDIS 1990). One psittacid pattern compris- 
ing at least three karyotypes i s  particularly wide- 
spread, occurring in Australian Platycercus and 
Psephotus (present study), African Psittacus (DE 
BOER and BELTERMAN 1980) and Asian Psittacula 
(RAY-CHAUDHURI et al. 1969). P latycercus, Pse- 
photus and Psittutula tyanocephala possess six 
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Ar.ati17ger (DE LLTCA 1984)-a11 members of the 
South American arine assemblage-share almost 
identical karyotypes, which appear to bear some 
similarity to the ancestral type but differ in the 
morphology of chromosomes 6 , 7  and 8. The karyo- 
type of the New Guinean Vulturine Parrot Psittri- 
cl~asfirlgidzrs can also be derived from that of Psir- 
racirla kr-aniel-i by postulating rearrangements to 
chromosomes 6. 7, 8 and 9. 

Other genera have much more derived karyo- 
types, each apparently unique to them. These are 
those of the Budgerigar, Melopsirtucus, (ROTHFELS 
et al. 1963), Loric~dus (RAY-CHAUDHURI et al. 
1969), Forpus (DE LLJCCA and DE MARCO 1983), 
Nestor (DE BOER and BELTERMAN 1980), Amuzonu 
(DE BOER and BELTERMAN 1980; SCHMUTZ and PRUS 
1987) and Blototqeris (DE LLCCA 1974). The karyo- 
types of two further genera reported here are also 
highly derived and unique. The Australo-Papuan 
King Parrot. Alisrerrts, has medium-sized macro- 
chromosomes, which do not appear to have any 
obvious homologues amongst the karyotypes of 
Plutycerrirs and Psittacda. These data do not sup- 
port the commonly held view that Psittaculu and 
Alisterits are closely allied (SMITH 1975; HOM- 
BERGER 1980). SMITH and HOMBERGER ( I  I .  cc.) also 
align A,qapol-rzi.s with Alisterus and Psittacdu; but 
on karyotype, these three genera represent the most 
widely divergent lineages within the Psittacidae. 
Biochemical data (CIRISTIDIS et al. 1991) suggest a 
link instead between Alisterus and Plutycercus-Pse- 
pl?orus. Detailed G-band comparisons between their 
karyotypes are obviously needed to determine how 
their substantial chromosomal differences have ac- 
cumulated. 

A,qupor.nis is not readily linked to other genera 
on the basis of its proteins (CHRISTIDIS et al. 1991). 
Its karyotype is also so distinct as to obscure any 
clues to possible relationships. The number of ma- 
crochromosonies ( 1  1 pairs) is higher than that of 
other Psittaciformes, and there are only 12 pairs of 
small microchromosomes. This suggests that tan- 
dem fusions among the larger microchromosomes 
has led to an increase in the number of macrochro- 
mosomes with concomitant lowering of the diploid 
number. CiiRis.mis ( 1983) reported a similar case 
in the estrildine finches. The typical estrildine 
karyotype has a diploid number of 76 with six pairs 
of autosomal macrochromosomes. That of Pytilia 
phoeiiic~o~~tei.cr, which has 1 1 pairs of autosomal 
macrochromosomes and a diploid number of 56, is 
thought to have evolved through a series of tandem 
fusions among microchromosomes. 

As indicated above, karyotypes within the lori- 

1 2 3 4 2 5  

pairs of autosonial niacroctironio501nes. two of 
which are metacentric. In Psirrcrc~rrlu u l e . w ~ ~ i i ~ i .  Psir- 
rc ic~ulu  ki.unie1.i and Psittrrc~irs, one of the nietacent- 
rics i \  replaced by tivo telocentric chromosomes. In 
Psirrucrrs, which represents the third karyot).pe, one 
of thcse telocentrics has undergone a further rear- 
rangement to become acrocentric. The karyotypes 
of the lorikeet genera Loriirs and Ti-ic.1ioSlossir.c 
have seven pairs of autosomal macrochroniosomes. 
only one pair of which arc metacentric. Pairs 6 and 
7, however. are acrocentric in comparison to their 
telocentric form in Psirtuculu krcrt?ier.i and P .  ale.\.- 
an&. If the similar-shaped chromosomes in these 
two lorikeets are homologous with their cuunter- 
parts in Psirtucula. the ancestral karyotype for all 
these lineages most likely possessed one me- 
tacentric macrochroniosome and two pairs of 
smaller telocentrics in a complement of seven auto- 
soma1 macrochromoaoines. 

According to this implicit interpretation. the 
fused metacentric would have arisen twice: once in 
Plut~c~rrc.iis-P.sephorus. which are closely related on 
morphological (HO\IBERGER 1980) and biochemical 
(Cmisr i im et al. 1991) criteria. and again inde- 
pendently in Psirtcrcirlu c~~ t r i i oc~c~~~ l i u le r .  A diagram 
illustrating these putative chromosomal changes is 
given in Fig. 12. Although these conclusions still 
need to be tested by G-banding. i t  seem3 likely the 
karyotypes shared by PI~iryc~er-c,irs-P.\ei~liotlts. Psir- 
fuc rrltr and P.sirrtrc.irs represent an ancestral condi- 
tion. given that these genera are unrelated ( H o w  

It i \  more difficult to relate the known karyotypes 
of othcr parrot genera to the presumed ancestral 
t jpe ( \ee  Fig. 17). Two species of AI-a ( V . n  

v and DE BOER 1984) and five species of 

H I . . K ( i l . R  19x0: CHRlSTIDls et a! 1991 ). 
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1 2 3 4 5 2 6 7  

Ancestral 
Karyotype 

Fusion 

1 ) Platycercus, Psephotus 

2) Psittacula cyanocephala 

Fig. 12. Presumed chromosomal changes involving autosomes 6 and 7 amongst Psit- 
tacula, Psittacus, Platycercus, Psephotus, and the lorikeets. It is assumed that the 
karyotype of Psittacula alexandri and P .  krameri is ancestral for these lineages (see 
discussion). 

keets closely resemble the presumed ancestral type 
as typified by Psittuculu (Fig. 12). This is consistent 
with the conclusions of CHRISTIDIS et al. (1991) that 
the loriines are of recent derivation from within the 
psittacid assemblage. The two genera of lorikeets 
examined here differ in the number of metacentric 
microchromosomes, Trichoglossus having only one 
pair and Lnrius three. These differences probably 
result from fusions among the microchromosomes 
as Lorius has four chromosomes less than Tricho- 

The results presented here and in other studies 
quoted indicate that complex fusion-fission changes 
have played a prominent role in the evolution of 
karyotypic diversity in the cockatoos, parrots and 
lorikeets. As more species of birds are examined 
cytologically, such major karyotypic repatternings 
may prove to be common. How and why they ac- 
cumulate is still a matter of speculation but an un- 
derstanding of them is essential to formulating 
theories on the significance of chromosomal evolu- 
tion. 
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