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Population Dynamics of Saissetia oleae. 11. Life-Tables
and Key-Factor Analysis'

E. T. KAPATOS?and E. T. STRATOPOULOU?

The Olive Institute of Corfu, Greece

ABSTRACT

A series of life-tables for the population of Saissetia oleae (Oliv.) (Homoptera-
Coccidae) during five yearly generations (198 1-86) were constructed in Corfu. Key-
factor analysis carried out on the life-table data indicated that mortality of young
stages during summer, caused mainly by the high temperatures, and mortality dur-
ing spring, caused mainly by predation, determine total population change within
each generation. These two mortality factors are the predominant factors of the
population dynamics of S. oleae determining population fluctuations. The other
mortality factors of the population system of S. eleae were less important. Summer
parasites and egg predators, in particular, do not play any significant role on the

population dynamics of S. oleae.

Introduction

The population of Saissetia  oleae (Oliv.)
(Homoptera-Coccidae) is characterized by con-
siderable fluctuations resulting in periodic out-
breaks at a local or at a regional base. These
outbreaks have been partly related to a reduc-
tion in the populations of natural enemies of the
coccid caused by intensive applications of insec-
ticides against other pests of olives (Feron and
D'Aguilar 1962) but other opinions consider
that high temperatures during summer is the
mortality factor of S. oleae (Orphanidis and
Kalmoukos 1970). These opinions, however,
are based on indications rather than on precise
quantitative information taking into account
the total complex of the mortality factors of’ S.
oleae.

Life-tables, is a useful tool for analysis of mo-
rtality of insect populations (Southwood 1978).
Although this technique has been used for
many insect populations, for S. eleae previous
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work comprises only a partial life-table on cit-
rus, of a preliminary stage (Podoler et al. 1979),

Within the concept of pest management sys-
tem on olives in Corfu it was considered neces-
sary to estimate the population changes of S.
oleae and to analyse mortality by using the
approach of life-tables and key-factor analysis
for a better understanding of the population
dynamics of this species. In a previous paper
estimates of the population and the various mo-
rtality factors for five successive yearly gene-
rations of S. oleae were presented (Stratopou-
lou and Kapatos 1990). In this paper. life-tables
for the five successive generations of 8. ofeae are
presented and through a key-factor analysis the
factors responsible for the main fluctuations of
the populations of S. eleae are determined and
discussed.

Materials and Methods
a. Study sites and sampling procedure

The study sites and sampling tlechniques were
described in the previous paper (Stratopoulou and
Kapatos 1990). Briefly, the study was conducted at
7 experimental sites, each ol 70-150 olive trees. dis-
tributed all over the island. These sites were free of
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mnsecticidal treatments except the bait spray pro-
gramme against the olive [ly. In each site ten trees
were sampled regularly (every month or a month
and a half according to the season). From each
tree. 8 samples were taken from two levels and four
aspects of the tree and each sample was consisted of
one branch of two years growth including the new
vegetation. The samples were examined and all
stages of 8. oleae found in the samples were record-
ed. The various population estimates were finally
expressed as number of individuals per 100 sampl-
ing units. Also, for each site and vear, the fecundity
of healthy females of S. olewe and of S. oleae
females parasitized or attacked by the summer
parasites and egg predators were estimated.

b. Construction of life-tables

The type of life-table adopted in this study was the
age-specific (or cohort) life-table (Southwood
1978, Carey 1989) applied to insects with discrete
generations and therefore particularly suitable for
S. oleae which, in Corfu, is mainly univoltine
(Argyriou 1963, Stratopoulou and Kapatos 1984).
Direct measurements of all mortalitv factors or
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separation of stage mortality into specific morta-
lities [rom various causes of death would allow the
construction of multiple decrement life-tables and
the evaluation of every single mortality factor
(Morris 1959, Cameron and Morrison 1977, Carey
1989). However, separation of stage mortality into
various causes could not be done in this case.
except for the summer parasites and egg predators.
In addition, the calculation of mortality per stage
creates problems in the interpretation of the results
because most mortality factors cannot be char-
acterized as stage specific but their action varies ac-
cording to the season. Therefore, in this study, a
modification of the age-specific life-table was used.
The population of S, oleae was calculated, from the
original data at certain successive points during the
generation representing either a particular stage or
a particular date, as defined in Table 1.

The total mortality of S. oleae within a gene-
ration is divided into submortalities or specific
mortalities each ol which referring to the interval
between two successive population estimates and it
is defined either as mortality of a particular stuge or
mortality during a particular period of time (i,

TABLE I. Definition of the calculated population estimates within each vearly generation of S, oleae, calculation of
the corresponding k-values and sources of mortality for each k-value.

Mortality
Population estimates K-value Calculation Sources of mortality
P Expected maximum number of eggs accord- K, logP,,,.-logP; Action of summer parasites and
max - ing to observed fecundity of heaithy females epe predators
P Total number of eggs produced after the K. logPe-logP, | “Loss™ ol crawlers in searching
£ action of summer parasite and egg preda- for establishment. Small com-
tors has occurred ponent regarding adull morta-
lity before the end of oviposition
period
p Number of individuals of S. elege entered K; logPy; -logP, , Mortality of young stages duri-
L1 the first larval instar ng summer. mainly due to high
temperatures
Py, Living population of §. oleae at st K. logP, y-logP, - | Mortality  during  autumn
September including parasitism, action of
predators and fall of old leaves
P, - Living population of S. oleae at lst K logP, --logP, ; | Mortality during winter includi-
December ng fall of old leaves and possible
action of low temperatures
P, Living population of 8. ofeae at 1st March K, logP, :-logP, Mortality during spring includi-
ng action of predators and para-
sites
P Number of living females of S. oleae at 1st
16 June




KAPATOS AND STRATOPOULOU: LIFE-TABLES FOR SAISSETIA OLEAE 61

TABLE 2. Life-table for the population of S. aleae al the experimental site of Klimatia during 1981/82,

Population Number ol log number of’

estimate individuals mdividuals K-values
Pmax 615.600 5.789 0.042
PE 558,144 5.747 0.592
PL.1 142760 S.155 1.10%
P1/9 11.149 4,047 0.290
P1/12 5.720 3.757 0.630
Pi/3 1.340 3.127 1.094
Pl/6 108 2.033

Total k 3.756

autumn, winter, spring). Total generation morta-
lity as well as specific mortalities were calculated
and expressed as key-values (see Southwood 1978)
so that

KT=k|+kg+kq'+k4+ k:;"'k(,

A summarized description of the calculation of to-
tal and individual k-values and the various sources
of mortality are given in Table 1.

Table 2 gives, as an example, the life table of the
S. oleae population in one of the experimental sites
(Klimatia) for the year 1981/82. The first column
indicates the stage of S. oleae or the time of the year
the population estimate refers to. The second and
third columns give the population estimates ex-
pressed both as numbers and log numbers. The
fourth column gives the corresponding mortalities
expressed as k-value. Also. total mortality (Ky) is
given at the bottom of this column. [t can be seen,
in this particular life-table, that mortality of the
young stages during summer (ki) and mortality
during spring (k) contributed the highest propor-
tion to the total K. Such life-tables were con-
structed for each experimental site and year, ie. a
total of 35 life-tables.

Life-tables is apparently a useful method for des-
cribing mortality. The great usefulness of this tech-
nique. however, lies on the possibility Lo investigate
the role of each mortality factor in determining po-
pulation fluctuations, ie. to recognize the key-
factor of the population system. This is done by
carrying out further analysis on the life-table data.

Analysis of Life-Table Data
a. Key-factor analysis
The recognition of the key-factor for the main
fluctuations of the population can be done by
visual correlation (Varley and Cradwell 1960).
The various k-values from the life-table data
are plotted against generations and the morta-

lities whose k-values are mostly correlated with
total K are considered to be the key-factors.
Figure 1 shows the individual k-values and
total K plotted against generations in one of the
experimental sites (Klimatia). It can be easily
seen that during a period of five generations
(five years) mortality of the young stages during
summer (k;) and mortality of the advanced
stages during spring (k¢) are mostly correlated
visually with the total change of the population
within each generation (Total K.). This means
that variation in Kt from generation to gener-
ation is mostly explained by the variation
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FIG. 1. Individual key-values and total K at the expen-
mental site of Kontokali.
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the other experimental sites. These are summar-
ized in Table 4 which gives the regression coeffi-
cients of the various mortality-factors plotted
against total K. Although the relative impor-
tance of the various mortality-factors changes
from site to site, a general tendency is observed.
In most of the cases, k; and kg, were the key-
factors; ki was the highest contributor to the
variations of total K in 5 sites and in only one
site its regression coefficient was very low (Ka-
vathates); kq was the predominant mortality
factor in one site (Kavathates), but in three ex-
perimental sites its regression coefficient was
relatively low: k| was constantly the lowest con-
tributor to changes in total K and in most of the
cases it had a slightly negative regression coeffi-
cient. The contribution of k-, ks and ks to vari-
ations in total mortality was not significant al-
though their mean values were relatively high
(Figure 2).

b. Density-dependence of mortality factors

The next step of analysis of life-table data is to
investigate the relationship of the intensity of
various mortality factors with the size of the po-
pulation of the stage on which they act. Because
independent measurements of mortality could
not be done in this study as required lor demon-
stration of density dependence, the various k-
values were tested. indicatively, for density
dependence by following the procedure
described in Southwood (1978) (ch. 10.4). In
this method, the log numbers of the population
entering the stage (or the season) are plotted
against the survivors and vice versa. The calcu-
lated pairs of regression coefficients for any pair
of population estimates were not statistically
different from 1 and therefore, according to the
method, there are no indications for density
dependence of the various k-values.

Discussion

The analysis of the life-table data indicated that
among the various k-values constituting the
total mortality. ks and kg were of determinative
importance in explaining population changes of
S. oleae, i.e. they were the key-lactors of po-
pulation dynamics of S. oleae:

ks expresses the mortality of the young stages
(mainly L.;) during summer and it had been
found that this mortality is strongly correlated
with maximum temperature during July-
August (Stratopoulou and Kapatos 1990). It is,

therefore, concluded that variation during sum-
mer explain, to a certain extent, population
fluctuations of S. oleae.

ks expresses mortality during spring which is
mainly caused by the action of two predatory
coccinelids (Viggiani et al. 1975) and the inter-
nal parasite on the third larval instar, Metaphy-
cus helvolus (Compere) (Hymenoptera-Encyrti-
dae). Variation in the intensity of this mortality
factors may be caused by a number of factors
including the air bait sprays against the olive
fly, carried out in the island since 1979, the el-
fect of which on the population of these natural
enemics may be different from year to year.
Also, the population of the predatory coccine-
lids may fluctuate considerably from place to
place and from year to year due to the polypha-
gous habits of these species.

k) expresses the reduction in the number of
eggs of S. oleae females due to the action of M.
lounsburyi, S. cvanea and M. californica. It was
found to have very low values and because of
that to be the lowest contributor to the vari-
ation of total mortality,

k- expresses mainly the mortality of crawlers
in searching for establishment. The high k-
values of this mortality indicate a strong action
but this'mortality does not have a significant
effect on the population dynamics of S. oleae as
being much less variable than other strong
mortality factors. It is possible that in cases of
very high population densities, approaching
overcrowding, this mortality factor might have
different importance.

The k-values of the mortality during autumn
and winter were not negligible but their contri-
bution to the variation of total K and conse-
quently their contribution to the population
dynamics of S. oleae was rather low.

It is clear from this type of analysis that the
intensity of a mortality factor does not neces-
sarily determine its importance on the po-
pulation dymamics of a species. Other para-
meters of the mortality factors are also impor-
tant and mainly the variability of the factor and
the period in the life-cycle where it acts. The
analysis did not show density-dependent rela-
tionship for any of the recognized mortality
factors but this does not mean that such a rela-
tionship does not exist. Independent estimates
of the various components ol mortality and
precise studies on individual cohorts (South-
wood 1978) are required to demonstrate den-
sity-dependence.



64 ENTOMOLOGIA HELLENICA Vol. 8 (1990)

Acknowledgment

We wish to thank Mrs. A. Sakellariou for typing
the manuseript,

References

Argyriou, L.C. 1963. Studies on the morphology and bio-
logy of the black scale Swissetia oleae (Bern) in
Greece. Ann. Tnst. Phytopath, Benaki N.S. 5: 353-
377.

Cameron, P.J. and F.O. Morrison, 1977, Analysis of mo-
rtality in the apple maggot. Rhagoletis pomonela
(Diptera: Tephritidae). in Quebec. Can. Ent. 109:
T69-788.

Carey, J.R. 1989, The multiple decrement life-table; a
unifying framework for cause-of-death analysis in
ecology. Oecologia 78: 131-137.

Feron, M. and J. D’Aguilar. 1962, Observations on olive
tree insect populations in some olive production areas
in Greece and the effect of applications with wide
spectrum insecticides. Ann, Phytopath. Inst. Benaki
4: 57-75.

Morris, R.F. 1959, Single factor analysis population
dynamics. Ecology 40: 580-588.

Orphanidis, P.S. and P.E. Kalmoukos. 1970, Observa-
tions on the mortality of Saissetiu oleae Bern.. from
non parasitis causes. in the field. (Comparison with
the effect of some biotic factors). Ann. Phytopath.
[nst. Benaki 9: 195-212 (in Greek).

Podoler. H. and D. Rogers. 1975. A new method for the
identification of key-factors from life-table data. J.
Anim. Ecol. 44; 85-144.

Podoler, H.. 1. Bar-Zacay and D. Rosen. 1979. Po-
pulation dynamics of the Mediterranean black scale.
Saissetia oleae (Olivier), on citrus in Israel. I, A par-
tial life-table. J. ent. Soc. Afr. 42: 257-266.

Southwood, T.R.E. 1978. Ecological Methods with Par-
ticular References to the Study of Insect Populations.
Chapman, London. 2nd ed. 524 pp.

Stratopoulou, ET. and E.T. Kapatos. 1984, Preliminary
results for the evaluation of the action of Saissetia
oleae parasites in Corfu, Entomologia Hellenica 2;
39,

Stratopoulou, ET. and E.T. Kapatos. 1990. Population
dynamics of Saissetia oleae. 1. Assessmentsof pe pu-
lation and mortality. Entomologia Hellenica 8: 53-58.

Varley, G.C, and G.R. Cradwell. 1960, Key-factors in
population studies. J. Anim. Ecol. 29: 399-401.

Viggiani, G., S. Pappas and A. Tzoras. 1975, Osserva-
zioni su Saissetia oleae (Oliv.) e i suoi entomofagi ne-
IPisola di Corfu, Boll. Lab, Ent, Agr, **F. Silvestri"”
32: 156-167.

KEY WORDS: Suisseria oleae, Olive black
scale, Population dynamics, Life-tables

Avvopikn tov ITinOuepoi tov Saissetia oleae. 11. Tivakeg Ovioipnotnrag
ka1l Avaiven yia Iposdropiopo Awtapaktikov HMapayoviov (Key-Factor)

E. ®. KATIATOZX ka1 E. @. ZTPATOITIOYAOY

hatitonte Eiaias Kepripac

INEPIAHYH

M oeipd and mivaxes Bvnopdmrag (life-tables) yia tov mAnbuopd tov Aekaviou e eiidc
otnv KEprupa KutaoKevdonKay yuu pie nepiodo mévie etnowwy yeviov (1981-86) os entd et
pupaTikovg edatdves. Ot tivakeg Bynoipotntag autoi deiyvouv tnv e£édikn tov mainBucpol tou
AeKaviou 0mo YEVIU OF YEVIG KUl T1] QUGTKY] TOL HEIOON PEca 68 KGO Yevid. Avaluon Tov 6Tol-
xelov tov mvakov Bvnopuomtag (key-factor analysis) £6e1¢ 611 o1 Bacikoi Siutapaktikoi mo-
payovIeg Tou TANBuGHON TOL AeKaviov eival 1) OVNGHOTNTE TV VEUPHY GTUSIOV TO KuloKaipl.
OV 0QEIAETAL KUPIoS 0TI LYNAES Beprokpuaieg, kot 1 BvnoludT e 6N Bdpkela TG Gvoiing
TOU TPOKUAELTUL KUPI®G U0 TU BPTUKTIKG Kol KuTd 8e0TEpo LoYo 0’ T0 Tapdoito Metaphycus
helvolis. H Staxdpaven tov topayoviay autdy ard Yevid og yevid sival auth mou Kupiong tpo-
KOAEL TIS £5UPOELS Kal TS vRESELS Tou TANBUGHOY Tov Aekaviov. Ot dhiot tupdyovies Bvnoipod-
TITOG UV KO PELdVOLY Tov TANBuapo Tov Aekaviov dev npokurovv og peydio Bubud minduopta-
KEg Slakvpaveels. Idtaitepa 1 Sphon tOV ®OPEYOV UPTUKTIKGOY TO KoAoKaipt Tailel uoUaVTo
poio o1 duvapikn tou tAnbuopon tou kekaviou.
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