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THE EGGS OF THE NYSSORHYNCHUS GROUP OF ANOPH-
ELES (CULCIDAE) IN PANAMA
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In Panami there arve seven species of Anopheles that belong to the
Nyssorhynelhuz group of the subgenns Nyssorhynehus, excepting the
rare A. anomalophyllus recently deseribed by Komp (1936). Anoph-
eles albitarsis Lyneh Arribdlzaga and A. ergyritarsis Robinean-Des-
voidy belong to the argyrilarsis series, and are separated from the
remaining five by the absence of a black ring on the fifth hind tarsal
Joint, whieh s present in the farsimaculndus series. A, albitarsis Fe.
males can be readily distinguished from argyritarsiz by the double row
of white scales on the first abdominal sternite (Shannon and Davis,
19300, but it is often diffienll, and sometimes impossible, to be sure of
one’s identifieations of females of the farsémaculafus series, ag there is
a great deal of variation in the size of the markings of the wings, legs,
and palpl. The members of the fersimeewlofus series in Panami are
A, elbimanus Wiedmann, stroded Root, bachmanni Petrocehi, oswaldor
Peryassi, and forsimaculatus Goeldi. A, olbimonws has been eon-
sidered to be the most dangerons malaria vector in this region ever
sinee Darling’s (1910) work, but in recent vears the question has been
raised as to what part the other anophelines play in the transmission
of the disease. Final proof that a mesquito is dangerous or harmless
must gome throngh extensive observations on the hahits of the adulis
in nature, and through dissections of “*wild’® females, But no con-
clusions can be drawn from results obtained in disseetions of females
caught in nature when the identification of these females is uneertain.
Reeognition of such females would be greatly facilitated if it eonld he
shown that the different species deposited eggs readily distinguish-
able from one another. This is one reason for studying the emes of
the Nyssorhyachus group of Panamd., A second reason is that com-
parison of mosguito eggs from dilferent regions mizht throw some
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licht on the guestion of geopraphical races amone the New World
anophelines,

MATERIALS AND METHODS

The eggs used in this investigation were obtained in three ways.
The preferred method was to colleet them from the natural breeding
places.  When larvae are scooped up in a white enameled pan the eges
can be seen with ease on the surface of the water or sticking to the
sides of the vontainer, and may be transferred to a vial containing a
bit of moist filter paper by means of a small brush. After examina-
tion, enough larvae were bred from the exes to make the identifica-
tion vertain, although this was hardly neeessary in the ease of .
strodel and argyritarsis, whieh breed in restrieted localities during the
early part of the dry season. A, bachmanni is vsually the only local
anopheline found in patehes of Pistio strafiofes, and the eros of this
mosquito were collected [rom these plants.  Most of the A, albimanus
egers siudied were from the writer s laboratory ecolony, although enough
were examined from various natural breeding places to make sure that
there was no difference between the egps of the eolony and these in na-
ture, A, forstmaculatus ova were found in a braekish-water diteh near
Fort Davis, Cangl Xone, while theze of A, albiforsie wore abundant in
patches of Chare, Nodes, and Ufedewlerie in the Rio Peseado inlet,
Gatin Lake; some of A, olbimanys and bachmonni were alse found
there.

A second method was to vear adult females From larvae, give them
blood, and allow them to deposit infertile ova. This procedure was
ustually unsueeessful, as the infertile females were reluelant 1o ovi-
posit, ot eges of albdersis and lorstmaculotus were obtained in this
WiLY.

Finally, fertile A. oswaldoi exgs were oblained from wild adult fe-
males canghi in the Mojinza Swamp, near the mouth of the Charres
River,

For examination the eges were stranded on a strip of moist filter
paper, which was placed on a glass slide.  They were illuminated by
either refleeted or transmitted light, or both, and studied with both
disseeting and componnd microscopes.  In making float ridee counts
the writer preferred to place a coverslip. over the eggs and use the
high, dry magnifieation of the compound mieroseope, with both trans-
mitted and reflected light.
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Structure of Nyssorhynehus egys

The terminology used in this paper is the same as that emploved by
Christophers and Barraud (1931). Nyssorbynchus gy are boat-
shaped, with the upper surface flattenad or coneave, the ventral sur-
face convex, and with the anterior end more blunt than the posterior
end,  The shell, or endochorion, is black in eolor and without a pat-
tern.  Fitting elosely to the endochorion on the ventral surface of the
e is an oufer, thin, semi-transparent membrane, the exochorion. Al
of the egros of the forsimecilotns series in Panami possess rows of
silvery spots on the ventral surface. which Root (1926) called **little
white stars’’; they are formed by small elevations in the exochorion.
In A. albilarsis and A, argyritarsis the exochorion fits evenly over the
endochorion, so that the ventral surface has no pattern, but is of an
even black eolor. For making identifieations, the most important
strnctures arve the frill-and the floats, which are modifications of the
ventral exochorion (see Townsend, 1933 2) ; the frill is an extension
of the floats, bordering the dorsal surface on the anterior and usually
the posterior ends of the epe.  The floats are ecomposed of a4 numhber
of fload ridges, and it is often difficult to deeide where the small sub-
divisions of the end float ridges stop and the wrinkled frill begins.
In most species the floats are placed laterally, in which case the dersal
surfaee is broad and the frill forms a horseshoe-shaped border at the
ends of the egg; in some species the floats eover all of the dorsal sur-
face except for a small, spindle-shaped area centrally, and oblong
areas at the ends of the egg.  In such cases the small float ridges of
each side often meet and fuse on the posterior end, entirely elimi-
nating the small bit of exposed endochorion here, and the frill as well,
Such eggs resemble Root’s figure of 4. tarsimaculatus eggs. When
the end float ridges do not meet, there iz a short frill conneeting them
and bordering the small exposed ares of dorsal surface.  Christophers
and Barrand separated Nyssorhynehus eges from those of the sub-
genera Anopheles (except A. psendopunctipennis) and Myzomyiz by
the presence of the terminal frill deseribed by Rool. The peenliar,
crown-like strueture pictured by Eoot for Brazilian albitersis and
darlingi was never observed among the eges of Panamanian Nys-
sorkynehis species, and this eharacter eannot be used to separate the

* Townsend considers that the dorsal sorface is the underside of the egg as it
iz found in the water. Thuz the exoehorion wonld cover the dorsal rather than the
ventral surface.  Root and Christophers and Barraud ealled the upper surface of
the floating oge the dorsal suefaee; in the prescnt paper also, the wpper surface of
the floating egyr is referred to as the dorsal surface.
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cgps of 1he subgenus Nyssorfarnchus from those of other subgeners,
Although the rows of white spols are not a chavaeteristic pattern of
the epes of all species of the subgenus Nyssorbpnelus, they are dis-
tinetive for the species belonging to the tarstmaculatus series, while
the exps of A, argyrifarsis and albitersis of Panamid ean be distin-
gnished from those of the subgenus Asepheles by the structure of the
trill and floats, and espeeially by the complete absence of any ventral
patiern.
Dregeription of the egos

The measurements, in microns, of the lengths and widths of the

egws, the float lengths, and the greatest widihs of the exposed dovsal

Tarie 1

Measurements of eggs tnownterons; Toal ridge counfs

A strods
AL e | AL e A |
A adlis i A, albs] 2 A e —
. Q- 2 ST 2| Beoh-
Tarzee tpraie | MHEmEE | walddod

manei | Type | Type 'J.? LS
A B E

N*126 |115 |13 70 03 | 104 30 &3 20
Ly length M of| 483|498 | 482 424 (429 425 [458 |451 |44
- g o N L] 24 14 L4 11 13 1% 14

N |132 |137 [144 |60 | 93 |123 | 36 | 95 | 38
Float length M (268 286 (371 306 |330 (354 230 | 271 261
T 19 | 17 22 13 18 14 | =22 16 . 15

Width (inelud- | ¥ [ 835 | 81 |05 | 35 |52 [120 | 28 | 70 | 27
ing floats) | M | 192 (210 (211 |200 |180 |I77 |l44 |ITR | L&Y
e 1o R W et e ) S e e 7 O D (" O 0 S

Width of ex- | I a1 74 7 bh) ) 117 24 Ta 23
posed dorsal | M O "2 (i8] 1 23 23 21 Al 33
anrfane | |

Number of M 236 (180 |200 | 81 l1so |233 | 61 |146 | 52
float ridges L 1% 20 25 26 34 28 18 M0 240
- 1.3 1.4 2.3 1.4 21 2.4 Lo 2.1 1.5

=N = Number of messurements or flost rdge counts.
iM = Mean.
1o = Bandard deviation.

surface, az well as the float ridge counts, are given in table 1 in terms
af the mean and standard deviation, The measurementis were made
with the low power of a calibrated microscope to the nearest unit on
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the oonlar micvometer,  As the width of the exposed dorsal surface
was usually covered by two to four ooular units, the standard devia-
tion of these messurements was not determined.

A, argyritarsis. No pattern on either dorsal or ventral surfaces;
dorsal surface coneave, The foats are a little more than halt the

Al gt orsis,

length of the eme. They are placed laterally and their dorsal mner
edges are parallel and widely separated from one another.  The frill
iz a hroad band extending from the ends of the floats, forming a horse-
shoeshaped border to the dorsal surface on both ends of the ecg.

A. allitarsis, A deseription of the eges of this species has already
been published {Rozeboom, 19377, They are indistinguishable from
those of A. argurifarsis,

A, albimanus. The exoehorion covering the ventral surface with
vows of small silvery spots: the exposed dorsal endoehorion of an even

A. albivianns.
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black eolor; dorsal surface flattened. The floats are laree, about four-
fitths the length of the ege, and are placed laterally. The inner dorsal
edges of the floats are well separated from one another, and often
eradually approach one another at the center of the ege, so that the
lateral borders of the exposed dorsal surface are slichtly eomeave
The frill 15 a very narrow band extending from the end float ridges,
bordering the dorsal surface, exeepl at the ends of the exg, where it
dips below the rounded tips, so that when viewed dorsally a small por-
tion of the frill cannot be seen.

A tarstmacilalie,

A darsimaculatus.  Ventral exochorion with rows of silvery spots;
the exposed dorsal surface of an even blaelk eslor. The dorsal surface
1z strongly eoneave.  The floats are large, approximately three-fourths
the length of the ege, and placed laterally. The margins of the floats
may cover a considerable portion of the dorsal surfaee, and may be
quite irvegular. The frill is a narrow band extending from the end
float ridges, bordering the dorsal surface,

When fivsl seen these eges may be confused with those of A. albi-
miaies, but can be distinguished from them by the following charac-
teristies : usually tersimoeculelns eges are shorter and relatively wider
than the epgs of albémanus; the dorsal surfaee is concave instead of
flattened ; the dorsal inner marging of the fioats are irregular instead
of straight or shghtly eonvex; the frill, instead of corving below the
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tips of the sge, remains on the upper surface, so that when viewed
dorsally it ean be seen for its entive length,

A, oswaldoi.  Ventral surface with pattern of white spots; exposed
areas of dorsal surface evenly black; dorsal surfaee coneave, The

A, asaldod.

floats are large, covering most of the dovsal surface except for an ob-
long area at the anterior end and usnally a narroew, spindle-shaped
strip along the mid-dorsal line. Posteriorly, the end float ridges of
one side are fused with those of the other side, eliminating the exposed
aren, and often the floats meet along the mid-dorsal line for their entire
length, thus covering all of the dorsal surface but the antericr portion.
The frill is absent posteriorly ; anteriorly it borders the small exposed
portion of endochorion, :

A. bachmanni. Ventral surface with pattern of silvery spots; ex-
posed areas of dorsal surfaee evenly black; dorsal surface concave,
The floats cover most of the dorsal surface except for a narrew spindle-
shaped strip centrally, an oblong area anteriorly, and a smaller area
posteriorly. In about a third of the eggs cxamined this pesterior area
was covered with small float ridges that were so ivvegular that eount-
ing them was diffienlt.  When the end float ridges of one side are sepa-
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rated from those on the other side, they are connected by a short strip
of frill. On the anterior end the frill borders the exposed dorsal
surface.

These eoes are almost identical with eswoldsd ova, bul as a rule
they have a few less float ridges, and the majority have o small pos-
terior area of exposed endochorion, bordered by a short strip of frill

A. backaiannd,

Al straded. With the patiern of silvery spots on those parts of the
eoe povered with exochorion,

The epes of A, slrodei vary a greal deal in their struciure and, for
convenience, were divided into three types. In one extreme, ealled
type A, the floats are narvow, small, about one-half the length of the
ege. and rest on the dorsal surfaee. The end float ridees of the fwo
sides meet and fuse both anteriorly and pesteriorly ; centrally there iz
only a small spindle-shaped strip of exposed dorsal surface. The
floats are separvated Trvom the {vill, which forms a eivele on either end
of the eze, enclosing a small portion of exposed endochorion.  In
some ewws the frill and the floats may approach one another, but do
not fuse. The ventral exochorion flls in the space between the
Hoats and the Frill ; thus the ventral, lateral, and dorsal sarfaces all
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possess the patlern of silvery spots. In the other extreme, type B,
the floats are larger and bulge past the sides of the ege. Their dorsal
inner edges are widely separated from one another, exposing a broad
area of endochorion. The small end ridees on one side are widely sepa-
rated from those on the other side, and are fused with the frill, which
forms a horsheshoe-shaped border to the dorsal surface. Between

Type B, Tipe O,

Al wlroder,

these extremes are all sorts of gradations, which have been lumped
into type € The Doats and frill may be elosed at one end, bat open
and fused with one another at the other end; the frill mav be closed,
but the end float ridges of the two sides separated ; or the Hoats and
trill may be barely fused with one another. Af times, although the
end Hoat ridges do not meet, they may be joined by o row of very small
corrtizations resembling minute float ridoes.  These were not ineluded
in the foat ridee counts,
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Ky 10 2PECIES

L. Eges with an even black eolov on both dorsal afd vendral sur-
faccs; T venbral pabBeri. e e e e s e e AL albitarsts,
AL argyribarsis,

Eggs with a pattern of rows of small silvery spots on the ven-

L T e e B A R L e M LR
2. Flosts large, covering a]rlmht !L]J. ni l-hl: {lnr*snl surl F!l':. b ool L e Thire s Tl i

Floats smaller, placed Jaterally, usually eovering only a small

portion of the dorsal surface. . i A e e s e et i

Floats narrow and 2mall, pla:ced dumalh, uml br']mmted from

the frll, which forms a small eivele at esch tip of the e AL steoder, Bype A
. With approxirostely 25 float ridges; often with & small bi1. uf

poaterior frill, el e ol Deroheneeried

With ﬁp]‘no\lmﬂﬂ*h 34 ﬂmi. migu_‘, W u:hc:ut frill om posterior

TRE TR con i e e B o i R e e a ol osaldod,

4. Marrower ozrz, mth amaller foats; 1;'|prtn|mmcl1f .&D ﬂtr'tt.
ridges. . o
Broader Dggs, ujt,]1 larger fAloats; u]:pmmmatc]\' ‘—’u.l float. Tlftf..i A e b G

5. small end Aoat ridges of one side widely separated from those
on the apposite side; the il fused with the ends of the foats
angl Eprming a horseshoe-shaped border to the exposed dorssl
endochorion at the ends of the egg. " ’ v oA slradet, bupe 12
Intermediste between type A and h_-.rpe I Dr..r!.:: SE ol A stradet, fype G

6. Drorssl sueface flattened,  Thorssl inner mareins of the foats
even and parallel or slightly convex. The narrow, horse-
shoe-sheped frill extending from the ends of the floats and
eurving below the tips of the egg,  Longer eggs. o en A ndbimanas,
Dorsgl surfaee concave,  Dorssl inner margins uf Lhc ILOGLla:-
irregular. The horseshoe-shaped frill extending from the
ends of the floats, and lying for its entice lenglh on the upper
surface of the epr.  Shorter and relatively broader eggs. - .. A, forsivorcodalus.

ey}

Discussion

The eors of A, albifarsis and A. argyrifersis cannot be separated
from one another on morphologieal characters, but so far as identifica-
{ion is eoncerned this is of no importanee, as the adult females can be
distinguished from all the other Nyssorfignchus species of Panami by
the hind tarsal markings, and from one another by the double row of
white scales on the first abdominal sternite of A. albifarsis. Further-
more, in Panamd these two species breed in different locations, and it
can be assumed that all egps with albitersis or argyritarsis strueture
eollected in patehes of Chara, Neias, or Ulriculerie in Gatun Lake
belong to the former speeies, while those found in sunny or pariially
shaded ground pools belong to the latter species.

The key given above is not entively satisfactory, as it is diffieult to
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stress any character aside from peneral appearance to distineuizh
type B and € strodei egos from albimenws and forsimoculodis B,
while bachmanni and sswolded ova are almest identical with one
another. Ilowever, examination of the ova will be of value in malking
specifie identifications if the location in which the porirs o1 presnant
temales were found i talken into consideralion, especially if these oh-
servations can be supplemented by adult eharaclers.

Lioot (1926} deeided that the Brazilian mosquito called Cellia o
iwaldoi Peryassii really was 4. larsimaculatis, and that there was “*no
justification for the retention of oswaldei even as a varietal name.’’
In 1932 Curry reported the presence in Fanami of a mosduite which
was closer 1o A, oswaldoi than it was to the Isthmian form of A, farsi-
macilelis ; he named this new, fresh-water-breeding miosgquite A, far-
aen:amtﬁcxim var. aquicaelestis, and the old brackish-water breeder A,
tarsimaculotus var, aquasalis. Since then malariologists and ento-
mologists in Panamd have considered these mosquitoes o be different
species: A oswaldod and A, tarsimoenlatus respectively, By a eom-
parison of Root's ficure of an A, tersimaculatus eer with the oo of
A, larsimoenlotus and A, eswaldoi of Panamd, and by the small
amueunt of black on the secend hind tarsal joint of the female, it can
be concluded that Root’s Brazilian fresh-water-breeding 4. farsima-
culatus is muech closer to the Isthmian A. oswoldei than it is to the
local A, tarsimaeculatus. Townsend (1934) stated that Reot’s drayw-
ing of an 4. farsimeculotus ege must have been made from a raee of
A, oswaldei, but gives an entively different deseription of eswaldod
eges from the Rio Tapajis.  The eges deseribed by Tewnsend appear
to be guite zimilar to either forsimaculofus or albimanus epry of
Panamd, as “the smooth chorion iz exposed in a wide even median
space on ventral surface between the Hoats: the exposure thence wid-
ening toward each extremity of the ege.’’ Before the true relation-
ship between the varions Nyssorhynchus species and races ean be
understood, as Townsend said, these variations in ere structure need
clarification.  The differences in the eges of Isthmisn oswaldsi and
tavsimaculotus also demonstrate that workers in Panamé are Justified
in egnsidering these mosquitoes to be distine spircies, or al least sepa-
rale riees.

The writer (1937) has recently sugmested that A. albitarsis of Pan-
ami may belong o a race different from that of this species in Brazil,
beeanse of diggimilarities in the habits of adulls and in the morpholosy
of the eggs from the two regions. Since Matheson and Turlbut
(1937) have shown that there are marked seasomal variations in the
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eggs deposited by A, wallert, it should be stated thal no seasonal varia-
tions have been noted in Tsthmian albilersis ova.

Matheson's and Hurlbut’s observations, as well as the work of
Gibbins (1933) with A. marshalli, demonstrate that variations in eow
strueturs do not necessarily mean the presence of separate races. The
rergs of Al strodei also emphasize that eare must be exercized in es-
tablishing Anopheline races without proper study of the habits and
physiology of the mosquitoes. It seems unlikely that the different
types of slroded eges were deposited by separate races, as they were all
eollected from the same breeding plaee at the same time, and there
were all kinds of gradations between the extremes.

BUMMARY

1. Deseriptions are given of the epgs of the Nyssorhynelns group
of Anopheles in Panami. In most eases speeifie identifieation ean be
made by erg strueture, and in those cases where the eoss of two spe-
cies are similar, identification ean be made when the location in which
the egos or adults were eolleeted iz taken into eonsideration,

2. Comparison of Root’s figure of A. tarsimaculatus erors of Brazil
with Isthmian A fersimaculatus and A, eswaldoi eges shows that
Root’s mosguito is more closely related to the 4. osweldol than to the
A. farsimaculatus of Panama. The differences in the eges of these
two mosguitees lend support to the beliel that A, eswaeldod and A, for-
simaculatus are separate species.

3. No seasonal variation has been observed in the eggs of A, alli-
tarsis in Panami.

4. The presence of three types of A. strodel eggs in Panami indi-
eates that ege struclore alone is not a dependable criterion of the exist-
ence of distinet races among the species in the Nyssorhynchus group.
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