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MouseN MEHRPARVAR! and Buan HATAMI?

'Department of Ecology, International Center for Science, High Technology & Environmental Sciences,
Kerman 7631133131, Iran; e-mail: mehrparvar@icst.ac.ir

“Department of Plant Protection, College of Agriculture, Isfahan University of Technology,
Isfahan 8415683111, Iran; e-mail: bhatami@cc.iut.ac.ir

Key words. Aphididae, Macrosiphum rosae, rose aphid, geographic population, Iran, development, survival, fecundity, biology,
developmental threshold, degree-day

Abstract. The rose aphid, Macrosiphum rosae, living on rose var. Black Magic, was reared in the laboratory at four constant tem-
peratures 15, 18, 22 and 25 + 1°C, 75 + 5% R.H. and 14L : 10D. Parameters investigated included developmental rate, survival, pre-
reproductive delay and fecundity. The rate of nymphal development (0.17) was greatest at 22°C. The longest developmental time
(12.33 days) was recorded at 15°C. The generation time was longest and shortest at 15°C and 22°C respectively. The lower develop-
mental threshold was calculated to be 9.05°C. Based on this, the degree-day requirement from birth to adulthood was found to be
77.5 dd. The pre-reproductive delay also decreased markedly with increase in temperature from 15°C to 22°C. The longest lifespan
of apterous females (12.38 d) was observed at 15°C, whereas the shortest (8.06 d) was at 25°C. The mean adult longevity declined
with increase in temperature from 15°C to 25°C. The fecundity of females (progeny/female) increased from 11.38 to 28.88 with
increase in temperature from 15°C to 22°C but then decreased to 8.38 as the temperature increased from 22°C to 25°C. The largest
(0.311) and smallest (0.113) 1, occurred at 22°C and 15°C respectively. All of the parameters of the M. rosae life cycle at the four
temperatures tested were optimum at 22°C. This Iranian population of M. rosae can develop at lower temperatures than an Austra-

lian population.

INTRODUCTION

The rose aphid, Macrosiphum rosae (Linnaeus, 1758) is one
of the most important pests on roses, with a worldwide distribu-
tion (Heie, 1994; Blackman & Eastop, 2000). It is a significant
pest of rose crops and can become very abundant on roses thus
reducing their decorative value. In the case of a high infestation,
the aphid causes significant damage, e.g. bent stems, weak
foliage and early leaf fall. The most significant damage is to the
inflorescences, especially at bud burst (Jaskiewicz, 1997). M.
rosae is probably a native species of Eurasia (Maelzer, 1977)
that feeds mainly on the young leaves and developing flower
buds. The honeydew excreted by the aphid promotes the growth
of sooty mould on flowers and surfaces of leaves. All of these
factors together cause significant economic damage to rose
crops by decreasing their beauty and the value of cut flowers
(Alford, 1991). This aphid is a heteroecious holocyclic species
in temperate regions but may be completely anholocyclic on
roses in warmer climates (Blackman & Eastop, 2000).

In many areas M. rosae is a serious pest of roses, and an
understanding of its biology and population dynamics is essen-
tial for developing a reliable management strategy. Any effec-
tive control of pests requires a precise knowledge of their
dynamics as well as the factors, such as temperature, which can
influence them. Temperature is an important environmental
variable that affects the rate of aphid development,
reproduction, mortality, survival and subsequently its population
increase (Dixon, 1987). Although aphids are not typically sub-
jected to constant temperature, a controlled laboratory study can
provide valuable information about the population dynamics of
particular species. A change in temperature, when within the
range of the species in question, results in a change in reproduc-
tive rate and hence in reproductive timing (Dixon, 1987). In this

context, food quality is known also to affect insect reproductive
timing.

There are numerous studies on the effect of temperature on
aphid development (e.g. Wang & Tsai, 2000; Collins & Leather,
2001; Morgan et al., 2001; Satar & Yokomi, 2002). The biology
and main causes of changes in numbers of the rose aphid on cul-
tivated roses were studied in South Australia by Macelzer (1977).
He studied the effect of temperature on development of apterous
and alate individuals under both laboratory and field conditions.
The effect of temperature on the biological parameters of a
Turkish population of the rose aphid, originating from a region
near to Iran, was studied by Olmez et al. (2003) under labora-
tory conditions.

This study was designed to investigate the effect of different
temperatures on the developmental rate, survival, pre-
reproductive delay and fecundity of M. rosae under laboratory
conditions in order to provide parameters for forecasting and
management systems for Iran and similar areas.

MATERIAL AND METHODS

The effect of temperature on development and population
growth of M. rosae on rose var. Black Magic was studied at four
constant temperatures 15, 18, 22 and 25 + 1°C, 75 + 5% R.H.
and 14L : 10D in an insect-rearing room. Terminal shoots
(25-30 cm length) of roses were detached and used throughout
this study. Freshly cut shoots were placed in 5% sucrose solu-
tion. Shoots were replaced every 3 days. Initially, the aphids
were allowed to move between the old and new shoots, but
sometimes the aphids were gently stimulated with a needle to
withdraw their stylets from the plant and move to new shoots.
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TaBLE 1. Mean + SE nymphal development time, developmental rate and generation time of M. rosae at four constant tempera-
tures. Means in columns with different letters are significantly different from one another (P <0.01, GLM) in ANOVA (LSD).

Temperature (°C) Developmental time (Day)

Developmental rate (Day )

Generation time (Day)

15 12.33+0.2a 0.08 a 15.89+0.18a
18 9.33+0.22b 0.11b 11.94+0.35b
22 5.89+023¢ 0.17¢ 7.28+0.29 ¢
25 6.94+03d 0.14d 8.75+0.24d
Aphid source developmental time (5.89 d) was recorded at 22°C and was 3.44

Wild Macrosiphum rosae were collected from rose bushes on
the campus of the Isfahan University of Technology (IUT), Iran.
Aphids were collected as nymphs from un-crowded colonies in
order to prevent a reduction in fecundity induced by crowding
in the nymphal stages (Maelzer, 1977).

Experimental procedures

The experiment was conducted using an unbalanced com-
pletely randomized design. For each experimental temperature,
10 young apterous adults of the same age were each individu-
ally placed on one of 10 shoots. Individual adult aphids were
checked every 12 h in order to determine their pre-reproductive
delay, longevity, survivorship and fecundity. The period from
when young apterous adults were placed on shoots until the
birth of their first offspring was taken as the pre-reproductive
time. The time between fourth moult until the death of the adult
was recorded as the longevity of adults. The number of off-
spring born to each female was recorded as fecundity. Then all
progeny but one were removed from each replicate. The
remaining nymph was transferred individually to a new
detached shoot using a paint brush and its nymphal development
recorded. The time between birth and final nymphal moult was
recorded as the developmental time of the immature stages. The
period from when the young apterous adults were placed on the
shoots to the fourth moult of their nymphs was recorded as the
generation time. The intrinsic rate of increase () was calcu-
lated using Wyatt & White’s formula (1977). This formula is

InM,

I = 0,738

where M, is the number of nymphs produced over a period of
time equal to that of the entire pre-reproductive period (d).

Ten aphids were tested at each temperature. Those that
reached the adult stage were included in the calculations of
nymphal development time. Individual adults that escaped or
died were excluded from reproduction and survival rate
analyses.

Data analysis

All data were analyzed by analysis of variance (ANOVA) of
the results obtained at the different temperature treatments using
a General Linear Model (GLM) procedure in SAS (SAS Insti-
tute, 1996). Means were compared using the least significant
difference (LSD) test. A linear regression analysis was used to
estimate the lower developmental threshold for the nymphal
stages by using the developmental rate data obtained at constant
temperatures from 15 to 22°C. Developmental rates obtained at
temperatures higher than 22°C were outside the linear segment
of the growth curve and not, therefore, included in the linear
regression. The lower developmental threshold was the
X-intercept of the linear equation (Maelzer, 1977; Wang &Tsai,
2000).

RESULTS

Development of nymphs

Developmental times for total nymphal development at four
constant temperatures are presented in Table 1. The shortest
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and 1.05 days shorter than at 18°C and 25°C respectively.
Clearly at 22°C the rate of nymphal development (0.17) was
higher than at any other temperature. The longest developmental
time (12.33 days) was recorded at 15°C. The developmental rate
was lower at 25°C than at 22°C. The nymphal developmental
times at different temperatures were significantly different from
one another (P < 0.01) (Table 1). Consistent with this, the
developmental rates at the different temperatures differed sig-
nificantly (P <0.01) (Table 1).

The generation time is a function of nymphal development
time. In this study the generation time was longest and shortest
at 15°C and 22°C respectively (Table 1).

A linear regression was fitted to the developmental rate vs.
temperature data, resulting in the following equation and R? val-
ues: y = 0.0129x — 0.1167, R* = 0.9771 (Fig. 1). The tempera-
ture point at which this regression intercepts the X-axis (i.e. zero
developmental rate) was taken as the lower developmental
threshold (Maelzer, 1977). This was calculated (by extrapola-
tion below 22°C) and found to be 9.05°C. After determination
of the lower developmental threshold, the number of degree-
days required for development was calculated. Based on this,
the degree-day requirement was found to be 77.5 dd, which is
the period a first nymphal instar of M. rosae needs to become an
adult.

Longevity of adult females and reproduction

The effect of temperature on fecundity and female longevity
are presented in Table 2. The pre-reproductive delay decreased
markedly with increase in temperature from 15°C to 22°C.
However, there was no significant difference in the pre-
reproductive delay at 22°C and 25°C. The longest lifespan of
apterous females (12.38 d) was observed at 15°C and the
shortest (8.06 d) at 25°C. The longevity of females at 25°C was
significantly different from that at the other temperatures (Table
2; P <0.01). The mean adult longevity declined with increase in

0.18 y =0.0129x - 0.1167
R*=0.9771

coo0,0 o o

Estimated developmental
threshold = 9.05°C

Rate of development (1/days)

1.2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Temperature (°C)

Fig. 1. Rate of development (day™) of nymphal stage of M.
rosae as a function of temperature (°C). ANOVA: F = 197.74,
df =26, p <0.001. Solid line shows the linear regression of tem-
perature range 15-22°C. The dotted line is a diagrammatic rep-
resentation of a speculative higher order regression.



TaBLE 2. Mean + SE pre-reproduction delay, female longevity, fecundity and intrinsic rate of increase of M. rosae at four con-
stant temperatures. Means in columns with different letters are significantly different from one another (P < 0.01, GLM) in

ANOVA (LSD).
Temperature (°C) Pre-reproductive delay (Days) Female longevity (Days) No. progeny per female Intrinsic rate of increase ()
15 3.55+0.17a 12.38+0.18 a 11.38+0.53 a 0.113
18 2.61+0.16b 11.11+0.26 a 17.67+0.71b 0.178
22 1.39+0.14 ¢ 11.08 £0.39 a 28.88+0.90 ¢ 0.311
25 1.81+0.09 ¢ 8.06+037b 8.38+£0.37d 0.180
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Fig. 2. Survival rates of apterous females of M. rosae at dif-
ferent temperatures.

temperature from 15°C to 25°C; therefore mean adult longevity
is negatively correlated with temperature.

As in other aphid species the survival rate (/x) of M. rosae
changes in response to temperature (Fig. 2). No mortality of
apterous adults occurred before 7 d at any of the temperatures.

Temperature also influenced fecundity (Table 2), which
ranged from 8.38 to 28.88 (progeny/female). It increased from
11.38 to 28.88 with increase in temperature from 15°C to 22°C
and decreased at temperatures higher than 22°C. The intrinsic
rate of increase was greatest (0.311) and smallest (0.113) at
22°C and 15°C, respectively (Table 2).

DISCUSSION

The development of M. rosae, like any other poikilothermic
species, occurs within a certain range of temperatures. The
developmental rate curve (Fig. 1) shows three significant
features. First, the middle section is approximately a straight
line, within this temperature range the rate of development is
directly proportional to temperature. This is the optimal range.
Second, the descending section of the curve shows that
development is slowing down, this slowing down is related to
increase in temperature. If the temperature is increased further,
the aphid succumbs, indicating that the upper developmental
temperature has been reached. Like other insects, aphids also
develop more slowly at higher temperatures when approaching
the upper developmental threshold. At temperatures above
22°C, temperature has a negative effect on rose aphid
development so that the developmental rate declines causing the
developmental rate to be non-linear. This might be due to
various reasons. One is that high temperature affects the aphids
physiology unfavourably.

The third fact concerning the developmental curve is that the
curve intersects the abscissa, at this intersection, the rate of
development is zero (Pfadt, 1971). The terms lower and upper
developmental threshold are used to indicate that the develop-
ment ceases below the former and above the latter (Dixon,
1987, Wang & Tsai, 2000). The developmental rate of aphids
within the range between the lower and upper threshold tem-

peratures is usually linear (Dixon, 1987). Our results, in accor-
dance with those obtained by others (i.e. Wang & Tsai, 2000;
Collins & Leather, 2001; Satar & Yokomi, 2002) indicate that
the relationship between the development and temperature is
non linear at the extremes of an aphid’s physiological tolerance.

Some aphid species (such as M. rosae) have a limited range
of host plants, food quality and temperature over which their
population increases (Dixon, 1998). Our study indicates that the
developmental rate of M. rosae declines at temperatures higher
than 22°C. This is similar to the previous reports by Olmez et al.
(2003) and Maelzer (1977) who suggested that the develop-
mental rate of M. rosae was retarded at temperatures above
22.5°C. In this study, based on four temperatures, all of the
parameters of M. rosae life history were optimum at 22°C.
Accepting that the optimum temperature for M. rosae is 22°C
the reproduction and nymphal developmental time are at their
maximum and minimum at this temperature, respectively. Fur-
thermore, at this temperature the intrinsic rate of increase was
higher (0.311) than at the other temperatures used. A similar
trend was also observed for the rose aphid by Olmez et al.
(2003) who report that 22.5°C is the optimum temperature for
M. rosae, because the survival, female longevity and intrinsic
rate of increase (0.170865) are highest at this temperature. Simi-
larly, Maelzer (1977) calculated the r,, for M. rosae to be 0.334
at 20.05°C under field conditions in Australia.

Intrinsic rate of increase is often used to measure the influ-
ence of various environmental factors on the population growth
of aphids (quoted from Tang et al., 1999). Our study of the
population dynamics of M. rosae in the field corroborate the
results presented here. In Iran, the population of rose aphids
starts to increase from early February onwards, coinciding with
the gradual increase in average daily temperature above 10°C.
In early May, the population increase of the rose aphid gains
speed due to the high nutritional quality of the host plant and an
average temperature of about 22°C. But, from late June onward
the average temperature exceeds 25°C and the aphid population
decreases. Once more, in early October, when the temperature
falls to about 20°C, the rose aphid population starts to increase
again.

The negative effect of high temperatures on aphids has also
been recorded in other papers. For example, 25°C had a detri-
mental effect on the development and survival of immature
stages of M. rosae (Olmez et al., 2003). Temperatures higher
than 32°C caused a decrease in developmental rate of Aphis spi-
raecola (Wang & Tsai, 2000). Similarly, nymphal develop-
mental rate of Brachycaudus schwartzi decreased at
temperatures higher than 25°C and mortality of nymphs was
100% at 35°C (Satar & Yokomi, 2002). However, in other aphid
species, an increase in temperature had a positive effect on the
developmental rate and they thrive at warmer temperatures. The
pre-reproductive and developmental time of rose grain aphid,
Metopolophium dirhodum, decrease with increase in tempera-
ture from 10 to 25°C (Zhou & Carter, 1992). The developmental
time of the immature stages of Aphis gossypii decreased from

633



12.0 days at 15°C to 4.5 days at 30°C; this species has an upper
developmental threshold at 32-35°C (Kersting et al., 1999).

Our data indicate that the minimum pre-reproductive delay
(1.389) and maximum progeny per female (28.875) occur at
22°C. These results are similar to those obtained by Olmez et al.
(2003). They report that the shortest pre-reproductive period
(1.42) and the largest number of progeny per female (34.92)
were recorded at 22.5°C. The fecundity of M. rosae varied with
temperature while in other aphids, such as Metopolophium dir-
hodum, the total number of nymphs produced per apterous adult
was not affected by temperature between 10-25°C (Zhou &
Carter, 1992). In different aphid species the optimum tempera-
ture for reproduction is not the same. For example, the optimum
temperature for the growth and fecundity of Rhopalosiphum
maidis is 25°C (Wang et al., 2002) whereas in the turnip aphid,
Lipaphis erysimi, the optimum reproductive temperature is
19.28°C (Zhao et al., 1990). On the other hand, the mean
number of nymphs produced by Rhopalosiphum rufiabdomi-
nalis is maximum (63.32) at 20°C (Tsai et al., 1998).

Macrosiphum rosae required 77.5 dd for development from
the Ist instar to adult, with a lower developmental threshold of
9.05°C. The estimated developmental threshold is similar to that
reported by Maelzer (1977) (10.1°C), who also estimates 57.2
dd are needed for the development of apterous females, which is
20.3 dd less than our estimate. This difference appears to be
mainly due to the difference in the lower developmental thresh-
olds. Our results indicate that rose aphid populations in Iran can
develop at lower temperatures than those in Australia. Further-
more, our study confirms that geographically separated popula-
tions of aphids can significantly differ in terms of the effect of
temperature on development and population growth rates (Tang
et al., 1999). Such differences may arise from local adaptation
under conditions of geographical separation. Local adaptation is
a genetic change in a population in response to a geographically
localized selection pressure. Local adaptation occurs when
selective pressures vary across the landscape. Important factors
could include differences in temperature, host plant or even host
plant genotype, elevation, soil type, light intensity, soil biota,
herbivory etc. Local adaptation is a property of the population
as a whole. Assuming that this adaptation has a genetic basis, it
measures the association between spatial variability of the envi-
ronment and the distribution of adaptive genetic variation
(Gandon & Michalakis, 2002). A variable environmental adap-
tation can be influenced by both the strength of selection and the
evolutionary potential (Gandon & Michalakis, 2002). The pre-
sent research and the reports by Olmez et al. (2003) and Maelzer
(1977) indicate that aphid populations from geographically
separated areas respond to temperature differently.
Alternatively, differences in biological parameters among sepa-
rate aphid populations may be an indicator of genetic drift
(Tang et al., 1999).
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