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Abstract Gardenia jasminoides and Rosa chinensis are

economically important horticultural plants in China.

Frankliniella occidentalis and Thrips hawaiiensis are

serious coexisting pests that previously demonstrated

opposite population trends on G. jasminoides and R. chi-

nensis flowers. To further study the different performances

between F. occidentalis and T. hawaiiensis, we investi-

gated their population dynamics in the field (for 5 years)

and their life history characteristics on the two flowers in

the laboratory. In the field, the density of F. occidentalis

was lower than that of T. hawaiiensis on G. jasminoides but

was higher than that of T. hawaiiensis on R. chinensis.

Under laboratory conditions, F. occidentalis showed sig-

nificantly slower development, and lower survival and

fecundity levels than T. hawaiiensis on G. jasminoides, but

the opposite was true on R. chinensis. Significant differ-

ences in the net reproductive rate (R0) between F. occi-

dentalis and T. hawaiiensis were observed, with respective

values of 38.66 ± 2.85 and 47.91 ± 2.70 on G. jasmi-

noides, and 55.64 ± 2.15 and 32.45 ± 2.16 on R. chinen-

sis. The intrinsic rates of increase (rm) of F. occidentalis

and T. hawaiiensis were 0.156 ± 0.008 and

0.198 ± 0.007, respectively, on G. jasminoides, and

0.172 ± 0.003 and 0.165 ± 0.002, respectively, on R.

chinensis. Thus, the performances of both thrips with

respect to population size in the laboratory were in accor-

dance with those in the field, suggesting that the innate

capacity for insect population increases may directly

impact their population dynamics in fields. Thus, the

population performance of different thrips species on

flowers is species-dependent, which could be exploited in

thrips control programs by breeding pest-resistant cultivars.
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Key message

• Frankliniella occidentalis and Thrips hawaiiensis are

important pests of Gardenia jasminoides and Rosa

chinensis, which are economically important horticul-

tural plants in China.

• Reasons for the different F. occidentalis’ and T.

hawaiiensis’ population dynamics associated with

flower species are unknown.

• The F. occidentalis population developed faster and

was larger on R. chinensis, while the same was true for

T. hawaiiensis on G. jasminoides in the laboratory.
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These performances were in accordance with their field

performances, suggesting that the innate capacity for

population increases of insects is linked closely with

their population dynamics in the field.

• The population performance of different thrips species

on flowers is species-dependent, which could be

exploited in thrips control programs.

Introduction

The western flower thrips [F. occidentalis (Pergande)]

(Thysanoptera: Thripidae) was described in 1895 from

specimens collected in California, USA. Since the 1970s,

its known habitat has been extended to different parts of the

world, and it is distributed on six continents: Asia, Europe,

North and South America, Africa and Oceania. It has

become the dominant thrips species in most areas in which

it has invaded (Morse and Hoddle 2006; Reitz 2009). A

wide range of crop plants are attacked by F. occidentalis,

and damage to crops is caused either directly by feeding

and oviposition or indirectly by the transmission of plant

viruses, such as Tomato spotted wilt virus and Impatiens

necrotic spot virus (Whitfield et al. 2005). Consequently, it

has become an economically important agricultural pest

worldwide (Kirk and Terry 2003; Reitz 2009; Reitz et al.

2011). In China, F. occidentalis was first identified in

Yunnan Province in 2000, and was subsequently reported

in northeastern China on field-grown pepper, Capsicum

annuum L. (Solanales: Solanaceae), in 2003 (Zhang et al.

2003). Since then, the species has spread rapidly to other

areas of China and has caused serious economic losses in

several provinces (Lu et al. 2011).

Thrips hawaiiensis (Morgan) is a common flower-in-

habiting thrips species widely distributed in Asia (Mound

and Kibby 1998). Reports of damage caused by this species

in Asia range from Iran (Manzari and Golmoham-

madzadeh-Khiaban 2000) to Japan (Murai 2001), and south

to Malaysia (Aliakbarpour and Salmah 2011). In addition,

the occurrence of the species in France (Reynaud et al.

2008), Spain (Goldarazena 2011), Turkey (Atakan et al.

2015) and other European countries has been reported.

Thrips hawaiiensis has a wide host range and feeds on

flowers of both shrubs and herbaceous plants (Murai 2001;

Childers and Nakahara 2006). Unlike F. occidentalis, T.

hawaiiensis is not known to vector any economically

important plant viruses (Murai 2001). However, due to the

damage inflicted by its oviposition and feeding activities

and undeniable invasive capacity, T. hawaiiensis is

becoming an important agricultural pest globally with the

expansion of international trade in fresh flowers, fruits, and

vegetables (Murai 2001; Wu et al. 2014).

Frankliniella occidentalis and T. hawaiiensis often

coexist on cultivated and wild host plants (Yuan et al.

2008), and in Guizhou Province, China, especially on

flowers of commercially important plants, such as R.

chinensis Jacq. (Rosales: Rosaceae) and Tagetes erecta

L. (Asterales: Asteraceae) (Huang et al. 2009). The two

species share many ecological niches and biological

characteristics, such as a similar body size, short life

history and preference for feeding on plant flowers

(Murai 2001; Morse and Hoddle 2006). Thus, it is rea-

sonable to assume that they compete for food resources.

A better understanding of the biological attributes of F.

occidentalis is important to determine its potential to

spread and cause damage, as it continues to invade new

areas. Life-history characteristics are important factors

that contribute to an organism becoming a successful

invader (Mound 2005; Morse and Hoddle 2006). How-

ever, efforts to better understand the population dynamics

between F. occidentalis and T. hawaiiensis on different

hosts have been hindered by a lack of comparative bio-

logical data.

The flower industry is very dynamic in China and it has

the potential to produce billions of dollars in annual

economic benefits. Because of their high ornamental and

landscape values, R. chinensis and G. jasminoides J. Ellis

(Gentianales: Rubiaceae) are both economically impor-

tant horticultural plants in the flower industry and are

widely planted in China. In Guizhou Province, China,

these two plant species are usually planted in the same

greenhouse/flower base under shared nutritional condi-

tions. Thus, F. occidentalis and T. hawaiiensis share these

two host plants and can be found coexisting on the

flowers, simultaneously causing damage to both of the

plants’ flowers (Huang et al. 2009; Yuan et al. 2010).

However, these two pest species had different population

dynamics on R. chinensis and G. jasminoides flowers, for

reasons that are not understood because of the lack of

information on their development, reproduction and other

data of life-history characteristics.

The goal of our study was to address this gap in data by

evaluating the rates of population growth of F. occidentalis

and T. hawaiiensis on flowers of different hosts and the

population dynamics of both species on flowers of G.

jasminoides and R. chinensis. Field studies were conducted

in cultivated fields in China from 2012 to 2016. In addition,

the life-history characteristics on flowers of the same two

plants were measured in the laboratory. These basic data

will improve our understanding of the population devel-

opment and dynamics of F. occidentalis and T. hawaiiensis

on different hosts. These data will facilitate the design of

effective measures for the control of different thrips pests

on the flowers of horticultural crops.
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Materials and methods

Investigation of the population dynamics of thrips

in the field

From 2012 to 2016, we investigated the population

dynamics of F. occidentalis and T. hawaiiensis on flow-

ers of G. jasminoides and R. chinensis at three sites

(Yongle Township, 26�33051.6100N, 106�47011.1400E;
Yunguan Township, 26�33059.2400N, 106�43024.6000E; and
Xiaobi Township, 26�3401.5400N, 106�43029.2900E) in the

Naming area of Guiyang, Guizhou Province, China. The

three sites share a subtropical mild and humid climate.

During our sample periods, the mean daily rainfall varied

from 106 to 190 mm, mean daily relative humidity varied

from 65 to 76%, and mean daily temperature varied from

17 to 26 �C. Chemical control (Chlorpyrifos, Abamectin

and Spinosad were used alternately during our investi-

gation, particularly in June and July of each year) was

used for thrips management at the sample sites. Thus,

these insecticides could significantly suppress both thrips

populations, and less thrips were observed on the two

flower species after insecticide applications during our

sampling period. Field sampling was done from 1 May to

31 August in each year, during the early, middle and late

periods of each of the 4 months. At each location, pests

were sampled using the five-point sampling method, and

each sampling area was *400 m2. First, the center of the

diagonals of the sampling field was fixed as one of the

points, and the length of each diagonal was *30 m.

Second, four other points were selected from the diago-

nals at equidistance from the center point (Wang et al.

2013). Two plants of each host (G. jasminoides and R.

chinensis) were selected at each location, and two flowers

from each of the lower, middle and upper portions of

each plant were sampled to count the number of adults of

F. occidentalis or T. hawaiiensis present. The adult thrips

on the surface of sample flowers were firstly collected

individually into a plastic tube (50 ml) with 75% ethanol

using a fine brush. Then a white plastic plate

(30 cm 9 30 cm) was used to hold the thrips from the

inner flowers before beating the whole flower and all the

resulting thrips were also put into plastic tubes with

ethanol by the brush. All of these adult thrips in the tubes

were taken to the laboratory for species identification

under a microscope. In addition, the sampled flowers

were also taken to the laboratory to allow eggs in tissues

to hatch, and the resulting nymphs to develop until adult

emergence. These reared adult thrips were counted and

included in the evaluation of F. occidentalis and T.

hawaiiensis densities.

Investigation of population development of thrips

in the laboratory

Source of insects and plants

Frankliniella occidentalis and T. hawaiiensis adults were

collected from various host plant species in the Guiyang

area of Guizhou Province, China, and were used to estab-

lish laboratory colonies. The two independent colonies

were continuously reared for more than five generations on

green bean pods, Phaseolus vulgaris L. (Fabales: Legu-

minosae), in plastic containers (20 cm 9 14 cm 9 9 cm)

with snap-on lids (Cao et al. 2014). The containers were

kept in a climate-controlled room at 25 ± 1 �C, 70 ± 5%

RH and a 14:10 h L:D photoperiod.

Flowers of G. jasminoides and R. chinensis were used in

the experiment. The plants were grown in greenhouses in

the nursery of the Department of Biology and Engineering

of Environment, Guiyang University, Guizhou Province,

China. The greenhouses were maintained free from insect

pests by covering vent openings with insect-proof netting,

and plants were cultivated without application of pesti-

cides. Flowers at anthesis with intact petals were collected

from the G. jasminoides and R. chinensis plants for the

laboratory experiments.

Thrips development and juvenile survival

Flowers of G. jasminoides and R. chinensis were placed

separately in plastic containers (20 cm 9 14 cm 9 9 cm)

with snap-on lids. A group of 100–120 female and male

adult thrips was placed in each container for 24 h to allow

oviposition (Cao et al. 2014). As soon as the eggs hatched,

the newly emerged nymphs were placed on fresh flower

disks as described by Gaum et al. (1994) and van Rijn et al.

(1995) with modifications. Briefly, 100 flower disks con-

taining a flower petal (*2 cm diameter) were created, with

one nymph placed on each flower disk. Test flower disks

were replaced with fresh disks daily until the thrips reached

the adult stage. Developmental stage, from first instar

nymph to adult, was observed daily and juvenile survival

was assessed every 12 h. Given that eggs are laid inside the

flower tissue and are not visible, the egg’s developmental

period was determined by recording the passage of time

until the appearance of nymphs, but egg mortality could

not be determined (van Rijn et al. 1995; Zhang et al. 2007).

Dead individuals of any developmental stage were not

included when calculating the average developmental time

at a specific stage. The various immature instars were

identified by the method of Zhang et al. (2007). The

experiments on F. occidentalis and T. hawaiiensis were
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carried out separately, each with three replications (for a

total of 300 nymphs of each thrips species on each flower).

Thrips reproduction

Measurement of thrips reproduction was done as described

by Zhang et al. (2007). For each treatment, 30 pairs of

newly emerged female and male adults were collected and

each pair was placed in a glass cylinder (40 mm diame-

ter 9 50 mm height) containing a fresh G. jasminoides or

R. chinensis flower petal (one couple per cylinder as a

replicate), with three treatments (for a total of 90 pairs).

The two ends of the glass cylinder were sealed with par-

afilm membrane to prevent thrips from escaping. The

flower petals were changed daily and the replaced petals

were individually transferred to Petri dishes (40 mm

diameter) containing moist filter paper to prevent the des-

iccation of eggs and flowers, and the lids were sealed with

parafilm. The adult survival was recorded daily. All of the

Petri dishes were examined to determine the number of

eggs that hatched daily throughout the lifetime of each

female. The offspring were reared to adults using the

methods described above, and the numbers of female and

male offspring recorded to estimate their sex ratio.

Life tables

Life tables were constructed in accordance with the

methods of Birch (1948) and Nielsen et al. (2010). Life

table parameters, including the net reproductive rate (R0),

the intrinsic rate of increase (rm), the finite rate of increase

(k), the generation time (T) and the doubling time (DT),

were calculated from the previously described data on

survival rates and fecundity (Nielsen et al. 2010; Wang

et al. 2016a). Their formulas are as follows:

R0 ¼
X

lxm x ; ð1Þ

rm ¼ lnR0

T
; ð2Þ

T ¼
P

lxmxxP
lxmx

; ð3Þ

k ¼ erm and ð4Þ

DT ¼ ln 2

rm
ð5Þ

where x represents the time interval in units per day; lx
represents the survival rate of any one individual during the

time x, which is the survival probability in a specific time;

and mx represents the average number of female offspring

produced by each female thrips. This value was calculated

using the observed female oviposition rate and the sex ratio.

Statistical analyses

Data were analyzed using SPSS software (version 18.0;

SPSS, Chicago, IL, USA). Student’s t tests were used to

test the significance of differences (P\ 0.05) in develop-

mental time, survival rate, male and female longevity, pre-

oviposition period, oviposition period, post-oviposition,

fecundity, oviposition rate, sex ratio of the offspring, R0,

rm, k, T and DT between F. occidentalis and T. hawai-

iensis. Data were checked for normality and homoscedas-

ticity before being analyzed.

Results

Population dynamics of thrips on flowers of G.

jasminoides and R. chinensis

Field sampling data showed that the F. occidentalis’ pro-

portion of the total thrips (for the two species) was lower

than the T. hawaiiensis’ proportion on G. jasminoides

flowers (Fig. 1a), while the opposite trend in the population

proportions of the two thrips was found on R. chinensis

flowers (Fig. 1b).

On G. jasminoides flowers, more T. hawaiiensis were

observed than F. occidentalis. The respective numbers of

F. occidentalis from 2012 to 2016 were 2643, 2864, 1856,

1484 and 1555, whereas the respective numbers of T.

hawaiiensis were 5731, 5352, 6536, 4126 and 4827.

On R. chinensis flowers, the population proportion of F.

occidentalis increased but that of T. hawaiiensis decreased.

The respective numbers of F. occidentalis from 2012 to

2016 were 6486, 5082, 6719, 4413 and 5463, whereas the

respective numbers of T. hawaiiensis were 3715, 1908,

1297, 689 and 808.

Development and population growth rates of thrips

in the laboratory

Development

On G. jasminoides flowers, the total developmental time

from egg to adult of F. occidentalis was significantly

(P\ 0.05) longer by about 1 day compared with that of T.

hawaiiensis (Table 1). The longer time to reach the adult

stage was caused by the longer first instar, second instar

and pupal stages (P in all cases\0.05). On R. chinensis

flowers, the developmental time from egg to adult of F.

occidentalis was shorter than that of T. hawaiiensis

(P\ 0.05). This difference reflected the shorter egg, first

instar, second instar, prepupal and pupal periods of F.

occidentalis (P in all cases\0.05) (Table 1).
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No significant difference was observed between the total

developmental times from egg to adult for F. occidentalis

on G. jasminoides versus R. chinensis flowers, and no

differences among any of the developmental stages were

observed on the two host species. For T. hawaiiensis, the

developmental time from egg to adult was shorter on

flowers of G. jasminoides than on R. chinensis flowers,

which reflected the shorter egg, second instar, prepupal and

pupal periods on G. jasminoides flowers (P in all cases

\0.05) (Table 1).

Survivorship of immature stages

Given that the eggs developed within the plant tissues

where their direct observation was not feasible, only the

survival of first instars, second instars, prepupae, and pupae

of each thrips species were recorded. On G. jasminoides

flowers, both thrips species showed identical survival per-

centage of 95.00% for first instars, and no significant dif-

ferences in survival for second instars, prepupal or pupal

stages (P in all cases [0.05) (Fig. 2a). Given that the

survival percentage of F. occidentalis was slightly lower

than that of T. hawaiiensis at all developmental stages, the

total survivorship of immature stage of F. occidentalis

(74.33 ± 1.00%) was significantly (P\ 0.05) lower than

that of T. hawaiiensis (80.67 ± 1.40%) after emergence.

On R. chinensis flowers, the survival of immature F.

occidentalis (82.67 ± 1.53%) was significantly higher than

that of T. hawaiiensis (69.67 ± 1.53%). This difference

was due to the higher survival percentage of first and

second instars (P in all cases\0.05) (Fig. 2b).

Adult longevity and reproduction

On G. jasminoides flowers, the longevity of F. occidentalis

adult females (28.72 ± 0.85 days) was significantly

(P\ 0.05) longer than that of T. hawaiiensis

(22.24 ± 1.24 days) (Table 2). Similar results were

observed for the longevities of adult males, with

11.61 ± 1.45 days observed for F. occidentalis compared

with 9.48 ± 1.25 days for T. hawaiiensis (P\ 0.05),

which were less than half of the respective adult female

longevities. The oviposition period was more than 5 days

longer in F. occidentalis (P\ 0.05). However, no signifi-

cant differences were observed in pre- and post-oviposition

periods of females between the two thrips species (both

P[ 0.05). On R. chinensis flowers, female longevity of F.

occidentalis was about 5 days longer than that of T.

hawaiiensis, while male longevity was about 3 days longer

in F. occidentalis (both P\ 0.05) (Table 2). The oviposi-

tion period of females was also significantly longer in F.

occidentalis (P\ 0.05). Although no significant differ-

ences in the pre-oviposition and post-oviposition periods

were found between females of the two species (both

P[ 0.05), the pre-oviposition period was shorter in F.

occidentalis than in T. hawaiiensis, while the post-ovipo-

sition period showed the opposite trend.

The longevity of F. occidentalis males on G. jasmi-

noides was significantly shorter than that on R. chinensis

flowers (P\ 0.05), whereas no significant difference in the

male longevity (P[ 0.05) of T. hawaiiensis on flowers of

the two host plants was observed. The longevity of adult

females, as well as their pre-oviposition, oviposition and

post-oviposition periods on G. jasminoides flowers were

not significantly different from those on R. chinensis

flowers for both thrips species (Table 2).

Fecundity and sex ratio

Generally, the two species of thrips showed similar patterns

of age-dependent fecundity on G. jasminoides and R. chi-

nensis flowers (Fig. 3a–d). The estimated number of eggs

laid per day peaked at *7–10 days after the beginning of
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Fig. 1 Population proportion (%) of the thrips species Frankliniella

occidentalis and Thrips hawaiiensis on flowers of a Gardenia

jasminoides and b Rosa chinensis in the field
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the oviposition period. Adult mortality was initially low,

but survival began to decline sharply after day 33 in F.

occidentalis and day 26 in T. hawaiiensis. The two thrips

species showed different oviposition performances on the

same host species (Table 3). Fecundity was represented by

the number of first instars produced by each female. On G.

jasminoides flowers, no significant difference in lifetime

fecundity between the two species was observed, with

values of 87.74 ± 5.20 per female for F. occidentalis and

91.38 ± 5.76 per female for T. hawaiiensis (P[ 0.05).

However, the oviposition rate of T. hawaiiensis

(5.34 ± 0.12 per female per day) was *1.4-fold higher

than that of F. occidentalis (P\ 0.05). No significant

difference in the sex ratio (P[ 0.05) was observed

between the thrips species. On R. chinensis flowers, the

lifetime fecundity of F. occidentalis (110.02 ± 3.06) was

significantly higher than that of T. hawaiiensis

(80.03 ± 4.48) (P\ 0.05) (Table 3). A significant differ-

ence in oviposition rates was observed between the two

thrips species, with values of 4.48 ± 0.14 observed in F.

occidentalis and 3.95 ± 0.12 in T. hawaiiensis (P\ 0.05).

Meanwhile, the sex ratio of F. occidentalis was

0.60 ± 0.01, which was only slightly higher than that of T.

hawaiiensis (0.56 ± 0.01) (P[ 0.05).

The fecundity and oviposition rate of F. occidentalis

were significantly lower on G. jasminoides flowers than on

R. chinensis flowers (P\ 0.05), while the opposite trends

were observed for T. hawaiiensis (Table 3). Neither thrips

Table 1 Duration (days; mean ± SE) of the developmental stages of the thrips species Frankliniella occidentalis and Thrips hawaiiensis on

flowers of Gardenia jasminoides and Rosa chinensis

Stage Species G. jasminoides R. chinensis t df P

Egg F. occidentalis 2.81 ± 0.05aA (300) 2.77 ± 0.02bA (300) 1.15 1600 0.313

T. hawaiiensis 2.63 ± 0.12aB (300) 2.89 ± 0.04aA (300) -3.81 1600 0.019

t 2.46 -5.29

df 1600 1600

P 0.070 0.006

First instar F. occidentalis 1.84 ± 0.05aA (285) 1.82 ± 0.01aA (287) 0.58 1572 0.592

T. hawaiiensis 1.62 ± 0.06bA (285) 1.56 ± 0.03bA (272) 1.80 1557 0.147

t 5.15 17.06

df 1570 1559

P 0.007 \0.001

Second instar F. occidentalis 2.76 ± 0.04aA (251) 2.71 ± 0.03bA (263) 1.28 1514 0.271

T. hawaiiensis 2.45 ± 0.03bB (259) 3.11 ± 0.03aA (233) -21.35 1492 \0.001

t 7.61 -17.50

df 1510 1496

P 0.002 \0.001

Prepupa F. occidentalis 1.05 ± 0.04aA (235) 1.03 ± 0.02bA (253) 0.57 1488 0.602

T. hawaiiensis 0.99 ± 0.03aB (250) 1.13 ± 0.03aA (218) -6.42 1468 0.003

t 2.14 -5.88

df 1485 1471

P 0.100 0.004

Pupa F. occidentalis 2.06 ± 0.04aA (223) 2.03 ± 0.04bA (248) 0.67 1471 0.539

T. hawaiiensis 1.92 ± 0.03bB (242) 2.15 ± 0.02aA (209) -12.21 1451 \0.001

t 4.34 -4.63

df 1465 1457

P 0.012 0.010

Egg to adult F. occidentalis 10.62 ± 0.13aA (223) 10.44 ± 0.06bA (248) 2.20 1471 0.093

T. hawaiiensis 9.69 ± 0.12bB (242) 10.89 ± 0.06aA (209) -15.67 1451 \0.001

t 9.05 -9.17

df 1465 1457

P 0.001 0.001

Different lowercase letters in the same column and uppercase letters in the same row indicate significant differences (Student’s t test, P\ 0.05);

numbers in parenthesis are live insects at that developmental stage
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species showed significant differences in sex ratio between

the two host flowers.

Life table parameters

The R0, rm, T, k, and DT values were calculated for each

thrips species when feeding on flowers of the two host

species (Table 4). On G. jasminoides flowers, R0 of F.

occidentalis was 38.67 ± 2.85, which was significantly

smaller than that of T. hawaiiensis (47.91 ± 2.70)

(P\ 0.05), whereas R0 was *1.7 times greater for F.

occidentalis than T. hawaiiensis (P\ 0.05) on R. chinensis

flowers. Lower rm and k values, but higher T and DT values

were observed for F. occidentalis compared with those of

T. hawaiiensis on G. jasminoides flowers (P in all cases

\0.05). Significant differences in the values of rm, T, k and

DT between the two thrips species on R. chinensis flowers

were observed; values of rm, T and k were all significantly

higher in F. occidentalis, while the DT value was signifi-

cantly higher in T. hawaiiensis (P in all cases\0.05).

The R0 of F. occidentalis on G. jasminoides flowers was

*0.7 times that on R. chinensis flowers, whereas the R0

value of T. hawaiiensis on G. jasminoides flowers was

*1.5 times that on R. chinensis flowers. Lower rm and k
values, but higher DT values were observed for F. occi-

dentalis on G. jasminoides flowers compared with those on

R. chinensis flowers (P in all cases\0.05), while no sig-

nificant difference in T (P[ 0.05) between the two host

plants was observed. For T. hawaiiensis, higher rm and k
values, but lower T and DT values were observed on G.

jasminoides flowers than on R. chinensis flowers (P in all

cases\0.05).

Discussion

Three important findings arose from the present study.

First, in the field investigation, the population size of F.

occidentalis was smaller than that of T. hawaiiensis on G.

jasminoides flowers, but greater than that of T. hawaiiensis

on R. chinensis flowers. Second, laboratory observations

showed that the population of F. occidentalis developed

faster and was larger on R. chinensis flowers, while the

population of T. hawaiiensis developed faster and was

larger on G. jasminoides flowers. Third, the performances

with respect to population size of F. occidentalis and T.

hawaiiensis in the laboratory were in accordance with their

performances in the field on the two host flowers, sug-

gesting that the innate capacity for insect population

increases may exert an important impact on their popula-

tion dynamics in the field.

Differences in insect population size on different host

plants often reflect differences in their host plant preference

(Wang et al. 2013). Investigation of the population

dynamics of F. occidentalis and T. hawaiiensis in this

study indicated that for F. occidentalis, flowers of R. chi-

nensis were preferred to G. jasminoides flowers, while T.

hawaiiensis showed the opposite preference. In addition,

the insect population dynamics on the host plant often

involves the competition against each other, especially

focused on the displacement of native species by invasive

species (Bellows et al. 1994; Liu et al. 2007; Northfield

et al. 2011). Although F. occidentalis has displaced Thrips

tabaci (Linderman) in Europe (Northfield et al. 2011), and

has been implicated in the displacement of F. intonsa

(Trybom) in Turkey (Atakan and Uygur 2005) and of F.

gemina Bagnall in Argentina (Borbon and Gracia 2006), F.

occidentalis has failed to establish itself as the dominant

species in the eastern United States (Reitz et al. 2003; Paini

et al. 2007; Northfield et al. 2008), being competitively

excluded by the native Frankliniella tritici (Fitch) (Paini

et al. 2008). In the present study, we did not detect dis-

placement between F. occidentalis and T. hawaiiensis, only

opposite trends in the population proportions of the two

thrips species on flowers of the two host plants were
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Fig. 2 Survivorship (%) of the thrips species Frankliniella occiden-

talis and Thrips hawaiiensis on flowers of a Gardenia jasminoides

and b Rosa chinensis. Different lowercase letters above the bars

indicate significant differences (Student’s t test, P\ 0.05)
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observed. However, during our investigation, the sampling

sites shared a subtropical humid climate with rainy days

and high relative humidities, which may have adversely

affected the population development of the thrips. In

addition, chemical pesticides used by flower growers may

also have suppressed the thrips populations in the field

(Wang et al. 2016b). Therefore, to objectively evaluate the

performance of F. occidentalis and T. hawaiiensis in the

field, the influence of weather and pesticide use on the

population development of thrips should be further

investigated.

Similar performances with respect to population size of

the two thrips species were observed in the laboratory

experiment. On G. jasminoides flowers, F. occidentalis

showed slower population development and a smaller

population size compared with T. hawaiiensis, whereas the

opposite trends were observed on R. chinensis flowers.

These results closely reflected the faster development rate,

higher survival and higher fecundity of F. occidentalis on

R. chinensis flowers, and of T. hawaiiensis on G. jasmi-

noides flowers. Thus, the innate capacity for population

growth of thrips may directly affect their population

dynamics in the field, although performance is affected by

additional ecological variables, such as temperature and

photoperiod (Brødsgaard 1994; Chaisuekul and Riley

2005).

Fecundity has an important influence on the population

development of insects. Both F. occidentalis (Kiers et al.

2000; Hulshof et al. 2003; Cao et al. 2014, 2015; Li et al.

2015) and T. hawaiiensis (Cheng 1985; Murai 2001)

showed differences in fecundity on different host plants,

indicating their differential preference for laying eggs. In

Table 2 Pre-, post- and

oviposition periods and adult

longevity (day; mean ± SE) of

the thrips species Frankliniella

occidentalis and Thrips

hawaiiensis on flowers of

Gardenia jasminoides and Rosa

chinensis

Species G. jasminoides R. chinensis t df P

Pre-oviposition/female

F. occidentalis 1.70 ± 0.08aA 1.48 ± 0.06aA 2.20 1157 0.093

T. hawaiiensis 1.31 ± 0.05aA 1.65 ± 0.07aA -1.92 1153 0.128

t 2.14 -1.91

df 1157 1153

P 0.099 0.130

Oviposition/female

F. occidentalis 23.97 ± 2.40aA 24.74 ± 0.29aA -1.99 1157 0.117

T. hawaiiensis 18.29 ± 1.14bA 20.27 ± 0.69bA -2.63 1153 0.058

t 7.87 10.38

df 1157 1153

P 0.001 \0.001

Post-oviposition/female

F. occidentalis 3.02 ± 0.14aA 2.84 ± 0.11aA 1.18 1157 0.304

T. hawaiiensis 2.53 ± 0.06aA 2.74 ± 0.17aA -1.19 1153 0.299

t 3.40 0.53

df 1157 1153

P 0.066 0.624

Longevity/female

F. occidentalis 28.72 ± 0.85aA 29.04 ± 0.50aA -0.57 1157 0.601

T. hawaiiensis 22.24 ± 1.24bA 24.57 ± 1.16bA -2.58 1153 0.061

t 8.34 6.13

df 1157 1153

P 0.001 0.004

Longevity/male

F. occidentalis 11.61 ± 1.45aB 12.41 ± 0.54aA -2.93 1157 0.043

T. hawaiiensis 9.48 ± 1.25bA 9.26 ± 0.62bA 0.82 1153 0.456

t 5.61 37.07

df 1157 1153

P 0.005 \0.001

Different lowercase letters in the same column and uppercase letters in the same row indicate significant

differences (Student’s t test, P\ 0.05)
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the present study, R. chinensis was more suitable for F.

occidentalis reproduction than G. jasminoides, and the

opposite was true for T. hawaiiensis. Thus, each plant

species was a more suitable host for one of the thrips

species. We also conclude that one species has higher

demographic parameters than the other when it feeds on

one type of plant or other. The difference in the perfor-

mances of the two thrips species may be associated with

biochemical differences between the host species, espe-

cially the color, odor and nutritional differences between

the flowers (Vernon and Gillespie 1990; Teulon et al. 1999;

Brown et al. 2003).

The rm value adequately summarizes the physiological

qualities of an animal in relation to its capacity for popu-

lation increase, which is the most appropriate index for

evaluating the performance of insects on different host

plants (Southwood and Henderson 2000; Murai 2001). The

R0 value directly reflects the dynamics of insect popula-

tions (Varley and Gradwell 1970; Zhang et al. 2007). Both

rm and R0 are important indicators of insect population

development and dynamics (Richard 1961; Varley and

Gradwell 1970; Zhang et al. 2007). In the current study, the

rm of F. occidentalis was 0.156 on G. jasminoides flowers,

which was significantly lower than that on R. chinensis

flowers (0.172). The R0 of F. occidentalis on G. jasmi-

noides flowers was likewise significantly lower than that on

R. chinensis flowers. For T. hawaiiensis, a significant dif-

ference in the rm value between G. jasminoides and R.

chinensis flowers was observed, and the R0 value of T.

hawaiiensis was significantly higher on G. jasminoides

flowers than that on R. chinensis flowers. These results

indicated that F. occidentalis showed a stronger innate

capacity for population increase on R. chinensis flowers,

whereas the population increase ability of T. hawaiiensis

was stronger on G. jasminoides flowers. In previous studies

of F. occidentalis, the rm value ranged from 0.51 on

cucumber (Gaum et al. 1994) to 0.017 on capsicum (Zhang

et al. 2007), but it is most commonly in the range of

0.10–0.208 (Brødsgaard 1994; van Rijn et al. 1995; Hul-

shof et al. 2003; Zhang et al. 2007; Li et al. 2015). The R0

Fig. 3 Age-specific survival (lx) and fecundity (mx) of the thrips

species Frankliniella occidentalis and Thrips hawaiiensis on flowers

of Gardenia jasminoides and Rosa chinensis. a F. occidentalis on G.

jasminoides flowers, b T. hawaiiensis on G. jasminoides flowers, c F.
occidentalis on R. chinensis flowers, and d T. hawaiiensis on R.

chinensis flowers
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values of F. occidentalis have ranged from 2.25 to 46.07 on

different host plants (Lowry et al. 1992; Brødsgaard 1994;

Gaum et al. 1994; van Rijn et al. 1995; Hulshof et al. 2003;

Cao et al. 2015; Li et al. 2015). For T. hawaiiensis, rm
(0.037–0.208) and R0 (90.2–375.3) values have also varied

with host plant species (Cheng 1985; Murai 2001). Thus,

food quality may influence the innate capacity for popu-

lation growth of thrips, which may restrict the population

development of F. occidentalis and T. hawaiiensis on dif-

ferent host plants. In addition to host plant quality, differ-

ences in the performances of F. occidentalis and T.

hawaiiensis in different studies, as assessed by the rm and

R0 values, may be attributed to the cultivation conditions

for the host plants, experimental methods and conditions,

and the thrips strains (Nielsen et al. 2010).

Both F. occidentalis and T. hawaiiensis prefer to live

and feed on plant flowers (Mound and Kibby 1998; Murai

2001; Mound 2005), and the color, odor and other qualities

of flowers are attractive to thrips in the field (Vernon and

Gillespie 1990; Teulon et al. 1999; Mainali and Lim 2011).

This preference might be attributable to the more suit-

able nutritional composition of the flowers (Brown et al.

2003), especially the concentrations of aromatic amino

acids that are critical for the development of F. occiden-

talis, as well as pivotal to the nutrition of thrips (Mollema

and Cole 1996; Brodbeck et al. 2001). In addition, this

preference may reflect the presence of pollen in flowers,

which has a positive effect on individual growth and

population development (including rm and R0) of flower-

visiting thrips, as reported for F. occidentalis and F. fusca

(Hinds) (Hulshof et al. 2003; Zhi et al. 2005; Riley et al.

2011). Similar findings have been reported for T. hawai-

iensis, which shows a faster developmental rate and higher

fecundity when fed on tea pollen (Murai 2001) compared

with the present results and those of Cheng (1985) in the

absence of pollen. However, pollen grains differ among

species in adhesiveness, size and nutritional quality (Riffell

et al. 2014). Thus, it may prove difficult to make accurate

generalizations about the influence of pollen on thrips

population growth, as in the results reported by Zhi et al.

(2005), which suggested that apple pollen is less beneficial

than pine pollen or other pollen types to F. occidentalis

(Trichilo and Leigh 1988; Hulshof et al. 2003; Riley et al.

2007, 2011). Given that the influence of pollen was not

investigated in the present study, its effects on population

development in the laboratory and population variation in

the field for F. occidentalis and T. hawaiiensis should be

examined in future experiments.

Frankliniella occidentalis is the most serious pest spe-

cies in the genus Frankliniella, which is widely distributed

throughout the world (Morse and Hoddle 2006). Species

richness and native species are often adversely affected by

interactions with invasive species (Mooney and Cleland

2001). As mentioned above, F. occidentalis performed

different competitive interactions with other coexisting

species. These differences may be attributed to the former

species’ characteristics of invasion capability, pesticide

resistance, host range, transmission of symbiotic viruses

Table 3 Fecundity, oviposition

rate and sex ratios of the thrips

species Frankliniella

occidentalis and Thrips

hawaiiensis on flowers of

Gardenia jasminoides and Rosa

chinensis

Species G. jasminoides R. chinensis t df P

Fecundity (first instar nymphs/female) (mean ± SE)

F. occidentalis 87.74 ± 5.20aB 110.02 ± 3.06aA -6.40 1157 0.002

T. hawaiiensis 91.38 ± 5.76aA 80.03 ± 4.48bB 4.12 1153 0.015

t -2.15 9.58

df 1157 1153

P 0.098 0.001

Oviposition rate (first instar nymphs/female/day) (mean ± SE)

F. occidentalis 3.68 ± 0.17bB 4.48 ± 0.14aA -4.13 1157 0.015

T. hawaiiensis 5.34 ± 0.12aA 3.95 ± 0.12bB 16.02 1153 \0.001

t -9.07 4.95

df 1157 1153

P 0.001 0.008

Sex ratio (females/total) (mean ± SE)

F. occidentalis 0.58 ± 0.01aA 0.60 ± 0.01aA -1.21 1157 0.294

T. hawaiiensis 0.60 ± 0.02aA 0.56 ± 0.01aA 1.77 1153 0.152

t -0.78 2.43

df 1157 1153

P 0.477 0.072

Different lowercase letters in the same column and uppercase letters in the same row indicate significant

differences (Student’s t test, P\ 0.05)
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and other competitive mechanisms, which may influence

its successful invasion, outbreak and competition with

native species (Reitz 2009; Muvea et al. 2015; Wang et al.

2016b; Gao and Reitz 2017), as well as the different cli-

matic conditions in different areas (Grover 1988). In

addition, the success of an invader is determined by its

ability to escape from natural enemies (Mack et al. 2000;

Morse and Hoddle 2006), and flower thrips populations

may be suppressed by native predators (Reitz et al. 2003).

Therefore, the differential population dynamics of the two

thrips species may be affected by the distribution of natural

predators associated with host plant species.

In the present study, each thrips species showed a higher

fecundity on the flowers of a different host species, which

was in keeping with their performance in the field on the

two hosts. However, although Frankliniella bispinosa

(Morgan) is an inferior competitor of F. occidentalis with

regard to adult reproduction, F. bispinosa has established

dominance over F. occidentalis in central and southern

Florida, USA (Northfield et al. 2011). Therefore, in addi-

tion to fecundity, future research should focus on biological

and non-biological factors independently or in concert, to

further clarify different performances between F. occi-

dentalis (invasive species) and T. hawaiiensis (native spe-

cies), which may account for differences between

experimental and field conditions. Furthermore, because

both thrips species have been observed to coexist on veg-

etable and other flower hosts since 2006 in our previous

investigations (Yuan et al. 2008; Huang et al. 2009), the

conditions that would cause the displacement of one of the

species requires further study. In short, the present results

provide useful information for the potential exploitation of

non-chemical control measures. Because the different

performances of thrips on different host plants may

Table 4 Life history

parameters of the thrips species

Frankliniella occidentalis and

Thrips hawaiiensis on flowers of

Gardenia jasminoides and Rosa

chinensis

Species G. jasminoides R. chinensis t df P

R0

F. occidentalis 38.66 ± 2.85bB 55.64 ± 2.15aA -8.23 1157 0.001

T. hawaiiensis 47.91 ± 2.70aA 32.45 ± 2.16bB 5.20 1153 0.007

t -2.92 13.21

df 1157 1153

P 0.043 \0.001

rm

F. occidentalis 0.156 ± 0.008bB 0.172 ± 0.003aA -7.28 1157 0.002

T. hawaiiensis 0.198 ± 0.007aA 0.165 ± 0.002bB 7.64 1153 0.002

t -9.69 3.11

df 1157 1153

P 0.001 0.036

T

F. occidentalis 23.35 ± 1.56aA 23.41 ± 0.21aA -0.34 1157 0.754

T. hawaiiensis 19.56 ± 0.98bB 21.04 ± 0.19bA -4.34 1153 0.012

t 10.86 14.78

df 1157 1153

P \0.001 \0.001

k

F. occidentalis 1.169 ± 0.023bB 1.187 ± 0.004aA -7.30 1157 0.002

T. hawaiiensis 1.219 ± 0.031aA 1.178 ± 0.002bB 7.52 1153 0.012

t -9.51 3.09

df 1157 1153

P 0.007 0.036

DT

F. occidentalis 4.432 ± 0.056aA 4.039 ± 0.072bB 7.43 1157 0.002

T. hawaiiensis 3.509 ± 0.129bB 4.193 ± 0.046aA -8.54 1153 0.001

t 11.24 -3.10

df 1157 1153

P \0.001 0.036

Different lowercase letters in the same column and uppercase letters in the same row indicate significant

differences (Student’s t test, P\ 0.05)
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indicate different host-plant resistances to different thrips

species (Soria and Mollema 1995), breeding pest-resistant

cultivars could be used in thrips pest control programs.
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