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Egg Structures of Anopheles fluminensis and
Anopheles shannoni
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Eggs of two species belongitg the Arribalzagia Series of the Laticorn SectionArfiopheles
(Anopheles)ollected in Brazil are described from scanning electron micrographAifHeiminensis
egg is long with shallow floats displaced far dorsally. The narrow deck region is overlain by a frill
modified into prominent ridges that are nearly continuous to both ends of the egg. Slightly opened decks
at both poles contain an average of four lobed tubercles. Polygonal, plastron-type chorionic cells cover
the lateral and dorsal surfaces. The egdhaf shannoniis unique in possessing 22-27 fingerlike fila-
ments that project with regular spacing from each of its massive floats. These filaments and their bases
are highly perforated and are believed to trap air and support flotation of the egg with the dorsal surface
up, contrary to the usual orientation for anophelines. The eggs are compared with those of related
species bearing similar structures, notaBly. fluminensisvith An. mediopunctatus.s andin. shannoni
with An. peryassui
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Species identifications of malaria vectors by For many subsequent years anopheline eggs
morphological characters of adults are problenreceived scant attention until Hinton (1968) rec-
atic and often unsatisfactory. The first evidence afgnized the potential of the scanning electron mi-
an anopheline species complex, whose membearsscope (SEM) for visualizing egg microstruc-
were indistinguishable in the adult stage, came frotares and, by extension, new morphological char-
comparative examinations of eggsAriopheles acters for species recognition. However, only in
maculipenniss.l. Meigen from southern Europethe present decade has the SEM been applied ex-
(Falleroni 1926, Hackett & Missiroli 1935). The tensively to eggs of New Worldnophelesfor
identification of cryptic species by egg structureslescribing structural details (e.g. Linley &
led to a surge of interest among entomologists arkdbunibos 1993, 1994), intraspecific variation
malariologists in the systematics potential of thigRodriguez et al. 1992), geographic differentiation
neglected life stage (e.g. Galvdo 1938, Rozeboofhinley et al. 1996), and for separating members
1938, 1942, Kumm 1941). A comprehensive studgf species complexes (Linley et al. 1993) or sepa-
based on over 28,000 ovipositions by 30 specigate species mistakenly synonymized (Lounibos et
led to an illustrated key to the eggs of Braziliaral. manuscript in preparation).

AnophelegCausey et al. 1944). Limitations to this  The present study describes the ultrastructure
research included multiple egg morphs within somef eggs of two anopheline species that had previ-
species and the low resolution of the light microeusly been known only at the light microscope
scope for observing the intricate details of egtgvel. Anopheles (Anopheles) fluminenses origi-
structures. nally described by Root (1927) from the State of
Rio de Janeiro, and its egg was first depicted by
Causey et al. (1944) from Amazonian collections
of this species. Although it has not been regarded

. . s a vector in malarious regions of Brazil
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from collections in the State of Para, Brazil, th&Knight (1980) except for “plastron” which con-
type locality of An. shannoni(Davis 1931). forms to the usage of Hinton (1968) to describe
Anopheles shannomias not been suspected as ¢he network of structures that form a physical gill
vector of human malaria (Deane et al. 1948)eneath the water line of anopheline eggs. Voucher
Cerqueira 1961), in part because it prefers to bigpecimens of adult females have been deposited
in the canopy of forested regions (Deane et ain the Department of Entomology, FIOCRUZ.
1953). However, such acrodendrophilic host-seek-

ing behavior make&n. shannona possible main- DESCRIPTIONS
tenance vector of simian malaria where this mos- Anopheles fluminens{&igs 1-4)

quito species and monkeys co-occur in the Ama- Si lenath 515.4-546 530.8
zon region (Lourengo-de-Oliveira & Luz 1996). 3.3lﬁ?negr?:1eg)g widthiSO.B%?E.rgfnaneah
Both An. fluminensigndAn. shannonbelong 187 7'+ 2 2um, 'n=10), length/width ratio 2.68-
to the Arrlb_alzagla Series of the Laticorn Sectios g1 (mean 2.83 + .03, n=1@olor: black.Over-
(Reid & Knight 1961) of the subgenAsiopheles 5 annearancelong and wide across floats, espe-

V\(]illier_son and I?eyrt]on (;SQIO) inferred a rt?ono— ially anteriorly, but tapering abruptly where floats
phyletic origin of the Aribalzagia Series basedarminate before anterior and posterior ends (Fig.
upon wingspot characters. Since eggs of severgly. oo hoat shaped in lateral view, dorsal sur-

other species of this Series have been describ ; .

: . ; e concave but ventral surface flat (Fig. 1b); floats
recently using the SEM (Linley & Lounibos 1994, ; :
Linley & Milstrey 1995, Lounibos et al. in prepa_shallow and displaced unusually far dorsally (Fig.

. ; e : . b
ration), we infer in this paper possible species a& )Ventral (upper) surfacedeck usually hidden

finities based on egg structures. by overlapping frills which form ventral ridges for
MATERIALS AND METHODS length of the egg except for anterior and posterior
FemaleAn. fluminensisvere collected in Janu- POes (Figs 2a,d). When visible, deck deeply re-
ary 1995 from human bait at Picinguaba, State GSS€d between ridges which are deeply grooved
S50 Paulo, Brazil (223'S, 4#50'W) and female N bot'h ventral and !ateral views (Figs 4a,d). Both
An. shannonivere collected by the same methodNterior and posterior decks open, containing 3-5
in July 1994 at Samuel Ecological Station, Statgushroom-like, Iobgd tubercles (mean an.terlor 4.0
of Rondénia, Brazil (07'S, 6916'W). Blood-fed *+ 0.2, mean posterior 3.8 + 0.2, n=12) (Figs 2cf).
females, identified with the keys of Consoli andSmaller tubercles of both anterior and posterior
Lourenco-de-Oliveira (1994), were isolated indi-d€cks irregular, some star-shaped, and domed with
vidually in small vials with damp filter paper for buttressed walls (Figs 3a,c). Tubercles of middle
oviposition. Laid eggs were allowed 24 hr a88@6 deck, exposed infrequently because of ridge over-
to embryonate before preservation in alcoholit@P. less densely packed and shorter, some ma-
Bouin's fixative. A few eggs oAn. shannonivere ~rooned on chorionic islets (Fig. 3b). _
immersed in water prior to fixation in order to al- Ventral plastron flanking ridges and deck, wide
low float filaments to unfurl, as accomplished preand occupied by hexagonal chorionic cells with
viously for An. peryassuDyar and Knab (Linley boundaries distinguished by' raised tubercles ('F|gs
& Lounibos 1994). In preparation for microscopy,10, 4b). Cells longer than wide, these dimensions
eggs were removed from fixative, washed twice igonsistent for length of egg (mean cell length 35.6
80% ethanol, then dehydrated in an ethanol serig€)-5um, mean width 16.0 + 046m, n=20). Inte-
of 5% concentration increments. After critical pointrior of chorionic cells with rounded, tightly packed
drying, eggs were mounted on stubs coated witfibercles, less raised than perimeter tubercles (Fig.
sticky tape, sputter-coated with gold/palladium, anéc).
examined in an Hitachi S-510 SEM. Anterior end, micropyleanterior end blunt, frill
Electron micrographs of eggs were eithegxtending around lobed tubercles but reduced be-
scanned and rendered as computer images for méaeen tubercles and micropyle (Fig. 2b). Chori-
surements with SigmaScan software (Jandel Scic cells continuous with lateral hexagonal ones,
entific, San Rafael, CA, U.S.A.), or measurementgore compressed and irregularly shaped anteriorly
were made with a digitizing tablet and tabulatedFig. 2b). Micropylar disc divided into 6-7 sectors
with the same software. Except where otherwis@gmean 6.8 + 0.1, n=10) by short rays from collar
noted, measurementsA. fluminensisvere made (Fig. 2g). Micropylar collar generally smooth but
on 10-12 eggs laid by three females, anddhof  Wwith shallow pits; disc surface rugose. Micropylar
shannonion 4-6 eggs from one female. Mean valorifice set in low mound (Fig. 29).
ues in the text are followed by + 1 SE. The de- Posterior endblunt in end-on view (Fig. 2e),
scriptive terminology follows that of Harbach andotherwise similar in conformation to ventral view
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Fig. 1: Anopheles fluminensisa: entire egg, ventral view, anterior end at top. b: entire egg, lateral view, ventral surface at left,
anterior end at top. Scale = 10fn.

of anterior end (Figs 2a cf. 2d). pm, n=10), width 16.9-20.4m (mean 17.1 + 0.7
Dorsal (lower) and lateral surfaceuter um, n=10). Interior of cells with tightly packed
chorionic cells of dorsal plastron tending to forntubercles like smooth cobblestone pavement (Fig.
polygons, although some with rounded border8f). Exochorion continuous except for infrequent
(Fig. 3e), length 24.7-34jim (mean 27.8 + 1.2 perforations between tubercles (Fig. 3f). Floats
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Fig. 2: Anopheles fluminensisa: anterior end, ventral surface. b: anterior end, end-on view. c: detail of lobed and immediately
adjacent deck tubercles, anterior end. d: posterior end, ventral surface. e: posterior end, end-on view. f: detail @rtidegd tub
posterior end-on view. g: detail of micropylar apparatus. Scale#b(g,b,d,e), = 2@im (c), = 10um (f,9).
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Fig. 3: Anopheles fluminensisa: detail anterior deck tubercles. b: detail middle deck tubercles. c: detail posterior deck tu-
bercles. d: ventral margin of float at junction with dorsal plastron. e: dorsal plastron, middle of egg. f: detail of atedonic
dorsal plastron. Scale = §0n (e), = 20um (d), = 10pum (a,b,c,f).

deeply grooved to margin with dorsal surface (Figwith smooth, raised tubercles, cobblestone-like
3d), the grooved sutures undulating near egg miéhterior and occasional perforations (Figs 4b-d).
line in lateral view (Fig. 1b). Boundary between . )

float and lateral chorionic cells separated by a nar- Anopheles shannotiigs 5-8)
row strip of tiny, densely packed tubercles (Fig. Size:egg length 450.9-493|8n (mean 471.8+
4e); high magnification reveals these tubercles .9um, n=6), width 167.1-189{Im (mean 177.7 +
be of varying sizes with smooth domes and buB.0 um, n=6), length/width ratio 2.39-2.85 (mean
tressed roots, some with fine projections from roota.66 + 0.07, n=6)Color: black.Shape, overall ap-
(Fig. 4f). Lateral chorionic cells similar in detail to pearanceegg boat-shaped in lateral view, curved in
dorsal counterparts in polygonal shape, boundariésth dorsal and ventral surfaces (Fig. 5c), widest
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Fig. 4:Anopheles fluminensisa: ridge, ventral view. b: ridge and chorionic cells, lateral view. c: detail of chorionic cells, lateral
plastron. d: lateral area between ridge and float margins. e: detail of lateral cells and float margin. f: extreme detailesf tu
between float margin and chorionic cells. Scale £80(d), = 20um (a,b,e), = 1um (c), = 5um (f).

anteriorly at inception of floats, tapering slightlyhighly concave, positioned closer to dorsal than ven-
posteriorly (Fig. 5a). Anterior end blunt, posteriontral surface (Fig. 5¢). Regularly spaced, filamentous
end slightly more conical (Fig. 5b). Deck broad angrojections (range 22-27, mean 25.4 + 0.4, n=8) ex-
exposed, surrounded by ventral margins of floatend from dorsum of float throughout its length, fila-

except for narrow passages to anterior and posterigients longer and projecting more ventrally near an-
poles (Fig. 5b). Floats elaborately developed angrior and posterior poles (Figs 5¢, 8b,c). In speci-
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Fig. 5: Anopheles shannoni a: entire egg, ventral view, showing expanded filaments, anterior end at left. b: entire egg,
expanded ventral view, anterior end at top. c: entire egg, lateral view, anterior end at top, ventral surface at rige0faale =
(a), = 100um (b,c).
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Fig. 6: Anopheles shannonia: anterior end, ventral surface. b: anterior end, end-on view. c: detail of micropylar apparatus. d:
posterior end, ventral surface. e: posterior end, end-on view. f: detail, tubercles under float. g: extreme detail, ndmrcles u
float. Scale = 5Qum (a,b,d,e), = 1Qum (c,f), = 5um (g).

mens fixed befo!'e exposure to water, filaments agron-type outer chorionic cells (Figs 5b, 7a), length

pressed flat against egg (Fig. 8a). 30.7-38.2um (mean 34.3 + 0.am, n=21), width
Ventral surface:uniformly covered with po- 17.6-26.0um (mean 22.7 + 0.fm, n=21), cell

lygonal (some rhomboidal, some hexagonal) plassoundaries less distinct in lateral region where
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Fig. 7: Anopheles shannonia: ventral plastron, anterior of egg. b, chorionic cell, ventral plastron. c: cell detail, ventral plastron.
d: dorsal surface and float margin. e: dorsal surface, middle of egg, showing plastron and float margins. f: chorionic cells,
plastron of dorsal surface. Scale = 108 (e), = 50um (a), = 20um (d), = 10um (b,f), = 5um (c).

chorion layer more perforated (Figs 5c, 7a). Detaélevated (Fig. 7b).

shows cell boundaries formed by smooth, raised Floats massive, dominating entire lateral as-
tubercles, often surrounded by gaping, or a latticgpect of egg except for mid-ventral region and ends
work of, perforations (Figs 7b,c); structure of(Fig. 5c). Float surfaces perforated by pores oc-
within-cell tubercles similar to perimeter but lesscurring both on ribs and filaments (Figs 8d-f); pores
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Fig. 8: Anopheles shannonia: lateral view of float with filaments unexpanded. b: dorsal view near middle of egg, filaments
extended. c: ventral view of filament bases at anterior end. d: filament bases, dorsal view. e: detail of filament baseis at ant
end. f: detail of pores in extended filaments. Scale =pt6da,b), = 5qum (c), = 20um (d,e), = 1qum (f).

less frequent on ventral margins (Figs 5b, 8a,cgither end of egg, where they arch dorsally (Figs
Filaments originate from separate float segmentsc, 8b), becoming progressively shorter toward
of similar width (range 21.6-33/0m, mean 26.5 midline (Figs 5a, 8b). Filaments tubular, diameter
+ 0.9um, n=16) (Figs 8b,d). Filaments longer a4.1-5.6um (mean 4.6 + 0.pm, n=10), perfora-
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tions oval, length 0.9-1,9m (mean 1.3 £ 0.im,  whorls (Lounibos et al. in preparation). Interest-
n=20), width 0.7-1.um (mean 1.0 £ 0.0am, ingly, the type locality of both these species is
n=20), regularly distributed over filament surfacesoutheastern Brazil. Examinations of eggs of the
(Fig. 8f). Chorion beneath float with denselymalaria vectoAn.sp. neafluminensisrom east-
packed tubercles of varying sizes (Fig. 6f), whickern Peru would be valuable for establishing its re-
are dome-shaped with buttressed walls under hightionship toAn. fluminensigrom the type local-
magnification (Fig. 69). ity.

Anterior end, micropyteanterior end somewhat  The filamentous projections of the floatsfaf.
conical, floats terminating in ventral surface beshannoniinvite comparisons to the homologous
fore pole, left and right sides separated by narroextensions of the floats éin. peryassuLinley &
chorion strip (Fig. 6a). Micropylar apparatus lo-Lounibos 1994), which species is also placed in
cated dorsally to an agglomeration of cauliflowerthe Arribalzagia Series. Filaments of both species
like tubercles (Fig. 6b). Micropylar collar smooth,are compressed laterally until the newly laid egg
slightly scalloped on interior margin (Fig. 6¢), ra-touches water and are highly perforated, presum-
dial arms extend from collar approximately half-ably to entrap air and assist flotation.
way into disc area. Micropylar orifice recessed in  However, float filaments differ betweehn.
low mound (Fig. 6c). shannoniandAn. peryassuin many structural de-

Posterior end: no obvious distinctions from tails. In the former species, these extensions project
anterior end in ventral view, floats terminatingregularly from the complete length of massive
dorsomedially before pole (Fig. 6d). End-on viewfloats. InAn. peryassuyifilaments are confined to
shows cauliflower-like tubercles clustered at polghe anterior and posterior ends, and the floats of
and distinctive from those forming polygonal cellsthis related species are much more slender than
of dorsal chorion (Fig. 6e). those of An. shannoniFurther, perforations on

Dorsal surface area covered by polygonal the margins and bases of the floats are larger and
(mostly hexagonal) chorionic cells of length 30.3more abundant iln. peryassuiAdditional fea-
35.9 xum (mean 33.1 + 0.6m, n=12), width 18.5- tyres distinguish the eggs of the two spedes:
23.4pm (mean 19.6-0.4m, n=12), area occupied shannonieggs have no frill or crown, which occur
by cells narrow in middle of egg owing to dorsalat hoth ends of thén. peryassuigg [although
position of floats (Fig. 7e). Interior of cells com-caysey et al. (1944) show sofme peryassuiith-
posed of rounded, slightly raised tubercles withyt frills or crowns]; the mean egg length/width
many round or ovoid pores exposing lower choriopatio is 4.0 forAn. peryassuiand 2.7 forAn.
layer (Fig. 7f). No change in surface structure neafannonjthe ventral surface is highly concave in
margin with float (Fig. 7d). An. shannonbut only slightly concave in.

DISCUSSION peryassui
; ; : — Observations orAn. peryassuieggs laid in
The light microscopic descriptions by Cause)(/vater led to the conclusion that the natural flota-

et al. (1944) of eggs dkn. fluminensisand An. i osition of this species is dorsal side up (Linle
shannonare accurate insofar as their limited resot 0" POSI! IS Species | Ide up (Liniey

lution allows. These authors depict the frill Ah. & Lounibos 1994). In view of the many structural

fluminensis'surrounding (a) wide, elliptical black Sg?g?ﬁg;i Olhi%%ir?i: thz glrsooiﬁf;'ie;’tm'; aonsf;?l-
area”, which indicates that the deck of their specl: hich " : tg%h X : F]e_
mens was more exposed than those of the curr ffin, which 1S unique 1o thése Speciesxiop

study. ForAn. shannondrawn by Causey et al. es The ventral deck of both species, which would
(1944), the segments of floats near the midline d c subm.erged, is covered W't.h porous, plastron-
not give rise to filamentous projections, and tht e chonhqn;]c cetlls, usu?lly typlqaltpf dc_}rsallsur—l

e P aces, which entrap air for respiration. The larva
ZOEE?maéﬁsposmoned more ventrally than in ou abitat ofAn. shannonis reported to be filled with
P The e . of An. fluminensisdistinctive for its leaves, branches and tree trunks (Deane et al. 1948).
99 . ¢ As conjectured for eggs &n. peryassuivhich

ventral ridges and dorsally positioned floats, is noa‘lso occur in detritus-laden habitats, the filaments

likely to be confused with that of any other de.’of An. shannoneggs may support their flotation

scribed anopheline species. Among related speci :
examined with the SEM, the egg a¥n. 8§ attachment to buoyant debris.
mediopunctatus.s. most resembles that Af. ACKNOWLEDGEMENTS

fluminensis However, the central deck d@fn. To D Couto Lima, J Conn and M Motta for their
mediopunctatus.s. is more exposed thanAm. help in field collections; to J Conn and R Wilkerson for
fluminensisand its dorsal ridges are coalesced intoomments on a draft of this manuscript.
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