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Abstract
Sustek Zh.: The bivindicative and prognostic significance of sex matin in Carnbidae
{Insecta, Coleaptera). Ecology (CSSR), Vol, 3, No. 1, 3—22, 1984,

The relation between the sex miio of o species and its rank in 8 species spectrum
subjected 1o vanous degrees of enthropogenous pressure 8 stodied. Five types of
distribution of the sex ratio within the species spectra are distingmshed. Their couses are
explained and they are put into the widet frame ol the r—, 5—, K— continuum concept.
The approximative prognostic model based on the sex ratio is proposed and verified, The
hioindicative and prognostic gpplicability of sex ratio in Carabidoe s confirmed.

One of the mosi striking effects of the anthropogenous influencing animal and
plant communities is, with a some exceptions, the decrease in their alpha-diversity.
This phenomenon is explicated, as a rale, by a different degree of ecological
tolerance in individual species constituting a commumnity. The less tolerant species
are expelled from a community by the anthropogenous factors. Conversely, the
more tolerant species are advantaged and they can reach a predominant position in
their thropical levels. 1f we consider the following facts, viz., the influence of
external temperature and humidity on sex differentiation (Statelov, 1936), (Ynte-
ma, Mrosowski, 1982), the internal factors (HrubeSovd et Slima, 1967; Ab-
del-Malek et Adha, 1978 ; Hanker et Taimir, 1973 ; Zuska, 1973, 4 lot of examples
see Schwerdtfeger. 1968), the different preferenda to vanous factors (Schwerdtfe-
ger, 1968; Thiele, 1977 and others), the tendency of the females to search for
habitats close to the ecological optimum of this species (Schwerdtfeger, 1968
Miiller, 1970) and the inspecifity of higher or lower tolerance in one or the other
sex (see the above authors), we may presume that both sexes will react differently
also on anthropopenpus factors, So we can presume that the sex ratio and
consequently, the intrinsic rate of population growth will change in individual
species of a community subjected to anthropogenous pressure. This presumption
offers a guestion, whether and how the changed sex ratins can participate on
structural changes of an anthropogenously influenced community. Beside, the
question of bioindicative and prognostic applicability of the sex ratio arises. The

3



13 L9000 =60l — =15

SUOEMJHIO] datio] Syl

jo aamjd agi ue yied §—|  Hib| g sl
1) 6RO D+ OLE0 D~ = 1S jaud U O) pILIN] MOUR] Ass03 7 Rinl WUE-OULY 1I30S BADUIYUE]
1U THTI0+ 15610 - =18 yied @ 0) PILLIN] MOLM) SaE0D 7 Hinl WS J-aM g A0y AL
JUl FTTO0+ LeplD— =15 Kaagduad uwgan syl uo prEgao g tilhl LT ERT RS (DG oy |
LU DELYD —OZING. =18 Arayduad uegan o uo pregan g BLAl AT CJaRNE YRR
JupgIeln+uan— =Is uopied pogin - g Hinl Ol IR EADyU g
U SOl a+arenn— =1% uapard ungin g 9Lhl O IA3EN BAOYUAG
syiued pue suapied urgim
pasuangu ApsnousFodosyiny
Ty pOEOD = IR0 =[§ yaud ungin o3
palLmg JSak0) povpes) ) tihl owg “AurEn
1] ASZO0 = LS9YD =8 yaed uegmn o)
pawny jSaM0) puRMe)] ) BL6! autg *AquEm
P SLID=TSHD =I5 rReaeapn2ed
BIUIQOY Y1l 15210] RO
paauanpu Ajnousiodongue | Te61 SIA M CRAE[SHEIg CAmung
1 U BERIT—9R0ED | =[% wnaupy Rom| | 1| Aapua eapop gysudy eupiy
saspiaooiqoad (njeu og) o)
5042 spIoUR0IGoRE Tegan
PO CRIOTN—60FDT0 =18 amn | 186l Ajwdiny pfepy "youTEa]
LU ERTOD — 60K0'0 = I8 coowqor | 1461 S
vuneyioged eysuelny ‘qrg
LU S0t —oLIn =J8 pawadams ] 1961 s
uuneyaoyged gysjad) ‘saossquizg
ULEB000 + $0t00 - = 1§ g pa 1 (1o) wmaos gysaogn) ‘Ageseg
T ULSZO00 + REPO00 — = I§ g £961 (' iy ) wuman: gusangu) Axastg
T POTOO—-89F00 =]5 may 7 FOEL (o)) a0 RERAGQIULY “IHUERAS
10 E0I0°0 + 9RZ0°0 - =I5 193 T €961 (1MO]) TULAO1 TRSAOIUIN) “SORIANS
FWOLZO0+ 1800 - =15 Wa T r96l PEREeA
UUHADE FASADYTLTY ‘UIOYNG Jujog]
U] ES00D~SS10°0 =I5 WN T E9hl prIpmO)
BUIACU FYRAOQIL[Y ‘Wioyng [0]og
SLEAEID PILY
1] TLTO0 = S0r00 =] maleq-uary  § TGl SURINOLL BIE] BV BAOYITEY
101 90E0°0 - LESD'D =18 malfny-pogy 9 TLa1 supInow Aymasar
¢ ‘AN BACYETuEL]
T EGLOD—S6E000  =I8 walfey-gagy 5 Lol ('mmow) dyaia aYsmpg R EATIFZ
FULIZIO0-4$20'0 =18 maleg-uang L6 (i aadivy flop ‘aauoyang
1an ‘Hoa alg-yoaag-san
-tuds Azmion 0} iaaaqg agi jo
SEROEROIOST pEan0) rummp
L FO0—E920'0 =18 Lt TR v R | [ind Aoy jupagg ‘i
F U R0 D REIDD =18 waun0-Eed 7 tiol fanay [paid ‘Solpesaog
LU GO0 + 12000 - =18 BIOUIJUF BRI £—7 (Mol Wiagg] ‘siim axdoy s
DU STO00~ 1L00'0 = ]8 BIOUIJUE MAY-0R] £—7  lin] ulage] ‘NI sxdoy FRsanjatg
TG00 1BTO0 =I5 prousdng massoy-sep) ¢ LRot WARQ sy aadoy PaHaoiang
1 U] OA00T # TELOD— =18 mouadng paRy-ael ¢ 1L61 uisRe] “siiy aadoy pysaniaeg
10 [E20°D—9L600 =18 maamaf)-liey I 1861 ulsaq sy sodoy aEacjang
T o) IST00+ 995070 — =8 L ESTEL Ty v - LT UG]Sy aodoy EsanjaTg
O] OO+ FTO0D =18 mraaeng-mpdiey | [Ra1 UM Sy 2oy At
P LI000 - TI00— = IS rauaaf-uediey | [L61 UMRE Y sadoy pEsacgany
1u) EROO'0+ TROBD— =18 paaanfy-de) 7 661 I eIy 0
AB[EA B ISITY UTIARIOR
PO LETOD # FLI00 = =18 awrm wafugopuan) g iiLfil 1AL By Jo
Rajea s ISTERY GRARION
U SELON4 pRI00 — =18 epuy-ay  § 6L J3A eIy o
Aafea 3ig) pRITY EEATIOR
PU] P20+ ERPDD - = IS manoyamdin  I—|  Gih1 1AL BYRPY JO
Aajen 2yl Iy CUIAEIORY
U] LRI04 LHOT0 — =18 mRUY-NE]  §—7  GL61 Tanis ENpEY O
Adfia [ TIEITY UEARIORY
{1} samads v jo yues pue {Fuanmgoad  af i
(1) Kopun fenxas o saaim : dag  away ok tpadqeyen, 03 w0 o) o

uiyssarEae 1 jo suopenbs

sdniogll) sprouasowoai
E TR R R ]

LAOUEAINGOAT 5RO ey
Ay

SISOUDI0NE] 0 Ul SAD3S 0 0 NUMD S0 W0 0RIE)

o ogis x2s Jo Buapuadap oy jo samo dopssasias oG o suoyenba Ay puR PPN SIRUA0OE AU §o ORJMDRIRGED JI0gs PUR saady | A ge,

=



ritson d'étre of these questions 15 supported by the striking predominance of
females in the dominant species of ficld ecosystems studied recently in South
Slovakia which evidenced more characters of anthropogencous influence (Sustek,
1983 a, b, ¢; Povolny and Sustek, 1983).

The aim of the present paper is an attempt at a solution of the above problems.
The [amily Carabidac represents a very suitable model group for this aim due to
the extensive material and due to the tendency to a balanced sexility in individual
species (Schwerdtfeger, 1968; Petruika, 1966; Novidk, 1967, Thicle, 1977 und
others).

Material and methods

The Carabuedae included o this study were sampled m 20 forest and in 9 Deld eoosysiems in Moravia
and Slovakia and in 11 urban ecosystems in Bratslava and Bro. About 65 000 individuals of Carabidae
are included in this study. The review ane & short characteristion of individual sampling ecosystems s
shown in Tab. 1. The muterial from Moravian Karst was sampled by Dr. 1 Vadatho snd it was identified
by the author. As for the material from beet fields acar Dolni Sukolom, Stkelice and Pascky sce
Petrudka (1966).

The beetles were sampled by pitfall traps duning a whaole vegetation penod, The | liter glass jairs with
i diameter of %5 mm filled wath 4 % formalin solution were used as traps. The beetles dropped into the
traps were taken once @ month. The number of traps in one geobiocenosts depended upon its surface.
Ten traps were exposed in the majority of natural geobiocenoses and five traps were exposed in the
majority of urban geobincenoses.

The sex ratio i calculated (or methodical reasons by two lormulae. For the descriptive amms. the
following formula is wsed

sr=f*-iﬂ =123, . F=L)

where [ is number of lemales of the i-th species and my &5 number of mules of the -1h species, N w the
individua! number of all species in o community (swmple) and  is the total number of speces in this
community, This formuls is used due 1o the increasing binar character of the sex ratios in less ubundant
species or in the species represented only by one individuum respectively. S0, cach sex ratio is weighed
by the dominance of a species in a community. The values of sex ratio calculated by the above formula
may fuctuate theoretically between = 1-and + 1, however, they fluctuate wathin the limis close o O, if
the equity of a community is high. For the sims of calealating o population growth and competition rate,
the sex matio is caleulated by the formuls

gp=fizm

fy +

The symbols i the formuls are the same as in the finst case. The values of sex ratio can fuctuate
berween — 1 and + 1. The balanced sex ratio is expresed by (1. The values ol the sex mtio are plotted
into the disgrams sccordimgly fo the sequence of the decreasing individual number of species n
a community. The distribution of the sex ratios within species spectra in described by logarithmic
regression equations (Tab. 1),
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The dependence of sex ratio from the rank of o species in Carabid taxocenoses in
varions types of ecosystems

The sex ratio of Carabidae in natural geobiocenoses of oak to beech vegetution
ticrs is rather unpredictable after the rank of a species in a taxocenosis, The males
and females predominate alternatively without any dependence from the rank of
a species in a taxocensis. The regression curves (Tab. 1, Figs. 1—135) charactenizing
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Fig. 1—35. Dependence of sex ratio in Carabidee  Fig. 64, Dependence of sex ratio in Carnhidae
from the rank of a species in & community in the  from the rank o & species in & community in the
natural lorest geobiocenoses in Moravian Karst (1 patural forest geobiocenoses in Paviovské kopee
— Fral, 2 — CaAc, 3 — TAc, 4 — QF dl,, hills (6 — CaQ 197], 7 — Ca( 1981, 8§ — FQ
5 = F0), ardinate — sex ratio, abscisia — rank  [971, 9 — FO 1981). ordinate and abscissa as in
and number of species in & community. Fig. 1



the distribution of sex ratios in a taxocenosis are flat and slightly increasing. In the
taxacenoses from FO, TAc and TAc studied in the years 1971 and 1981, the form
of regression curves changed during both years due to 3 slight predominance of
females in abundant species. In the taxocenoses from FQ and CoQ in Boleradice,
the females predominate in abundant species.

In natural ecosystems in beech to norway spruce-fir-beech vegetation tiers the
females predominate in first three to four species in all taxocenoses (Tab. 1, Figs.
|6—19). The succeeding species have a balanced sex ratlo and the males
predominate successively in less abundant species. The regression curves decrease
steeply.

In u natural lowland forest (Tab. |, Fig. 24), the sex ratios are unpredictable after
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Fig 10—15. Dependence of sex ratio in Carabidae from the rank of & species in a community in the
natural farest peobiocenoses in Pavioviké kapee hills and in Bolerndice (10— TAc, 1971, 11 — TAc,
1961, 12— TAg 1971, 13— TAc 1481, 14— FO. 15 — Col)), ondinate and abscissa as in Fig. 1.
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the rank of species in the taxocenosis similarly as in natural forests of oak to
oak-beech vegetation tiers. Both sexes in all species tend to a good balance. The
regression curve is approximately linear and parallel with the abscissa.

In the geobiocenoids of lowland forests (Tab. 1, Figs. 20—23), the females
predominate strikingly in first four species and they tend to a predominance in the
whole of a first half of species spectrum. The only exception is represented by Abax
ater in the alluvium of Vydrica creek (Fig. 20), where the males predominate. It is
due 1o a low width of the alluvium and due to its surroundirz by the remnants of
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Fig. 16—19. Dependence of sex matio in Carabi-  Fig. 2024, Dependence of sex ratio in Carabi-
dae from the rank of 8 speces in @ community in dae from the rank of o species in & community in
natural forest geohiocenoses in beech fo norway  forest geabiocenoids in Bratistava and Brio and
spruce-beech-fire vegemtion tier (16 — Hol¥  in s natural lowland foresis nesr Lednica {20
kopec hill, OF, 17 — Zdkova hora. AF, 18 — alluvium of Vydrica creek in Bratislava, 21
— Frantikova myslivna, AF, 19 — Srimkovi,  — Sitnmy, Bratislavs, 22 — Lubiinky 1978, Bro,
ACF). ordinate and abscissa as in Fig. 1. 23 — Lukdnky 1979, Brows, 24 — Leadnica, UFrc),
ordinate and abscissa as n Fig, |



oak forests, where Abax ater is dominant and where from the more movable males
migrate into the alluvium. A similar distribution of sex ratios is seen in the
taxocenosis of the oak geobiocenoid in Sitniny. The regression curves decrease,
they are very steep and crooked.

In the field ecosystems (Tab. 1, Figs. 25—33) two groups of taxocenoses can be
distinguished. The first group is represented by taxocenoses from a tobacco field in
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Fig. 25—29. Dependence of sex ratio in Carabidac from the rank of & species m a community in field
ecosystems (25 — Zemberovee, vineyard, 26 — Bad, tobicon, 27 — Perinok, malie, 28 — Paseky 1963,
beet, 29 — Paseky 1964, beet), ordinate and abscissa as in Fig. |

Béb, from a maize field in Pezinok and from a vineyeard in Zemberovee (Figs.
25—27, Tab. 1), In all these taxocenoses the [emales of the first three to four
species predominate and the females of following 8—10 species tend to predomi-
nate. The sex ratios in the following part of species spectra is balanced and the
males predominate at the end of the spectrum. The relatively linear TERression
curves decrease. The second group of the taxocenoses is represented by the
taxocenoses from sugar beet fields at Unifovski rovina lowland studied during
1963—1964 (Petruika, 1966) (Tab. 1. Figs. 26—33), Similarly as in the forests of
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oak-beech vegetation tier the sex ratios are unpredictable after the rank of
a species in a taxocenosis, The predominance of the females alternate with the

predominance of males in the whole of a species spectrum. The regression curves
are decreasing and increasing as well. They frequently change their form in two

consequent years.
In the urban gardens and parks (Tab. 1. Figs. 34—40)) the males predominate
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Fig. 30—33 Dependence of sex ratio in Carabidac from the rank of a species i & community in field
ecosystems (30 — Dolai Sukalom 1963, beet, 31 — Duolni Sukolom 1964, beet, 32 — Stielice 1963,
beet, 33 — Sticlice 1964, beet) ardinate and shscissa as in Fig, |

nearly in all species. Less abundant species tend slightly to little more balanced sex
ratios, The regression curves increase strongly in a majority of cases. If they
decrease so a greater part of them is situated deeply under the abscissa,
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Typization and interpretation of the regression curves
of the Carabid sex ratio in individual types

of ecosystems

Five types of the dependence of the Carabid sex ratio from the rank of a species
in a taxocenosis can be obtained if the average and the standard error of
parameters of the regression equations are calculated for individual types of

ccosystems (Figs. 41—45).
Type A with the equation

SI=(0.005719+0.029797) + (0.003369 + 1012989 In §)

C. ROKLA

HAKENOVA

SPILBERK

T | 1 I
1 2 10 15

Fig 34—36. Dependence of sex ratio in Cirabi-
ifae from the rank of & species in & commurnity in
urban ecosystems (gardens and parks) (34
— Brno, Certova Rokfa, 33 — Bmo, & hollow
near Hakenowa street, 36 — Broo, south slope of
Schpielberg). ordinate !mi abscissa as in Flg. 1.
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Fig. 37—a0, Dependence of sex ratio in Caraby-
e from the rank of & species in & community in
urban ecosystems (gardens and parks) (37
— B, Brenkova str, 1976, 35 — Bmo, Bfen-
kova str, 1978, 39 — Brno, Litefskd str., 1978,
40 — Brno, Litefska sir.), ordinate and abscisss
ns in Fig. 1.

characterizing rather flat curve paraliel with the abscissa corresponding to balanced
sex ratio of Carabidae in natural forest ecosystems of | —4. vegetation tiers.
Type B with the equation

SI=(0.100475 £ 0.073671) = (0.041925 £ 0.035099 In i)

characterizing the decreasing, steep and crooked curve corresponding to taxoceno-
ses in anthropically influenced ecosystems in 1.—4. vegetation tiers and in lowland
forests. The initial point of the curve has the y-coordinate close to 0.1,

Type C with the eguation

SI=(0.042375 £ 0.01575) — (0.019775 +0.0078202 In i)

characterizing the decreasing, relatively sheer and crooked curve corresponding to
sex ratio in taxocenoses in natural forest ecosystems in 4 —6. vegetation tier. The
initial point of the curve has the y-coordinate close to 0.05. The curve is rather
similar as in the type B.

Type D with the equation

SI=(0.004333£0.032163) - (0.004138 £ 0.011582 In )

characterizing relatively flat, slightly decreasing curve, nearly parallel with the
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Fig 41345, Types of the regression curves of
Carabid sex ratio in dependencs from the rank of
2 species in a community in varous types of -05-
ecosystems (41 — A, type of natural forest geo- g5 D3
hiocenoses in 1.—3. veg, tier, 42 — B, type of the e T

forest geobiocenoids in 1.—3, veg. tier. 43 — C, = -

type of the nutural lorest peoblocenoses n 4 —6,

veg. tier, 44 — I, type of feld ccosystems, fall 85 /_.__._,-—-—-—-_'
lme — [}, basic type, dashed — D. subtype of

the taxocenoses from first hall of sixties, painted // E

— [ subtype of recetly studled ficld ecosystems, D5

45 — E, type of very influenced urban coosys- ¥ T T ] T 1
term |, ordinate and ubscissa s in Fig, 1. 3 m 15 20 25



abscissa corresponding to the taxocenoses in field ecosystems. In the frame of this
type two [ollowing subtypes can be distinguished :
Subtype D with the equation

S5I=(-0.0064 £0.034226) +(0.00298333 £0.014533 In §)

corresponding to taxocenoses in more preserved field ecosystems or for the
taxocenoses studied several yeurs ago respectively,
Subtype D, with the equation

SI=(0.0258+0.013162)— (0.008633 + 0.004957 In )

corresponding 10 taxocenoses in recently studied field ecosystems. The subtype D
inclines to the type A and the subtype D, inclines to the type C.
Type E with the equation

SI=(~0.063885 £ 0.070116) + (0.034757 £ 0.049007 In §)

characterizing the abruptly increasing curve, situated in its greater part under the
abscissa, corresponding to the taxocenoses in the urban gardens and parks exposed
to an intensive human activity,

The five types of sex ratio distributions deseribed can be interpreted as follows.
The Carabidae tend generally to a balanced sex ratio. They can preserve this
property only in such conditions where the anthropogenous and abiotic factors do
not reach such intensity which could be of selective effect in the different ecological
tolerance of both sexes. Hence, in more predictable conditions or if the predomi-
nance of females is not necessary for balancing a higher off-spring mortality, The
ratioc of abundance or biomass of individual species in such communities is
determined by a mutual competition of the species in & community or by the
competition of the species of the same trophical levels (e.g. Lycosidae, Thiele,
1977 some Silphidae, Sustek, unpublished), Some indications of a slight predomi-
nance of males in such taxocenoses (slightly increasing curves) can be explained by
a higher movability of the males. The real sex ratio will be probsbly more balanced
than recognizable by pitfall trapping. Contrary, in less predictable conditions more
intensive anthropogenous or abiotic pressures can effect selectively different
ecological tolerance of both sexes and the species with more tolerant females start
to predominate in such taxocenoses. The interpretation of the predominance in
females admits also other explanation, viz, the necessity to balance a higher
mortality increasing under unpredictable conditions. This interpretation corres-
ponds to the position of a species in r—, K — continuum, or in r—, 5—, K
— contimium respectively. The species reacting on higher anthropogenous or
abiotic pressures by a predominance of females are “r — selected”. The species
with the tendency to predominating males are “K — selected” under such
conditions. These facts correspond to the increase in the dominance of small sized
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Carabidae in field ecosystems from seventies, hence, the species having one of the
essential characters presupposed by r-selection (Sustek, 1983c).

Amnother case is represented by taxocenases in urban gardens and in parks where
males predominate. The predominance of males in such taxocenoses can be
explained by their insularity. The populations of species constituting such taxoce-
noses permanently enriched by the immigration of individuals from the surroun-
ding landscape. The males predominate evidently among these immigrating
individuals due to their higher movability. The immigration character of the urban
Carabid taxocenoses is demonstrated also by a higher serological heterogeneity of
insects in the urban sed landscape (Tietze, in litt). Hence, in this case, the
predominance of males in such taxocenoses can not be considered as an indication
of a decrease in population densities, but it indicates the permanent immigration.
The ability of expeditious and repeatable occupation of free ccological niches,
especially in the initial succession stadiums (the typical case of urban ecosystems),
is also one of characters typical of r-selection. So, all deviations of the curves of the
sex ratio from the types A, D, and C indicate an increase in representation of the r
— selected species. Therefore, the deviations of sex ratio in a Carabid taxocenoses
from the normal stand charactenistic for individual types of natural or for secondary
homeostazed communities can be considered. in the same degree, as an indicator of
higher influence by anthropogenous or by other unpredictable factors. The sex
ratio appears to be more indicative than some other criteria due to its larger
biological interpretability.

The possibilities of prognostic application of sex ratio
of Carabidae

If the sex ratio changes in some species in a community and if these changes seem
to be constant, we may presume that also the mutual ratio of such species will
change. Such changes depend from mutual competition pressures, from the
intrinsic growth rates of individual species, from the currying capacity of ecosys-
tems and from migrations. These factors can be estimated only with difficulties in
nature. The carrying capacity cannot be fully used. The intrinsic factors inhibiting
the population growth are not known in the majority of economically indifferent
species. So, if we wish to attempt at a prognosis of the development of a taxocenosis
based on the sex ratios of individual species, we must accept some simplifications:

1. ITa community is constant and if the representation of individual species does
not change, we can presume that the fertility of females will be constant, We can
consider, under above presumption. that the only factor affecting the intrinsic rate
ol population growth will be the excess or deficiency of females. These presump-
tion corresponds with relatively constant numbers of eggs in individual Carabid
species (Thiele, 1977). The high predominance of females is obviously not an
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inhibitor of population growth due to frequent polygamy in insects (1 :6—89Q
in Culicidae, Abdel-Malck et Ahmed, 1973; 40'0:69Q in Lymantria dispar
duning acrescence, Schwerdtfeger, 1968). 50 we may write

r=%[ ,

there, r is the intrinsic growth rate and SI is sex ratio.

2. According to Levins (1968) in Poole (1974) the approximate estimate of the
competition can be based on the biomass dominance which, in ccologically near
species. indicates the portion of the use of the common ecological niche. Another
meastre of a mutual competition can be, of course, also the increase (or decrease)
in abundance of populations of other species sharing the same thropical level.
According to presumption 1., also this increase (or decrease) can be expressed
approximately by the sex ratio. So it can be presumed that the competition pressure
of more abundant species with more balanced sex ratio will be approximately equal
ta a pressure of less abundant species with higher predominance of females.
Consequently, the competition coefficient a, ( Poole, 1974) can be approximated
tentatively as an average sex ratio weighed by biomass of the species, viz.:

E=1.
E iy

e TLE

iy = 4=y % {1]'
E "

vl

where m is biomass of the i-th species, r, is the intrinsic rate of the population
growth and =1, 2, ..., j—1, j is the species number. It can be postulated
consequently that the population of the i-th species will increase or decrease
dependently from the difference ol intrinsic growth rate 7, and of the competition
coefficients a,, viz.:

H||=Hmflpr|_{lq. {2}

This approximation s close to some simple models presented by Barymann{1981).
It does not meclude, however, the intrinsic factors inhibiting the population growth
of i-th species. If we consider that the i-th species displaced all other species from
the same ecological niche and if it itself occupied it, it may be expected that the
population growth of this species will be stopped:

w=n, (3)

50, the intrinsic growth rate of i-th species can be introduced into the calculation of
the competition coelficient «, and the formula (1) will change as follows:

E o,
1
i
|

>, m,

. (4)

m; =
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The member (or its more developed forms):

Kd_Nl
N,

used in differential forms of logistic formulae will be compensated by the above
Step.

The mode itself of the calculation of the prognosis by the above formulae will
consist calculation of values N, after N and o, On the basis N, the new
competition coefficients Ny will be recalculated and the values N will be
established. These steps may be repeated till the values N, {or the required time n
are obtained. The individual numbers may be used for the calculations and the
biomass as well. The BASIC programm executing all calculations is available by
author,

The present model can be used only for species without overlapping generations,
This precondition is, however fulfilled in Central European Carabidae.

For the verification of the above model the Carabid taxocenosis from the
geobiocenosis FQ in Paviovské kopee hill (Sustek, 1983) was chosen, The reasons
for its choice were the stniking changes in its structure during 1971—1981, and the
presence of all dominant species during both 1971 and 1981, It makes possible
a control of observed (real) and theoretical (predicted) representation of individual
species, Seven species concentrating 98 % of blomass of all taxocenoses were
included into the calculations. Their sexual ratios and biomass are presented in
Tab. 2.

Tahle 2. The values used for the calculation of the progncsis ol the representation of seven Carabed
species based on their sex ratio and bomass in the Fagl Quercetum in Paviovske kopee hills

(5)

Specics S M 71, M &1, M Bl
Abax ater L1375 EL H¥.44 7415
Abax parallclus ~.0281 1280 14.50 B.53
Carabis cancellatus <1 I RK1 3522 30 4.86
Carabus ullrichs ~[ (NN} 4.54 015 .55
Curabus corfaceus TS 2308 2636 4310
Carabus nemoralis (.01 96 1T 26.40 1971
Carabis hopiensis L1428 1,89 11.04 337
Summ | 513,101 150,63 154.57

8l — sex ratin, M — hiomass in grams. » — real values. ¢ — theorebical values.

When comparing the values observed during 1971 and 1981 with the values
predicted for 1981 by the model, the model obviously overrated the predicted
bomass of Carabus cortaceus and a little also the biomass of Abax arer. This
results generally in an underrating of the biomass in other species with increasing
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populations. The overrating of C. coriaceus is caused probably by neglecting the
migration in this model, This explication is supported by approximately the same
sex ratio of C. copriaceus in two neighbouring geobiocenoses, viz. CaQ and TAc.
(Sustek. 1983) which caused an adequate increase in individual number and in
biomass of C. coriaceus. The other factors, e. g. the competition of non-carabid
animals were potentionally effective, but their evaluation is impossible on the level

M nwrj
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100 rl_\—l—"?_r' BN i e U ]
72 73 4 75 7 17 B 78 B0 81 Blc
B0 : '
70
¥ AATER
50
&0.
) ——
& e
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20 l---'*"‘"L"":.,_'_"”"""'*"
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o e | ¥ HORTENSIS
= - __ —— C. CANCELATUS
e r—r—a o CULLRICH

M2 T3 T 75 T8 T 78 78 60 8le 8

T-jg 46, The prognasis of representation of seven Carabids in Fagelo Quercetum in Paviovské kopee
hills based on their sex ratios and biomass during 1971 und the comparison of the prognosts with the real
sample from 1981 (M ordinate — hiomass of individual species in grams, DIM ordinate — dominance

identity ol blomass by "o, abscssa — years, 81 — predicred community during 1981, Bl, — real
commumnity during 1981,

of a taxocenological study, the cluster analysis of dominance identity of biomass of
real samples from the years 1971 and 1981 and of the predicted samples from the
years 1972, 73, ..., |81 shows a considerable tendency to form clusters afier the
subsequent years. One large cluster including the theoretical samples 1972—1976
is formed in the vicinity of real sample from the vear 1971, and the second cluster
including the theoretical sample from the years 1977—1981 is formed in the
vicinity of real sample from the year 1981. The dominance identity of the observed
samples from the years 1971 and 1981 is 76.4 %, The identity dominance of
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hiomass of real sample from 1971 and of theoretical sample from the year 1981 is
74.8 %, and the identity dominance of biomass of the observed and predicted
samples from the year 1981 is 86.7 %,

As patent from the above analyses (Fig. 46, Tab. 2), the model makes it possible
to estimate the changes in the rank of species in a community with a ten years
perspective and to estimate the trend of the changes in the guantitative representa-
tion of individual species as well.

Discussion

The different ecological tolerance of both sexes in a species can influence the
sexual ratio and it can change the intrinsic growth rate of the population of such
species. So, the different ecological tolerance of males and females can be one of
causes of a change in the structure of a community. The predominance of females
in dominant specics in a community exposed to anthropogenous pressure or in
a community in less predictable conditions with decisive abiotic regulation coinci-
des well with other characters of these communities such as the low alpha diversity
(with some exceptions, of course, Sustek, 1980) or predominance of r-selected
species, decrease in abundance etc. The increasing predominance of females in
disturbed field ecosystems coincides in the time with the increasing trend in
representation of smaller species (May 1978 — in relation to latitude, Sustek in
press, in relation to anthropogenous influences). A similar coincidence is found
also in relation to the simplification of the geographical ranges structure of
anthropogenously influenced communities (Sustek, 1980, 1981; Czechowski,
1981 ; Kubicka, 1981 ; Cholewicka, 1981) or with the increase in dominance of
such species respectively, the range of which have the largest overlap with the range
of a biome inhabited by such species (Sustek, 1981). So, the sex ratio of Carabidae
can be considered as a bioindicative criterium with a high degree of indication
ability. The errors of the estimated sex ratio caused by different movability of both
sexes can be neglected if the samples obtained by the same collecting method will
be used. The influence of the protandry, which is rather frequent in Carabids
should be eliminated by sampling during a whole season.

The model example shows that the deviations from the normal sex ratio of the
species in a community can be used for prognosing of the trend of the development
of this community. This mode of the prognosis cannot be, however, used for
prognosing the communities in urban ecosystems. profoundly influenced by man,
which consist of a large number of immigrants and where the estimated values of
the sex ratio can be rather different from the sex ratio of the individuals which
realy enter the reproduction cycle. This limitation should be applied also on some
imeular communitics surrounded by communities of rather different characters. In
such communities, the large portion of migrants is presumable (e. g. Miiller, 1970).
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Attempts at & prognosis of such communities must be preceded by a profound
zoocenological analysis of the communitics themselves and of their surrounding.

The proposed model of prognostic apphcation of sex ratio can be used only in
groups which have penerally more or less balanced sex ratios (the Carabids
represent such i group). For the groups with obligatory unbalanced sex ratios (e. g
Sarcophagidae T :¥¢=4:1. Powolny, pers. comm.; Ericocephalidae
dT:29=10:1. Stys. 1981) or for the groups in which their bionomy is
responsible for temporal changes in the sex ratio (e. g. Silphidae. Spicarovi, 1969)
the presented prognostic model should be modified speaifically.

In the relution w more extensive application of sex ratio in prognosis, the
problem of regular cyclic gradations and of the regular changes of sex ratio, known
in many pests, must remain open. The knowledge of such phenomena s
considerably  unsufficient in economically indifferent species representing the
majority of all amimal communities. The probable existence of such cyeles sugpests
the necessity of critical sttitude to the proposed mode of prognosis on one hand but
it gives a possibility of its specification and, first of all, it indicates the existence of
genctic feed-back ; and of microevolution offering a chance of survival to species
disappearing at present.

Conclusions

1. The sex ratio of Carabidae represents an applicable bioindicative criterion of
anthropical influence upon the ecosystems, It can be even more indicative than
some other crleria due to extensive hiological interpretability of sex ralio.

2. The sex ratio of Carabidae is applicable also to the approximate prognosis of
development in a community exposed to anthropical or abiotical pressures,

3. The bioindicative and prognostic application of sex ratio may be extended
also on other groups with obligatory balanced sex ratio and with non-overlapping
generations, Their extension on the groups having no above characters 18 possible
only after specific modificarions of the presented mathemuatical model and after
a profound study of normal sex ratios in certain groups,

4. The problems of bicindicative and prognostic application of sex rutio of
Carabidae discussed in the present paper sugpest the necessary orientation of
zov-ecological investigations also on long-term changes in animal communities; on
the study of population dynamics ol species used i the bivindication, and on
# more precise typization of animal communities.

Translated by the author
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Sustek Zh.: Bioindikeéni u prognoesticky vimmam pomern pobluvi w bystrudkovitgch (Col. Corubidae).

Attor sa zaober# vafibom pomern pohlavi u bystrufkovirfeh (Col. Carabidae) k poradiu drubu
v spolodensive a k antropogénnemu ovplyvienin tahte spolodenstva. Roddifuje pél typov roadelenia
pomery pohlavi v spolodenstve, ktoré sodpovedsju prirodrenym lesnym geobiocenazam v dubovom ad
dubovo-bukovom vegetaénom stupni, prirodeenym lesnym geoblocendzam v bukovom ai smreko-
vo-jedlovo-bukovom vegetaénom stupni, stine ovplyvienym lesnym geobiocenoidom v dubovom al
dubovo-tukovom  vegetainom swupni, potoym kultiram o insulimym spolofenstviim va velkych
mestich a vysvetfuje ich priciny. V pricl sa uvddza pribligng matenmtickd moddel, klory umodiiuje na
ziklade pomeru pohlavi stanovit odhad trendu dalficho vivoja spolodenstva 2 predpoklindu rovnakej
intenzity pdsabenin vietkych vonkaich laktorov, Potvrdzuje sa mognost bioindikagngho a prognostic-
kého vvuditia pomeru pohlavi bystrfkovitéch o uvides nickolko dvah o mulnostiach jeho vyuditia
i u ingeh skupin Hvolichow,

Mycres 36 BeonnEEsmmounoe § OPOTEOCTIMICCROC TNATCHEE COOTHONENNEN BOAOR ¥ KYMEeMUR
{Cal. Carebidue.)

ARTOp TMHEMASTES OTHOMEAREM COOTHOWERNS monos Y wyxemny Col. Carnbidie & o9epemmocTd
BNGA B cooBlUlceThe B K ONTPONOIEHROMY NORTWENIO Wi 770 coofitecTso, CFTAHYEET HHTL THIDR
PAIIEASHEN COOTHODISINA MOA0E 8 coOfWECTIE, KOTONLE CODTRETCTRYINT ECTECTREILM ACCHhM
reobnoneuoias 8 gyBonoil gaste Sykonol BErETALMOMAOR CTENEHN, CCTECTREHHLIM ACCHEM TeofHDne-
HoddM 8 GyROBON IXE N0R0-TNETOB-GYROBNI BeTeTATHTDN CTEneii, HaXOANUUMCHE 00 CHITEHEM
ANHERHeM fecnoro reofuoncsona B 1vGosod gawe AyGoBO-OyKnBON BETETAMRORKOR CTCTIEHH, Home-
BEIM KYALTYPAM W MOCANPOBAMBLIM COODIECTHAM B KPYIHEIX FOPOLAX W OFRNCHNCT WX pEEHERL
B pafore npeaccTARANETCN NPWEMIOMTEARALZE MOTEMITHHECKIS MOICTL, KOTOPAR. NOIMGARET HE
OCHOBE COOTHOMIEHHS (OA0E YOTRHORNTS OLERKY TPCHI NPOCHT ankReRIerD paamml conbulecTss
HpH YENOSMSY OAMMAKORON WHTCHCHEHOCTH WIMKMES BCCX AREImRMX gustopos. [lormsepeanercs
BOIMOEARCTR GRORHTHKALHOBRONG ¥ IPOTUOCTRYECKOTO HCMOLIOBAHN COOTHOWeNA noaon Col,
Carabidas # (pOBOINTCH RCCKOALKD PUCCYAICHMA O BOIMOKHOCTAY N0 HUMONLIOBINNS TAERC

¥ IPYTHE TPYIH SHBOTHEIX.



