
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Reproductive success of Amblyseius idaeus and Amblyseius anonymus on a
diet of two-spotted spider mites

Van Dinh, N.; Janssen, A.; Sabelis, M.W.

Publication date
1988

Published in
Experimental and Applied Acarology

Link to publication

Citation for published version (APA):
Van Dinh, N., Janssen, A., & Sabelis, M. W. (1988). Reproductive success of Amblyseius
idaeus and Amblyseius anonymus on a diet of two-spotted spider mites. Experimental and
Applied Acarology, 4, 41-52.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/reproductive-success-of-amblyseius-idaeus-and-amblyseius-anonymus-on-a-diet-of-twospotted-spider-mites(6e2c27bb-3df8-4fbe-92e9-189705f8829c).html


Experimental & Applied A carology, 4 (1988) 41-51 
Elsevier Science Publishers B.V., Amsterdam - -  Printed in The Netherlands 

41 

Reproduct ive  Success  of  A m b l y s e i u s  idaeus and A. 
a n o n y m u s  on a Diet  of Two-Spot ted  Spider Mites 

NGUYEN VAN DINH 1, ARNE JANSSEN 2 and M.W. SABELIS 2 

1Department o/Entomology, Agricultural University o/Hanoi (Vietnam) 
2Department of Population Biology, University o/Leiden, P.O. Box 9516, 2300 RA Leiden (The 
Netherlands) 

(Accepted 9 March 1987) 

ABSTRACT 

Dinh, N.V., Janssen, A. and Sabelis, M.W., 1988. Reproductive success of Amblyseius idaeus and 
A. anonymus on a diet of two-spotted spider mites. Exp. Appl. Acarol., 4: 41-51. 

Amblyseius idaeus is a drought-resistant predatory mite of tetranychid spider mites. In this 
paper, life-history parameters of A. idaeus and a morphologically similar species, A. anonymus, 
are measured and compared on a diet of Tetranychus urticae. Intrinsic rates of increase of both 
phytoseiids are similar, and are comparable to rates of phytoseiids that successfully control 
Tetranychus species. This makes both species promising candidates as biological control agents, 
A. idaeus especially under dry conditions. 

INTRODUCTION 

McMurtry (1982) stressed that more research is needed on temperature and 
humidity tolerances of strains and species of predatory mites. He suggested 
that strains originating from hot and dry regions might be more successful in 
those climatic conditions than strains from other biotopes. In this respect, 
Amblyseius idaeus Denmark & Muma is of interest because it is reported from 
both humid and dry areas in Brazil (De Moraes and McMurtry, 1983). The 
resistance to dryness of A. idaeus was tested and compared with that of A. 
anonymus Chant & Baker, a closely related species found in moderately dry 
areas in Colombia (De Moraes et al., 1982). This indeed revealed a higher 
resistance of the former species (Dinh et al., 1988, this volume ). This property 
makes A. idaeus a promising candidate for biological control in areas with vari- 
able humidity, provided that its othe r qualities as a predator are not inferior 
to those of other phytoseiids. 

In this paper, we construct life tables for and estimate the intrinsic rate of 
increase of A. anonymus and A. idaeus as a first step in the evaluation of both 
species as candidates for biological control of Tetranychus urticae Koch. 

0168-8162/88/$03.50 �9 1988 Elsevier Science Publishers B.V. 



42 

MATERIALS AND METHODS 

All experiments were done at a temperature of 25 + 1 ~ C and an ambient RH 
of 55%. The mites experienced a higher humidity (ca. 75%) because the ex- 
perimental arenas were placed in Petri dishes filled with water-soaked cotton 
wool. Most life-table studies of other phytoseiids are performed at similar tel- 
ative humidity, making comparison of intrinsic rates of increase possible. The 
arenas consisted of either leaves or leaf discs (2.5 cm dia) of the Lima bean. 

Predation 

To ensure that life-history experiments were carried out under conditions of 
ample prey supply, a preliminary experiment was set up to measure the mini- 
mal amount of food allowing oviposition and development rates to be at or 
close to their maximum. 

For this purpose, different numbers of adult female spider mites were al- 
lowed to oviposit for 24 h on a leaf disc. Subsequently, the females and the 
surplus eggs were removed with a fine brush, resulting in experimental arenas 
with 15 eggs (from 3 female spider mites), 20 eggs (from 4 females), 25 eggs 
(from 5) and 30-60 eggs (from 6-10 females). 

For the first experiment, female predators aged 2-7 days since their first 
oviposition were collected from bean leaves with ample prey supply and placed 
on a separate leaf disc. After 24 h, females were removed and the number of 
prey eggs consumed was determined. 

In the second experiment, 30 prey eggs laid by 6 female spider mites were 
offered to immature stages of the predatory mites. Again, degree of predation 
was determined after 24 h. 

Life-history parameters 

For measurement of the survival rate ( la ) and the fecundity rate ( na ), 20-30 
female predators from a stock culture were placed on a bean leaf with ample 
prey. In total, 8 bean leaves with predators were used. After 2 h, 30-40 newly 
laid predator eggs were transferred to separate leaf discs with at least 50 prey 
eggs. Every other day, the leaf discs were replaced by fresh ones with 50 prey 
eggs. 

During the juvenile period, leaf discs were checked daily for moulting skins 
and dead individuals. After the last moult, 2 males were added to each disc to 
ensure insemination, and the number of predator eggs oviposited was moni- 
tored at 8-h intervals until each female had laid at least 5 eggs. Subsequently, 
oviposition was recorded daily. The experiment continued until all females 
died. Females which drowned in the water-soaked cotton wool were excluded 
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from calculations of the survival rate. The experiments with A. idaeus and A. 
anonymus were carried out simultaneously. 

Sex ratio 

For measurements of the sex ratio of the offspring produced by the predatory 
mites, 2-3 bean leaves were supplied with 20-30 female predators (age 2-7 
days). Newly laid predator eggs (30-40) were sampled after 2 h, and subse- 
quently reared to adulthood for determination of sex. Eggs and hatched juve- 
niles were reared until the adult stage was reached, whereafter the sex ratio 
'was determined. 

As sex ratios (proportion of daughters) are expected to decline under crowded 
conditions ( Sabelis, 1985b ), an additional experiment was done in which iso- 
lated females were allowed to oviposit. Again, sex ratio of the offspring was 
determined. 

Life-table analysis 

With the obtained parameters of the life history and the sex ratio, life tables 
with la, na and ma (rate of production of daughters) were constructed as de- 
scribed by Birch (1948). The net reproductive rate (Ro), and two measures of 
the generation time (the mean age of mothers at birth of their daughters (To) 
and the mean age of the mothers of a cohort of daughters (T) ) were calculated 
( Pielou, 1977 ). The intrinsic rate of increase rm was calculated from the Lotka 
equation (Lotka, 1924; Birch, 1948). 

RESULTS 

Predation 

The mean number of eggs consumed by young adult female predators reached 
its maximum at densities of 15 prey eggs per leaf disc (Table 1 ). This indicates 
that 30 eggs per leaf disc per day ( or 50 eggs per leaf disc per 2 days) guarantees 
maximum oviposition and development rates, because all other life-stages con- 
sume far less (Table 2). 

Life-history parameters 

The duration of the immature stages of both phytoseiids is given in Table 3. 
The females of the two predator species have slightly but significantly different 
egg-to-adult periods, in contrast to the males. This is mainly due to the differ- 
ence in length of the larval stage. Moreover, pre-oviposition periods clearly 
differ between species (64.2 h and 41.5 h for A. anonymus and A. idaeus, 
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TABLE 1 

The  number  of T. urticae eggs consumed per day by young females of two phytosei id  species at  
different init ial  prey egg numbers  per  leaf disk of 5 cm 2 

Number  of prey eggs per  leaf disc 

5 10 15 20 25 30** 

A. anonymus 

A. idaeus 

2 4.9 9.1 11.5" 11.3 10.6 12.4 
s 0.3 0.8 2.3 2.5 1.8 1.1 
n 20 28 19 26 7 18 

2 5.0 9.4 12.6" 12.3 11.9 12.8 
s 0.0 0.8 1.6 2.5 1.6 1.3 
n 20 21 20 15 16 14 

The  predators  s tar ted in a well-fed state. There  was no replacement  of the prey eggs consumed. 
Conditions: 25~ 55% RH. 
2 = mean; s = s tandard  deviation; n = number  of replicates. 
* = interspecific difference of consumpt ion  at  the  same prey densi ty  is significant at  the  5 % level 
according to t- test  for comparison of means.  
** = at  least 30 eggs were presented. 

TABLE 2 

The  number  of T. urticae eggs consumed during the  nymphal  period and  the  daily egg consumpt ion  
in different phases of the  life span of two phytosei ids 

A. anonymus A. idaeus 

X 8 r$ ~ 8 

Total for nymphal  period 8.2 2.8 10 10.3 1.8 9 
Eggs/day during nymphal  3.1 - 4.0 - 
period 
Eggs/day during pre- 2.9 1.4 11 3.0 1.5 8 

oviposit ion period 
Total for first day of ovipositon 13.9 1.7 10 18.3 1.5 17 
Eggs/day, 1st 2-7  days of 11.8 1.8 21 13.5 1.3 15 

oviposit ion 
Eggs/day, post-oviposi t ion 2.2 1.4 20 2.9 1.5 20 
Eggs/day, unferti l ized females 2.1 1.5 23 1.8 1.3 24 
Eggs/day, males 2.7* 1.1 39 1.5" 1.2 38 

Measurements  were done under  the  same condi t ions as the  life-history experiments  (ample prey 
supply, 25~ 55% R H ) .  See Table 1 for fur ther  symbols. 
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TABLE 3 

Duration (days) of the immature stages of two phytoseiid species at 25~ 55% RH and ample 
supply of T. urticae eggs 

Egg Larva 

s s s s 

Protonymph Deutonymph Egg-to-adult 

s 2 s s s n 

A. anonymus ~ 1.71" 0.45 0.90 0.29 1.27 0.54 1.09" 0.29 4.95 0.21 21 
1.62 0.60 0.81" 0.40 1.43 0.60 1.19 0.40 4.90* 0.29 21 

A. idaeus c~ 1.93"t 0.25 0.20* 0.40 1.53 0.50 1.20" 0.40 4.87 0.34 15 
1.65t 0.48 0.35* 0.48 1.31 0.46 1.31 0.46 4.56* 0.50 16-17 

t = significant difference between sexes at the 5% level according to the t-test for comparison of 
means. See Table 1 for further symbols. 

TABLE 4 

Egg-to-egg period, oviposition period and post-oviposition period of two phytoseiids at 25 ~ C, 55 % 
RH and ample supply of T. urticae eggs 

Egg4o-egg Oviposition Post-oviposition 
(h) (day) (day) 

A. anonyrnus s 183.0" 21.7 21.5 
s 9.0 5.0 10.1 
n 26 15 8 ~ 

A. idaeus 2 168.4" 20.5 24,1 
s 8.5 4.2 14.1 
n 17 15 7 ~ 

aLoss of replicates occurred due to female predators that drowned in the water-soaked cotton wool. 
See Table 1 for symbols. 

respect ively)  which  adds to a s ignif icant  interspecif ic  difference in egg-to-egg 
periods (Table  4) .  

Li[e-table analysis 

In  Table  5 the  survival  rates  and  fecundi ty  rates  of  bo th  phytose i id  species 
are given. No  mor ta l i ty  was observed in the  egg stage and  the  immatu re  stages 
of bot  h species (cf. Table  3 ). 

For  bo th  species, r ep roduc t ion  s tar ts  at  day  7 following egg deposi t ion (Ta-  
ble 5) .  The  fecundi ty  rate  reaches  its peak  on day 8. The  to ta l  reproduct ive  
per iod of  A. idaeus is 33 days, t h a t  of  A. a n o n y m u s  is 6 days longer. Female  
longevi ty  exceeds the  length  of  the  to ta l  oviposi t ion period. 
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T A B L E 5  

Survival rate (la = the probability at birth of being alive at age a) and the fecundity rate (na = the 
mean number of offspring produced by a female of age a) of two phytoseiid species at 25 ~ C, 55% 
RH and ample supply of T. urticae eggs 

a A. anonymus A. idaeus 
(days) 

0 1 0 1 0 
7.33 1 0.18 1 1.38 
7.66 1 0.39 1 2.22 
8 1 5.37 1 3.60 
9 1 2.60 1 2,80 

10 1 2.47 1 2.73 
11 1 2.67 1 2.87 
12 1 2.60 1 2.93 
13 1 2.87 1 2.40 
14 1 2.33 1 2.40 
15 1 2.60 1 2,60 
16 1 2.33 1 2.67 
17 1 2.33 1 2.13 
18 1 2.20 1 2.53 
19 1 2.33 1 2,67 
20 1 2.47 1 2,33 
21 1 2.13 1 2.13 
22 1 2.00 1 1,67 
23 1 2.07 1 1,73 
24 1 1.67 1 1.60 
25 1 1,87 0.93 1.60 
26 1 1.67 0,93 1.53 
27 1 1,40 0,87 1.33 
28 0.93 1,47 0.87 1.07 
29 0.93 1.00 0.87 1.07 
30 0.93 0,60 0.87 0.87 
31 0.93 0.33 0.87 0.60 
32 0.93 0,33 0.87 0.40 
33 0,93 0,20 0.87 0.07 
34 0.93 0.33 
35 0.93 0,33 
36 O,93 0,2O 
37 0,93 0.00 
38 0.93 0.07 
39 0.93 0.07 

S e x  ratio 

A s  l i t t l e  d i f f e r e n c e  w a s  f o u n d  i n  t h e  s e x  r a t i o  o f  t h e  o f f s p r i n g  p r o d u c e d  o n  

s u b s e q u e n t  d a y s ,  t h e  s e x  r a t i o  c a n  b e  r e p r e s e n t e d  b y  a p r o p o r t i o n  f o r  t h e  e n t i r e  
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Proportion of females ( 2 ~ / ( ~ ~ + ~ $ ) ) among the offspring of female predators 
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Conditions 

Crowded Isolated 

A. anonymus proportion daughters 0.54 0.83 
number of eggs 44 53 

A. idaeus proportion daughters 0.58 0.80 
number of eggs 33 52 

Two experiments were performed: 1. Crowded: 20-30 female predators per bean leaf; 2. Isolated: 
female predators were foraging individually on a leaf disc. Both experiments were performed at 
high prey density. 

life-span (Table 6). 
Sex ratios did not differ significantly between species. A strong effect of 

predator crowding on proportion of daughters was found (Table 6). Crowded 
conditions resulted in 1:1 ratios, whereas female-biased sex ratios were pro- 
duced by isolated females. 

As the intrinsic rate of increase is defined as 'the rate of increase per head 
under specified physical conditions and in an unlimited environment where 
the effects of increasing density do not need to be considered' (Birch, 1948), 
we use the sex ratio produced by isolated females for our calculations. The 
crowded conditions of the other experiment are considered as an effect of in- 
creasing density. 

Calculation of life-table parameters 

The number of female offspring produced per female of age a can be obtained 
by multiplying the number of offspring per female of age a (Table 5 ) with the 
sex ratio of the produced offspring (Table 6). The intrinsic rate of increase, 
rm, was calculated using the Lotka equation (see Lotka, 1924 and Birch, 1948). 
Two measures of the generation time and the total fecundity were assessed as 
described by Pielou (1977). The values of those parameters can be found in 
Table 7. 

The net reproductive rate of A. anonymus is slightly larger than  that  of A. 
idaeus, whereas both measures of generation time are shorter for A. idaeus. 
The calculations of the intrinsic rates of increase show tha t  those differences 
tend to outweigh each other, resulting in practically the same rm values for 
both species. 
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TABLE 7 

Life-table parameters of two phytoseiid species (25 ~ C, 55% RH, ample supply of T. urticae eggs) 

rm Ro Tc T 

A. anonyrnus 0.274 40.86 17.76 10.94 
A. idaeus 0.279 38.53 16.98 10.65 

r m ~-~ intrinsic rate of natural increase. Ro = net reproductive rate. Tc = mean age of mothers at birth 
of their daughters (day). T =  mean age of the mothers of a cohort of daughters (day). See Pielou 
(1977) and May (1976) for details of calculation and a discussion on various definitions of gen- 
eration time. 

DISCUSSION 

Several life-history parameters are involved in the calculation of the intrin- 
sic rate of increase. They all have a different impact on the accuracy of rm. 
Sensitivity analyses of the different life-history parameters helps to elucidate 
the accuracy of the established rm. 

A difference of 1/3 day (the actual accuracy of the measurements)  in the 
developmental period (egg-to-egg) results in differences in rm of 0.01 (Fig. 1 ). 
An equivalent difference in rm is obtained by a deviation in the total fecundity 
of 10% (Fig. 2; this is equivalent to about 4 eggs, Table 7). An equal deviation 
in the developmental period results in differences in rm of about 0.025 (Fig. 1 ). 
Since the number of eggs produced will have an error beyond 4 eggs, it is clear 
that  the value of r~ is most affected by the accuracy with which the develop- 
mental times were assessed, indicating that  three measurements per day are 
hardly enough to obtain a reliable estimate of rm. This holds for all phytoseiids 
with similar oviposition rates and developmental periods. Most authors (Ma 
and Laing, 1973; Tanigoshi et al., 1975; Blommers, 1976; Shih et al., 1979) 
calculate rm values with data obtained at longer intervals. It seems hard to 
justify presenting estimates of rm in three decimals, as the authors do. We 
therefore suggest that  sensitivity analyses should be performed when assessing 
values of rm. 

The obtained value of rm is also dependent on bias in the sex ratio. When 
sex ratios measured under crowded conditions were used (Table 6), rm was 
estimated to be 0.235 for A. anonymus  and 0.249 for A. idaeus (cf. Table 7 ). It 
can be concluded that  sex ratios of the offspring of isolated females are to be 
used for life-table analysis. 

According to Hamilton's (1967) sex-ratio theory, isolated ovipositing fe- 
males with sibmating offspring should produce as many daughters as possible, 
or the fewest sons needed to inseminate their daughters. With increasing 
chances of outbreeding, the evolutionary stable sex ratio should tend towards 
0.5. In addition to the evidence presented by Sabelis (1985b), our results show 
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Fig.  1. Sensitivity analysis of the intrinsic rate of increase, rm, for errors in the developmental 
period, Ax (days). A x----0 gives the actual established developmental period; Ax-- - 1 is the meas- 
ured developmental period - 1 day.  

rm 
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Fig. 2. Sensitivity analysis of the intrinsic rate of increase, rm, for errors in the total fecundity, 
ARo. ARo = 1.0 gives the actual measured Ro; ARo = 0.7 is 0.7 • the measured Ro. 

that the female predators are able to control sex ratios of their offspring, re- 
sulting in a female-biased sex ratio under uncrowded conditions, and in a sex 
ratio tending towards 50% under crowded conditions. This trend is consistent 
with the trend predicted by Hamilton (1967). The female-biased sex ratio un- 
der uncrowded conditions implies an increase in numerical response, resulting 



50 

in a higher rate of pest  suppression at the early stages of prey-patch exploita- 
tion, when the number of conspecific competitors are low. 

Comparing the life history data of A. idaeus and A. anonymus with those of 
other phytoseiids obtained at similar temperatures  and on the same prey spe- 
cies shows that  the intrinsic rates of increase are lower than those of Phyto- 
seiulus persimilis (Takafuji and Chant, 1976; Badii and McMurtry,  1984) and 
higher than those of Typhlodromus occidentalis Nesbit t  (Tanigoshi et al., 1975 ). 
The rm of A. idaeus and A. anonymus fall within the range of those of phyto- 
seiids known to control T. urticae (see Sabelis, 1985a for a review). From this, 
it can be concluded that  both A. anonymus and A. idaeus are promising biolog- 
ical control agents. 

The differences in life-history parameters  of A. anonymus and A. idaeus are 
small, indicating that  both species would be equally effective in controlling T. 
urticae. However, as mentioned earlier, there is a large difference in the resis- 
tance to dry conditions (Dinh et al., 1988 ). Future studies should reveal whether 
there are other ecological differences between these closely related phytoseiids. 
Experiments on prey selection in a Y-tube olf'actometer (Sabelis and van de 
Baan, 1983 ) and on two-choice discs (Hoy and Smilanick, 1981 ) are in progress. 
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