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Six Chrysolina species from Catalonia and the Canary Islands (Spain), viz. americana, 
9emina, femoralis~ 'cerealis, menthastri and polita, have similar diploid karyotypes 
of 24 (sub)metacentric chromosomes, and show Xy sex-determining system. C. banksi 
and obsoleta have 2n (~) = 23; their karyotype is presumably derived from that of 
the former group by loss of the y chromosomes, tn C. haemoptera and C. carnifex 
40 elements appear in the diploid set. It seems that 2n = 24 is the most frequent 
number in the Chrysolina. Higher chromosome numbers have possibly originated 
through centric fissions, as the acrocentric Shape of C. carnifex chromosomes seems 
to suggest. The 2n = 23 and 24 species feed on Labiatae, while the two higher 
chromosome number species are associated with plants belonging to other families. 

Introduction 

A number of papers have been published on the cytology of Chryso- 
melidae beetles, [ROBERTSON (1966) on the genus Calliorapha, SMITH 
(1969) and ENNIS (1971) on Diabroticites, VIRKKI (1970, 1971, 1972) on 
the karyotypes and sex-bivalent mechanisms in Alticinae. and P~TIIPIERRE 
(1970) on Timarcha], while for a review of the bibliography (1951-1974) 
on 36 Indian species referable to nine chrysomelid subfamilies reference 
is made to YADAV & PILLAI (1974). 

The genus Chrysolina has so far not been studied cytologically except for 
C. exanthematica, studied by YOSIDA [in SMITH (1953)]. It includes more 
than two hundred species, most of which have Palaearctic distribution 
(BECHYNE, 1950). 

The aims of our paper are to determine the preliminary chromosomal 
interrelationships which could help to establish some taxonomic and 
evolutionary implications characteristic for this genus. A more complete 
analysis will be actually necessary in the future, in order to obtain a 
clearer evolutionary picture. 

Material and methods 

Cytological examinations were performed on spermatogonial cells of 
adult specimens, collected in the field in autumn 1972 and 1973, and in 
spring 1973. They were dissected five to ten days after capture. 
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The slides were stained with Gur r ' s  acetic orcein and  metaphase  plates 
were pho tographed  and  printed at x 2000. At  least two specimens were 
examined in mos t  o f  the species. 

The species studied are listed in Table 1. 

TABLE 1 
REVIEW OF THE MAIN CYTOTAXONOMIC DATA OF THE Chrysolina 

SPECIES STUDIED 

Species Source 2n(~) Karyotype 

americana L. Garraf (Barcelona) 24 11 I! @ Xyp 
gemina Brull.  Tenerife (Canary Isl.) 24 11 n @ Xyp 
femoralis O1. La Garriga (Barcelona) 24 11 n + Xyp 
femoralis O1. Collada de Tosses 

(Pyrenees Gerona) 24 11 u + Xyp 
femoralis O1. Vail. de Llauset 

(Pyrenees Huesca) 24 11 n + Xyp 
cerealis L. Llac Llebreta 

(Pyrenees L6rida) 24 1111 + Xy. 
menthastri Suffr. La Garriga (Barcelona) 24 11 n + 
polita L. La Garriga (Barcelona) 24 11 n + 
banksi F. E1 Prat (Barcelona) 23 11 n + 
obsoleta Brull. Tenerife (Canary Isl.) 23 11 n + XO 
haemoptera L. Vall. de Llauset 

(Pyrenees Huesca) 40 19 n + Xy 
carnifex F. La Garriga (Barcelona) 40 1911 + Xyp 
carnifex F. Ali6 (Tarragona) 40 19 n + Xyp 

Observat ions  

Chrysolina americana, gemina, femoral&, cereal&, menthastri and 
polita, have diploid karyotypes  o f  24 chromosomes .  They  consist o f  large 
or  medium size sub(metacentric) elements which cannot  be easily dis- 
t inguished (Fig. 1). A t  metaphase  I they have eleven rod / round-shaped  
au tosomal  bivalents and the typical parachute-l ike system of  Coleoptera  
sex-chromosomes,  Xyp (Figs. 2-7) .  

In  the spermatogonia l  metaphases  of  C. banksi and C. obsoleta there 
are 23 (sub)metacentrics of  large or  medium size (Figs. 8-9).  The sex- 
determining system is of  the XO type, as evidenced by the unpaired 
X-ch romosome  (Fig. 10). 

The only studied specimen of  C. haemoptera had twenty bivalents at 
p r imary  metaphase.  

C. carnifex has a complement  o f  40 acrocentrics o f  medium size, save 
for  a small y - ch romosome  (Fig. 11). 



Figs. 1-12. Chromosomes of Chrysolina species (Figs. 8-9, x 1500; others x2000): 
(1) Spermatogonial metaphase of C.femoralis; (2-6) Meiotic metaphases I of C. americana (2), 
C. gemina (3), C. femoralis (4), C. cerealis (5), and C. menthastri (6) showing the Xyp sex- 
determining system (aceto-orcein squash); (7) Meiotic metaphase I of C. polita showing the 
Xyp sex-determining system; (8-9) Spermatogonial metaphases of C. banksi (8) and C. 
obsoleta (9); (10) Meiotic metaphase I of C. banksi with the unpaired X-chromosome; 
(11) Spermatogonial metaphase of C. carnifex showing the y-chromosome indicated by an 
arrow; (12) Meiotic metaphase I of C. carnifex showing the Xyp sex-determining system 
(aceto-orcein squash). 



352 E. PETITPIERRE 

At metaphase I there are 20 bivalents. They are uniform in size and 
larger than in any other representative of the genus. A parachute-like 
system, Xyp, can be clearly distinguished at this stage (Fig. 12). 

Discussion 

The genus Chrysolina seems to show a large degree of variation in 
chromosome numbers which range from 2n = 23 to 2n -- 40. Considering 
our present knowledge, 2n = 24 seems to be the most frequent chromo- 
some number in the genus, since it appears in six of ten analysed species. 
Other Chrysomelinae like the genus Timarcha, which is more primitive 
judged by its external morphology and male genitalia (CHEN, 1934; 
JOLWET, 1948; IABLOKOFF--KHNzORIAN, 1966), possess as its more 
frequent number 2n = 20 (PET!TPIERRE, 1970). This formula besides being 
the most common in the Coieoptera, is also considered the most primitive 
(SMITH, 1950). Therefore, the chromosomal findings on Chrysolina 
corroborate the more advanced evolutionary position of this genus with 
regard to that of Timarcha, also included in this subfamily. 

The six 24-chromosome species of Chrysolina are classified into six 
structurally well defined subgenera (BECHVNE, 1950). It is interesting, 
therefore, that their cytological features are essentially similar, and 
could only be distinguished by a careful karyometric analysis, which 
might make it possible to detect small chromosomal rearrangements. 
The great cytogenetic uniformity of C. americana, gemina, femoralis, 
cerealis, menthastri and polita, could only be interpreted as good evidence 
for their close evolutionary origin, and could also explain possible 
hybridizations among some of these species, as suggested by JOLIVET 
(1949). 

In the spermatogonial sets of C. banksi and C. obsoleta there are 23 
chromosomes which are morphologically similar to those of the above 
described species. These two species seem to have evolved by the loss of 
the y-chromosome, changing the sex-mechanism from the primitive 
Xyp to the XO system. This change could be understood if the y-chromo- 
some consisted of heterochromatic and therefore dispensable material, 
as has been found in other Coleoptera (DuTRILLALrX, 1970). In addition, 
the XO sex-system is not rare in Chrysomelidae (SMITH, 1950, 1953, 1960 
and 1969; ROBERTSON, 1966). The two species are structurally closely 
allied hence they are classified into the same sub-genus (Chrysolina s. str. 
Mots.). 

The last two species studied, viz. C. haemoptera and C. earnifex, both 
have 2n = 40. The derivative nature of these karyotypes is remarkably 
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supported in C. carnifex by the acrocentric shape of all chromosomes,  
which may suggest their origin through centric fission. The parachute-like 
system, Xyp, is also kept in C. carnifex and probably in C. haemoptera, but 
we have no accurate data on this latter species. 

The genus Chrysolina is divided into thirty-nine subgenera (BECHYr,rE, 
1950). Our ten cytologically analysed species are referable to nine of  
these though this classification is not reflected by the cytological data. 

It  is interesting, however, that the host-plant preferences fit well with 
the cytology since all 23 or 24-chromosome species feed on plants of  the 
family Labiatae, while the higher chromosome number  species (C. 
haemoptera and C. carnifex), live on Plantago (Plantaginaceae) and 
Artemisia (Compositae) respectively. Consequently, the Chrysolina adap- 
tation to host-plants seems to have been accompanied by great chromo- 
somal rearrangements,  through increases in chromosome number.  These 
chromosomal  increases have also been observed in other Chrysomelinae 
like the genus Timarcha, although they are not correlated with new plant 
adaptations (PETIrPIERRE, 1969, 1970). On the other hand, small chromo- 
somal changes like the y-chromosome loss, or undetected other re- 
arrangements,  could accompany the process of  speciation in the cyto- 
logically similar Chrysolina, providing the suitable genetic constitution 
to occupy new ecological habitats, with sometimes specific plants of  
Labiatae. 

I am indebted to Prof. A. PREu for advice and critically reading the manuscript and 
to Mr. P. OROr~ for providing individuals Of the two species from the Canary Islands. 
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