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Abstract

Empty and live oothecae of P. americana found in houses were separately
sampled to determine natural parasitism levels of the two oothecal parasites
E. appendigaster and T. hagenowii. When a quarter of the live oothecae at a
site was removed and sampled for 12 months, T. hagenowii was found to be
the dominant parasite with a mean parasitism level of 30.5 %, compared to
E. appendigaster with a parasitism level of 8.1 %. When all the empty oothecae
were removed from the same sites and sampled in the following 12 months
the two oothecal parasites gave equal levels of parasitism, where each species
parasitized a third of the total oothecal population. When from two separate
sites either empty or live ootheoae were removed concurrently, parasitism
levels obtained were similar to those recorded when each type of ootheca was
removed from the same sites but in two different years. The study indicates
that the removal of even a quarter of the live P. americana oothecae, which
represents a sampling method with no replacement has adverse effects on
E. appendigaster populations as compared with T. hagenowii. The adverse
effect on E. appendigaster populations due to a sampling method with no
replacement stems from the low fecundity of this species together with the
habit of laying a single egg in an oothecae that yields only a single parasite at
emergence.

1. Introduction

The American cockroach, Periplaneta americana (L) (Diotyoptera
Blattidae) is a well known household pest the world over. The control of this
pest using insecticides has generally not been successful because of its habit
of sheltering beneath wooden floors, manhole covers and other similar places
not easily accessible to the applicati~n of insecticides. .

The possibility of controlling P. americana using its natural enemies has
been consideredsince 1925by several workers. Cameron (1952) has listed 26
species of parasites of P. americana. Cameron (1952)and Roth &Wills(1954,1960)
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in particular, worked on the general biology oftwo of the oothecal parasites of
P. americana, Tetrastiehus hagenowii (Ratz) (Hymenoptera : Eulophidae)
'and Evania appendigaster (L) (Hyrnenopters : Evaniidae). Their studies
revealed a natural parasitism level of 0-68% by both E. appendigaster and
T. hagenowii. Studies on the oothecal parasites of Periplaneta americana
were initiated in Sri Lanka at the University of Sri Jayewardenepura in
the mid-I 970s. (Gamalath, 1980)

A preliminary survey conducted in Sri Lanka by Kumarasinghe" revealed
only the two above mentioned oothecal parasites of P. americana in Sri Lanka.
Further studies on the biology of these parasites revealed that T. hagenewii
has an ability to parasitize the immature stages of E. appendigaster inside the
oothecae (Kumarasinghe and Edirisinghe, 1987) Investigations into the role
of E. appcndigaster and T. hagenowii in the control of P. americana began with
a study of the incidence of natural parasitism in houses harbouring cockroa-
ches. To determine the level of natural parasitism of the two parasites sam-· .
pIing by the removal of live P. americana oothecae was carried out for a period
of 12 months. Results of this sampling procedure showed that the level of
parasitism by E. appendigaster was very low and in fact reached zero levels
as sampling continued. No such effects were shown by T. hagenowii which
always showed a higher level of parasitism. It was suspected at this stage that
the removal of live oothecae during sampling was exerting an adverse effect
on the population of E. appendigaster and therefore a different method of
sampling based on empty oothecae was employed during the following year.

This paper reports the variation in the natural level of parasitism of the
two oothecal parasites of P. americana in three regions of Sri Lanka, obtained
by sampling live and empty oothecae,

2. Materials and Methods.

A total of six sites, two dwelling houses (separated by about 200 m) each
in three regions or towns, Aluthgzma, Pita Kotte and Gangodawila * in the
low country wet zone Sri Lanka were chosen for sampling. At each sampling,
the interior of the entire house (floor area 150 m2) was carefully searched for
oothecae both concealed (inside cupboards and containers) and unconcealed
(on floors, walls and ceilings).

P. americana oothecae were sampled using two methods. In the first
method live or unhatched oothecae were sampled i.e. oothecae that showed
no evidence of either cockroach or parasite emergence. Every fourth ooth-

. ecae found at {l site was removed and brought into the laboratory. Removal
of a quarter of the total number of live oothecae in this manner (leaving three
quarters intact) was assumed to have the minimum effect on the remaining
parasite population, and at the same time represent a sample size sufficiently

• Gangodawila is within 400m of the laboratory,
Pita Kotte is about Skin to the North and Aluthgama about SOkm to the SOuth.
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large .to give an accurate estimate of the level of parasitism. In the labo-
ratory the live oothecae that werecollected were kept separately in glass vials
until emergence of nymphs or parasites and were then recorded as been un-
parasitized. or parasitized by E. appendigaster or T. hagenowii. The level of
parasitism by each of the parasites for the collected sample was then calculated
and extrapolated to the entire live oothecal population.

In the second method, empty or hatched oothecae were sampled i.e.
oothecae bearing emergence holes made either by cockroach nymphs or adult
parasites. All the empty oothecae found at a sampling site were removed
and brought into the laboratory, These oothecae were then recorded as either
parasitized by T. hagenowii if a small emergence hole (diameter 0.25 mm) was
observed, or as parasitized by E. appendigaster if a large emergence hole (dia-
meter 3.20 mm) was present, or as unparasitized if a split was seen along the
seam of the ootheca.

, .
With each method sampling was carried out once a month for the period

between oviposition and emergence, both for P. americana and for each of its
parasites, is approximately four weeks (Kumarasinghe, 1984) This sampling fre-
quency ensured that each generation was sampled once only. Sampling using the
two methods had to be carried out in two separate years, since the nature of the
two sampling methods does not permit the use of both methods concurrently
at the same sampling sites. Hence, the first method of sampling was employed
for 12 months during the year1980 and the second method for 12 months during
1981, for the same six sites from the three towns. Thereafter, the two sam-
pling methods were employed concurrently by having separate sites (about
500 m apart) for the two methods in only two of the three towns, namely,
Aluthgama and Gangodawila. Of a total of six sites in Aluthgama and two
sites in Gangodawila the first method of sampling was used at three of the
sites at Aluthgama and one of. the sites at Gangodawila. At the remaining
three sites atAluthgama and one site at Gangodawila the second method
was employed. In this manner sampling using both methods was carried out
concurrently once a month for five months from March - July 1982.

The levels of parasitism obtained were statistically analysed using either
the t-test or were subjected to an analysis of variance.

3. Results

When empty oothecae were sampled in 1981 a higher overall level of
parasitism was obtained than when live oothecae were sampled in 1980, at the
same six sites (Table I), On examination, of the level of parasitism in 1980
by each of the parasites separately, it was evident that, it is T. hagenowii which
contributes significantly (four-fold) to the overall level of parasitism. How-
ever, in the following year the two parasites had contributed equally towards
the total level of parasitism.
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Table l-L~vel ofparasitismof P. allluiclI7!J~,th~cae, obtained by using a different
method ofsamplingeach year in the three regions.

Parasite % Parasitism X - S.E. (range)

(year and method of
sampling) Overall Aluthgama Pita Kotte Gangodawila

E. appendigaster •.. 8.1 + 12.5 9.1 + 5.1 a 10.8+ 9.2b 4.3+ 4.4 c
(19£0-liveoothecae) (0 -16.7) (0 .-26.7) (0-9.9)

T.hogenowii '" 30.5+22.5 31.8+ 8.6 d 31.2+13.9d 28.4+ 9.7g
(1980-emptyoothecae) (16:7-45.0) (0.48.5) (JI.I~50.0)

E.oppendtgaster 29.6+16.6 33.5+ 6.6f 28.7+ 9.3g 25.9+ 4.4h
(1981-emptyoothecae 20.7-43.3) 21.2-44.8) (0-'36.8)

T.hagenowii '" 31.9+17.2 25.8+ 6.li 30.4+ 11.2j 39.7+7.0k
(1981-emptvoothecae) 14.2-32.9) (15.3-46.7) (29.8'--50.3)

122,0.05 = 1.72

Mean valuesfollowedby differentlettersindicate significantdifferenceat P = 0.05

In each town too a similar trend was observed (TableJ) where in 1981
with the second method of sampling similar mean levels of parasitism for both
parasites were recorded while in 1980 comparatively higher levels of para-
sitism by T. hagenowii only was recorded with the first method.: Thus T.
izagenowiiconsistently showed a higher monthly level of parasitism in all
three regions when the first method was employed (Figs. J, II and III). while
E. appendigaster on the contrary showed very low levels of parasitism in-

. eluding zero levels. However, in 1981 when the second method of sam-
pling was used at the same sites in the three towns, E. appendigaster gave com-
paratively high levels of parasitism particularly in the month of July in
Aluthgama (Fig. IV) and Pita Kotte (Fig. V) and in April at Gangodawila
(Fig. VI), with no zero levels of parasitism been recorded.

When the monthly levels of parasitism obtained by the two methods were
subjected to an analysis of variance a significant difference due to (a) methods
(year) was obtained for E. appendigasterand not for T. hagenowii (b) Months
for T. hagenowii and not for E. appendigaster (c) Regions (R) for E. appen-
digaster and not for T. hagenowii (d) Method x Months for T. hagenowii and
not for E. appendigaster (e) :Months x Regions for T. hagenowii and not for
E. appendigaster (Tables II and III). None of the remaining interactions were
significantly different.
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Fig: I Variation. In monthly levels of Parasitism of P. omericono obtained by sampling live
oothecae at Aluthgama.
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TableU

Analysis of variance of percent parasitism by E. appendigaster obtained
using a different method of sampling each year.

SV DF SS MS F

Methods (year)(M) 1 4.44 4.44 119.80*
Month (T) 11 0.35· 0.03 0.88
Region (R) 2 0.28 0.14 3.86
MxT 11 0.30 0.03 0.7S
MxR 2 0.06 0.03 0.87
TxR 22 1.02 0.05 1.25
MxTxR 22 0.29 om 0.36
Error 72 2.67 0.04

--
Total 143 8.41 4.77

F17t•• ,,= 3.98
*significantly different.

Tablem

Analysis of variance of percent parasitism by T. hagenowii obtained using
a different method of sampling each year.

SV DF SS MS F

Method (year)(M) 1 0.04 0.04 2.44
Months (T) 11 0.59 0.05 2.90
Regions (R) 2 0.07 0.03 " 1.99
MxT 11 0.55 0.05 2.71
MxR 2 0.24 0.12 6.47

TxR 22 0.40 0.02 0.96
MxTxR 22 0.64 0.03 1.58

Error 72 1.33 0.02

Total 143 2.86 0.36
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When sampling was carried out with the first and second methods con-
currently at each of the four separate sites, mean parasitism levels of 7.67+
2.8 % and 23.1 + 1.5% respectively were obtained for E. appendigaster. Alw
zero levels of parasitism by E. appendgaster was recorded from all four sites
with the first method. Analysis of the monthly levels of parasitism obtained
using the two methods concurrently. (Table IV and V) indicated a signi-
ficant difference between the methods of sampling for both parasites. In
the case of E. appendigaster, monthly levels of parasitism, as well as the
interactions between Methods x Months, showed a significant difference
(Table IV).

Table IV

Analysis of variance of percent parasitism by E. appendigaster obtained
concurrently using a different sampling method at four of the eight sites.

SV DF SS MS F

Method (M) 1 0.83 0,83 83*
Months (T) 4 0.17 0.04 4*
Sites (S) 3 0.05 0.02 2
MxT 4 0.14 0.04 4-
MxS 3 0.04 0.01 1
TxS 12 0.17 0.01
Error 12 0.18 0.01

P II' '~5 = 4.75 F' 1~' '05 = 3.26
·significantly different.

Table V

Analysis of variance of percent parasitism by T. hagenowii obtained con-
currently using a different sampling method at four of the eight sites.

SV DF SS MS F

Method (M) 1 0.08 0.08 29.33*
Month (T) 4 0.32 0.08 2.67
Sites (S) 3 0.08 0.03 1.00
MxT 4 0.02 0.005 0.16
MxS 3 0.05 0.02 0.67
TxS 12 0.33 0.03 1.00
Error 12 0.33 0.03

Total 39 1.21 0.75

Fl U" 05 = 4.75 F4 12. '05 3.26
*~ignificantlydifferent.
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4. Discussion

A marked differenoe in the natural level of parasitism of the two oothecal
parasites was seen with the two methods of sampling. Since the two sam-
pling methods were initially used at the same sites but in two different years,
the observed differences in the level of parasitism using the two methods could .
be attributed to the monthly/annual fluctuations in the population levels of
E. appendigaster and T. hagenowii. However, 'the analysis of variance tables
II and III ruled out this possibility. Furthermore, for E. appendigaster, but
not for T. hagenowii, significantly different levels were obtained when the two
sampling methods were employed concurrently and this further rules out the
possibility of fluctuations in parasite populations (Tables IV & V). The
only other reason for this difference in the natural parasitism level recorded
would be the difference in the two sampling techniques employed in the two
years. The method employed in the first year was equivalent to sampling
without replacement as in this method a quarter of the total number. of live
oothecae found at any site was removed. The method employed in the fol-
lowing year was equivalent to sampling with replacement, as this method was
based on empty oothecae. The removal of empty oothecae would not affect
the parasite population in any way unlike the removal of live oothecae. This
difference in the natural level of parasitism with the two sampling methods
was reflected mostly in case of E. appendigaster.

The differential response of the two parasites to the sampling method with
no replacement could be attributed to their innate capacity for increase which
is a reflection of their fecundity. E. appendigaster (Kumarasinghe, 1984) is a
parasite with a significantly low fecundity of 11± 3.0 compared to T. hagenowii
(Gamalath, 1980)which has a fecundity of64 ± 10.1.The higher fecundity ofT.
hagenowii would permit this species to increase at a much faster rate thereby
replacing any losses to its population, unlike in the case of E. appendigaster.

Moreover, a single ootheca parasitized by T. hagenowii would yield
about 40-60 adults of both sexes. On the contrary, a parasitized ootheca of
E. appendigaster would result in only a single adult of either sex (Cameron,
19S5; Kumarasinghe 1984) Thus, any parasitized live ootheca of
T. hagenowii left at the site following sampling(by the removal of live oothecae
as in the first method) would more than compensate for losses incurred to its
population due to sampling unlike in E. appendigasler.

From the study it is evident that employment of a sampling method with-
out replacement has detrimental effects particularly on the population of
E. appendigaster. Hence, it is important to study the impact of a sampling
method on a population prior to its use in:the assessment of that population.
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