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Fenologia Reprodutiva de Anastrepha ludens (Loew) (Diptera: Tephritidage)
na Serra Madre Oriental, Norte do México

RESUMO - Em seu hébitat nativo no Norte do M éxico, Anastr ephaludens (L oew) € norma mentebivolting,
emborapossaocorrer umaterceirageracdo em agunsanos. Asmoscas entram em digpausa princi palmente
no estadio pupa, emergindo emjaneiro-fevereiro. Essasmoscas adultas ovipositam no cultivo de primavera
do citrus selvagem Sargentiagreggii (S. Wats.). O pico primario de populagéo ocorredo final daprimavera
até o inicio do verdo (em anos excepcionais, ocorrem picos separados na primavera e no verao). A
disseccdo das fémeas demonstrou que a maioria das moscas que ocorrem no pico de primavera séo
imaturas reprodutivamente, indicando a emergéncia de novos adultos. A atividade se reduz ao fina do
verdo, ou pel o menos poucas moscas 80 coletadas nessafase. No outono ocorre aressurgénciadaatividade
dos adultos. Entretanto, ao contrario do que ocorre no pico de primavera, adisseccéo dasfémeasrevelou
gueagrande maioriadas fémeas adultas de outono jaestéo gravidas, indicando que el as permanecem na
populacdo do inicio do verdo, ao invés de surgirem novas fémeas. As fémeas de outono ovipositam em
outubro-novembro, produzindo a populacdo que entraem digpausae emerge em janeiro-fevereiro.

PALAVRAS-CHAVE: Reprodugdo, oviposi¢éo, bivoltino, citrus

ABSTRACT - Initsnative habitat in northern Mexico, Anastrepha ludens (L oew) isnormally bivoltine
although athird generation isachieved in someyears. Thefliesoverwinter mainly in the puparial stage,
emerging in January-February. Thesefliesoviposit in the spring crop of awild citrus, Sargentia greggii
(S. Wats.). The primary population peak followsin late spring to early summer (in exceptional years,
separate peaksin spring and summer). Dissection of the femal es demonstrated that most of thefliesin
the spring peak are reproductively immature, indicating emergence of new adults. Activity subsidesin
late summer, or at least, few flies can be trapped at thistime. Then in the fall thereis aresurgence of
adult activity. However, in contrast to the spring peak, dissection reveal ed that the great majority of the
fall adult females are already gravid, indicating that they are carry-overs from the early summer
population, rather than new recruits. The fall adults oviposit in October-November, producing the
overwintering popul ation that will emerge as adultsin January-February.

KEY WORDS: Reproduction, egg-load, bivoltine, citrus

The Mexican fruit fly, Anastrepha ludens (Loew), is a
pest of citrus, mangoes, and avariety of backyard treefruits,
from Mexico to Panama. It is thought to be native to the
SierraMadre of northeastern Mexico becauseit breedsthere
inawild citrus, yellow chapote (Sargentia greggi (S. Wats.),
Rutaceae) (Plummer et al. 1941). Because of the proximity
of thiswild population to the U.S. border area, ajoint federal
and state program maintains asurveillance grid of McPhail
traps in the lower Rio Grande Valley of Texas, and every
year inthe spring, adults of the Mexican fruit fly are detected
(Nilhake et al. 1991). At onetimeit was suspected that these

captured flies might be introductions from the native
populations or infested areas further south in Mexico (Shaw
et al. 1967). However, theregularity of the appearanceinthe
spring eventually led researchers to suspect that the Texas
population, though at sublimina levelsmost of theyear, might
be a self replicating population (Thomas et al. 1999).

One possible explanation for the absence of thefliesfrom
thetrapsduring the greater portion of theyear in Texaswould
bethat theinsects enter diapause or aestivation. But, astudy
of larval and pupal development inthefield failed to reveal
evidence of adevelopmental arrest (Thomas 1997). Leyva-
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Vazquez (1988) demonstrated that development is
temperature driven in the laboratory and the field studies
confirmed that the high temperatures prevailing from May
to September shortens generation time to as little as five
weeks, too short atimeto allow the passage of the summer in
asheltered larval or pupal stage. Conversely, under the cool
wegther conditionsthat prevail inthewinter, developmentis
extended to approximately 12 weeks. Thus, oviposition in
grapefruit in October and November should giveriseto adult
emergencein January and February, which timing coincides
with the earliest annual detectionsin Texas. The conundrum
isthat adults are too short lived to carry the population over
afull year from one spring to the next. Mark-recapture studies
show that some adults can live aslong asfour monthsin the
wild. But, the great majority have a much shorter life span,
on average, only 5-10 daysfollowing release (flieswere 3-4
daysold at release) (Thomas & Loera-Gallardo 1998). The
short life expectancy would seem to rule out the possibility
that the Texas population is univoltine, yet, there is only
evidencefor breeding in the spring. Because of the quarantine
issue the origin of the infestations is of some importance.
There are 34,000 acres of commercial citrus on the Texas
side of the Rio Grande, but lessthan 500 acres on the Mexican
side. If thefliesare breeding on the Mexican side of theriver
then they are depending on backyard fruit for hosts. But, if
that is the case, then they are equally likely to be using
backyard fruits on the Texas side.

Thereisample dataon reproductive behavior of thisinsect
in captivity. Dickens et al. (1982) found that females are
receptive to mating at an age of nine days, atime coordinate
with the ovaries reaching full size. McPhail & Bliss (1933)
found that most females begin laying eggs at 11 days age at
constant 24-25°C. Moreover, at dightly lower temperatures,
20-21°C, McPhail & Bliss(1933) and Berriganet al. (1988)
found that thefirst oviposition was delayed out to 20-22 days
age. Even under the optimal life expectancy of thelaboratory,
Liedo et al. (1993) cal culated that femal es spend 52-64% of
their life spaninthe pre-ovipositiona stage. Oncethefemale
matures, oviposition is essentially continuousfor aslong as
the fly lives. Berrigan et al. (1988) and Liedo et al. (1993)
reported that females oviposit eggsin clutches of fiveto six
eggs, laying an average of around three clutches per day when
provided an ample supply of fruit.

The studies of reproduction in the laboratory provide
context for studies of breeding in nature. The objective of
the present study was to examine the phenology of egg
production in the native habitat and itsrelationship to seasonal
fluctuationsin the adult population. The study was conducted
in northern Mexico where the fly is indigenous and where
populationswere not under suppression by acontrol program.

Materials and Methods

McPhail traps baited with an agueous slurry made by
mixing 350 ml of water with three 5 gm pellets of torula
yeast and preservative (2.25 gm yeast and 2.75 gm borax),
were operated at two study areas approximately 75 km apart
in Nuevo Leon, Mexico. The traps were in continuous
operation from 1994 to 1998 in both areas. All traps were
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serviced weekly. All female flies captured in the traps were
preserved in alcohol, transported to the laboratory, and
dissected to determine fecundity. Aluja et al. (2001) are
followed in defining egg load asthe number of mature oocytes
in the ovaries. Oocytes were counted as mature eggs when
they wereat least 1.0 mminlength, tapered at one end, with
the surface shiny and translucent (Emmart 1933).

Study sites. The southern most study area was a steep
doped montane canyon west of the town of Linares where
yellow chapote occursin grovesaong the course of the Santa
Rosariver. The groves of yellow chapote occur in riparian
habitat bordering theintermittent streambed amongst agallery
forest of Mexican ash (Fraxinus berlandieriana A. de
Candolle) and sycamores (Platanus occidentalis L.).
Surrounding vegetation is classified as Tamaulipan scrub
forest (Leopold 1950), consisting mainly of spiny leguminous
treeswith scattered oakstransitioning to pinewith increasing
elevation from the lowest site at 500 m to the highest at 1050
m. Traps were placed at nine locations about 2-3 km apart
following the river course with five traps operated at each
ste. Thesteswere selected primarily for the density of yellow
chapote trees but also for vehicular access.

The second areawas| ocated further north inthe premontane
foothillsaround thetown of Allende. Heretheyellow chapote
occurs in scattered arroyos in the watershed of the Sierra
Potrero. This area is more settled with a complex mosaic of
small towns, subsistence farms, groves of fruit trees (mainly
citrus), and secondary forest. In this piedmont area, five sites
were selected for their density of yellow chapote trees and
vehicular access. Five traps were operated at each site.

Two weather stationswere operated during the study. One
station was placed at amontane location near one of thetrap
sites in the Santa Rosa canyon at an elevation of 1045 m.
The other station was|ocated half-way between the two study
areas on the grounds of the agricultural research station at
Genera Teran, elevation 330 m. Each station included a
recording hygrothermograph and a pluviometer.

Mean numbers of flies captured per unit time were
compared by ANOVA. Probabilities of the F-values were
calculated with the software program FPROB (Speakeasy
Computing 1987).

Results

Population Trends. Numbers of flies trapped followed a
seasona pattern. Figs. 1 and 2 show the monthly captures of
femalefliestrapped over asuccession of five years at thetwo
study areas. The trap results show that in their native habitat
adultsarepresent at all times of the year but with the captures
greatly reduced in the late summer when hot, dry conditions
prevail, and in mid-winter when frigid overnight temperatures
are the norm. Peaks in abundance occurred at three times of
theyear: spring (March-April), early summer (June-July), and
latefdl (October-November). But, inany given year therewere
usually no more than two peaks, the one exception with three
peaks being 1997 at the Allende site. The extra pesk in fly
numbersthat year probably resulted from an exceptionally wet
spring. The Teran station recorded 229 mm of precipitationin
March and April that year. The mean for the same monthsin
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Figure 1. Captures of female Mexflies at Linares, N.L.
by month, from 1994 to 1998. (total sfrom 45 McPhail traps)
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Figure 2. Captures of female Mexflies at Allende, N.L.
by month, from 1994 to 1998. (totalsfrom 25 McPhail traps)

the other four years of the study wasonly 49.3 + 31.5 mm.
The phenology of the fly population seems to be linked
to the host plant, yellow chapote. In atypica year fruit is
present from Marchto May and themajor peak in fly numbers
occursin June. The amplitude and timing of the major peak
can vary and seems to be strongly influenced by weather.
For example, in 1995 the peak occurred much earlier, in
March-April, and this appearsto have been generated by large
numbers of fliesthat emerged from the overwintering stages
in January and February. The winter of 1994-95 was the
mildest winter during the study period with no freezing
temperaturesrecorded. By contrast, in thewinter of 1997-98
there were 14 dates with temperatures at or below freezing,
seven on consecutive dates in mid-December. This could
explain why thelowest numbers of flieswere capturedinthe
spring of 1998, following the severest winter during the study.
The numbers of emerging adults detected at winter’s end
(Julian weeks 1-10) varied among years and these differences
were statistically significant at both Linares (F=6.772, P=
2.35x 10%) and Allende (F = 13.8, P=2.02 x 107).
Theamplitude of the springtime peak varied greatly among
years and these differences were found to be significant by
comparing mean weekly captures from weeks 21-30 at both
Allende (F=24.13,P=1.04x 10") and Linares(F=9.74, P
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= 9.19 x 10°). Regardless of when the springtime peak
occurred, by late summer there was always a low level of
activity. Then, with the moderation of temperatures and
humidity in theautumn thereisamarked increasein numbers
trapped, although therewere significant differencesintheleve
of activity among yearsat both Allende (F=10.95, P=2.76 X
10®) and Linares (F = 25.75, P = 3.87 x 10%). Following the
autumnal peak there was a depression in activity levels
coincident with the onset of cold westher. Activity remained
at minimal levelsuntil the end of winter.

The autumnal increasein capturesis enigmatic because
although yellow chapote may produce some off-season fruit,
abundant fruit are only produced in the spring. Thus a
clarification of the origin of thesefall flieswould seemto be
important for understanding the breeding cycle.

Fecundity. Figs. 3 and 4 show the numbers of mature eggs
carried per gravid female at the two study aress, Linares and
Allende, respectively. The mean number of mature eggs per
female was 36.3 at Linares and 40.6 eggs at Allende. The
maximum number of mature eggs carried by an individual
femalewas 155 at Linaresand 146 at Allende. Table 1 shows

400 -
350 -
300 - m
250 -
200 -
150 -
100 -
50 -
0 — =L
1 2 3 4 5 6 7 8 9 10 11 12 13
Egg load class (increments of ten)

Females

as...

Figure 3. Mature eggs per gravid female captured at
Linaresexpressed asfrequency of femaeswith egg load class
inincrementsof ten, i.e., bin 1 = number of femaleswith 1-

10 eggs.
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Figure 4. Mature eggs per gravid female captured at
Allende expressed as frequency of females with egg load
classinincrements of ten, i.e., bin 13 = number of females
with 121-130 eggs.
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Table 1. Fecundity of Mexican fruit fly females: mean
numbers of mature eggs per gravid female by site and year.

. Gravid Mean
Site Y ear flies Total eggs egos/female
Linares 1994 478 17574 36.8

1995 836 28034 335
1996 158 6787 42.9
1997 Q0 3583 39.8
1998 160 6461 40.4
Total 1722 62439 36.3
Allende 1994 430 15328 35.6
1995 444 17989 40.5
1996 225 9772 45.0
1997 496 21793 43.9
1998 392 15722 40.1
Total 1987 80604 40.6
Grand Total 3709 143043 38.6

theannual variation in mean egg load at each Siteover thefive
year study period from alow of 33.5 eggsper gravid femalein
1995, to ahigh of 45.0 eggs per femalein 1996. Thevariation
may be attributable to annual differences in environmental
conditions, but there are confounding factors. Warm, wet,
weather should enhance nutritional opportunitiesand promote
fecundity in females, but the availability of oviposition sites
will tend to reduce the egg load carried by individua flies.
Berrigan et al. (1988), studying laboratory colonies, reported
that femal eswith continuous accessto fruit would lay eggsin
clutches with a mean of 6.5 eggs per clutch and at peak
reproductive age would oviposit an average of three clutches
per day. Under mass rearing conditions, Liedo et al. (1993)
found that females matured eggs continuously at amean rate
of 10.8 eggs per day. Under laboratory conditions in which
femalesweredenied fruit, gravid femaleswerefound to carry
amean number of 74.7 eggswith amaximum of 233 eggsin
one female (Thomas 1998). Therefore, egg load is only an
index of fecundity. Conversdly, Aluja et al. (2001) found no
significant difference in egg loads betweenfemal es with and
without accessto hostsand suggested that femalesmay increase
meaturation rate of eggsto match theovipositionrate. Similarly,
the present field study found much greater variation in egg
load among females than was reported in the controlled
laboratory experiments by Alujaet al. (2001).

The periodic changes in the numbers of gravid females
in the population is the factor of interest for understanding
the breeding phenology. Table 2 shows the proportion of
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gravid vsimmaturefemal esat each site by year. Under optimal
conditions, females do not become gravid until an age of 11
days. Y et, studies of longevity indicate that the half-life of a
fly in the wild is only about 10 days (Thomas & Loera-
Gallardo 1998). Thismeansthat about half of thefemalesin
the population never becomegravid, and the other half spends
the greater proportion of itslife span in the pre-reproductive
stage. That being so, much less than half of the females
captured are expected to be reproductively mature. In three
of thefive years at the Linares site, the proportion of gravid
femaleswasin therange of 24% to 27%, commensurate with
expectations. In the other two yearsthough, and in al years
at the Allende site, the proportion was much higher, in the
50-65% range. Either thelife expectancy ismuch higher than
the 10 day half-life measured in the study by Thomas& Loera
Gallardo (1998), or therewas abiasin trapping that favored
gravid femaesover immaturefemales. The study of longevity
by Thomas & L oera-Gallardo (1998) deployed the standard
McPhail trap with agueous torula yeast, as did the present
study, but only looked at sterileflies.

Figs. 5 and 6 show the pattern of recruitment (new flies
entering the population) by providing the numbers of
immature flies trapped at each site by month over the five
year study period. Sexually immature flies can be found at
all timesof theyear but the peak normally occursinthe early
summertime. Thisreflects emergence of adultsfromthe spring
crop of yellow chapote. In additionto the early summer pesk,
many years show a smaller impulse of activity early in the
year at winter’ send. Thisinitial activity isattributableto the
emergence of adults from the over-wintering puparia. The
last year of the study was exceptional in that recruitment
essentially failed that year at both sites, and as previously
mentioned, this was probably due to the severe preceding
winter. Importantly, the autumn peaksin population are not
explained by the recruitment of new adults.

Phenology of Egg Production. Tables 3 to 12 track the
changes in reproductive status of females over the course of
the seasons at both sites. The tables provide the numbers of
females captured by week, the proportion of those females
that weregravid, and themean number of eggscarried by gravid
females. Because of annua differencesin size and phenology
of the populations, the results are discussed by year.

1994. In this, the first year of the study, there was a small
pulse of activity at the end of February (weeks 9-10) at both
study areas. By May (weeks 20-22) the numbers of flies had
increased markedly and included ahigh percentage of gravid

Table 2. Number of gravid and immature females by year and by site

v Allende Linares

o Gravid Immature Total % gravid Gravid Immature Total % gravid
1994 430 486 916 46.9 478 1344 1822* 26.2
1995 444 442 886 50.1 836 754 1590 52.6
1996 225 255 480 46.8 158 429 587 26.9
1997 496 351 847 58.6 90 285 375 24.0
1998 392 185 577 67.9 160 74 234 68.3

Total includes only dissected flies.
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Figure 5. Recruitment of new females (captures of non-
gravids) monthly at Linares, N.L. by year, 1994-1998. (totals
from 45 traps)

females, around 60% at Linaresand around 75% at Allende.
Subsequently, therewas alarge summertime peak in numbers
trapped at both sites (Tables 3 and 4). During thispeak, weeks
26-30 (July), the percent gravidity was much reduced, inthe
range of 10-40%. The change in level indicates that the
summertime peak was due mainly to recruitment of a new
generation of adults.

A very different result was obtained in the makeup of the
next peak in fly numbers that occurred in the fall. At both
areasfor aperiod of onemonth in thelate summer amost no
flies were captured. Then in October (weeks 41-45), flies
began reappearing in the traps as the weather turned mild.
When the females trapped in October were dissected, 70-
90% were gravid. This result suggests that, unlike the
summertime peak, theincreasein numbersof fliesinthetraps
in the fall resulted from an increase in activity, rather than
fromemergence. If so, thenthefall peak must consist mainly
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Figure 6. Recruitment of new females (captures of non-
gravids) monthly at Allende, N.L. by year, 1994-1998. (totals
from 25 traps)

1997

of older fliesthat had carried over from the summer.

Thus, while capture ratesindicate two pesksin abundance,
actua recruitment of new flieswas strongly restricted to one
part of theyear, the early summer. At Linares, 91.6% of the
immature flies were captured in the three month period
between weeks 22-34. Within that period, the majority, 64%,
weretaken in the four weeks encompassing June. Similarly,
at Allende, 75.5% of theimmeature flieswere captured during
the three month period inclusive of weeks 23 to 35.

1995. The second year of the study began with astrong pulse
of activity in January (weeks 2-6) at both sites (Tables5 and
6). Thepercentage of gravid femaeswaslow (lessthan 30%)
and even those gravid femaleswere carrying small egg loads.
This pattern suggeststhat the January fliesweremostly newly
emerged flies parented by the fall population that had
overwintered in the puparial stage. The numbers of flies
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Table 3. Number of females captured, percent with mature eggs, and mean number of eggs per gravid female, by week.
Linares, 1994.

Week Females % gravid Fecundity Week Females % gravid  Fecundity
01 1 - - 27 347 10.1 415
02 3 - - 28 134 14.2 39.0
03 1 - - 29 107 11.2 56.1
04 3 - - 30 86 8.1 47.0
05 0 - - 31 27 0.0 0.0
06 4 - - 32 74 14 27.0
07 4 - - 33 36 0.0 0.0
08 4 - - 34 33 3.0 40.0
09 10 - - 35 2 0.0 0.0
10 3 - - 36 1 0.0 0.0
11 5 - - 37 0 - -
12 8 - - 38 0 - -
13 9 - - 39 4 0.0 0.0
14 20 - - 40 1 100.0 29.0
15 34 - - 41 5 60.0 25.7
16 21 - - 42 7 71.4 46.8
17 26 - - 43 3 66.7 78.0
18 14 - - 44 4 75.0 48.0
19 17 64.7 355 45 6 83.3 58.8
20 15 46.7 35.3 46 9 88.9 314
21 19 63.2 31.3 47 5 80.0 32.7
22 161 64.0 314 48 3 100.0 35.0
23 114 57.0 315 49 7 71.4 344
24 88 53.4 334 50 3 333 66.0
25 77 39.0 37.3 51 0 - -
26 356 24.7 41.7 52 1 0.0 0.0

Table 4. Number of femal es captured, percent with mature eggs, and mean number of eggs per gravid female (fecundity),
by week. Allende, 1994.

Week Females % gravid Fecundity Week Females % gravid Fecundity
01 2 0.0 0.0 27 54 42.6 42.6
02 0 - - 28 52 28.8 32.0
03 0 - - 29 47 40.4 36.4
04 0 - - 30 58 27.6 46.3
05 0 - - 31 38 15.8 23.2
06 0 - - 32 63 22.2 41.0
07 0 - - 33 0 - -
08 0 - - 34 47 447 39.9
09 5 60.0 28.3 35 27 40.7 48.1
10 15 13.3 58.0 36 10 80.0 39.8
11 0 - - 37 0 - -
12 0 - - 38 0 - -
13 0 - - 39 2 0.0 0.0
14 0 - - 40 0 - -
15 0 - - 41 27 77.8 37.2
16 0 - - 42 28 67.8 31.2
17 7 71.4 19.2 43 29 89.7 36.7
18 16 87.5 35.5 44 16 87.5 37.8
19 0 - - 45 18 83.3 28.3
20 15 73.3 30.9 46 17 64.7 38.4
21 32 78.1 37.5 47 28 78.6 23.6
22 0 - - 48 31 54.8 30.1
23 69 27.5 35.2 49 25 40.0 29.9
24 51 51.0 313 50 10 30.0 46.3
25 60 48.3 41.3 51 17 29.4 22.4

26 0 - - 52 0 - -
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Table 5. Number of females captured, percent with mature eggs, and mean number of mature eggs per gravid female
(fecundity) by week. Linares 1995.

Week Females % gravid Fecundity Week Females % gravid Fecundity
01 3 0.0 0.0 27 17 0.0 0.0
02 16 25.0 28.0 28 10 10.0 46.0
03 21 9.5 26.0 29 11 27.3 437
04 14 21.4 29.7 30 2 0.0 0.0
05 19 15.8 48.0 31 5 20.0 24.0
06 10 30.0 19.3 32 2 0.0 0.0
07 4 25.0 49.0 33 4 0.0 0.0
08 20 25.0 23.8 34 2 0.0 0.0
09 5 60.0 42.7 35 0 - -
10 6 66.7 39.2 36 0 - -
11 15 46.7 41.7 37 0 - -
12 43 39.5 28.3 38 0 - -
13 61 36.1 28.6 39 0 - -
14 110 58.2 36.8 40 0 - -
15 118 62.7 36.4 41 0 - -
16 204 72.1 36.6 42 0 - -
17 136 82.3 36.8 43 2 0.0 0.0
18 193 93.8 323 44 1 100.0 76.0
19 95 84.2 26.5 45 1 0.0 0.0
20 32 75.0 17.4 46 6 333 39.5
21 27 66.7 18.0 47 2 0.0 0.0
22 29 55.1 29.3 48 5 20.0 26.0
23 43 14.0 36.6 49 0 - -
24 61 9.8 50.2 50 0 - -
25 67 20.9 425 51 0 - -
26 167 6.6 44.9 52 1 0.0 0.0

Table 6. Number of females captured, percent with mature eggs, and mean number of mature eggs per gravid female
(fecundity) by week. Allende, 1995.

Week Females % gravid Fecundity Week Females % gravid Fecundity
01 8 0.0 0.0 27 11 54.5 53.8
02 24 29.2 17.9 28 8 50.0 46.2
03 48 6.2 19.3 29 7 14.3 52.0
04 11 18.2 25.5 30 9 66.7 53.2
05 18 11.1 24.5 31 14 64.3 36.2
06 55 25.4 36.8 32 5 80.0 37.2
07 29 20.7 40.3 33 3 100.0 50.0
08 8 50.0 20.0 34 0 - -
09 55 50.9 42.1 35 0 - -
10 25 68.0 36.5 36 5 40.0 35.0
11 35 65.7 36.4 37 6 50.0 59.7
12 50 68.0 51.0 38 5 20.0 28.0
13 29 86.2 41.2 39 0 - -
14 12 41.7 25.0 40 1 100.0 46.0
15 40 77.5 39.7 41 0 - -
16 68 77.9 39.8 42 10 90.0 40.2
17 53 81.1 37.5 43 10 80.0 55.4
18 32 59.4 51.5 44 4 50.0 36.5
19 22 77.3 34.3 45 4 0.0 0.0
20 14 78.6 45.1 46 13 30.8 41.8
21 6 83.3 24.4 47 6 33.3 31.0
22 21 14.3 45.3 48 6 16.7 62.0
23 17 17.6 25.3 49 11 0.0 0.0
24 36 111 31.0 50 2 0.0 0.0
25 12 50.0 39.7 51 0 - -
26 15 80.0 47.8 52 3 33.3 64.0
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Table 7. Number of females captured, percent with mature eggs, and mean number of mature eggs per gravid female
(fecundity) by Week. Linares, 1996.

Week Females % gravid Fecundity Week Females % gravid Fecundity
01 0 - - 27 23 73.9 35.4
02 0 - - 28 27 25.9 42.7
03 3 0.0 0.0 29 30 6.7 36.5
04 0 - - 30 6 0.0 0.0
05 1 0.0 0.0 31 4 0.0 0.0
06 1 0.0 0.0 32 2 100.0 235
07 2 0.0 0.0 33 8 0.0 0.0
08 6 33.3 14.0 34 7 28.6 32.5
09 4 25.0 101.0 35 25 8.0 325
10 4 25.0 57.0 36 40 25 18.0
11 5 40.0 60.0 37 37 8.1 43.3
12 5 60.0 62.7 38 39 7.7 32.0
13 4 50.0 40.5 39 17 17.6 41.7
14 0 - - 40 5 0.0 0.0
15 3 66.7 73.0 41 5 0.0 0.0
16 2 100.0 27.0 42 15 6.7 37.0
17 0 - - 43 23 174 69.7
18 0 - - 44 23 0.0 0.0
19 2 100.0 375 45 16 25.0 29.0
20 2 100.0 50.5 46 19 36.8 48.9
21 8 125 39.0 47 16 18.8 29.7
22 11 36.4 38.0 48 10 10.0 36.0
23 21 57.1 43.4 49 6 0.0 0.0
24 50 82.0 48.6 50 14 28.6 58.8
25 16 68.8 344 51 4 25.0 35.0
26 9 33.3 22.3 52 7 0.0 0.0

Table 8. Number of females captured, percent with mature eggs, and mean number of mature eggs per gravid female
(fecundity) by week. Allende, 1996.

Week Females % gravid Fecundity Week Females % gravid Fecundity
01 0 - - 27 19 21.0 21.8
02 1 0.0 0.0 28 16 6.3 97.0
03 2 0.0 0.0 29 12 0.0 0.0
04 2 0.0 0.0 30 17 0.0 0.0
05 5 0.0 0.0 31 14 7.1 32.0
06 0 - - 32 8 0.0 0.0
07 1 100.0 40.0 33 14 7.1 69.0
08 0 - - 34 7 0.0 0.0
09 4 75.0 46.0 35 3 0.0 0.0
10 6 333 20.5 36 12 16.7 36.0
11 2 0.0 0.0 37 7 85.7 34.8
12 4 25.0 78.0 38 10 50.0 58.8
13 5 80.0 55.7 39 15 60.0 39.0
14 5 60.0 62.0 40 7 85.7 355
15 7 71.4 60.0 41 1 100.0 83.0
16 5 40.0 45.0 42 13 385 734
17 2 0.0 0.0 43 5 40.0 40.5
18 1 100.0 64.0 44 6 66.7 355
19 5 100.0 47.4 45 9 55.5 374
20 7 71.4 53.6 46 12 41.7 52.8
21 6 66.7 42.5 47 7 57.1 42.3
22 22 90.9 39.5 48 10 60.0 59.3
23 27 81.5 52.5 49 0 - -
24 41 68.3 36.2 50 42 59.5 36.7
25 20 50.0 29.3 51 14 71.4 42.4

26 20 35.0 38.4 52 0 - -
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Table 9. Number of females captured, percent with mature eggs, and mean number of mature eggs per gravid female
(fecundity) by week. Linares, 1997.

Week Females % gravid Fecundity Week Females % gravid Fecundity
01 5 0.0 0.0 27 13 23.1 29.0
02 14 14.3 53.0 28 33 0.0 0.0
03 0 - - 29 25 0.0 0.0
04 0 - - 30 37 0.0 0.0
05 2 0.0 0.0 31 20 0.0 0.0
06 0 - - 32 47 0.0 0.0
07 0 - - 33 3 0.0 0.0
08 6 0.0 0.0 34 0 - -
09 0 - - 35 0 - -
10 4 0.0 0.0 36 1 0.0 0.0
11 5 20.0 36.0 37 0 - -
12 3 0.0 0.0 38 0 - -
13 0 - - 39 0 - -
14 2 50.0 74.0 40 0 - -
15 2 100.0 67.0 41 0 - -
16 0 - - 42 1 0.0 0.0
17 2 0.0 0.0 43 1 100.0 31.0
18 0 - - 44 1 100.0 82.0
19 6 100.0 46.8 45 0 - -
20 0 - - 46 1 100.0 71.0
21 11 36.4 32.8 47 1 100.0 54.0
22 0 - - 48 0 - -
23 22 27.3 38.3 49 1 100.0 25.0
24 63 50.8 36.6 50 1 100.0 22.0
25 4 75.0 30.7 51 0 - -
26 38 63.2 39.9 52 0 - -

Table 10. Number of females captured, percent with mature eggs, and mean number of eggs per gravid female (fecundity)
by week. Allende, 1997.

Week Females % gravid Fecundity Week Females % gravid Fecundity
01 0 - - 27 33 333 40.2
02 13 69.2 44.8 28 0 - -
03 1 0.0 0.0 29 64 6.2 41.7
04 0 - - 30 22 68.2 40.9
05 5 0.0 0.0 31 20 50.0 38.8
06 7 0.0 0.0 32 11 54.4 355
07 0 - - 33 0 - -
08 14 7.1 58.0 34 10 20.0 39.0
09 1 100.0 74.0 35 1 0.0 -
10 14 57.1 435 36 5 60.0 323
11 17 47.1 37.2 37 0 - -
12 0 - - 38 13 76.9 39.1
13 63 49.2 48.0 39 13 76.9 43.2
14 30 63.3 57.5 40 23 100.0 37.3
15 43 93.0 47.1 41 17 100.0 42.4
16 39 84.6 46.3 42 25 96.0 433
17 35 74.3 57.2 43 28 100.0 444
18 23 65.2 26.0 44 9 100.0 39.7
19 2 50.0 72.0 45 16 68.7 44.6
20 18 61.1 34.3 46 7 85.7 37.7
21 17 52.9 39.8 47 1 100.0 39.0
22 25 80.0 52.7 48 4 75.0 40.3
23 28 321 37.2 49 12 58.3 344
24 41 56.1 337 50 4 100.0 40.2
25 29 27.6 58.6 51 2 50.0 61.0

26 33 39.4 42.8 52 10 60.0 35.2
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Table 11. Number of females captured, percent with mature eggs, and mean humber of mature eggs per gravid female
(fecundity) by week. Linares, 1998.

Week Females % gravid Fecundity Week Females % gravid Fecundity
01 0 - - 27 0 - -
02 0 - - 28 0 - -
03 1 0.0 0.0 29 0 - -
04 1 0.0 0.0 30 3 333 30.0
05 1 0.0 0.0 31 0 - -
06 18 55.5 34.0 32 1 0.0 0.0
07 10 30.0 443 33 2 0.0 0.0
08 4 75.0 32.3 34 1 0.0 0.0
09 6 333 34.0 35 0 - -
10 5 100.0 31.6 36 3 0.0 0.0
11 9 100.0 44.4 37 0 - -
12 0 - - 38 0 - -
13 0 - - 39 0 - -
14 6 83.3 39.0 40 0 - -
15 17 100.0 46.1 41 0 - -
16 23 91.3 44.3 42 0 - -
17 17 41.2 42.1 43 1 0.0 0.0
18 17 100.0 42.5 44 0 - -
19 8 100.0 42.9 45 0 - -
20 15 93.3 438 46 1 100.0 36.0
21 17 924.1 38.1 47 2 100.0 345
22 12 41.7 38.8 48 0 - -
23 11 63.6 29.0 49 3 100.0 40.7
24 7 28.6 30.5 50 0 - -
25 4 50.0 275 51 2 0.0 0.0
26 7 0.0 0.0 52 0 - -

Table 12. Number of females captured, percent with mature eggs, and mean humber of mature eggs per gravid female
(fecundity) by week. Allende, 1998.

Week Females %gravid Fecundity Week Females %gravid Fecundity
01 6 333 315 27 4 25.0 20.0
02 9 333 50.3 28 6 66.7 30.0
03 19 47.4 40.4 29 3 100.0 76.3
04 10 40.0 42.5 30 9 77.8 44.0
05 25 52.0 32.6 31 2 100.0 35.5
06 32 59.4 41.7 32 0 - -
07 13 61.5 35.1 33 0 - -
08 28 78.6 40.5 34 2 50.0 34.0
09 24 70.8 41.9 35 3 100.0 43.0
10 33 75.8 41.6 36 4 50.0 30.5
11 27 59.3 40.2 37 4 75.0 42.3
12 37 78.4 42.2 38 2 100.0 33.0
13 30 80.0 39.6 39 1 100.0 320
14 38 89.5 423 40 5 80.0 41.0
15 32 81.2 39.7 41 4 50.0 40.5
16 30 93.3 40.0 42 1 100.0 48.0
17 27 92.6 38.8 43 4 25.0 2.0
18 21 23.8 31.0 44 4 75.0 54.3
19 0 - - 45 6 50.0 44.3
20 5 80.0 49.5 46 1 0.0 0.0
21 0 - - 47 5 80.0 425
22 2 0.0 0.0 48 6 83.3 37.0
23 6 50.0 35.3 49 7 85.7 38.2
24 11 72.7 36.3 50 3 100.0 420
25 9 333 28.0 51 0 - -
26 16 25.0 29.5 52 1 0.0 0.0
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trapped decreased through February, but the percent gravidity
increased asthe population aged, reaching 67-68% by week
10. At that point the numbers of flies began to increase
dramatically with a concomitant dip in the proportion of
gravid flies, down to 30-40% at Linares (weeks 12-13), as
immature females entered the population. Thereafter, the
gravid rate increased to reach 80-90% at the backside of the
peak in May. Thiswasfollowed by apulse of fly numbersin
June (weeks 22-24 at Allende, weeks 23-28 at Linares) where
the proportion of gravid fliesdropped again to only 10-20%,
indicating the emergence of anew generation at the start of
the summer, just asin the previous year.

The number of fliestrapped was sharply reduced during
the late summer (weeks 30-40). But when fly numbers
increased again in the autumn (weeks 42-43), the females
trapped were 80-90% gravid. Again, the pattern suggeststhat
the fall pulse is due to increased activity, rather than
recruitment, and that these are primarily females that have
carried over from the peak in the early summer.

1996. The year 1996 was an unusua year, but instructive.
Population levelswerelow at both sites, much lower thanin
the previous two years, with a small summer peak (weeks
22-30) in fly numbers. Recruitment followed in September
(weeks 35-39) with asmall pulse of immatureflies. Clearly,
recruitment was poor at both sitesand thisisreflected inthe
maintenance of relatively high rates of gravidity over most
of theyear (Tables 7 and 8). In other words, the populations
were small with alarge proportion of matureflies.

This pattern suggests that adult longevity is crucia for
carrying the popul ation through seasons when conditionsfor
breeding are unfavorable.

1997. Althoughthe population remained low in 1997 &t Linares
(Table 9), it rebounded strongly at Allende (Table 10),
achieving three population peaksthat year. Theinitia pulse of
fliesin January were 70% gravid, suggesting that some adults
had overwintered. In February the picturewas different. Only
one of 26 femal es captured was gravid, indicating emergence
of new flies from overwintering puparia. The spring peak
followed in March with 50% of the females gravid, which
proportion increased to 93% two weeks|ater. The population
ebbed until the next peak in July (week 29) with only 6% of
the captured females gravid. As before, this population peak
must have resulted from breeding by the March generation.
The population ebbed again asusua for thelate summer. When
the numbers trapped rose in late September-October, weeks
38 to 43, the females captured in those weeks were already
80% to 100% gravid. Asin the previous years, the autumn
population seemsto consist mainly of matureflieswhich have
carried over from the early summer peak.

1998. In the final year of the study, numbers captured were
low because of the severewinter. Nonetheless, springtime peaks
wereachieved at both areas. At both areastherewasagradua
increasein numberstrapped and agradual increasein gravidity
(Tables 11 and 12). For example, a Allende, the percent
gravidity was 33%inweeks 1 and 2, but thisincreased to 93%
gravid by weeks 16 and 17. Recruitment was at best sporadic
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during the rest of the year at both areas. Only small numbers
of flies were captured over the course of the year with the
larger proportion of femal es captured being mature with eggs.

Discussion

The results of this study indicate that the Mexican fruit
fly populationisfunctionally bivoltineinits native habitat in
the piedmont of the Mexican SierraMadre Oriental. In this
respect the findings are similar to trapping studies in more
tropical regions. In Belize, Houston (1981) reported amajor
annual population peak in February- March with aminor peak
in October-November. The only known host for A. ludens
was commercial citrus and Houston found no evidence that
seasona changesinthe population wereattributableto climate
or natural enemies. In Chiapas, Mexico, Celedonio-Hurtado
et al. (1995) similarly found that peak populationsfollowed
host fruit availability with little correlationto rainfall or other
biotic factors. Wesather factors seem to be moreinfluentia in
northern Mexico.

Breeding occurs mainly in the spring and fal producing a
major peak in fly numbers around May-June with a secondary
minor peak in October-November. In exceptional years an
additional pesk can occur intheearly springif thewinter ismild
and the spring is rainy. Breeding is asynchronous so there is
noise in the data. As many as five to Six generations may be
occurring inisolated patcheswheremicroclimatesarefavorable,
But over most of the range the dearth of hosts and inclement
seasona wesather restrict activity and effective breeding to the
spring and fall. Adultsfirst appear following the winter months
leading to oviposition in the spring crop of the primary host
plant, yellow chapote. Dissection of females shows that the
succeeding late spring peak in numbers consists of new adults
entering the population. Thegreat majority of recruitment occurs
at thistimeof year. By contrast, the autumn peak seemsto result
from an increasein adult activity following the summer nadir
rather than from recruitment. Because the developmentd rate
of theimmaturesis shortened by high temperatures, very little
of the over-summering can be attributable to the preimaginal
stages. Eggs oviposited in the early summer would giveriseto
emerging adults in the mid- to late summer. But, no such
generation is seen, rather, at this time practicaly no flies are
caught. Thus, over-summering must be accomplished primarily
by the adult stage. There appears to be two possibilities. One
can hypothesize that the adults are quiescent to explain why
thereis o little trap activity in thelate summer. Alternatively,
perhaps under unfavorable conditions the fly population is
sequestral; that is, with survival limited to patches of
microhabitats where shade, water and food remain available.
Under thisscenario, when temperaturesand humidity moderate
inthefal, thesurviving fliesdisperse, seeking reproductivesites.
Both scenarios are cong stent with the dissection datafrom this
study which show that thefall adultsare aready reproductively
mature when trap numbersincrease.

It can also be inferred that the Mexfly population must
use secondary hoststo breed inthefall. Atthe Allende sitea
variety of domesticated citrus trees are fructescent at this
season and we have found abundant larvae in December,
especially in sour orange. However, the Linares study site
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was |ocated in native vegetation. Here, the autumnal host is
unknown to us. The Mexican fruit fly has one of the broadest
host ranges of any speciesof fruit fly, soit islikely that more
than one host is involved. Gonzalez-Hernandez & Tejada
(1979) found that there can be as many as three generations
per year in yellow chapote because of erratic fructification.
Butin most yearsthereisonly asingle spring crop and carry-
over must be occurring in a secondary host.

Thefall peak in activity iscrucial becauseit givesriseto
the overwintering brood. Field cage studies have shown that
oviposition in October and November will giverisetoadults
emerging in January and February. This coincides with the
first appearance of fliesin south Texasand isconsistent with
our dissection studies showing a pulse of reproductively
immaturefliesearly in the year in Mexico.

These studies suggest that the immature stagesform the
primary over-wintering popul ation, whereasthe adultsform
the primary over-summering population. Some opportunistic
breeding in offseason fruit and alternate hostsis undoubtedly
occurring at all times of the year, just as there are adults
captured inthetrapsat all times of theyear. Thelongevity of
the adults and ability to breed in a wide range of hosts is
important for carrying over the population during extended
periods of limited breeding opportunities. These arethevery
characteristics which make the Mexican fruit fly so difficult
to eradicate from commercial fruit growing regions.

In its native habitat, the montane canyons and riparian
piedmont of the Sierra Madre, the topographic variation
provides a patchwork of vegetational and microclimatic
diversity. In Texas, Cdliforniaand northern Mexico, thecitrus
orchardssurround andinterdigitatewith urban residentia arees.
Backyards would seem to provide the sort of microclimates
and off-season hosts that could allow asequestral population
to carry through periods of unfavorable weather.

Because the target of a sterile release program is the
breeding popul ation, these studies haveimplicationsfor the
efficient application of an SIT program. If the over-
summering population consists of quiescent adults, then
virtually al control procedures, including the sterile insect
releases, toxic bait sprays, kill stations, fruit stripping and
classical biologica control will be ineffective at this time,
and thus a waste of resources. Conversely, if the over-
summering population is sequestral (intuitively themorelikely
scenario), then bait spraysor kill stations could be effective at
thistime, but only if focused in those patches where the flies
arelocated, whichisprobably in urban backyards, rather than
commercia groves. Similarly, because most of thefall adults
are dready gravid, the sterile releases at this time may be
inconsequential. Bait sprays in the groves and kill stations
targeting the backyards would be more likely to impact the
pest population at thistime. Canonically, SIT ismogt effective
when the target population is at itslow ebb and Holler et al.
(1984) found that suppression of the Mexfly populationin south
Texas improved when releases were extended to include
summer, even though no adultsare trapped at that time.

When resources are limited, control procedures need be
deployed in amanner that obtains the greatest efficacy. Our
understanding of the breeding cycle of thisinsect is still at
the stage of first approximation. The present data suggest

Thomas

that there could be opportunities to adjust the suppression
program as this knowledge becomes refined.
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