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EFFECT OF CLIMATE CHANGE ON LONGEVITY AND REPRODUCTION OF
SIPHA FLAVA (HEMIPTERA: APHIDIDAE)

ALEXANDER MACHADO AUAD, MARCY G. Fonseca, Tiaco T. RESENDE AND ITaro S. C. P. MADDALENA
Entomology Laboratory, Embrapa Dairy Cattle Research Station, Juiz de Fora, Minas Gerais, Brazil

ABSTRACT

This study examined effects of elevated CO, alone and in combination with elevated tem-
perature on plant-aphid interactions. CO, levels in which the host plants were grown af-
fected the durations of some nymphal stadia, but not the survivorship within each instar
or of all nymphal instars. Sipha flava (Forbes) (Hemiptera: Aphididae) adults kept under
a constant high CO, environment (500 ppm) and fed on plants grown under fluctuating
CO, levels (avg. 440 ppm) in a greenhouse had significantly greater longevity and greater
reproduction than aphids fed on plants grown either under a constant high CO, level (500
ppm) or under fluctuating CO, levels (avg. 368 ppm). Nevertheless, no significant differ-
ences were observed in these biological parameters of S. flava that were kept individually
in a greenhouse, regardless of the CO, and temperatures under which the plants used to
feed them were grown. However, populations of aphids kept and fed on plants grown in the
greenhouse produced significantly more nymphs and adults than did those fed plants grown
in a climate-controlled chamber under a constant high CO, level (500 ppm). The combina-
tion of elevated CO, and high temperature significantly decreased the duration of nymphal
stadia, the longevity and reproductive success of S. flava but not nymphal survival. Adults
produced fewer nymphs in an environment with elevated CO, and high temperature than an
environment with elevated CO, and lower fluctuating temperatures. Based on these results,
we concluded that S. flava populations will significantly decrease under future climatic
conditions when both the concentration of atmospheric CO, and temperature are projected
to increase.

Key Words: aphids, carbon dioxide, temperature, forage grass

REesumo

Neste estudo avaliou-se o efeito da alta concentragido de CO, sozinho e em combinacéo
com alta temperatura na interacdo planta-afideo. O periodo ninfal e o periodo de cada
instar foram afetados pelo nivel de CO, e 0o ambiente que a planta foi mantida. O mesmo
néo foi observado para a sobrevivéncia do periodo ninfal e de cada instar de Sipha flava
(Forbes) (Hemiptera: Aphididae). Foi observado na avaliacdo da performance individual
e populacional do afideo-praga, que adultos mantidos em ambientes com CO, constante
(500 ppm) e alimentados de plantas proveniente de casa de vegetacdo (média de 440
ppm) tiveram a longevidade e a capacidade reprodutiva significativamente maior compa-
rado aqueles alimentados de plantas advindas de ambientes com nivel de CO, constante
e flutuante (média de 368). Além disso, nenhuma diferenca significativa nesses para-
metros biolégicos individuais de adultos mantidos em casa de vegetacéo foi observada,
independente do ambiente em que as plantas ofertadas se desenvolveram. No entanto,
a performance populacional de afideos mantidos e alimentados de plantas crescidas na
casa-de-vegetacdo produziram significativamente mais ninfas e adultos que aqueles ali-
mentados de plantas crescidas em cAmara climatizada com CO, constante. A combinagéo
de CO, e temperatura elevada reduziu significativamente a duracéo ninfal, longevidade
e capacidade reprodutiva de S. flava, mas ndo afetou a sobrevivéncia das mesmas. Os
adultos mantidos no ambiente com CO, e temperatura elevada produziram menos ninfas
que adultos mantidos em ambiente com CO, elevado e temperatura baixa. Baseado nos
resultados deste estudo, conclui-se que a populacéo de S. flava decrescera significativa-
mente nas condig¢des climéaticas futuras, em que se espera o aumento da concentracéo do
nivel de CO, e temperatura.

The yellow sugarcane aphid, first named
Chaitophorus flavus Forbes, but later Sipha flava
(Forbes) (Hemiptera: Aphididae) (Davis 1909),
is yellow, 1.3-2.0 mm long, and has numerous
long bristle-like hairs with dusky transverse
markings on the dorsum (Blackman & Eastop

2000). Sipha flava has an extensive geographic
range that includes all the Americas and Hawaii
(Medina-Gaud et al. 1965; Kindler & Dalrymple
1999; Blackman & Eastop 2000). Sipha flava is
not only a serious pest of sugarcane (Saccharum
spp.; Poales: Poaceae) , but it infests corn, sor-
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ghum, wheat, and several other grasses (Webster
1990; Hentz & Nuessly 2004; Oliveira et al. 2010).
Plant injury caused by this aphid is often severe
and is associated with the release of an unidenti-
fied toxin followed by leaf chlorosis (Breen & Tee-
tes 1986; Webster 1990).

In Brazil, elephant grass, Pennisetum purpu-
reum (Schumach); Poales: Poaceae, is one of the
most widely used grasses for dairy cattle forage,
and is noted for high productivity and quality of
forage (Xavier et al. 2001). However, production
of this forage grass is being compromised by S.
flava attack. Thus, studies on effects of S. flava on
forage grasses such as P. purpureum are needed
to develop effective management programs for
the pest. Oliveira et al. (2009) evaluated effects of
different temperatures on the development, sur-
vival, reproduction, life expectancy, and fertility
tables of S. flava feeding on P. purpureum, and
concluded that temperatures between 20 °C and
24 °C are most suitable for S. flava development
and reproduction. Furthermore, this temperature
range is appropriate for the insect to reach pest
status in elephant grass. Increasing tempera-
tures will directly affect development, survival,
and abundance of aphids (Oliveira et al. 2009;
Auad et al. 2009), and both elevated CO, and in-
creased temperatures affect insect herbivores in-
directly by influencing host plant physiology and
phytochemistry (Flynn et al. 2006).

By 2100 the world is projected to experience
an approximate doubling of atmospheric CO,
concentrations to around 700 ppm accompanied
by a 1.4-5.8 °C rise in mean global temperatures
(Houghton et al. 2001), and CO, concentrations
may reach 770 ppm (IPCC 2007). These climatic
changes would greatly alter relationships be-
tween plants and insects in areas of important
agricultural production and elsewhere (Theuril-
lat & Guisan 2001).

The effects of such elevated CO, levels on
plants, in turn, have been shown to affect the
biology of herbivorous insects (Chen et al. 2005,
2007; Wu et al. 2006). Direct and indirect effects
of elevated CO, on herbivores should therefore
be studied to better understand interactions be-
tween host plants and phytophagous insects un-
der the CO,-enriched environments expected in
the future (Yin et al. 2010).

Given the potentially large effect of S. flava on
P. purpureum (Oliveira et al. 2010), it is impor-
tant to understand how global climatic changes
influences this aphid’s ecology, and to determine
whether future elevated CO, levels and tempera-
tures could enhance the destructiveness of this
pest. To our knowledge, there has been no previ-
ous investigation on the effects of global climatic
changes on this pest. Hence, we investigated ef-
fects of elevated CO, alone and in combination
with elevated temperature on the interactions of
S. flava and one of its hosts, P. purpureum.
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MATERIALS AND METHODS

Aphids

The Sipha flava aphids used in all experi-
ments were obtained from a colony maintained in
a greenhouse at the EMBRAPA Dairy Cattle Re-
search Station, Juiz de Fora, Minas Gerais, Bra-
zil. Adults were transferred to petri dishes (8.5 cm
x 2 cm) containing one foliar disc of P. purpureum
(8.5 cm diam) placed on a 1.0 cm-thick layer of 1%
agar in order to keep the leaf disc turgid. Each
petri dish was covered with organza secured with
rubber bands, and it was maintained in a cham-
ber at 25 +1 °C, 70 = 10% RH and 14:10 h L:D to
facilitate aphid reproduction.

To study the biology of S. flava individuals, the
nymphs were <24 h old and collected from these
petri dishes with a fine-tipped paint brush. In
each test the individual nymph was kept alone
in a plastic container (2.5 x 2.5 cm) containing a
foliar disc of P. purpureum placed on a layer of 1%
agar, and the plastic container were covered with
organza secured with a rubber band. The foliar
disc was changed each 48 h to avoid degradation
as a food resource. This technique was used be-
cause Oliveira et al. (2009) had successfully used
it to study the biology of S. flava. To study S. flava
population performance, 10 nymphs were placed
on each P. purpureum plant (50 cm high) main-
tained in plastic cages (20 cm diam x 60 cm high)
closed with a voile lid secured with a rubber band.
In the present study, foliar discs and plants were
obtained from environments with different CO,
levels, either constant or fluctuating.

Plant Growth Conditions

The host plant in all tests was P. purpureum,
‘Cameron de Piracicaba’, because this genotype
is very suitable for the development of S. flava
(Oliveira et al. 2010). P. purpureum cuttings were
each planted in a 1.0-L pot with a plant growth
substrate of soil/manure at the ratio 2:1 and
kept in the following 3 growth environments: 1)
a greenhouse (avg. 440 ppm; min 384 ppm and
max 924 ppm of CO,), 2) a climate-controlled
chamber with an almost constant CO, level, i.e.,
a range of 500-550 ppm; henceforth referred to
as 500 ppm, and 3) climate-controlled chamber
with fluctuating CO, levels (avg. 368 ppm; min
163 ppm and max 832 ppm of CO,). Each climate-
controlled growth chamber (2.5 x 2.20 x 2.80 m)
was maintained at 25 + 2 °C during the day, 20
+ 2 °C at night, 70 = 10% RH and 14:10 h L:D.
Conditions in the climate-controlled chamber
with fluctuating CO, levels and in the greenhouse
were recorded with a HOBO U12 Temperature/
Relative Humidity/Light/External Data Logger
- U12-012 (Onset Co., Pocasset, Massachusetts,
USA). Conditions in the constant CO, chamber
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were maintained with an automatic monitoring
system, COEL HW 4200 (Manaus - Amazonas,
Brazil) and an injection system using a CO, cyl-
inder to maintain the desired CO, concentration.
Fluctuating CO, levels were recorded with a data
logger every 2 min and the data were transferred
to a computer using HOBOware® software (On-
set Co., Pocasset, Massachusetts, USA). Thus we
were able to maintain the desired CO, concentra-
tion (avg. 368 ppm) during the experimental pe-
riod. All plants were 74 d old when foliar discs
were explanted. Despite the similar CO, concen-
trations in the greenhouse and in the climate
chambers, other abiotic factors fluctuated in the
greenhouse (temperature 18 + 5 °C and RH 74 +
10 %), but these were kept almost constant in the
climate-controlled chambers.

The CO, concentrations used for the treat-
ments with constant CO, levels were selected
based on predicted CO, levels for the year 2100 by
the Intergovernmental Panel on Climate Change
(IPCC 2007), and treatments with fluctuating
CO, levels were selected according to those re-
corded in the greenhouse.

Experiments

In all the experiments, both plants and insects
were contained either in a greenhouse with fluctu-
ating CO, concentrations, or in climate-controlled
chambers either with relatively constant or vari-
able CO, concentrations. Insects in a climate-
controlled chamber were fed forage grown in the
greenhouse, while insects in the greenhouse were
fed on plants grown in a climate-controlled cham-
ber with relatively constant CO,.

Experiment 1: Effects of Different CO, Regimes on
Sipha flava Individuals.

Experiment 1 had 2 parts. In Part I, 3 treatments
were applied with 50 individual nymphs per treat-
ment. In Treatment #1 nymphs and forage grass
were maintained in a climate-controlled chamber
under a constant high CO, level (500 ppm). In
Treatment #2 both nymphs and forage grass were
maintained in a climate-controlled chamber with
fluctuating CO, levels (avg. 368 ppm). In Treatment
#3 nymphs were kept under a climate-controlled
chamber at a constant high CO, level (500 ppm),
but were fed forage grass grown in the greenhouse
with fluctuating CO, levels (avg. 440 ppm).

In Part II, 2 treatments were applied with 50
individual nymphs per treatment. In Treatment #1
nymphs and forage grass plants were maintained
in a greenhouse under fluctuating CO, levels (avg.
440 ppm). In Treatment #2 nymphs were also main-
tained in a greenhouse under fluctuating CO, levels
(avg. 440 ppm), and fed on P. purpureum derived
from a climate-controlled chamber under a constant
high CO, level (500 ppm).

435

The following parameters were evaluated and
recorded daily for Experiment 1: the duration
(days) of each nymphal stadium, percent survival
of each nymphal instar, and the longevity (days)
and reproductive capacity of adults.

Experiment 2: Effects of Different CO, Regimes on
Sipha flava Populations

Experiment 2 also had 2 parts, with each treat-
ment the same as in Experiment 1. There were
20 replications per treatment, and each treat-
ment within a replication involved 10 nymphs
per plant. After 30 days, numbers of nymphs and
adults were recorded. This 30 day-period was suf-
ficient for approximately 4 generations to occur,
according to Oliveira et al. (2009).

Experiment 3: Effects of Elevated CO, and Tempera-
ture on Sipha flava

This experiment was conducted with a con-
stant high CO, level (500 ppm) in both treat-
ments, moderate diurnally fluctuating tempera-
tures in one treatment, and an elevated constant
temperature in second treatment. The objective
was to determine the effects of these conditions on
the development, reproduction and longevity of S.
flava. For each treatment, 50 S. flava individual
nymphs were each kept in a plastic container (2.5
x 2.5 cm) containing a foliar disc of P. purpureum
placed on a 1% agar layer, and the plastic con-
tainer was covered with organza secured with a
rubber band. Foliar discs were explanted from
plants grown in a greenhouse with fluctuating
CO, levels (avg. 440 ppm), and the insects were
maintained in a controlled-climate chamber with
a constant high CO, level (500 ppm), 28 + 2 °C,
70% = 10% RH, and 14:10 h L:D. Data from this
experiment were compared to data from Treat-
ment 3 of Experiment 1 (a constant high CO, level
(500 ppm), 25 + 2 °C (day), and 20 + 2 °C (night)).
The following parameters were evaluated and re-
corded daily: duration of each nymphal stadium
and of the entire nymphal phase, percent sur-
vival of each nymphal instar and of all nymphal
instars, and longevity and reproductive capacity
of the adults.

Statistical Analyses

The effects of CO, on the performances of S.
flava individuals (Experiment 1) and S. flava
populations (Experiment 2) when insects and/
or plants were provided conditions in which on-
ly CO, concentration varied (climate-controlled
chambers) or in which all abiotic factors varied
(greenhouse), and effects of elevated temperature
on individual performance of S. flava under el-
evated CO, levels (Experiment 3) were evaluated.
In each experiment the data were subjected to
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an analysis of variance (ANOVA), and the means
were compared with Tukey’s test using Sisvar 5.1
software (Lavras, Minas Gerais, Brazil).

REsuLts

Experiment 1: Effects of Different CO, Regimes on
Sipha flava Individuals.

In experiment 1 Part I (Table 1), when nymphs
and the plants were held under a constant high
CO, level (500 ppm) (Treatment 1), the duration
of the third instar nymphs’ development was pro-
longed compared to Treatment 2 (both nymphs
and plants kept under fluctuating CO, levels
(avg. 368 ppm)), and Treatment 3 (nymphs under
a constant high CO, level (500 ppm), and plants
under fluctuating CO, levels (avg. 440 ppm)).
However the stadia of the second and fourth in-
stars were not significantly different between
the treatments. When both first instar nymphs
and plants were kept under fluctuating CO, lev-
els (avg. 368 ppm) (Treatment 2), the duration of
the N1 stadium was shorter than when nymphs
were kept under a constant high CO, level (500
ppm) were fed on plants kept under fluctuating
CO, levels (avg. 440 ppm) (Treatment 3). Also

June 2012

when both nymphs and plants were kept under
fluctuating CO, levels (avg. 368 ppm) (Treatment
2), the duration of total period of nymphal devel-
opment was shorter than that of nymphs fed on
plants under a constant high CO, level (500 ppm)
(Treatment 1), or fed on plants under fluctuating
CO, levels (avg. 440 ppm) (Treatment 3). No sig-
nificant differences occurred in the percent sur-
vival of nymphs in all 3 treatments (Table 1).
Aphids kept under a constant high CO, level
(500 ppm) environment (Fig. 1) and fed on plants
from an environment with fluctuating CO, levels
(avg. 440 ppm) (Treatment #3) lived significantly
longer and displayed a significantly greater repro-
ductive capacity than aphids in a constant high
CO, level (500 ppm) environment and fed on plants
also grown under a constant high CO, level (500
ppm) environment (Treatment #1), as well as sig-
nificantly longer than insects kept along with their
food plants in an environment with fluctuating CO,
levels (avg. 368 ppm) (Treatment #2) (F = 26. 19; P
= 0.0000). Hence, the results show that aphids fed
on plants derived from a constant high CO, level
(500 ppm) environment and fluctuating CO, levels
(avg. 368 ppm) environment produced about half as
many progeny as did the aphids kept in a constant
high CO, level (500 ppm) environment and fed on

TABLE 1. EXPERIMENT 1, PART I: DURATION OF EACH SIPHA FLAVA NYMPHAL STADIUM AND SURVIVAL OF EACH NYMPHAL INSTAR
WHEN (1) NYMPHS AND FORAGE GRASS WERE MAINTAINED IN A CLIMATE-CONTROLLED CHAMBER WITH CONSTANT 500
pPM CO,, (TREATMENT 1); (2) NYMPHS AND FORAGE GRASS WERE MAINTAINED IN A CLIMATE-CONTROLLED CHAMBER WITH
FLUCTUATING CO, LEVELS - AVG. 368 PPM (TREATMENT 2), AND (3) NYMPHS WERE MAINTAINED IN A CLIMATE-CON-
TROLLED CHAMBER WITH CONSTANT 500 PPM CO,,, BUT FED FORAGE GRASS GROWN IN A GREENHOUSE WITH FLUCTUATING

CO, LEVELS - AVG. 440 PPM (TREATMENT 3).

Treatments Analyzed by ANOVA
Instar 1 2 3 P
Duration (days)

N1 2.46 = 0.09 ab 2.43 +0.07Db 2.73 £0.09 a 0.032
n =47 n =48 n =46

N2 2.23 £0.07 a 2.06 = 0.04 a 2.23 +0.06 a 0.073
n =46 n =46 n =46

N3 2.43 £ 0.08 a 2.09 £0.07b 2.13 £0.05Db 0.001
n =46 n=44 n=45

N4 2.93 £0.09 a 2.69 =0.07 a 2.70 £ 0.08 a 0.080
n=45 n=42 n=44

Total 10.04 £ 0.14 a 9.32+0.10b 9.79+0.12 a 0.00
n=45 n=43 n=44

Nymphal survival (%)

N1 94.0 £ 02.44 a 96.00 £ 2.44 a 92.00 £3.74 a 0.641
n =50 n =50 n =50

N2 95.8 £ 02.59 a 95.80 £ 2.59 a 100.00 = 0.00 a 0.301
n =47 n =48 n =46

N3 98.00 £ 2.00 a 98.00 £ 2.00 a 98.00 £ 2.00 a 1.000
n =46 n =46 n =46

N4 97.80 +2.22 a 93.60 = 2.63 a 97.60 £ 2.50 a 0.408
n =46 n=45 n=45

Total 90.00 £ 4.47 a 84.00 £2.44 a 88.00 £ 4.89 a 0.585
n =45 n =43 n=44

Mean values followed by the same letter in the same row were not significantly different as determined by ANOVA and Tukey’s test.
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Fig. 1. Effects of forage grown either under a constant high (500 ppm) CO, level, or under lower but fluctuat-
ing CO, levels on longevity (days) and reproductive capacity (number of nymphs) of Sipha flava held under the
same CO, regimes. Treatment 1: Both S. flava and forage grass were maintained in a climate-controlled chamber
with constant high 500 ppm CO, level. Treatment 2: Both S. flava and forage grass were maintained in a climate-
controlled chamber with fluctuating CO, levels - avg. 368 ppm. Treatment 3: S. flava were maintained in a climate-
controlled chamber with constant 500 ppm of CO,, but the forage grass fed to them was grown in a greenhouse
with fluctuating CO, levels - avg. 440 ppm. Mean longevity values followed by different lower case letters were
significantly different, as were mean values for reproductive capacity followed by different upper case letters based

on ANOVA followed by the Tukey test.

plants grown with fluctuating CO, levels (avg. 440
ppm) (F = 42.48; P = 0.0000) (Fig. 1).

In Experiment 1, Part IT (Table 2), the duration
of the second nymphal stadium was significantly
shorter when the aphids were kept under fluctu-
ating CO, levels (avg. 440 ppm) and fed on plants
derived from a constant high CO, level (500 ppm)
environment (Treatment #2) than when both the
aphids and their food plants were kept under fluc-
tuating CO, levels (avg. 440 ppm, Treatment 1).
However, durations of the first, third and fourth
instars, the overall nymphal period, and the sur-
vival of S. flava were not significantly affected re-
gardless of the environment in which the plants
were grown (Table 2). Moreover, no significant
differences in longevity (F' = 0.54; P = 0.463) or
reproductive capacity (F = 2.95; P = 0.089) of S.
flava occurred when the aphids were kept under
fluctuating CO, levels (avg. 440 ppm) regardless
of the environment in which plants consumed by
the insects were grown (Fig. 2).

Experiment 2: Effects of Different CO, Regimes on
Sipha flava Populations

The aphids kept under a constant high CO,
level (500 ppm) and fed on plants grown under
fluctuating CO, levels (avg. 440 ppm) (Treat-
ment 3) produced significantly more nymphs (¥
= 5.23; P = 0.008) (Fig. 3A) and adults (F' = 5.55;
P =0.006) (Fig. 3B) than did aphids kept togeth-
er with their host plants under a constant high
CO, level (500 ppm) (Treatment 1), or when both

aphids and host plants were kept under fluctuat-
ing CO, levels (avg. 368 ppm) (Treatment 2).
Also aphids kept in the greenhouse and fed on
plants grown in the greenhouse under fluctuating
CO, levels (avg. 440 ppm) produced significantly
more nymphs (F' = 10.78; P = 0.002) (Fig. 4A)
and adults (F = 4.89; P = 0.03) (Fig. 4B) than did
aphids also kept in a greenhouse but fed plants
grown under a constant high CO, level (500 ppm).

Experiment 3: Effects of Elevated CO, and Temperature
on Sipha flava

As shown in Table 3, the combination of a high
temperature and a constant high CO, level (500
ppm) significantly decreased the duration of the
overall nymphal period, but not decrease nymph-
al survival. The durations of all of the nymphal
stadia in an environment with a constant high
CO, level (500 ppm) and high temperature (28
+ 1 °C) were shorter than those in an environ-
ment with the same CO, environment but lower
diurnally fluctuating temperatures (25 = 1 °C/20
+ 1 °C, day/night). Moreover, this combination of
conditions drastically affected the longevity and
reproductive capacity of S. flava (Fig. 5). Aphids
exhibited shorter longevity when kept in an envi-
ronment with elevated CO, and elevated temper-
ature (28 = 1 °C) (Treatment 2) than when kept
in the same CO, environment but lower fluctuat-
ing temperatures (25 + 1 °C/20 = 1 °C, day/night)
(Treatment 1) (F'=101.2; P =0.000) (Fig. 5). These
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TaBLE 2. EXPERIMENT 1, PART II: DURATION OF EACH SIPHA FLAVA NYMPHAL STADIUM AND SURVIVAL OF EACH NYMPHAL INSTAR
WHEN (1) NYMPHS AND FORAGE GRASS PLANTS WERE MAINTAINED IN A GREENHOUSE WITH FLUCTUATING CO,, LEVELS -
AVG. OF 440 PPM (TREATMENT 1), AND (2) NYMPHS WERE MAINTAINED IN A GREENHOUSE WITH FLUCTUATING CO, LEVELS
- AVG. OF 440 PPM, BUT FED ON P. PURPUREUM DERIVED FROM A CLIMATE-CONTROLLED CHAMBER WITH CONSTANT 500
ppM CO, (TREATMENT 2).
Treatments Analyzed by ANOVA
Instar 1 2 P
Duration (days)
N1 3.47 £ 0.09 a 3.34 £ 0.09 a 0.324
n =48 n =49
N2 3.563 £0.09 a 3.11+0.09b 0.001
n= 45 n =47
N3 3.37 +0.09 a 3.52+010 a 0.296
n= 45 n =46
N4 3.95+0.13 a 3.71+0.13 a 0.201
n= 44 n=45
Total 13.88 £ 0.16 a 14.13+0.18 a 0.307
n= 43 n=45
Nymphal survival (%)
N1 96.00 = 2.44 a 98.00 + 2.00 a 0.544
n =50 n=>50
N2 96.60 = 2.63 a 96.00 £ 2.44 a 0.516
n =48 n=49
N3 100.00 = 0.00 a 97.80 £ 2.22 a 0.346
n =45 n =47
N4 95.50 £ 2.78 a 98.00 £ 2.00 a 0.486
n=45 n =46
Total 88.00 £ 3.74 a 90.00 £ 3.16 a 0.693
n=43 n =45

Mean values followed by the same letter in the same row were not significantly different as determined by ANOVA and Tukey’s test.

longevity results directly correlated with the re- nymphs than those kept in an environment with
productive capacity results in that aphids kept the same CO, environment but lower diurnally
under a high CO, environment (500 ppm) and a  fluctuating temperatures (25 x 1 °C/20 + 1°C, day/
high temperature (28 + 1 °C) produced far fewer night) (F = 135.6; P = 0.000) (Fig. 5).

Treatments

m Longevity @ Reproductive capacity
A
-a ?\ [500 ppm CO, ]+  [440 ppm CO,]

—A

A~
N~ "
RN o '+ 1440 ppm O

—A

Fig. 2. Effects of forage grass grown either under a constant high (500 ppm) CO, level, or under fluctuating
CO, levels - avg. 440 ppm on longevity (days) and reproductive capacity (number of nymphs) of Sipha flava under
artificial conditions. Treatment 1: S. flava and forage grass were under fluctuating CO, levels - avg. 440 ppm (green-
house). Treatment 2: S. flava were maintained under fluctuating CO, levels - avg. 440 ppm (greenhouse), but fed
forage grass under a constant high (500 ppm) CO, level (climate-controlled chamber). Mean longevity values fol-
lowed by the same lower case letters were not significantly different, and neither were mean reproductive capacity
values followed by the same upper case letters based on ANOVA and Tukey test.
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Fig. 3. Reproductive performance of Sipha flava kept under constant and fluctuating CO, environments. A) Up-
per panel - number of nymphs and B) Lower panel - number of adults. In Treatment 1, both S. flava and forage grass
were kept under a constant high CO, level (500 ppm) (climate-controlled chamber). In Treatment 2, both Sipha
flava and forage grass were maintained under fluctuating CO, levels (avg. 368 ppm) (climate-controlled chamber).
In Treatment 3, S. flava were kept under a constant high CO, level (500 ppm) (climate-controlled chamber), but fed
forage grass grown under fluctuating CO, levels (avg. 440 ppm) (greenhouse). Mean numbers of nymphs followed
by the same lower case letter were not significantly different based on ANOVAS and Tukey tests; and likewise for

mean numbers of adults.

Discussion

The effects of climate change on animal popula-
tions are of critical concern (Fleming & Volney 1995;
Thomas et al. 2004). However, researchers are only
beginning to investigate how insects respond to
such changes (Mondor et al. 2005; Balanya et al.
2006). Global climate change may alter ecosystem
functioning and species interactions by promoting
a shift in the geographical range of herbivores (Je-
psen et al. 2008), by facilitating the spread new ad-
ventive and invasive species (e.g., Crow et al. 2008),
and by altering the natural climatic control of her-
bivorous species (Jepsen et al. 2008).

Our results suggest that effects of elevated
CO, on S. flava mediated through one of its food
plants may affect the fitness of this insect pest.
We found that aphids kept either in a constant

CO, environment and fed plants grown in a green-
house (fluctuating CO, levels) had significantly
greater longevity than aphids fed either plants
kept under constant (500 ppm) CO, or in a cli-
mate-controlled chamber with a fluctuating CO,
environment with a lower avg. CO, concentration.
However, no significant differences in the longev-
ity or reproductive aspects of S. flava adults kept
in a greenhouse were observed, regardless of the
environment in which the plants were grown,
hence other abiotic factors in the greenhouse such
as higher light intensity may favor development
of the insect. However, regarding reproduction
in S. flava populations, aphids maintained in a
greenhouse and fed on plants grown in a green-
house produced significantly more progeny than
did aphids consuming plants grown in a climate-
controlled chamber with constant high (500 ppm)
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Fig. 4. Effects of forage grown either under a constant high CO, level (500 ppm), or under fluctuating CO, levels
(avg. 440 ppm) on the reproductive success of Sipha flava held under fluctuating CO, levels (avg. 440 ppm). A) Upper
panel - number of nymphs and B) Lower panel - number of adults. In Treatment 1, both S. fava and forage grass were
maintained under fluctuating CO, levels (avg. 440 ppm) (greenhouse). In Treatment 2, S. flava were maintained under
fluctuating CO, levels (avg. 440 ppm) (greenhouse), but the forage grass was grown under a constant high CO, level (500
ppm) (climate-controlled chamber). Mean numbers of nymphs followed by the same lower case letter were not signifi-

cantly different based on ANOVA and Tukey test; and likewise for mean numbers of adults.

CO,. These results suggest that our artificial CO,
regime changed the physiology of the plants,
thereby affecting longevity and fecundity of S.
flava feeding on these plants.

Plant tissues changes under altered climate-
controlled conditions affect food quality for her-
bivores and may in consequence alter the perfor-
mance of herbivorous insects species (Zvereva &
Kozlov 2006; Valkama et al. 2007). An explana-
tion for this effect is that elevated CO, tends to
increase photosynthesis and plant biomass (Will
& Ceuleman 1997), while it reduces host plant
quality for herbivores because of increased foliar
carbon and secondary organic compounds (Zve-
reva & Kozlov 2006; Stiling & Cornelissen 2007)
and decreased availability of nitrogen (Lawler et
al. 1997; Norby et al. 1999).

Many studies have investigated alterations in
plant responses to elevated CO, with respect to
aphids (Hughes & Bazzaz 2001; Hunter 2001; Sta-
cey & Fellowes 2002; Newman et al. 2003; Chen et
al. 2004; Dermody et al. 2008; Mondor et al. 2010;
Fu et al. 2010). Elevated CO, results in larger,
more architecturally complex Brassica oleracea
L. (Brassicales: Brassicaceae) plants with a high-
er tissue carbon-to-nitrogen ratio. The aphids,
Brevicoryne brassicae (L.) and Myzus persicae
(Sulzer) (Aphididae), exhibited different respons-
es to these changes. Brevicoryne brassicae reared
on plants grown in elevated CO, were larger and
accumulated more fat, whereas the correspond-
ing traits of M. persicae do not change (Stacey
& Fellowes 2002). Populations of corn rootworm
(Diabrotica virgifera Leconte) (Chrysomelidae)

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use



Auad et al.: Effect of Climate Change on Sipha flava Aphids

[ Reproductive capacity Ml Longevity
Y
—— B/
2 2l
N T
=
D
é 4
|5
2
= — A
1
a
0 5 10 15 20 25 30 35 40 45 50 55

R

~
(

441

[440 ppm CO,] + & 28°C [500 ppm CO,]

N
/
N~

\~)
i )

v

[440 ppm CO,] * @ 20/25°C [500 ppm CO,]

Fig. 5. Effects of temperature on longevity (days) and reproductive capacity (number of progeny) of Sipha flava.
Both in Treatments 1 and 2, the forage grass used to feed the aphids was grown in a greenhouse under fluctuating
CO, levels (avg. 440 ppm). However, in Treatment 1, the aphids were kept under a constant CO, level (500 ppm)
(climate-controlled chamber ) and 25 + 2 °C during the day and 20 + 2 °C at night. In Treatment 2, the aphids were
kept under a constant 28 + 2 °C both day and night. Mean longevity values (days) followed by different lower case
letters were significantly different as were the reproductive capacity values (numbers of progeny) followed by dif-
ferent upper case letters based on ANOVA and Tukey test.

adults and soybean aphids (Aphis glycines Matsu-
mura) (Aphididae) increased on soybeans grown
under elevated CO, conditions (Dermody et al.
2008). Hughes et al. (2001) suggested that under
future CO, levels, the population of M. persicae
will increase, populations of Acyrthosiphon pisum
Harris (Aphididae) will decrease; and popula-
tions of Aphis nerii Boyer de Fonscolombe, Aphis
oenotherae QOestlund, and Aulacorthum solani
(Kaltenbach) (Hemiptera: Aphididae) will not be
affected. O’Neill et al. (2010) predicted that an in-
crease in the production of volatiles in soybeans
grown under elevated CO, will lead to larger her-
bivore outbreaks in the future.

Differences in the population densities of
aphids, especially in relation to CO, elevation,
vary with specific populations within a species;
some populations will increase, decrease, or re-
main the same (Flynn et al. 2006). In our study, S.
flava populations decreased when they were kept
in a greenhouse and fed plants grown in either in
a constant high (500 ppm) CO, environment or in
fluctuating (avg. 368 ppm) CO, environments. Si-
pha flava populations also decreased when plants
and insects were kept under a constant high (500
ppm) CO, concentration at 28 °C. The longevity
and fertility of S. flava adults were lower when
they were kept in a high (500 ppm) CO, concen-
tration and a high temperature (28 °C) than when
they were kept under the identical CO, concentra-
tion but lower diurnally fluctuating temperatures
(25 °C/20 °C, day/night). These simultaneous ef-
fects of elevated CO, and temperature on aphids
performance could also be a reflection of changes
in plant chemistry.

Temperature elevation should not be over-
looked when predicting the effects of climate
change on plant - herbivore interactions (New-
man 2004). Some authors concluded that tem-
perature does not influence plant and herbivore
responses to CO, elevation (Williams et al. 2000),
whereas others have shown strong interactive
effects between CO, and temperature (Johns &
Hughes 2002; Johns et al. 2003). Flynn et al.
(2006) showed that modifications of plant physi-
ology under altered CO, and temperature do not
impair and may actually enhance Macrosiphum
euphorbiae Thomas aphid populations.

Although the population of S. flava decreased
under elevated CO, and temperature conditions,
additional studies should be performed to assess
whether insects will increase consumption be-
cause of the poor food quality in an elevated CO,
- high temperature environment. According to
Coviella et al. (2000) and Hunter (2001), insects
consuming plants grown under elevated CO, con-
ditions exhibit increased consumption because of
poor food quality of these plants.

Our results show that the population of S. fla-
va decreased when fed on plants grown under the
elevated CO, conditions alone and in combination
with high temperature. This result may be used
to predict the future populations of this insect as
the concentration of atmospheric CO, continues to
build.
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TaABLE 3. EXPERIMENT 3: DURATION OF EACH NYMPHAL STADIUM AND SURVIVAL OF EACH NYMPHAL INSTAR WHEN COHORTS OF 50
NYMPHS WERE KEPT IN CLIMATE-CONTROLLED CHAMBERS WITH A CONSTANT CO0, LEVEL OF 500 PPM AND 2 DIFFERENT
TEMPERATURE REGIMES. THESE NYMPHS WERE FED FORAGE GRASS GROWN IN A GREENHOUSE WITH FLUCTUATING CO,
LEVELS—AVG. OF 440 PPM. ONE CLIMATE-CONTROLLED CHAMBER WAS MAINTAINED 25 * 1 °C DURING THE DAY AND
20 = 1 °C DURING THE NIGHT (TREATMENT 1), WHILE ANOTHER WAS MAINTAINED AT 28 + 1 °C BOTH DAY AND NIGHT

(TREATMENT 2).

Treatments Analyzed by ANOVA
Instar 1 2 P
Duration (days)

N1 2.47 £ 0.09 a 1.96 +00.07b 0.000
n =47 n =48

N2 2.24+00.06 a 1.98+00.05b 0.001
n =46 n =48

N3 2.13+00.05a 1.38+00.08b 0.000
n= 46 n =47

N4 2.70 £ 00.08 a 1.81+00.08b 0.000
n =45 n =43

Total 9.80+00.12a 7.07+00.08b 0.000
n =45 n =43

Nymphal survival (%)

N1 92.00 + 3.74 a 98.00 = 2.00 a 0.195
n =50 n =50

N2 98.00 = 2.00 a 97.60 = 2.40 a 0.901
n =47 n =48

N3 97.77+2.22 a 98.00 = 2.00 a 0.943
n =46 n =48

N4 96.00 + 2.45 a 97.00 = 2.50 a 0.679
n =46 n =47

Total 88.00 £ 4.89 a 92.00 +3.74 a 0.534
n =50 n=>50

Mean values followed by the same letter in the same row were not significantly different as determined by ANOVA and Tukey’s test.

cdo de Amparo a Pesquisa do Estado de Minas Gerais
(FAPEMIG, Brazil) for supporting our research.

REFERENCES CITED

Auap, A. M., Arves, S. O., CarvaLuo, C. A., SiLva, D.
M., ResenDE, T. T., aAND VERissimo, B. A. 2009. The
impact of temperature on biological aspects and
life table of Rhopalosiphum padi (Hemiptera: Aphi-
didae) fed with signal grass. Florida Entomol. 92:
569-577.

Baranya, J., OLLER, J. M., Hugy, R. B., GiLcHrist, G. W.,
AND SERRA, L. 2006. Global genetic change tracks
global climate warming in Drosophila subobscura.
Science 313: 1773-1775.

Brackman, R. L., anp Eastop, V. F. 2000. Aphids on the
world’s crops: an identification and information
guide, 2nd ed. Wiley, Chichester, UK.

BreEN, J. P., anD TEETS, G. L. 1986. Relationships of
the yellow sugarcane aphid (Homoptera: Aphididae)
density to sorghum damage. J. Econ. Entomol. 79:
1106-1110.

CueN, F. J., FEng, G. E., aND Su, J. W. 2005. An improved
open-top chamber for research on the effects of ele-
vated CO, on agricultural pests in the field. Chinese
J. Ecol. 24: 585-590.

CHeEN, F. J., Wu, G., ParRaJUuLEE, M. N., aND GE, F. 2007.
Long-term impacts of elevated carbon dioxide and
transgenic Bt cotton on performance and feeding of

three generations of cotton bollworm. Entomol. Exp.
Appl. 124: 27-35.

CueN, F. J., Wu, G., anDp GE, F. 2004. Impacts of elevated
CO, on the population abundance and reproductive
activity of the aphid Sitobion avenae Fabricius feed-
ing on spring wheat. J. Appl. Entomol. 128: 723-730.

CovieLra, C. E., MorGan, D. J. W., axp TRUMBLE, J. T.
2000. Interactions of elevated CO, and nitrogen
fertilization, effects on the production of Bacillus
thuringiensis toxins in transgenic plants. Environ.
Entomol. 29: 781-787.

Crow, T. A., Crist, T. O., PARMENTER, R. R., BELOVSKY,
G., anND Luco, A. E. 2008. The spread of invasive spe-
cies and infectious disease as drivers of ecosystem
change. Frontiers Ecol. Environ. 6: 238-246.

Davis, J. J. 1909. Biological studies on three species of
Aphididae. Washington DC: US Department of Ag-
riculture, Division of Entomol., Tech. Series No. 12,
pt. 8, pp. 1-24.

DermMoDY, O., O'NEILL, B. F., ZANGERL, A. R., BERENBAUM,
M. R., anp DELucia, E. H. 2008. Effects of elevated
CO, and O, on leaf damage and insect abundance in
a soybean agroecosystem. Arthropod-Plant Interac-
tions 2: 125-135.

FrEminG, R. A., anDp Vorney, W. J. A. 1995. Effects of
climate change on insect defoliator population pro-
cesses in Canada’s boreal forest: some plausible sce-
narios. Water Air Soil Pollution 82: 445-454.

Frynn, D. F. B., SupperTH, E. A., AND Bazzaz, F. A. 2006.
Effects of aphid herbivory on biomass and leaf-level

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use



Auad et al.: Effect of Climate Change on Sipha flava Aphids

physiology of Solanum dulcamara under elevated
temperature and CO, . Environ. Expt. Bot. 56: 10-18.

Fu, X,, Y&, L., Kang, L., anp Gg, F. 2010. Elevated CO,
shifts the focus of tobacco plant defenses from cu-
cumber mosaic virus to the green peach aphid. Plant
Cell Environ. 33: 2056-2064.

Hentz, M., AND NUESsLY, G. 2004. Development, longev-
ity, and fecundity of Sipha flava (Homoptera: Aphi-
dae) feeding on Sorghum bicolor. Environ. Entomol.
33: 546-553.

Houaghton, J. T., DiNg, Y., Grigas, D. J., NoGUER, M.,
Van DER LinpEN, P. J., X1aosu, D., MaskeLL, K., AND
Jonnson, C. A. [Eps.]. 2001. Climate Change 2001:
The Scientific Basis. Cambridge Univ. Press, Cam-
bridge, UK.

HucHzs, L., aND Bazzaz, F. A. 2001. Effects of elevated
CO, on five plant-aphid interactions. Entomol. Exp.
Appl. 99: 87-96.

Hunter, M. D. 2001. Effects of elevated atmospheric
carbon dioxide on insect-plant interactions. Agric.
For. Entomol. 3: 153-159.

IPCC (INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE).
2007 Climate change 2007, the physical science ba-
sis. Summary for policy makers. Report of Working
Group I of the Intergovernmental Panel on Climate
Change) Cambridge Univer. Press, Cambridge, UK
and New York. 996 pp.

JEPSEN, J. U., HAGEN, S. B., Ims, R. A., anp Yoccoz, N. G.
2008. Climate change and outbreaks of the geome-
trids Operophtera brumata and Epirrita autumnata
in subarctic birch forest: evidence of a recent out-
break range expansion. J. Animal Ecol. 77: 257-264.

Jouns, C. V., anD HucHES, A. 2002. Interactive effects
of elevated CO, and temperature on the leaf-miner
Dialectica scalariella Zeller (Lepidoptera: Gracil-
lariidae) in Paterson’s Curse, Echium plantagineum
(Boraginaceae). Glob. Change Biol. 8: 142-152.

Jomns, C. V., BEaumonT, L. J., anp Huchgs, L. 2003. Ef-
fects of elevated CO, and temperature on develop-
ment and consumption rates of Octotoma championi
and O. scabripennis feeding on Lantana camara.
Entomol. Exp. Appl. 108: 169-178.

KinDLER, S. D., aND DarRrryMPLE, R. L. 1999 Relative
susceptibility of cereals and pasture grasses to the
yellow sugarcane aphid (Homoptera: Aphididae). J.
Agric. Urban Entomol. 16: 113-122.

LawLER, I. R., FoLey, W. J., Woobrow, I. E., aND CORK, S.
J.1997. The effects of elevated CO, atmospheres on
the nutritional quality of Eucalyptus foliage and its
interaction with soil nutrient and light availability.
Oecologia 109: 59-68.

MebpiNA-GAUD, S., MarTORELL, L. F., AND RoBLES, R. B.
1965. Notes on the biology and control of the yellow
aphid of sugarcane, Sipha flava (Forbes) in Puerto
Rico. Proc.12th Congress Int. Soc. Sugarcane Tech-
nol., San Juan, Puerto Rico, 28-111-10-VI: 1307-1320.

Monpor, E. B., Awmack, C. S., aND LinDroTH, R. L. 2010.
Individual growth rates do not predict aphid popula-
tion densities under altered atmospheric conditions.
Agric. For. Entomol. 12: 293-299.

Monbor, E. B., TREMBLAY, M. N., Awmack, C. S., AND Lin-
DROTH, R. L. 2005. Altered genotypic and phenotypic
frequencies of aphid populations under enriched CO,
and O, atmospheres. Glob. Change Biol. 11: 1990-
1996.

NEwwMAN, J. A. 2004. Climate change and cereal aphids:
the relative effects of increasing CO, and tempera-

443

ture on aphid population dynamics. Glob. Change
Biol. 10: 5-15.

NEwMAN, J. A., GiBsoN, D. J., PARSONS, A. J., AND THORN-
LEY, J. H. M. 2003. How predictable are aphid popu-
lation responses to elevated CO,? J. Animal Ecol. 72:
556-566.

Norpy, R. J., WULLSCHLEGER, S. D., GUNDERSON, C. A.,
JounsoN, D. W., anp CeEuLEMANS, R. 1999 Tree re-
sponses to rising CO, in field experiments: impli-
cations for the future forest. Plant Cell Environ. 6:
683-714.

O’NEILL, B. F., ZANGERL, A. R., DELUCIA, E. H., AND BEREN-
BaUuM, M. R. 2010. Olfactory preferences of Popillia
Japonica, Vanessa cardui, and Aphis glycines for Gly-
cine max grown under elevated CO,. Environ. Ento-
mol. 39: 1291-1301.

OLIVEIRA, S. A., Auap, A. M., Souza, B., Souza, L. S., AMA-
RAL, R. L., AND Sirva, D. M. 2009. Tabela de esperanca
de vida e de fertilidade de Sipha flava (Forbes) (He-
miptera, Aphididae) alimentado com capim-elefante
em diferentes temperaturas. Rev. Brasileira Ento-
mol. 53: 614-619.

OLIVEIRA, S. A., Souza B., Auap, A. M., SiLva, D. M., Sou-
zA, L. S., AND CarvaLHO C. A. 2009. Desenvolvimento
e reproducao de Sipha flava (Forbes) (Hemiptera:
Aphididae) em diferentes temperaturas. Neotrop.
Entomol. 38: 311-316.

OLIVEIRA, S. A., Souza, B., Auap, A. M., SiLva, D. M., AND
CarvaLHoO, C. A. 2010. Biological responses of the Si-
pha flava (Forbes, 1884) (Hemiptera: Aphididae) fed
with different elephant grass genotypes. Rev. Ciénc.
Agro. 41: 107-112.

Stacey, D. A., anp FeELLowEs, M. D. E. 2002. Influence of
elevated CO, on interspecific interactions at higher
trophic levels. Glob. Change Biol. 8: 668-678.

STILING, P., AND CORNELISSEN, T. 2007. How does elevated
carbon dioxide (CO,) affect plant-herbivore interac-
tions? A field experiment and meta-analysis of CO, -
mediated changes on plant chemistry and herbivore
performance. Glob. Change Biol. 13: 1-20.

THEURILLAT, J. P., AND GuisaN, A. 2001. Potential impact
of climate change on vegetation in the European
Alps: a review. Climate Change 50: 77-109.

TroMas, C. D., CAMERON, A., GREEN, R. E., BAKKENES, M.,
Beaumonr, L. J., CoLLiNngHAM, Y. C., ERasmus, B. F. N,
S1QUEIRA, M. F., GRAINGER, A., HanNaH, L., HUGHES,
L., HuntLEY, B., VAN JaARsSVELD, A. S., MiDGLEY, G.
F, MiLEs, L., OrTEGA-HUERTA, M. A., PETERSON, A. T.,
Puiriips, O. L., anD WiLLiaMms, S. E. 2004. Extinction
risk from climate change. Nature 427: 145-148.

VaLkama, E., KoricHEVA, J., AND OxksanEN, E. 2007. Ef-
fects of elevated O3, alone and in combination with
elevated CO,, on tree leaf chemistry and insect her-
bivore performance: a meta-analysis. Glob. Change
Biol. 13: 184-201.

WEBSTER, J. A. 1990. Yellow sugarcane aphid (Homop-
tera: Aphididae): detection and mechanisms of re-
sistance among Ethiopian sorghum lines. J. Econ.
Entomol. 83: 1053-1057.

WiLL, R. E., AND CEULEMANS, R. 1997. Effects of elevated
CO, concentration on photosynthesis, respiration
and carbohydrate status of coppice Populus hybrids.
Physiol. Plantarum 100: 933-939.

WiLLiams, R. S., NorBy, R. J., anp Lincown, D. E. 2000
Effects of elevated CO, and temperature-grown red
and sugar maple on gypsy moth performance. Glob.
Change Biol. 6: 685-695.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use



444 Florida Entomologist 95(2) June 2012

Wu, G., CHEN, F. J., AND GE, F. 2006. Responses of mul- YN, J., YucHENG, S., Gang, W., anDp Feng, G. 2010. Ef-

tiple generations of cotton bollworm Helicoverpa ar- fects of elevated CO, associated with maize on mul-
migera Hubner, feeding on spring wheat, to elevated tiple generations of the cotton bollworm, Helicoverpa
CO,,. J. Appl. Entomol. 130: 2-9. armigera. Entomol. Exp. Appl. 136: 12-20.

XAVIER, D. F., CarvarHO, M. M., BoTREL, M. A., FREITAS, ZVEREVA, E. L., AND KozLov, M. V. 2006. Consequences of
V. P., AND VERNEQUE, R. S. 2001 Efeito do manejo pds- simultaneous elevation of carbon dioxide and tem-
plantio no estabelecimento de pastagens de capim perature for plant-herbivore interactions: a meta
elefante. R. Brasileira Zootec. 30: 1200-1203. analysis. Glob. Change Biol. 12: 27-41.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use



