Thermal requirements and age-specific life tables of
cowpea aphids in cowpea under natural field conditions

José Edmir Girdo Filho'*
Francinalva de Morais Sousa'

ABSTRACT: Thermal requirements and life tables of insects
are important tools in the ecological management of pests.
Thus, this study aimed to construct age-specific life tables for
Aphis craccivora at different times of the year and, based on
their thermal requirements, predict the occurrence of adults
under field conditions. To that end, aphids of known age were
kept in cages over cowpea plants at different times of the year
— November 2016 and March, April, and June 2017 — at
the Agricultural Sciences Center of the Federal University
of Piaui. Parameters of development, fertility, and mortality
were observed daily, allowing us to construct age-specific life
tables, as well as an accumulated degree-day model to predict
adult occurrence. The time of year affected the first and second
stages of development of the cowpea aphid, the nymphal
and reproductive periods, longevity, the biological cycle, the
number of nymphs produced per female, the daily production
of nymphs per female, life expectancy (e), and survival (L ).
However, the fertility life tables showed significant differences
only in the net reproduction rate (R). The proposed degree-
day model reached an accuracy of one day or more than the
observed value, with a maximum error of 12.9%. We concluded
that the proposed model is adequate to predict the occurrence
of adults in the field and that the population parameters of
A. craccivora in cowpea are negatively affected during November
and positively affected in June.
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RESUMO: As exigéncias térmicas dos insetos, bem como as tabelas
de vida, s3o ferramentas importantes para o manejo ecolégico de
pragas. Assim, objetivou-se elaborar as tabelas de expectativa de vida
especificas para Aphis craccivora em diferentes épocas do ano e, como
base em suas exigéncias térmicas, prever a ocorréncia de adultos em
condicoes de campo. Para isso, pulgoes de idade conhecida foram
mantidos em gaiolas sobre feijao-caupi em diferentes épocas do ano,
novembro de 2016 e marco, abril e junho de 2017, no Centro de
Ciéncias Agrdrias da Universidade Federal do Piaui. Os parAmetros
de desenvolvimento, fertilidade e mortalidade foram observados
diariamente, permitindo a elaboragdo das tabelas de expectativa de
vida, bem como a obtengdo dos Graus-dia acumulados para a predigio
de ocorréncia adulta. A época do ano afetou significativamente o
primeiro ¢ o segundo estddio de desenvolvimento do pulgio-preto-
do-caupi, bem como os periodos ninfal e reprodutivo, a longevidade,
ciclo biolégico, o nimero de ninfas produzidas por fémea e a
produgio didria de ninfas por fémea, bem como a expectativa de
vida (¢) e sobrevivéncia (L ). No entanto, para as tabelas de vida
de fertilidade, s6 houve diferencas estatisticas para a taxa liquida de
reprodugio (R ). O modelo Graus-dia proposto obteve uma precisio
de um dia ou mais do que o valor observado, com erro méximo de
12,9%. Concluiu-se que 0 modelo proposto é adequado para predizer
a ocorréncia de adultos no campo e que os parAmetros populacionais
de A. craccivora em feijao-caupi sio afetados negativamente durante o
més de novembro e positivamente em junho.

PALAVRAS-CHAVE: Aphis craccivora; Vigna unguiculata; eco-

logia de insetos; temperatura; constante térmica.
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INTRODUCTION

Cowpea [Vigna unguiculata (L.) Walp.] is a growing crop in
Brazil that is experiencing changes in its cultivation; it was
traditionally grown by family farmers in small areas with
low-technology and is now being incorporated into soy-
bean, rice, and maize cultivation, especially in the off-season,
in large savanna areas with the use of modern technologies
(NASCIMENTO, 2011).

The black cowpea aphid (Aphis craccivora Koch.) is consid-
ered the main pest associated with cowpea in Africa, Asia, and
Latin America (SINGH; JACKAL 1985; PETTERSSON etal.,
1998), and can be found on all continents except Antarctica,
causing losses in several countries (KAMPHUIS et al., 2012).
According to OBOPILE (2006), the damage caused by this
aphid results from it sucking the sap from leaves, stem, flow-
ers, and pods, leading plants to shrink and to a delayed onset
of flowering. Yield losses can be greater than 50% when high
infestations are not controlled.

A. craccivora has become more important for being a non-
persistent virus transmitter that infects cowpea by simple or
mixed infection with cucumber mosaic virus (CMV) and cow-
pea aphid-born mosaic virus (CABMV) (OLIVEIRA et al.,
2011), which can cause a reduction of 87% in production
depending on the susceptibility of the cultivar, the virus strain,
and environmental conditions (BASHIR et al., 2002).

Ecological pest management requires knowledge about the
relationship between abiotic environmental factors and biotic
variables associated with the pest and host. To that end, life
tables and the thermal requirements of insects are often used
in entomology (SILVEIRA NETO etal., 1976; CIVIDANES,
2003; CHEN et al., 2013).

The development of insects can be assessed by means
of mathematical models that use temperature (CIVIDANES,
2003) according to the thermal constant “K”, expressed in
degree days (DD), to identify the developmental stage of a
target insect, helping to elaborate strategies used in environ-
mental pest management and detect the base temperature for
development (Tb) in °C (HADDAD et al., 1999). Such mod-
els have proved to be effective in successfully predicting pests
(CIVIDANES; CARVALHO, 2000; CIVIDANES, 2003;
CIVIDANES; SOUZA, 2003).

In Brazil, little is known about the ecological relation-
ships of the black cowpea aphid in cowpea. The use of life
tables has been restricted to a selection of resistant varieties,
and until recently, it was not possible to find data regarding
the thermal requirements of this insect.

In Australia, BERG (1984) revealed that an increase in
temperature resulted in an earlier onset of mortality and a
decrease in the reproductive period of A. craccivora, regardless
of the host plant species tested, estimating the Tb at 8.1°C.

In Oklahoma, BERBERET et al. (2009) worked
with A. craccivora in alfalfa (Medicago sativa L.), under constant

temperature conditions, and estimated its Tb at 7.1°C with
a K of 100 DD. According to these authors, a rise in tem-
perature decreased the longevity of adults and increased the
number of nymphs produced per female per day.

Considering that temperatures rise above 39°C
in Piauf at a given time of year and that the biology of
an insect depends on its host and environmental condi-
tions (ZHAOZHI et al., 2016), the objective with this study
was to develop life and fertility tables for A. craccivora at dif-
ferent times of the year and, based on the thermal require-
ments of this species, predict the occurrence of adults under
natural conditions.

MATERIALS AND METHODS

Aphis craccivora Koch. females were collected from cow-
pea plants grown at the Agricultural Sciences Center of
the Federal University of Piauf, Teresina, Piauf, and trans-
ferred to cowpea plants, cultivar BR 17 Gurgueia, sown in
2.8 L pots that were exchanged fortnightly and kept in an
air-conditioned room at 25°C under eight T10 40 W day-
light fluorescent lamps and eight 40 W incandescent lamps to
maintain the population of insects in the absence of predators.

Cowpea plants (BRS Tumucumaque) were sown in
2.8 L pots containing sandy soil, topsoil, and goat manure at
a proportion of 4:1:0.5, fertilized with 5 g of NPK (5:30:15)
at the time of sowing, and irrigated manually with the aid
of a watering can. These plants were kept on a metal bench
approximately 60 cm above the ground in an open environ-
ment and covered to protect the insects from rainfall.

Twenty-eight days after sowing, 80 neonatal nymphs 0 to
13 hours old were individualized and placed in cages fixed to
the abaxial side of a leaflet. These cages had 2.5 cm in diam-
eter by 1.0 cm in height, made of clear plastic with one side
sealed with voile fabric. A 4 cm-diameter plastic disc con-
taining a 0.5 cm-thick sponge was used to fixate the cage to
avoid damaging the leaf and to adapt to its imperfections,
preventing the aphids from escaping. These cages were held
by a plastic fastener and fixed with nylon thread so as not to
damage the leaf petiole.

To obtain neonatal nymphs, 50 adult aphids were distrib-
uted in 25 cages as described above for 13 hours. Afterward, the
adults were removed, and the newborn nymphs emerged,
being then individualized and enumerated (adapted from
BARBOSA et al., 2011).

The individualized nymphs were observed daily to collect
data regarding the number of live and dead insects, develop-
mental stage, onset and duration of the reproductive period,
number of nymphs produced per female, and adult longev-
ity. During the reproductive stage, the nymphs produced were
counted and removed from the cages. In the nymphal phase, the
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nymphal stages and the nymphal period were determined by
the presence of exuvia (adapted from BARBOSA et al., 2011).

We defined the onset of adulthood as the day of the fourth
ecdysis, the pre-reproductive period as the time between the
fourth ecdysis and the production of the first nymph, the repro-
ductive period as the time during which nymphs were produced,
and the post-reproductive period as the interval between the
last birth and death. Longevity was quantified as the entire
lifetime of adults.

This assay was repeated four times (November 2016
and March, April, and June 2017) in a completely random-
ized design, with treatments in November 2016 and March,
April, and June 2017, with 80 replicates. The raw data for the
observed parameters were transformed by Vx+1 and statisti-
cally analyzed according to the F test and, when necessary,
later by Tukey’s test (p<0.05). We used Excel 2010 and Assistat
7.7 for statistical analysis.

Climatic data regarding maximum, minimum, and
daily mean temperatures, monthly relative air humidity, and
monthly rainfall were collected at the automatic meteorologi-
cal station of the Federal University of Piaui, located approxi-
mately 500 m from where the experiments were performed.

Preliminarily, the thermal constant of development (K;
99 DDs), the lower developmental temperature (Tb; 9.1°C), and
the developmental rate equation (y=0.0101x-0.0922;) used for
the estimates of accumulated degree days (ADDs) were deter-
mined in the laboratory according to HADDAD etal. (1999) at
five constant temperatures: 18, 22, 25, 28, and 31°C.

We estimated DD using the formula
DD=(Tnin-Tbh) + Tinax—Tinin , in which “Tmin” and “Tmax”
are the minimum and maximum daily temperatures, respec-
tively. The ADDs were determined according to the sum of the
daily DDs up to the thermal constant K (CIVIDANES, 2003).

The percentage of error between the occurrence of adults
predicted by the model and that observed in the field was
estimated according to CIVIDANES (2003) using the for-
mula ADD=100"AddK) 3, hich ADD represents the
accumulated degree days and K indicates the thermal con-
stant of A. craccivora.

We used the methodology by SILVEIRA NETO et al.
(1976) to construct the life and fertility tables, determin-
ing the following variables: number or rate of survivors at
the beginning of age x (L ); number of individuals killed
during the age range x (d ); age structure (E ), which corre-
sponds to the number of individuals living between one day
and the next; survival rate (T ), which represents the num-
ber of insects living beyond a certain age; life expectancy of
individuals of age x (e ); and probability of death at age x
(100q,), which indicates the probability of death occurring
before the time established in e, as follows: ex=4, ex=T /L,
and 100qx=(d /L ).100.

The values of the net reproductive rate (R ), the time
interval between generations (T), and the innate capacity

to increase in number (r_) were calculated with the values
obtained in life and fertility tables (A) and the time needed for
the population to double in terms of the number of individu-
als (TD), considering that R =X(m_1), T=h(Z m_l )/Zm .1 ),
r_=logR /T.0.4343, A=anti log (r_.0.4343), and, TD=L (2)/r_,
in which m_= the number of females produced per female at
agex, 1x = the survival rate at age x, and mx.lx = the total num-
ber of females produced per female during the time interval.

We compared the survival curves obtained from the life
table with the G test, taking into account the chi-square val-
ues at 0.1% probability.

The rates R, T, r_, A, and TD were statistically analyzed
using the jackknife method (MAIA et al., 2000).

RESULTS AND DISCUSSION

The time of year significantly affected the first and second
developmental stages of black cowpea aphid, the nymphal
and reproductive periods, longevity, the biological cycle, the
number of nymphs produced per female, and the daily pro-
duction of nymphs per female (Table 1).

We found a decrease in the developmental time between
the first and second nymphal stages from November to June,
as well as a shorter nymphal period over the different months.
In contrast, a significant increase in longevity and nymph pro-
duction per female was identified. This result might be due to
the high temperatures recorded in November — a relatively
warm and dry period of the year — and the warmer tempera-
tures from March to June — the rainy season (Tables 1 and 2).

According to LAZZARI; CARVALHO (2013), the two
extrinsic factors that influence the developmental period of
aphids from birth to adulthood are food temperature and qual-
ity, while the two intrinsic factors are birth weight and shape
(winged or not winged), with food quality affecting the birth
weight and shape. Thus, insects on a poor diet are born smaller
and have a longer nymphal stage.

Increased temperatures affect C3 plants, including cow-
pea. Very high temperatures, which occur in November, may
increase photorespiration and decrease the photosynthetic rate
due to the competition between O, and CO, for the binding
site in the enzyme Rubisco (TAIZ; ZAIGER, 2013), which
lowers the quality of plants for aphids. This might explain, in
part, the longer nymphal period in November.

A second hypothesis could explain the fact that aphids
experienced a longer nymphal stage in November. This hypoth-
esis is based on the upper Tb.

In general, the speed of development in insects is propor-
tional to the increase in temperature; nevertheless, there is a
limit. This limit, according to WILSON; BARNETT (1983), is
the upper temperature threshold, or the temperature at which
the developmental rate of an insect begins to decrease, which can
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cause a slight increase in the nymphal period (CIVIDANES,
2003). This suggests that the temperatures recorded during
November exceed or are close to the upper thermal thresh-
old of A. craccivora.

CHEN et al. (2013) studied A. craccivora at oscillating
and constant temperatures in the laboratory and found that
only 16% of the aphids maintained at a constant tempera-
ture of 35°C reached adulthood, but they did not reproduce.
When kept at an oscillating temperature between 35 and
28.6°C, only 65% reached adulthood, and they managed to
produce some nymphs.

CIVIDANES (2003) identified an increase in
the nymphal period of Brevicoryne brassicae under labora-
tory conditions when the insects were kept at 30°C com-
pared to those maintained at lower temperatures. According
to CIVIDANES (2003), this situation was due to the upper
thermal limit of this aphid — between 27 and 30°C.

ZHAOZHI et al. (2016) detected a linear decrease in
the developmental period of A. craccivora at alternating tem-
peratures of 24 and 30°C but observed that variations above
30°C increased the nymphal period of this aphid in both cot-

ton and soybean.

These results support the hypothesis that aphids are
constantly subjected to lethal and sublethal temperatures
in November, which may have caused physiological disorders in
the insects, increasing the nymphal period and decreasing the
longevity and fertility of adults.

According to CHEN et al. (2013), aphids subjected to
lethal and sublethal temperatures in tropical climates can
recover from their effects if the insects spend enough time
in the optimum temperature range; however, there are costs.
This situation may have occurred during the experimental
period in this study, considering that a maximum tempera-
ture of 39.4°C and a minimum temperature of 22.3°C were
recorded during the nymphal period (Table 3); these costs
are evidenced in parameters such as longevity and fertility
(Tables 1 and 2).

The time of the year did not affect the pre- or post-repro-
ductive period of A. craccivora, and at all tested times, the
insects began to reproduce on the same day they became adults
and continued reproducing until the last day of life (Table 1).

Adult longevity decreased by 7.4 days (68.5%) and 2.8 days
(45%), respectively, when comparing June, March, and April
(2017) to November (2016). We observed this same pattern

Table 1. Mean duration of developmental periods (days) and reproductive parameters of Aphis craccivora Koch.

in cowpea under natural conditions. Teresina, Piaui, 2017.

Biological Parameters Months

November 2016 March 2017 April 2017 June 2017 CV%
1stinst 1.6+ 0.08 a 1.5+ 0.06 a 1.5+ 0.06 a 1.2£0.05b 9.5
2nd inst 1.3+0.07 a 1.1£0.04b 1.1 £0.04 ab 1.2+ 0.06 ab 1.7
3rd inst 1.2£0.07 a 1.2£0.05a 1.1£0.04a 1.1£0.03a 7.6
4th inst 1.5+ 0.08 a 1.4+0.07 a 1.3+0.06 a 1.3+0.06 a 9.5
Nymphal period 571+0.14a 521+0.07b 5.0+ 0.06 bc 4.8+0.06c 4.5
Pre-reproductive period 0.1 £0.07 a 0.04+0.03a 0.03+£0.02a 0.04+£0.03a 9.2
Reproductive period 3.1+0.25¢c 6.10£0.49b 6.0+0.46b 10.5+£0.52 a 24.8
Post-reproductive period 0.2+0.08 a 0.15+0.06 a 0.12+0.05a 0.3+0.07 a 16.5
Longevity 3.4+0.24c 6.2+0.5b 6.2+0.47b 10.8+0.56 a 25.0
Nymphs produced per females 16.7t1.6c 43.7+43b 43.7+4.04b 99.0+219a 42.9
Nymphs produced/female/day 49+0.38b 6.4+0.36ab 6.4+0.34 ab 9.7+2.18a 28.2
Biological cycle 9.1+0.26¢ 11.4+0.49b 11.0+£0.46 bc 15,6 £0.55a 14.2

Means followed by the same letter within a row did not differ statistically according to Tukey’s test (p < 0.05); CV9%: coefficient of variation.

Table 2. Mean monthly temperature, relative humidity, and precipitation data recorded at an automatic meteorological station in

the city of Teresina, Piaui, 2017.

Air temperature (°C)

Year Month
Maximum Mean
2016 November 38.7 30.5
2017 March 32.8 26.1
April 33 26.5
June 33 26.5

Relative humidity (%) Precipitation (mm)

Minimum
23.9 51 8
224 84 415.8
22.7 83 260.2
215 74 6.8
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in the daily production of nymphs per females, total produc-
tion of nymphs, and biological cycle (Table 1).

ZHAOZHI et al. (2016) studied the effects of host type
and temperature on A. craccivora and found that adult longevity
significantly decreased with increasing temperatures when the
aphids were reared in cotton but remained the same when they
were maintained in soybean. This result suggests that the host
type also influences the response of the aphid when subjected
to thermal stress. Similarly, CHEN et al. (2013) identified
reduced longevity in A. craccivora maintained on V. unguicu-
lata sesquipedalis when the insects were subjected to high tem-
peratures, corroborating the results presented in this study.

Regarding the total number of nymphs produced per
female, the amplitude of variation was much higher than
that of the daily fecundity, with 82.3 nymphs (83.1%)
produced between June and November and 27 nymphs
(61.7%) produced in March, April, and November (Table 1).
ZHAOZHI et al. (2016) also reported the reduction in
fecundity of A. craccivora with increasing temperatures in
association with two hosts, soybean and cotton. When the
aphids were maintained in cotton, the decrease was dras-
tic: 50 nymphs/female at alternating temperatures of 24
and 30°C to 23 nymphs/female when the temperature var-
ied between 24 and 36°C.

The daily production of nymphs per female in November
was significantly different from the one in June but statistically
equal to those in March and April. With respect to June, the
reduction was of 4.8 nymphs per day per female (49.4%). As to
March and April, the decrease was of 23.9% (1.5 nymphs/
female/day) (Table 1). It is possible that the instinct for survival
under adverse conditions directs the life energy for reproduc-
tion since A. craccivora has a short period of life, and, in theory,
the adverse conditions to which an adult is subjected should
improve. In this case, decreasing the total amount of offspring
and maintaining the daily production of nymphs under low
longevity is more favorable during this critical period, con-
firming the results from WARD; DIXON (1982), which state
that some species are flexible in their reproductive capacity
and may, under conditions of nutritional stress, undergo the
reabsorption of embryos and sacrifice their total fecundity

potential to maintain their immediate reproductive rate and
their survival over a short term.

The biological cycle of the insects was also influenced
by the time of year. There was a reduction of 6.5 days
(41.6%) between November and June, of 2.3 days (20.1%)
between November and March, and of 1.9 days
(17.2%) between November and April (Table 1). The decrease
in the full cycle can be explained by the great reduction
in the longevity of adults when subjected to the high tem-
peratures of November, even if these temperatures slightly
increased the nymphal period.

Relative air humidity and rainfall might also have influ-
enced the biological data of the black cowpea aphid as mean
temperatures remain practically constant between March and
June (Table 2). During March and April, when relative humid-
ity and precipitation are high, biological data had improved
compared to November but remained almost constant between
these two months. However, when the relative air humidity is
low, the rains almost completely cease, but the mean tempera-
tures remain constant in comparison to June. The biological
data of the aphid improve even more with the reduction in
the rainfall period, resulting in increased longevity and spe-
cific and total fertility of the population.

R, significantly increased from November 2016 to June
2017 due to the better environmental conditions (Table 3). R
is the sum of the products of the survival rate at age x and the
specific fertility at age x. Thus, the low population growth rate
in November resulted from the few individuals who entered the
reproductive age (n = 35), as well as the decrease in the total
nymphs produced per female due to the reduced longevity of
adults. The number of nymphs produced per female per day
was statistically the same between November and March and
between November and April (Table 1).

CHEN et al. (2013) also found a linear reduction
in R, when they studied A. craccivora in V. unguiculata ses-
quipedalis at constant temperatures of 28.6, 30, and 32.5°C
and in alternating temperature regimes of 28.6-30.0, 28.6-
32.5, and 28.6-35.5°C. This decrease was approximately 80
to 10 in both thermal regimes. The values are very close to
those presented in this study.

Table 3. Demographic parameters of Aphis craccivora in cowpea under “natural” conditions at four times of the year. Teresina, Piaui, 2017.

Biological Months*

Parameters  November 2016 (n=35) March 2017 (n = 53) April 2017 (n = 60) June 2017 (n = 56)
R, 13.2+0.38c 26.8+0.72a 28.9+0.68a 90.44 +2.3b

T 7.19£0.20a 797+0.21a 7.53+0.17a 8.10+0.2a

r 0.36+0.01a 0.41+0.01a 0.44+0.01a 0.55+0.01a

A 1.43 £ 0.04a 1.51 £0.04a 1.56 £ 0.03a 1.74 £ 0.04a

TD 1.93 £ 0.05a 1.67 £ 0.04a 1.55+0.03a 1.24 £ 0.03a

*Mean temperature (°C): November — 30.5; March — 26.1; April and June — 26.5; R,: net reproductive rate; T: mean period of a generation; r.:
inability to increase in number; A: finite increase rate; TD: time for the population to double.

Means with the same letter within a row are not significantly different according to Student’s t test (p < 0.05).
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ZHAOZHI etal. (2016) identified significant reductions
in R when they subjected A. craccivora to several thermal
regimes of alternating temperatures in two different hosts:
soy and cotton. In soybean, R ranged from 61.7 to 78.8 in
the thermal regimes of 24-36°C and 24-32°C, respectively. In
cotton, this variation was 45.3 (24-30°C) and 9.3 (24-36°C).

Although no significant differences were found in the
other life table parameters, a linear trend in the data could be
observed in all cases except the mean period of one genera-
tion (T), which fluctuated among the studied months, being
higher in June (mild temperatures) and lower in November
(higher temperatures).

The generation time is calculated with the formula
m_.L.X

X

Xm L,
of reproducing individuals indicates a longer time between

; thus, a longer longevity (number of years of age)

generations. As the increase in temperature reduced the lon-
gevity of females, T consequently declined. In this case, the
longevity was approximately three times greater in June than
in November.

Several factors can influence the resistance to high tempera-
tures, including the pattern of temperature fluctuations, genetic
lineage, stage of life history, acclimatization, and bacterial symbi-
onts (BOWLER; TERBLANCHE, 2008; PUCHERELLI et al.,
2012). Considering that CHEN etal. (2013) worked with aphids
collected in Taichung, Taiwan, and ZHAOZHI et al. (2016)

studied aphids collected in Xinjiang, China, it is possi-
ble that there are differences between the populations
of A. craccivora tested by these authors and the population
investigated in this study, mainly regarding genetic lineage,
acclimatization, and bacterial symbionts.

We found a positive linear relationship for r_and A in the
studied months and a negative one for TD. Furthermore, in
June, TD took the least amount of time, and the population
growth rate (r ) was the highest, demonstrating that this time
of the year has the greatest potential for A. craccivora to reach
large population peaks over a shorter time interval; therefore,
more careful observations regarding the presence of this aphid
in the growing area are necessary.

The results found by CHEN etal. (2013) and ZHAOZHI
et al. (2016) corroborate those presented in this study, in
which r_ was linearly reduced by more than two times under
increasing temperatures.

At all tested times, the survival curve of A. craccivora in
cowpea was type I, which indicates that the mortality rate was
highest among adult individuals (Fig. 1).

Statistically, all survival curves were different from each
other when compared in pairs by the G test at the 0.1%
significance level. This result suggests that the environment
significantly interfered with the survival of the individuals in

the studied periods (Table 4).
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Figure 1. Survival (L) and life expectancy (e ) of Aphis craccivora in cowpea under “natural” conditions. Teresina, Piaui, 2017.
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With improved climatic conditions, the life expec-
tancy (e) at birth of aphids increased from 8.9 days in
November to 9.94 days in March, 10.44 days in April,
and 15.88 days in June.

The period over which 50% of the population died increased
with the improvement of environmental conditions.
In November, 50% of the population died between 9 and
10 days, and the probability of death (100q ) was 53% on
day 10, with a life expectancy (e ) of 1.03 days. On average,
50% mortality occurred between the ages of 10.5 and 11.5
days, with a 100q_ value of 18% and an e_value of 3.28 days
for individuals aged 11.5 days. In April, we identified a

Table 4. Values calculated using the G test to compare
survival curves.

Combinations of times Gvalue %2  Significance %
November — March 81.4 10.83 0.1
November — April 83.3 1083
November — June 243.3 10.83
March — April 16.6 10.83
March — June 125.5 10.83
April — June 96.5 10.83
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50% mortality in the age range 10.5 to 11.5 days, with
a 100q, value of 17.8% and an e_value of 4 days for indi-
viduals aged 11.5 days. In June, it took 17.5 days for 50%
mortality to occur, with a life expectancy of 2.8 days and a
34.7% probability of death (Fig. 1).

The production of nymphs in all studied periods
began in the same age group — between 4.5 and 5.5 days
— , but with different intensities. In November, the pro-
duction of nymphs started with 2.2 nymphs per female
and reached the peak of production on the second day
of breeding (6.5 days), with a mean of 5.2 nymphs per
female. In March and April, the peak occurred on the
first day of breeding (5.5 days), with means of 7.3 and
8.7 nymphs per female, respectively. In June, reproduc-
tion started at 4.5 days with 2.7 nymphs per female,
with an apex on the third day of reproduction, reaching
31.4 nymphs per female (Fig. 2).

The model used to predict the occurrence of adult aphids
reached an accuracy of one to more or fewer days, with a max-
imum error of 12.9% (Table 5).

According to DILLON et al. (2010), within the range
of suitable temperatures below the optimum, as the temper-
ature increases, so do metabolic rates, which leads to faster
development rates. Thus, during November, the maximum
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Figure 2. Mean number of nymphs produced/female (m ) and survivalrate (1 ) of Aphis craccivorain cowpeaunder “natural” conditions.

Teresina, Piaui, 2017.
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temperatures exceeded the optimum development range,
likely reaching lethal or sublethal temperatures, which inter-
fered with the development of the aphid, acting in an opposite
way than expected. Therefore, we used the model generated
in the laboratory, under constant temperatures, to predict the
occurrence of adults.

HIGLEY et al. (1986) suggested that the use of a DD
model that provides estimates with 10 to 15% accuracy could
be appropriate for pest management programs, with a slightly
higher accuracy necessary for use in population dynamics

studies. Consequently, the proposed model is suitable for
both situations.

CIVIDANES (2003) developed two DD models to pre-
dict the occurrence of adults of Brevicoryne brassicae, one con-
structed with laboratory data and one constructed with field
data, and noted that the laboratory model was more accurate,
reaching a maximum error of 14.5%.

Likewise, CIVIDANES; SOUZA (2003) used a DD
model prepared in laboratory to predict the occurrence
of adults of Myzus persicae in cabbage fields and found

Table 5. Developmental periods of black cowpea aphids from birth to adulthood based on their thermal requirements considering the
lower base temperature of 9.13°C and the thermal constant of 99 degree days, as obtained in the laboratory. Teresina, Piaui, 2017.

November

Days/month Mean days Minimum Maximum DD
1 30.0 223 39.0 21.52
2 30.2 25.2 39.4 23.17
3 295 24.0 37.6 21.67
4 30.7 24.2 38.4 2217
5 30.0 243 38.8 22.42
Mean 30.1 24.0 38.6

March
1 25.8 22.8 31.1 17.82
2 25.8 22.8 324 18.47
3 26.7 222 335 18.72
4 27.4 220 343 19.02
5 27.2 21.8 34.2 18.87
6th 27.3 22.3 33.8 18.92
Mean 26.7 223 33.2

April
1 26.2 220 31.1 17.42
2 26.8 229 32.8 18.72
3 27.4 234 33.1 19.12
4 27.5 220 33.1 18.42
5 27.0 23.2 333 19.12
6th 25.7 23.1 32.1 18.47
Mean 26.8 22.8 32.6

June
1 26.6 22.6 32.1 18.22
2 26.2 203 32.6 17.32
3 26.0 19.7 324 16.92
4 26.3 20.6 32.6 17.47
5 26.9 20.1 33.9 17.87
6th 26.9 21.7 33.4 18.42
Mean 26.5 20.8 32.8

Error

ADD %

21.52
44.69
66.36
88.53

DP calculated days**
4.7

DP observed days

5.7 121

110.95

17.82
36.29
55.01
74.03
929

5.6 5.2 129

111.82

17.42
36.14
55.26
73.68
92.8

5.6 5.0 12.4

111.27

18.22
35.54
52.46
69.93
87.8

5.7 4.8 7.3

106.22

*We used the development rate equation obtained in the laboratory tests at 18, 22, 25, 28, and 31°C; **DP = K/(T-Tb); DD: degree days; DP:
developmental period; K: thermal constant; T: mean ambient temperature; Th: lower base temperature.
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the same accuracy presented in this study, with a differ-
ence of one to more or fewer days and an average error
of 15%.

In addition to temperature, other factors may have influ-
enced the development of the aphids. In Teresina, November
is a hot, dry month with little wind; March and April are
rainy and muggy months, with high relative humidity and
low wind. June has good relative humidity, regular winds,
and milder temperatures, making the thermal conditions
better than the ones mentioned above, a fact that poten-
tially resulted in ideal conditions for the population growth

of A. craccivora (Table 5).
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