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In a recent paper, Bizelow (1963} ar-
gues that clozely related hut distinet animal
specics may Ioterbreed inoa hybrid zone
where their respective distributions overlap,
providing the genomes of the two specics
have become so coadapled that hybridiza-
tion fails “to make the gene pools progres-
sively mare similar.” Thus persistence of
a narrow hybreid zone over a long period of
time demonstrates the biological integrivy
of the closely related species, and popula-
tians of hybrids zones should not e re-
carded as incipient species. Presiously,
Dobzhansky (19510 had observed “that
popalations mav continue to diverse despite
cene exchange, the real problem being how
much gene exchange between diverging
populations iz possible withoat arresting
and reversing the divergence.”

The present worle will describe a case
which appears to corroborate Bigelow’s ar-
cument. Drosoplile smelzd Sturtevant
(1021 and Drosophile  pelloeae Pipkio
and Heed {19647 helanging to the frigunc-
fate zpecies group of the subgenus Dro-
sophile, are syvmpatric in the Isthmuos of
Darien, Panama. These species feed and
breed together on fallen froit and blossans
az part of large mullispeciiic aggregations
(Pipkin, 1965}, A marked degree of sexual
isolation exists, but there iz some hybridi-
gation.  Though the 17 hybrids between
these species are often sterile in crosses
inter s, female hybrids can backoross
with either parental species. Recombina-
tion between the genomes of the respective

U Thiz work was sipported by the [hvision of
senera] Medical Sciences, Nationsl Institufes of
Health, Bethesda, Md, RG 00313 1o the Gorgas
Memonal Laboratory, Papsmi; GM 12018, {e
The Johns Hopking University, Baltimore, Md.
and 7RO GM 14937, lo HMoward Undversity,
Washingren, 12,
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species 15 limited by translocations involv-
ing four pairs of autosomes, Howewver, a
carina color polyvmorphism observed in L2
Bpedlewwae of the Darien, where both species
oceir, and also present in a strain of 1)
pelleiwae from Rio Rapeso, Colombia,
where L) mefzii is not found, 15 believed to
be the result of introgression hetween the
two species in the region of overlap, It is
the purpose of this work 1o present evidence
upon which this interpretation is based and
ta compare relationships between 72, metzii,
£ peflewae, and a thacd elosely related al-
lopatric species, L lelicize Pipkin {19670
iram the headwaters of the Amazon River.

Msrmipurion axn EooLosy

Material  includes  the following  geo-
graphic straing of D metziic 1T9, Tur-
riglba, Costa Rica, from a single founder
fernale; 11A1 3, Almirante, western Pan-
ama, 5 founder females; 58B3, Barra Col-
orado  Island, Canal Zone, & founder
females; 1Tr17, Trinidad, West Indies, 23
founder fernales; and D1, El Real, Dar-
ien, eastern Panama, 70 founder females.
The strains of 12, pellewae include 2384,
Barro  Coloradoe  Island, from a  single
founder female; 6132 151 Keal, Panama,
109 founder females: SKR3. Rio Eaposo,
Colombia, 18 lounder females, The strain
L5 of £ leficiee derived from 15 founder
femmales was collected at F1 Marco, Brasil,
near Leticia, Colombia. The collection lo-
calities are shown on the nap in Figure 1,

With the exception of 0 wefzid from
Turrialbe, Costa Rica, which was taken in
a coffee finca at 2200 £t altitude, the three
closely related species were all found in
lowland forest where they feed and breed
on the drier tvpe of fallen fruic such as
thase of Clisia ap., Bacisis sp., or on (allen



INTROGRESSION BETWEEN SPECIES O

DROSOPHILA 14]

BakAG LALATANN
15l BN

CURRALALRA

AL s Al

,.\
__,.5“""\_&1;
e ey YO

-
: T |
S :

VviE M EZUELA o -' |

; i
_';_ 5 ;T.:.'.LT"*.
Giak A TR
O e g R
e {J i sum “'""l'-f_-'-'._r"-‘r,_,-y
1 N
] | 3 1
- LR ,"Ir
e - |
4 BORCA LT A

.
T,

i \__‘ ,._-._-_f} .-—\r__‘___.-f '_._;
R o {

Fi L.

blossomis (Pipkin, 19657, When fincas are
near forest, these species come oul Lo the
orchards and may be netted over “Cai-
mite,” Cacao, or coffee heans, and they
show a particular liking for breadfruit.
They have never been talken in trap cans
baited with banana, orange, or pineapple,

Lirosophila pelleoae is a rare species in
central  Panama; [ omeeds#, moderately
common, OF 858 collections over a 4 vear
period at Barra Colorado Tsland, 2, pelle-
wae was collected twice on dates only a
week apart; £ ometzi, 19 times on dates
throughout the wet seazon, At nearby Mad-
den Forest, Canal Zone, £2 melsid was col-
lected in 8 of 15 feld trips; its sibling, not
at all. D wmeizii only waz also taken at
Camaron and Chilibee, two other low alti-
tude forest areas near Panama City. Both
sibling species were absent from 65 col-
lections at Cerro Campana, near Panama
City, at altitudes 2200 to 2800 feet. In
the cacae orchards of Almivante, western
Panama, 5. medzdi was a relatively com-
mon species during week long collecting
rips of 1962 and 1964, but D, pellaoae
was absent from eollections. Neither spe-
cles was found on three different collecling

Map showing collection arveas,

trips to El Volean, Chirlgui, western Pan-
ama at an altitude of 4500 feer, Further,
only I}, medsit was caught in 1961, and again
in 1962 ina coifee finca of Turrialba, Costa
Eica, at altitode 2200 feet. 0. metzid only
was caught in the lowland Bush-bush For-
est of Trinidad, where breadfroit bait on
the ground was used as a Tuee, ot neither
species could be collected using the same
methed in a cacao orchacd 2000 feet in
altitude at Arima, Trinidad, over a week
long collecting perind. Near El Heal in
the Tsthmus of Darien, Papama, 126 indi-
viduals of D smetai and 154 of D pellenac
were collected in an agzregation together
with members of 14 other species of Dro-
sophilidae.  £2, meisdi has been collected
a5 far south as Santa Marta, on the north-
ern coast of Colombia by W, B, Heed
ipersonal communication ) and ax far north
as Sonte Comapun near Vers Cruz, Mexico,
by A, . Fahergé {personal communica-
tion). In June, 1943, 12, pelleoae, but not
L3 mmetzd, was netted from fallen bread-
fruit at five localities, each several miles
apart along the Rio Raposo near Buenaven-
tura, Colombia, during a 9 day collecting
trip. f the three sibling species, only [,
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(a) Head of £, melzii male showing chalk white face end curine. (b)) Head of D, peflewee

male showing brown face and caviee. (¢) ITead showing ceduced white area on face anid caring of o
male derived from D peeisdi /D pellewae fomale hvbeids hackerossed with D) pellesae males.

febiciae was collected In Torest beside the
Amazon River near Leticia, Colombia,

MopPHOLOGICAT IIsTiNCTION BETWEEN
THE SIBLINGE

Drasapkila metzdi digplays two striking
sexual dimorphizms: (1) a chalk-white
carina and face in the male (g, 2a) vs,
a whitish carina and face in the female
and (27 an almozt completely black ahdo-

men in the male vs. a tan abdomen with
thin black apical baods in the female.
The caring and face of I pellewee males
(Fig. 2b) and females are uniformly yel-
lowizsh broswn, but 21 peliewae shares the
zexyal dimorphizm of abdominal coloration
with B, meetgdi I leficiae possesses a
banded abdomen in both sexes, similar to
that of females of its two zilbling species.
Whereas the caring and face of 0 {cticios
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Interspacific crnsars; pov cent fevtility and mean number of progeny per fertile eross in

interspecific matings between geographic straing of D0 melzi, I pelleseae, and D0 leficiae,

males are white though not so chalky as
those of I} etz males, the carina and
face of [ leticiee females are yellowish
brown az in I pedeeae. Jlale renitalia of
0. metzdl, 1, pellewae, and £ leticiae are
indistinguizhahle on inspection, any differ-
ences in proportions being of a statistical
nature. {Pipkin and Heed, 1964; Pipkin,
1967.)

The two western straing of 2, maisi
1T9, from Turrialba, Costa Rica, and
11AL Y, from Almirante, Panama, possess a

dark brown mesonotum amd pleurs which
are tan in the strain 3883 from Barro Col-
orade Island, Canal Zone, and paler in
strains 5D1 from the Darien and 1Tv17
from Trinidad, The ahzethce of much mela-
nin pigment from the latter two sirains
causes the face and carinz of the females to
appear whiter, though still not so intenszely
white as in males, A cline in body color
similar to that described [or £, metsis has
heen  observed in certain Panamanian
flower-feeding  Droseplile  (Pipkin, Rod-
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rigues, and Ledn, 19661 oaly diztantly re-
lated o the triparciate species group,

LanoraTory |NTROGEESSIDN BETWEEN
THE S1nLING SPECIES

1), Methods —To study  capacity  for
labaratory iotrogression between the three
specics, reciprocal matings between them,
using all combinations of sirains of each
species were prepared, Twenty viczin males
and 20 wvirgin females, aged 1-3 days,
were used per crozs, with a total of Z6
crosses for each kind of mating.,  Three
crosses of cach possible mating betwesn
strains of each single species as well as of
males and females of the same strain were
prepared  similarly as controls.  Purents
were transferred every two days until a
total of 10 transfers of each initial cross
had been made. The progeny vield of a

i B. PIPKIN

cross included the flics bhatching from all
the transfers of the initial 20 males and
20 females. A cross was classified as fer-
tile if at least one imaro hatched. The
nonpraducing vials usually contained only
epgs: only rarely did hybrids die as larvae
0T PUPAE.

2V, Tmtragression belween 1D metzii and
D. pellewae—The percentage of fertile
crosses and mean number of [y progeny
per fertile cross belween two sibling spe-
cies indicate the potential capacity for in-
trogression to ocour in the laboratory, Fig-
ure 3 zhows that crosses between all five
strains of L), mefzi with the three of 7.
potlewae are possible, though the percent-
age of fertility iz reduced compared with
crosses involving strains of the same spe-
cies, which always vield progeny {zee Fiz,
41, The mean number of progeny per
fertile cross was with few exceptions mark-
celly less in crosses between J2. meetzif and
D petfezaae than in control crosses between
strains of the same species. Thus only 4
ol 31 intraspecific crosses; ie, D1 ¢ x
5D1 &: 1TO € % 3T 4 5D1 9 % 179
i and IT9 @ % 1Trel7 &, vielded a lower
mean number of progeny than the cross
vielding the highezt number of progeny
among 30 interspecific crosses; fe, 119
¥ o 3R3 &, as a comparizon of Figore 3
with Figure 4 shows,

In crosses between LY weizi and T3 fal-
lewase, the Ty females were fertile in 38%
of 76 mass matings with D, peffevas males
and in 63% of 52 mass matings with 7.
mefzie males. Tn contrast, Ty hybrid males
were fertile only in 2 of 66 backeross mass
malings with D). pellewvar females. Tt was
certain that oo non-virginity had occurred
here since the progeny were polymorphic
tor caring color. IY) hybrid males produced
progeny in 5 of 72 backeross matings with
0. metzit females. A higher per cent of fer-
tility was abtained in crosses belween Ty
bivbrid males and females, particularly those
involving certain strains of each specics,
Table I shows the number of sterile 17, 9
I'y & crosses and the number of crozses
classed fertile by the production of a few
adult progeny. 1) hvbrids with a D sietzii
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L omstzit § parent of Dybrids

Feoh S Fa @ Fartile Aterile
SEBE/23BA 1 T 5 dd
as pupae
I'Ta 23 K6 2 2
11A1 372286 5 T3
&5 pUGE
;D /23B6 a 3
1Tr1% 725380 1
TARESGIE 3
tTa/6002 i fi
11A1 3/70b! 3 10
s /aDz 1 1
TIrl 776132 0 3
ZEBS/ ARG 1 5]
1T/ 5R3 i 2
T1A1 F/5RE H e L |
ds phpae
217515 1 7
ITri? /3RS 2 T+ 1dd
A% Pupae
Todal 4 81

female parent {left hall of Table 1) par-
ticipated in more fertile crosses than I
livbrids with a 0, pellepae female parent
(right halfl of Table 1), Iy hvbrids with a
£ metsi female parent belonging to strain
1T or TTAT 3, from Costa Rica or western
Pavama, respectively, produced a higher
propaction of Jertile crosses than Iy by
liridds with female parent belonging o the
Darien strain, 301, or the Trinidad strain,
1Tel?, of I wmotzie. The Costa Rica and
western Panama strains of JY. meizii can be
dizstinguished from the Darien and Trini-
clad strains also by the possession of a dark
mesgnotum in the former and a pale meso-
notun in the latter, No matter whether the
A1 pellesoge strain 3R3 from Rio Raposo,
Colombia, was the male or female parvent
in crosses with £, meetzii, the Ty hybrids
miked frfer se produced a higher propor-
tion of fertile crosses than hybrids with
theip I¥, pellewas zenome belonging either
to strain 23848 (Barre Colarado Island} or
132 {Darien).

Populations derived from mating of any
IV omeeieii- DD pellewae hvleide dnter 5o often
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Oyleome of masy seatings of Fo & 20 Fo 2 Jvbeids betwogen D metail ond D pellewae.

A peltmes T opaseit ol lyboids

Frg w o g Fertile Sterile

RS STRME b 3
ZiBGALTO 0 7
23B6/11AL 3 s 5
23Bos3IN 1 E
ZERGAUTEY o 3
GI¥2SZRRE i fi
oz iTa 4] 1

G112711A0 & {1 1= L odd

wE pupae
ANEREA D3| 1 13
sz ATrLT 0 2
FR3/360E 2 i
FR3ATS 4 &
SRAAEAL G 5 i
fR3/5IM 1 14
FR3ATe1Y 4 11
0 o

cdied cut in the Fo or 9 generations &t most
(imagines failed o hatch or were steriled,
but 10 of these populations have been car-
ried for 36 to OO0 generations. Populations
derived  from backerosses of Fy; hyheid
females with either £ mredsii or £, gelicwar
rales alzo tended to die out in early gen-
erations, but 14 of these poapulationz have
been cavried for 36 to 60 generations,

3y, Caring color polvmorpfism in kvhrid
gupelations —Regardless of whether the
fernale parent was [, meizé or D) pellcwas,
Iy males hybrid foc the I ometzd and 22,
fellewne genomes possessed s caring and
face az white asz in [}, mefzi, but female
hivbrids had a brown face and carina as in
£ peffewar. Thus the carina color charue-
ter appears to have an autosomal hut sex-
limnited inheritance (white carina s domi-
nant in males: recessive in femalesy. When
females hylcid for the D3 mefzid and [
feflewae senomes were backerossed to 52
fellewas males, some of their male oii-
spring had a less extensive white area on
the face and caring and often a pigmented
line down the center of the caring (Fig, 2¢)
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The variable reduction in intensity and ex-
tent of the white area on the carina in some
of the back cross wale progeny is appar-
ently due to loss of modifier(s) reinforcing
the dominance of the while carina charac-
ter which were present in the D). medsii
genome but absent from that of 0. pellewae.
In other males of the first back erozs gen-
eration an intense white covered as much
arey on carina and face as in D mepsd
males, while in still others the face and
carina were brown as in D). pelleeae males,
A seoregation Tor dominance modifier(s}
wits also observed in the Fe progeny of Fy
hvlrids for the D metzs and L2 pellowar
HETIOINES,

After 34 to 60 gencrations, the carina
color polvmorphism was found Lo be per-
sistent in 7 of 14 back cross populations
With the D). pelleteae genome twice as fre-
gquent as the B metsii genome in initial
populations, it iz not surprising that four
back cross populations became monomor-
phic for brown carina, and in three such
populations, brown appeared to be replac-
ing white carina. Similavly, a persistent
polymorphism was present in 7 of 10 sur-
viving populations derived frem the progeny
of Fy hybrids, mated fnfer se, after 34 to
Gl generations. In two such populations,
brown appeared to he replacing white
carina, and in one population, white carina
had replaced brown carina in hoth sexes.

The face and carina of nan-hrown males

5. B. PIPKIN

in hybrid populations after 36 generations
wiz whitizsh, not intensely white as in L3
mefzit. Thereforve, it was of interest to learn
how =oon @ hybrid laboratory population
loses the modifier(s) which extend and in-
tensify the white area on caring and face,
In Table 2 appear counts of “white” wvs
“brown™ caring in males for the first 8 gen-
eritions following mating infer se of back
crozs progeny of the cpnss FRASTIL § o
S5R3 4. After the filth generation, the
domingnce modifier{s) were lost since the
white area on face and carina was restricted
and less intense (Le., whitish, not chalky-
whitel in all non-brown males.  Similarly
in five other backeross populations invalv-
ing different steains of B2, seedzdi and D,
pefleeas, the dominance modifiers were
last in the 4th to Tth generation. In one
popalation, derived from 3R3IA11ALD 3§ =
SR3 4, half of the males did show a chalky
white face as late as the 12th generation
{see Table 3}, Here there was a persistent
polvmaorplism for modifies(s) of the white
carina character as well as for the white vs,
brown carina color character itself.

43, Tntropression between D leticiae and
its silling speciey —igure 3 shows that [
feticiae crossed readily with four geographic
straing of 2, metzd and with more diffi-
culty with the Trinidad strain; 1Trl7. In
contrast, 2. pellewee females of all three
strains produced few of no progeny in
crosses with L3 Jediciae males. When 1.
leficigr was used as the female parent, fer-
tlity was 34% in crosses with males of 2
peflewoge strain 23B6 and 23% in crosses
with Jr, peflesvae strains 6132 and 5R3. D,
Ieticiae/ D), fellewae Ty females backerossad
with {3, pellewae males of the strain con-
tributing its genome to the female hybrid
parent, were Tertile in ¥ out of 9 such mass
mating trials. Two of these populations
derived from backerossing o 23B6 and
6132 males, respectively, and continued by
maling feter se, were carried for 20 genera-
tions. Table 4 shows the outcome of mass
matings of F; & % F; ¢ hyvbrids between
Drometzii and D leticiee. Of the 17 fertile
aut of 59 mass mating trials of £, melsi’
I leticise hvbrids, five became sterile or
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failed 10 hatch in Fy oor Fy and none syr-
vived for 20 generations, Similarly, L3, leti-
cige/Ih o meeteli ) hybrids crossed méer se,
were lertile in 12 of 39 mass mating trials,
but seven of these were either slerile or
died out in the Fa or Fy generation, and
only ooe has survived for 20 generations,
Table 4 shows that the use of neither £2,
teticiae nor of any of the five strains of 0.
mielzii as the female parent of the Fy hy-
brids bas a marked influence on the fertil-
ity of the Ty & = I 2 cross,

When either IY. metzii ov D, pellmoae
wis crossed with [ letscige, T hybrid
males showed the extent of abdominal ter-
zite pigmentation to be intevmediate be-
tween that of B seefzii or D, pellewas
{with =olid hlack tersites), and that of 13,
feticiae males (with tan tergites marked by

TagLE 4, Chtcmme of weass wmatsags of F, 4

'|"|'5I.| itish

" Hirown 'It'.\.nl'ﬂ ]
cirini rarinn caring
<+ o [
ki L 13 0
0 1 13 o
11 o 40 2
i3 o] 36 i
10 1 G4 0
0 o in kS
T b i s
13 ol 31 1
& [¥] 31 0
& 0 23 0
10 o i1 0
3 o 21 0
1 L 70 a

narrow black apical bands), Reduction of
pigment in hybrid males compared with the
solid black abdominal coloration of 2,
metzif males occurred at the lateral macgins
of all tergites, and more extenzively of the
sixth.  All males hybrid for the D, seefzii
and £, feticiae genomes had white carinas,
like both parent species, but all ) females
had brown carinas like ). Jleticiae. Mating
inter seof Ty hvbeids for the 20 smefzi and
£ letieige genomes resulted in an Fu prog-
env zegregating for abdominal coloration
in males and carina color in females, Males
hybrid for the D, pelleeae and D, leticiue
senomes had white carinas as in 7. feficrae,
and Fy hyvbreid females had brown carinas
as in both parent species. Mating infer 5o
of ¥y hvbrids for the D fellewwss and 1.
leticiae genomes vielded an Fe progeny seg-

W Fo 2 hkybrids between 10, motzil and T leticiae

3 oweedzid 9 parent of bhyvbriads

1) deticine 2 parent of hybeids

Fy o Ty Feriile Srerile .]"n P [Fertile SeEile
Felaleliciae fi 11 telicipe /S EBE 2 3
1T eticine 2 i3 Ieticiae 10 | f
LIAL 3/lelicias 3 ¥ lelecine /111 3 4 [
SN flericiae 3 ] Ieticiae /510 4 o
1Tri7 leticias i 1 Isircrae / 1TT1Y 2 1
Total 17 41 1z 7
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Tagte 5. Flémnnalios r.'l_.r 1), medzii cdaraciors
from g fopulalion derived from 1o bvbeids be-
Lieeen T metlsil stegdn SEHS and T, leticiaz,

Abdarninal cal (it
Pale
wilh
Gonera- Trier- lilack
Liait mediate Black  bands Browsn  Whilizh
F. id 45
F- q 1 L& 2
F; 1 4] H i 1
I 0 i 20 a4

Serile 1 Fa

regating for both abdomioal coloration and
carina color in males.

The £, ez abdominal or carina color
characters were replaced by D, Isticiac
characters in the third to {ifth renerations
of two populationz derived from Ty hybrids
Lt i two other such populations, B, seedzii
characters became fixed. Table 5 shows an
example of four generations of a populution
ilerived from mass mating of hybrids he-
tween 0. meedzit and D2 leticize in which
the 7. metzél characters {solid black abdo-
men 1n males and whitish carina in females)
were eliminated three senerations later,
Table ¢ shows the converse situation in
which £, feficiae characters (pale banded
abdomen in males and brown carina in fe-
males) were lost in generation 1%, Fy hiyv-
L males for the £, medzif ancd D febiciae
genomes, backerossed to Dl etz were
aterile in 17 of 18 mass mating trialz. The
one fertile backerozs was carried two gen-
erations when 1t shoewed all D). meézdi char-
acters and was dizcarded. FF; hybrid males
hackerossed to £2, Ieficioe were sterile in
18 of 20 mass mating trials, One fertile
backcross population became =lerile in the
nexl generation and one was not fested past
the initizl cross. Temales hybrid for D0
peebzif and D feticiae renomes, backorossed
te I feticiae males, were fertile in 16 of
#7 mass mating trials, but 11 of these be-
camie sterile in F= or Fi bwo were not
testedl past the Tirst backeross: and three
died out before the 20th gencration, When
such 17 hvbeid Temales were backerossed
bo £2, meebsdi males, 19 of 26 trials were fer-
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Tapre 6, Elfsinalion of D lelivae charociers
Srem oa gopuiabion derived frome ¥y Gyhrids be
fween I metzil strefe 35E8 and T3 lelicias.
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tile, bt five of these became sterile or died
oul in Faor Fy, and the remaining became
fized for L3, etz characters by the foarth
backeross peneration and were discarded.

FVIpE~cE roR INTROGRESSION BETWEERN
D METZI ann ). PELLEVWAE 1IN NATURER

In November, 1962, a mixed population
of 144 I pelicioge and 128 I mefzi indi-
viduals was collected in a multispecific ag-
gregation together with 399 individuals of
14 ather species of Drosophilidae by sweep-
ing over an unknown froit in lowland forest
pear  Uroselke {near El Real), Darien,
Panama. Females were separated accord.
ing to carina color. Among the progeny of
the mass culture of 109 brown-faced fe-
mitles classed as £ pellewas, five males
wire ohserved, each with a chalky white
caring as in B, melgd, These were dis-
carded in the mistaken belie! that somehow
a . mefzii temale accidentally had heen
included in the original mass culture of the
I peliczaae strain from Darien.  After it
waz clear from crossing the two sibling
species i the laboratory that introgression
coulid take place, o search was made in the
stock cultures of all three D pellewar
strains for evidence that such introgression
might have been taking place in nature.
The male population of the 23B& strain
from Barre Colovado Island, Canal Zone,
never exhibited polymorphizsm of carina
color. An obscure palvmorphism of carina
color was found in the stock strains of £
pelleeae drom Darien (602), where both
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siblings occur, and in the D0 pellessae strain
from Rio Rapozo, Colombia, (5R3), where
£ ometsli was nol found atier a thorongh
search.  Counts of males of strain 612
showed 42% males with all brown face and
cating and 8% with whitish on the sides
of the carina and at the base of the clypeus,
T the 3R3 strain, 62% of the males had a
brown face and carving and 38% possesserd
whitish arcas on the carina and clypeus,
All females of both 612 and SR3 strains
[pozzezzcd tvpically broswn carinas and faces
az in the 23B6 steain of D, pellowas, Inoa
second trip to the Darlen in Nowember,
1963, no large population of D etz or of
8. pellopae was found, but two males and
sin females of L3 medzid, with white carinas,
and one male and two females of L3 pel-
fegpae with hirown carinas were netted inoa
mixed population on a logging path in forest
a few miles west of E1 Real In addition,
a male with a reduced amount of white on
face and carina was collecied; the male was
apparently part of a hylrid population.
Three of the B2, metziéi females were bred
singly and gave rise only 1o white faced
male and female descendants for three zon-
erationz, Ome D peflemee female died with-
out producing progeny, but one female,
Mo, 10T 0, classified as £2, pellawae, since
she had & hrown face, was mated in nature
and gave rise to a male population showing
polyvmorphiso for carina color, Since not
all the male prageny of female 100104 bad
the chalky white face characteriztic of Ix
metzii, the female hersell must have be-
longed to a hyvbrid population, and ber un-
oown wild mate either similarly helonged
to a hybrid population, or he was I pel-
lerae, The polymorphizsm in the descend-
ants of female 10D 10a was maintained at
least six generations, as Table 7 shows, A
re-examination of this strain three wears
later showed it to be monomorphic “hrown
fced.”

Original field notes taken in June, 1963,
at Rio Rapozo, Colombis, recorded that one
of the eight B, peliewae males taken during
a U-day collection trip at the Rockeleller
IField Laboratorsy had a whitish carina,
whereas  the olher seven had  typically
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manomarphic o
brown carinaz and faces, Since no L3, melsi
wis collected al Rio Faposo, though 1%
ferniles of D). fellewae were taken from
breadiruit at five different localities [rom
410 6 miles apart along the river, the aber-
rant male is thought to have been the re-
sult of introgreszion between the two spe-
cies further to the north.

CHTOLOGY

Aceto-orcein-lactic acid smears using a
maodification of the method of Wasserman
(954} woere made of salivary chromosomes
of hybrids between D mefzil and D pel-
femae, uging warlous strains of cach and
al=o of hvbrids between £ metzd and 0.
feticipe. Larvae were taken from un-
crowded cultures reared at F0 F on corn
meal medium enriched with the addition of
Fleischmann®s yeast. The difficulty in
breaking the nuclear membrane in these
bvbrid cells was overcome by using the sug-
gestion of H. Takada [personal communi-
cation) that a deop of 1N HCI be added to
the freshly dissected salivary plands for
half & minute, followed by washing in dis-
tilled water and adding the stain, The
slides were made permanent by using alco-
hol replacement in a desicecator overnight,
dipping in absolute alcohel for half a min-
ute, and mounting in euparol, The cells
were studied with phase contrast micros-
copyy, magnification 9¥0 3, ol immersion.
Figure 5a shows a pholtograph of the sali-
vary chromosomes of a female hybeid be-
pween I3 fellewae steain 23BS and I
srelsd strain 11A1 3.0 An interpretation of



5 B.FIPEIN

— it

__'“\__JI

Fiz. 3 (o) DPhetegraph of salivary chromosomes of a femele hebeid for B omeetzil and B pellewas
conomes (11AL 3723860 showine four pairs of aulosomes involved in a complex translocation figuee.
The small chromesome VI and the X ehromsome lie free from the aulosomes, (b Interpretation o
Fiz. 5a; ends of chromosome:s are marked “E5 (c) Pholograph of a portion of the kirvetype of a
Jerale hvbrid for Lhe D, weetsf and D, pelewae genomes showing two cross-shaped helerozygous teans-
lecation interchanmes, [(dy [nderpretation of Fix 5c; ends of chromasaomes are macked “E."

the configuration is given in Fig. 5h. The
X chromaosome, with the right heterochro-
matic end shaped like the bowl of a pipe,
lies free from the autosomal mass. The two
homologues of the X chromosome arve fully
paired, a fact that agrees with the abserya-
tion that the X chromosome of 2. melzd
as mapped by Eastritziz { 1963 ) corresponds
band for band with the X chromosome of
D pellewvae strains. In Fig. 5a the small
dot-shaped chromoesone VI oappears as an

oval =pot close to the other autosomes in
the leftmost part of the figure. The four
pairs of rod-shaped long autosomes, with
eight ends marked “E"” form a labyrinth
of chrompozome arms due to pairing between
homologous  portions of genomes  distine
guished from one another by transloca-
tions, Trwversions also distinguish the two
senomes; a large inversion loop is visible
in the lower middle part of the figure above
the free-lving X chromosome. In Fig. 5c
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Fic 6.

appears a photograph of a portion of the
karvelype of another hvbrid derived from
the same two strains of 2. smetzii and 1.
fedlenae, respectively, in which two inter-
changes involving translocated chroma-
somes can be seen. The ends, laheled “E”
in the interpretation of the photograph
i IYig, 3d} can be seen in g, 3¢, showing
that the interchanges invalve translocations
rather than inversions. Lack of close pair-
ing of homologues is seen both in Fig 5a
and in 5S¢, where certain short sections of
the chromosome appear abnormally wide.
A zsimilar pairing fizure of connected auto-
somes with a free-lving X chromosome has
heen obscrved for hybrids between 12, pel-
fewpae strain 23B6 and 12, meedsds strain
SRBS; D gellewac strain 602 and D
metzif strain 3D 0 pellewac 612 and
D, ometsdi strain 11A1 3, and D, pellewae
steain SR3 and 1, meeizil steain 1779, Fig-
ure & shows an interpretation of the =ali-
vary configuration of female hvhreids be-
tween O, seedsit steain S8BE and D). Ieticiae.
Unfortunately, the slide was broken as
preparalions for photography were heing

Interpretation of salivary coniizuration of 2 3, seefsfif 0, Jeticiae hybrd,

made, The X chromosome and small chro-
masome V1 also lie free from the mass of
long autosomes; a portion of the X has
been torn off o this cell, Fioht ends,
miarked “E” of the four long autosnmes
which are connected in the hybrid by the
paiving of homologous chromesomes  in-
volved in translocations are wvisible. This
hyhrid shows a more extensive lack of palr-
ing az well as a greater complexity of struc-
tural rearrangements than the D, meizii-
D peifeaae hybrid,

Twenty preparationsz each of 1. pelicwar
strains 23B6, 6D2, and 3R3 showed no in-
version figures, but two cross-shaped trans-
location figures were seen in two prepara-
tions of larvae taken from I}, pellewae
strain &102 from the Darien. Inversion fig-
ures were nol seen in seven individuals
heterceygous for L3 pellcwae strains 2356
and 6102, Neither 10 individuals of 0
meedzii strain 38BE nor 10 of strain 170
showed heterozygous inversions, nor were
inversion figures seen in four individueals
heterozygous for these straing, The other
strains of . metzdd have not vet been exam-
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ined for inversion polvimorphizm, Work is
in progress to determine il [ucther hetero-
zyeous translocation figures can be found
in salivary gland cells of larvae taken from
the Darien strains 100D10a and 6D2 of 2.
pedlemae and 53132 of D). melzii. The hybrid
populations derived from laboratory intro-
gression between L, mefsis and £, pellewse
will alan be studied to see if any heterogy-
zous translocation fizures are present.

Dscussins

The ohservation of segresants showing a
caring color polymorphism following cross-
g between D3, metpis and D, pelispae in
natural populations o the Isthmus of
Darien &3 the first of itz kind reported in
the geous, Ross (1957) presented evidence
of the hybrid origin of four members of the
leafhopper genus Hryddronewra and  sume
marized past literature on the subject of
hylrid animal populations. Lewontin and
Bireh {1966} have argued that introgres-
sion has occurred hetween the Cieensland
fruit fly Dhews teyoni and Lthe closely re-
lated Decus neofnemerafis. sing species
specific salivary chromosomal banding pat-
terns as o criterion ol species hybeid detec-
tion, Carzon {1954 found no evidence of
crossing between 0. boecoimensis and D
focginoddes of o rain forest of Brazil though
the two species feed together over fallen
fruic and can be made to hvbridize in the
laboratory.  With a similar criterion, no
crossing in natural populations between D,
arizanensiz and race B of D mejovensis
was Jound by Mettler and Nagle [ 19667
hetween £, povani und L0 gaacka by Koref-
Santihafiez and del Solar (1961} between
eustern and western straing of IV affbasca
by Miller and Westphal (1963); between
the Orinocan and Amazonizn strains of £
pawfiztorwn by Dobzhanzsky and Spassky
(19595 or between *light™ and “dark” I},
anawassar [ Futch, in Johnson et al, 1966).
Although £y, persimilis and D prewdond-
senirg will Introgress in the laboratory when
no cholce of mates is given amd tempera-
ture is held at 25 C, species hybrids in
nature are extremecly rare (Van Valen,
1963y, Natural sterile male hyvbrids be-
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tween £, aldeicks and £ wmeallerd, detectable
by the reduced size of their testes seen
through the ventral abdominal wall, are
found ooly in regions where D, aldrichi
males exceed one-third the male population
of both species (Patterson and Stone, 10527
[°s hybrid females between these specics are
not detectable in nature, but these have
been obtained in the laboratory and have
heen found to be likewise sterile (Patterson
and Stone, 19525,

Frrasoplila meizii and D pellewae of the
present sludy have met in a hybrid zone in
the Tzthmus of Darien for o maximum ol
three million vears  [(Woodring, personal
communication ), since the formation of the
Panama Land Bridee, and neither species
s lost its identity nor developed suificient
sexual isolation to totally prevent & certain
amount of intercrossing in nature, This is
thie aldest animal hybrid zone which can he
dated in an approximate fashion of which
the author is aware, Mayvr (19630 cites the
5000 wear old hybrid zooe occupied hy
Corvus ¢, corone and Corpus ¢ cornfr in
[Eurnpe,

Since the Drasophila species of the pres-
ent study helong to the typically South
American  fripunctata species group, IR
meedsii is thooght to have cvolved from a
wind spread migrant from South America
some time i the Tertiary when there wus
an oceanic sepatation of the Americas. The
species that became £V pellowae was iso-
lated on the west coast of Colombia by the
Atrata Trough, a marine warerway extend-
ing from the north southward into what iz
now ceniral Colombia [(Schuchert, 1955
andfor by the orogenesis of the Andes
Mountainsg, The specics on the beadwaters
of the Amazon River that became I3, lediciae
shows a greater difference in salivary chro-
mnsomal banding pattern from 0, weizi
than distinguishes the latter from [ pel-
fewae,

The finding that autosomal transloca-
tions have served to lkeep dislinet twe
clozely related species which evolved in
izolation but are now regnited in the Darien
[sthimus was unespected in view of the ab-
sence of translocation strpctural differences
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cistinguishing members of the large repivia
sroup studied by Wasserman (19407 and
the mefomico oeoup studicd by Stalker
V19630, However, translocations of the in-
sertional tyvpe may play a rale in distin-
guishing members of these species groups
since there are “loreign” regions of corre-
sponding chromosomes of any two related
species that are not due (o inversions in
acdition to regions 1hat show a remarkable
correspondence in banding pattern, Stone
(19820 contrasted the number of paracen-
tric inversionz with the virlual absence of
translocations, excluding fusions, in Dwa-
sophile. He pointed out that this is under-
standable since paraceotric inversions may
have a poszitive selective value by holding
together favorable gene combinations owing
to thedr reduction of recombination, whereas
heterogvgous  translocations  ave  strongly
selected against when they first arvise be-
cause of the loss of about 30% gyveoles in
crosses with individuals free of transloca.
tions. In the present work the high rate
with which populations decived Trom by
brids for any two of the three sibling spe-
cies died out in early generations following
lzboratory intfrogression was believed to be
partly due to heterozvgosity lor complex
autosomal translocations which distinguish
the specics, That heterozvoous transloca-
tions way occasionzlly possess a strongly
pusitive =elective value is supgested by the
finding of White (1963) of a male Morala
senrrd, heleragygous for a translocalion in-
volving four autosomes in a natural popu-
lation. Natwrally  occurring  individuals
heteroevzons lor a translocation invelving
two autosomes also have been  described
for Brazilian . anamassae {Freive-Maia,
1961, A complex translocalion eliminaling
random assortment of most of the chromo-
somes might survive and become homozy-
gous in the population if the chromozomes
held in linkage are [avorably coadapted,
This may account for the fixation of carina
ar alidominal color characters belonging to
a given parental species in early generations
of populations devived from D, seefzdi /D2,
pelfepae ov B anelsli/ D, leficiae hyvbrids,
respectively, or in populations derived from
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backerossing female species hybrids with
one of the purental species,

Although specific isolating mechanisms
have not been examined with rezpect Lo
whether or pol a renforcement of these
exizts in the area of svmpatry of 70 mefze
and D gelicwae, data on crossability and
mean number of oflspring per lertile cross
Between svmpatric and allopatric strains
of these species do not support the idea
that zuch a reinforcement has taken place,
Instead these [actors seem to depend on
intrinsic strain characteristics without re-
gard to allopatey or svmpatry, Tor exam-
ple, the D pelleeae strain from Rio Raposo,
Colombia, where I, mefzif was not found,
does cross more readily and produces more
aflspring per fertile cross with four of five
strains ol B mefzii than do D0 pelienae
strains 6102 and 23B0 which come from
areas also occupied by F) medzd, On the
other hand, the per cent {ectile crosses he-
tween £ wmetzii strain 38B3 females an
svimpatric £, pellewae strain 2388 males
(379 Is approximately the same as with
males of allopatric J). geflevae steain 3R
{32%%, Bince Ib, pelicipae on Barre Colo-
rado lsland, Canal Zooe, represented by
strain 23B&, s an extremely rare species.
thee argument could e made that noe eein-
forcement of 1solating mechanisms shonld
he expected hetween D). meizii (58BS) and
Iy pellewac (23B4) here, In the Darien
Isthimus, where £}, pellcwee and D melzi
ocourred inoa 302 ratio in & natural popu-
fation, it might be expecterd that i=olating
mechanizms would be strengthened most;
e, reinforcement of isolating mechanisms
iz expected to have acourred between S2,
felleae strain 6102 and 12, melsdl slrain
i1, both derived from oa single mixed
population,  Reciprocal matings  between
£, pellewae strain 6D2 and allopatric f3
metsdl strains 11AL 3 and 179 do indeed
show a distinctly higher mean number of
offzpring per fertile crozs than crosses he-
tween sympateic L3, pelfowas (61020 and 2.
ppedzid (51010 On the other hand, recipro-
cal crosses hetween D, pelfempae strain 6102
and allopateic D welaf steaing [Tel? or
8B8 show as low a mean oumber of off-



o

spring per fertile cross as the crozses be-
tween svmpatric . pellewae strain 602
and I setzéd strain S It s worth noting
that the pale eastern 7' metzid strains 5131
aned 1Tr17 are distinguizhable from the dark
weslern strains 11A1 3 and 179 and also
from strain 53B&, which shows an inter-
mediate mezonotal coloration coreezponding
to itz intermediate geographical position.
Thus it appears that the low mean number
of progeny per fertile cross of 73 pellewes
sieain 6002 and D). mefzi strain 3D docs
not necessarily result from a reinforcement
nf isolating mechanizms in the area of
sympatey butl could equally be considered
a strain dependent phenomenon due to
izolating  mechanizms developed in alle-
atric populations,

Sinee dominanee modifier{s) which ex-
tened and intenzify the white carina color
in Q1o oseeizd are lost in early gencrations
from hwbrid laboratory populations, they
must he located on chromosomes  that
undergo random  assortment at meiosis;
e, on the X chromoesome or on the small
chromosome VI. The X iz ruled out as a
possible location of these dominance maodi-
fier (2} because reciprocal crosses of DD,
mefzal and D pellmoae each yvield F; males
with a chalkwy white carina and face: ie,
nir reduction in the extenl oc intensity of
the white area which would be expected if
the modifier{z) were on the 2 chromozome
of £, pellewae in progeny of the cross he-
tween [, pellewes females with D meizi
males, Thus it is believed that the domi-
nance modifier{s) must be located on the
small chromosome VI

The findings with respect to the sibling
species B omelsdf, D pellewae and 0,
fedietae present both similarities and difier-
ences with those of Dobzhansky and his
colleagues on members of the superspecies
B pandistorum,. The siblings of the iri-
punctata group and those of the paulistorom
superspecies occupy about the same area in
Central and South America. In consequence
their respective evolutionary divergence has
been influenced by like topographic features
and zealogical history.  Both groups of
species produce ferfile females and sterile
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or practically sterile males in laboratory
crosses where these succeed.  Transloca-
Lions have not plaved a role as an isolating
mechanism in the pawlistorwesm siblings, but
sexual izolation and hybeid sterility arve
important. Barro Colorado Lsland, Canal
Zinne, appears to be near the limit of range
af the Amazenian and Orinocan sihlings of
the pawlistarus: ser since these are ex-
tremely rare here compared with 20 egui-
woxalis and D tropicafiz, alzo siblings of
the same gflifstond species group (Spassky,
in Pipkin, 1965). The Central American
pawlistorum species has not wvet been col-
lected on Barro Colorado Tsland, but has
been taken on the mountain Cerro Cam-
pana, some 35 miles west of Papama Cily
{Dohzhansky, personal  conymunication).
Theee are sizns that introgression between
Ppawlistoram species has ocourred in north-
ern Colombin since a Transitional strain
Lthere shares species specific chromosomal
banding patterns with an Andean-Brazilian
race [Dohzhansky et al, 1964). There is
no evidence on this basis that such intro-
gression has occurred on Barre Colorado
Tsland, and in fact the Amasonian and
Orinocan zpecies here will not even cross o
the laboratory {Dobzhansky and Spassky,
19595, The sexual solation which charac-
tervizes the Amazonian and Orinocan species
of Barro Colorado Tsland is believed not o
have developed there az a response 1o un-
favorable introgression since both species
are so rare in this area that little or no
crossing between them is o be expected.
Although the frigrenciate siblings of the
prezent study and the pawlistorum species
are both ground-feeding Drosafhila, the
panlistorune species use a wider range of
fallen forest fruits and blossoms for feeding
and breeding, including hoth drier types
and alzn fleshy fruits (Pipkin, 19653}, Thus
it iz to be predicted that their populations
in non-marginal areas of their distribution
wiould be maintained in larger numbers
throughout the vear and would undergo ex-
pansions in the dry season when the fleshy
fruitz are dropping, The iripunclote sib-
lings on the ather hand, feed almost whoelly
on deier tvpe of fruits and never enter traps
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baited with fleshy cultivated froits which
o attract the gowlistorsm species, The
tripimctate siblings are subject to great re-
duction in population size during the dry
season because of Lthe desiccation of their
fallen iruit and blossom breeding sites,
They survive at this time by breeding in
small numbers in living ilowers ( Tipkin,
19651, Owing to their breeding habits the
Lripumctata siblings are not expected to
build az large populations the vear round
as the pawdisterwm siblings in non-marginal
areds.

speciation among the fexdistorsm mem-
bers has progressed farther in Central
America than among the tripesciate sib-
lings of the present study, Possibly the
ancestral paadistorson moved into the area
earlier or was able lo colonize earlicr be-
cause of its versatility in food habits, The
Central American  pawlistorum sibling is
distinet from the Amazonian and Orinocan
siblings, whereas 3. meatzii, with a similar
diztribution has enly differentiated into a
idark western TPanama (and Costa Rica)
strain and a pale castern strain from Darien
and Trinidad, each group possessing a char-
acteristic crossability with a given 2. pel
lewae strain, The differentiation of a Cen-
tral American posdistorim species and 2
dark strain of [, metsdi from western
P'anama and Costa Rica suggests that these
evolved as insular forms during the Tertiary
when Central America existed as islands.
The fripuncfata sibling from the Amazon
River, 0, leficige, haz not reached the
Tsthmus of Darien, and nothing is known
of itz northern marzin of disteibution, The
tripunctata sibling from the southwest coast
of Colombia iz D pellewse which has
reached Darien in numbers but is extremely
rare at Barro Colorado Tsland., The pawli-
storgm gibling from Rio Raposo, Colombia
alzo shows characteristics of its topographic
isolation  (Dobzhansky and  Pavlovaky,
1967).

SUMMARY

The sibling species of 0. wmedgii and 0.
pellewae were found feeding in the same
multispecific aggregations on fallen fruit in
a forest of the Tsthmuos of Darien, Panama.

£, metsii only was collected in western
Panama, Costa Rica, and Trinidad. Only
L3, pellewae was found at Rio Raposo on
the southwest coast of Colombia. The spe-
cies differ in the possession by metzi males
of a chalk white face and carina (whitish
in fernales) which is brownizh in hoth sexes
of pellewne, Though a degree of sexual
isolation exists, zome F; hybrids between
the two species are produced both in nature
and in laboratory crosses. Backerosses of
female hybrids to males of either parental
species are usually fertile; backerosses of
male hybrids, usually sterile. T, hybrids
crossed fafer s are usually sterile, Labora-
tory populations derived from backeross
progeny often die ot in three or four gen-
erations, but several have been carried as
long as from 30 to 60 generations. Fy hy-
brid females backerossed to pellewae pro-
duce male progeny exhibiting various dilu-
tions of the extent and intensity of the
white area on face and carina owing to loss
of dominance modifers present in metzi
but absent in pellesmae. These laboratory
backeross populations display a carina color
polvimorphism which can also be seen in
natural populations. Examination of sali-
vary chromosomes of hybrids reveals the
presence of translocations involving  four
pairs of autosomes. These zerve as the
major selective mechanism for keeping the
species separate in spite of the limited in-
trogression resulting in the carina color
polymorphizsm. It iz zpeculated that the
two specics have been introgressing for a
maximum of almost three million vears
since the formation of the Panama Land
Bridge, 0. leficiae, from the headwaters of
the Amazon River, is an allopatric specics
closely related to L) metsit and to 0. pel-
femae. Laboratory introgression is possible
hetween L. feticiae and its sibling species.
Complex autosemal translocations also dis-
tinguish 1) leticiae and D). metsii,
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