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EFFECTS OF MATING AND SUGAR FEEDING ON THE EXPRESSION OF
AUTOGENY IN CRABHOLE MOSQUITOES OF THE
GENUS DEINOCERITES (DIPTERA: CULICIDAE})!

G.F. (¥Meara® and J.L. Petersen®

Abstract,  Autsgeny was much mare provilent in a temperace
than in 2 tropical population of Deisacerires pivwedes, Maost sugar
fed De paende females did nov initiace autogenous gy devel-
opment wotil after mating, High proportions (= 905) of auteg-
eny were found i tropical, subtropical, and temperace-rone
populations of Oepmeceriter concer. Either sugar feeding or mating
triggered e development in e coicer, but sugar-fed females
produced more eggs. Whether sugar-fed or not, unmared e
cavicer females developed cges afrer blood fecding, Thus 5 fac
rors, bload I’-:“c;(ling, sugar Fr:cding, or mating, can indegpen
dently stimulate the praoduction ol the imual egg clutch i D

COTGET.

Most of the 13 recognized species of Deinorerites
mosguitoes are confined to tropical regions in Cen-
tral and South America, where their aquatic stages
normally develop in burrows made by crabs, par-
ticularly land crabs inhabiting tideland areas (Ada-
mes 19711 A few species, such as Deinoceriies caneer
Theobald and Democerites psewdes Dvar & Knab,
occur over & wide latitudinal range extending from
the Neotropics o the temperate zone of North
America, Because they are highly stenogamous,
several species of Deinocerites mosquitoes can be
colonized and maintained readily in the laboratory
(Fisk 1941, Komp 1936, Galindo 1967, Provost &
Haeger 1967, Gentry et al. 1970},

Autogenous mosguitoes produce their initial egg
clutch without blood feeding. This tra is commaon
in female De. cancer along the east coast of Flarida
near the northern limit of the species” range {Hae-
ger & Phinizee 18539, O'Meara 1979). Although
mating is a prerequisite for autogeny in some mos-
quito species (O’ Meara & Evans 1976, 1977, sugar-
fed De. cancer females from Florida are highly au-
togenous whether mated or not (O Meara 1979
Sugar feeding influences autogenous reproduction
i some species but not inothers (Lea 1964, Corber

1967, O'Meara & Krasnick [970). One objective

of the present study was to reevaluate the role of
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mating in the expression of autogeny among Dei-
noceriles mosquitoes by examining sugar-fed and
unled females,

Within several different groups of closely related
species of freshwater mosquitees, aurogeny is much
maore prevalent or is obligatory in populations or
species occurring at higher latitudes (O'Meara &
Craig 1970, Spielman 1971, Loumbos et al. 19582)
An exception to this pattern is the saltmarsh maos-
quito, Aedes tenivrfynchus (Wiedemann), which does
not exhibit a clearly defined pattern of latitudinal
variation in the frequency or expression of aurog-
eny, at least not when the wotal range of the species
is considered (('Meara & Edman 1975), Autogeny
18 characteristic of a number of mosquito HE][.:[."iL‘:-i
and other hematophagous Diptera that inhabit
tideland arcas {(Rioux et al. 1975, Lane et al. 198%,
Linley 1983}, To wenufy geographical variations
inthe expression of autogeny among crabhole mas-
guitoes, especially with regard to 5;1.1;'.._1;;11' feeding and
mating requirements, the experiments described
herein involved both tropical and temperate-zone
populations of De concer and De. prenedes,

We established and wsed 3 laboratory colonies
of D, caneer, Two ol these colonies (VERO BEACI]
andd FLAMINGO) were imitlated from field collec-
tions taken during the summer of 1982 at Vero
Beach (27.6°N, 80.5°W) and Flamingo {(25.1°N,
B0.9°W), Florida, USA. A Brd colony (BELIZE) was
derived from a collection taken near Belize City
{17.8°N, 88.1°W}, Belize, in Febroary 1981, In ad-
dition, some experiments used individuals collect-
ed as dth-instar larvae or pupae From the tidelands
adjacent to the Flonda Medical Entomelogy Lab-
oratory in Vero Beach. In the laboratory the mos-
quitees were kept at 26.5 £ 0.5 °C and 85 = 10%
ki, and at a photoperiod of 16.5:7.5 h L:D, with
a i2-min simulated twilight at each transition. Lar-
vae were reared on o diet of equal pares of brewers
veast, lactalbumin, and rodent lab chow, Approx-
imately 1540 larvae were cultured togecher in enam-
¢l pans filled to a depth of 4 cm with ¢a. 350 ml
of 50% sea water. We tried to provide the most
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nutritious diet possible without producing a scum
on the water surface. Except for experiments in-
volving unted females, the mosquitoes had connin-
uous access 10 a 10% sucrose solution. For all ex-
periments, females were denied an oviposition site.
Ovarian condition was assayed by dissection afier
a holding period of 3 days or more. At this tme
the spermathecae were examined for the presence
of sperm in those [emales that had been kept with
males. A fernale was considered autogenons when
at least 1 ovariole comtammed a stage V lollicle
iClements & Boocock 19543,

Two strains of De prendes were used: (1) the
Gorgas Memaonal Laboratery (GML) colony, which
had been in the laboratory for several years since
its initintion from fcld collections taken in Gor-
gona (8.4°N, 79.5°W), Panama; and (2) the TEXAS
strain, which was derived from individuals taken
from the Browosville (25.9°N, 97.3"W), Texas, area
in June 1982, Some of the experiments involving
De. fuendes were conducred at the Flovida Medical
Entomology Laboratory, and here the rearing and
experimental conditions applu ol ter D frseeles were
sirmilar 1o those used lor De. canicer, Gthez EXpEer-
iments with De, gsendes were conducted at the Gor-

gas Memorial Laboratory, Panama, Republic of

Panama, where the mosquitoes were maintained
under conditions of natural ambient temperature
and light. Consequently, the dav—night cvcle was
ca. 12:12 h L:D and remperature fluctuated daily
between 21 and 27 °C with a 70 £ 10% rH. AL the
Gorgas Memorial Laboratory, larvae were fed on
a diet of guinea pig chow, and adult De. freudes
WETE .‘;ug;-if ted on solutions of sucrose or honey,
All other experimental conditions were similar to
those used at the Florida Medical Fnromology Lab-
Oratory,

To test for the significance of differences be-
tween 2 percentages we used the method of Sokal
& Rohlf (1969) based on the arcsine transforma-
tiomn.

RESULTS
Demnorerites preudes

High rates of autogeny were found in mated,
sugar-fed females of the "TEXAS strain, whereas
only 13.3% of the unmarted, sugar-fed females of
this strain developed eggs antogenously (Table 1),
The mated females from group #7 and the un-
mated temales from group #8 came from the same
larval rearing pans, and on average they attained
the sume adult size based on wing length measure-
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ments. Hence, the differences in egg development
between the 2 groups would not appear to be the
result of 1ar1=a].nraring conditiens. The vast ma-
Jority of De, psewdes Irom GML were anautogenous
whether mated or not; however, the few cases of
autegeny found in the GML strain were among
mated females {group =2, Table 1) Mosquitoes n
proup #l were reared at the Florida Medical Ento-
mo]mg}' Laboratory under the same conditions used
for the TEXAS strain (groups #8, #7, and #8). In
general, the adult body size was similar for mos-
quitoes reared at the Gorgas Memaonal Laborarory
and those reared at Flonda Medical Entemology
Laboratory. The mean autogenous fecundity of
sugar-fed, mated females from TEXAS (gravid fe-
males in groups =G, #7, Table 1) was equivalent to
that attained by blood-fed fe 111a|ﬁ from the GML
strain (mean £ SE =578 = 332, n=44; (, =
—1.65, df = 136, not significant). These females,
which were sugar fed and mared, obtained a hlood
meal from a guinea pig.

Adulis of both the TEXAS and the GML strains
muted in the laboratory even when confined wo
relatively small cages (1% cm high = 19 cm wide =
27 cm deep). At first it appeared that teneral De
fwendes females were refractory 1o insemination
during the st day following emergence. When 2
groups of 15 young females, one group 16 to 24
h old and the other group 14 to 34 h old, were
eiach F:(p{‘.l"i{-‘d to 20 one day older males for 16 1o
24 h, only b of the 30 [emales were inseminated.
Hawever, in a similar test using 2 groups of older
females (30 to 48 h old and 48 10 55 h old), 21 of
30 females were inseminated. In another test, &0
males B ro 7 days old were placed ina cage (30 =
30 » 30 cm) with a dish containing pupac of De
peeudes (GML strain), The males were attracted 1o
the dish containing the pupace and readily mared
with newly emerged [emales, Eleven of 13 {emales
dissected contained sperm in their spermathecae.

Deinoceriles cancer

Similar high rates of autogeny were found in
sugar-fed, unmated females of the BELIZE, FLA-
MINGO, and VERO BEACH strains of De cancer
{Table 2). Nevertheless, among these 3 strains the
mean levels of autogenous fecundity varied con-
siderablv. For example, gravid females of the BE-
LIZE strain were more {ecund than thaose of the
VERO BEACH strain (L, =141, df =98, P <
(.0

Among unfed, unmated De cancer lemales of the
VERO BEACH strain, only 5 of 202 developed
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Tawte 1. FEifects of ma[ing O AUTGECTLONS (VATTEN TEturation
in sugar-fed @ Defnacerites pasiades fram GML {PANAMA) and
TEXAS strains.
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Altlogenons ovarian mataraton in segar-fed, un-
mated B Deiaerriles saner r‘rnm the BELIZE, FLLA 5\.‘”[‘{{_}{_]:
and VERO BEACH strains,

| feTer
% AL Wine LExGT

Grour Mezat- Moo aurac- ENous @ frarn}

EN T MENT T OEMOUS £ = SE) it £ 5L}
CML (PANAMA) strain

1 riated n5 0.0

@ mated 44 6.2 23557 3,26 = 0403

5 mated 1 0.0 — .05 = 005

4 unmared 24 .0k — 292 = 0.08

B unmated 5% 0.0 S 2HEL <« 003
TEXAS sirain

5] b i G0 R40 0.7 323 001

7 mared 001000 8517 £ 049 307 = 0.02

H wmmaree 30 153 585 4 28 308 £ 0.02

* Females in groups 52, #3, &4 and #5 tested at the Gorgas
Memorial Lahoratory. Fomales i proups #2 and #4 provided
with sucrose, Females in groups # 5 and #5% provided with honey.

eires autegenously (lable 5, test groups A, B, and
C). By contrast, most {145 of 166} of the unfed,
mated females of this strain were autogenous (test
groups B and C}. Nearlv all sugar-led [emales ma-
tured eges amtogenously, whether mated or nor.
Sugar-fed females produced an average cgg clutch
twice the size of thase [ound in the unled females
iTable 3). These results were obtained from e
concer that had been feld collecred as 4eh-nstar
larvae or pupae from crabholes adjacent to the
Florida Medical Entomelogy Laboratory in Vero
Beach. For each test group the mosquitoes came
trom the same collection, and they were randomly
selected for the various treatments, Both within
and among the test groups, the mean size of the
adult females, based on wing length measurements,
was similar [or each treatment,

In the experiments involving sugar-fed mosqui-
toes, females had access to a sugar source from the
day of adult emergence. To evaluate the effects of
delaying sugar feeding on autogenous egg pro-
duction, sugar was withheld until the females were
3.5, 7, or 9 days old; 4 to 5 days later, the mos-
quitoes were dissected to determine the degree of
ovarian development. Generally, the longer the
delay before the onset of sugar feeding, the greater
the reduction in the expression ﬂf'au!.ﬂguuy {["able
4], Most virgin De, cancer females from the VERO
BEACH strain that had been starved for 2 or 4
days responded 1o a sugar meal by producing egas.
Incleamnq the starvation permcl ta 6 or 8 days
drastically reduced the frequency of autegeny.

Newly emerged, teneral De. cancer females will
mate lmdlh with 1-day-old males, even when con-

o Fraos A arroo-
ALPTEMG- ENOHIS P
Mo 9 ENCIIS (£ 5E)
BLELIZE 24 AN E 98,2 + 1.6
FLAMINGO 164 G4.7 G8.6 + 0.9
VRO BEACH fidi OF.0 L

fined o 8-dr shell vials, Hence, to obrain virgin
females it is necessary to isolate the sexes at the
pupal stage. In the present study, pupae were rou-
tinely isalared individually in 8-dr shell vials, and
sex was determined by observing the emerged adult
under a stereomicroscope at low magnibication
(12:x). Once a sexually marure male |.‘_i.<:~.., =1 day
old) was added to a shell vial containing a virgin
temale, mating usually began within a few minutes,
For experimental treatments that required mated
fermales, a male usually was placed together with a
temale on the dav she emerged. However, in 1
experiment conducted 1o evaluate the effects of
delayed mating on autogeny, unfed virgin females
were held in isalation for 2 days before males were
added. Most of these 2-dav-old females produced
epas alter mating (Table 1}

Blood-feeding activity was examined i unmated
D, cancer -Eitlﬂlfa from the VERO BEACH strain.
Three age groups (Z-, 8-, und 4-day-old females)
were tested using both sugar-fed and unled fe-
males. More than 90% of the non-sugar-fed te-
males in each age group took blood when offered
a restramed host {chicken) for a period ol 16 h
{Table &), Mast of the sugar-fed temales in each of
the % age groups also took a blood meal when of-
fered the same type of host, but within each age
oroup significantly fewer sugar-fed females blood
fed than did non-sugar-fed females {2-day-old 94,
L= 2.56, P < 005 d-day-old ¥, 1, =381, P =
0,001 d-day-old 22, ¢, = 364, P < 0.001).

Sugrar feeding enhanced the fecundity of both
bood-led and non-blood-led De. cancer females.
Young (1- to 2-day-old), virgin, unfed e concer
females [rom the VERO BEACH and the FLA-
RIINGOY strains were allowed to obtam a blood
meal from a chicken; some ol these blood-fed fe-
males then were provided with sugar, while others
were denied a sugar meal. In the case of the VERO
BEACH strain, the percentage of gravid females
was significantly greater in the group of females
that blood and sugar fed than in the group of fe-
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Tanck 5. Effects of sugare leeding and mating on the expres-
sionof aetogeny % Dednocerler concer from the VER O BEACTT
populaticon *

I Med, Entomel

Eoos s
% ALITE- Wi
MNin ALTOG-  FENOLS LESEGTE
o EwNOLs g {mm)=*
Test group A
Sugar fed and
unmatedd fil %4 309 = L4 280 = 002
Unfed and unmared /3 0 —_ DH £ 0.0
Test group
Unfed and mated 115 B4.% 262 = 14 298 = (.41
Unfed and unmated 50 ] — 278 & 0.1
Test group ©
Sugar fed and
mated BO 1000 B4 =23 279 =z 0.02
Suprar fred and
unmaced 58 48 536 = 2.9 202 . 001
Linfed and mared &l 4.1 2.0 = 29 2H] = 402
Lnfed and ummated 59 8.5 1464 =z 84 2,81 = 0.01
oAl e rested were from wild-caught drh-instar larvae o
T,

** Mean + 5E,

males that Dlood Ted only (¢ = 4,79, # < 0.0017.
Moreover, the mean number of eggs per gravid
female was alse significantly greater among the
blood-fed females thar had sceess o sugar- i, =
12,04, dfl = 44, P = 0,001, Table 6), Simalar resalts
woere aobtained with the FLAMINGO strain, i.e,,
sugar- and blood-fed females were more fecund
than blood-fed females that did not sugar feed {1, =
704, dF = 6%, P < L0401, There wis, however,
no significant difference in percentage gravid be-
tween the sugar- and non-sugar-fed De cancer fe-
males from the FLAMINGO strain (¢, = 1.5, ns,
Tahle &),

INSCLISS10N

Although mating can stimulate the initiation of

autegenous cgy development in both e peeudes
and De cancer (Tables 1, 3), matng seems to be
more essential in De. pseudes. For De, cancer, either
sugar fecding or mating will in most cases trigger
autagenous egg maturation, whereas in De. frendes
autogeny 15 usually expressed by sugar-led females
only after they have mated. A somewhat similar
type of male-induced autogeny, whereby mating
triggers egg development in sugar-fed females, oc-
curs in Aedes foeniorlynchus and Weesmuia vanaduzes
Diyar & Knab (O'Meara & Evans 1977, OFMeara
19797,

A substance from the male accessory gland passed
to the females during mating is responsible for

Vil 22, nn. &

Tamk b, Effects of delaviog sugar feeding or mating on auw

togenous cfE production in Peiroceriles concer,

% AvTocEsous
AL FEGURDITY
N, 22 ENOUS (£ = 5E)

Virgin & Dvisacerates concer, VERO BEACH strain
Sugar provided from dayt

% 5 Rk ITE+ A0
a g LR 6.3 = 1.6
T s 7.4 I7.RB £ 4.0
a9 25 120 1.5 & 5.6
Unfed ¢ Defsocerites coneer, VERO BEACH strain
a2 present from day®
I 111 Th.h 1853 £ 1.3
3 [R1}] fl.l 151 1.2
&3 000 present B4 1.2 15

* Day 1 = day of adult emergence.

stimulating autogenous ege development in both
Ae. daerwrkynchus and Wy vanduzess (O'Meara &
Frans 1877, O'Meara 19790, Presumahly, the same
physiological mechanism is operating in Deinoce-
rites mosguitoes. Whether or not mating is required
for the initiation of autopenons ege development
in some Ae taeniorfiynchus Females s mfluenced by
conditions in the larval stage: the more stressful
the condition, the more likely mating will be a
prerveqguisite. Typically the male-induced form of
autogeny in Ae faemiorhynchis populations is asso-
ciated with low levels of autegenous fecundity (<50
egps/female}. However, by blood feeding these
mu:i:{uitmr:s CAHTL ;}J't}dut:{t @ much larger initial egg
clutch. Female Ae tfaerworkynchius with ovaries in
the previtellogenic stage (e.g., stage I1) are active
bloed feeders, but once they reach a more ad-
vanced stage ol development they become reluce
tant blood feeders: the few that feed ac this time
show littde or ne enhancernent of fecundity. In many
maosquite species, including Ae. wmeniorivnchus, le-
males are sexually nr{"rac:[t;r}' to inseminacion for
1 or more days following emergence (Edman cr al,
1972). For Ae. taewiorhiynchus females the combi-
nation of a sexually refractory period and required
mating for the onset of autogenous egg develop-
ment inereases the pessibilities for facultative au-
togeny. Where autogeny s facultative the mos-
quito mav develap the initial egg clutch with or
without a blood meal (Corbet 1967}

Male De, concer display an unusual behavior, " pu-
pal attendance” (Provost & Haeger 1967), and often
mate with a female before she is entirely out of the
pupal skin, Males of De. peeudes, at least older ones,
are also attracted to pupae, and freshly emerged
Do paeudes females will readily mate with these
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Tanik b Blond feeding by unmated @ Devnscerites cancer from Tawie b Effects of sugar feeding on egg production in blood-
the VERO BEACI stram. ® led & Dwinocerites cancer ®

TrEAIMENT Mo, % Focssnravin §
AGE CROUY PRIV TO BLOHD- Mer. 9% O9F BRLOGO 9 Gravin®¥ 4+ SF)
[pAYs QLD FEEDDNG TESTVE TESTED FELDING
. i FLAMIMNGO strain
2 g Fed Il:g o Blood fed & sugar led 44 866 77021
Hee A Blood led only 11 75.2 19.0 + 2.3
i 5“:‘3?“'1 fed ;g f}i: VERO BEACH strain
umnfied ot 05,
) Blood fed & sigar fed 25 10410 155+ 26
4 sugar Led 20 f2.1 Bload fed anly PR fid, 3 2006 £ 4.0
unfed 26 EH R

*ANNSY had aocess oo restrained host (chicken) foec 16 he
=* Supar-fed mosquitoes had acvess to L% sucrose solution
|
from day o adult emergence,

miles. Farly mating by Deinacerites mosquitocs may
diminish the chances for fac wleative autogeny, OFf
course, instances of facultative autogeny need not
be restricted to situations in which egg develop-
ment is delayed owing to lack of mating or sugar
feeding. Under laboratory conditions, maost (%5 of
61) 3- and 4-day-old, sugar-ted De. cancer females
took a blood meal (Table 3} Mearly all of these
blood-feeding fe males had ovaries w1|:]'| advanced
stages of egg development (stages I and 1V} May-
be these Deingeerites mosquitoes with vitellogenic
ovares can still increase the size of their initial egg
clutch by Blood feeding. Under these conditions,
carly onset of autogenous egg developrent would
not totally preclude @ role for blood feeding during
the production of the lst epg clutch. Hence, one
of the functions of early 1'|'|Eit.1'1‘|?|' in Delnaceriies mos-
guitoes could be 1o hasten egg development,
Demaceriies cancer females possess considerable
gonotrophic flexibility, When starved and unmat-
ed, D cancer females survive for more than a week
( Table 4}, and during this time they will readily
blood feed under laboratory conditions. To a
shightly lesser extent, sugar-fed, unmated D, cancer
females also show a propensity for bload feeding
(Table 5). By leeding on blood alone, most De.
cancer females from I:hﬁ" FLAMINGO and VERO
BEACIT strains became gravid {Table 6), Thus in
this crabhole mosquito, 3 factors—mating, sugar
freding, or blood feeding—ean independently
stimulate the production of the initial egg clutch.
[nthe mosquito’s natural tideland habitats, these
factors undoubredly interact rather than operate
independently, Females are most likely mated at
or shortly after emergence. Floral and extrafloral
NECLATies AT¢ common in many areas inhalited by
crabhole mosquitoes (Van Handel et al. 1972; [.5,
Hacger, pers. commun.), and high rates of sugar

* Unmmated 5.
*= 4 days afrer blood feeding,

feeding have been found in other tideland mos-
quitces (Bidlingmaver & IHem 1973), Consequent-
ly, ample oppormunities would seem 1o exist for
sugar feeding by Do cancer females. Even if sugar
teeding or mating were delaved for a few days
tollowing emergence, they could still have an effect
on egg production (Table 4).

Edman (1974) detected a blood meal in ca, 5%
of the De cancer females aspirated from crabholes
in the tidelands near Vera Beach, Florida, These
Blood meals had been taken from bath birds and
mammals, indicating that De. concer has 2 hroad
host range. It is not known to what extent blood
feeding contributes to che initial egg clutches in
field populations of De. cancer. Based on previous
studies (Haeger & Phinizee 1959, O'Meara 1579,
D, caneer seemed to be obligatorily autogenous for
the st egg cycle, bur the rmdmgs of the present
study indicate that blood feeding may play a role
in the development of the imtial egg cluteh. In the
laboratory, most nulliparous, sugar-fed De cancer
females blood fed when offered a host (Table 53,

Interstrain variation in the capacity for autogeny
wias more pronounced in De fizendes than in De
eancer {Tables 1, 2}, Iigh rates of autogeny were
found in tropical, subtropical, and temperate-zone
populations of De cancer. It remains to be deter-
mined if a low rate of autogeny is a common feature
ot De. pseudes populations in the tropics. Obviously,
additional populations need to be examined o ob-
tain an accurate picture of the geographical vari-
ation in autogeny among populations of De, caneer
and D, peeudes, Maoreaver, 1L would be informative
1 examine populations of other species of Deing-
cErides,

st. Louis encephalis (SLE) and Veneruelan
cquine encephalitis (VEE) viruses have been iso-
lated from wild-caught De. faeudes (Gravson et al.
1967, Tempelis & Galindo 1970%, and in laboratory
studies this mosquito species has been shown 1o be
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an efficient vector of VEE (Gravson & Galindo
1872). The potential for 2 mosquito species as an
important vector of pathogens would appear to be
decreased where autogeny is common, particularly
the obligate, Lst-cvele type. In this regard D, pseides
would seem to be less affected than De cancer, since
in D peeudes aulogeny 1s an uncommon trait n
some populations.
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