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Awvstract: The influence of feeding and breeding habits upon popi-
lation size was investigated in 73 species of neotropical forest-dwelling
Drosaphilidae. Three classes of grownd feeders are defined aceording to
fruie preferences and attractability to traps baited with cultivared Fruis.
Class A species prefer small doer fallen froits and blossoms both for
adult feeding and larval breeding and enter traps to a limited degree,
Class B species use fleshy fruits in addition w these, and enter traps to a
moderate extent. Class © species use chiefly feshy fruits for brecding,
and show & strong inclination to enter traps. As a ronseguence of their
feeding and breeding habits, class A species underes population expan-
sivns, where such occur, in the wet season when their froits and hlossoms
suffer less from desiceation. Class B oand some class © species undergo
expansions in the dry season since they are able o use fleshy fruits. Some
class O species exhibit nonseasonal fluctuations, The range of mean sizes
of minimal population samples of class A and B species collected by net
sweeping is similar to that of class C species collected by trapping, Be-
cause they utilize fleshy fruits for breeding, most class B and © species are
collected in expanded populations far oftencr than class A species.
Larval development of different species of ground-feeding Drowaphiia,
including members of the same species group or even of the same sibling
set, generally occurs almost synchronously, although successional develop-
menl has been observed, Since the number of sprcies netted from a
given fruit greatly exceeds the number of species bred from a limited
volume of the froit, & type of interference helween species during ovi-
position has heen inferred.

I nrrRODUCTION

Natural feeding and breeding sites are known for relatively few
species of Drorophila because most collections have been made by
trapping with cultivated fruits as bait. Wagner (1944, 1949 studied
memhers of the repleta species group breeding in O puntia lndheimeri,
Carson and Stalker (1931} found D, robusta hreeding in sap exuda-
tions of elms and 12 other species of deciduous trees. Carson (1951
located the breeding sites of D. preudoobscura and D. persimilis in
slime Auxes of the California black vak, Quercus kellogei. Yeasts iso-
lated from the crops of adults flies of these species differed from

' Now a1t Mergenthaler Laboratory of Biology, Johns Hopkins University,
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veasts isolated from the breeding sites, showing that the Hics do not
oviposit and feed in the same locations,

Adults of 14 Drosophila species at Mather, California, exhibited
food preferences among different species of yeasts icolated Trom the
craps of individuals taken in nature i Dobzhansky et al, 1956, The
same was true for certain Brazilian species collected by trapping
(Da Cunha et al, 19571, These authors concluded that the Dreso-
phila studied were able to feed on several different yeasts. but that
cach species had preferences that varied in degree of choice. Lindsay
(1958 and Cooper (1960 demonstrated yeast preferences among
larvae of D, prendoobscura and D, persimilic, the preference varving
according to the combination of yeasts offered.

[n the neotropical forest, Heed (1957 showed that net sweeping
over a variety of fallen fruits and blossoms vields a large aspregation
of spreies belonging to the family Drosophilidae, feeding on the
micro-organisms growing on these plant parts, Most are mnembers
of the wenus Drosophila, but eight species of the genus Clastopleromyia
and three of Neotanygastrella were found in the same ::L_ffh‘TE‘E:l[i(:I].
A second facies of the forest supports certain flower-feeding species
of Drovophila. adults of which both feed and breed in living [not
fallen) flowers (Pipkin, 19641, Flower feeders are seldom collected
by net sweeping over the forest floor. A third facies includes species
of the genus Zygothrica and of several subgenera of Drasaphila that
feed on funei and breed cither in these fungi or in living Howers.
The present work is concerned with the influence of adult and larval
food habits on population size in ground-feeding Drosophilidae of
the first facies and on estimates of the sizes of natural population
samples of different species.
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MeTHODS
Flies were collected by trapping, net sweeping, and breeding
from plant parts. Traps consisted of two five-gallon lard cans with
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the end removed, baited with banana, pineapple, and orange, sus-
pended about 3 feet off the sround and 10 feet apart. The [roits
acguired |__|rrnw1l| of []‘.lfl:i{_[{!m'rlm veasts within a few davs. Contents of
traps were buried onee a week when collections were made, and
fresh bait was introduced, Sweeping collections were made with a
short-handled net, the flies being transferred directly 10 vials contain-
ing culture medium, Flies were bred from various Tallen blossoms,
ruits, stemms, and from flowers broken off the living plants. Quart
Mason jars were used for drier plant parts, and flower pots of the
samne capacity for juiey fruits. Each container was approximately
half filled with plant parts from a single collection site so as
provide a roughly equal volume of plant material m each.

Forest collections wsing all three methods were made in two
principal areas; Harro Colorade lsland, Canal Zone, altitude 279
feet, and at two stations at Cerro '.-:i-l.”'l[:lilll..EL R. P.. ar aluiudes of
2200 and 2500 feet. Regular collections were made each week hetwern
9 and 10:30 AM. Occasional collections were made hetween 11 AM
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Fig. 1.—Map showing location of collecting areas in central Papnama



i Tur Asmerican MmLanin NATURALIS 1)

and 2 PM to determine adult resting places. Each sweeping collection
was taken from a single micropopulation, feeding on fallen fruit or
blassomms in a restricted area, usually from a single tree, vine, or other
plant. Collections at Barro Colorado Island were made along the
Barbour Lathrop, Snyder Molino, and W. M. Wheeler Trails. The
lower eollecting area at Cerro Campana was the forested hillside at
the base of the great cliff; the higher area included forest adjacent
to a small coffee finca. Other net sweeping and plant part breeding
coliections were made in the [ollowing arcas (see map, Fig. 1):
Madden Forest, Canal Zone; forest of the Pina region, Ft, Sherman
Reservation, Canal Zone: forests near Goofy Lake and El Valie, R. P
and hneas near Frijoles, Canal Zone:; Capira and Camaron, R. P.
The following forest locations were also visited for collections i
ather parts of Panama: Almirante, Bocas del Toro Provinee; El
Volcin, Chirigui Provinee; El Real, Darien Province, Collections in
central Panama were begun September, 1939 and continued until
March, 1962, Collections in other parts of Panama were under-
taken in 1962 and 1963,

ResviTs anp CoNCLUSIONS
ABULT FEEDING AZSOCIATIONS

The present study groups the species of ground-feeding Droso-
philidae into three overlapping classes according 1o adult and larval
plant preferences and readiness to enter traps baited with cultivated
fruits, Class “A" species prefer small drier fallen fruits and blossors
both for adult feeding and larval breeding: they enter traps to a
limited degree. Class “B7 species use fleshy fruits in addition to the
drier fruits both for feeding and breeding and enter traps to a mod-
erate extent. Fleshy fruits as well as the small drier fruits serve Class
“(" species for breeding, and these species show a strong inclination
Loy enter (rajs.

Table 1 lists 34 species of Drosophilidae which may be netted
together in class A feeding ageregations. No species necurring in
fewer than 10 collections are included in the table. Usually between
10 and 20 class A specics were netted in a single micropopulation,
These aggregations remained intact at midday resting places under
dead leaves, especially in the dry season when moist areas were
sought. Of these species, 61,1% belong 10 the Drvosophile tripunctata
species group, 13.9% to the Drosophila dreviusi, canalinea, and cal-
loptera species groups, and 18.2¢% to the genus Claitopleromyia.

Table 1 also gives the percentages with which ground-feeders ot
class A were trapped or netted in 170 paired collections at Barco
Colorade Island and Cerro Campana during the two and a half
years collection periodd. A paired collection comprises one net sweep-
ing and one trapping collection of the same day at either of the
two major stations. These percentages show that most class A grownd-
feeders seldom come to traps baited with cultivated fruits. although
the species vary in this respect. This behavior reflects a preference
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Tante 1.—Class A (ground-feeding ) Drosophilidae: Relative freguency of
4 species in 170 paired trap and net-sweeping collections at Barro Colorado
Island and Cerrn Campana

Spreics Mo trap 7 total Ko net 4+ total
coll, teap eoll, eoll. net call,

Dresophila ( Drosaphila)
Tripunctata group

Subgroup 1
angustibucca 4 18 L 400101
medioeeis 1 (K al LI X H
refula 26 153 Gl 300
Subgroup 11
medionotata Ia A il 376
uRifunciata 0 (i 19 11,2
raehrae 2 1.2 an 176
Subgroup 111
Wumelae | .6 18 1iLh
jofimrtanas 1 (16 14 7.6
boderatnge 0 i 13 Th
COMUET R {l il al 0.0
f:.r.-gi!r'a. I (L6 n 5.4
med o pieta Lil 3.9 i2 1
mediofictoldes 34 RNRY ki 17 5
e pesd vt 20 11.8 a2 44 2
RIgricincia 1 .6 14 .2
trapeza i 4.7 11 fr 5
Subgroup IV
albirostris i 1] 4 576
Frlrr.lfllrrp.':r:;ﬂ 1 .6 23 13.5
“medioparva-like” i L] 1l 6.3
rletzin 1] fl 18 1{kh

Ungrouped
argentelfsons 1 (.6 27 15.9

Canalinea group

canalines
ﬁanu!:'m'nidr,s{ ‘ 9 L& 7.
Calloptera group
callopters 0 (i 47 L
sehildi 0 [ 14 1.2
Brosoplila (Sophophora)
Willistont group
fumepennli 1 AT 12 STENE
Clastopteromya
albinnta il ] 24 B 5
opaca 0 0 23 13:.5
species AT i 0 7 TilAk
spectes CRY 0 ] 20 11.8
species 0 i i iy 5.9
species 07 [ ( 16 94

species “EY ) T8 | P33
species MFT { 0 a0 17.6
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for wild fruits for oviposition andjor feeding, not a dislike for
flving off the forest floor; many of these species also oviposit in
flowers growing 6 feet or more from the foor.

A lQist of eight class B ground-feeders and 18 class C species ap-
pears in Table 2: several rarely collected species are omitted, Class

Tasin 2 —Classes B and © (ground-feeding) Drosophilidac:  Relative
[requency of 26 species in 170 paired trap and net sweeping callections a1 Barro
Colorado Tsland and Cerro Campana

Mo, trap i total No. net T total
call. rrap coll roll net coll.

Class B
Drosaphile [Prataphila)
Repleta group

o 17 (R T 4.1
Droophide (Soghephoral
Willistoni group

capricorng 9 oA 11 106
rrbulosa 141 5.9 15 Iﬁfl.ﬁ
sHEInes 31 18.2 ar 218

rr_ru."ﬂu.x'.'.'rn!l- i
tropicalis [T BY9.4 L6 b2
foulitorm
sweellirrom:
Class
Elr.-_r-ru:l'bkr'ﬂq [ ﬂrrri-‘.‘llﬁl.hi.l'ﬂ i
Cardini group

carding 52 THH 7 41

cardinotdes (] 416 37 218

feomor fha i) 52 29 17.1
Repleta group

fulvimacuin b4 7.6 g 33

cokivides 27 15.%9 2 1.2

fraranagnsi T 42.9 4 e

repleli 4H 29.2 2 |

faseiola 20 16.5 5 24
Fallidipennis group

fallidipennis 21 124 1 186
Drasaphila (Sophophora]
Melanogaster group

AT ik 314 4 1.7

mielanogasier L6 62.3 14 B.2

simulans 7 1.4 16 9.4
Saltpns group

sturtevanti 14 A 14 11.2

grepar gt [ 371 2 1.2

prosaltans A4 1494 2 132
Dragaphila | Pheladoriy )

lattfaseiae foramis 9% 54.7 7 4.1
MNeatanypastrells

chymomyzaldes 432 24.7 5 2.9

“chymomyroides-like” 28 165 4 1.8
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I species are frequently found feeding in the same agaregations with
class A species over fallen blossoms and drier fruits. They show a
moderate or no aversion to entering traps. In contrast with species
of classes A or B, members of class O are rarely found hovering
over small drier fallen fruits and blossoms, but they are easily attracted
to traps. Ulass 0 species mav feed not only on juicy fruits, where
they certainly breed, but also in sites above the level of the fores
Hoor, such as in slime fluxes of trees. Carson of af. [1956) found
that D). peeudoobseura and D, persimilis, trap attractable species of
the western United States, do indeed possess different adult feeding
and larval breeding sites,

LOCAL VARIATIONS IN DISTRIBUTION OF SPECIES

The species content of aggregations collected by net sweepine
was generally similar in different forested areas but there were some
localizations of particular species. For example, D, albirostris and
I metzil were collected regularly at every station except Cerro
Campana. Both species were taken at Turralba, Costa Rica, at
the same altitude as the lower collecting area at Cerro Campana,
Their absence from the latter station must not be related 1o altitide.
Many of the common food plants for these Drosophila species are the
same at Cerro Campana as at Barre Calorado Tsland.

Although most trap-atiractable species were similar at Cerro
Campana and Barro Colorado Island, D emigrainata, common
throughout the collecting period at Cerro Campana, was trapped
only once at Barro Colorado Island. Drosophila eohydei and D, pal-
lidipennis were trapped regularly at Cerro Campana, but the formes
species never, the latter only twice at Barro Colorado Tsland,

ADULT FEEDING SOURGES
Flies of class A Drosophilidae have been observed actively feeding
o fallen Truit or hlossoms of a large varicty of plants. However, it
is not certain whether every female collected by net sweeping over
fallen fruit was feeding, ovipositing, or both. Drosophila angustibucca
was netted from fallen fruit or blossoms of 36 different plant species,
s follows: fruits of an undescribed Clusia sp. (figs|; Erythrina ber-
trroana (gallito); Andira inermis [cabbagebark ) ; Calocarpum virid.
imamey | Thenbroma cacao {cocoa’l: Coffea arabica [cofles ) -
Gutliclma gaipacs (pejibave palm): Spondias mombin | hosplum ) :
Bactris sp, (black palm); Crysophila warseewiczii (fan palm) ; drupe
25, 113, nuts 33, B3, 120, 144: fruits 9, 11, 36, 37, 59, 42, 54, 66, 114
117, 119, 130, 140, 210; blossoms of Bombax barrigon, Musa sapien-
tum (banana|; blossoms 33, 67; sprouting nuts 1; buds 211, The
unidentified fruits, listed by number, were small. with thin rinds, and
all except the drupes were of the drier tvpe. Drosophila mediocris and
D. albiresiric were netted from parts of 31 and 32 different plant
specics, respectively, D, medionetaie from parts of 64,
Common species of classes B and C were netted from fallen
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plant parts of fewer plant species than were the common species of
class A, For example, D nebulosa of class B, was taken from 13
species: fruits of Chrysophyllum camito, Coffea arabiva, Theobroma
cacao, Cluda sp., Andira inermis, Spondias membin, Mangifera
indica (mango), Bactris sp., Guiliefma gesipacs, fruit 3, nuts 53;
blossoms of Bombax barrigon, blossoms 33, Drosophila sturtevantt
of class € was netted from 10 plant species: fruits of Theabroma
cacan, Clusia sp., Andiva inermis, Spondias mombin, Bactriv sp.,
Guiliclma gasipacs, Musa sapientum, Calocar pum ciride, fruit 5, and
blossoms of Bombax barrigon. Drosophila cardinoides, class C, was
netted from fallen parts of 14 plant species: Truits of Chrysophyliom
camnito, Theabroma cacao, Clusta sp., Andira nermis, & parndins
mombin, Guilietma pasipacs, Musa sapientum, fruit 117, 60, 42;
blossoms of Bombax barrigon, Grias pittieri, Beaumontia grandiflora,

Tanve 5 Flants wsed by larval Drosopkila of classes

A, B.oaned © as breeding sources
Dspsnphila Fallen frait or
class A Islrssaom Living Hewer
riedio paria f_.'o!frra arakica, . falathea rr.'ruffu-'-dﬁd‘llﬂ'.
Crysephiln warscewiczii, Aphelandra micans,
Siparunag micaraguenin, Cenlrapogen cocomeus,
Islossom of Crecropio Aroid s
friexicandg.
medionolala Calocarpum viride, Costus sp.
Ceoffea arabica, Helunthus sp.

Cluria sp., Andira
inermis, Siparung
nicaragumeniis, drupe
113, fleshy fruir §18,
courd 4800 blossoms of
Bombax barrgon, of
Erythrinag berlerpana,
of woody vine 3VC.
angus b Clusta sp.. Andira
imeran, f:'r':..inPJLI.I'ﬂ
warscewiczi, drape [51
pod of Erychana
berteraana, blossom of
Erythrina berteroana
Drosaphila
vlass B
nebulora Mangifera mdica,
Cluria sp., Carludovicia
palmata, Andira tnerma,
Chryro phyllum camito
Fucimens Coffea arabica, Clusin sp,
drupe 113, Meshy fruit
I 18 Aeshy fruit 119,
D"rnl..pphafﬂ
rlass O
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blossoms 197, Fruits over which species of classes B and © were
found were, in general, more Aeshy than those supparting members
of class A, though there is some overlapping,

LARVAL AND PUPAL DEVELOFMENT SO1RCES

Table 3 presents a list of plants whose fallen fruits or blossoms
serve for larval development of Drosophila of the three classes. The
fallen plant parts over which adults of all three classes were col-
lected by sweeping were similar to those occupied by their respective
larvae and pupae. Table 3 shows that members of all three classs
also underwent larval and pupal development in flowers sl attached
to their plants. Since these living flowers also have been found serv-
ing two undescribed species of the genus Clastopteromya and several
species of Zygothrica [adults of which feed on fungi), this type of
breeding site may represent a primitive characteristic for Drosophilidae.

Plant parts in which larvae and pupae are developing mav serve
also for the feeding of adults. The varicty of species collected by
sweeping over i given plant part includes many of these bred from
a sample of the same material. For example, Tahle + shows that
six of the cight species of Drosophila hatching from a single sample
of fallen fruit of Andira inermis were included in the 13 species of
Drasaphile and Clavopteromyta caught by net sweeping at the same
time and place. The number of flies hatching in the five time intervals

Tasre 3 —irontinued )

unrtevanti Mangifera indicn,

Crulielma garipaes,

Andira snermis,

Annona muricata,
mielanogaster Mangifera indica, Hedychium corenarium

Clusta sp., Bactris sp..

Andira mermis,

Ar.'r)r.:rrpu.-: CORTIMETIE.

AMaRA 5 Cocos nucifera, Hedyvehiym coronariy i,
Meangifera indica. Calathea tinlacens,
ﬁ.’.n'{.l'rl". SH., dflllll‘}ili(' iu I‘:.le.:r I'|r_\w1'|_'
Artocarpus communii, &I

Cluita sp., Andira
imermis, goured 195,

cardinoid e Annona murivatn, Helicona latispatha,
Clusia sp., Andira Hedychium coranarium,
inermis, small Calathea iolacear.

mushroome AMF, Aroid
sp. 450, vine blossoms
SV,
teatorpha Coffea arabica, Cluita sp,  Aphelandra mican,
Crutlielma gasipaes,
Andira mmermir,
Stperuna micaraguensis,
Aroid ep. 450, herries
145,
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listed in Table 4 demonstrates that D, converpa, D sturtevanti, D,
:lf'f}rnrrﬂ.ct b, r‘ﬂa'ﬂ'i!lmlde'\' D, "il'c:ujr.'."r'rlizll and D, wquirrum.’n Were un-
:]err-'mngg almost synchronous larval and pupal development. In a
large fleshy fruit, Annona muricata (soursop), on the other hand,
successional development has been observed. In a futther exarnple,
[rom fallen (ruit of a single sample of a Clusia sp., four of the five
hatching species were previously netted with 12 additional species.
A number of similar collections have corroborated the finding that
many of the species collected as adules over fallen plant material
can be bred from a sample of the same plant

Although fallen fruits or hlessoms with no adults apparent at
the time of collection might later vield hatching flies. usually an
aggregation of Hies was found hovering over the fallen plant parts,
Where an aﬂ'rr“_-w‘s_t]un of ]]l:]::u;}] PFL]JI(!"IF_" was found feeding, the num-
ber of species netted was generallv greater than the number ol
species bred out of a sample of ]Jl:ml parts, Out of 21 paired sweep-
ing and breeding collections where six or ore species were netted,
i only F cases were as many species bred Trom a mited volume of
plant parts as were netted, In six cases, there were fwice as many
species netted as hatehed. and in the remaining 11 samples, from 3

1l times as many,

The higher number of species collected by sweeping is partly
dise to the fact that a few of the netted species were feeders only
and bred elsewhere, For example, although eight common species
of Clasto pteromyia regularly feed with other clase A members, only

TanlLe 4—~Comparizon of species netted over fallen froir of Aadive inermin
with those hatching from a sample of the same fruic collected at the same i
(Feb, 1) that Hics were netted

No. dlies hate hlnse,

N s (¥} = i =]
Species Hie [ = = gl 2 Teal % oral
Dn:l.i uﬁ-hn’n netied I e = E nos.  hatching
tro lru«c alis g 202 09 s 206 343 THG3 HENN
eeitimoralis
nebulose 1 2 0 I 4 14 e 1.0
'mn'g'rn{.lgﬂ'n'-rr ] 4 ] 1] ] 4 7 mi.
cardinaider 2 3 B 7 ] 1] 16 (LR
necmar i | 1 4 4 (i i a 0.
sturterantt 1 il i 23 23 14 fi? 31
angustibuccn K] i 1 ] il ] 2 i |
Codterga 1 1l 1 n ] {1 3 [
medicniriata I
u.l';r:'ru-.fu": 1
medioeris 1
spedionolata 2
fumipennis 2

I:'_,.'I'rht{,lp!ﬂ v ].'J'u
albinsla
ip ki
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one has ever been bred from a fallen fruit | Clusia sp. | The breeding
locations of the seven other common members of this genus are
unknown, but two rare species have been bred from living Howers.
Table 4 shows that two species of Cla dopteromyta were neited but
not bred from the fruit of Andira inermis,

Conversely, some species of Drosophila that both feed and breed
in living flowers can be hatched from fallen blosscms, but are rarely
collected as adults by netting over fallen plant parts; e, “gray
bromeliae,” an undescribed member of the flavopilosa group and
D, sticta (see Table 5). Eggs of these specics were presumably de-
posited while the hlossoms were still attached 1o the plant, and there-
tore were among the first o hatch.

A single sample of fallen plant part will yield fewer Diroso phila
species hatching than netted, but if the hatching results of a number
ol sarples of fruit of the same plant species are combined, then many
of the netted species can be hred out of the combined samnples, For
example, from six collections of Clusia sp. fruit at Barro Colorade
Island and Cerro Campana, seven class A species (D fumipennis, £
converga, D). anguitibucca, D). metzi, D, mediostriata, IV, albirostris,
D. medwnotata) and two class B species (1. trapicalis and D, eqii-
noxalis) were both netted in a single collection and bred from at
least one of the six Clusia fruit collections.

The consistency with which the species netted outnumber the
species bred from samples of the same plant parts indicates that a
spatial interference of ovipositing females occurs, similar o the
mtraspecies interference with oviposition ohserved by Pearl {1932 in
crowded culture bottles of D, melanogaster. The feeding and ovi-
positing aggregation is made up of small numbers of individuals of

Tanie 5.—Comparison of species netted over fallen pei family vine hlossoms
with those hatching from a sample of the same blossoms collected st the same
time [Dec. 13) that fies were netted

- No ies Em.:,;-__' =

Sprecies flies 4 o = Total
Dirosophila netted i = E  hatching
“gray bromeliae” 0 33 ] 2 i
sticta {k 1 z ] 3
LunCerpa i} ] 2 1] 7
cardinaides ] 11 1 1, 12
albirosfree [ 1 1 1 1]
medintriala 3 & 24 7 g
trefzi | 1 i} i} 1
£FOET + 15 20 2 40
medioparia 1
medionotata 1
fumipenni 2
fatifasciaeformic I

Clastopterornyra
= 1
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many species; the result could be a spatial interference hetween fe-
males of different species,

Closely related Drvoro phila species are cohabitung with respect o
larval development. Table 4 shows that D, car dinmides and D, neo-
morpha, both members of the cardini group, were hatched on the
same day from [ruit of Andira inermis. Similarly, Table 5 shows five
members of the tripunctata group, namely, D, eroeing, D. converga, n.
albirosiris, D, medioitriata, and D, metz, undergoing nearly syn-
chronous development in fallen wine blossoms. Table 6 lists other
examples of members of the same species group that underwent larval
development in the same sample of the same plant part and hatched
on the same day. Included are two pairs of sibling species (. mela-
nogaster and D, simulans; D. jehnstonage and D. blurrie e |

Indirect evidence that fallen plant parts are used for adult feeding
as well as for m,-'lppggi:ion is [urnished hy the secondary sex ratio
aof species netted, contrasted with that in the same species trapped.
An especially low percentage of males in a trap collection compared

nearly  synehronous

Tannk 6—Related Drosophia species

upndergoing

lagval and pupal development in the same sample af the same plant part

ol u.{e.l_F; hila
{ Dirosogeliila)
Tripunctata group

[allen plant part
{fruit or blassom |

Cardin growp

medionolata,
riedin parca

jehnstonas
Elumelus

anpuitibucca
rmedineris
mediosirata
medionetala

hodemannae
angusitbicca

argenleifrons
albirosiris
mediomelata
CONLETaR

mpetzli, greerae,
albirostro,
medionatata

Replets grougp
fulvimacula,
lf'ri,:..r.l:rrl'r:r

Cofea arabica

S ting nuts |

Elurea sp.

Erythrina
berterpata
{hlossoms

Clusta sp

Bombax
fhor rllgr.lrl
{ blassoms !

[ rjﬁ.;'.u. arabica,
“guanarana” 420

meotos plia,
cardinoides

cardini,

(q’rr.l'!r]u’!ll-afh'

Dira mlr:hr'hr
[Saphaphora )

Melanogaster
2r0iin

melanogaster,
AT 856

ATARASIAE,
semtnlamns

melenogaster,
semzulans

Williston1 group
neblose,
willistoni sihlings

Saltans group
prosaltani.
sturievante

fallen p']run't_
part (fruit or
blossom

Clusia «p.
Andira mermi
Arnid 4500

Clusia sp.
Andira inermis

Bactinys sp..
Artocarpus
COPRIETLY

Theabroma
fay A N

Mangifera
srdica

Annona
mericata

Annona
s ricaba
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with that in a sweeping collection may indicate a special preference
of the females for the fleshy fruit of the trap bait for egg laying.

Several factors affect the secondary sex ratio egually in both
netted and trapped collections. These include greater female longevity
Pipkin, 1956), greater resistance of females to a Treponema in-
lection  (Sakaguchi and Poulson, 1960), and senetic sex ratio
mechanisms [ Gershenson, 1929; Durlington and Dohzhansky, 1942
Because females begin to hateh carlier than males in Drosophila, the
sex ratio of a single large collection where flies are hatching may
depend on whether hatching has just begun or is well advanced.
Hence cbserved sex ratios in a large number of minimal populations
provide more rehable information than do sex ratios of expanded popu-
lations, where the proportion of males to females s altered by the
age [(relative to hatching) of the population. Minimal populations
are here defined as those that include 14 or fewer flies; expanded
T.Iﬁr.l‘l.l.l}:l.'i”nﬁ. those including L3 or more fhes,

The cases most clearly suggesting that females prefer 1o oviposit
on the coltivated fruits of the traps are IV capiricorni, D cardinoides,
and the willistoni sibling species (Table 7). Here minimal populations

Farre 7. —Secondary sex ratie (4 /%) in minimal and expanded
papulations of neotropical Mrosophila
minimal  minimal expanded expanded
Class A trapped netted e e trapped
medtacti {42 o
medioiiriala .80 ey, 1k, i
medionslate .79 N .54
albirostris 1.26 3 I.62 2
atpiilthucca 1 R . (k.53
calloptera 1.20 1.62 ZF
Fieeriifrennis 1.14 - 1,595
Class B
capricorni L34* 13 045 1%
siebaloug .15 B 1.37
“willistoni siblings” .69* %33 | .04 [k 45
.'.'h'.ll;iu 1.54) . LAI7
Class
FLEE T 047 2 M} .05 |.5H
sturtevanti .76 a4 111 6
emarginata o .76 i (.78
prosaltans ; 115 . -
cardinotder 1.17# .66 (.33 1.18
rearmerpha .50 .46 1.548 0.37
repleta i 1.02 - 0
fulcimacula ) .68 1.0
fasciola i 1.14 = o
Iatifarciaeformes .46 (1.979 1.49 (I.BG

* Sex ratios of minimal trapped collections are significanty lower than sex
rating of minimal netted collections,
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collected by trapping have a significantly higher proportion of
females than minimal netted populations. Chi square tests for in-
dependence comparing numbers of males and lemales in minimal
trapped versus netted populations of D. capricorni, D. cardinoides,
and the willistoni siblings, all yield P-values less than 01, For D.
neomarpha, D nebulose, and D, sturtevant!, the ratios of males o
females in minimal netted collections do not differ significantly from
those in minimal trapped collections,

An unusual excess of males in minimal wapped collections of
D, ananassac and an excess of females in minimal netted populations
may be attributed to the female’s preference for wild fruits for ovi-
position  rather than for cultivated trap bait (chi square 89.37:

P001Y,

VARIATION IN MEAN SIZE OF SWEEFING AND TRAFFING COLLECTIONS

Table 8 gives mean numbers of flies per sweeping collection hoth
in minimal and expanded population samples for class A ground-
feeders. Although minimal population samples may include as many

TanLe #—3ean sample size of minimal and expanded populations of
class & species collected by net sweeping

g — e~ T
= e =g =]
s = 53 g
Droiephila EE T § =.: i E‘c-:: %%
5 E = =g g - o
- DU g LS55 =
== ! 2 L 7z = = EE -
medinfar e 1.86 = 025 5 i
i tignm 1.88 + .49 16 35.0 1
medioeri .96 * 014 76 : {l
frapeza 206 *+ 034 18 {
{ragilis 216 = 044 17 195 2
Ereeras 257 0,72 19 M
crocing 242 = 053 12 S0 1
bistmelas 255 + 0.46 g 1%.0 4
nigricincia >73 =078 15 ]
melzit 274 £ (45 i1 2040 i
celitla 2094 = (1L28 71 19.9 &
mediofictoides 294 = 0.47 A4 54.3 4
coNrErga 312 £ 004 fith 436 16
medionalata 313 = 0,23 152 23.8 b{1]
fohnitonas 327 = (67 15 18.5 3
albireririi 5.50 £ 026 L4 an.l B
g pleta 347 L 0482 15 2 1
anguitibucca 151 £ 054 Ot 27.1 14
arpenteifrons 361 = {160 A6 245 3
mediostrigla 596 = 0,32 16 43.2 ig
bodemannae 438 £ 1.17 16 0
fumipenni 396 = 0.27 144 9.9 14
sehilid: 362 = 040 30 20 1
callaptera 4,39 = 045 72 22.4 8
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as 14 individuals, the greatest average minimal population size among
24 class A species was only 438043 (mean=sg) flies per col-
lection (D). calloptera). A comparison of means of minimal samples
in Table 8 shows significant differences between D). mediaparva and
D. setula (Dfi+sep—1.082041) and also bewween D, mediocrts
and D, setula (0.98-+032) Means in excess of that of 0. setula were
likewise significantly higher than those of D, medioparva and b,
mediocris where the number of collections was adequate for com-
parison. The mean minimal sample size both of D. sefula and D.
medionotata was significantly lower than that of D. medioitriata
(Diff+skp, 1.02+0.44 and 083041, respectively). Similarly, mean
sample size of D. converga was significantly lower than that hoth of
D. calloptera and D, fumipennis (1.27£0.56 and 0.84+043, respee-
tively). Finally, the mean sample size of D. albirosiris was significantly
lower than that of D. calloptera (1.00=0.51}. Relative population
sizes are of interest because when natural selection is acting on feeding
and ovipositing drosophilids, the fies are dispersed in ageregations
composed of a number of species, each represented by few individuals

Means of samples of expanded populations of class A species
ranged from 19.0 individuals (D, blumelae] to 49.9 individuals per
eollection (1), setula), considering only species in which expansions
Were |_~|;||;,|':|”]|:|,'“_"d for or more tines, E.‘.i]]ﬂ!'l'.'l.f"d PI.'I']JH];JJ;{HH were
found fewer than four times m 14 of 24 class A species: in six of
these fourteen (D. medioeris, D. medioparca, D. bodemunnar, I,
trapeza, D. greerae, and D. nigricineta) not a single expanded pop-
ulation was collected, although minimal populations were found reg-
ularly.

The five species found most frequently in minimal populations
include D, fumipennis, D. medionotata, D, mediostnata, D. anguili=
bucca, and . albirostris, which were taken between 96 and 146
times. With the exception of D. albiresiris, which gave place to D.
conperga, these same specics were also most frequently taken ifrom
i o 38 times! in expanded populations.

Table 9 presents the mean number of individuals in minimal and
expanded samples collected by netting and by trapping for four class
B and 17 class C species. A companson of means of minimal sarmples
shows the trap mean to be significantly higher than the sweep-
ing mean for only two species, D, sturtevantt (Diff+ sED=2.20£0.91)
and D. cardinoides {2.21+065). Mean sample sizes of D. capricorm,
D. fulvimacula, and D. latifasciae formis were slightly higher in mini-
mal trapping than in minimal sweeping collections, but significant
dilferences could not be demonstrated in cases where the number
of collections by either method was low. In contrast, the mean num-
her of individuals of D). nebulosa and of D moju was shightly higher
in netted than in trapped minimal collections.

The sizes of expanded samples of class C species were somewhat
higher in trapped than in netted collections or differed little. This
may indicate attraction to the trap bait from a slightly larger area
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than to the natural leeding or breeding source. On the other hand,
mean sizes of expanded samples of class B species D, nebulasa, 1)
sucinea, and I moju were higher in netted than in trapped collec-
tions, showing a disinclination for entering traps in large numbers,
Mean minimal sample sizes of between two and four flies per collec-
tion accounted for 61.9% of class B and O species in Tahle %, as
measured by trapping collections and 79.2% of the class A species
of Tahle 8, as measured by mwpmu collections, Therefore, minimal
sample sizes of species of all three classes are similar, although class
A samples were collected by sweeping and classes B and O by trapping.
This indicates that all ground-leeding Drosophila can be scattered as
|:||1|:L|¢rica]]:.' simall purtluns‘- ol Jllllitiﬁjjﬁ_‘iﬁr ﬁ'r.ding '.u'u]_-'m' rn.'i|h’r.‘i:it:il'tlsi
AggTerations.

Expanded populations are more {requent in class B oand O species
than in class A species in general. Thus, from 16 te 3375 of the total
netted collections of three class B species, I nebuloia, I suctnea, and
. moju, represented expanded populations. Similarly. four class
C species. L. ananassae, D. melanogaster, D. dmulans, and D, stur-
tevanti, were collected as expanded ]mpul‘umm: in from 17 to 37% of
the total netted collections of these species. However, of 24 class A
species listed in Table 8, only I fumipennis and D). mediostriata were
found as expanded populations in as many as [9% and 26%  re-
spectively, of the total number of netted collections. Since expanded
populations are often hatching from a breeding source, this difference
15 partly dependent oo the fact that class B .!m] class C ﬂ]‘n"{‘tn utilize
large Heshy Troots, whereas class A species preflec the smaller drier frois
and blossoms,

Willistoni sibling species of five netted collections taken from Truits
of three forest trees (dwdiva inermis, Clusta sp., Bactris sp.) and
four trap collections, all collected from Barro Colorado Island over
a period of 18 months, were identified by Mr. B, Spassky, His analysis,

Tance 10.—Numbers of the “williston sibling” species identified from
||s|:1‘~|'| ions l:||2.|.'i1* :]nrmg I L|.¢I:|tq e mmuhg at Barre Colorade Island

wer eoll, Ere.l_r‘rrrm!l-. #1 mrl.rnru'e-: i J.I'l'HI'lJrI" pum O T
T 1RBA 3 ] I {
1 7K1 9 1 1 2
2389 15 8 18 {1
R 37 o 12 0
35B6 25 9 2 i
Total 1014 10z G4 2
e 45.0 421 1%.1 (h8
Trap coll,
16EE ] B! i 1l
OBy ] 45 1 ii
G4B3 b g 3 ] i
8581 3% 40 + L
Total 0l 04 ! i

e 41 .41 611 4.0 i
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based on examination of male progeny of single females collected in
nature, appears in Table 10. The domimant species of this sibling set
are D tropicalls and D, equinoxalis, ocourring with  rouchly eijual
frequency.

Assuming that proportions of these two species remained the
same in this area during the collection period, estimates can he made
of their sample sizes. Letting minimal samples be represented by 28
and fewer individuals, the average number of flies per sanple n 52
minimal collections of the willistoni siblings was 8.85. The mean num-
ber of flies per expanded sample in 47 netted collections was 620,
Neglecting the frequencies of B panlistorum and I willistoni, we
mayv halve the estimates, obtaining 44 fies per minimal and 31,0
flies per expanded netted collection for either D, tropicalic or D).
equinoxalis: these hgures closely resemble the corresponding sweeping
sample sizes of other willistoni group members, D0 capricorni, 1)
nebulosa, and D, sucinea,

For the willistom Sih[ing spectes, the averape number of Hies Pt
minimal trapped sample was 0.4, per expanded trapped sample,
2522, Assuming that the two dominant species show a similar at-
tractivity to traps, these fizures may be halved, ziving estimates of
5.2 flies per minimal trapped sample and 1261 Hies per expanded
sample. The former estimate is closely similir to that of other class
B species, but the latter is four times the estimate of the mean of
expanded netted samples. This sugpests either that attractiviy o

Tapre 11.—Relative size of hatching population samples

Mean ne. Bies

Drrasophila N, coll, hatching per pint
bred of plant par
Clazs A
mﬁr}lj.r.l_lr.'rn I 11 2056
angustibucea 7 240
albd bt G 18
CORUErga h 4.60
medionotata 17 580
metzit L] 5.40
mediostriata 12 1142
Class B
nebulosa a 7.4
FUEiREd 3 1220
“willistoni  siblings” 44 11149 95
Class O
cardinoides 20 6,65
neomoriha 14 11.43
durtevant 108 22.10
o HA R gE 11 43.42
melanogaster | 3 | ] 13.11
stmulans [ 2 3 7 214
fasciola 7 3.57

fulvimacula 4 24,25
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trap bait was stronger than to a natural feeding and breeding sourco
or that flies were drawn from a larger area to a trap than to a natural
frust pile.

VARTATION TN STEZE OF SAMPLES HATCHING FROM PLANT PARTS

I-J:I]:ll' ;.I'Ir'l'r'::l:q'_"l.': 5i:ﬂ"‘ i'l'r- ]’J':'Llf‘h.ui]_'; [H}E:uuLllirr[L!ﬁ. iJF \'?lr"l(ﬂj.‘i l‘l.lf:l.‘ﬂ"lj}ilijiﬂ:l‘i
of elasses A, B, and O may be seen m Table 11, These means are
derived Trom the poomber of flics hatching per quart container hall
Alled with plant material. Since & number of different fallen fruits
ancd blossoms and soroe hving (not fallen ) fowers were used to breed
these populations, no pretense s made thar the mean number of each
species hatching 1s derived from exactly equal volurmes of plant parts.
Mevertheless, Table 11 demonstrates that class A species in general
produced fewer individuals per sample of plant parts than did most
vlass B and C species. This 15 in agreement with studies of adule pop-
ulations collected by netting or trapping. The size of D). medio-
sirtata hatching populations was approximately double or more that
of any other ripunctata group iember, an expected corollary of the
observation that this species expands its populations more [requently
than others of the group.

Not all class C species hatched in large populations. For example,
1. fasciola hatched in small populations [ Table 117 and only small
populations were collected either by sweeping or by trapping (Tahle
41, The hatching populations of the willistoni siblings include four
species, of which D tropicalls and D eguinoxalts are the dominant
members and are about equally represented, Thus the hatching popu-
lation siwe of cach of the latter two species 1s of the same order of
magnituce as that of D, aranasiae. Means of D, melanogaster and
B simulans arve derived Trom males only and should be doubled 1o
b comparable with those of the other species in Table 11, A com-
parison of the mean nuwmber of flies hatching from a pint of plant
rterial (Table 11 with the mean number of flics obtained in a
single sweeping or trapping collection {Tables 8 and 91 shows that
only a verv small {raction of fies hatched in nature is caught by these
methods in single micropopulations,

FLUCTUATIONS IN POPULATION NUMBERS

Fluctuations in numbers of individuals of various species were
determned for a single locality cach, either Barro Colorado lsland
o Cerro Campana, ||..I,'i:|g either sweeping or trapping, Monthly per-
centages for cach species were caleulated according to the method
af Patterson (1943,

Fluctuations of population numbers showed three main patterns;
[1} species with expansions during one or more months of the wet
season (Fig, 20 or (2 of the dry season (Fig. 3), and [5) those
with expansions either in altermate months, irregular, or lacking

‘Fig, 4,
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personal ohservation). Trees on well drained soils in the homid tropics
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Rensch, 1960: Fischer, 19607,
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phala species of class C not only by undergoing expansion during the
wet month of November in both collection years and an additional
L'”{].'Jﬂnill.rtl |]| ]:‘I‘ll]‘lr'\ I'I!- lEI!_. ‘-I;_I;U'Hld '\'l'ar |.I:|_Lf l}l‘ l‘_'ll_ll tJ]I’_" ‘}[}I’_L]I:_H WaAR
dlull", found Trom March ”‘IIHIJ;_'!l ju]v af either year,

HBoth native and rmmmmlﬂan class C :-c]wru'.s: had a ]’HTE}H'HliU!l
expansion during a spring fruiting month (Fig, 3). For example, the
cosrnopolitans, £ simulans and D ananasas, at Bareo Colorado Tsland
showed high praks of population in March {(a dry month) and May
la wet month), respectively,

The expansion pattern of D, melanogaster was ireegular for the
two vears studied, During the first vear there were three separate
n-.p:m:.mn-, i the period from thumr!_.' through July. During the
second wear, one expansion lasted from May through Julv. From
September through December in both vears the species was found
only in low numbers. [} melanogasior proved superior to B, ddmalan.
in the tropical Torest just as Barker (1963 found for mixed labora-
tory populations of these siblings at 25 C. That D, melanogater is
by no means alwavs superior was shown by Patterson (1943 for
Aunstin, Texas, and by Pipkin (1932} for various areas in the Lebanon
Mountains,

Figure 3 shows that the indigenous species D, paranacads dis-
played a single pronounced expansion extending from January through
March. The remainder of the vear this species was present in fewer
than 4% of the collections. Although 0. sturtevanti occurred in fairly
largs numbers throughout the vear, it exhibited a marked |n’~’|L of
|mp~u|1r.|rnn in February and March at both stations during the first
vear. Puring the second year at Barro Calorade Island, it peak
extended from December through February,

Figure 4 shows that £, emarginata at Cerro Campana maintained
almost uniform numbers. I latifasciaeformis at Barro Colorado Tsland
showed no regular ;Jmtt'rn of fluctuation. Periods of expansion alter-
nated with periods of low fr-f'qm.'mw' in two successive years. Lack
of a regular pattern s nol Surpr mng l.mu' this Spl"CIE"'i has recently
extended its range [Wheeler, 1957) and is probably newly subject to
selection in this area,

The present work has shown that for many neotropical Drossphila
there are definite seasonal fluctuations of population size. This ALTECS
with the work of Bennett (1963) who described “ecologically signifi-
cant seasonal changes”™ on Barre Colorade Island, Canal Zone, Earlier,
Dobzhansky and Pavan (1950 considercd seasonal fluctuations of neo-
tropical Drosophila a moot question. However, Pipkin {1933 found
that two l.r;ip-mtractal:ulr- F-l.:t"l.":il"‘i of the Caroline [slands Huctuated
seasonally with the fruiting of a particlar tree, and Heed (1957) re-
ported “noticeable seasonal changes in Dresophila population size™ in
San Salvador,

Seasonal fluctuations of Drasephila in a tropical forest, where there
are: no marked temperature changes, appear to be causally related
too the kinds of fruits available for feedine and breeding. Class A
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spectes, with wet season expansions, breed inomany kinds of small
drwer fallen froits and blossoms and also in hiving flowers. The fallen
fruits and hlossoms are parricularly vulnerable w desiccation and
therefore serve effectively only in the wer season. Breeding in living
Aowers allows class A members 1o survive the dry season, but popula-
tions are barely maintained when a species i= confined w this hreed-
ing source. Class B and C species are able to use not only the class
A breeding sources but also the advantageous Heshy fruits which fall
chieflv in the dry spring months, Thus population expansions of most
class Boand O species occur in the spring. The regular fluctuation of
D. fultimacule, a fAeshy [ruit breeder, seems to reflect successive gener-
ations, since there are expansions and regressions of this species in
alternate months. The reason for absence of seasonal fluctuations in
the common species ) emarginata at Cerro Campana is unknown,

Discrssmoy

The wealth of [vossphila species in forests of central Panama
is in keeping with the great species diversity of other tropical fauna
discussed by Allee and Schmidt (1951), This abundance has been
attributed to the constant favorable temperature, with its effect on
plant life, creating an intricate array of habitats |{Dobzhansky, 1950
Allee and Schmidt, 1931). As a further explanation of the compli-
cated ropical fauna and flora, Fischer (19607 emphasizes the longer
time during which evolution has operated in tropical forests in con-
trast to the relatively short time in temperate areas that have suffered
glaciation. MacArthur and MacArthur (1961} consider the problem
of tropical specics diversity still not completely explained.

The chiel component of the class A ground-feeding Dirosophilidae
of the present study is the Drasophile tripunctata group, This group
must be very ancient il differentiation and extent of range of 1 mem-
bers are in EJ1'I.’!IJ'Jf:lJ'|.i¢'Jr1 Loy l:'!sqlil of q‘x'ﬁ]uliunar}' dl’_‘\.-'i,'ll:!li_]]Til,'l']_t. P‘ipl-;'[:n
and Heed (1964 listed 54 species in the group: enough is known of
adult feeding and larval breeding habits to mclude 27 species among
class A ground feeders. The group was divided into four subgroups
by Frota-Pessoa (1954), and Ave sets of sibling species within it have
been identihed by Pipkin and Heed (1964, At least bve common
memhers, ), mediosiriata, D). albirastrie, D medionotata, D. mediocris,
and ), :lr.'.--r'.l'z'ulf.l:"(ra range from Sao Paulo, Brazil to Costa Rica,

Feeding and breeding primarily in fallen blossoans and small Troits
accounts for the restriction of members of the large class A ground-
feeding Drosophilidae to the lowland humid neatropical forest. Those
species capable of expanding their populations must do so during the
wet season to avold desiccation of these feeding and breeding sources,
Although numerous, the fallen blossoms and small drier fruits are
inetheient for larval development; this in part accounts for the limited
ability of class A members to expand their populations. Class B and
C species, using fleshy Truits in addition to the former food sources,
exhibit dry season expansions wherein there is a definite seasonal
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pattern. Though offering efficient vehicles for larval development.
lewer fleshy fruits are available because they are eaten in large num-
hers by forest animals. Four of the five cosmopolitan species in cen-
tral Panarma, L m,--{artq:-rr,rm'h'r, D, siminlani, D ananacias, and 1)
re pleta, belong to class C, as would be expected, since they are adapted
for breeding in a dry climate.

Allee and Schmidt (19531 concluded that in the tropics small
numbers of individuals generally contrast with large numbers of
specics in @ piven habital, The present study shows varation in
populations of Drosophila roughly dependent on the nature of frais
used for Larval development, with certain exceptions. Thus i mini-
mal populations, 24 class A species showed a relatively uniform small
sample size ranging from a mean of 1.86 = (.89 to 439 = 0145 Hlies
per collection, The uniformity of these minimal sample sizes of class
A species depends partly on the drving out of their common feeding
and breeding sources. The sizes of class B and C expanded population
samples were distinctly greater than those of class A, because of the
ability of the former to breed in fleshy fruits as well as in the small
drier fruits. This phenomenon may represent an adaptation for sur-
vival in the dry season, which is unfavorable for the growth of micro-
flora,

Fleshy fruit breeders do not always expand their populations, as
D. prosaltans, D. fasciola, D, repleta, and I, eokyder demonstrate.
Other mechanisms limit population size in these cases, perhaps genetic
characteristics such as the rate of epye laving, which Stone et al. [1954)
showed for £, nevamexicana to be only hall that of D hydei. The
former maintains small populations; the latter is subject to large
eXpansions.

The present investivation has shown that large agoregations of
neotropical Drosophila species regularly share the same adule feeding
and larval breeding sources, wherein they usually undergo svnchro-
nous or closely overlapping development. These aggregations include
many species belonging to the same species group, and even mem-
beers of the same sibling sets. The breeding and feeding habits of mem-
bwers of the ripunctata group show coexistence of closely related species
on an even larger scale than has hitherto been described for leafhop-
pers (Ross, 1957) and others. In spite of the similar breeding and
{feeding habits of these closcly related species. each has characteristic
seasonal fluctuations. A study of the microflora of the feeding and
breeding sources may help explain these specific differences.

Both Andrewartha and Birch (1934} and Mayr [1963) agree
that rarely are food resources of a given species fully exploited and
that this [ailure is more characteristic of tropical than of temperate
resions,  Nevertheless, the fact that seasonal fuctuations oceur for
class A species suggests that the food supply can be so reduced by
desiccation that these flies cannot be collected in certain dry months.

Park [(1948) in experimental mixed populations of Tribalinm
confusurn and Tribolium castaneum found that the species numer-
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ically dominant at the beginning of the experiment eventually was
the only species surviving, In nature, the near uniformity of popu-
lation size of tripunctata group members allows coexistence of these
closely related species. Similar sample sive of these and other class
A members depends largely on the detrimental effect of desiceation
on their common feeding and breeding sources during the dry season,
However, within the saltans wroup, D, prosaitans, with small [rOpine-
lations, was once observed underzoing synchronous development with
s close relative, D, sturteranti, a species of characteristically large
populations, in Truit of Annona muricata, Perhaps this large fleshy
fruit atforded more than enough food for larvae of both species and
others sharing i,
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