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It is well established that the proper num-
ber of preparasitic or infective stage nema-
todes of Romanomermis culicivorax Ross
and Smith, 1976 (Reesimermis nielseni auct.
partim.), a biocontrol agent of mosquitoes,
need to be released into the mosquito larval
habitat, for successful control. Thus Petersen
and Willis (1970) demonstrated in the la-
boratory that exposure of a larval population
to more than three times its number of pre-
parasites makes for high incidence of para-
sitism. Percentage parasitism was shown to
be higher at a host density of 0.7 than at
the density 2.0 and 2.9 (Petersen, 1973a).

The present paper deals essentially with
the results of experimental infection. Host
and parasite were exposed to one another
in varying numbers and densities. The data
were analyzed to evaluate the effect of the
host densities and the ratio of parasite to
host on the percentage parasitism. The host-
finding behaviour of the nematode population
is also discussed.

Materials and Methods

Cultures of R. culicivorazx used in this study
were kindly supplied by Dr. J. J. Petersen,
Gulf Coast Mosquito Research Laboratory,
Agricultural Research Service, USDA, Loui-
siana, USA. Culex pipiens molestus Forskal
from a laboratory colony served as the host
mosquito. In all tests, known numbers of
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early second instar larvae were placed toge-
ther with the preparastic nematodes hatched
five hours previously, in the plastic con-
tainers measuring 12X 20 cm which were filled
with 720 ml of distilled water. The con-
tainers were kept in the room at 25C and
given a continuous light aeration. Number
of preparasitic nematodes were determined
by means of a stereoscopic dissecting micro-
scope, or by the method of Petersen and
Willis (1970). The finely ground powder of
commercial mouse-food ‘were given as the
food of mosquito larvae at quantity of 4 mg
per larva on the first day.

Six groups of 24 (density 0.1/cm?) to 768
(density 3.2) C. p. molestus larvae were ex-
posed to 8 groups of 24 to 3072 preparasitic
nematodes. The actual combinations of host
and parasite groups are indicated in Table
1. All the experimental infections were re-
peated from two to four times, depending
on larval density. Ninty-six hours after
exposure, the larvae were separated and dis-
sected under a dissecting microscope. The
number of parasitic nematodes recovered
from each larva was recorded.

An additional series of exposure (paralleled
by an uninfected control) was undertaken at
a larval density of 0.4. These were kept
untill the pupation of the uninfected hosts,
150 mg of food being provided each day. The
number of postparasitic nematodes hatched,
the number of larvae paraitized, the number
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Table 1 Effect of host density and number of parasites exposed, on the proportion
of larvae parasitized (P), mean number of nematodes per host (m)
and the survival rate of preparasitic nematodes (s)

No. of larvae

No. nematodes exposed

(density) 24 48 9 192 384 768 1,53 3,072
P 0.1 0.18 0.59 0.29 1.0
24(0.1) m 0.1 0 0.8 1.2 2.6
s 0.1 0.1 0.2 0.15 0.16
P 0.12 0.17 0.33 0.81 0.98 1.0
48(0.2) m 0.11 0.17 0.37 1.14 1.76 6.08
s 0.22 0.17 0.19 0.28 0.22 0.38
P 0 0.11 0.15 0.51 0.9 1.0 1.0 1.0
96(0.4) m 0 0.11 0.15 0.63 1.6 4.2 6.04 15.14
s 0 0.22 0.15 0.31 0.4 0.52 0.37 0.47
P 0.02 0.14 0.33 0.7 1.0 1.0 1.0
192(0.8) m 0.02 0.14 0.41 1.03 2.2 4.4 12.45
s 0.08 0.28 0.41 0.52 0.55 0.55 0.77
P 0.02 0.16 0.31 0.4 0.56 1.0
384(1.6) m 0.02 0.16 0.33 0.5 0.72 2.75
s 0.08 0.32 0.33 0.25 0.18 0.34
P 0.08 0.12 0.24 0.28 0.93
768(3.2) m 0.08 0.12 0.24 0.34 2.34
s 0.32 0.24 0.24 0.17 0.58
of larvae pupating and the number of larvae ] 08 04 02 01
died during the observation periods were
recorded. s
]
Results :
The proportion of larvae parasitized (P) % ‘
and the mean number of parasites per ex- g
posed host (m) are given in Table 1 by the 2
combination of the host densities and the st - ) ) ) ) )

number of preparasites applied. As the
number of preparasitic nematodes increased,
so did the percentage parasitism following
a pattern of sigmoid curves through the six
different densities of host. When the per-
centage parasitisms were transformed to
probit values (Y) and were plotted against
the ratio of preparasite to host on the X-axis
in the logarithmic scale, there were liner
relationships observed (Fig. 1), except at the
host densities of 1.6 and 3.2 in which the
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Fig. 1 Relationships between percentage para-
sitism in probit and the ratio of preparasite to
host in log, for each of the host densities,
0.1~0.8, examined.

regression lines did not show a good fitness.
The regression equations and the ratio of
parasites to hosts which is required to give
95 % parasitism (PRys values) were calculated
as follows; when the density is
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Fig. 2 Relationships between the mean number
of parasites (m) and the variances (v) in log.
Dotted line illustrates the randomness.

2.0 M

1.0
Fig. 3 Relationship between the proportions
of larvae parasitized (P) and the mean number

of parasites per host (m). Dotted line shows
the expectation from Poisson distribution.

0.1, Y=2.48log X+3.59 PR¢=16.9

0.2, Y=2.78log X+4.23 7.3
0.4, Y=2.83log X+4.35 6.5
0.8, Y=2.66log X+4.67 5.5

PRos value was 16.9 at the host density of
0.1 and it decreased as host density increased
up to 0.8.

The mean number of parasites (m) was
greater than its variance (v); and the rela-
tion between m and v is shown in Fig. 2,
together with a broken line representing
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randomness in the spatial distribution of the
nematodes. The points plotted lay towards
the X-axis. This implies that the frequency
distribution of the parasites in mosquito
larvae is regular or represents under-disper-
sion.

The value m increased as the proportion
of larvae parasitized (P) increased for each
of the host densities as shown in Table 1.
The correlation between m value and P was
highly significant. Fig. 3 shows P value
equal to m at less than P=0.15, and their
increased exponentially. The abscissa
Fig. 3 shows the mean numbers and ordinate
the proportions of larvae parasitized. So
that m may be estimated from P or wvice
versa. The incidence by Poisson distribution
is also plotted with a broken line in Fig. 3.
Where the frequency distribution of infec-
tion per host was fully random, the P value
is to be expected ; for this broken line inci-
dence will be 1—e™.

in

However, the formula
P=1—e" (a and b being constant) was
derived from the present results. By esti-
mating the parameters a and b, the follow-
ing formula was obtained.
P:l—e‘1~31m1'23

The two parameters being greater than 1.0,
this suggests also that the distribution pat-
tern of the parasite population in its habitat,
the host population, signifies under-disper-
sion. There were, however, some exceptions,
e.g. the 0.2 larval density exposed to 768
parasites (i. e. a parasite-host ratio of 16: 1),
and 0.4 and 0.8 larval density for those ex-
posed to 3072 (i.e. ratio 32 and 16 respec-
tively). These three were excluded from
the above calculations and graphs, for a few
larvae survived even at day four due to
heavy infections. As far as the survivors
were examined, m values were quite high;
and the variances were greater than m.

The survival rate of nematodes or recovery
rate (s), which is the proportion of nema
todes recovered from mosquito larvae to the
nematodes introduced to the habitat, fol-
lowing the formula; s=m x No. larvae
exposed/No. preparasitic nematodes intro-

duced.
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Fig. 4 Relationships between the survival rate
of nematodes and host densities, for six different
" parasite population.

DeaTHs IN THE
EARLY STAGE

PosT-PARASITC NEMAS

8
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15% 3072

12 384 768
No. oF PREPARASITES EXPOSED

0 ) 96
Fig. 5 The effect of the number of preparasitic
nematodes on the pupation, and mortality in
the early stage, for 96 mosquito larvae.

Values for s are in Table 1. The survival
rates increased with host density rose in
general. However the highest survival rate
‘was recorded at host density 0.8 throughout
6 different preparasitc populations, with the
exceptions of lowest two nematode popula-

tions. This was irrespective of the ratio of
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preparasite to host, as shown in Fig. 4.
The larval mortality and the number of
larvae emerging post-parasitic nematodes
were observed for the series of larval density
0.4. Ninetysix percent of the larvae were
survived and pupated, the remaining 4%
dying, during the early larval instars of an
unexposed control population (Fig. 5). Al-
though some larval populations exposed to
the lower densities of nematodes give similar
results, the mortality increased as the number
of parasites increased. This was particularly
so for those larvae exposed to preparasitic
nematodes with very high ratio. All the
larvae were dead within two to five days in
the case of exposure to 3072 nematodes (i.e.
ratio 32) and no post-parasitic nematodes
were found but more than 15 nematodes
were dissected from a single dead larva.

Discussion

It has been pointed out that both larval
density and the ratio of preparasites to hosts
at the time of exposure are important factors
in determining the percentage parasitism
(Petersen 1973 a, b, and Chen 1976). These
authors used first instar larvae of C. quin-
quefasciatus as the host, and estimated the
percentage on the day that pupation of the
uninfected controls commenced. Therefore,
their data cannot be directly compared with
those presented here. However, if appears
generally the rule that higher levels of para-
sitism occur at higher densities it the ratio
is same (where the range is below 0.8).

Effects of the two factors on the rate of
parasitism were expressed using log-probit
analysis. The regressions show the incidence
of parasitism increasing as the ratio of pre-
parasite to host (at the time of exposure)
increases. The dosage of preparasitic nema-
todes needed to preclude mosquito breeding
is easily approximated from Fig. 1; and can
be calculated, using the above formulae, for
the various larval densities. The higher
dosage of nematodes induced the higher
mortality of mosquitoes.

However, where the preparasitic nematode



densities become very high relative to those
of the host, recycling of the nematodes in
the habitat may be interfered. Host larvae
and parasitic-stage nematodes were also elim-
inated when the preparasitic nematodes out-
numbered the host population by 32 times.
Chen (1976) also observed that with a ratio
of up to 15 times, the number of nematodes
harvested was lower compared with 10 times
and 7.5 times ; he assumed that some of the
hosts were killed by overdosing with pre-
parasitics. It seems overdose easily induces
the parasitism more than the load of host
and that the host simply cannot withstand
an overdose of parasitic R. culicivorax, which
invariably causes the early death of all mos-
quito larvae. This is, of course, disadvan-
tageous with respect to the establishment of
nematodes in a given area.

The survival rate of nematodes was also
effected by host densities. The parasites
must be more active than their host and the
probability of contact of preparasitics to host
increase when the host is abundant ; yet, the
survival rate declined beyond the host den-
sity 0.8 without respect to the ratio of pre-
parasite to host, except where extremely
small numbers (e. g. 24-48 nematodes) were
introduced into container. There would be
an optimum host density for preparasitic
populations in the general environment. By
way of contrast, the high density of the host
larvae (above 0.8), may effect protection from
the attack of the parasites.

In a previous paper (Kurihara, 1976) it
was shown that the rate of parasitism was
lower when the caged larvae were held at
an edge or two specific locations than when
the caged larvae were dispersed over more
than three locations, though the same num-
ber of larvae and nematodes were exposed.
Then, a host population heavily parasitized
14 hours previously were hardly infected at
all when it was exposed to the infective
parasites. This type of behaviour of the
preparasitic nematodes was also evident from
the present study. Two parameters of the

b ..
formula P=1—e™" indicated more than 1.0,
and the mean values were greater than the
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variances. This confirmed that the distribu-
tion pattern showed neither over-dispersion
nor random but under-dispersion. These re-
sults give the general impression that the
parasite distributes widely in the water with
lack of aggregation, and each of the nema-
tedes moving randomly through a rather
limited area offering the possibility of host
discovery.

The relationship of m and P values was
slightly altered when the calculation was ap-

plied to the previous paper. pP=1—e tom "
was given for larvae exposed more than 4
days. This almost resembles the equation
of P=1—e™, where larvae were exposed for
six hours only. Though the m values are
a good prediction of percentage parasitism,
it will be necessary to secure confirmations
from field populations.

Summary

The numerical relationships between an
experimental population of Romanomermis
culicivorax, and its host population, Culex
pipiens molestus have been studied. Intro-
dncing the infective stage nematodes to
second instar larvae in various combination
permitted the incidence of parasitism to be
examined. Regression analysis on the rela-
tion between percentage parasitism and the
ratio of preparasite to host indicated that
the ratio resulting in the high incidence of
parasitism varies with host density. The
ratios attained 95 % parasitism or PRys values
were decreased as host density rose, up to
the density 0.8/cm?. Extremely high ratios
of preparasites to larvae proved unfavourable
to the recycling of the nematodes in the
habitat, due to early death of the host with
consequent inhibition of parasite develop-
ment. The proportion of parasites recovered
from host to the preparasites exposed to the
host increased with increase of the number
of host larvae, and the trend was revised
when the host density reached 0.8 for most
of the parasite densities. Parasite distribu-
tion in mosquito larvae appeared to represent
an under-dispersion.
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s EHEiEE Romanomermis culicivorax MEFDBIXFHATH ~D
FEEZRHIER L ICHABOEGEBOBFRIZONT

TR
(FERAFEFHF LR FHE)

Romanomermis culicivorax 1%, $ShHBIZEHFAEL,
BERETHEAT, ATHICTHE L T o RKEF SRR
PFTARAVEHIN TS, —EEORYLS) b ik
2t LT EEHESRWE, BFEROEEDSZ & ZA]
W OER1976) iz L L7chs, = D#%EE LRy im
FHOFEEY SESERELTTEARDET, FAERL,
BEBROAREL R L.

0.1~0.8/cm? 0 4 Bz S FFEEL 8 BEFE o RRYLSh
hRER (22 TIRBES R b ok TREh
TW3R) OEAEDLEDRPEERDORER, FERLE
EROMicERERFERMELR, ThitX2T, &
BEZLIC B %D FAERE2 57D HEER PRy &
KHBZLNTE. PRes DERBENEE 31220
TET L. ThbbdbhnwkETHERNRTES. &
BEEL.6 & 3.2 TIIEBENE 8 2L 4 fE0BIcAKICHE
ERVEED, Bdo & 5 RERERTZ Shin.

BYegh O EERICH L TE LI SHEE (AE
WE), TRTOBENBEOFELZIT T, FHnd
HLIZHRLTLEY, FEEZLIBBLEETE 2.
ZDZ LI OO BRICTITE T LT L1225, Kk
ThAIAERBLRAFENICESE ST TEFERZL VKR

EEBZERITIEFE N TNV,
BENBRLICSHY OEHFEE m &, ZoghE
DEERP LOMIC, P=l—e OMEELERDL
7o, TNERETAZLICEY, m OEEZKRDT, P
BEEOHRWETHILNTES. ZOEK a L
bIX1XVKTHY, - mOFHOMEIIm LY/
W, ZDZErb, TOFERDOFEIHANTOSMIL,
— MDD BIEPRIOSMHEL L B LHRShD. R
Y As, BECEAER ST EE BT CREREOEE
EROBEFDOD bbNELELONDS. £ OEYEE
BT, BEHOREMEECRET 2ETLAEL LD T
FIRm O TSR, TR EIXER Y BEFRICFIBT 3
DITIFMEREEHEE L L LV XD,
TBEDEEL, —EROBYLHITHL, BEEAIC
BABECHITIHE s 2 bXLL TS, BEEE
DEESE, sELVEES. LrLEEOS THAD s
ER % B, THLLETIIHIC s MET Liz. 4ok
DRGSR RVT, TOFEHMI—ELTWS. &{x
HEO0.81%, AMADEERR - BACEEREETH
Y, FZZhX WV BWEEDNRERIE, AHLOTE%2E
EFTZLDLEEND.
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