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ABSTRACT Studies on the interactions of exotic species with their invaded environment are
imperative in understanding their invasion biology. Larvae of container mosquitoes such as the
invasive Aedes albopictus (Skuse) feed on microorganisms that subsist on allochthonous inputs like
leaves. Ae. albopictus are vectors for many diseases including West Nile virus and are rapidly expanding
their distribution in the United States. We tested the larval performance of Ae. albopictus at different
larval densities in maple, oak, American elm, and persimmon. Survival was significantly lower and days
to pupation were significantly higher with persimmon leaves compared with all others. In a follow-up
experiment, we compared the performance of Ae. albopictus in different amounts of oak and per-
simmon and different ratios of persimmon + oak. The linear model for the growth rate (defined by
larval head width) showed a positive slope as the amount of oak leaves increased in oak treatment,
but there was no significant slope for persimmon. In the persimmon + oak combination, as the ratio
of persimmon to oak increased, the growth rates of the larvae decreased. Lack of a significant slope
for survival rate in combination with the results from the growth rate indicated that persimmon was
a poor nutritional resource for Ae. albopictus.
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Invasion by exotic species has increased in the past
decade (Kolar and Lodge 2001). Successful invasion
mostly depends on how well the invasive species can
adapt to the new environment. Eradicating invasive
species such as Argentinian ant [Linepithema humile
(Mayr) | in the United States has largely been difficult
(Menke et al. 2007), but understanding the interaction
of invasive species with its novel environment may
help in predicting what might limit its range. Argen-
tine ants are invasive in California and have caused
local extinctions of native species. Studies on their
biology and ecology have shown that their distribution
and invasive success is dependent on physical factors
including moisture availability (Menke et al. 2007). In
another study, Hazel et al. (2008) attribute rapid in-
vasion of the polyphagous insect Aleurodicus disperses
(Russell) to larger proportions of exotic plant species
in Seychelles.

Larvae of the invasive mosquito Aedes albopictus
(Family: Culicidae) inhabit natural container habitats
like tree holes, which are cavities in trees filled with
rain water (Kitching 2000). Ae. albopictus are vectors
for arboviruses such as dengue and chikungunya
(Ibanez-Bernal et al. 1997), and West Nile virus has
been isolated from wild-caught Ae. albopictus in the
United States (Turell et al. 2005). Many container-
inhabiting mosquitoes including Ae. albopictus have

1 Corresponding author, e-mail: banu@rci.rutgers.edu.

also adapted to colonize artificial container habitats
including water filled tires and cemetery vases (Vez-
zani 2007). These containers receive nutrients in the
form of allochthonous inputs such as plant and animal
detritus (Yee et al. 2007a). Mosquitoes that colonize
these systems feed on the bacteria, fungi, and protozoa
that colonize these detritus (Merritt et al. 1992). The
type of detritus input is related to the productivity
of the system, which in turn affects interactions among
the different trophic levels (Yee et al. 2007b). Dy-
namics of detritus input affect the mosquito larval
growth in these small container systems. Some leaves
like sugar maple decompose at a faster rate compared
with black oak and therefore support higher larval
growth (Fish and Carpenter 1982). Carpenter (1983)
showed that mosquito larval growth is determined by
the amount of detritus input than inhibitory chemicals
produced by conspecifics larvae. Hence, the commu-
nity structure and the interactions among different
trophic levels are dependent on the external input in
the system.

Aedes albopictus are invasive container mosquitoes
that were introduced into the United States in the
1980s (Hawley et al. 1987), and after the introduction,
they have expanded their distribution to many areas in
the United States (Juliano and Lounibos 2005). Al-
though Ae. albopictus was first recorded in New Jersey
in 1995 (Crans et al. 1996), their abundance and dis-
tribution did not increase significantly until the past 5
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yr (Farajollahi et al., unpublished data). The impor-
tance of external inputs in determining the commu-
nity composition in this small container system is prob-
ably best explained with studies on competitive
interactions between Ae. albopictus and Ae. aegypti.
Ae. albopictus have displaced Ae. aegypti in many areas
in Florida (O’Meara et al. 1995). Competitive superi-
ority over Ae. aegypti is considered to be one of the
important factors facilitating displacement but the
type of detritus in a container determines the outcome
of competition between Ae. albopictus and Ae. aegypti
(Juliano and Lounibos 2005). In an interspecific larval
competition experiment, the negative effects of inter-
specific competition on Ae. aegypti survival was absent
in grass compared with other detritus, whereas Ae.
albopictus survival was not affected by detritus type
(Murrell and Juliano 2008). The importance of detri-
tus type in container mosquito communities has been
explored only recently (Yee et al. 2004, Yee and
Juliano 2006, Kesavaraju et al. 2007), with oak, elm,
grass clippings, pine needles, and insect carcasses be-
ing some of the detritus types that have been studied
(Yee et al. 2007a, Murrell and Juliano 2008).

The common persimmon (Diospyros virginiana L.;
Family: Ebenaceae) is a dioecious tree found primar-
ily in deciduous hardwood forests in the eastern
United States (Iverson et al. 2004). Persimmon trees
are also grown ornamentally, and they are found
throughout New Jersey, especially around the campus
of the Center for Vector Biology campus in Rutgers
University. American persimmon trees are commonly
found in some areas of New Jersey and their leaves
have been collected from containers that were breed-
ing mosquitoes (B.K., personal observations). Mos-
quito larval performances in elm (Ulmus americana
L.), red oak (Quercus rubra L..), and maple (Acer spp.)
have been compared, but there have been no studies
on the mosquito larval performances in American per-
simmon leaves (Diospyros viginiana). Persimmon
fruits are not consumed widely in the Americas, but
horses ingesting too many of these fruits have devel-
oped stomach poisoning (Kellam et al. 2000). Persim-
mon fruits and leaves are used in Japanese cuisine, and
there are several reports on the antibacterial and de-
odorant properties of the tannins in the Japanese per-
simmon (Diospyros kaki L.) (Hara-Kudo et al. 2004,
Gu et al. 2008, Tsurunaga et al. 2008).

Our objectives were to test whether (1) growth and
survival of Ae. albopictus larvae are affected in per-
simmon leaves compared with other leaf types, (2) the
amount of persimmon leaves will increase or decrease
the survival of Ae. albopictus, and (3) supplementing
oak leaves alleviates the negative effects of persimmon
on growth and survival of Ae. albopictus.

Materials and Methods

Aedes albopictus were collected as larvae from cem-
etery vases in Monmouth County and from tires in
Mercer County, NJ. The adults were propagated in
cages and bloodfed with guinea pigs [ Cavia sp. (Erx-
leben), IACUC protocol 86-129D] to obtain eggs. Ae.
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albopictus eggs from the F, progeny were hatched by
immersion in 1 liter of filtered tap water with 0.15 g of
lactablumin and brewers yeast combination (50:50) in
enamel pans for 24 h at 25 = 1°C and a 16:8 D:L cycle.
The first-instar larvae were filtered, counted, and
added to the experiments 24 h after the egg papers
were immersed in the hatching stimulus. The exper-
iments were conducted in 946-ml (32 fl oz) plastic
disposable cups with 400 ml filtered water. Water from
7.6-liter plastic containers that had been naturally col-
onized by mosquitoes at the center for vector biology
campus, Rutgers University, was filtered with a U.S.
standard sieve (no. 100, mesh size 0.0059in; W. S. Tyler
Incorporated, Mentor, OH), and 1 ml of this filtrate
(microbial inoculum) was added to each treatment
cup. The filtration removes macro invertebrates and
detritus but retains microorganisms such as bacteria,
fungi, and protozoa. Microbial inoculums have been
collected and used this way in many experiments on
mosquito communities (Murrell and Juliano 2008).
The center for the vector biology campus is sur-
rounded by trees of multiple species including per-
simmon, oak, elm, and maple. For both experiments,
treatment cups containing leaves, filtered tap water,
and microbial inoculum were prepared 5 d in advance
of first-instar Ae. albopictus larval addition, thus allow-
ing time for microbial productivity (Yee et al. 2007a).
The experiments were conducted at 25 * 1°C and a
16:8 D:L cycle. The cups were monitored daily, and
the emerging pupae were transferred to individual
vials. On eclosion, the adult mosquitoes were sex
typed and dried individually in an oven at 50°C.

Experiment 1. Performance in Different Detritus.
Four leaf treatments, American elm (Ulmus americana
L.), red oak (Quercus rubra L.), Norway maple (Acer
platanoides), and American persimmon (Diospyros
viginiana), were crossed with two larval density com-
binations (20 and 40 individuals), and each combina-
tion was replicated five times resulting in 40 replicated
units. After abscission in the fall, the leaves of each of
the four species were collected from the Center for
Vector Biology campus in Rutgers University. The
leaves were washed and dried in the oven at 50°C for
at least 24 h. To each cup, 0.5 g of leaves was added,
corresponding to the subjected leaf treatment. The
experiment was conducted for 40 d, and the cups were
replenished with 0.5 g of the leaves on the 18th day of
the experiment. Proportion surviving and days to pu-
pation were analyzed with analysis of variance
(ANOVA) and multiple comparisons were corrected
with Tukeys method. Proportion surviving was arcsine
square root transformed to meet the assumptions of
normality and homoscedasticity.

Experiment 2. Performance in Varying Amounts of
Detritus. The performance of Ae. albopictus was tested
in varying amounts of oak and persimmon and a com-
bination of persimmon + oak in different ratios. For
oak treatment, five amounts of oak leaves (0.1,0.2,0.3,
0.4, and 0.5 g) were added. For persimmon treatment,
five amounts of persimmon leaves (0.1,0.2,0.3,0.4, and
0.5 g) were added. For persimmon (P) + oak (O)
combination treatment, four different ratios of per-
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Table 1. ANOVA for the effect of detritus on survival, female days to pupation, and male days to pupation of A. albopictus
Survival Female days to pupation Male days to pupation
Variables -
df F P df F P df F P

Detritus 3 34.86 <0.0001 3 7.40 0.0005 3 10.15 <0.0001
Density 1 12.81 0.0008 1 5.17 0.0283 1 0.38 0.5433
Detritus X density 3 0.27 0.8471 3 1.02 0.3943 3 1.19 0.3263
Error 48 41 42

Significant effects are in bold.

simmon + oak leaves (in grams: 0.4 P + 0.1 0,0.3P +
020,02P + 030, and 0.1 P + 0.4 O) were added
such that amount of persimmon decreases as amount
of oak increases. Each treatment was replicated five
times (oak alone 5 X 5 = 25, persimmon alone 5 X 5 =
25, and persimmon + oak 4 X 5 = 20), resulting in 65
replicated units. The experiment was stopped at 30 d,
and the surviving larvae were frozen at —20°C. The
frozen larvae were later thawed, and head widths were
measured using Image Pro MC Version 6 software
(Media Cybernetics, Bethesda, MD). The wing
lengths of the female adult mosquitoes were measured
using a stereo microscope with Image Pro MC Version
6 software (Media Cybernetics). Proportion surviving
and pupating, larval head width, and adult wing
lengths were analyzed using a linear model (PROC
GLM; SAS 9.1) with amount as a continuous variable
and leaf type as a class variable. Proportion surviving
and pupating was arcsine square root transformed to
meet the assumptions of normality and homoscesdas-
ticity. If the persimmon leaves had any lethal effects,
we predicted a negative slope with proportion of Ae.
albopictus that are surviving in the persimmon alone
treatment. Alternatively, if persimmon leaves are a
poor nutritional resource for Ae. albopictus, we pre-
dicted that the growth rate measured by the head
width of larvae would increase with decrease in per-
simmon leaves in persimmon + oak treatment.

0.7
0.6
0.5 4
0.4 4

0.3 1

Proportion Surviving

0.2 1

0.1 1

Results

Experiment 1. The proportion of Ae. albopictus sur-
viving was significantly different between detritus
(American elm, red oak, maple, and persimmon);
however, larval density and its interaction with detri-
tus were not significant (Table 1). Multiple compar-
isons showed that the proportion surviving was lowest
in persimmon, whereas the proportion surviving be-
tween the other detritus types were not different (Fig.
1). Female days to pupation were different between
detritus type and larval density (Table 1). Male days
to pupation differed only between detritus type but
not larval densities. Furthermore, there was no inter-
action between detritus type and larval density in both
sexes (Table 1). Multiple comparisons showed that
both females and males took a longer time to pupate
in persimmon leaves compared with others (Fig. 2).

Experiment 2. There was no significant interaction
between leaf type (oak, persimmon, persimmon +
oak) and amount (0.1, 0.2, 0.3, 0.4, and 0.5 g) for the
proportion surviving (df = 2, F = 1.57, P = 0.2166),
indicating that the slopes for each leaf type were not
different from each other, but there was a significant
interaction for proportion pupating and head width of
larvae (Table 2). The interaction between leaf and
amount for wing lengths was not significant (df = 2,
F=253,P=0.0891), indicating the wing lengths were
not different among detritus types (mean wing length,

B

American Elm Maple

Fig. 1.
significantly different from each other.

Red Oak
Detritus

Persimmon

Mean * SE proportion of Ae. albopictus surviving in the four detritus types. Means with similar letters are not
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Fig. 2. (a) Mean = SE days to pupation of female Ae. albopictus in the four detritus types. (b) Days to pupation of male

Ae. albopictus in the four detritus types. Means with similar letters are not significantly different from each other.

2.1154 = 0.0286 [SE| mm). Follow-up tests for pro-
portion pupating showed a positive slope for oak, in-
dicating that the number of pupae increased as the
amount of oak leaves increased (Table 2; Fig. 3a).
There was no slope for the persimmon and persim-
mon + oak combination, indicating that the different
amounts had no effect on the proportion pupating
(Table 2; Fig. 3b and c). For head width, oak and
persimmon + oak had a positive slope, but there was
no slope for persimmon (Fig. 3d-f). The positive slope
of oak indicated that the average size of the larvae
increased with increase in the amount of oak leaves.

Table 2. Linear model table and slopes for proportion pupating

and head width

Proportion pupating Head width
Variables -
df F P df F P
Leaf 2 2.58 0.0838 2 6.96 0.0020
Amount 1 3.87 0.0536 1 1.59 0.2127
Leaf X amount 2 3.00 0.0571 2 9.37 0.0003
Error 64 55

Significant effects are in bold.

The positive slope of persimmon + oak indicated that,
as the ratio of persimmon to oak decreased (Fig. 3f),
the size of the larvae increased.

Discussion

Aedes albopictus larval survival decreased and their
developmental time increased in the presence of per-
simmon compared with red oak, maple, and American
elm leaves (Figs. 1 and 2). Fruits and leaves of the
persimmon have high concentrations of tannins,
which could have attributed to low survival of larvae,
but when the amount of persimmon decreased, the
proportion surviving did not decrease, which suggests
that tannins could not have been the cause for the
lower survival. Moreover, oak leaves also have high
tannin content (Shimada and Saitoh 2006), but the
proportion pupating and growth rate (head width) of
larvae increased with increase in oak leaf (Fig. 3). No
difference among the slopes in proportion surviving
also indicates lack of larvicidal effect of persimmon.
Varying amounts of persimmon leaves did not have an
impact on the growth rate of the larvae, but supple-
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Fig. 3. Arcsine squareroot transformed values of mean proportion pupating = SE (a-c). Mean head width (mm) of
larvae = SE (d-f). Oak (a and d), persimmon (b and e), and persimmon + oak (c and f). Oak and persimmon treatments
had five different amounts of leaves (0.1, 0.2, 0.3, 0.4, 0.5). Persimmon + oak treatment were all 0.5 g but in four different
proportions: 0.4 + 0.1, 0.3 + 0.2, 0.2 + 0.3, and 0.1 + 0.4. *Slopes that are significant.

menting oak leaves to the persimmon leaves signifi-
cantly affected the growth rate (persimmon + oak
treatment). Larval growth rate decreased with the
increase in proportion of persimmon leaves to oak
leaves, which showed that persimmon leaves are a
poor resource for Ae. albopictus larvae (Fig. 3f).
Mosquito larvae feed on microorganisms that are
growing in the presence of plant and animal detritus
that fall in to containers (Merritt et al. 1992). Bacterial
productivity is an indicator of the overall microbial
productivity in containers, with fluctuations affecting
mosquito growth and development (Yee and Juliano
2006, Yee et al. 2007a, b). Persimmon extracts reduce
growth of many species of bacteria and hence are
widely used in some cuisines for this antibacterial
property (Hara-Kudo et al. 2004). Although it is pos-
sible, the chances of microorganisms that break down
persimmon leaves being absent in the microbial in-
oculums that were added to the experimental cups is
low because they were obtained from multiple con-
tainers inhabited by mosquitoes. The lack of differ-
ence in larval survival and increase in growth rate with
increase in proportion of oak leaves to persimmon
leaves strongly suggests lower microbial productivity
in persimmon leaves as the causal factor for poor
performance of Ae. albopictus in the presence of per-
simmon leaves. Among the potential plant leaf species
that thus far have been studied, growth and survival of
mosquitoes (including Ae. albopictus) is lowest in oak
leaves (Murrell and Juliano 2008), but our study shows
that growth and survival of Ae. albopictus in persim-
mon leaves is even lower compared with oak leaves.
Because Ae. albopictus is a superior competitor under
low resource conditions compared with other con-
tainer-dwelling mosquitoes, the growth and survival of

other mosquito species should also be lower in per-
simmon.

Importance of external inputs in small container
systems has received considerable attention in the
past decade (Juliano and Lounibos 2005, Yee and
Juliano 2006, Yee et al. 2007a, b, Murrell and Juliano
2008). Leaves were thought to be the important ex-
ternal input until Yee and Juliano (2006) first showed
that animal detritus could also influence the perfor-
mance of mosquitoes. Yee et al. (2007a) showed that
varying proportions of leaf and animal detritus could
influence the performance and in turn competition in
these systems. Murrell and Juliano (2008) showed that
larval performances and the outcome of competition
are dependent on the species of leaf detritus. Our
results show that larval performances and potentially
competition could also be influenced by varying pro-
portions of different species of leaf detritus.

Acknowledgments

We thank L. Mccuiston for colony maintenance; D. Khan
for assistance with the experiments; A. Farajollahi and S.
Healy for helping in collection of Ae. albopictus larvae; and
P. Clayson, M. Nelder, and A. Farajollahi for constructive
comments on the manuscript. Our research was funded by
the New jersey Agricultural and Experimental Station. Pub-
lication D-08-08292-10-09.

References Cited

Carpenter, R. S. 1983. Resource limitation of larval treehole
mosquitoes subsisting on beech detritus. Ecology 64: 219 -
223.



470

Crans, W. J., M. S. Chomsky, D. Guthrie, and A. Acquaviva.
1996. First record of Aedes albopictus from New Jersey.
J. Am. Mosq. Control Assoc. 12: 307-309.

Fish, D., and R. S. Carpenter. 1982. Leaf litter and larval
mosquito dynamics in tree-hole ecosystems. Ecology 63:
283-288.

Gu,H.F.,C.M.Li, Y.J. Xu, W. F. Hu, M. H. Chen, and Q. H.
Wan. 2008. Structural features and antioxidant activity
of tannin from persimmon pulp. Food Res. Int. 41: 208 -
217.

Hara-Kudo, Y., A. Kobashi, Y. Sugita-Konishi, and K. Kondo.
2004. Antibacterial activity of plants used in cooking for
aroma and taste. J. Food Protect. 67: 2820-2824.

Hawley, W. A., P. Reiter, R. S. Copeland, C. B. Pumpuni, and
J.G.B. Craig. 1987. Aedes albopictus in North America:
probable introduction in used tires from northern Asia.
Science 236: 1114-1116.

Hazel, S. T., T. Vel, and M.D.E. Fellowes. 2008. The role of
exotic plants in the invasion of Seychelles by the poly-
phagous insect Aleurodicus dispersus: a phylogenetically
controlled analysis. Biol. Invasions 10: 169-175.

Ibanez-Bernal, S., J. P. Murtebi, E. Argot, and G. Rodriguez.
1997. First record in America of Aedes albopictus natu-
rally infected with dengue virus during the 1995 outbreak
at Reynosa, Mexico. Med. Vet. Entomol. 11: 305-309.

Iverson, L. R.,M. W. Schwartz, and A. M. Prasad. 2004. How
fast and far might tree species migrate in the eastern
united states due to climate change? Global Ecol. Bio-
geogr. 13: 209-219.

Juliano, S. A., and L. P. Lounibos. 2005. Ecology of invasive
mosquitoes: effects on resident species and on human
health. Ecol. Lett. 8: 558-574.

Kellam, L. L., P. J. Johnson, J. Kramer, and K. G. Keegan.
2000. Gastric impaction and obstruction of the small in-
testine associated with persimmon phytobezoar in a
horse. J. Am. Vet. Med. Assoc. 216: 1279 -1281.

Kesavaraju, B., D. A. Yee, and S. A. Juliano. 2007. Interspe-
cific and intraspecific differences in foraging preferences
of container-dwelling mosquitoes. J. Med. Entomol. 44:
215-221.

Kitching, R. L. 2000. Food webs and container habitats. The
natural history and ecology of Phytotelmata. Cambridge
University Press, Cambridge, United Kingdom.

Kolar, C. S., and D. M. Lodge. 2001. Progress in invasion
biology: predicting invaders. Trends Ecol. Evol. 16: 199
204.

Menke, S. B., R. N. Fisher, W. Jetz, and D. A. Holway. 2007.
Biotic and abiotic controls of Argentine ant invasion suc-
cess at local and landscape scales. Ecology 88: 3164 -3173.

JOURNAL OF MEDICAL ENTOMOLOGY

Vol. 46, no. 3

Merritt, R. W.,R. H. Dadd, and E. D. Walker. 1992. Feeding
behavior, natural food, and nutritional relationships of
larval mosquitoes. Annu. Rev. Entomol. 37: 349 -376.

Murrell, E. G., and S. A. Juliano. 2008. Detritus type alters
the outcome of interspecific competition between Aedes
aegypti and Aedes albopictus (Diptera: Culicidae). J. Med.
Entomol. 45: 375-383.

O’Meara, G. F., L. F. Evans, A. D. Getman, and J. P. Cuda.
1995. Spread of Aedes albopictus and decline of Aedes
aegypti (Diptera: Culicidae) in Florida. J. Med. Entomol.
32: 554-562.

Shimada, T., and T. Saitoh. 2006. Re-evaluation of the rela-
tionship between rodent populations and Acorn masting:
areview from the aspect of nutrients and defensive chem-
icals in Acorns. Populat. Ecol. 48: 341-352.

Tsurunaga, Y., T. Matsumoto, T. Kurahashi, K. Mochida, Y.
Suzuki, and H. Itamura. 2008. Functional component
contents in mature leaves, young shoots, and adventitious
shoots of Japanese persimmon ‘saijo’. Food Sci. Technol.
Res. 14: 62-66.

Turell, M. J.,D.]. Dohm, M. R. Sardelis, M. L. O’Guinn, T. G.
Andreadis, and J. A. Blow. 2005. An update on the po-
tential of north American mosquitoes (Diptera: Culici-
dae) to transmit west Nile virus. J. Med. Entomol. 42:
57-62.

Vezzani, D. 2007. Review: artificial container-breeding
mosquitoes and cemeteries: a perfect match. Trop. Med.
Int. Health 12: 299-313.

Yee, D. A.,and S. A. Juliano. 2006. Consequences of detritus
type in an aquatic microsystem: effects on water quality,
micro-organisms and performance of the dominant con-
sumer. Freshwater Biol. 51: 448-459.

Yee, D. A., B. Kesavaraju, and S. A. Juliano. 2004. Interspe-
cific differences in feeding behavior and survival under
food-limited conditions for larval Aedes albopictus and
Aedes aegypti (Diptera: Culicidae). Ann. Entomol. Soc.
Am. 97: 720-728.

Yee, D. A., M. G. Kaufman, and S. A. Juliano. 2007a. The
significance of ratios of detritus types and micro-organism
productivity to competitive interactions between aquatic
insect detritivores. J. Anim. Ecol. 76: 1105-1115.

Yee, D. A., B. Kesavaraju, and S. A. Juliano. 2007b. Direct
and indirect effects of animal detritus on growth, survival,
and mass of invasive container mosquito Aedes albopictus
(Diptera: Culicidae). J. Med. Entomol. 44: 580-588.

Received 6 November 2008; accepted 25 February 2009.






