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[T RODUCTION

Cerrain neorropical drosophilids both feed and breed in living flowers and
are rarely or never collected by net sweeping over fallen plant parts, over
fungt, or o fruit baited traps. Twelve of these species have been described
recencly by Pipkin (1954). They ace distinct from two other aggregations of
neotropical Drosophilidee species, the fungus-feeders and the ground-
feeders, which sometimes breed in flowers (Pipkin, 196%a). For the present
work the major collecting area was in forest at 2,500 fect on the mounrain
Cerro Campana, aboot 33 miles norchwest of Panamd City, Panamd, The
collecting area covered abour 4 acres, including half an acre of coffee rees
on cleared land. Sixty-four collections were made here throughoue the year
from July, 1960 o Augusc, 1964, TFewer collections were made in cenceal
Panamd at the Ft. Sherman Reservation and at Madden Forest, Canal Zone;
in western Panamd at El Voledn, Cerro Punta, Sond, and Almirante; in east-
ern Panamd at El Real; at Rio Raposo, Colombia (near Buenaventura) on
the Pacifie coast; at Leticia, Colombia, on the headwaters of the Amazon
River; and at Trinidad, West Indies. Fig. 1 is a map showing these collec-
11(][] arcas,

Among flower-feeding Drosophila, several species have been found asso-
ciated with a single plant hose, Others use two plant species, and still
others feed and breed in flowers of several species. The purpose of this
study is to present the evidence for plant hest specificity among rthese
lower dependent Drosophila, absence of it in others, and the hearing of
this informarion on the evolutionary history of borh drosephilid and host
Herbarium specimens and colored photographs of plants have been de-
posited in The Nartional Museum of Costa Rica, San José, Coste Rica, and
The U. 5. National Museum, Washington, D. .

METHODS
Adule flies were collected from flowers by aspiration and stored in vials
containing moist laboratory culmre medium. Flies were bred from flowers

*This work was supported by che Division of General Medical Sciences, The Ma-
ticnal Institutes of Health, Bethesda, Mdo, RG 00813 to The Gorgas Me r.1¢.nﬂ_1 Labo-
ratory, Panamd, and R IEDIS. alzo The MNational Science Foundation Grant 160728,
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FIG. 1. Map showing collection areas.

hroken off the p!ar:t, The drier flowers were [rat in quart mason jars; thio s
with much sap, in flower pots with the drain hole plugped with corton. When
imagines hacched, cheesc cloth covers replaced cotton stoppers of the con-
tainers,  Vials containing colrure medivm were inserted inte holes made in
the covers. Harching flies crawled into the collecting wvials from time to
time and were removed for examination.

RESULTS AND CONCLUSIONS
1. Momophagows Drosopbila

Collections at the major study area av Cerro Campana proved that living
flowers are used for larval and pupal development by both host specific
and non-host specific flower-fecding Drosophile as well as by ground-
feeding and fungus-feeding Drosophifa. In this area a constant wet scason
occurs from May through December, incermictent rains falling to mid-Janoary.
Temperature varies from abow 20 w 23 C throughour the year. The wsual
flowering periods of the plants occurring in sufficient numbers o support a
Drosopbils population are presenced in Table 1. Here it is seen that four
species, §h migrasplendens, D, bhansoni, D xenthopalfescens, and D
meclintockas were bred each frem flowers of a single plant species re-
spectively; i.e., from Heliconia subwlate, Heliconin velleripera, Calathea
insignis, and Aphelandra micans, Phowpgraphs of these plants which were
growing side by side in thickets of the forested area appear in Fig. 2 {a=d).
The four Drosc}p&f{a ."ipf_'{.'i.&-.":‘ could be bred :Egular]y from their rESpe:‘.‘EI".'E
hosts and never from the other plants listed in Table 1, even though two
other species of Heliconia and two other spocics of Calathen were growing
in the same plot intermingled with the plants supporting host specific
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TABLE 1
Usual blesseming periods of forest planis ar Cerra Campina, Panamd (25040 fr.)
and Drosoebilidae toed from their flowers,

TN L1 o F]nw-q_:r-l:erre-:i.iug Geonnd=fecding Fungus-feeding
Plant species hiavzamip h FRLE e Drasophili dae Droasmaphilfddae
SROMINE bred oot bred out bred our
Anghurum Jan., Feh.
AT
Impatiens sullani Jan., Feb.
Frevmornd Ot o ]'Q.I'.l.1 Fehb.
White hyacinth Ian., Feb Clastopiemmnia sp. Sypothricd sp.
Cepbgelis vlata lao., Feb.
Red mine Jan. thru Macch
Passiflorg v folie Feb., Masch Fypothrica sp.
Crvsnibil e March, April
rsced o2l
Coffea arabics April
Sifrarena April

i cardgme Sl

Heliconia swbnlata Fehy thra Sepr. [ migresgidemden s
Ih srphepkora

Heliconia March theu Nov. L hamvond Clastiopi eyt 5p.
vellerigera . axpebephors
Cperapie mexicans Mareh thr Sepr. I3, mreeefvofairoag

Seaptomyma sp-

Ol gthea instami s April thoe Oon [ xeonbopalescons

Aphelandeg sicans Aug. 20 e I mecclintockae I foveiola Zypothrica s5p.
Dec, 15 Haopilosa sp. I repleta vpotkricn sp.

flavapilosa spa. [0 nevemerpba

L Eugebidi I mediofirue

LA uRciald sp.
el athea allowia Sept. thra Mov,  flavupilosa sp. 0L mediof o Fyvpotbrica sp.
Calathed s5p. Sept. thru Naw, Zvaothrice sp.
(e (T e 20T Sepr, thru April O bussckd It medioneios Fwgmathrica sp.
corcin s D, dlumelas Fyvgothrica sp.

I medioparva
tripunciald sp.

D miedicers
crtrelied sp.
Clasiopleronmt a Sp.

Erythring Ocr. 1 mediomotata Fypotbricd &p.
berrterodn 0. bademannae
. angusttbucca
N. jasciala
R B
Arcid sp. et I meomarpha

I capricomd
I cardinoides
I fuseiosda
bETIRRGRT 5P,

Hvrosms Sept. theu Mov.  Undescribed
pii | emsis Orsophila sp.
(one oocision )

felicanig willesa Bepr., Der,

Heliconda sp. Sepr., et I mediocris

Sl creesn b Mov. theo Jan.  fJTawebilosa sp.
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FIG. 2. Photographs of plant hosts of monophagous drosophilids at Cerra Campana,
Panama, 2,500 feer. {a) Apbelardra micans) (b} Calathea insignis; () Helicanig
subulata, (d) Heliconin vellerigera,
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Drosophila.  D. xiphipbora showed less specificity by using the flowers of
two Heliconigs, each also occupied by a menophagous dresephilid; i.e,,
Heliconia subulata and Heliconia vellerigera, respectively. Ten species of
Drosophilidas shared Aphelandra micans with [ meclintockae (see Table
1), but the non-host specific flies were bred in far lower numbers than was
0. meclintockae from chis plant. Of 1,614 flies bred from Apbelandra
micans, 95.7% were N mocfintockae. Similarly, of 156 flies bred from
Heliconia vellerigera, 96.2% were [). bansoni; 3.7%, D. xiphipbora. OF 58
flies bred from Heliconia subulata, 94.9% were Do nfgrasi‘}fe}?da’ﬂs; &.0%, D,
xiphiphora; and a single fly belonging to the flavopilosa species group was
bred from this planc

Eggsof D, bansoni, D. nigrasplendens, and D, meclintockas were laid on
tough, unopened flower buds scarified by the ovipositor of the female flies.
Thus D. mcclintockae cggs were found predominantly on the upper half of
the flower spike on the outside of the calyx lobes rather than at the base on
open flowers. The larvae penctrated the buds and fed on pollen and other
plant tissue. In these cases flies could not be bred from fruirs or other
parts of the respective host plants. By picking away the calyx lobes, D.
meclintockae larvae were usually seen feeding arcund the anthers in im-
mature florets and could be found alse in decaying portions of the chachis.
Presence of [ meclintockae larvae in a bud of Aphelendra micans could
prevent blossoming of the florer involved; but even at the peak of popula-
tion of the fly, there were more potential florers than flies bred from a
flowering spike of the plant. The droscphilid infestation may have caused
wnopened buds of Helicomia vellerigera and of Heliconia subulata to drop
prematrely, When collected from the ground, the respective host specific
Drosophila could be bred from these buds. The plants in question suffered
little since {lowers te spare were produced,

All of the plant species serving hest specific drosephilids possessed
long flowering periods of from four to nine months, as Table 1 shows. Two
of the plants supporting host specific Drosopbila, i.e., Heliconia subulata
and Heliconia vellerigera, with long flowering periods, began to blossom in
the dry season and so supported their respective Drosophila species during
a time of the year when certain ground-feeding drosophilids existed in very
low numbers (Pipkin, 1965a).

The flucruation in population size of a hest specific drosophilid was
correlared with che time of blossoming of its respective plant host. Each
of the plant species supporting such Drosophila at Cerro Campana, L.e.
Calathes insignis, Heliconia vellerigera, Heliconia subulata, and Aphelandra
micans, began to blossom for one or twe months before adule flies of the re-
spective species could be collected. This indicates that another plant host
was not being used. Flucmarions in population sixe of DL mcelintochae
have been followed in most detail. The egp of this fly could be discin-
guished from that of all other species of Drosophila collected ar Cerro
Campana. Since the species could be culmred in the laboratory, it was
possible to determine that eggs of D, moclintockae are unusually leng and
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possess three filaments each more than twice the length of the egg (Pipkin,
1964), D, wifiloides, also occurring ar Cerre Campana, has smaller eggs
with three short egg filaments, yellow at the base. Other Drosophilas spe-
cies there have two, four, or no egg filaments. For this reason the asso-
ciation of D, meclintockae with its host plant, Apbelandra micans, could
be traced by observing eggs both before and after adult flies could be col-
lected. Thus, on August 21, 1962, when Apbelandre micans was just be-
ginning to flower, eight epgs of I meclintockae were found on two of 27
floral =pikes examined. On Seprember 19, one inflorescence bearing four
eggs of D meclintockae was observed whereas 29 loflorescences carried
no eggs, but five I, meclinrockae were bred our,  On Ocrober 3, although
no egg counts were made, sill no adult 0. meclintockae were scen, A
month later, on Moyvember 2, one or more of these large drosophilids was
crawling on nearly every plant. Seven adults were counted on five spikes
of the same plane in ten minuees. The nombers of I meocfintockae adules
bred out increased from 2.3 per floral spike collected Ocrober % 1o 10.4
flies per spike collected November 2, and dropped to 5.5 flies per spike
collected November 13, Twelve, 33, and 35 flocal spikes, respectively,
were tested singly in balf-piot jars for the three collections, It is esci-
mated from counts, thac 300 inflorescences of Apbelandra micans were
present in the collecting area ac che heighe of the flowering period of this
plant.  The plant was uncommon in other parts of Cerro Campana which
were visited in the four vears of collecting., Thus, the peak popularion
size of [ wmeolintockae in the collecting arca was of the order of 3,400
individuals,

Apbelandra wicans was no longer blessoming afrer mid-December. The
E:uiLin;; :'-.:pi]u::—c turned from bright red to brownish groecn, but some red color
was left In the lower braces, On January 15, 1963, many fruiting spikes of
Apbelandra micars were seen. Those In the open area arcund the coflee
finca were drying our and dropping off. At this time 77 cggs of D.
meclintockae were observed on 11 of 15 fruiring spikes, but only one adult
female fly was bred from these. On Febroary 7, 157 eggs of (L meclintockae
were gounted on 13 of 23 fruiting spikes of Apbelandra plants growing in
deep forest. Subsequendy, no taces of larvae or pupae were seen in these
spikes and ne adulc flies were bred from them. Seven fruiting spikes of
Apbelandra micans collecred from forest on March 135, 1963 bore no eggs of
Do meclintockas, but three of four spikes collecred on March 28, 1083
carried 11, #, and 1| eggs, respectvely. No adults were bred from these,
No other fruiting spikes of Aphelandra micans were seen at thi=s ume, Oo
April 18, the last two fruiting spikes of Apbelandra micans were locared in
deep forest. Mo epgs of N meclintockae were seen on them and no flies
bred from them. During the four years of collecting in the forest at Cerro
Campana, flowers of plants other than Aphelandra micans, listed in Table
1, were examined repeatedly witheur success for the presence of D,
meclintockae egps. A catastropbic reduction in population numbers of [,
mocliniockde must occur yearly ar the end of che flowering period of
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Aphelandra micans. This is shown by the large numbers of eggs laid in
early January on fruiting stalks of the plant which yielded no further gen-
crations of D, meclintockas. It must be concluded that a few adults of D,
meclintockae undergo diapause and survive the period when Apbelandra
micans 1s not blosseming, from Janvary to some time in August. This is
bome out hy the long period after Apbelandre micuns began to flower each
vear before the population of the fly reached sufficient numbers for imagines
to be collected,

Mo I meclintockas imagines were bred from two ether forest growing
species of Apbelandra; lee., Apbelandra sinclairiana from Madden Forest,
Canal Zone, on April 4, 1963 (33 floral spikes tested) and Apbelandra
tetragona, from forest in Uroscka (near El Real, Panama) on November 24,
1962 (25 floral spikes tested). On the other hand, D. meclintockas was
bred frem an undescribed Apbelandra species, very close to Apbelandra
micans, collected at Yape, near El Real, Panamd, on November 23, 1962,
The plant possessed yellow flowers and bright crange-red bracts in contrast
with the red flowers and red braces of Aphelandra micans. The inflorescence
of the undescribed species was abour 14 inches, longer than is usual in
Aphelandra micans. In Almirante, Panamé, D. mecliniockas was bred from
Apbelandra micans, The longer wet season at Almirante on the Caribbean
side of the isthmus accounts for the bBlossoming of the host plant in April
when the fly was collected.

There was no evidence of competition for larval food supply between the
monophagous [N wmcclintockae and 10 polyphagous species of Drosopbila
{see Table 1) undergoing syochronous development with [ mcclintockae in
flowers of Aphelandra micans. Little fluctuation in oumbers of the poly-
phagous species bred from Apbelandra micans accompanied the aummn
population expansion of D. meefintockae bred from this plant. The number
of individuals of pelvphagous Drosopbils bred per ionflorescence waried
from 0.5 from the collection of Seprember 1%, 1962 (compared with 0,17 of
0, meclintockae), o 0,73, Ocrober 3 {compared with 2.3 individuals of [
meciintockas): 0,61, MNovember 2 (compared with 10.4 individuals of [
meciintockas), .12, November 13 (compared with 5.5 individuals of D
meclintockas). In 1961, the number of individuals of polvphagous Drosaphila
bred per inflorescence was (0,10 from che October 4 and Ocrober 11 collec-
tions (compared with 1.4 0. meclintockae per inflorescence); 0.16 from the
Oetober 25 and Ocrober 28 collections when 1,6 individuals of DL meclin-
tockage were bred out, and 0,50 on November 12 when [ mcclimtockae
reached 2.9 individuals bred per inflorescence. On November 16, 1963,
when the . meclintockae population was expanded to 16.7 individuals per
inflorescence of Aphelapdra, scill 0015 individuals of pelyphagous species
of Drosophila were bred our. These dara support the conclusion that larval
food supply and “living space’ for larval development afforded by Apbelandra
micans 1s more than sufficient for both polyphagous and the monephagous
tlies using this plant.
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Flants supporting monophagous Drosopbila species in areas other than
Cerra Campana, Panam#, are listed in Table 2 with their respective
drosophilids.
specific Drosopbila also bred from the plants and all Drosopbila aspirated
or netted from them,

The resules of 26 field collections made in the forest of the Forr Sherman
Reservation, Canal Yeone, on the Caribbean side of the isthmus, showed
three apparently mooophagous Drosopbila species (see Table 20 D,
alexanderae 15 restricted to Heliconia elongata,  Similarly, D. alani was
bred only from flowers of Heliconia cuntispatha, and I lewkorrbyna was
bred only frem flewers of Heliconia mariae. Flowers of the latrter host plant
from Madden Forest, Canal Zone, likewise vielded only D lewkorrbyna.
However, both D, lewhorrbyna and D alani (or a subspecies or a closely
related species of 0. alani) were nected from Heliconia marize in El Real,
Panami, and both species (or subspecies or closely related species) were
bred from a third host, Heliconie rostrata in Rio Rapose, Colombia. The
three Heliconia hosts, H. marige, H. curtispatha, and H. rostrate, are rela-
tively closely related within the genus, displaying several important charac-

In separate additional columns of Table 2 appear non-host

TABLE 2
Plants supporting hest specific Drosopbila from areas other than Cerro Campane, Panama
Host specific m":_]'?q_: Fli —
Tlant Acea ﬂn“'ﬂ[':-":fd or HEeCITLE LE5s aspifat
g Mower-foeder or actred
rescd our
hredd o
Heliconia Almirante, Panapme b alexanderae fawopilasa zp.
-a.fapt_g:ata Ft. Sherman R-:-.::., L al excoimedeereie
Canel Fone
El Real, Panama L af exmnderae
'1'um'dad, w, I. 1 alewennderae
Heliconia Almiranze, Panama 0 aland

crrtd spatha

Fr. Sherman Res.,

zp. near O aland

Heeoilosa sp,

sp. ocar [0 aloni

Canal Zonc 0. busekic . aphon:
Ei Real, Parama spa near O alani
Helicomia Ft. Sherman Bes., (4 {enkorrbynag L L eddrrb v
mrectr cte Canal Zone D atkart
Madden Foresr, 1L lewkorrbyna flavapilesa sp.
Canal Zone
Yape aear Bl Real, D lekorboma sp. near ML alant,
Panma v leubombyne
Heliconia Rie Raposo, S M
mEiraia Colombia I {eukormbnmg
S0 TLEGET D aderr
Heliconia Kic Rapose, I bansanioldes
collinsrand Colombia
Calathea lwtea  Fr Sherman Res,, IL crereapediescems I brschis
Canal Zone
Almirante, Panama O sereopallescens
El Real, Papama Dn mureapaticscens L oibon:

Cadathe

Ere it grid %

Fic Ragoss,
Colambia

El VYolcdn, Fanama
Kio Rapose,
Colombia

0. aereapallescens

0. xanebopall escens

1. aureopallescens

1L zanibopallescens
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ters in common, such as large size, large, pendulous inflorescence, dis-
tichous shorr crowded braces of deep red color,

The closely related D xanthopaliescens and D, awreopallescens show a
relative degree of host specificity. D awreopallescens prefers Calathea
lwtea from which it was bred regularly in collectiens from the Fort Sherman
Reservation, but this fly was described from specimens hatching from what
iz now known to have been Calathea insipnis, collected in El Volcin,
Panam&. Calathes insignis is the characeeristic hose plane for D, xantho-
paliescens at Cerro Campana, where D, aurcopallescens was never found,
Howewver, both these species were bred from the same specimen of Calathes
futea collected in Rio Raposo, Colombia,

Table 2 shows that the same or very closely related Drosophila species
could be bred from the same plant host collected from several differenc geo-
graphical areas. [ alexanderae was bred from Heliconia elongara collected
at Almirante, Fort Sherman Reservation, El Real, and aspirated from this
plane at Trinidad. The male and female geniralia, and spermatheceae of D,
alexanderae from all these areas are indistinguishable, but the body color
of the Almirante S]_:-::Cirm::]a—: 15 darker than that of specime::s from arcas to
the east. 0. lewkorrbyna, bred from fleliconie marice appeared the same if
collected in the Canal Fone or in Yape, Panamd (near El Real). The .
lewkorrbyna specimens from Rie Rapeso, Celombia, bred from Heliconia
rostrate, possessed a vellowish rather than che characreristic whitish
carina. Slides of male genitalia of D, fenkorrbyna from coentral and eastem
Panamd and Rio Raposo, Colembia, showed no differences. It is not known
whether the difference in carina color represents a specific or subspecific
difference. Three pairs of closely related bur distioce species (according
to breeding teses) of the pripunciaie species group differ similaely in carina
color but nor in male genitalia. These include D. roebrae and D, wnipusnc-
tata; D metzid and [ pcf.f{?.:{.-ae', and [, muf;".l'opaﬁ.'a, and an undescribed
sibling species (Pipkin and Heed, 1964). A difference in body color but not
in male genitalia was found in specimens of [N alari from Almirante in con-
trast with those of the Canal Fone and El REﬂl, Panama. The Almirante
specimens have lead colored pleura and greenish abdomens. The eastem
specimens have tan pleura and brownish abdomens. Thus, in the case of
D glexanderae, Y. alami, and [ bansoni, to be considered shorcly, the
western specimens are more darkly pigmented than the eastem specimens,

Specific differences involving both body color and geniralia diseinpuish
D. bansori of Cerro Campana and a closely relaced species, [, bansonicides
(Pipkin, 1965b), of Rio Raposo, Colombia, The two species likewise differ
in host plants. . hansoni uses Heliconia vellerigera; the closely related
drosophilid, Heliconia collinsianz. These planes are only fairly closely re-
lared within the genus. Both possess pendant inflorescences, bur whereas
Heliconia wvelleripera has a hairy inflerescence with wavy rhachis, Hel:i-
Cﬂi‘ffﬂ CG{.E?‘}?.S.!’:E?HZ- ]'I.ﬁ..'"i i .‘iTI'II:IDTJ'I. il:'lf]ﬂi'f_‘sf_":]'l.{;e 'WETJ'! maoare Hi.['l'.'lﬂl.'lﬁ TI:]H{_:E'I_;."S..
Both topographic as well as habitat isolation could be responsible for the
differentiation of these closely related Drosophila species,
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Drosophile wigrasplendens, regularcly bred from Heliconia swbwlate (Fig.
2a) at Cerro Campana, Panamd, was cither bred or collected from three
other closely related Heliconia species (Fig. de, [, h) over a wide range of
distriburion: Trinidad, W. I.; Forr Sherman Reservarion, Canal Zone, on the
Caribbean side of the isthmus; and Leticia, Colombia. The male genitalia
of D wigrasplendens specimens from these areas are indistinguishable.
1. =miphiphorae which shares Heliconia subplate (Fig. 2a) with D, nigra-

FIG. 3. Phetographs of clesely relaced Heficonia species from different geo-
graphical areas supporting either & wigrosplendens, D0 xipbiphora, or  both.
(el Heliconia psiftacoram {Trinddad, W LY () Helfronta spe A (Fort Sherman
Reservation, C. 2.0 (g} Heliconia sp. B (El Real, Panama); (h) Hefironia schneeana
(Leticia, Colombia).



HOST SPECIFICITY IN ORGSOPHILA 145

splendens at Cerre Campana, was bred from closely related Heliconia spe-
cies at El Beal, Panami (Fig., 3g), and Leticia, Colombia (Fig. 2h). In
Trinidad, W. 1., the host plant of [\ wiprasplendens 15 Heliconia psittacorem.
Table 4 indicates the bost planes for these two drosophilids in different
geopraphical areas. The five closely related Heliconias are similar in the
surncture of the inflorescence, as may be scen from Fig. Za and Fig. 3e-h,
bur thew differ in plane height and flower color.  Heliconia subulata (Fig.
Za) has preen bracte, pink flowers, and varies from 3 to 20 fecr in heighe.
Heliconia psittacorum (Fig. 3e) has orange and red upped bracts, orange
flowers, and is from 3 to 5 feer in height. Bracts of species A (Fig. 31),
from Fort Sherman Rescrvation are red; flowers, yellow tipped with green;
and the plants abour 20 feoce high. Heliconia B, from El Real {Fig. 3e) has
green bracts; flowers red tipped with buff; and grows abeur 6 feer high.
Finally, Heliconie schreedana (Fig, 3h) from Ledcia, Ceolombia, has red
bracts, green flowers, and varies from G to 8 feet in heighe,

2. Polyphagous flower-feeding Drosaphila

Polyphagous flower-fecders wse flowers of several plant species in one
geographical area.  Ar Cerro Campana these included D, busckii and two
members of the flapopifosq species group. Twelve species of ground-
feeders and several fungus-feeders were also bred from flowers serving
po]}rp}laguus flower-feeders n this area as Table 1 shows, Widh the ex-
ception of Centropogen coccinexs, these plants exhibited short flowering
P‘:T[nd.‘i I::lf E:'(}[[I. e Lo EE'I.]'E'(:' z!]u]lﬂ:’)!;.

Table 3 lists plants supporting non-host specific Drosophilidae from re-
g_fnns ather than Cerro Campansa. Fl::wur-f&&dfng: Hn:ujld—f&tdinﬂ, and
fungus-feeding species appear in separate columns of the table. The cos-
mopolitan species, [ busckil was bred from flowers broken off plants of
seven different specics. Four of these also supported monophagous Droso-
phila (see Table 3). L busckiz was also bred from fruic of an unidenufied
foresc rree near E! Real, Papamd, but it never entered traps baited wich
cultivated fruits in the forest collecting stations of Panamd. In The Leba-
non, Pipkin (1952), found 0. bwsckiz in small numbers o such traps. The
cosmopolitan O Immigrins was bred from flowers of the introduced planc
fledyehiuvm coronarivm from a house ward in El Veolcdn, Panamd, collected
by net sweeping over fallen blossoms in 580 Paulo, Brasil, by Professor .
Pawvan, and tr:—lppt{] with fruie bait by Professor (). Frota-Pessoa on the
islands of Angra des Reis. The drosophilid thus shows a wide adaptability
in its food habirs which is reflected in itz wide range.

Scven as vet unidentified members of the (fevopifoss spucics group were
collected and breed from 14 different plant species (see Table 3), Many of
these plants helong ro differenc familics and most suppore several poly-
phagous drosophilids. In two collecting areas, two members of the lapopilosa
species group were bred from flowers of Hedyelivm coronarium. In both in-
stances these were bred from the same floral specimen on the same day.
Wheeler, Takada, and Beneic (1962} found D. flavopilosse breeding in the
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TABLE 3

Plants supporting non-host specific Drosapbilidae from areas other than

major collecting station ar Cerre Campana, Panams (2500 fr.)

Fungus-feeder

Blan: A Flower-feeder Ground-{ecder I
L oy B ed wut bred ou bred nug
Woedy wine Camaren, Panama I sticia L eroctna
(legume) favapilosa sp. L mediosiriaig
Havapilosa sp. DL albimstris
Heltcomia Basze of Cerea Heavapilosd sp. [ fasciola
latl sparba Campana, Panama [x cardinoides

Heligmtbus sp.

Hedvchium
ComR Ao

IMmeroronging
wrti flaries

Cosilus
shlenderns

Costus
wllosi ssimu s

Che bromie
limonensis

Musa sapreatun

Mel v sens
AT TS

Carludorica
palrata

Dafeere ariGrea

Unknown wine
blossom
Domestic 13ly

Calalhea
ol aceae

Base of Cerre
Campana, Panama

El Voledn, Panama

Panama City, Panama

Cerro Campann,
PH.I!HI:I:J
2200 .

El Ru.ul, Funpma

Rie Raposs,
Colombia

Almirante, Fanams
Ft. Sherman Res.,

Canal Zene
El Real, Panama

Rio Raposc, Colombia

Almirante, Fanama

Fr. Sherman Res,,
Canal Fone

Bummit Gardens,
Canal Zone

Sona, Panama

Meirante, Panama

Cerre Punta, Panrama

Madden Foress,
Cangl Zone

El Yolcin, Panama

El Volcan, Panama

Fl Rexl, Panama

Baze of Cerro
Campana, Panama
El Beal, Pasama

I sticta
Havopi lasa sp,
D, immigrans
0, breseledd
fleveopiloxe sp,
L sricia
Hlavopilosa sp.
flavopilosa =p.
flaopilosa sp.
flaopilosa sp.
0 sticta

fopilosa ap.
o leond
Havapilesa sp.

Dy leoni
I, tbialis

I lean:
Hlavopilasa sp.

LA EY IS RS
Hevopilase =p,
M sibialix
favepilosa sp.

flavopilesa sp.

Havapilesa sp.

I busckii
L beesckey

Mg losg sp.

Hlavotilosa sp,
flavopilosa sp.

Iy mredivmobaia
Clastopteromyia sp.

I sl drsgaster Zvpothrica sp,

[} cardincides

I melanogaster Eypothrion sp.

R e e et

It cardinig 3 il

D anasiassae,. - oy Dygpehrica sp.

L orocing P B i
Zypothrica sp.
Zvgothricd sp.

C. ohaca Evpothrica sp.
Fypothrica sp.
Tygotbrica sp.
Zvgothrica sp.

I medionotata

I alifmstns Zygtjaﬁra'cu Eoje

Fygothricg sp.

D, mebulosa
edllisiont sibling
SpECies

repfeld sp.

I} gnanassae Fyvpathrica sp.

L cardinoedes Zypothrica ap.

T cirictried % scie Zypathrica ap.

solanaceous plant Cestrim pargui in Chile, At Cerro Campana, one member
of this proup was bred from Solamwm rubidum and alse from Aphelandra
micans, but flavepilosa group species were not bred from several plants
supparting ground-feeding Drosophila at Cerro Campana. Like D. busckii
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TABLE 4

Flower-feeding Drosophila bred or collected from Heliconio subulata,
Heliconia psitfacarum, and three othaer closely related species.

Plant host Drasophila species Locality
Heliconia subulata in miprasplendens Cerre Campana, Panama
D xiphiphara
{bred)
Heliconia sp, A D. niprasplendens Ft. Sherman Beservation,
{bred) Canal Fone
Heliconie 5p, B 0L xiphiphora El Real, Panams

flavapilosa sp.
flavopilasa sp.
{bred)
Heliconia schneeana I nigrasplendens Leticia, Colombia
0. xipbiphora
{bred)
Heliconia psilracarum L migrasplendens Trinidad, W. L.
(aspirated)

Immigrns
and f}.'r bF Lt . the polvphagous flower-feeders of the flavepilosa spe-

cies group have a wide distribution,

Two distantly related Drosophila species, D, tibialis and . {leoni, were
found to share flowers of Dimerocostus miflorus and of several species of
Costes in collections from western Panamd to Rio Raposo, Colombia. A de-
gree of host specificity is Indicated when an aggreparion of Drosophila
species uses several related plant specics,

3. Adapiations in {lower-feeding Drosophila to plant hosts

Structural adaptatons in ovipositor, epg filamenots, and color of imagines
may indicate certain characteristics of the flowers of the plant host used.
The tip of the ovipositor is acuminate in females of monophagous drosophilids
ovipositung on tough fleshy flower buds, {eg., D wigrasplendens, D. aland,
D. wlexanderae, 0. moclintockae, and 0. bansoni, Fig. 4j-n). The tp of
the OVIpOSsitor is rounded in . xanthopallescens, DL aureupaﬂescens, .
Hexipilosa, and D. leoni which deposit epps on soft open flowers or in
juices held by calyx buds (Fig. So-t). The shape of the ovipositor docs
not always Indicate whether soft or tough fleral tissue is being used be-
cause ovipositers of members of the flevopiloss species group are uni-
formly acuminate. These flies deposit eggs on relatively tough as well as
in soft flowers, TFor rasping floral cissue, cthe ovipositors of D, alani, D
alexanderae, D. mceclintockae, and D, bansoni possess medial as well as
peripheral spines (Fig, 4k=n). The extreme elongarion of the ovipositor in
[n xiphbipbora is an adaptation for placing a single egg within a small bud
lezs than twe inches long (Fig., 6t). Absent or rudimentary filaments were
observed in egps of D. xiphiphora (Fig. 6s), D leon: (Fig. 7u, w) and D.
nigrasplendens (Fig. 7x). Sloce the egg of the firse species is inserted in-
side an unopened flower bud, no filamenc is needed. Newly laid eggs of
i, leari conrain acti'ﬂ:ly ::aning larvae which soon emerge, Egg filaments
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FIG. 4. Owippsitors of Dmsophila laving epps on cough unopened buds. () I
aiprasplendens; (k) o alawi; (11 00 aefexenderse; (m) D wociinfockae; (o) O
Fremsan.

are notneeded in & viviparous form, The long ege filaments of I, meclintockae
and the car-shaped filaments of 0. fanson! (Fig. 7v) provide a mechanism
for attachment of the cpe tw the flor! hairs of the respective plant hosts,
Imagines of Y. meelintockae are adaprively colored co the extene chae the
collector’s eves often were deceived when the flies were resting on ine
florescences of Apbelandra micans, The fly's eye color matches the red of
the flower. The dark wings of the fly resemble a darkened decaving calyx
lobe subtending a [ully opened flower. On several occasions a small fly-
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FIG. 3, Owipositors of Drosopbilo laying eggs on soft open flowers o in juices
held by calex lobes, (o) M xanttopallescensy (p) D0 gwreopallecscens; (q) O
Nexipilosas (1) D, feon:.

catcher was observed feeding in a thicker of Apbelandra micans during a
time of peak of population of D weclintockaes, presumably carwching che
flies. Thus, the color pattern of the imagines may have been adaptive in
decei\-ing the birds., The g}ulu }'::l]uw color of D. xz:n;fjopaffesfeﬂs and the
orange color of D, aureopallescens blend with the greenish yellow calyx lobes
of Calatbea insigniz and the bronze calyx lobes of Calatbea fdea, respectively.
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FIG. 6. Egg (8) and ovipositar () of 1 wiphihborm,

O u % v
i W ij ¥
FIG. 7. Egg of I lfeond {u and wh D migrasplendens (x); and [ bansoni (e

4. Cultivation of flower-feeding drosophilids in the laboratory

Seven members of the polyphagous flavapilosa species group and f3.
sticta are being successfully cultured on laboratory medium, Efforts to cul-

ture 1. leoni and I). othoni failed. A few specimens of D. tibialis were
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reared one generation on laboratery medivm. The medium used contained 8
quarts of warer, 3 cups cofn meal, 1% cops dried Srandard Brands yeast
number 2019, 8 ounces of karo syrup, 2 tablespoons powdered agar; 12 cc
furfural {10% solution in 95% aleohol). This sofr, moist medium was inocu-
lated with live yeast of the y-2 steain originally isolated from cactus by
Wagner (1949)., This yeast apparcotly competes with mold growth, thus
necessitating only a minimum of mold inhibicor which is toxic alse to the
delicate tropical species.

Among host specific Dresophila species, I alani, D. lewkorehyna, D.
alexanderae, and D. xamthopallescens were never bred in large numbers ag
one time from their respective host plants and none could be cultured on the
laborztory medium. Gravid females of (3 banszond colleceed in nature would
deposit epgs on laberatery medium, but no development occurred. . awreo-
pallescens could be bred in large numbers from Calathea Tutea. When these
drosophilids were held in crowded condidons and ewransferred to fresh, wee
medium every other day, the females began to lay egps afeer aboue 10 days.
Larval development was slow, but proceeded to pupation when most of the
flies died. Only three imagines ever emerged from numerous pupae ob-
tained on different eccasions and these did not produce another generation.,

It has been possible to culture successfully for two years the monophagous
. wmeclintockae.  Flies were bred in large numbers from che hose plane,
held under crowded conditions for a week, At the end of this ume eggs
were laid, and when larvae were actively moving about, the crowded con-
tents of three vials were transferred to 2 half-pint milk bottle with culoure
medium. Later the fly could be culmred endicely in half-pint milk botrles,
It has now become adapted to the extent that ovipesition does not seem to
be excessively delayed. Nevertheless, bottles must be crowded with fe-
males for oviposition to ocecur and not all pupae eclose.

DESCUSSION

Among Drosophila species both feeding and breeding in living (not fallen)
flowers of neotropical forest, varving degrees of plant host specificiey are
found. Ecological isolacion in & single arca is not complete for DL xantho-
pallescens and its sibling species, D. awreapallescens. The firsc species
prefers Calatheq insgipniz, the second, Calathea lutea; bar each has been
bred from both species of Calathen. Isolation of closely related species of
Drosophila is further advanced in the case of i [lewkorrbyna and D. alani,
belonging to the same species group (Pipkin, 1964). In various parts of
Panamd, ). lewkorrhyna has been bred consistently from Heliconia mariae;
and 0. alani, from Heliconia curtispatba. Howewer, both species of Droso-
phila were netted at the same time from Heliconia mariae in eastern Panamé.
Kinsev (1930) likewise found closely related species of gall wasps
(Cynipidae) on distinct but related hosts. Habitat isclation in a given
locality iz complete for drosophilids with a single plant host such as
D, nigrasplendens, (L bansoni, and 0. meclintockae at Cerre Campana,
Panamd.
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The same plant host may be used by a monophagous dresophilid {or its
S-'J.‘.'.IS]J'EC[ES or C](}Sl‘.!l}l’ f{:‘l.ﬂ.l:{;‘({ H_;_.'I(_!I;]IEH} :FFOITI 'W:idl;":l}" Hcpﬂ.mmd geﬂgfﬁphicﬂi
areas. lIor ex:ﬁmj.:-]e, in afexanderae from western Panami uses Heficonia
elonpata. Tos ligheer subspecies (or closely related species) depends on the
same host plant from central Fanama to Trinidad, W. [. On the other hand,
changes in plane hosts may occur where there is a history of long geo-
graphic isolation. Thus, . hensoni at Cerro Campana, uses Helicoma
vellerigera; but the closely related species, D hansomioides, depends
on [leliconis collinsiana in Rio Raposo, Colombia, South America was
separated by an ecceanic barcier from parts of Central America during
most of the T(:Itiﬂ.r‘r-’. Helizonia vr-.'f.i!r—.'rz'gerre and Meliconia colfinsiana are
farrly closely related.  Similarly, [N fewkorrbyna and 0. alani in Panamd
have been bred only from [feliconia marfae and Heliconie curtispatha, re-
spectively, but both species (or subspecies or closely related species)
have been bred from Helicomia rosfrate at Rio Raposo, Colombiz, Geo-
praphical isolation has led to slight body color differences in stwains of
each of these Drosopbila species and also to an evelution m the direction
of monophagy in Panamd., This serr of evelution was predicted by Dethicr
(1954).

A recent change in host plant preference appears to have taken place for
members of the polyphagous flavopilosa species group. Females of these
species have acuminarte tipped ovipositors armed with prominent peripheral
spines similar to those found on monophagous drosophilids ovipositing on
tough, uncpened flower buds. Flevapiloss group species develop both in
tough flower buds of various planc species as well as in plant species with
soft buds and large open flowers, among them, Hedvobiaum coronarinzm, an
incroduced plant.

In the case of the widely distributed ). nigrasplesndens, the species
splitting of the host plant appears o have progressed more rapidly chan that
of the drosophilid. In different gpeographical areas the fly uses flowers of
the closely related Heliconig sebulare, Heliconia prittacorym, ifeliconia
schnegana, and an undescribed species as hosts.,  Morphologically [,
wigrasplendens is similar in the different areas, but it iz not possible o
make breeding tests to ascertain the extent of crvptic genetic divergence.
The host plants are structueally quite similar, bat there are differences in
the color of flowers, bracts, and fruits. The association of the distanty
related D, xiphiphore and D wigrasplendens o theee of these Neliconia
species strengrthens rthe suggestion that the host dependence of the tweo
Drosophile species antedates the species splitting of the ancestal Heli-
conid.  Fossil Heliconia have been reported from the Middle Miocene of
Venezuela, Cuba, and Trinidad (Berry, 1921, 1939, 1923) and the Pliccene
of Colombia and Bolovia {Bery, 19223, Thisz author states rthat tertiary
plant pencra of Acre, Brasil, recognized as fossils of late Pliocene (Ferry,
1937) and those of the same date of Colombia (Berry, 1945) are all repre-
sented in present flora of these regions by closely related similar species,
Since the ancestor of Hellconla psittacorum has differentiared inco five



HOST SPECIFICITY IN DROSOPARILA 133

closely related species, it is pessible to believe that the association of .
niprasplendens and 0. xiphipbora dates back to the Pliocene at least.

Host preference of monophagous leaf-eating insects depends chiefly on
attractant and repellant compounds in the leaves rather than on compounds
necessary as fond substances for normal larval develepment acconding to
Dethier (1954), Fraenkel (1953), and Painter (1953). The preference of [
meclintockae for Aphelandra micans fits this hypothesis. This fly oviposics
both on the flowering and on the [ruiting spike of the hest plant in spite of
the fact that larval development is possible only on the flowering spikes
{the larvae are pollen feeders). When ovipesition of D. meclintockae is
artificially induced by heolding the females under crowded conditions, de-
velopment is sufficiently normal for cultures of the fly species to be main-
tained. D. aureopallescens can be forced by crowding o oviposit on labora-
tory medium. The prolenged larval period and failure to eclose may depend
upon differences in relative humidity between laboratory bottle and the
semi-liquid contents of the calyx pockets of the host plane,

The accurrence of monophagous flower-feeding Drosopbila species in the
neotropical forest where highly successful multispecific aggregations of
polyphagous species of Drosopbila exist is due to the advantage of ex-
ploiting an additional niche. Although a single-host drosophilid comprises
about 95% of cthe inseet outpur of its host plant, still as great & variety of
polyphagous species of Drosophila (eight species) also may be bred during
the wet season from such a plant as from another plant in the same plot
suppoming only polyphagous dresephilids. A limit of three to four meno-
phagous species of Drosopbila per locality appears to depend vpon the
presence in each locality of only three or four plant species with long
flowering periods and occurring in sufficient numbers to suppert a [rrose-
phila population.

In discussing the ecolegical repulation of species diversity, Connell
and Orias (1954) argue that owing to a great stabilicy ef the physical en-
vironment in the tropics, “less energy 1s required for regulatory activities;
that is, those that counter the challenges offered by the environment.”
Thus more encrgy remains for growth and reproduction resulting in large
populations which are rather sedentary and become semi-isolated In the
favorable environment. With the formation of species interrelationships,
new niches are formed, promoting the splitting of species, according to
these authors., Ceonell and Orias {1964) question the conclusion of Fischer
{19600 that the increased diversicy of species in the wopics over what 15
found in temperate areas depends simply on the longer period of undiswrbed
evolution in the tropics. On the other hand, the greater swability of modern
neotropical environment compared with that in temperate areas is certainly
only relative. Much of present-day neetropical forest, although enjoying a
rather constant temperature chroughout the year, possesses a distiner wet
and dry seasen (Beanerr, 1963) with pronounced effects on the seasonal
fluctuations of various agpregations of Drosophila species (Pipkin, 1945 a;
Pipkin, 1953). In Panamé, only two ground-feeders, D, emarginatz and .
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fulvimacula, were present in fairly constant numbers throughour the year.
Other species showed pronounced fluctuations either in the wet or in the
dry season, depending on their food habirs. According to Connell and Qrias,
{1964), the productive stable communities are supposed to produce larger
populations which later become differentiated into a larger number of spe-
cies. Nowadays the ground-feeding Drosepbila in Panamd with the largest
populations are the fleshy fruic breeders, bur the number of species in this
aggrepation is only abour 3/4 the number in the aggregarion which breeds
in small drier fallen fruits and blossoms (Pipkin, 1065 a).

The present study on neotropical flower-feeding Drosophila bears out the
emphasis Connell and Orias (1964) have placed upon the promotion of niche
diversity by interspecics relationships. Many examples of such relarion-
ships exist berween species of Drosophila in the neotropical forese.  For
example, immarture developmental stages of flower-feeders are passed en-
ticely in living flowers which only augment the sites in which larval and
pupal development of fungus and ground-feeders takes place. Only small
numbers of individuals of polyphagous flower-feeders use the host plant of
a monophagous drosophilid. Distantly related Drosophila species such as
. tibialis and D. leoni {or [ nigrasplendens and ), xiphiphora) con-
sistently share a host plant species over a wide geopraphic area.

SUMMARY

A study has been made of plant host specificity of flower-feeding Droso-
phila collected in western, central, and castern Panamd, the west coast of
Colombia, Trinidad, W. I., and Leticia, Colombia, oo the headwaters of the
Amazon River. Three and four species of single host flower-feeding Droso-
phila species were found in each of two collecting areas, respectively, in
central Panama. These flies were bred only from flowers of their special
hosts and never from other plants in the vicinity. A fluctuarion of popula-
tion numbers of the drosophilid is correlated with the period of blossoming
of the plant species. Monophagous flower-feeding Drosophila occupy plants
with long blossoming periods of four to nine months. Other adaptations of
monophagous drosophilids to the host plant concern body color and struc-
tural details of the ovipositor and egg filaments. Abour 5% of flies bred
from flowers of plants serving monophagous Drosaphila are polyvphagous
drosophilids; i.e., flower-feeders, ground-feeders, or fungus feeders. No
evidence was found of larval competition between a monophagous Drogo-
fbila species and a polyphagous drosophilid sharing the same plant, Poly-
phagous flower-feeding drosophilids use a variety of host plants which
generally have a short blossoming period of one to three months, These
more versatile species have a wide range of distribution and include the
cosmopelitan  Drosophila busckii,  Preferences for one plant host bue
tolerance for another have been found in the case of rwo sibling species of
Drosophila using, respectively, two different members of the genus Calathes
as primary hosts and cach having as secondary host the primary host of ies
sibling Drosophila species. In addition, two manophagous flower-feeders
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belonging to the same species group use two different Heliconiaz species in
the same area. In different geographical areas, a menophagous Drosopbila
species depends either on the same plant host or on plant specles very
closely related within the genus. An association of the same two distantly
related host specific drosophilids in different geographical areas is pre-
sumed to have been established in che Pliccene at least, antedarting the
differentiation of the ancestral Helicomia into five closely related planc
species.

A number of polyphagous flower-feeding Drosophila specics can be cul-
rared on laboratory medivm.  With one exception monophagous flower-
fecders on this mediom either (1) refuse to oviposit, or (2} vndergo & pro-
longed larval and pupal state and fail to eclose. It has been possible to
adapt one host specific Drosophila species to laboratory culture medium.

ACEMNOWLERGMENTS

For providing collection facilitics, appreciation is expressed to Dr.
Carles Sanmarcin-Barberi, Director, The Rockefeller Foundation Field
Laboratory, Rio Raposo, Colombia; to Dr. Themas H. G. Aitken, Director,
The Trinidad Regional Virus Laboratery, Trinidad, W. l.; te St. Pabloe
Othdn, El Beal, Papamd; to the late Dir. Gus Engler, Direcror of The United
Fruit Company Hospital, Almirante, Panamd; and w Me. Pablo Brackney, El
Velcdn, Panamd. Thaoks are given I, Alan . Pipkin, Sr., and Mr. Alan
. Pipkin, Jr., for making celored photographs of the plants; to Messrs.
Alan C. Pipkin, Jr. and Lemuel M. Powers for help in collections, and to
Mr. 0. Ortix for technical assistance, The avthars are indebted to Dr. Clay
Huff, Head, Department of Parasitology, The Naval Medical Research In-
stitute, Bethesda, Md. and to Di. W. P. Woodring, The [ 5 National Mu-
seum, Washington, D. C., for discussions.

LITERATURE CITED

Bennete, Charles F., Jr. 1963, A phytophysicgnomic reconnaissance of
Barre Colorado Island, Canal Xone. Smithsonian Misc. Collect
145:1-8. {Publication 4527)

Berry, E. W. 1921, Tertiary fossil plants from Venezuela. Proc. U.S. Nat,

Mus., §9:533-579,

1922, Pliocene fossil plants from castern Bolivia. Studies in

Geology MNo. 4:145-201. The Jchns Hopkins Univ. Press, Balti-

more, hMd.

. 1925. The terciary flora of the island of Trinidad, B.W.1. Studies in
Geology Mo, 6:71-161. The Johns Hopkins Univ. Press, Baltimore,
Md.

. 1937, Late tertiary plants from the territory of Acre, Brazil. Stud-
ies in Geology No. 12:81-90. The Johns Hopkins Univ. Press,
Baltimore, Md.

. 1939, A Micecene flora [rom the gorge of the Yumuri River, Matanwzas,
Cuba, Studies in Geology No. 13:95-133. The Johns Hopkins
Uniw. Press, RBaltimore, Md.




156 THE AMERICAN NATURALIST

o + 1945, Late tertiary fossil plants from eastern Colombia. Stodies in
Geology No. 14:171-194. The Johns Hopkins Univ, Press, Balei-
more, Md.

Connell, J. H., and E. Orias. 1964, The ecological regulation of species
diversity. Amer, Namr, 98:309-414,

Dethier, V. G. 1954, Evolution of feeding preferences in phytophagous in-
sects. Evolution §:33-54,

Fischer, A. G, 1200, Larimdinal variations in organic diversity. Evolution
14:04-81.

FFECU}{E‘J.. i3 I{)S_Il,_ The r:utri:riuna] value of ETEEDR Fjﬂl'ltﬁ for EEISE'CI'.E. Tl'ﬂ:'l'
seript of IX Int. Congr. Entomol., Amsterdam (1951) 2:90-100.

Kinsey, A. C. 1936. The origin of higher categories in Cynips. Ind. Univ.
Publ. {Science Service) 4:1-334,

Pamnter, K. H. 1933, The role of nurritional factors in hosc plant selection.
Transcript of IX Int. Congr. Entomaol,, Amsterdam {19510 2:101=-105.

Pipkin, 5. B. 1932. Scasonal f[luctuations in Dresophile populations ar
differene alticudes in the Lebanon Mounrains. 7. Induktive Abscam-
mungs Yererbungslebhre 84:270-305,

— . 1953, Fluctuations in Drosepbile populations in a tropical area.
Amer. Mamre. 87:317-322,

— - 1964. New flower breeding species of Drosephila (Diprera, Droso-
philidae). Proc. Entomol. Soc. Wash, 66:217-245.

. 1963%a. The influence of adule and larval food habits on population
size of neotropical ground-feeding Drosophila. Amer. Midl. Nacur,
Td:1-27.

. 1963b. A new flower-feeding drosophilid. Proc. Entomol. Sac.
Wash. (In press),

Pipkin, 5. B., and W. B. Heed. 1964. Nine new members of the ihrosophila
tripunclata species group (Diptera, (vosophilidae). Pacific Insects
(:256-273.

Wagner, R. P. 1949, Nuwidenal differences in the mullerd group. Univ.
Texas Publ. Mo, 4020;30-41,

Wheeler, M. R., 1. Takada, and D. Bmeic. 1962, The flavopilosa species
proup of Drosophila. Univ. Texas Publ. No. $205:305-413,



	p1.jpg
	p2.jpg
	p3.jpg
	p4.jpg
	p5.jpg
	p6.jpg
	p7.jpg
	p8.jpg
	p9.jpg
	p10.jpg
	p11.jpg
	p12.jpg
	p13.jpg
	p14.jpg
	p15.jpg
	p16.jpg
	p17.jpg
	p18.jpg
	p19.jpg
	p20.jpg
	p21.jpg
	p22.jpg

