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Abstract.—The description of larval stages of Anastrepha species is a priority
from both taxonomic and quarantine viewpoints. In this study, we describe and il-
lustrate for the first time the second and third instar larvae of Anastrepha amita
Zucchi, and the third instar larvae of Anastrepha sororcula Zucchi and Anastrepha
zenildae Zucchi. All specimens analyzed herein were collected in Brazil. We also
discuss character states that can be used to distinguish among the three species.
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Anastrepha Schiner (Diptera: Teph-
ritidae) species occur in tropical and
subtropical environments from the
southern United States to central Ar-
gentina (Aluja 1994). This is the most
economically important genus of fruit
flies in the Neotropical Region with over
300 species described (Norrbom et al.
1999, 2012, 2015, in press; Zucchi
2008; Uramoto et al. 2015). Many of
these species were described based on
trapped adults and therefore only about
50% of Anastrepha species have a
known host.

Within this genus, 28 species groups
have been proposed based on morphology

and host use. The majority of the most
significant pest species belong to the
fraterculus group, which currently com-
prises 38 species (Norrbom et al. 2012, in
press).

Published descriptions for third in-
stars are currently available for only
19 species of Anastrepha (Steck and
Wharton 1988, Steck et al. 1990, Norrbom
et al. 1999, Frı́as et al. 2009, Dutra et al.
2012, Dutra et al. 2018). So far, de-
scriptions of larval stages are available
for only eight species of the fraterculus
group: A. bahiensis Lima, A. coronilli
Carrejo & González, A. distincta Greene,
A. fraterculus (Wiedemann), A. ludens

Downloaded From: https://bioone.org/journals/Proceedings-of-the-Entomological-Society-of-Washington on 25 Sep 2019
Terms of Use: https://bioone.org/terms-of-use Access provided by Instituto Biologico (IBSP)

mailto:dutrasv@gmail.com
mailto:ronchi@inpa.gov.br
mailto:Gary.Steck@freshfromflorida.com
mailto:Gary.Steck@freshfromflorida.com
mailto:elton@ufersa.edu.br
mailto:elton@ufersa.edu.br
mailto:miguelf@biologico.sp.gov.br
mailto:adalton@biologico.sp.gov.br
mailto:adalton@biologico.sp.gov.br
mailto:jgs10@uol.com.br


(Loew), A. obliqua (Macquart), A. sus-
pensa (Loew) and A. turpiniae Stone
(Lawrence 1979; Heppner 1984, 1991;
Carroll and Wharton 1989; White and
Elson-Harris 1992, Dutra et al. 2012).

Anastrepha amita has been reported
from Trinidad and Tobago (Norrbom
2004) and Brazil (in 12 states) infesting
only hosts in the family Verbenaceae:
Citharexylum myrianthum Cham. (Souza
Filho et al. 1999) and C. poeppigii Walp.
(Marsaro Júnior et al. 2010). Anastrepha
sororcula has been reported from Co-
lombia, Ecuador, Peru, Paraguay
(Norrbom 2004), and Brazil (in 21
states) infesting mainly hosts in the
family Myrtaceae (Zucchi 2007, 2008).
Anastrepha zenildae has been reported
from Argentina (Norrbom 2004) and
Brazil (in 18 states) infesting hosts
mainly in the Myrtaceae (Zucchi 2007,
2008). Anastrepha sororcula and A.
zenildae are of economic importance in
Brazil (Zucchi 2000).

Morphological studies of larvae can
contribute to the identification of pest
species in infested fruit that are commonly
intercepted in ports of entry and also to
a better understanding of the phylogenetic
relationships among Anastrepha species
(Norrbom et al. 1999).

In this study, we describe and provide
detailed SEM observations on the third
instar of A. amita, A. sororcula, and A.
zenildae. We also describe the second
instar of A. amita.

MATERIALS AND METHODS

Larvae of A. amita, A. sororcula, and
A. zenildae were dissected out of fruit
collected in Campinas (22° 54’ 09.2” S;
47° 01’ 06.7” W) in the state of São
Paulo (February 2011), in Mossoró
(05°11’15’’S; 37°20’39’’W) in the state
of Rio Grande do Norte (April 2011),
and Limoeiro do Norte (05°08’44’’S;
38°05’53’’W) in the state of Ceará

(April 2011), respectively. In order to
confirm species identities, some larvae
were left to develop in each fruit species.
The fruits were placed in 500 ml plastic
containers with a layer of vermiculite
and covered with voile cloth until larvae
exited and pupated. All pupae obtained
were placed in 30 ml plastic containers
with a layer of vermiculite at the bottom
and covered with voile cloth until adults
emerged. Anastrepha amita was the only
species reared from Cytharexylum myr-
ianthum, only A. zenildae was reared
from Ziziphus joazeiro Mart. (Rhamna-
ceae), and both A. sororcula and A.
zenildae were reared from Psidium
guajava L. (Myrtaceae). Thus, we used
PCR-RFLP to distinguish between
specimens of the latter two species
reared from P. guajava and compared
with the results obtained for A. zenildae
reared from Z. joazeiro (Dutra et al.
unpublished data). Larvae were killed
in hot water and preserved in 100%
ethanol.

External measurements such as length
and width were made using a Wild M3C
stereomicroscope (Leica Geosystems,
Heerbrugg, Switzerland) at the Labo-
ratório de Entomologia Agrı́cola, Instituto
Nacional de Pesquisas da Amazônia
(INPA), Manaus, Amazonas, Brazil.
Some larvae were cleared in 10% po-
tassium hydroxide at room temperature
and placed in excavated slides with
ethanol and glycerine (1:1). The cepha-
lopharyngeal skeleton (CPS) was re-
moved, placed in glycerine and measured
at 100X magnification. Measurements
on posterior and anterior spiracles were
taken at 200X and 400X magnification,
while antennomaxillary and stomal
organs were measured at 400X magni-
fication. These structures were photo-
graphed using a digital Olympus DP72
camera attached to an Olympus BX51
microscope (Olympus America, Melville,
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New York) at the Laboratório de Cit-
otaxonomia e Insetos Aquáticos (INPA).
The CPS of each larva was placed in
a Petri dish with ethanol and glycerine
(1:1), photographed, measured and de-
scribed using a digital camera (Leica
DFC420) attached to a stereomicroscope
(Leica M165C, Leica Geosystems, Heer-
brugg, Switzerland) at the Laboratório
de Prospecção de Bioativos de Insetos
(INPA). Rows of dorsal and ventral spi-
nules were counted at the middorsal and
midventral lines, respectively. For A. amita,
all of the structures mentioned above were
photographed using a Leica DFC 295 digi-
tal camera attached to a Leica DM 5500B
microscope and measuring software Leica
Microsystems Framework version 4.2
(Leica Geosystems, Heerbrugg, Switzer-
land) at the Laboratório de Prospecção de
Bioativos de Insetos (INPA), Manaus.

The descriptions follow the terminol-
ogy of Teskey (1981), Steck andMalavasi
(1988), Steck and Wharton (1988), and
Frı́as et al. (2009). We used the same
endpoints for measurements and the same
abbreviations for thoracic and abdominal
segments, cephalopharyngeal skeleton,
posterior spiracular processes, and caudal
tubercles as in Steck and Malavasi (1988)
and Steck and Wharton (1988). Mandible
measurements are shown in Figure 6. We
use the term "occasional" to refer to
values occurring at a frequency of £ 10%
of the specimens examined (Steck and
Wharton 1988).

In the preparation for scanning elec-
tron microscopy (SEM), larvae were
dehydrated in an ethanol series, then
critical point dried in CO2 for two hours,
and sputter-coated with a gold layer.
Larvae prepared this way were examined
in a LEO 435 VP scanning electron mi-
croscope (LEO Electron Microscopy
Ltd., Cambridge, England) at the Labo-
ratório Temático de Microscopia �Optica
e Eletrônica, at INPA.

Voucher specimens of larvae and as-
sociated females are deposited at the
Coleção de Invertebrados, INPA. Statis-
tical analyses followed Goyal et al.
(2011). We used one-way analysis of
variance (ANOVA) using R software
version 3.1.2 to determine whether the
measurements and ratios of measure-
ments were affected by species (fixed
variable). The Tukey test was used for
means separation with P < 0.05.

RESULTS

Anastrepha amita Zucchi

(Figs. 1‒11)

Material examined.—A total of 40
larvae was examined (25 third instars
and 15 second instars). Larvae were
dissected out of fruit of C. myrianthum
(locally known as “pombeiro”) a wild
species collected in Campinas in the
state of São Paulo, Brazil (February
2011).

Description of third instar.—7.23‒
10.85 mm (9.42 ±1.19) long and 1.13‒
1.75 mm (1.51 ± 0.16) wide at the 6th

abdominal segment. Elongate, cylindri-
cal, tapered anteriorly (head and thoracic
segments) and caudal end truncate (Ta-
ble 1). Color creamy yellow.

On all segments, spinules in discon-
tinuous rows of variable length dorsally
and ventrally. Dorsal and ventral spi-
nules conical, symmetrical to slightly
curved posteriorly. Spinule basal width
2.18‒3.99 mm (2.87 ± 0.51). Dorsal
spinule pattern in rows as follows: T1 3‒
5 (3.8 ± 0.80); T2 1‒3 (2.23 ± 0.72); T3
0‒2 (0.77 ± 0.72); A1 0‒2 (0.54 ± 0.66);
A2 0‒1 (0.23 ± 0.43); A3 0‒1 (0.08 ±
0.27); A4 to A8 lacking spinules. Ventral
spinule pattern in rows as follows: T1 6‒
13 (9.69 ± 2.05); T2 3‒5 (4.0 ± 0.70); T3
2‒5 (2.92 ± 0.86); A1 5‒7 (6.38 ± 0.65);
A2 10‒13 (11.54 ± 0.96); A3 11‒15
(12.0 ± 1.08); A4 11‒15 (12.69 ± 1.18);
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A5 11‒14 (12.62 ± 1.12); A6 10‒14
(12.15 ± 1.46); A7 11‒13 (11.85 ± 0.68);
A8 9‒11 (10.54 ± 0.87). Ventral creeping
welts present on third thoracic segment
(T3) and on all abdominal segments (A1
to A8). Additional band of spinules sur-
rounding anal lobes with 3‒4 (3.08 ±
0.27) irregular rows anterior and posterior
to lobes (Table 1).

Antennal sensory organ slightly sclero-
tized, cylindrical basal collar with 12.34‒
22.63 mm outside diameter (18.61 ± 3.96);
and apical knob 8.26‒14.16 mm diameter
(10.33 ± 2.88); combined height 5.16‒
15.54 mm (9.77 ± 3.73). Maxillary sensory
organ cylindrical to slightly tapered, with
17.55‒22.68 mm diameter (20.22 ± 2.07),
12.30‒16.17 mm height (13.95 ± 1.64).

Figs. 1–11. Scanning electron microscopy (1‒5) and optical microscopy views of third instar (6‒8)

and second instar (9‒11) of A. amita. 1, Third instar , oral ridges. 2, 7, Anterior spiracle. 3, Caudal view
of posterior segment. 4, 8, Posterior spiracle (dorsal at top). 5, Ventral surface of mandible. 6, Cepha-

lopharyngeal skeleton. 9, Second instar, cephalopharyngeal skeleton. 10, Anterior spiracle. 11, Posterior
spiracle. Abbreviations: D1 and D2, dorsal tubercles and sensilla; I1 and I2, intermediate tubercles and

sensilla; L1, lateral tubercles and sensillum; V1 and V2, ventral tubercle and sensillum; Ma, mandible
length a; Mb, mandible length b; Mc, mandible height c; LS, labial sclerite; DC, length of pigmented

area of dorsal cornu; N, notch (Steck and Wharton 1988).
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Stomal sensory organ cylindrical, 7.32‒
11.45 mm in height (9.11 ± 1.72), located
apically on simple elongate lobe typical of
most other Anastrepha larvae (Carroll et al.
2004). Oral ridges 8‒10 (8.92 ± 0.75), with
posterior margins entire, accessory plates
present in series of two at ends of most oral
ridges (Fig. 1, Table 1).

Cephalopharyngeal skeleton with shape
and sclerotization as in Fig. 6. Total length
from tip ofmandible to end of ventral cornu
0.97‒1.18 mm (1.09 ± 0.07). Mandible
length a 0.21‒0.26 mm (0.23 ± 0.01);
length b 0.12‒0.17 mm (0.14 ± 0.01);
height c 0.14‒0.17 mm (0.15 ± 0.01); ratio
a:c 0.8‒1.5. Tooth long, sharp or sometimes
blunt. Mandible concave ventrally, surface
of concavity smooth (Fig. 5). Hypophar-
yngeal sclerite 0.15‒0.19 mm long (0.17 ±
0.01), 0.15‒0.19 mm wide (0.17 ± 0.01) at
ventral bridge. Epipharyngeal sclerite
visible only in dorsal view, with medial
lobe directed anteriorly. Labial sclerite
short, robust, relatively well sclerotized,
and horseshoe-shaped in dorsal view.
Parastomal bar extending for almost
entire length of hypopharyngeal sclerite,
straight, sometimes slightly arched.
Ventral sclerite present below pharyn-
geal sclerite. Dorsal cornu usually with
well-defined sclerotized area 0.39‒0.49
mm (0.43 ± 0.03); length including hy-
aline area 0.45‒0.75 mm (0.64 ± 0.08).
Dorsal bridge prominently projecting
anteriorly from dorsal cornu and slightly
sclerotized. Dorsal arch 0.26‒0.32 mm
high (0.29 ± 0.01). Anterior sclerite ir-
regularly shaped and sclerotized. Cornu
notch 0.25‒0.37 mm (0.31 ± 0.03) long
and cornu notch index 0.6‒0.7 (N/DC
(Steck and Wharton 1988)). Ventral
cornu with poorly defined sclerotized
area. Pharyngeal filter with weakly
sclerotized anterior bar and 8‒9 ridges
(8.31 ± 0.48) forming series of grooves
along length of ventral cornu. Ventral
cornu 0.58‒0.73 mm (0.66 ± 0.05) long
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from pharyngeal bar to end of posterior
grooves. Ventral cornu 1.5 times as long
as sclerotized area of dorsal cornu.

Anterior spiracle bilobed, symmetri-
cal, bearing 13‒18 tubules (14.23 ±
0.92), in single row (Figs. 2 and 7). Tu-
bule length 20.54‒29.42 mm (26.62 ±
2.90); distal width 14.80‒24.01 mm
(19.03 ± 2.03); basal width 9.69‒
19.20 mm (15.75 ± 2.51). Anterior spiracle
length at midline 144.90‒182.44 mm
(166.89 ± 9.75); distal width 187.17‒
284.97 mm (254.49 ± 26.18); basal width
101.16‒165.63 mm (134.45 ± 17.98) at
junction with trachea (Table 1).

Caudal segment (Fig. 3) with dorsal
(D1 and D2), intermediate (I1 and I2),
lateral (L1), and ventral (V1 and V2)
tubercles and sensilla mostly well de-
veloped; D1 distinctly anterior to D2.
Intermediate tubercles I1 and I2 more
strongly developed, but associated sen-
silla weakly developed; I2 lateral and
sometimes slightly ventral to I1. L1, V1
and V2 mostly very weakly developed.
D1 and I1 associated with weakly de-
veloped sensilla. All specimens with two
ventral tubercles (V1 and V2). Posterior
spiracle located above horizontal mid-
line. Anal lobe entire and protruding.

Posterior spiracular openings with
thick rimae and numerous trabeculae
(Figs. 4 and 8); 80.35‒96.62 mm long
(85.03 ± 5.35); 19.55‒25.91 mm wide
(21.80 ± 1.96); ratio length:width 3.7‒
4.1. Ecdysial scar apparent. Felt cham-
ber oval, 120.54‒154.74 mm (134.09 ±
10.75) in diameter at junction with tra-
chea. Spiracular process SP-I comprising
12‒17 trunks (14.46 ± 1.80) and 25‒36
tips (30.15 ± 4.33); ratio tips / trunks
1.7‒2.1; basal width 25.31‒39.80 mm
(32.08 ± 4.17); ratio basal width:length
of spiracular opening 0.3‒0.4. SP-II
comprising 5‒13 trunks (6.92 ± 2.28)
and 12‒24 tips (17.85 ± 3.84). SP-III
comprising 8‒4 trunks (10.77 ± 1.42)

and 15‒28 tips (21.31 ± 3.72). SP-IV
comprising 14‒21 trunks (16.46 ± 2.06)
and 27‒41 tips (33.38 ± 3.94); ratio
tips / trunks 2.1‒2.2; basal width 25.04‒
45.08 mm (36.74 ± 6.41) (Table 1); ratio
basal width / length of SP-IV spiracular
opening about 0.3‒0.4. Average spirac-
ular process length 0.3 times length of
spiracular opening. The main diagnostic
characters for the larvae of this species
are shown in Table 2.

Description of second instar.—2.25‒
5.43 mm long (3.98 ± 0.91) and 0.37‒
0.93 mm wide (0.65 ± 0.15) at 6th ab-
dominal segment. Shape and color as in
third instar.

Spinules shaped and in discontinuous
rows as in third instar. Spinule basal
width 3.04‒3.95 mm. Dorsal spinule
pattern in rows as follows: T1 3‒7 (4.88
± 1.36); T2 3‒4 (3.27 ± 0.46); T3 1‒3
(2.22 ± 0+83); A1 0‒5 (2.50 ± 1.35); A2
4‒5 (4.5 ± 0.54); A3 3‒5 (4 ± 0.57); A4
2‒5 (3.88 ± 1.05); A5 0‒4 (2.22 ± 1.39);
A6 to A8 lacking spinules. Ventral spi-
nule pattern in rows as follows: T1 6‒10
(8 ± 1.51); T2 2‒3 (2.5 ± 0.57); T3 2‒4
(2.75 ± 0.95); A1 6‒9 (6.55 ± 1.01); A2
10‒15 (11.11 ± 1.61); A3 11‒15 (11.89
± 1.45); A4 11‒13 (11.77 ± 0.66); A5
10‒12 (11.70 ± 0.67); A6 10‒13 (11.77
± 1.30); A7 10‒13 (11.60 ± 1.17); A8
10‒12 (10.67 ± 0.70). Ventral creeping
welts present on all abdominal segments
(A1 to A8). Additional band of spinules
surrounding anal lobes with 3‒4 irregu-
lar rows (3.25 ± 0.46) anterior and pos-
terior to lobes.

Antennal sensory organ slightly scler-
otized, cylindrical basal collar with 12.09‒
20.46 mm outside diameter (15.23 ± 2.58);
apical knob with 7.67‒12.28 mm diameter
(9.70 ± 1.50); combined height 7.24‒
13.28 mm (9.50 ± 1.72). Maxillary sensory
organ cylindrical to slightly tapered with
14.98‒27.13 mm diameter (17.94 ± 3.41),
11.68‒14.58 mm height (13.32 ± 1.25).
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Stomal sensory organ cylindrical with
3.89‒4.76 mm height (4.31 ± 0.43). Oral
ridges 6‒8 (7.36 ± 0.67).

Cephalopharyngeal skeleton with to-
tal length from tip of mandible to end
of ventral cornu 554.64‒648.38 mm
(618.73 ± 28.17) (Fig. 9). Mandible
length a 108.56‒144.90 mm (125.22 ±
7.76); length b 64.77‒80.14 mm (71.51 ±
4.83); height c 87.81‒99.48 mm
(96.49 ± 3.91); ratio a:c 1.2‒1.4; apical
half moderately sclerotized and basal
half heavily sclerotized, base with two
openings; primary tooth sharply pointed
and well-developed secondary tooth
present. Hypopharyngeal sclerite 90.63‒
127.15 mm long (113.62 ± 11.18), ante-
rior / apical half heavily sclerotized and
posterior / basal half moderately sclero-
tized, 64.08‒92.17 mm wide at ventral
bridge (72.08 ± 7.19). Epipharyngeal
sclerite, labial sclerite and parastomal
bar as in third instar. Dorsal cornu usu-
ally with well-defined sclerotized area,
length 183.97‒277.60 mm (222.43 ±
23.09); length including hyaline area
316.32‒419.06 mm (356.73 ± 34.69).
Dorsal arch 148.26‒179.17 mm high
(162.49 ± 8.23). Anterior sclerite ap-
parently absent. Cornu notch 137.15‒
181.66 mm long (166.14 ± 14.32) and
cornu notch index 0.6‒0.7. Ventral cornu
with poorly defined sclerotized area.
Pharyngeal filter with weakly sclerotized
anterior bar and 7‒8 ridges (7.20 ± 0.41)
forming series of grooves along length
of ventral cornu. Ventral cornu 297.61‒
399.84 mm long (360.22 ± 28.77) from
pharyngeal bar to posterior end of
grooves. Ventral cornu 1.4‒1.6 times as
long as sclerotized area of dorsal cornu.

Anterior spiracle bilobed, symmetri-
cal, bearing 13‒16 tubules (14.13 ±
1.06), in single row (Fig. 10). Tubule
length 12.03‒18.26 mm (15.49 ± 1.92);
distal width 9.92‒12.42 mm (10.81 ±
0.75); basal width 5.31‒9.97 mm (7.16 ±
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1.14). Anterior spiracle length at midline
81.39‒110.97 mm (95.68 ± 7.91); distal
width 98.69‒131.16 mm (117.70 ±
10.40); basal width 30.65‒50.67 mm
(41.37 ± 6.32) at junction with trachea.

Caudal segment with sensilla-bearing
tubercles arranged as in third instar.
Posterior spiracle and anal lobe located
as in third instar. Anal lobe entire.

Posterior spiracle openings with thin-
ner rimae and fewer trabeculae than in
third instar (Fig. 11); 23.34‒30.64 mm
long (28.01 ± 2.17); 12.75‒17.27 mm
wide (14.27 ± 1.28); ratio length:width
1.7‒1.8. Ecdysial scar apparent. Felt
chamber oval, 48.46‒65.87 mm in di-
ameter at junction with trachea (55.35 ±
5.17). Spiracular process SP-I compris-
ing 7‒11 trunks (8.92 ± 1.18) and 15‒21
tips (17.58 ± 2.10); ratio tips / trunks
1.8‒2.1; basal width 8.91‒15.52 mm
(11.38 ± 1.92); ratio basal width / length
of spiracular opening about 0.3‒0.5. SP-
II comprising 4‒9 trunks (6.18 ± 1.32)
and 7‒18 tips (11.45 ± 4.05). SP-III
comprising 5‒8 trunks (6 ± 1.29) and 8‒
15 tips (11.08 ± 1.89). SP-IV comprising
8‒11 trunks (9.62 ± 0.76) and 15‒22 tips
(17.92 ± 2.43); ratio tips / trunks 1.8‒
2.0; basal width 8.87‒14.88 mm (10.89 ±
1.55); ratio basal width / length of spi-
racular opening about 0.3‒0.4. Average
spiracular process length 0.7‒0.8 times
length of spiracular opening.

Anastrepha sororcula Zucchi

(Figs. 12‒19)

Material examined.—A total of 13
third instars was examined. Larvae were
dissected from fruit of P. guajava
(guava). Fruit were collected in Mossoró
in the state of Rio Grande do Norte,
Brazil (April 2011).

Description third instar.—8.47‒10.02
mm (8.97 ± 0.47) long and 1.03‒1.55
mm (1.28 ± 0.16) wide at 6th abdominal

segment. Elongate, cylindrical, thoracic
segments tapered, and caudal end trun-
cate (Table 1). Color creamy white.

On all segments, spinules in discon-
tinuous rows of variable length dorsally
and ventrally. Spinules conical, sym-
metrical to slightly curved posteriorly.
Spinule basal width 2.06‒3.78 mm (3.0 ±
0.52). Dorsal spinule pattern in rows as
follows: T1 4‒5 (4.38 ± 0.50); T2 3‒5
(3.92 ± 0.49); T3 0‒3 (1.69 ± 0.85); A1
to A8 lacking spinules. Ventral spinule
pattern in rows as follows: T1 7‒9
(8.15 ± 0.68); T2 4‒7 (6.15 ± 0.98); T3
4‒5 (4.31 ± 0.48); A1 5‒10 (7.54 ±
1.85); A2 10‒13 (11.08 ± 0.95); A3 11‒
13 (11.92 ± 0.75); A4 11‒13 (11.62 ±
0.76); A5 10‒13 (11.62 ± 1.04); A6 10‒
13 (11.54 ± 1.05); A7 10‒13 (11.31 ±
1.25); A8 10‒13 (10.77 ± 0.83) (Table
1). Ventral creeping welts present on
all abdominal segments (A1 to A8).
Additional band of spinules surround-
ing anal lobes with 3‒4 irregular rows
(3.54 ± 0.51) anterior and posterior to
lobes.

Antennal sensory organ slightly scler-
otized, cylindrical basal collar with
17.34‒20.63 mm outside diameter (18.83 ±
1.45); apical knob 10.34‒14.61 mm in
diameter (12.73 ± 1.64); combined height
7.46‒8.60 mm (7.94 ± 0.44). Maxillary
sensory organ cylindrical to slightly ta-
pered with 30.39‒32.20 mm diameter
(31.22 ± 0.76), height 10.66‒12.10 mm
(11.36 ± 0.76). Stomal sensory organ
cylindrical, 4.33‒6.92 mm in height
(5.64 ±1.21), located apically on sim-
ple elongate lobe typical of most other
Anastrepha larvae (Carroll et al. 2004).
Oral ridges 6‒9 (7.0 ± 1.0), posterior
margins irregularly serrated, accessory
plates present in series of two at ends of
most oral ridges (Fig. 12, Table 1).

Cephalopharyngeal skeleton with shape
and sclerotization as in Fig. 17. Total
length from tip of mandible to end of
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ventral cornu 0.95‒1.23 mm (1.13 ± 0.07).
Mandible length a 0.21‒0.27 mm (0.25 ±
0.01); length b 0.16‒0.19 mm (0.18 ± 0.01);
height c 0.14‒0.19 mm (0.17 ± 0.01);
ratio a:c 1.5. Primary tooth long and
sharp, some specimens with small sec-
ondary tooth. Mandible concave ven-
trally, surface of concavity smooth (Fig.
16). Hypopharyngeal sclerite 0.14‒
0.22 mm long (0.18 ± 0.01), 0.18‒
0.23 mm wide (0.20 ± 0.02) at ventral
bridge measured in squashed prepara-
tions as seen in Fig. 17. Epipharyngeal
sclerite visible only in dorsal view, with
medial lobe directed anteriorly. Labial
sclerite short, robust, fairly well sclero-
tized, and horseshoe-shaped in dorsal
view. Parastomal bar extending for al-
most entire length of hypopharyngeal
sclerite and arched slightly. Ventral
sclerite present below pharyngeal sclerite.
Dorsal cornu usually with well-defined

sclerotized area 0.35‒0.43 mm long
(0.38 ± 0.02); length including hyaline
area 0.50‒0.75 mm (0.65 ± 0.06). Dorsal
bridge prominently projecting anteriorly
from dorsal cornu and slightly sclero-
tized. Dorsal arch 0.20‒0.43mm high
(0.36 ± 0.05). Anterior sclerite irregularly
shaped and sclerotized. Cornu notch
0.20‒0.29 mm long (0.25 ± 0.03) and
cornu notch index 0.6. Ventral cornu with
poorly defined sclerotized area. Pharyn-
geal filter with weakly sclerotized ante-
rior bar and 8‒9 ridges (8.69 ± 0.48)
forming series of grooves along length of
ventral cornu. Ventral cornu 0.55‒0.75
mm (0.66 ± 0.06) long from pharyngeal
bar to posterior end of grooves (Table 1).
Ventral cornu 1.6‒1.7 times as long as
sclerotized area of dorsal cornu.

Anterior spiracle bilobed, symmetri-
cal, bearing 9‒12 tubules (10.62 ± 1.50),
in single row (Figs. 13 and 18). Tubule

Figs. 12–19. Scanning electron microscopy (12 to 16) and optical microscopy views (17 to 19) of

third instar of A. sororcula. (12) Oral ridges. (13 and 18) Anterior spiracle. (14) Caudal view of posterior
segment. (15 and 19) Posterior spiracle. (16) Ventral surface of mandible. (17) Cephalopharyngeal

skeleton.
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length 19.02‒27.85 mm (22.62 ± 3.09);
distal width 14.16‒20.18 mm (17.34 ±
2.17); basal width 9.07‒16.77 mm
(12.42 ± 2.58). Anterior spiracle height
at midline 119.13‒160.64 mm (136.95 ±
15.61); distal width 155.58‒215.84 mm
(187.16 ± 17.12); basal width 73.13‒
113.96 mm (96.93 ± 12.03) at junction
with trachea (Table 1).

Caudal segment (Fig. 14) with dorsal
(D1 and D2), intermediate (I1 and I2),
lateral (L1), and ventral (V1 and V2)
tubercles and sensilla mostly well de-
veloped; D1 distinctly anterior to D2.
Intermediate tubercles I1 and I2 more
strongly developed and associated sen-
silla weakly developed; I2 lateral and
sometimes slightly ventral to I1. L1 and
V1 and V2 most very weakly developed.
D1 and I1 associated with weakly
developed sensilla. Posterior spiracles
located above horizontal midline. Anal
lobe entire and protruding.

Posterior spiracle openings with thick
rimae and numerous trabeculae (Figs. 15
and 19); 71.02‒92.47 mm long (81.45 ±
6.55); 16.17‒21.71 mm wide (18.69 ±
2.06); ratio length / width 4.3‒4.4. Ec-
dysial scar apparent. Felt chamber oval,
109.37‒139.91 mm (124.63 ± 8.69) in
diameter at junction with trachea. Spi-
racular process SP-I comprising 13‒19
trunks (15.54 ± 1.85) and 36‒48 tips
(39.98 ± 4.99); ratio tips / trunks 2.7‒
3.0; basal width 22.29‒37.90 mm (30.98 ±
5.44); ratio basal width / length of
spiracular opening 0.3‒0.4. SP-II com-
prising 6‒9 trunks (7.31 ± 1.18) and
13‒21 tips (15.23 ± 2.58). SP-III com-
prising 9‒12 trunks (10.38 ± 1.04) and
19‒31 tips (24.62 ± 3.86). SP-IV com-
prising 12‒17 trunks (14.54 ± 1.50) and
22‒47 tips (35.23 ± 5.86); ratio tips /
trunks 2.6; basal width 21.33‒32.87 mm
(27.17 ± 4.04) (Table 1); ratio basal
width / length of spiracular opening 0.3‒
0.4. Average spiracular process length

about 0.5 times length of spiracular
opening. The main diagnostic characters
for the larva of this species are shown in
Table 2.

Anastrepha zenildae Zucchi

(Figs. 20‒27)

Material examined.—A total of 24
third instars was examined. Larvae were
dissected from fruit of Z. joazeiro, lo-
cally know as “juá,” a native tree in the
Caatinga biome in the Brazilian semiarid
northeastern region and fruit of P. gua-
java (guava). Fruits were collected in
Limoeiro do Norte in the state of Ceará
and in Mossoró in the state of Rio
Grande do Norte, Brazil, respectively
(April 2011).

Description of third instar.—8.78‒
10.54 mm long (9.67 ± 0.57) and 1.24‒
1.65 mm wide (1.45 ± 0.13) at 6th

abdominal segment (Table 1). Elongate,
cylindrical, thoracic segments tapered,
and caudal end truncate. Color ranging
from creamy white to creamy yellow.

On all segments, spinules in discon-
tinuous rows of variable length dorsally
and ventrally. Spinules conical, symmet-
rical to slightly curved posteriorly. Spi-
nule basal width 2.28‒3.42 mm (2.92 ±
0.31). Dorsal spinule pattern in rows as
follows: T1 4‒6 (4.77 ± 0.59); T2 4‒5
(4.31 ± 0.48); T3 0‒2 (0.69 ± 0.94); A1 to
A8 lacking spinules. Ventral spinule pat-
tern in rows as follows: T1 6‒11 (8.38 ±
1.55); T2 5‒7 (6.11 ± 0.78); T3 3‒5
(4.56 ± 0.52); A1 6‒8 (6.46 ± 0.66); A2
10‒12 (10.92 ± 0.49); A3 11‒12 (11.11 ±
0.33); A4 11‒14 (12.11 ± 0.78); A5 12‒
13 (12.33 ± 0.50); A6 11‒14 (12.38 ±
0.91); A7 11‒13 (12.0 ± 0.57); A8 11‒13
(11.46 ± 0.87) (Table 1). Ventral creep-
ing welts present on third thoracic seg-
ment (T3) and on all abdominal segments
(A1 to A8). Additional band of spinules
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surrounding anal lobes with 3‒4 irregular
rows (3.77 ± 0.43) anterior and posterior
to lobes.

Antennal sensory organ slightly scler-
otized, cylindrical basal collar with 20.15‒
22.78 mm outside diameter (21.25 ±
1.04); apical knob 10.02‒13.52 mm in
diameter (11.79 ± 1.53); combined
height 6.54‒7.59 mm (7.25 ± 0.51).
Maxillary sensory organ cylindrical to
slightly tapered with 22.17‒25.28 mm
diameter (22.91 ± 1.66), 10.26‒15.64 mm
height (12.39 ± 2.44). Stomal sensory
organ cylindrical, 5.68‒8.37 mm in
height (7.34 ± 1.16), located apically
on simple elongate lobe typical of most
other Anastrepha larvae (Carroll et al.
2004). Oral ridges 8‒10 (8.77 ± 0.83)
with posterior margins irregularly ser-
rated, accessory plates present in series
of two at ends of most oral ridges (Fig.
20, Table 1).

Cephalopharyngeal skeleton with shape
and sclerotization as in Fig. 25. Total
length from tip of mandible to end of
ventral cornu 1.09‒1.59 mm (1.25 ±
0.13). Mandible length a 0.16‒0.28
mm (0.23 ± 0.04); length b 0.17‒
0.21 mm (0.19 ± 0.01); height c
0.17‒0.21 mm (0.19 ± 0.01); ratio a : c
0.9‒1.3. Tooth long, sharp, and heavily
sclerotized, occasionally short and
rounded. Mandible concave ventrally
and surface of concavity smooth (Fig.
24). Hypopharyngeal sclerite 0.18‒
0.20 mm long (0.19 ± 0), 0.19‒0.23 mm
wide (0.21 ± 0.01) at ventral bridge
measured on squashed preparations as
seen in Fig. 25. Epipharyngeal sclerite
visible only in dorsal view, with medial
lobe directed anteriorly. Labial sclerite
short, robust, fairly well sclerotized, and
horseshoe-shaped in dorsal view. Para-
stomal bar extending for almost entire

Figs. 20–27. Scanning electron microscopy (20 to 24) and optical microscopy views (25 to 27) of

third instar of A. zenildae. (20) Oral ridges. (21 and 26) Anterior spiracle. (22) Caudal view of posterior
segment. (23 and 27) Posterior spiracle. (24) Ventral surface of mandible. (25) Cephalopharyngeal

skeleton.
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length of hypopharyngeal sclerite and
straight. Ventral sclerite present below
pharyngeal sclerite. Dorsal cornu usu-
ally with well-defined sclerotized area
0.36‒0.53 mm long (0.45 ± 0.05);
length including hyaline area 0.60‒0.81
mm (0.72 ± 0.06). Dorsal bridge prom-
inently projecting anteriorly from dorsal
cornu and slightly sclerotized. Dorsal
arch 0.36‒0.41 mm high (0.37 ± 0.01).
Anterior sclerite irregularly shaped and
sclerotized. Cornu notch 0.27‒0.31 mm
long (0.30 ± 0.03) and cornu notch index
0.7‒0.8. Ventral cornu with poorly de-
fined sclerotized area. Pharyngeal filter
with weakly sclerotized anterior bar and
9‒10 ridges (9.08 ± 0.27) forming series
of grooves along length of ventral cornu.
Ventral cornu 0.66‒0.91 mm (0.75 ±
0.07) long from pharyngeal bar to pos-
terior end of grooves (Table 1). Ventral
cornu 1.7‒1.8 times as long as sclero-
tized area of dorsal cornu.

Anterior spiracle bilobed, symmetri-
cal, bearing 11‒16 tubules (12.31 ±
0.85), in single row (Figs. 21 and 26).
Tubule length 19.39‒31.38 mm (22.75 ±
4.75); distal width 14.60‒19.67 mm
(16.88 ± 1.49); basal width 10.80‒17.19
mm (13.86 ± 1.93). Anterior spiracle
height at midline 121.05‒179.73 mm
(147.79 ± 17.26); distal width 192.87 ‒
261.10 mm (240.71 ± 23.01); basal width
106.17‒137.07 mm (117.28 ± 9.88) at
junction with trachea (Table 1).

Caudal segment (Fig. 22) with dorsal
(D1 and D2), intermediate (I1 and I2),
lateral (L1), and ventral (V1 and V2)
tubercles and sensilla mostly well de-
veloped; D1 distinctly anterior to D2.
Intermediate tubercles I1 and I2 more
strongly developed, but associated sen-
silla weakly developed; I2 lateral and
sometimes slightly ventral to I1. L1, V1
and V2 most very weakly developed.
D1 and I1 are associated with weakly
developed sensilla. Posterior spiracles

located above horizontal midline. Anal
lobe entire and protruding.

Posterior spiracle openings with thick
rimae and numerous trabeculae (Figs. 23
and 27); 85.25‒108.37 mm long (94.93 ±
7.68); 17.37‒21.76 mm wide (19.41 ±
1.38); ratio length / width 4.5‒4.9. Ec-
dysial scar apparent. Felt chamber oval,
127.26‒148.24 mm (135.11 ± 5.03) in
diameter at junction with trachea. Spi-
racular process SP-I comprising 9‒16
trunks (12.62 ± 2.02) and 30‒43 tips
(34.92 ± 3.47); ratio tips / trunks 2.5‒
2.6; basal width 22.92‒34.40 mm
(30.49 ± 5.22); ratio basal width / length
of spiracular opening about 0.3. SP-II
comprising 5‒9 trunks (6.38 ± 1.70) and
10‒17 tips (13.85 ± 2.44). SP-III com-
prising 5‒11 trunks (7.77 ± 1.73) and
17‒24 tips (20.31 ± 2.81). SP-IV com-
prising 9‒14 trunks (11.23 ± 1.58) and 26‒
35 tips (30.85 ± 3.18); ratio tips / trunks
2.5‒2.8; basal width 20.28‒33.86 mm
(26.27 ± 3.87) (Table 1); ratio basal width /
length of spiracular opening about 0.3.
Average spiracular process length about 0.4
times length of spiracular opening. The
main diagnostic characters for the larva of
this species are shown in Table 2.

DISCUSSION

The second instar has been described
for only eight species of Anastrepha. At
least for the species for which second
instars have been described, the second
and third instars can be distinguished
easily by non-overlapping size differ-
ences of the sclerotized structures and
presence of a large secondary tooth on
the mandible of second instars which is
lacking in the third instars of most spe-
cies (that of A. sororcula sometimes has
a small secondary tooth) (White and
Elson-Harris 1992). This has been con-
firmed in A. amita and is true for three
other species within the fraterculus
group: A. bahiensis Lima, A. coronilli
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Carrejo & González, and A. turpiniae
Stone (Dutra et al. 2012). Additionally,
second and third instars of A. amita can
be differentiated by the absence of dorsal
spinules on abdominal segments A4 and
A5, the number of tips on spiracular
processes SP-I and SP-IVand the pattern
of sclerotization of the cephalophar-
yngeal skeleton.

Third instars of Anastrepha show
many similarities across species, how-
ever, it is still possible to differentiate
among the three species described here
by the presence or absence of dorsal
spinules and the number of rows of
ventral spinules on some segments, plus
some characteristics of the cepha-
lopharyngeal skeleton (Table 2).

Larvae of A. amita can be distin-
guished from larvae of A. sororcula by
the presence of dorsal spinules on ab-
dominal segments A1 to A3 and the
number of tubules on the anterior spira-
cle (13‒18 in A. amita vs. 9‒12 in A.
sororcula).

Larvae of A. amita can be differenti-
ated from larvae of A. zenildae by the
presence of dorsal spinules on abdomi-
nal segments A1 to A3.

Larvae of A. sororcula and A. zenildae
cannot be distinguished using morpho-
logical characters, but a PCR-RFLP
method has been developed to separate
them.

In the larval key of Steck et al. (1990),
both A. amita and A. zenildae run to
either Anastrepha striata Schiner or
Anastrepha bistrigata Bezzi, whereas A.
sororcula runs to either A. sororcula or
A. suspensa. Therefore, a LucID key to
Anastrepha larvae with recently de-
scribed species is necessary and will be
presented at a later date. Additional
characters such as the shape of the pos-
terior margin of the oral ridges and
measurements of the cephalopharyngeal
skeleton can improve the key.

Many of the structures measured for
larvae of Anastrepha show overlap,
mainly among species within the same
group, such as in this study. For instance,
the number of tubules on the anterior
spiracle ranges from 9 to 18 for the
species described here whereas they
range from 9 to 20 for the other species
within the fraterculus group previously
described (Lawrence 1979; Heppner
1984, 1991; Carroll and Wharton 1989;
White and Elson-Harris 1992, Dutra
et al. 2012). Still, it is possible to distin-
guish among species within the fraterculus
group on the basis of the absence /
presence of rows of dorsal spinules on
abdominal segments, the number of
trunks / tips on spiracular processes of
the posterior spiracle, and characteristics
of the cephalopharyngeal skeleton. The
cephalopharyngeal skeleton has been
described for only four species in the
fraterculus group besides the three in the
present study: A. bahiensis, A. coronilli,
A. ludens, and A. turpiniae (Carroll and
Wharton 1989, Dutra et al. 2012).
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