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Thee contribution of extrafloral nectar to survival and 
reproductionn of the predatory mite Iphiseius 

degeneransdegenerans on Ricinus communis 

Paull  C.J. van Rijn1'2 & Lynell K. Tanigoshr 

'' University o/Amsterdam, Institute of Biodiversity and Ecosystem Dynamics, Kruislaan 320, 1098 SM 
Amsterdam,Amsterdam, The Netherlands; ' Washington State University, Research & Extension Unit, 1919 NE 78th 

Street,Street, Vancouver, WA 98665, USA 

Abstractt The phytoseüd mite, Iphiseius degenerans (Berlese) is an 
effectivee predator of western flower thrips, Franklinielta occidentalis 
(Pergande)) in Dutch greenhouses. In the Mediterranean area, castor bean. 
RicinusRicinus communis L. is known as a year-round host plant for this predatory 
mite.. On flowering castor bean plants in greenhouses, /. degenerans can be 
foundd in densities of more than 100 per leaf. For this reason, the plant is 
beingg used as a 'banker' plant to augment biological control. It has been 
shownn that pollen produced by the large apical flowers sustains 
reproductionn and development for these mites. The objective of this study 
wass to measure the contribution of the extrafloral nectar of this plant to the 
reproductivee success of this predatory mite. A study conducted at 25 °C in 
thee presence of free water showed that: (1) /. degenerans is unable to 
developp beyond the protonymphal stage when fed only nectar and leaf, (2) 
itss ovipositional rate is higher when pollen is supplemented with nectar, (3) 
itss reproduction ceases within a few days when fed on nectar only, but the 
predatorr can survive for several weeks, and resume oviposition when fed 
pollenn again, and (4) feeding young females for one or two weeks with 
nectarr only extends their longevity with approximately the same period, and 
onlyy slightly diminishes their life-time reproductive potential (R0), as 
comparedd to mites continuously fed pollen. 
Itt can be concluded that extrafloral nectar can provide an important 
contributionn to the population growth and maintenance of /. degenerans on 
R.R. communis, especially in pre- and post-blooming periods. Assuming these 
predatorss are beneficial for the plant in clearing them of herbivorous mites 
andd thrips, this relationship may be regarded as an example of plant-
predatorr mutualism. The combination of pollen and extrafloral nectar makes 
castorr bean an ideal rearing and banker plant for /. degenerans. 
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Inn recent years extrafloral nectaries (EFN) have been recognised as an investment in 
plant-predatorr mutualism. Predators and parasitoids of a plant's herbivores are known to 
bee attracted by these nectaries (Bentley, 1977; Rogers, 1985; Koptur, 1992; Whitman, 
1994)) and in turn provide the plant protection against these herbivores. Plant-inhabiting 
predatoryy mites, especially Phytoseiidae, are important predators of herbivorous mites 
andd thrips (Helle and Sabelis, 1985; chapter 1.2), but have generally been overlooked in 
thee EFN studies, with a few exceptions. Pemberton (1993) reported on predatory anystid 
mitess (Anystis sp.) feeding on extrafloral nectaries of Prunus and Populus species in 
Southh Korea. In addition, Walter and O'Dowd (1995) discussed a laboratory experiment 
whichh showed that the survival of the predatory phytoseiid mite Metaseiulus occiden talis 
(Nesbitt)) on shoots of Viburnum tinus L. clearly decreased when the foliar nectaries were 
excised.. Finally, Bakker and Klein (1993) showed that phloem sap exuded at the petioles 
off  cassava, Manihot esculenta Crantz, has positive effects on the survival of both 
juveniless and adults of the phytoseiid mite Typhlodromalus manihoti Moraes (= T. 
limonicuslimonicus s.1.). Moreover, Bakker and Klein (1992) experimentally showed that the 
presencee of droplets of a similar sugar source (honey) coincided with higher predator 
numberss and lower densities of its prey, Mononychellus tanajoa Bondar, on the cassava 
plant. . 

Onn castor bean, Ricinus communis L. (Euphorbiaceae), several types of EFNTs are 
present:: paired disk-shaped nectaries at the leaf base, one or two nectaries on the upper 
sidee of the petiole, and several on the stem just below the leaf attachments. The nectar 
consistss mainly of sucrose, glucose and fructose in approximately equal amounts, and 
containss at least 14 different amino-acids, albeit in considerably lower amounts than in 
thee phloem sap (Baker et al, 1978). Castor bean has been recognised as a good host 
plantt for plant-inhabiting predatory mites (Acari: Phytoseiidae) and at least 36 different 
speciess have been collected from it world wide (Moraes et al., 1986), including 16 
EuseiusEuseius species and two species found on castor bean only, Euseius ricinus Moraes and 
IndoseiulusIndoseiulus ricini  (Ghai and Menon). The most reported phytoseiid on castor bean in the 
Mediterraneann area is Iphiseius degenerans Berlese (Swirski and Amitai, 1961; Moraes 
etet al., 1986). In the mid-east /. degenerans is commonly present on castor bean plants 
year-roundd (Wysoki and Swirski, 1971). As for most phytoseiid species, /. degenerans 
feedss on herbivores such as spider mites (Eveleigh and Chant, 1981; Skovgard et al., 
1993)) and thrips (Van Houten et al., 1995); arthropod groups that are commonly present 
onn castor bean (Jeppson et al., 1975; Ananthakrishnan, 1984). In addition to these prey, 
thee pollen of castor bean is known to be a good food source for this predator (Ramakers 
andd Voet, 1995). As the pollen-rich male flowers are located at the top of the plant, the 
pollenn becomes readily distributed throughout the plant. Ramakers and Voet (1995, 
1996)) recognised the possibility of utilising the castor bean plant as a rearing and 
'banker'' system for /. degenerans, thereby facilitating the biological control of western 
flowerr thrips on greenhouse-grown sweet pepper (Van Houten and Van Stratum, 1993). 
Theyy also observed that these phytoseiid mites could readily be introduced and 
maintainedd before the pollen or prey was present. The utilisation of extrafloral nectar 
mightt account for this survival, but has not yet been reported for phytoseiids. Moreover, 
feedingg on leaf tissue is a possibility that should be taken into account as well (Porres et 
al.,al., 1976; Grafton-Cardwell and Ouyang, 1996). The aim of our study, therefore, was to 
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unravell  the contribution of pollen, extrafloral nectar and leaf tissue to the reproductive 
successs of/, degenerans on castor bean plants. 

Materiall and Methods 

Mitee cultures 

IphiseiusIphiseius degenerans was originally collected in Morocco by J.M. McMurtry (UC 
Riverside,, CA) and has been reared on various pollens for many years prior to these 
experiments.. In Vancouver the mites were kept in a climate room at ca. 25 °C and 70% 
RH.. The mites were reared on rectangular PVC arenas (35 x 20 cm) placed on top of a 4 
cm-highh foam pad in a larger water-containing plastic utility tray. To provide a water 
sourcee for the mite colony, the edges of the arena were covered with wet tissue paper 
whichh contacted the water barrier in the tray. As additional water sources three strips of 
moistt filter paper (20 x 1 cm) were placed across the arena at equal distances. Sewing 
threadss served as oviposition substrates. Pollen of hazel {Corylus avellana L.) birch 
{Betula{Betula pubescens Ehrh.) was supplied as a food source every other day. New rearing 
unitss were started from eggs which resulted in cohorts with a maximum age variation of 
22 days. 

Experimentall conditions 

Alll  experiments were performed in a climate room at 24.5  1.0 °C, 70  5% RH and 
L:DD = 14:10. Cohorts of /. degenerans were transferred bright green 4 x5 cm PVC 
arenass placed on blocks of 2 cm thick polyurethane foam. A pair of these arenas were 
placedd in a PVC tray measuring 22 x 15 x 4.5 cm, and their edges were covered by wet 
tissuee paper hanging down into the water. /. degenerans frequently walked on the wet 
tissuee paper without escaping from the tray and such mites were regarded as present. A 
blackk cotton thread 1 cm long served as an oviposition substrate and was replaced after 
everyy counting. 

Survivall and oviposition of mites at different combinations of castor bean leaves, 
nectar,, and pollen 

Thee contribution of leaf material, extrafloral nectar and pollen of castor bean to the 
reproductivee success of/, degenerans was measured using young (13 to 19 days-old) 
females.. Four experimental arenas were used for each treatment containing a cohort of 
122 mites on either PVC substrates or the dorsal side of washed castor bean leaves. The 
arenass were kept clean (control) or provided with nectar, pollen or with both. Fresh 
nectar,, scraped from the EFN's with a small plastic card, was provided in two small 
dropletss per arena, and was refreshed every four days. Fresh pollen was added every two 
days.. Initially eggs and females were recorded every 24 h. For treatments that allowed 
continuedd reproduction, the experiments were terminated after 7 days. The other 
experimentss were continued with a bi-daily census until all mites had died. The leaves 
weree refreshed every week. In order to exclude the decline in females due to escapes, 
survivall  was calculated as the product of survival ratios over all previous observational 
intervals.. The ratios were calculated as (N-D)/N, where N is the number of mites present 
att the previous census and D is the number of dead bodies that occurred between two 
censuses. . 
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Lifee history on a diet of castor bean pollen with different intervals of nectar 
feeding g 

Lif ee table studies were performed with replicates of 30 eggs, each less than 5 h old, per 
arena.. Three different treatments were compared in four replicates each. In one treatment 
thee mites were fed castor bean pollen during the entire 70 days study. New pollen was 
providedd every other day. In the other two treatments the mites were transferred to 
arenass with only extrafloral nectar four days after the onset of reproduction (almost 12 
dayss after the start of the experiment). Three small droplets of freshly collected nectar 
weree provided per arena and refreshed every 3 days. In one treatment the mites were 
returnedd to a pollen diet 8 days later; in another 16 days later. Initially, the numbers of 
mitess and eggs were recorded every 12 h. The recording interval was increased to 24 and 
488 h respectively 7 and 12 days after the start of reproduction, but was temporarily 
reducedd to 24 h around the diet transitions. Eggs and dead mites were removed after 
everyy recording. Surviving mites were transferred to clean arenas every 3 weeks. Net 
reproductionn rates (R0) were calculated for each replicate by multiplying survivorship, 
ovipositionall  rate and sex ratio for every recording interval and by adding up these 
productss over time. 

Juvenilee development on castor bean nectar 

Too determine juvenile development on a diet of extrafloral nectar only, 6 cohorts of 12 
larvaee each, 0-5 h after egg-hatch were transferred to and 6 arenas, 3 with a PVC and 3 
withh a leaf substrate, and provided with small droplets of freshly collected nectar. Three 
otherr cohorts were put on PVC arenas without any food to serve as a control, and 3 
cohortss were provided with pollen of castor bean. Every 24 h their life stage 
developmentt and condition was recorded until all juveniles matured or died. 

Resultss and Conclusions 

Survivall and oviposition of mites at different combinations of castor bean leaves, 
nectar,, and pollen 

Whenn female /. degenerans were transferred from a pollen diet to a diet of only water, 
nectarr and/or leaf, their ovipositional rate diminished rapidly, although some eggs were 
stilll  produced up to 6 days after the transition (Fig. la). The total number of eggs 
producedd in this period was only 1 per female when no nectar was present and almost 2 
withh nectar present (Table 1). A much stronger effect of nectar feeding was observed on 
survivall  (Fig. lb). Without nectar 50% of the predators were dead after about 4 days; 
withh nectar the median life span of/, degenerans was prolonged to ca. 30 days (Table 1). 
Thee substrate (plastic or castor leaf) did not have a significant effect on oviposition or 
survivall  (Table 1). 

Onn a diet of castor bean pollen no mortality occurred during the first 7 days, and 
ovipositionn stabilised at a rate of about 1.7 eggs/day. When this pollen diet was 
supplementedd with droplets of extrafloral nectar, ovipositional rate was on average 27% 
higherr (Table 2). 
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Tablee 1 Median longevity and egg production of Iphiseius degenerans after transition to 
aa diet of leaf and/or extrafloral nectar of castor bean (mean + SE)*. Based on 5 replicate 
experiments,, each consisting of c. 18 young females. 

Diet t 
Mediann life span 

(days) ) 
Fecundity y 

(eggs/female) ) 

nonn (control) 
leaf f 
nectar r 
leaff  + nectar 

4.00 4 a 
4.44  0.4 a 
36.88  2.8 b 
34.66  2.7 b 

1.022 2 a 
1.055 4 a 
1.699 +0.17b 
1.733 b 

**  Both effects are significant (ANOVA, p < 0.01). When two values within one column 
aree followed by the same character the means are not significantly different (Duncan's 
multiplee range test,/? > 0.05). 

33 4 

timee on diet (days) 

155 20 25 

timee on diet (days) 

Figuree 1 Oviposition (a) and survival (b) of adult females of Iphiseius degenerans after 
transitionn from a diet of pollen to a diet of only water (o), leaf (D), extrafloral nectar ) 
andd leaf and extrafloral nectar . Based on 5 replicate experiments (each consisting of 
initiallyy c. 18 young females). Pollen, leaf and extrafloral nectar from Ricinus communis. 
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Tablee 2 Ovipositional rate (mean  SE) oflphiseius degenerans after four days on a diet 
off  pollen and/or extrafloral nectar of castor bean (n = number of replicate experiments, 
eachh consisting of 12 females of similar age). 

Ovipositionall  rate* 
Diett (eggs.day'.female') n 
pollenn only 1.73 3 6 
pollenn + nectar 2.17 + 0.22 3 
**  Means are significantly different (Student's Mest, p = 0.025). 

Tablee 3 Effects on survival and reproduction of different intervals of feeding on nectar 
onlyy for females oflphiseius degenerans otherwise fed on pollen of castor bean (mean
SE*).. Based on 4 replicate experiments, each consisting of initially c. 16 females of 
similarr age. 

Interval l 
nectarr feeding Median longevity Gross fecundity Net reproduction (Rn) 
(days)) (days) (eggs/female) (females/female) 
00 44.3 7 a 44.6 6 a 22.5  0.6 a 
88 50.3 +2.6 ab 35.8  1.2 b 18.4  1.2 b 
_166 55.5  1.3 b 35.7  1.2 b 17.5  0.7 b 
**  All effects are significant (ANOVA, p<0.0\). When two values within one column are 
followedd by the same character the means are not significantly different (Duncan's multiple range 
test,/?? >0.05). 

Lifee history on a diet of castor bean pollen with different intervals of nectar 
feeding g 

IphiseiusIphiseius degenerans fed castor bean pollen began reproducing 8 days after their 
oviposition,, reached their maximum ovipositional rate in about 20 days and finished 
reproductionn after 50 days (Fig. 2a). When the females were transferred to a diet of 
nectar,, reproduction dropped to less than 10% within 2 days. When after an 8 or 16 days 
intervall  the mites were fed with pollen again, they promptly resumed reproduction after 
onee day, and within three days their ovipositional rate surpassed that of the control 
group.. Their reproduction period was extended in comparison with the control group 
(Fig.. 2a). 

Duringg the period of nectar feeding no female mortality occurred. Their life span 
evenn increased with the length of the nectar-feeding period; when fed on nectar for 8 or 
166 days the median life span of/, degenerans increased with 7 or 13 days respectively 
comparedd with the control group (Fig. 2b). Although almost no reproduction occurred 
duringg these periods of nectar feeding, lifetime fecundity and net reproduction (Rn) is not 
reducedd in a linear way, as it was compensated at a later age (Table 3). In the control 
experiment,, 95% of R0 was obtained over a period of 32 days. Taking away 8 or 16 days 
wouldd reduce this period by 25 and 50% respectively. Net reproduction however, was 
onlyy reduced by about 20% in both cases. 
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Juvenilee development on castor bean nectar 

Onn a diet of pollen, I. degenerans larvae developed into adults within 5 days. On water 
only,, larvae moulted to the protonymphal stage, but died within a day after moulting. 
Whenn fed nectar, the mites did not develop beyond the protonymphal stage as well, but 
survivedd as protonymphs for about 4 days. The substrate (PVC vs. castor leaf) did not 
seemm to matter. 

00 5 10 15 20 25 30 35 40 45 50 55 60 65 70 

00 5 10 15 20 25 30 35 40 45 50 55 60 65 70 
agee (days) 

Figuree 2 Age-related oviposition (a) and survival (b) of female Iphiseius degenerans 
continuouslyy fed on a diet of pollen , or interrupted for 8 days (A) or 16 days (o) of 
feedingg on extrafloral nectar only. Pollen and extrafloral nectar from Ricinus communis. 
Basedd on 4 replicate experiments (each consisting of initially c. 18 females of similar 
age).. Ovipositional data are smoothed (3-value moving average) beyond the point that 
theyy surpass 1.5 eggs/day. 
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Tablee 4 Reported effects of different sugar sources on the survival and reproduction of 
phytoseiidd mites (A.= Amblyseius, E. = Euseius, I. = Iphiseius, N. = Neoseiulus, 
P.P. = Phytoseiulus, T. = Typhlodromus, Ta. = Typhlodromalus). 

Study* * 
CF60 0 

MS64a a 
MS65 5 
MS66 6 

E-B75 5 
Aea78 8 

BM83 3 

Fea87 7 

J89 9 

ME-S93 3 

Tea93 3 
BK93 3 

Tea94 4 
BOea96 6 

present t 

Predatorr species 
E.E. hibisci/Ta. limon. 

E.E. hibisci/Ta. limon. 
T.T. rickeri 
Ta.Ta. Umonicus 
Ta.Ta. Umonicus 
E.E. hibisci 
T.T. occidentalis 
T.T. rickeri 
A.A. brazilli 
P.P. persimilis 
P.P. persimilis 
P.P. longipes 
P.P. longipes 
P.P. longipes 
E.E. stipulatus 
T.T. phialatus 
E.E. victoriensis 
E.E. victoriensis 
A.A. swirskii 
A.A. swirskii 
N.N. idaeus 
Ta.Ta. aripo 
Ta.Ta. manihoti 
Ta.Ta. manihoti 
E.E. fustis 
E,E, fustis 
I.I. degenerans 

Sugarr source 
honeydeww (aphids) 

honey y 
honeydew w 
nectarr (orange) 
sucrose e 
sucrose e 
sucrose e 
sucrose e 
honey y 
sucrosee 10% 
honey y 
sucrosee 2% 
sucrosee 10% 
honeyy (clover) 
honeydeww (whitefly) 
honeydeww (whitefly) 
sugar r 
honey y 
honey y 
molasses s 
exudatee (cassava) 
exudatee (cassava) 
exudatee (cassava) 
exudatee (cassava) 
exudatee (cassava) 
honeydew w 
EFNN (castor bean) 

Sustained d 
oviposition1 1 

0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Adult t 
survival2 2 

(%) ) 
+ + 

0 0 
65 5 
++ + 
71 1 
63 3 
42 2 
33 3 
70 0 
++ + 
++ + 
+ + 
+ + 

++ + 
95 5 
90 0 
100 0 
100 0 
70 0 
50 0 
+ + 
+ + 
+ + 
40 0 
0 0 
0 0 

100 0 

Juvenile e 
survival l 

(%) ) 

8 8 

20 0 
0 0 
0 0 

0 0 
48 8 

c.50 0 

31 1 
27 7 
0 0 

**  Ashihara et al., 1978; Badii and McMurtry, 1983; Bakker and Klein, 1993; Bruce-
Oliverr et al., 1996; Chant and Fleschner, 1960; El-Banhawy, 1975; Ferragut etai, 1987; 
James,, 1989; McMurtry and Scriven, 1964a, 1965, 1966; Momen and El-Saway, 1993; 
Tanigoshii  et al., 1993; Toko et al., 1994. 
11 0: not different from water;2 survival after 10 days of feeding (% when known; 0: no; 
+:: some; ++: much);3 survival from egg to adult. 

Discussion n 

Thee effects of sugary fluids on development and reproduction of phytoseiid mites 

Thiss study showed that extrafloral nectar is a potentially important food source for 
predatoryy mites. Extrafloral nectar of castor bean is primarily a solution of different 
typess of sugar (mainly glucose, fructose and sucrose), but it also contains small fractions 

134 4 



ChapterChapter 2.3 - Extrafloral nectar as food for predatory mite 

off  amino-acids (predominantly glutamic acid, serine and threonine), inorganic 
compoundss (Baker et al., 1978) and probably fatty acids (Caldwell and Gerhardt, 1986). 
Forr comparison, Table 4 lists life history studies of phytoseiids that contain effects of 
otherr sugar-rich solutions such as honeydew produced by homopterans, floral nectar, bee 
honeyy and even pure sucrose. These studies show similarities with the present study, as 
welll  as some differences. 

ReproductionReproduction and survival 
Noo studies on phytoseiids showed a sustained reproduction on any of the sugar sources 
listedd in Table 4. In some studies, including ours, the first days after the switch to a sugar 
diet,, the ovipositional rate was higher than in the control (only water) (Chant and 
Fleshner,, 1960; McMurtry and Scriven, 1965, 1966). In other studies no effects on 
ovipositionn could be detected at all (Ferrugat et al., 1987; James, 1989). 

Inn all the studies a positive effect on adult survival was observed. For 13 of the 14 
speciess tested no survival was observed after 10 days on water only, whereas in the 
presencee of a sugar source survival ranged from c. 40% for Typhlodromus rickeri 
(Chant)) and Metaseiulus occidentalis (Nesbitt) (McMurtry and Scriven, 1966) to more 
thann 90% for Euseius stipulates (Athias-Henriot), E. victoriensis (Womersley) and 
TyphlodromusphialatusTyphlodromusphialatus Athias-Henriot (Ferrugat et al, 1987; James, 1989). 

Withh respect to the additive effects of a sugar source, Zhimo and McMurtry (1990) 
conductedd an extensive study on the effects of aphids and whitefly honeydew when 
combinedd with other effective food sources {i.e., two spider-mite species and one type of 
pollen)) for three species of phytoseiid mites (see also Table 5). In 16 out of 18 
combinations,, honeydew gave a significant increase in the average oviposition during 11 
days,, ranging from 38 to 59%. This is larger than the 27% we found when combining 
extraflorall  nectar and pollen. When the supply of the primary food source is limited an 
evenn greater effect of the sugar source can be expected (McMurtry and Scriven, 1964b). 

Tablee 5 Reported effects of the addition of sugar sources to a diet of spider mites of 
pollenn on the survival and reproduction of phytoseiid mites. 

Predator r 
Study**  species Addedd sugar source 

Juvenile e 
Basicc diet Ovip.1 survival2 

MS64bb E. hibisci honeydeww (mealybug) 

RS777 A. swirskii honeydew (scale/mealybug) 

ZM900 E. tularensis honeydew (aphid/whitefly) 

E.E. stipulatus honeydew (aphid/whitefly) 

E.E. hibisci honeydew (aphid/whitefly) 

BK933 Ta. manihoti exudate (cassava) 
presentt /. degenerans EFN (castor bean) 

spiderr mites 
pollen n 
spiderr mites 
spiderr mites 
pollen n 
spiderr mites 
pollen n 
spiderr mites 
pollen n 
spiderr mites 
pollen n 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

+ + 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

**  Bakker and Klein, 1993; McMurtry and Scriven, 1964b; Ragusa and Swirski, 1977; 
Zhimoo and McMurtry, 1990. 
11 +: higher oviposition rate when basic diet is supplemented with the sugar source;2 +/0: 
higher/similarr survival from egg to adult when basic diet is supplemented with the sugar 
source. . 
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Development Development 
Feww studies included the effects of sugar solutions on life stage development of juvenile 
predators.. Similar to our study, James (1989) found that E. victoriensis was unable to 
developp beyond the deutonymphal stage on sugar only. In the experiments of El-
Banhawyy (1975), 8% of Euseius brazilli (El-Banhawy) matured on honey only. Ferrugat 
etet al. (1987) found that 20% off. stipulates matured on the honeydew of a whitefly, but 
notnot so for T. phialatus. In all of these cases cannibalism was excluded by isolating mites 
inn individual arenas. In combination with spider mites and pollen, honeydew did not 
affectt developmental rate or juvenile survival of the three predatory mite species studied 
byy Zhimo and McMurtry (1990). McMurtry and Scriven (1964b), however, found a 
higherr juvenile survival and a shorter egg-egg period for E. hibisci when honeydew of 
PlatwcoccusPlatwcoccus citri  (Risso) was added to a diet consisting of citrus red mite, Panonychus 
citricitri  (McGregor). 

AA different result is obtained in a number of recent studies on the effects of exudate 
fromm petioles of cassava (Bakker and Klein, 1993; Tanigoshi et al., 1993; Bruce-Oliver 
etet al., 1996). When fed this food source a much higher proportion of the juveniles were 
ablee to reach maturity than reported in any of the studies mentioned above: 48% for 
TyphlodromalusTyphlodromalus manihoti (Bakker and Klein, 1993), c. 50% for Typhlodromalus aripo 
Dee Leon (Bakker and Klein, 1993) and 31% for Euseius fustis (Pritchard and Baker) 
(Bruce-Oliverr et al., 1996). Only for Neoseiulus idaeus Denmark and Muma no mites 
maturedd on cassava exudate (Bakker and Klein, 1993). The four phytoseiid mite species 
testedd so far occur naturally on cassava. It is unknown if these relatively high maturity 
ratioss can be attributed to an adaptation of those predatory mites to their host plant, or to 
featuress related to the host plant, such as micro-organisms in the phyllosphere. The total 
amino-acidd content is not higher in exudate from cassava (on average 0.07% dry weight, 
Pereiraa and Splittstoesser, 1987) than in extrafloral nectar from castor bean (0.19% dry 
weight,, Baker et al., 1978), but the composition of the two exudates can still be different. 

Mostt studies implicitly assumed that mites surviving on a sugar source were still able to 
reproducee when encountering a better food source, without ever testing this assumption. 
Ashiharaa et al. (1978), however, showed that Phytoseiulus persimilis Athias-Henriot that 
hadd been fed on honey for 35 days, regained their normal ovipositional rate after 6 days 
off  feeding on two-spotted spider mites. In addition, our study showed that after a period 
off  nectar feeding young females of /. degenerans quickly resumed oviposition when 
offeredd a better food source such as castor bean pollen and, moreover, were still able to 
realisee a high life-time reproduction. The period that the mites arrested reproduction and 
survivedd on nectar can thus be regarded as a period of quiescence (cf Danks, 1987). 
Thesee abilities of phytoseiid mites to conserve the full reproductive potential are also 
observedd after periods of total food deprivation (or with access to water only), as shown 
forr Amblyseius bibens Blommers (Blommers and Van Arendonk, 1979) and P. persimilis 
(Tablee 24 in Sabeiis, 1981) and N. idaeus (Megavand and Tanigoshi, 1995). The surplus 
valuee of extrafloral nectar or other sugar sources (relative to water), is that the period of 
quiescencee can be much longer without additional mortality. 

Predatorr maintenance 

Accordingg to Wysoki and Swirski (1971) I. degenerans nymphs and adults, but 
predominantlyy adults, could be found on castor bean plants in Israel even during autumn 
andd winter, without the occurrence of reproductive diapause (Van Houten et al., 1996). 
Inn periods when the plants are flowering, the phytoseiid population can rapidly build-up 
byy feeding on pollen and nectar. On a diet of castor bean pollen the intrinsic rate of 
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increasee (rm) is estimated to be 0.18 day'1 (chapter 2.2). When nectar is available as well, 
thee rffl-value is expected to increase to 0.22 day', assuming that the total fecundity of/. 
degeneransdegenerans is not affected. Part of the season small arthropod herbivores (such as spider 
mitess and thrips) will be available to feed on. During other periods (autumn and winter) 
however,, these food resources will usually be scarce. As shown in this study, the 
presencee of extrafloral nectar might make an important contribution to the survival of the 
phytoseiidss during these particularly poor periods, and might in some cases be crucial to 
alloww year-round persistence of/, degenerans populations on castor bean plants. 

Evolutionaryy consequences 

Thee potential year-round maintenance of predatory phytoseiids on individual plants may 
havee specific consequences for the evolution of plant-predator mutualism. Under this 
condition,, the individual plant does not have to compete with other plants for the 
predatorss present, but can maintain an independent population of bodyguards on its 
surface.. Investments in mutualism are now expected to benefit the individual plant more 
thann its competitors. Consequently, selection for an increase in mutualistic investments is 
expected,, e.g. in the quality of nectar and pollen that satisfy the needs of the predator 
moree closely. 

Onn the predator's part of this relationship, (co)adaptations in feeding behaviour, 
dietaryy and developmental physiology are expected that improve year-round population 
maintenance.. Whereas several phytoseiid species are known to locally exterminate their 
preyy and then proceed to disperse in search of new prey patches (Sabelis and Van der 
Meer,, 1986), these oligophagous predators can survive on extrafloral nectar and sustain 
theirr wait for new prey to arrive. The lower local reproduction in this case might 
counterbalancee the risk of not finding a suitable food source in time. The relatively high 
survivall  on extrafloral nectar and the low tendency to disperse by /. degenerans may be 
symptomaticc of such a 'sit-and-wait' strategy, but comparative experimental work is 
neededd to validate this hypothesis. 

Practicall implications 

lphiseiuslphiseius degenerans is commercially employed as a natural enemy for the biological 
controll  of thrips, such as the western flower thrips, Franklinieila occidentalis 
(Pergande),, in greenhouse crops (Van Houten and Van Stratum, 1993). The relatively 
highh population growth rates of this predator on pollen and nectar of castor bean and the 
longg adult survival on nectar makes castor bean an ideal rearing system for this predatory 
mite,, as has been shown by Ramakers and Voet (1995, 1996). Since EFN are already 
presentt on the cotyledons (Zimmerman, 1932) the predator can be introduced on very 
youngg castor bean plants, but without additional food they will not numerically increase 
untill  the plant starts flowering. By growing castor bean plants in greenhouses, cultures of 
/.. degenerans can easily be maintained year-round. With proper timing of planting and 
trimming,, predaceous mites, up to several hundreds /. degenerans per leaf can be 
obtainedd when needed without having to rear herbivorous prey (Ramakers and Voet, 
1995).. Moreover, Ramakers and Voet (1996) have shown how castor bean can be used 
ass banker plants for /. degenerans in sweet pepper. In this case the mites disperse 
continuouslyy into the crop, but at the same time maintain a population on the flowering 
castorr bean plant for several months. 

Otherr crops (such as cotton, sunflower, bean and Prunus species) have EFN 
themselves,, and these might be used to support biological control as well. By selecting 
genotypess with (higher) nectar production, populations of predatory mites such as /. 
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degeneransdegenerans can be introduced onto the crop at an earlier stage, are expected to be more 
persistent,, and will consequently provide better prospects for the biological control of 
ubiquitouss thrips and spider mites. 
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