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The morphology of the spiracles of fourth instar larva in eight sandfly species were examined by
light and scanning electron microscopy. Species studied weteomyia longipalpigLutz & Neiva)L.
ovallesi(Ortiz), L. youngiFeliciangeli & Murillo, L. evansiNufiez-Tovar)... trinidadensigNewstead),

L. migonei(Franca),L. absonodont&eliciangeli,and L. venezuelens{&loch & Abonnenc).

In larvae of all eight species both thoracic and abdominal spiracles are located at the top of a
globular bulge. Their structure consists of a spiracular plate with a sclerotized central portion and a
rose-like peripheral portion. The latter has circularly arranged papillae, separated from each other by
elongated septa. Each papilla is longitudinally crossed by a fine cleft dividing it into two identical
parts. The taxonomic and adaptative value of spiracular morphology is discussed.

Key words: sandfly thoracic and abdominal spiracles - amphipneustic larvae - light and scanning electron
microscopy

In Insecta, the larval spiracular system assumed insect larval stages to surrounding conditions.
a great variety of forms, many of which are clearlyrhe study of the respiratory adaptations of dipter-
adaptative. Despite such as indicative signal, littleus larvae to the great variety of external factors
work has been carried out on the spiracular sysevealed forms of convergency of certain structures
tem in larval stages of different insects (Beckein species phylogenetically distinct as well as di-
1958, Hinton 1967, Berberet & Helms 1972, Kholerergency in closely allied groups (Keilin 1944,
1979, Roberts 1981, Nikam & Khole 1989,Whitten 1955).
Principato & Tosti, 1988, 1989). It is generally  For only a few of the species of phlebotomine
accepted that the highest number of functional spsandflies were the morphological characters of
racles in existing insects is ten pairs, two of whicimmature stages been studied in the past (Grassi
are thoracic and eight abdominal. On the basis 4©07, Sacca 1950, Abonnenc 1956, Abonnenc &
the number and location of functional spiracles, ariviere 1957, Trouillet 1976, 1977, 1979). With
Keilin (1944) proposed a classification of the larthe current increase in the colonization and rear-
val spiracular system that has been followed untihg of many sandfly species (Killick-Kendrick et
now. al. 1991), there are now opportunities to describe

In Diptera, the internal morphology of the tra-the morphology of eggs, larvae and pupae of the
cheal system is rather constant in the various famgolonized species (Lane & El Sawaf 1986, Killick-
lies, while numerous variations are evident in spiKendrick et al. 1989, Endris et al. 1987, Fausto et
racles (Whitten 1955). The structure of spiracleal. 1992, 1993, Feliciangeli et al. 1993, Rios &
in dipterous larvae varies not only with the specie®illiams, 1995, Ghosh & Mukhopadhway 1996).
but often with their position on the body (Keilin  Up to now, the larval spiracles of sandflies have
1944). Thus, each species may show different kindsimmarily been described for a limited number of
of spiracles. Such polymorphism is often inti-Phlebotomuspecies (Abonnenc 1972, Maroli et
mately connected with the respiratory adaptatioal. 1992). Moreover, no data are available on their

ultrastructure and taxonomic significance.
In the present investigation, the morphology of
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venezuelensi@Floch & Abonnenc 1948)jvere 020 apparatus, attached to specimen holders, coated
examined by light and scanning electron microswith gold in a Balzers Union MED 010 evaporator
copy (SEM). Particular attention was given to and observed in a JEOL JMS 5200 electron mi-
comparison among them and with those of otharoscope.
dipterous larvae in order to point out taxonomic RESULTS
and phylogenetic significance in the subfamily
Phlebotominae. The fourth instar larva of a sandfly species is
amphipneustic, having two pairs of spiracles: the
MATERIALS AND METHODS metathoracic pair is situated at the anterior edge
Fourth instar larvae of. longipalpis, L. of the second thoracic segment and the abdominal
ovallesi, L. youngi, L. evansL. trinidadensisL.  one in the posterior corner of the eight abdominal
migonei, L. absonodontandL. venezuelensissed segment (Fig. 1). Although spiracle is smaller, both
in the present study were obtained from eggs lattie thoracic and abdominal spiracles have the same
by wild females collected in different habitats inmorphological basal plan (Figs 2-5).
Venezuela and reared at the University of Inall species studied both thoracic and abdomi-
Carabobo, Maracay, following the methods denal spiracles are placed at the top of a globular
scribed by Killick-Kendrick et al. (1973). bulge. Their structure consists of a spiracular plate
For light microscopy, adbominal spiracles of larwith a sclerotized central portion and a peripheral
vae were dissected, mounted on slides in mountim@prtion. The central portion shows chitinous
medium and directly observed under Axiophot Zeisplaques, which vary in number and morphology.
light microscope. Portions of larval abdomens wer&he peripheral portion consists of circularly ar-
fixed in Bouin’s fixative and embedded in paraffinranged papillae, separated one another by elongated
for histological examination. Sections of 7 um thicksepta (Figs 3, 5). Each papilla is longitudinally
ness were stained with toluidine bleu and observexnlossed by a fine cleft which divides the papilla in
under Axiophot Zeiss light microscope. two identical parts (Figs 3, 5). The thoracic spi-
For SEM, an average of 7 larvae of each speacles always have fewer papillae than the poste-
cies (see Table) were treated with trypsin 0.25%or ones. The number of papillae of both thoracic
for 5 min and fixed for 2 hr in 4% glutaraldehydeand abdominal spiracles differs from species to
and 5% paraformaldehyde in 0.1 M cacodylatepecies and often between the individuals of the
buffer at pH 7.2 (Karnovsky 1965). They weresame species.
then rinsed overnight in cacodylate buffer, dehy- Among the eight species examined, the number
drated in a graded ethanol series, dried by the critof the papillae of the thoracic spiracles varies from
cal point method using liquid Cfin a Balzers CPD  six in L. youngiandL. trinidadensigFigs 2, 6) to

TABLE

Features and number of papillae observed in the anterior and posterior larval spiracles of eight neotropical
phlebotomine sandfly species

No. of No. of spiracular
Species larvae Features of the larval spiracles papillae (x)
studied  Peripheral area Central area aT Ab
Subgenug utzomyia
L. longipalpis 7 Papillae not well defined ~ No evident plaques 10 18.4
Subgenudicropygomyia
L. venezuelensis 6 Papillae not well defined Irregular plaques 7 14.5
L. absonodonta 6 Papillae not well defined  Irregular plaques (4) 76 116
Species GrouMigonei
L. migonei 7 Papillae sharply defined Triangular plaque (1) 7 12.4
Species Groupswaldoi
L. trinidadensis 7 Papillae sharply defined Irregular plaques 6 12
Species Grouperrucarum
L. evansi 7 Papillae sharply defined Irregular plaques 84 12
L. ovallesi 8 Papillae sharply defined Regular plaques (4) 8 14
L. youngi 9 Papillae sharply defined Regular plaques (4) 6 10.6

a: thoracic;b: abdominal
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nine inL. longipalpis(Fig. 8). Abdominal spiracles shows the number of spiracle papillae (thoracic and
have a minimum of 11 papillaelinyoungi(Fig. 4) abdominal) for each species. Among the species
and a maximum of 19 In longipalpis(Fig. 9). Table studied,L. longipalpishas the largest thoracic and

Scanning electron micrographs of fourth larval stageifomyia youngi Fig. 1: the entire larva shows thoracic (t) and abdomi-

nal (a) spiracles. Fig. 2: the thoracic and abdominal spiracles (Fig. 4) are placed at the top of globular bulge (ghictliheir s
consists of central (c) and peripheral (p) portions. Fig. 3: a particular of the thoracic and abdominal (Fig. 5) spinacte sh
central portion with chitnous plaques (pl), and the peripheral portion consisting of circularly arranged papillae, separated on
another by elongated septa (s). Note the clefts (cl) dividing each papilla in two parts. Fig. 1, bans &S 2, 4, bars =i3m;

Figs 3, 5, bars =rfim.
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abdominal spiracular structures (Figs 8, 9), and (Figs 10, 11),L. ovallesi(Figs 14, 15) and..

youngithe smallest (Figs 2-5). migonei (Figs 18, 19); (i) it not only continues
The peripheral portion of both thoracic and abindefinitely from the basal bulge but also the pa-

dominal spiracles shows two different features: (ipillae are slightly separated linlongipalpis(Figs

it appears well defined at the base with papilla8, 9), L. absonodontgFigs 12, 13)and L.

sharply distinct one from the other lin youngi venezuelensi§igs 16, 17)

(Figs 2-4) L. trinidadensiqFigs 6, 7), L. evansi Some variations are also evident in the mor-

Scanning electron micrograph view of thoracic and abdominal spiraclegaafmyia trinidadensigigs 6, 7);L. longipalpis
(Figs 8, 9).L. evansi(Figs 10, 11). Bars =Bm.
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phology of the central portion of the spiraculaand the apices in the centre of the structure. The
plates of the various species.LUnyoungi(Figs 2- surface of the triangular plaques are more or less
5) andL. ovallesi(Figs 14, 15) this structure con- convex, so that depressions are visible among them
sists of four similar triangular plaques, with theas well as in the central point where the plaques
bases lining the papillae of the peripheral portiosonverge. IrL. trinidadensis(Figs 6, 7)L. evansi

Scanning electron micrograph view of thoracic and abdominal spiradleszoimyia absonodon({&igs 12, 13)L. ovallesi(Figs
14, 15);L. venezuelensigigs 16, 17). Bars = Bm.
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(Figs 10, 11)L.. absonodontgFigs 12, 13) and..  plaque (Figs 18, 19). In longipalpis the plaques
venezuelensigigs 16, 17) the plaques are irreguare not-well evidenced and the central portion of
lar in shape and not well lined, so that it is difficulthe spiracular plate looks like a unique chitinous
to determine their number. They converge towardsurface with irregular morphology (Figs 8, 9).

a point that is in an eccentrical position. Lln Light microscopy observations of an abdomi-
migonei,the chitinous central portion of the tho-nal spiracle oL. venezuelensishow a dark cen-
racic spiracle consists of only one large triangularal plug which can be seen through the transpar-

Scanning electron micrograph view of thoracic and abdominal spiradesznfmyia migoneiFigs 18, 19), bars =8m. Light
microscopy image of abdominal spiracleLinvenezuelensigig. 20); it is evident the dark central plug (asterisk) and the begin-
ning of the tracheal system (arrows), bar =nb@l Longitudinal cross sections at different levels of abdominal spiratle of
venezuelensi§igs 21-23); the internal spiracular chamber (ch) appears to be filled with numerous chitinous projections (arrow-
heads) originating from its wall and directed towards the plug, barsm.10
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ent external chitinous sheet (Fig. 20). The spacel spiracles are found within a pneumatic sac
encircling the plug connects the peripheral regiowhich opens up to the exterior by means of a trans-
of the external spiracular plate with the trachealerse slit (Keilin 1944). The larvae having a pneu-
system. In longitudinal cross-sections at differentatic sac are able to survive by having only in-
levels of the abdominal spiracle, the central plugermittent contact with the air whose admission into
consists of electrondense plaques (Figs 21-23). Thige sac is controlled by dilatatory muscles.
spiracular plate is covered by a thin chitinous sheet We have no evidence on the mechanism con-
that is continuous with the internal spiraculatrolling air admission in sandfly larval spiracles.
chamber. The latter, that can be considered a félight observations of the internal structural ar-
chamber, appears to be filled with numerous chitrangement do not show the presence of muscles or
nous projections originating from its wall and di-other structures involved in regulatory function.
rected towards the plug (Figs 21-23). Further studies need to understand the fine organi-
DISCUSSION zation_of thga spiracular apparatus and clarify the
] . modality of its regulation.

As reported by previous authors (Keilin 1944,  An evident aspect of the sandfly larval spiracu-
Whitten 1955, Abonnenc 1972), the larvae of aljar system is the different size between the thoracic
Psychodidae are amphipneustic, having a pair @hd abdominal spiracles. In the dipteran larval spi-
thoracic and abdominal spiracles. It is now genefacular system, postabdominal spiracles are gener-
ally accepted that the polypneustic system, with &ly the most developed. In some cases, the thoracic
10 pairs of functional spiracles, characterizes thpiracles differ from the postabdominal not only in
terrestrial mode of life. structure but also in function. In the dipte@as-

The oligopneustic (which comprises theterophiluslarvae, the thoracic spiracles have an in-
amphipneustic type) and apneustic larvae, with Qernal occlusion that prevents the entry of extrane-
4 pairs of functional spiracles, may be a subsequeglis material and help the larva to survive in the
adaptation to a subemerged life in a fluid or semigastro-intestinal tract (Principato & Tosti 1988).
fluid medium. This condition, derived from the ThusGasterophilusarvae, appearing to be morpho-
primitive terrestria_l polypne_u_stic form, is consid-|jogically amphipneustic, are functionally
ered more specialized (Keilin 1944). metapneustic, having thoracic spiracles with an

The lack of an intermediate system betweegpening similar to those of the abdominal spiracles.
the poly and oligopneustic systems is due to the Among Psychodinae, some forms have been
fact that the first seven pairs of abdominal spiraclggentified as having a metapneustic respiratory
are either all present or all absent. The simultasystem. Our observations show that the poste-
neous closure of eight pairs of spiracles (one thejor spiracles of fourth stage sandfly larvae ap-
racic and seven abdominal) is probably due to thgear to be almost functioning. They are character-
partial immersion of the larva in a liquid medium,ized by a large internal spiracular chamber that
a factor that acts more or less uniformly on all seghe air probably reaches by passing through the
ments of the body except the two terminal onegngitudinal clefts of the peripheral spiracular plate.
which are in a position to bring their spiracles inThe sclerotized plug might be formed by the con-
contact with the air. In different species, these spiraction and hardening of the chitin surrounding
racles are modified for adaptation to a wide diverthe ecdysial opening through which the tracheo-
sity of larval habits. ) spiracular system of the previous larval stage is

Among Psychodidae, the aquatic larvae ogxpelled. The opening thus becomes obliterated.
Psychodinae have the post-abdominal spiraclesis spiracle is considered Type I1. In fact, the spi-
opening at the end of a respiratory siphon, as 3#cles in dipterous larvae can be separated into three
adaptation to the aquatic mode of life, while thenain types on the basis of the process of moulting
present investigation shows that larvae opetween two successive larval stages (Keilin 1944).
Phlebotominae which live inla decomposed organ'n:ype | is characterized by spiracles in which the
matter are completely devoid of such a syphon. lacdysial opening becomes the spiracular opening
sandflies, the spiracles emerge on the top of globgf successive stages. In Type II, the ecdysial open-
lar structures and project from the surface of thing is obliterated and a spiracular plate with clefts
larval body for their localization. This localiza- papillae are formed around the ecdysial scar which
tion is probably an adaptation to life in the deis more or less central. Type il is similar to Type
composed organic matter, which favours the cont except that the spiracular plate lies outside the
tact between the spiracles and the air. ecdysial scar and does not surround it. However,

In other dipteran species living in similar habifurther studies on the development of the spiracu-
tats, for example in the stratiomyMetopina |ar system throughout the different sandfly larval
rubicepsandMicrochrysa politathe postabdomi- stages need to confirm this suggestion.
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Itis possible that in the sandfly species stud- and eggshell structure BhlebotomusandfliesMed
ied the formation of the central chitinous scar plug Vet Entomob: 201-208. )
is the result of various processes which determirfedusto AM, Maroli M, Mazzini, M 1993. Scanning
four similar triangular plagues ib. youngi, L. electron microscopical study of the eggshell of three
absonodontaand L. ovallesi,some irregular species ofSergentomyidDiptera, Psychodidae)

laques inL. evansj L. trinidadensisand L Insect Sci Appl 14483-488.
plaq X SiL. " Feliciangeli MD, Castejon OC, Limongi J 1993. Egg

venezuelensionly one plague ik.. migoneiand surface ultrastructure of eight New World
L. longipalpis.In the different species, the mor-  phiebotomine sand fly species (Diptera: Psychod-
phology of the spiracles also varies in the number idae).J Med Entomol 30651-656.

of papillae and in their aspect as shown in Tabl&hosh KN, Mukhopadhway JA 1996. A comparison
Because of the small number of species studied, of chorionic sculpturing of four Indian phlebotomine
it is not possible at present, to establish any rela- sandflies (Diptera: Psychodidae) by scanning elec-
tionship between the features of the fourth instar tron microscopyParasitology 361-68.

larvae spiracles of phlebotomine sandfly speci ra;ili ?41395037'3%5”‘*19 sui flebotoriem Soc Ital
and the'r @axonomlc status. From these first Oq:ﬂnton HE 1967. The structure and function of the spi-
§ervatlons lt_seems that the appearance of the pe- racular gill of the flyTaphrophila vitripennisProc
ripheral portion of the splragles might be a con- Roy Soc (London) Ser B 1450-120.

stant character among species of the same subgernovsky MJ 1965. A formaldehyde-glutaraldehyde
nus or species-group. Additionally, the combined fixative of high osmolality for use in electron mi-
number of papillae of the thoracic and abdominal croscopyJ Cell Biol 27 137A-138A. ] )
spiracles might help in distinguishing species oKeilin D 1944. Respiratory systems and adaptations in
the same group, which also show a similar struc- the larvae and pupae of DipteRarasitology 361-

ture of the central portion of the spiracles (.. Khole V 1979. Spiracular development in the blowfl
_ovallesﬁlrom L. young) (Table). However, more larvae (Callipﬁoridae: DipteraBpiovigjanam 543- Y
information is needed on a greater number of spe- g,
cies of the same taxa to reach such a conclusiqgjjick-Kendrick R, Leaney AL, Ready PD 1973. The
On the other hand, the adaptative significance of establishment, maintenance and productivity of a
the morphological variation in the spiracular sys- laboratory colony of utzomyia longipalpi¢Diptera:
tem of different species of phlebotomine sandfly Psychodidae)) Med Entomol 13429-440.

four instar larvae is, at the moment, hard to undeKillick-Kendrick R, Killick-Kendrick M, Leger N,
stand due to the lack of information about their Pesson B, Madulo-Leblond G 1989. Absence of outer

: ; caudal setae on all larval instarsflebotomus tobbi
microhabitats. from the lonian Greek islandsled Vet Entomol:3
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