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THE SPECIES OF ANASTREPHA (DIPTERA: TEPHRITIDAE)
WITH A GRANDIS-TYPE WING PATTERN
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Abstract.— A diagnostic key, illustrations, and descriptions are provided for grandis
(Macquart) and the five other species of Anastrepha with similar wing patterns: atrigona
Hendel, bezzii Lima (= balloui Stone, n. syn.), castilloi, n. sp., grandicula, n. sp., and
shannoni Stone. Phylogenetic relationships among these species are discussed. Anastrepha
bezzii is removed from the grandis species group, and bivittata (Macquart) and fumipennis
Lima are tentatively included. A lectotype is designated for grandis. The egg of shannoni
is briefly described. Host plant and distribution data are summarized.
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Resumen. —En este trabajo se presenta una clave, descripciones e ilustraciones de gran-
dis (Macquart) y otras cinco especies de Anastrepha con patrones de coloracion alar
semejantes: atrigona Hendel, bezzii Lima (= balloui Stone, syn. n.), castilloi, sp. n., gran-
dicula, sp. n., y shannoni Stone. Relacciones filogenéticas entre estas especies son discu-
tidas. Anastrepha bezzii se transfiere del grupo de especies “grandis”, y bivittata (Macquart)
y fumipennis Lima se incluyen tentativamente. Se designa un lectotipo de grandis. El
huevo de shannoni se describe brevemente. Los datos de plantas de alimentacion y de

distribucion son presentados.

Anastrepha grandis (Macquart) is a pest
of the fruits of various native and intro-
duced species of Cucurbitaceae in many ar-
eas of South America (Norrbom and Kim
1988b). It has recently received consider-
able attention in regard to the extent to which
it attacks honeydew, a type of melon (Cucu-
mis melo L.) that is grown commercially in
a number of Latin American countries
(Harper 1987). In this paper, I describe two
new species of Anastrepha with wing pat-
terns similar to grandis, and that might be
confused with it. I also discuss the relation-
ships among these species and those that
Steyskal (1977) placed in the grandis species
group.

MATERIALS AND METHODS

I follow the morphological terminology
of McAlpine (1981) and White (1988), ex-
cept as noted in Norrbom and Kim (1988a).
Acronyms for institutions used in the text
are as follows: AMNH —American Muse-
um of Natural History, New York; BMNH —
British Museum (Natural History), London;
CNC—Canadian National Collection, Ot-
tawa; CMP—Carnegie Musecum of Natural
History, Pittsburgh; CUI—Cornell Univer-
sity, Ithaca;, FMNH—Field Museum of
Natural History, Chicago; FSCA —Florida
State Collection of Arthropods, Gainesville;
DEI—Institut fur Pflanzenschutzforschung
der Akademie der Landwirtswissenschaf-



102

ten, Eberswalde; ICA —Instituto Colombi-
ano Agropecuario, Palmira and Medellin;
INPA —Instituto Nacional de Pesquisas da
Amazonia, Manaus; INTA—Instituto Na-
cional de Technologia Agropecuaria, Con-
cordia; LACM--Los Angeles County Mu-
seum of Natural History; MCZ—Museum
of Comparative Zoology, Harvard Univer-
sity, Cambridge; NMW —Naturhistorisches
Museum Wien; PAN —Polish Academy of
Sciences, Warsaw; PMMT —Programa
Mosca del Mediterraneo, Sanidad Vegetal,
SARH, Tapachula, Mexico; SMT —Staat-
liches Museum fiir Tierkunde, Dresden;
TMB—Termeszettudomanyi Muzeum, Bu-
dapest; UCV —Universidad Central de
Venezuela, Maracay; UCRSJ—Universi-
dad de Costa Rica, San José¢; UMO—Uni-
versity Museum, Oxford; USNM —Nation-
al Museum of Natural History, Smithsonian
Institution, Washington, D.C.; USU—Utah
State University, Logan; WSU—Washing-
ton State University; ZIL—Zoological In-
stitute, University of Lund.

The dendrogram (Fig. 1) showing the pos-
sible phylogenetic relationships among the
species in the grandis group has not been
rigorously tested. Some of the characters
used are highly variable within Anastrepha
and resolution of their polarity within the
grandis group will require a thorough cla-
distic analysis of the entire genus. An ad-
mittedly subjective hypothesis is presented
here, which may be useful until a more com-
prehensive analysis can be completed.

DIAGNOSIS AND RELATIONSHIPS OF
THE GRANDIS GROUP

Steyskal (1977) defined the grandis spe-
cies group in one of the couplets of his up-
dated version of Stone’s (1942) key to the
species of Anastrepha. He included those
species that have what might be termed the
“‘grandis-type” wing pattern. In this pattern
1) cell r, is entirely infuscated, lacking the
normal marginal hyaline spot or band im-
mediately apical to the apex of vein R, 2)
the S-band is complete, and 3) only the
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Fig. 1. Possible phylogenetic relationships among

the species of the grandis group. The following are
possible synapomorphies: 1) cell r, without marginal
hyaline spot (note homoplasy in #7); 2) body color
relatively dark; 3) cell r,, ; entirely infuscated; 4) cell
bm at least weakly infuscated; 5) second section of vein
M more than 2.9 times as long as third section; 6)
aculeus tip broadly rounded; 7) cell r, with marginal
hyaline spot (reversal of #1).

proximal arm of the V-band is present. In
some specimens of grandis, the infuscation
at the base of the marginal part of cell r, is
faint, but there is never a distinctly bordered
band or triangular hyaline spot as in most
species of Anastrepha. A number of Anas-
trepha species might be confused with spe-
cies with the grandis-type pattern because
they also lack the hyaline spot in r;,. Most
of the species of the daciformis group lack
this r, spot, but they differ in having the
S-band interrupted in cell dm, in having the
basal half of the scutellum darker than the
apex, and in a number of genitalic charac-
ters. Some specimens of cordata Aldrich also
lack the r, spot, but these have a complete
V-band with the proximal arm blackish and
broadly expanded.

Six species of Anastrepha have the gran-
dis-type wing pattern. The keys of Stone
(1942) and Steyskal (1977) include grandis,
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atrigona Hendel, shannoni Stone, and bezzii
Lima, as well as balloui Stone, here consid-
ered a synonym of bezzii. Two new species,
castilloi Norrbom and grandicula Norr-
bom, also have this pattern. Despite the
similarity of their wing patterns, the mo-
nophyly of these six species is doubtful.
Anastrepha bezzii is probably more closely
related to species such as mucronota Stone,
crebra Stone, and a number of others that
have the endophallic sclerite of the disti-
phallus narrowed and not distinctly con-
voluted (Fig. 8A, B). The plesiomorphic
shape of this sclerite (occurring in Toxotryp-
ana Gerstaecker and most other Anastre-
pha) is broad, with a distinct internal tube
(Fig. 8C-E). The undulation of vein R, ; is
another apomorphic character found in
many of these species, although it is fre-
quently variable intraspecifically as in bez-
zii. Although connected in cell r,, the sep-
aration of the C- and S-bands along vein
R, s in bezzii is another similarity shared
with these species, which usually have the
bands completely separated. The connec-
tion of the C- and S-bands is a highly vari-
able character in Anastrepha, one that has
certainly been affected by homoplasy, but it
is noteworthy that in the other species with
the grandis-type wing pattern, these bands
are connected along R, 5. Like mucronota,
crebra, and related species, bezzii also re-
tains the plesiomorphic absence of lateral
creases on the proctiger (Fig. 7C). They are
present (Figs. 7E, 11A) in the other species
with the grandis-type wing pattern as in the
majority of Anastrepha species. The shape
of the aculeus tip, the elongate pattern of
dorsal scales on the eversible membrane,
and the weakly sclerotized spermathecae,
although distinctive in bezzii, are autapo-
morphic and indicate little about its rela-
tionships. One character that contradicts the
hypothesis of its relationship to mucronota
and related species is the posterior orbital
seta, which is absent in bezzii and some-
times weak or absent in grandis, shannoni,
and grandicula. The variability of this char-
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acter in the latter three species and the dis-
tribution of the other character states dis-
cussed above suggest that this is the result
of homoplasy, however, like the similarity
in wing pattern. On this basis I transferred
bezzii from the grandis group to the mu-
cronota group (Norrbom and Kim 1988b).

Anastrepha grandis, shannoni, grandicu-
la, and atrigona are probably closely relat-
ed, although their monophyly is difficult to
clearly demonstrate. Except for the shape of
the aculeus tip, their female and male ter-
minalia are very similar, as is their color-
ation. The absence of the hyaline spot from
r, and the basal part of 1, ; and the absence
of'the apical arm of the V-band are probable
synapomorphies, although neither of these
character states (especially the latter) is
unique to these species within Anastrepha.
A monophyletic group including them
should possibly also include two poorly
known species, fumipennis Lima and bi-
vittata (Macquart), which 1 have not ex-
amined. Anastrepha fumipennis is known
only from two females from Rio de Janeiro
(Lima 1934) and a third from Espirito Santo
(R. A. Zucchi, pers. comm.), whereas biv-
ittata is currently unrecognized because the
type material, from an unknown locality,
has not been located (I did not find it in the
UMO or the Museum National d’Histoire
Naturelle, Paris). From Macquart’s (1843)
description it appears to be closely related
to or perhaps even conspecific with fumi-
pennis, although Lima (1934) noted that the
terminalia are shorter in fumipennis than is
shown in Macquart’s illustration of bivit-
tata. The scutal color pattern may also dif-
ferentiate the two taxa, although neither au-
thor thoroughly described this character.
Both fumipennis and bivittata have a mar-
ginal hyaline spot in cell r,, but their wings
otherwise closely resemble atrigona; cell bm
is infuscated, the apical arm of the V-band
is absent, the proximal arm is close to the
S-band in cell dm (at least in fumipennis),
the pattern is brown, and the ratio of the
second and third sections of vein M is great-
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er than 2.9. The aculeus tip in furmipennis
is also almost identical to that of atrigona
(its shape is unknown in bivittata). Except
perhaps for the wing pattern color, these are
all probable synapomorphies. One possible
hypothesis of relationship among these three
species and grandis, grandicula, and shan-
noni to explain these character state distri-
butions is that the loss of the r, hyaline spot
is a synapomorphy for the entire group, but
it reappeared due to reversal in fumipennis
and bivittata (Fig. 1). A more thorough study
of the latter two species is needed to better
understand their relationships.

The relationship of castilloi to the other
species with the grandis-type wing pattern
1s less certain. The presence of the proctiger
creases indicates that it is not closely related
to bezzii, but this is a synapomorphy shared
with many Anastrepha species. The wing
pattern (absence of r, hyaline spot and api-
cal arm of V-band) and generally dark col-
oration may be synapomorphies with the
rest of the grandis group, but the much dif-
ferent shape of the surstylus, the pattern of
dorsal scales on the eversible membrane,
and the scutal color pattern suggest that the
similarities in wing pattern could be the re-
sult of convergence. The latter three char-
acter states might also be autapomorphic for
castilloi, however.

KEY TO THE SPECIES OF
ANASTREPHA WITH THE
GRANDIS-TYPE WING PATTERN

The following key may be used in place
of couplets 2-5 in the key of Stone (1942)
or in place of that on page 7 in Steyskal
(1977).

1. Wing (Fig. 2A, B) with a hyaline area in cell
1, between crossveins bm-cu and r-m; section
of vein M between bm-cu and r-m less than
1.85 times as long as section between r-m and
dm-cu; vein R, , usvally undulant .. bezzii Lima
-  Wing (Fig. 2C-G) with cell r,., entirely infus-
cated basal to r-m; section of vein M between
bm-cu and r-m more than 1.85 times as long
as section between r-m and dm-cu; vein R, ,
almost straight ............................ 2

2. Cell r,,, entirely infuscated (Fig. 2E, G); tho-

racic pleura with well differentiated yellowish
and redbrown areas or mostly yellowish with
brownish medial spot on anepimeron .......
Cell r,_., (Fig. 2C-D, F) with large subapical
hyaline area; thoracic pleura without well dif-
ferentiated dark areas except sometimes on
greater ampulla, laterotergite, or metapleuron

. Abdomen with medial yellowish stripe; cell br

(Fig. 2G) entirely infuscated; dark areas of scu-
tum more or less evenly redbrown (similar to
Fig. 3A); syntergosternite 7 less than 4.0 mm
long; aculeus tip (Fig. 13G) serrate, with pair
of dorsal lobes; surstylus (Fig. 11C) elongate,
slightly acute; aedeagus less than 5.0 mm long

............................... shannoni Stone

Abdomen entirely yellowish or orange; cell br
(Fig. 2E) with large hyaline area apical to bm-
cu; scutum (Fig. 3C) with irregular brown stripe,
darker than orange or redbrown areas, slightly
lateral to dorsocentral seta; syntergosternite 7
more than 4.75 mm long; aculeus tip (Fig. 13E,
F) non-serrate, slender, with dorsal and ventral
ridges; surstylus (Fig. 11B) moderately long,
blunt; acdeagus more than 6.0 mm long ....

........................... grandis (Macquart)
. Wing (Fig. 2C) with section of vein M between

bm-cu and r-m more than 2.8 times as long as
section between r-m and dm-cu; cell bm in-
fuscated. at least weakly; proximal arm of
V-band narrowly separated from or partially
fused with S-band in cell dm; aculeus tip (Fig.
13A) non-serrate, at least 0.12 mm wide .. ..

.............................. atrigona Hendel

Wing (Fig. 2D, F) with section of vein M be-
tween bm-cu and r-m less than 2.5 times as
long as section between r-m and dm-cu; cell
bm hyaline; proximal arm of V-band separated
from S-band in cell dm by hyaline area at least
as wide as arm of V-band; aculeus tip serrate
or less than 0.07 mm wide .................

. Greater ampulla with distinct dark brown spot;

scutum (Fig. 3B) with medial yellowish stripe
broadly expanded posteriorly, fusing with nar-
row stripe in line with dorsocentral seta; syn-
tergosternite 7 greater than 4.0 mm long; ever-
sible membrane with single row of large dorsal
scales (Fig. 10C); aculeus tip (Fig. 13C) non-
serrate, less than 0.07 mm wide ...........

....................... castilloi Norrbom, n. sp.

Greater ampulla yellowish; scutum similar to
Fig. 3A, with medial yellowish stripe narrow
posteriorly, not extending laterally beyond ac-
rostichal seta, narrow stripes in line with dor-
socentral seta absent; syntergosternite 7 less
than 4.0 mm long; eversible membrane with
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Fig. 2. Wing. A, A. bezzii, male. B, A. bezzii, female. C, A. atrigona. D, A. grandicula. E, A. grandis. F, A.

castilloi. G, A. shannoni.

numerous large scales in triangular pattern (Fig.
10D); aculeus tip (Fig. 13D) serrate, approxi-
mately 0.14 mm wide

Anastrepha atrigona Hendel
(Figs. 2C, 3A, 4, 7A, B, 10A, 13A, 14A)

Anastrepha atrigona Hendel 1914a: 70 (Su-
rinam), 1914b: 15 (in key, catalog), 20
(description again as n. sp.); Lima 1934:
499, 555 (in key); Greene 1934: 132, 138
(in keys), 146 (Brazil); Stone 1942: 12 (in
key), 21 (2 terminalia; Brazil); Fernandez

1953: 12 (in key), 18 (Venezuela); Foote
1967: 7 (in catalog); Steyskal 1977: 7 (in
key); Zucchi 1978: 17 (in key), 27; Cara-
ballo 1981: 30 (in key), 44 (Venezuela).

Type data.—Holotype 8 (NMW), ““aus
Surinam, Firma Staudinger & Bang-Haas.”
It bears a label with “Surinam V.-IX.,” a
label with ““Anastrepha atrigona H. det.
Hendel” in Hendel’s writing, and a red
“Type” label. I have added a holotype label.
Hendel apparently removed the right wing
for illustration and it may be lost. I have
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Fig. 4. Distributions of A. arrigona (dots = examined specimens; squares = literature records) and A. fi-
mipennis (triangles).
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Fig. 5. A. bezzii: A, Syntergosternite 7 length (in mm) versus mesonotum length (in mm); B, Relative
syntergosternite 7 length (syntergosternite 7 length/mesonotum length) versus mesonotum length. For data points,
b = specimens from Brazil, g = Guatemala, m = Mexico, p = Panama, v = Venezuela. Line A = correlation
based all specimens (except Campinas ¢, see text), line B = correlation for specimens from Vigosa, Brazil only,
line P = correlation based on specimens from Mexico-Panama only, and line V = correlation for specimens

from Venezuela only.

dissected the abdomen which is now stored
in a microvial.

Description.—Mostly orange to red-
brown. Setae dark redbrown to black. Head:
Concolorous except dark brown ocellar tu-
bercle; 4-5 frontal setae; 2 orbital setae, pos-
terior one always strong. Antenna extends
0.70-0.78 distance to lower facial margin.
Thorax: Mesonotum (Fig. 3A) 3.30-4.08
mm long. Scutum entirely microtrichose;
mostly orange to dark redbrown; single dis-
tinct yellowish medial stripe from anterior
margin to slightly posterior to acrostichal
seta, slightly expanded posteriorly but usu-
ally not extending laterally beyond acros-
tichal seta; no narrow yellowish stripe in
line with dorsocentral seta; rarely with
poorly differentiated brown stripe slightly
lateral to dorsocentral seta, but never as dark
as in grandis; distinct yellowish sublateral
stripe from transverse suture to posterior
margin, crossing intra-alar seta; scuto-scu-

tellar suture rarely with irregular dark brown
medial spot. Subscutellum and medioter-
gite redbrown, broadly dark brown laterally.
Pleura with typical dark areas at most weak-
ly differentiated. Katepisternal seta undif-
ferentiated or weak, yellowish, no longer
than postocellar seta. Wing (Fig. 2C): Length
7.50-9.22 mm. Vein R, ; almost straight.
Vein M strongly curved apically; section be-
tween bm-cu and r-m 2.91-3.43 times as
long as section between r-m and dm-cu. Pat-
tern dark orange brown to dark brown, its
margins distinct. Cell r,,; with large sub-
apical hyaline area; entirely infuscated ba-
sally. Cell br and base of cell dm entirely
infuscated or with small hyaline area; if
present in br just apical to bm-cu, this spot
does not reach vein R,,s and extends no
more than half way to dm-cu. Cell bm in-
fuscated, often darkly, but sometimes only
faintly yellowish. Proximal arm of V-band
extends anteriorly to R, s; fused to S-band
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at R, ; and often also in cell dm. Abdomen:
Tergites unicolorous orange to redbrown.
Male terminalia: Outer surstylus (Fig. 7A,
B) broad basally, tapering apically to narrow
lobe; moderately long, section apical to apex
of inner surstylus 1.20-1.70 times as long
as basal part; in lateral view similar to gran-
dis. Proctiger with distinct lateral fold; scler-
otized part narrowly divided into 3 sections.
Aedeagus 5.10-5.76 mm long; 1.38-1.49
times as long as mesonotum. Distiphallus
0.58-0.63 mm long, relatively stout; en-
dophallic sclerite similar to grandis, strong,
stout and distinctly convoluted apically. Fe-
male terminalia: Syntergosternite 7 3.70-
4.45 mm long; 1.08-1.18 times as long as
mesonotum. Eversible membrane (Fig. 10A)
with dorsobasal scales in triangular pattern;
10-11 large hooklike scales in broadest row;
largest scales 0.20 mm long. Aculeus 3.55-
4.40 mm long; tip (Fig. 13A) 0.37-0.42 mm
long, 0.13-0.14 mm wide, non-serrate, sides
broadly convex. Spermathecae (Fig. 14A)
ovoid to elongate ovoid.

Distribution (Fig. 4).— Probably through-
out the humid forests of Amazonia, the
Guianas, and Venezuela. The exact locality
within Surinam where the holotype was col-
lected is unknown. It is represented on the
distribution map by a dot in the center of
the country. 1 examined four specimens with
labels with “4385” and “Dem.,” one of
which also has a label with “Demerara, Af-
rica.”” I am assuming that this is a mistake
and that the site is the Demerara River in
Guyana. No species of Anastrepha are
known to be established in Africa.

The distribution of atrigona appears dis-
junct from that of its possible sister species,
Sumipennis (and/or bivittata), from south-
ern Brazil (Fig. 4). It overlaps that of grandis
only in northern Venezuela.

Specimens examined.—Holotype (see
Typedata). BRAZIL: Amazon., H. W. Bates,
I ¢ (BMNH). Amazonas: Amazon River,
Atary to Manaus, 20-21.1X.1930, Holt,
Blake & Agostini, 1 ¢ (USNM); 1 km E
Campinas field station, Km 60 N Manaus,
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22.11.1979, T. E. Erwin, 1 & (INPA) | &
(USNM); Manaus, Campus Univ., various
dates, II, XI-XII1.1975-1978, J. A. Rafael, 1
3 2 2 (INPA) | 8 1 ¢ (USNM); Manaus,
2.VIL.1986, 22.VIIL.1985, B. Klein, 1 ¢
(INPA) 1 ¢ (USNM). Para: Santarem, H.
W. Bates, 1 8 1 @ (BMNH); Santarem, 1 ¢
(CMP); Santarem, I1X, | 2 (USNM); Obidos,
1 3 (AMNH); Dampfer [steamer] Prainha—
Mite. Alegre, 30.V.1927, Zerny, 1 @ (NMW)
1 ¢ (USNM). Rio Branco: Mt. Roraima,
1932, J. G. Myers, 1 8 (MCZ) 1 ¢ (USNM).
GUYANA: “Demerara, Africa, 4385, O.
S. Westcott, 2 8 (INHS) 1 8 1 ¢ (USNM).
VENEZUELA: Amazonas: Cerro Duida,
6.111.1929, 1 @ (AMNH). Aragua: El Limon,
450 m, 6.VIL.1966, J. R. Dedordy, 1 ¢
(UCV); Rancho Grande, Portachuelo, 1100
m, 28.V.1980, J. A. Clavijo, 1 8 (UCV).

Anastrepha bezzii Lima
(Figs. 2A, B, 5, 6, 7C, D, 8A, B,
10B, 13B, 14B)

Anastrepha Bezzii Lima 1934: 498 (descrip-
tion, & genitalia; Brazil), 555 (in key); Lima
1937: 63 (description of ¢; Brazil).

Anastrepha bezzii; Stone 1942: 12 (in key),
20; Foote 1967: 8 (in catalog); Steyskal
1977: 7 (in key); Zucchi 1978: 17 (in key),
33; Zucchi 1984: 561 (2 terminalia; Bra-
zil).

Anastrepha balloui Stone 1942: 12 (in key),
20 (description, ¢ terminalia; Venezuela,
Panama); Fernandez 1953: 12 (in key),
17 (host; Venezuela); Guagliumi 1966:
193, 197, 232 (hosts); Foote 1967: 7 (in
catalog); Korytkowski and Ojeda 1968:
43 (3 terminalia), 1969: 79 (Peru); Stey-
skal 1977: 7 (in key); Caraballo 1981: 30
(in key), 41 (taxonomy, hosts; Venezue-
la); Aluja et al. 1987 (Mexico); Jiron et
al. 1988: 132 (Costa Rica); Norrbom and
Kim 1988b: 13 (hosts). NEw SYNONYMY.

Type data.—bezzii: holotype & (Instituto
Oswaldo Cruz, no. 1796), “Brazil, Rio de
Janeiro, Manguinhos, 24.11.1902.” Zucchi
(1978) reexamined it and reported its date
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Fig. 6. Distribution of 4. bezzii (dots = examined specimens; squares = literature records).
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Fig. 7. A, B, A. atrigona. C, D, A. bezzii. E, F, A. castilloi. A, B, D, F, epandrium and surstyli (posterior
view). C.E, epandrium, surstyli, and proctiger (lateral view). Bar = 0.1 mm.
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Fig. 8. Distiphallus (lateral view except B, ventral). A, B, A. bezzii. C, A. castilloi. D, A. grandis. E, A.

shannoni. Bar = 0.1 mm.














































