
Termi fe ,  Canary  Islauds,  Spa in  

rlmerous ttudjes of bioehemical poli- 
morphisiii in natiiral popuiations of Dvo- 
sopl:i!u have dcmonstrated great similar- 
i q -  of tiiti. ümount and pattern of gcnetic 
i-ariiitioli throughout tlie continuous dis- 
tribuiion ares of the species. Differenccs 
in allclic irecjueizcies andior in average 
heteroqpgosity are more frequent when 
isGlaied populations are compared (Stone 
e? d . ,  1968; Prakach et al., 1969; A p l a  
e t  d., 1971; Johnson, 1971; Steiner et al., 
1.376; Prakash, 1977). if'e have under- 
takcn a penetic analysis, using gel elcctro- 
yhoresis, ol  several island populations of 

- Dvosciplziia u ted *---"T"--'-- subobscigya, a species distrib- 
roni Finland to Rlorocco, and from 

iyestern Asia to the Maccaronesian Is- 
lands (the Canaries, Madeira and the 
Azores). 

'Ii'hereas chromosomal polymorphism is 
geographically differentiated in D. sub- 
obscum (Sperlich and Feuerbacli, 1969; 
Lalíovaara and Saura, 1971; Saura et  a l . ,  
2373; Zouros et al., 1974; MarinkoviC e t  
al., 1978). For the Canary Island and  
Madeira  popirlations, Prevosti (197 1, 
1972) found that the degree of chromo- 
soma1 polymorphism is miich loiver than 
in the nearby populations of Europe and 
Nortli Africa. Fiirthermore, for a variety 
of reasons, he reached the conclusion that 
this reduced chromosomal polymorphism 
ic a relict phenomenon corresponding to 
a lecs evolved stagc than that present on 
the mainland. Therefore. it seems probable 
that thcse ishnd popuiations are geneti- 
cally isolated from the continental mes .  

In  this first research report we have 
studicd the genetic variation of 47 enzy- 
matic !oci in 10 riatural populations of 
Droso.!driln m h b s c i i m  collected in differ- 

ent islarids of the arc-ipelago within their 
forests of conifers and laurisilva rnrrde up 
of a relict flora from the Tertiary. with 
ciearly differcntiateci ecological character- 
istics. Our purpose is to estimate the levels 
of enzymatic polymorphism of these iso- 
lated populatiozs, compare thern with the 
chrornosomal polymorphism found in the 
Canaries by other authors, and determine 
whether or not there is sonie type of cor- 
relation betiveen phenotypic and environ- 
me n t al di ff e r e ~ i c  es. 

MATERIAL AND METHODS 
Samples froin the following Canary Is- 

lands populations have been studied (Fig. 
1): 1. El Pinar, El Hierro. 600 rn altitude, 
in P I m s  r a t t a r i e m t ;  2. Jinarna, El  
Hierro; 800 m, in endemic laurel forest; 
3 .  La Cumbrecita, La Palma; i ,500 ni, in 
P .  caizarieizsis foreat; 4. Los Tiles, La Pal- 
ma; 800 m, in endemic laurel forest; 5. El 
Cedro, L a  Gomera; 1,000 m, in endemic 
laural forest; 6. Ucanca, Tenerife; 2,200 
m, in an artificial forest of P. insigi-tis; 7. 
Las Raices, Tenerife; 900 m, in P .  can- 
ai-ieizsis forest; 8. Llano los Viejos, Te- 
nerife; 700 m, in endemic laurel forest; 9, 
Tamadaba, Gran Canaria; 1,200 m, iri P. 
catzariensis forest; and 10. Moya, Gran 
Canaria; 500 m, in a small patch of laurel 
forest. 

No D. subobscura were found on the 
islands of Fuerteventura or Lanzarote, 
rnost probably due to their drier climate 
and absence of forests. 

Flies were collected with fermenting 
banana bait, from February to March 
1977. The males captured were immedi- 
ately used for electrophoretic analyses. 
Each female \vas placed in an individual 
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FIG. 1. Canary Islands populations studied. See the localilies' Tiames in the test. 

culture íor five days and then transferred 
into fresh vials three consecutive times in 
order to obtain abundant offspring. One 
F, larva, pupa or adult from cach female 
was later assayed. 

The  nornenclature for the gene loci cod- 
ing for enzymes and their aileles are those 
described by Hubby and Lewontin (1966) 
and Ayala et  al. (1972). 

Sample preparation and techniques for 
gel electrophoresis are thoce described by 
Ayala e t  al, (1972) ernploying only Sigma 
starch. The  following enzymes were as- 
sayed and generally the staining rnethods 
were those described in the references: 
Acid phosphatase ( A c p h - 1 )  (Shaw and 
Prasad, 1970); Adenylate b a s e ,  two loci 
(Ak-1 and 2), Aldolase ( A l d ) ,  Catalase 
(Cal), Hexokinase, three loci (Hk-1, 2 and 
#), Leucine aminopeptidase, four loci 
(Lup-4, 5 ,  6 and 7)) Phosphoglucomutase, 
two loci (Pgnz-1 and 2))  6-Phosphoglucon- 
ate dehydrogenase (ó-Pgdh), and Phos- 
phohexose isomerase (Plzi), according to 
Brewer (1970); Alcohol dehydrogenase 
(.4dh), Alkaline phosphatase, seven loci 
(Aph-1 ,  2, 3 ,  4, 5, 6 and 7),  Esterase, five 
loci @st-í ,  4, 7 and l o ) ,  Glyceraldehyde-3- 
phosphate dehydrogenase (G.?pdh), 
a-Glycerophosphate dehydrogenase (a- 
Gpdlz), Isocitrate dehydrogenase (Zdlz), 
Malate dehydrogenase (Mdh-2),  Malic en- 

zyme, two loci (Me-1 and $), Octano1 de- 
hydrogenase (Odlz), Tetrazolium osidasc 
(To), and Triosephosphate isomerase (T'pi- 
2), according to Ayala et al, (1972); Al- 
debyde oxidase, two loci (Ao-1 and 2), and 
Xanthine dehydrogenase ( X d h ) ,  accordixig 
to Ayala et al. (1974Ll); Glutamate oxai- 
oacetate transaminase, two loci (Got-í aiid 
2) (Grell, 1976); Hydroxybutyrate dehy- 
drogenase (Hbdh), Fumerase, two loci 
(Fum-1 and 2) and Glucose-6-phosphate 
dehydrogenase (Gópdh), according to Ay- 
ala et  al. (19748). Minor modifications are 
as follows: Aph-1,  2, 3 ,  5 and 6 were as- 
sayed in third instar larvae; Aplz-# and ;- 
in adult; 10 g NaC1/100 ml buffer wac 
added to the staining solution and 500 mg 
of M$12 was added to the electrophoresi: 
buffer. Est-5 was assayed in third insta, 
larvae or early pupae, Est-1, 4 ,  7 and 1I 
were assayed in adults. The agar overlri: 
method (Brewer, 1970) was used to s t a i ~  
G3pdlz and Ak-1 arid 2 .  Lap-4 was assajw 
in late pupae; Lup-5, 6 and 7 were assaye! 
in adults. 0.1% Triton XiOO (Sigma) w a  
added to tlie homogenates and O. i%,  bc 
vine albumin to homogenates and gel f(- 
Got-1 and 2 detection. 

Lakovaara and Saura (197 1), and Saur 
et  al. (1973) in Finland, Zouros et a! 
(1974) in Greece, MarinkoviC et al. (197: 
in Yugoslavia and Pinsker et al. (1978) i 
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o. 15; 

- 

- 
- 
- 
- 
- 

94 

1 .o00 
- 

- 
- 
- 

80 
0.c12 
O. 963 

1 .0h 0.026 0.025 

T. BLE l .  c 

0.205 
0.229 

124 

O. 976 
0.024 
0.048 
0.047 

110 
O. 03 7 
0.854 
O. 109 
0.2 14 
0.257 

1 O8 
0.920 
0.080 
O. 137 
O. 147 

110 
0.966 
0.034 
0.086 
0.06.5 

140 
0.014 
0.958 
0.028 
(3.086 
o.os1 

1 2 2  
0.032 
0.89.5 
0.073 

- 

O. 166 
0.292 

1 O0 

1.000 
- 

- 
- 
- 

140 
0.057 
O. 830 
O. 113 
0.271 
0.294 

140 
0.910 
0.090 
O. 128 
O. 163 

120 
0.967 
0.033 
0.066 
0.063 

150 
0.013 
0.974 
0.013 
0.013 
0.038 

1 O0 
0.030 
0.920 
0.050 

0.234 
0.2 13 

120 

1.000 
- 

- 
- 
- 
126 

0.054 
O. 866 
0.080 
0.253 
0.239 

120 
O. 960 
0.040 
0.083 
0.076 

120 
O. 98.3 
0.01 7 
0.033 
0.033 

140 

1 .o00 
- 

- 
-- 
- 

120 
0.008 
0.976 
0.016 

0.306 
0.353 

148 
0.00; 
O. 980 
0.013 
0.014 
0.039 

148 
0.02 i 
O. 9.12 
0.04 1 
0. 095 
O. 130 

140 
O. 9.w 
0.070 

O. 130 
0. 143, 

- 
- 
- 
- 
- 

140 
0.007 
0.986 
0.00; 
O. 02 8 
0.038 

1 9'3 
0.010 
0. 990 
- 

O. 174 
O. 187 

136 
0.015 
0.970 
0.015 
0.059 
0.059 

140 
0.036 
0.907 
0.057 
O. 128 
0.173 

! 40 
0.970 
o. OJO 
0.0.57 
0.U58 
-- 
- 
- 
- 
- 

148 
0 . O O i  
o. 993 

0.01.1 
o. o 1.3 

1 50 
0.066 
0.8'14 
0.040 

- 

0.292 
O. 285 

126 
0.00s 
0.984 
0.008 
0.032 
0.0.12 

120 
0.025 
0. 925 
0.050 
o. 13.3 
0. 142 

124 
o. Y30 
0.070 
O. 129 
0. 130 

120 
0.983 
0.01 7 
0.033 
0.033 

80 
0.012 
o. 988 

0.02.5 
0.023 

1.32 
0.059 
0.926 
0.015 

- 

o. 11.7 
0. 108 

140 

1 ,000 
- 

- 
- 
- 

l so 
0.013 
o. 940 
0.047 
o. 120 
o. 125 

152 

0.040 
0.0i9 
0.076 

140 
0.903 
0.00; 
0.914 
0.013 

126 
0.008 
0. 902 

0.016 
0.015 

120 
0.066 
0.918 

0 060 

-_ 

0.388 
0.396 

118 

1 .o00 
- 

- 
- 
- 

148 
0.020 
0.912 
0.068 
o. 175 
o. 165 

14s 
o. 9.50 
0.050 
o. 108 
o. 00.5 

132 
0.070 
0.030 
0.076 
0.058 

148 
0.020 
O. 980 

0.0-10 
0.039 

126 
0.047 
0.045 

- 

0.286 t 0.031 

0.02.5 I 0.00; 

O.?O:! ? 0.020 

0 . 1 1 2  t 0.01 1 

0.044 $: 0.00; 

0.02.5 +r 0.00; 
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C; e r ni :in h ít v c a n a I y z e ci t h e e 11 z y m a t i c 
poi;,-nioriJhiqni i11 popuitition-, of n. sub- 
06scicn1 íroni diiferent regioris of Europe. 
I n  this pa.per cornpzrisons are macle bc- 
tiveen tht:ir enz>.matic loci and ours. Such 
comparisons should be considered as  
mercl>- tenrati\-c. 'I'he tec hriiqws and tio- 
nienclature u;ed by the groups from Fin- 
lancl, Yugoslavia r-rnd Gerrnanj- are prac- 
ticaliy tht. sanie with the esccptiori of the 
denomination of the esterascs (Marinko*/ii 
ct al., 1978). iVe have alao tried to adhere 
to this nonienclature with the only esccp- 
tioris being that our Es¿-7 seems to be the 
Est-8 of Lakovaara and Saura (Est-5 for 
l larinkovit  et al.) and oür Hk-3  is the H k -  
3 of these authors. 'riiis correspondence 
has been based on the siniilarity of the 
majority of techniques used and on Dr. 
Ayala's comments on our data and pho- 
tographic material. Thc comparisons with 
data from thc Greek group arid the others 
has been based on their own work (Zouros 
et al., 1974) arid on the chromosomal lo- 
calization of their loci and ours. For this 
reuson n.e believe that their Est-5 and 7 
are prccisely our Est-5 and 7. . 

When the levels of enzymatic polyrnor- 
phism permitted our doing so, statistical 
comparisons were made between popula- 
tions within and between islands using a 
standard row x column x p  test (Snedecor 
and Cochran, 1969) to determine if signif- 
icant differences existed between allelic 
frequencies per locus. 

RESULTS 

The  enzyme loci Adh, Got-2 and Hbdh 
eshibit a cathodal migration; the remah.  
ing loci are anodal. 

A4plz-i and .4ph-6 show individuals witf 
l o ~ v  or no activity. Aithough this substari 
tia1 variation may be clue to null alleles a! 
described in Aph-6 of Drosophila psef i -  
doobscíwa (Hubby and Lewontin, 1956) 
\ve have not taken it into account and iri 
dividuals with no activity have not beer 
included in this paper. 

The  Gol-2 locus, monomorphic or mod 
erately polymorphic in most Drosophii( 
species previousiy studied, are very poly 



.1rplz 1.02 11.5. 0. 1 1  11,s. 5 . 3 i  11.5. 5.34 t1.c.  4.24 n.s. 
(1.f. = 2 d.f .  = 2 d.f .  = 2 d . f .  = 2 d.*f. = 4 

'4 dh 1.15 n.s. 0.87 n.s. 1.39 n.s .  0.01 1l .S .  3.01 11,s 
d.f. = 1 d.f. = 1 d. f .  = 2 d.f .  = 1 d . f .  = 4 

Aph-3 O. 11 n.s. 6 . 8 2  P < 0.05 4.71 n.s. 3.78 n .r .  15.7s P < 0.05 

-1 p h -4 - 
d. f .  = 1 d. f .  = 2 d , f .  = 4 d$. = 2 d. f .  = 8 

1.48 n.s. 0.33 n.s. 0.32 11,s. 7.79 n.s. 
d . f .  = 1 d . f .  = i d. f .  = 1 d.f.  = 3 

Est-7 6.69 P < 0.05 3.31 n.s. 0.89 n.s. 1 .17  n.s. 10.47 n.s. 

Got-1 - 0.44 n.s. 3.95 n.s. - 
d. f .  = 2 d.f.  = 2 d . f .  = 2 d . f .  = 2 d . f .  = 10 

9. 

i0.34 n.5 

d.f. = 2 d . f .  = 4 = 6 

Got-2 2.33 n.s. 0.77 n.s. 3.00 n.s. 0.26 n.s. 7 . 1 7  n.5.  

Hk-1 .5.50 n.s. 0.85 n.s. 18.41 P < 0.005 25.16 P < 0.001 132.63 P 4: 0.001 

Hk-2  3.08 n.s. 0.17 n.s. 7.79 n.s.  19.49 P < 0.001 46.15 P .: 0.001 

Lap-4 0.74 n.s. 0.62 n.s. 

Mdh-2  1 . 2 5  n.s. 0.70 n.s. 3.21 n.s. O. 11 n.s. 6.00 n.3. 

Pgiiz-2 3.00 n.s. 0.55 n.s. 

d.f.  = 2 d,f. = 2 d . f .  = 4 d f .  = 2  df. = 8 

d.f.  = 2 d$. = 2 d.f.  = 4 d . f .  = 2 d . j .  = 1.1 

(f.f. = 2 d f  = 2 d.f. = 4 d . f .  = 2 d. f .  == 10 

d. f .  = 2 df. = 2 d . f .  = 4 d.f. = 2 d."f. = s 

d. f .  = 1 d . f .  = i d.f.  = 2 d . f .  = i df. = 4 

0.76 n.s. 0.85 n.5. 21.33 P < 0.01 

9.87 P < 0.05 0.83 n.s. 29.10 P < 0.005 

0.74 n.s. 0.39 n.s. 
d.f. = 2 d. f .  = 2 df. = 4 d.f.  = 2 d$ = 12 

1.18 n.s. 
d . f .  = 1 df. = 2 d.f.  = 1 d.f.  = 2 

Pgm-2 2.02 n.s. - 

n.s. = not significant at the 5 %  level. 

morphic in al1 of the D. subobscura pre- 
cented herein. 

No variation, or only an occasional 
polymorphism, has been detected in the 
following 2 2  loci: Ak-1 ,  A ld ,  Aph-í , Aplz- 
2 ,  C a t ,  Es t -1 ,  Est-4,  F u m - 1 ,  Funt-2 ,  
G3pdk, Gspdlz, Hk-4, Hbdh, Lap-5, Lap- 
6 ,  Lap-7, Me-1,  ópgdh, Plai, To, Tpi-2 and 
X d h .  

The remaining 25 loci were shown to be 
polymorphic iri almost al1 populations. 
For each locus Table 1 shows the fre- 
quencies of the alleles detected in each 
population, the average heterozygosity 
observed, and the average heterozygosity 
expected in the Hardy-Weinberg equilib- 
rium hypothesis. In  no case did the x2 test 
reveal significant differences between 

these. The  average of the heterozygosities 
expected is 0.082 t 0.019, somewhat 
higher than, although not cignificantly dif- 
ferent from the observed averages: 0.80 k 
0.020. Table 2 groups those loci which 
because of their level of polymorphism 
permit the realization of a x' test for con- 
tingency in ordcr to evaluate the differ- 
ences of allelic freyuency between popu- 
lations. Significant differencec were found 
on or between islands in the follon.ing 6: 
=lph-3,  Est-7, Hk-1,  H k - 2 ,  Lap-4 and 
Pgm-1. 

Aplz-3 has the aliele 1 . 2 7  with a fre- 
quency of 8% in population 3 whereas in 
population 4 the freyuency is l%,  the most 
significant difference within the island of 
La Palma; in addition the most common 



a!It~ic i s  riot ttic s:iinc. i n  al1 o f  the i,lanrls. 
’T‘ht. rillclic frcqucncie> of H k - 1 ,  H k - 3 ,  
Lcp-4 arid Pgiii-í var!. apprcciably ürriong 
papulJtion5 evcn thouqh the m(J5t com- 
¡:ion allele is tiie sarne for al! c l f  thcini. The 
rtaniaining loci are le>< pol>*morpliic; the  
r!l<JNt frecluent allele is the s ~ m c  for al1 
populations, and i n  roine of t h e w  it is 
h s d .  Althuugh the -mal1 frcc;uencic., of 
ccrtain alleles did not 311oii. the evaluation 
of tlieir differencps b>* contingcnc). x’ 
tests, direct esainination of the data re- 
i-ea15 clear differences between clifferent 
populations. For esaniple, -40-1 and -40-2 
rrppear to he fixed for the populations on 
the isiariti of Gran Canaria (9  nnci 10) 2nd 
for oiie populatioii on thc islaiicl o f  Tener- 
ife (Gj. “he allele i . 1 U  of .4k-2 does not 
nppear i!? populations I and 2 (Hierro), 
Lvhereas in 3 and 4 (La Palma) it is foiind 
n i th  Zn average frcqiienc). of í%. The 
allele 0.98 of :1plz-6 is abserit in popula- 
tion> 1 and 2 (Hierro), in 4 (La Palrna) and 
6 (Tcrierife), but ha3 a freyucnc)’ of 17% 
in population 3 (La Paltna). The  Est-10 
appears to be fised in populations 1 and 
2 (Hierro), in 5 (Gomera) and in 6 (Tener- 
ife), being moderately polymorphic in the 
re ni ai n in g po pul a t  io n s. 

The  significant differences fouiid within 
the islands for allelic frequencies of some 
loci do not secin to bc correlüteci ivith dif- 
ferences in vegetation. 

D1SCL:iSIOS 

The enzyme pol>*morphism in natural 
popdations of D. sirbobsczrw from the 
European continent has been investigated 
a t  sonie length: Lakovaara anca Saura 
( 197 i )  in marginal populations from Fin- 
lancl; Sriiira et al. (1573) in marginal pop- 
ulations from Finlarid, submarginal from 
Sts-ederi and Denmark, and central from 
France and the Alps; Zouros t t  al. (1974)) 
in meridional populations froin Greece; 
J h - i n k o v i t  6t al. (1978) in a centra\ pop- 
u!ation from Yugoslavia and Pinsker et al. 
( 1970) in a central popuiation of GermanJ-. 

In spite of the differences found be- 
w e c n  regions, Laiíovaara and  Saura  
( l c ~ ~ 1 )  and Saura et al. (1973) concluded 
tiiat thc  cnzyrne polymorphism in  11. sub- 

o?>pczim i-  rat her iiriifortn throuehout thc 
c ik t r i  t)utional range of tlw spccics. iri con- 
trast to \i.h:tt occurs in chromosonial poly- 
mclrphism, where tiificrences between 
rnargina! :iii;1 central rcgions ina>- be oil- 
served (Lurize-3lühl et al. , 1958; Sperlich 
anri Kut.ize-31üh1, 196.3; Spcrlich, 1964; 
Prevosti, 1966; G6tz. 1967; Krimbas, 
i % í ;  Jungc.11, 1968; Sptbrlich anii Feucr- 
bach, 1969; Prevosti, 1971, 1972, 1974) 

Pinsker et al. (1978) find differenccs in 
successive pcriods of tinie in the Gerinan 
population studied by them for the loci 
.-iph-3 anr! LnP-3. 

hlean individual heterozygosity for con- 
tincritai regions (calculated from the en- 
z~ niatic pol>-morphism givcn b!* the au- 
thors citeci above) is higher than that  
ineasurecl ior the populations of the Ca- 
riar? Archipelago (0.162 vs 0.082). How- 
ever, notable differences esist in the num- 
ber and set of loci analyzed by different 
authors. In order to reduce this source of 
variation \ve have based our comparison 
onljr on loci studied in the Canaries as well 
as in some other area (Table 3). This table 
shows 7 loci (.4dh, a-Gpdh, Hk-1, La$-4, 
Aldlt-2, Nt--1 and O d h )  that  have been 
analyzed in al1 regions. Ak-I  and Ak-2 
have been studied only in Yugoslavia and 
the Canaries and Aph-7 only in Finland 
and the Canaries. Of  the 33 loci that ap- 
pear iii this table for the Canary popula- 
tions, 24 have also been studied by Mar- 
inkovit et al. (1978) in Yugoslavia, but 
onl’. 15 by Pinsker et al. (1978) in Ger- 
many; the number of ioci studied for the 
reniaining regions varies between these 
two limits. In the row erititled ‘‘Canaries’’ 
the averaee heterozygosities of the seven 
groups of loci are given which in the Ca- 
nary populations corresporid to those of 
cach of the seven regions comparecí. The  
average heterozygosity of the (’znary pop 
ulations continues to be lon.er in al1 cases 
than that of other regions. In  the row en- 
titled “Common loci” the average heterc, . 
zygosities by region for the seven loci com- 
mon to al1 of theni are given. Here the 
heterozygosity of the Canary populations 
is more similar to that  of the other regions. 

ii’hen a locus by locus comparison is 



.4 dlr 
.-lk-1 
.-1h - 7 
.4 id 
.lo-l 
.-lo-: 
:1 p h  -7 
.4 ph-.i  
.4 ph - 7 
Est-1 
Es t -4  
Est- í  
Est -7  
Es t -10  
Fll l ) ?  

cr- Gptili 

Gópdiz 
l i k - i  

G.3pdh 

Hk-2 
Hk-3  
I d h  
Lap-4 
.lidk -2 
M e -1  
.lf c-? 
Odh 
Pgm-1 
6Pgdlt 
Ph i 
To 
Tpi-2 
Xdh 

o. 1 8.1 
o. O00 
0.117 
o. 003 
0.026 
0.030 
0.508 
0.072 
0.02 1 
o. O00 
0.000 
0.065 
0.320 
0.066 
0.005 
0.023 
0.003 
0.007 
0.513 
0.285 
o. 002 
0.025 
O. 208 
0.111 
o. O00 
0.044 
0.024 
O. 143 
0.000 
0.000 
0.000 
o. O00 
O. 003 

O 0.35 
0.043 
O .  163 
o. O00 
0.111 
0.697 

0.000 

0.499 
0.049 

0.024 
O. 164 

0.412 
0.417 
0.032 
o. O00 
0 . 2 7 1  
0.016 
O . O i 5  
0.035 
0.012 
O. 149 

0.018 
0.024 
0.000 

0.012 

0.000 

0.41 1 
c).lc)4 

o. O00 
0.000 
0.531 
O. 168 

o. O00 
0.000 

O. 603 

0.436 
0.020 
0.ooíi 

O.  135 

0.000 

0.457 

0.040 

0.53s 
o. 5 I u 
O. 131 

0.000 
0.000 

0.598 

0.023 

0.316 

0.068 
0.007 
0.455 
0.056 
0.485 f 

O . O i 2  
O. 105 

0.000 
0.470 

o. O00 

0.467 
0.033 

o. 000 
3.000 

0.3.50 
'b 

o. 000 

o. 460 

0.061 
0.012 
0.463 
0.040 
0.063 

0.129 
O. 128 

o. O00 
0.460 

i). 960 0.035 

O. 15 7 
O..; 13 0.183 

0.046 

0.000 
o. O00 

0.517 

0.064 o. 005 

0.5 18 O. 5 85 

0.000 0.000 
0.036 0.010 
0.576 0.595 
0.053 0.061 
o. 123 O. 135 

0.081 0.083 
O. 134 0.111 
0.076 
0.049 

0.020 0.000 

0.046 

o. 2 0 2  
0.507 
o. 128 
0.096 
o. O00 
o. O00 

0.667 
0.234 

0.01 I 

0.000 
0.526 

O. O06 
0.015 
0.433 
0.068 
0.206 

0.064 
0.121 

0.042 
0.000 
0.470 

Total loci: 33 24 1 7  18 1 i  1 5 16 21 
hlean: 0.085 O. 132 O. 192 0.215 O. 156 O. 164 O. 170 O. 174 

Canaries O.OS8 0 . i i i  O. 119 o. 124 O. 118 O. 132 o. 102 

Commori loci: 0 . 1 5 2  0.121 O. 1 i.? 0.207 O. 165 0.21 1 0.214 0.193 

' By Marinkovit et  al. (19i8). 
' By Zouros et al ( 19 i J ) .  
By Snura et al (197.3). 
B) Finrker et al (1978). 
By Lnkovasra and Saura (1971). 

made, certain continental as well as Ca- 
nary Island loci are very to moderately 
polymorphic (Aph-3, Est-7, Hk-1, Pgnz-1 ) 
or monomorpliic or slightly polymorphic 

H k - 4 ,  Id l z ,  6 P g d h ,  Plzi ,  T o ,  T p i - 2 ) .  
Nevertheless, certain differences do  exist. 
A d h  and Mdh-2 are more polymorphic in 
the Canaries than in any of the continen- 
tal populations, while Ao-2,  Est-5, Lap-4, 
M e - í ,  Odli and X d h  are less variable in 

(.41d, Est-1 , Est-4, FUW, a-Gpdgh, Gópdh, 

the islands than is the mean on the con 
tinent. However in some continental re 
gions some of these loci are as monomor 
phic as in the Canaries. Such is the CELS 
of Me-1 in the Greck populations and c 
Xdlz in Yugoslavia. 

Of the six loci for which we find signi! 
icant differences in the allelic frequenck 
among some of our populations (Table 2 
there are four for which differences ar 
also found by Lakovaara and Saura (1 9 i  
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anri Saura et  al. ( I O i 3 ) ,  and jn achiition, 
ío r  tv,.o o€ thew s:ir.-tc toci (Aplz-.? :mrl Lnp- 
J )  Pinskcr e t  al. ( I O i S )  find sigriificant dif- 
ferences in  succcssive periocib of time. Of 
the t;vo remaining loci ( H k - i  anri Pgm-1 ), 
H k - 2  has different average hcterozygosi- 
tiep in thc Cünaries and Yugoslavia (0.285 
and 0.41:). these being the only regians 
ix.-hcre they iiave been studied; on the con- 
trarj.. P g x - 1  sholv5 similar averagc het- 
erozygosities for al1 the regions studied. 

Population 6 ('l'enerife) is located 2,200 
tn above sea level, where the Lvinters are 
relatively harsli, and during this season D. 
s u b ~ b s c - u r n  are not captured. -411 these 
facts lead us  to hypothesize that the pop- 
ulations a t  this cite must be formeil yeiirl'. 
by rnigration from the lowcr siopes, re- 
sulting in a possible founder effect. This 
supposition agrttes with the fact that  the 
samples from this population [vere found 
to be rnonomorphic for -40-1, '40.-2, Aplz- 
6 ,  Est-5, E s t - I U ,  cr-Gpdlz and Got-1, some 
of which \vere moderatelj~ polj-morphic in 
other popiilations of the same island. 

ñ h e  average heterozygosities of the ten 
Canary populations are very similar (Ta- 
ble 1) with an average 0.082 t 0.019 and  
a range of variation of 0.070-0.11 1. This 
pattern accords with observations of chro- 
sosomal variation made by Prevosti (197 1) 
iii eight Canary populations, the majority 
captured in the same places as ours. 

The  least polymorphic loci in the Can- 
aries (compared to the continental popu- 
latjons) are found in the O chromosonie. 
This chromosome is practically monomor- 
phic in al1 of the islands for the O:lr4 ar- 
rangement, but is very polymorphic in the 
continental populations. Precise associa- 
tions between alleles and ccrtain inver- 
sions have been found in some of these 
loci: Ao and  Xdli  (Zouros et al., 1974), 
Es¿-5 and  Lap-3 (García et al. 1977), Lap- 
J (Charlesn-ortli et al., 1977). Neverthe- 
tess, t h k  linkage doec not seem to be con- 
stant in al1 populations, since for Lap-3 
Zouros e t  al. (1974) and Pinsker et al. 
(1978) do not find significant differences 
for thc associations betn-een alleles and  
arrangements in their respective studies. 
In spite of al1 this, it seenis that for chro- 

mosome O a global tericienc!- relating re- 
ducctl hctcrokaryosis isith reciiiccd heter- 
oz!yol;ii i.i. consi-tcrit. 

On the other hand, the Adii and Mdz- 
2 loci, more pol>.morphic in  the Canaries 
than 011 the Continent, are locaiized on thc 
C chrornosonie which is less lieterokary- 
otic in the Canaries. In spite of this. Pin- 
sker et al. ( iSiS)  fouiid a complete asso- 
ciation betn-een the Múh-2 alleles and t\vo 
ciifferent chrornosomal sequences (U, + 2  

and iri such manner that the 1.00 
allele alivays appears with the CI i2  ar- 
rangenient, and 1 .O8 n i t h  U, i 2 i . h .  These 
gene and arrangement sequences are ob- 
served in the Canaries with frequencies of 
0 .93  and 0.06 for 1.00 and 1 .O8 alleles aiid 
0.804 and O. 196 for the I +2 ami I + 2  +8 
arrangement. Although either of these in- 
versions is very frequently encountered in 
the continental populations studied, nei- 
ther of them is noted in proportions sim- 
ilar to that of the Canaries (Krimbas and 
Alevizos, 1973; Zouros et  al., 1974; Fin- 
sker et  al. ,  1978). T h e  greater frequency 
of  Canary Jldit-2 polymorphism may be 
associated with a determined set of iiiver- 
sions for the chromosome where this locus 
is situated. We do  not know if a similar 
type of association exists in the Canary 
populations for the locus Adlz. Pinsker et  
al. (1978) did not find one in their Gerrnan 
population, but we have observed that in 
yopulation cages the frequeiicy of the al- 
leie 1.08 of iZldl2-2 has a tendency to grow 
significantly, and this increase is acconr- 
panicd by a similar increase for the allele 
1.67 of A d h .  

The  loci for which we and other aiithors 
find differences betiveen regions are very 
polymorphic in the urhole range of distri- 
bution of the species and that witfr the 
esception of Lnp-3, no association with in- 
versions ic found. 

Although \ve have made no detailed 
analysis of linkage disequilibrium betc-een 
alleles and inversioris, the diiíercnces in 
enzynie allele frequenciec Íound in thc 
Canary and continental popiilations rnay 
be due,  at least partially, to differencei in 
c hromosomal polyniorphism. 

Differences in the techniyiies ernployerf 



a lw ma>- have contributed to increase or 
r't t'(. re x.,e p o pul a t i o n a I 1 c 1 e f r e q u 1' n c i c s. 
For exítniple, the electrophoretic procc- 
dure5 íolloived in this stiidy for , Y d h  locus 
are differeiit frorn those of other studies. 
(cf .  Singh et al., 1976). 

SUAIXIARY 

This study presents the genetic varia- 
tion of 4; enzynie loci in ten natural pop- 
ulationj of D. silbobscura from the Canary 
Archipelago obtained b>. starch gel elec- 
trophoresis. The mean individual hetero- 
zygosity of 0.082 is lotver than the average 
of 0.162 found by other authors in popu- 
lations from the European continent. 1\11 
of the loci contributing to this lower poly- 
morphirni in the Canaries are located on 
the O chromosome, being practically 
monomorphic within the Arc hipelago. 
The  .lldh-Z and A d h  loci are more poly- 
morphic in the Canaries than on the Con- 
tinent. 
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