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Is there a negative feedback in sex determination?

V.A. Geodakyan, S.V. Geodakyan

Abstract

A negative feedback between the secondary and tertiary sex ratio has been demonstrated for the man and many plant and animal species. The feedback is represented in cross pollinating plants by the amount of pollen caught on the female flower and in animals by the intensity of sexual activity expressed via unequal aging of X- and Y-sperms and different affinity of the fresh and aged eggs to these latter. The small amount of pollen, intensive sexual activity of males, fresh sperm and aged eggs are factors leading to increase in the number of males.

Introduction

Sex ratio (SR) is one of the main characteristics of sexual population. Generally it is determined by the number of males per 100 females, or in percents. In relation to ontogenesis stage we distinguish primary (I SR), secondary (II SR) and tertiary (III SR) SR. Primary is zygote SR after fertilization; secondary - SR at birth; and tertiary - SR of mature organisms.

  The main sex determination mechanism in many animals and plants species is chromosomal. Since the gametogenesis process produces an equal number of X- and Y-gametes, one may consider that this mechanism provides nearly equal quantities of sexes.

  Besides, some environmental and non-genetic mechanisms participate in sex determination (Chan & O, 1981). For example, the rate of X- and Y-sperm aging and elimination in male and female organism, their capability to fertilize eggs, the affinity of eggs to X- and Y-sperm, and viability of male and female fetuses at different embryonic stages. Secondary SR may be influenced by these and many other factors.

  Theories concerned with SR evolution and regulation (Fisher, 1930; Kalmus & Smith, 1960; Hamilton, 1967; Howe, 1977; Newton & Marquiss, 1978) as well as their criticism are described in (Maynard Smith, 1978). They are not sufficiently common and their authors fail to explain the whole complex of SR problems: observed deviations of SR values and its dependence on environment, such as parents' age, nutrition, climate conditions and others.

  A new concept, developed by V. A. Geodakian in 1965, considers sex differentiation as a specialization according to two main evolutionary aspects: conservation—female, and variation—male (Geodakian, 1965a,b, 1972, 1977, 1978a,b, 1985; Geodakian & Geodakian, 1985; Geodakian & Kosobutsky, 1967, 1969; Geodakian et al., 1967). The higher the quota of males, the greater is their variability, and the higher the difference between the mean values of the character in males and females, the higher is the evolutionary flexibility of this character in population.

  Thus, it was shown that tertiary SR determines the proportion between conservation and variation tendencies as well as the species evolutionary flexibility. At different stages of evolution, and also in different environmental conditions population needs different evolutionary flexibility (and consequently there exists a definite optimal tertiary SR value for each of these conditions). And this value is not necessarily equal to 1:1. According to the new concept secondary SR is also a variable dependent on the environment, rather than a constant specific for a species, as it was believed. In stable environment secondary SR is at its optimum level.

The extreme environment and "reversibility" of males

  Under extreme conditions, as a rule, more males die and simultaneously more males are required for selection. Both males’ mortality and males’ birth-rate increase imply "reversibility" of males increase. In 1965 the hypothesis that besides the direct relation, there exists a negative feedback between secondary SR and tertiary one was proposed (Fig.). So, in many species secondary SR may be regulatory related to the tertiary SR, controlling the SR in the population when its optimum is disturbed. Two negative feedback mechanisms are possible:

  1. The initially genotypically determined probability to have offspring of a given sex is equal for all males and females in population, but environmental conditions may bring about change in this probability. This mechanism may be called organismic, or physiological. It may regulate SR only in polygamous or panmictic population. 
  2. Different organisms have genetically determined different probabilities to produce offspring of a given sex. With this mechanism regulation may be on a population level, through greater or lesser participation of individuals, giving birth to a greater number of males or females. This mechanism can be called populational. Unlike the organismic mechanism, the populational one may regulate the SR not only in polygamous or panmictic, but also in fully monogamic populations.

  In order to solve the problem that appears in the title of the present paper it seemed possible to discuss both the direct and indirect experiments. The direct experiments show the dependence of tertiary SR on secondary SR, the indirect ones—the influence of tertiary SR on different factors, which in turns affect secondary SR. Later, the “compensation” theories were proposed (James, 1971a,b,c; Trivers & Willard, 1973; Werren & Charnov, 1978; Charnov, 1982; Trivers, 1985) (for review see also Cluttonbrock & Iason, 1986; Maynard Smith, 1988). They are concerned with different aspects of the mechanisms of the SR regulation. Their results are also included and confirm the more general negative feedback hypothesis.

Mechanisms of organismic regulation

  For the organismic type of regulation these factors are: a)the amount of pollen caught on the female flower: this amount is directly proportional to the number of male flowers surrounding the female flower, and consequently, tertiary SR; b)pollen aging and elimination: the more male plants around the female plant, the less time is needed to pollination and vise versa; c)for polygamous or panmictic animals—the intensity of sexual activity, which is directly related to the number of the same sex, and reversely proportional to the number of the opposite sex, thus also dependent upon tertiary SR; d)male or female gamete aging and elimination (delayed fertilization); the aging probability in the organism of abundant sex is always greater than in the organism of deficient sex, so a relationship should exist between gamete aging and tertiary SR (Fig.).
Figure 

The scheme of negative feedback, regulating population sex ratio.

  Table 1 shows the results of direct experiments on eight animal and plant species. The experiments on dioecious plant Melandrium album were conducted by Mulcahy (1967). In artificial M. album populations the existence of negative feedback relation was established.
Table 1  Plants, animals and humans secondary SR 

 (II SR) in relation to tertiary SR (III SR) (ref. 

 See Geodakyan, Geodakyan, 1985).

	Species
	Sex ratio, % ♂♂

	
	Tertiary
	Secondary

	
	
	

	Melandrium album
	92

60

52

28

4
	44.0±2.5

48.0±1.4

48.5±1.4

46.5±1.2

55.0±4.25

	
	
	

	Lebistes reticulatus 
peters
	91

50

9.1
	32.7±1.8

50.4±1.5

60.7±1.4

	
	
	

	
	91

50

9.1
	51±1,8

49±1.5

42±2.7

	
	
	

	Macrocheles glaber

M. scutatus

M. preglaber
	II SR = -0.0141 * III SR

II SR = -0.0236 * III SR

II SR = -0.0362 * III SR

	
	
	

	Drosophila melano-gaster
	80

20


	↓ Increase of 

II SR*

	
	50

20
	47.50

50.89
	48.22

50.82
	48.76

51.67

	
	
	
	
	

	Mousses
	Increase*
	Decrease*

	
	
	

	Rats
	Increase*
	Decrease*

	
	91

9.1
	47.6±2.31

56.5±1.72

	
	
	

	Marmota monax
	67

50


	31±4.1

50±2.5

	
	
	

	Human

Harems:

Chu Juanchan

Ramses II

Mauli Ismail
	50    (1)**
33.3 (2)

25    (3)

20    (4)

16.7 (5)
	49

51

52

55

57

	
	
	

	
	—*
1.35 (74)

—*
	62,0±7.5

62.0±3.6

61.8±1.6

	
	
	


* —The numerical values are not cited. **—Wives number is in parenthesis.
By the sign criterion negative feedback effect is valuable (P=0.01).

  Geodakian and his coworkers established the negative feedback relation in aquarium fish Lebistes Reticulatus Peters (Geodakian & Kosobutsky, 1969; 1979; Geodakian et al., 1967). The observed effect was maximal in the first generations and diminished in the next ones. Effect was asymmetric—secondary SR changes were more on the side of female excess. Visual isolation, but not acoustic isolation, was able to block this regulatory mechanism. Among hermaphrodites, sex reversal in a group of Anthias squamipinnis after male removal can be prevented if the females were able to view a male through a glass wall (Fishelson, 1970; Chan & Yeung, 1983). However, Brown observed the opposite changes of secondary SR under the same experimental conditions (Brown, 1982).

  Filipponi studied the SR in ticks of genus Macrocheles (Filipponi & Petrelli, 1967; Filipponi et al., 1972; 1975). The results of his experiments showed that after some time on any initial population SR it is established on a definite optimal level. Then the SR oscillates around this level. The progeny SR negatively correlated with parents' SR in all three studied populations of ticks—M. glaber, M. scutatus and M. preglaber (table 1).

  Terman and Birk (1965) conducted experiments on Drosophila melanogaster. In the experiments where parents were left in cultures; significant compensation of tertiary SR was observed. When parents were eliminated from cultures, no changes were observed.

  The results of three experiments (Luchnikova & Petrova, 1972), conducted on Drosophila to check negative feedback hypothesis, are presented in table 1. The authors claim that their results confirm the hypothesis.

  But some other investigators failed to observe significant differences in secondary SR when the tertiary SR in Drosophila was changed (Geodakian et al., 1967; Coyne & Grant, 1971). Possibly the results obtained may be explained by the small value of the negative feedback effect, and also by the influence of other factors (nutrition, conditions of maintenance and so on) on secondary SR.

  Parkes observed the diminishing of secondary SR by increasing the tertiary SR in mice (Parkes, 1925; 1926). V.A. Geodakian and B.A. Kasatkin have made similar observations on Wistar rats (Geodakian, Geodakian, 1985). For natural rat populations Snyder (1976) cited White's observations (White, 1914) for the time of the plague epidemic in India, when almost completely adult female elimination was observed. White writes: "...for compensation of almost completely adult female disappearance only females are born".

  Tertiary SR in natural populations of North American marmot Marmota monax is 51% males. Snyder removed one half of females from population (tertiary SR would be 67% males). The following year the SR of young mature individuals was 40♂:89♀ (Snyder, 1976).

  Humans are not strongly monogamic, therefore different secondary SR deviations from 1:1 may arise. For Nigerians Thomas (1913) has reported secondary SR values in relation to wives number (table 1). It may be concluded that there exists a reverse relation between secondary and tertiary SR.

  Furthermore, a negative feedback exists, an increase of the secondary SR can be observed in harems. Table 1 shows data on three harems: Chu Juanchshan (U Han, 1980) (1328-1398, China), Ramses II (Ebers, 1965) (1317-1251 B.C., Egypt), and Mauli Ismail (Aisha & Afrika today, 1970) (1646-1727, Morocco). These data are not easy to account for by purely stochastic sex determination. The probability of random deviation of such boys excess from 1:1 is 10-15. The number of mothers and progeny makes the effect statistically significant; the number of fathers is very small.

  Male deficiency is observed during war-time and after (Geodakian, 1965; 1972; James, 1976). During this period a 1-2% increase of male’s birthrate can be observed. These statistically significant data are known as "phenomenon of war years", because in peace time human SR is relatively stable.

  Theory also predicts excessive birth-rate of boys in the "female communities" (textile towns and others), and girls—in the "male" groups (expeditions, ship crews, geological parties, seaports and others). 
Pollen amount and SR. Different forms of organisms may have different mechanisms of negative feedback regulation. For example, in cross pollinating plants the amount of pollen caught on the female flower can act as a chain link (Geodakian, 1977; Geodakian et al., 1967). Table 2 shows the dependence of the secondary SR on the amount of pollen for four dioecious plant species from three families. Reversed relationship was confirmed on all studied species: raise of pollen amount leads to the decrease in number of progeny male plants and vice versa. The amount of pollen depends on the density of planting, therefore in dense planting the share of female plants must increase.
Table 2  Dioecious plants secondary sex ratio (II SR) dependence on the amount of pollen 

    (ref. See Geodakyan, Geodakyan, 1985).

	Species
(Family)
	Character of
pollination
	Pollination conditions
	Secondary SR,
% ♂♂

	
	
	
	

	Rumex acetosa
(Polygonaceae)
	Artificial
	A lot of pollen

Not much pollen

Very small amount
	8.92

30.87

42.1

	
	
	
	

	
	Artificial
	Abundant

Poor
	18

45

	
	
	
	

	
	Natural
	1920 grains/4 sm2/24 days

72 grains/4 sm2/24 days

72 grains/4 sm2/24 days
	43±5.5*
35±5.8*
43±5.8*

	
	
	
	

	Melandrium album
(Cariophyllaceae)
	Artificial
	A lot of pollen

Not much pollen
	31.65

43.78

	
	Artificial
	III SR, % ♂♂

Abundant               90

                               60

Average                 52

Limited                  28

                                 4
	44.0±2.5

48.0±1.4

48.5±1.4

46.5±1.2

55.0±4.2

	
	
	
	

	Cannabis sativa
(Cannabinaceae)
	—
	Poor
	Increase**

	
	
	
	

	Humulus japonicus
(Cannabinaceae)
	Artificial
	A lot of pollen
	30.2±5.8

	
	Natural
	Normal amount
	44.9±2.3

	
	
	
	


* —Cariological method of sex determination. ** — The numerical values are not cited. 
     By the sign criterion the negative feedback effect is valuable (P = 0.01).

  Ciesielski (1911) studied SR dependence upon pollen aging. In his experiments the seeds received from flowers pollinated with fresh pollen, gave up to 90% of male plants. Pollination with old pollen (12 hours and more) gave 90-100% of female offspring. However, Lilienfeld (1921) and Bessey (1918; 1933) did not confirm these data. 
Negative feedback in insects. Bees and other hymenoptera, ticks have an unusual negative feedback mechanism. From fertilized eggs only females (or females and males) are born, while from unfertilized ones —only males are developed (Flanders, 1946). Generally, the fewer males there are in the initial population, the fewer eggs are fertilized, and more males appear in offspring.

SR and sexual activity. Intensity of sexual activity (ISA) can also be a chain link between the tertiary and the secondary SR in animals (Geodakian, 1965). On the one hand, it depends on the tertiary SR: for each sex the activity diminishes with the increase of the number of individuals of one's own sex, and increases, when the amount of the opposite sex rises. On the other hand, ISA is related with organismic physiological parameters. Consequently, if negative feedback relation exists, and is realized through ISA, then high ISA of males should lead to high males’ birth-rate. Low ISA of males will result in high females’ birth-rate. For the females the picture is reversed: high female ISA results in an increased female birth-rate probability, low— male. So, high ISA increases the probability of the birth of a child of the same sex, low ISA—the birth of a child of opposite sex.

  The lower ISA, the older are the gametes participating in fertilization. Table 3 shows the influence of male ISA and sperm aging on secondary SR. The table contains data concerning humans and seven animal species (from six families). We did not refer to articles dealing with: a) sperm aging achieved by ligation of male sex glands; b) sperm aging taking place in vitro, or in female ducts since these conditions differ from the natural conditions in which female deficiency can be observed. In all species listed in table 3, a decrease of male birth-rate is shown, when male ISA decreases, or old sperm is used. The results given in table 3 confirm our hypothesis on ISA participation in secondary SR regulation suggesting the possibility of these species having negative feedback relation.

Table 3  Secondary SR dependence from the intensity of sexual activity (ISA) of males (ref. See 

    Geodakyan, Geodakyan, 1985).

	Species
(Family)
	Low ISA
	High ISA

	
	Experimental conditions
	Secondary SR, % ♂♂
	Experimental conditions

	
	
	
	
	
	

	Hens
(Phasianidae)
	Cocks were 
without hens for:
	7 d

25 d

30 d

60 d
	47.8±4.7

48.5±5.0

42.1±3.3

38.2±5.1
	56.1±5.0

56.1±5.0

53.7±3.5

47.7±6.2
	Cocks were with hens 
before the experiment

	
	Cocks were used 
every other day
	42.4±2.9

45.7±4.9
	55.5±2.9

56.7±4.6
	Cocks were with hens constantly

	
	
	
	
	

	Mousses (Muridae)
	Low ISA
	Decrease*
	Increase*
	High ISA

	
	
	
	
	

	Rabbits
(Leporidae)
	Coitus every 5 d
	34.6±4.2
	49.8±2.9
	Coitus more often then 5 d

	
	2-3 matings/day for 3 d, 
3 d rest, etc.
	47.1±1.2


	51.2±1.6

54.3±2.0

58.3±2.6

53.7±1.1
	1–5 d

6–10 d

11–15 d

1–15 d
	4–5 matings/d
for 15 d

	
	
	
	
	

	Pigs
(Suidae)
	< 10 matings
	48.6±1.5
	51.6

52.2±0.3
	10–15 matings

15–19 matings

	
	
	
	
	
	
	

	Horses (Equidae)
	Number of 
matings:
	20–34

35–39

40–44


	49.22±0.20

49.13±0.16

49.09±0.13


	49,19±0.13

48.47±0.13

50.19±0.13

50.29±0.13
	Number of 
matings:
	45–49

50–54

55–59

60

	
	
	
	
	

	Sheeps
(Bovidae)
	Normal ISA
	51.7±1.1
	56.9±2.3
	Increased ISA

	
	2 matings/d for 3 d, 3d rest
	50.6±2.8

50.1±1.3
	48.8±1.8

57.1±4.0

55.8±3.2
	2 matings/d for 6 d, 1d rest

4 matings/d for 65 d

10 matings/d for 45 d

	
	
	
	
	

	Cattle (Bovidae)
	80–100 matings/season
	42.6
	54.2

58.3
	100–120 matings

> 120 matings

	
	
	
	
	

	Humans
(Hominidae)
	Low ISA
	Decrease*
	Increase*
	High ISA


* — The numerical values are not cited. By the sign criterion the negative feedback effect is valuable (P = 0.01).

  James has analyzed in detail and on great statistical material the relation of the secondary SR and ISA in humans (James, 1971a,b,c; 1975a,b,c; 1976). He showed, that on high men's ISA an increase of boy birth-rate in their progeny is observed.

  In humans and different animal’s species such regularity may be due to faster death or inactivation of Y-sperm, in comparison with X-sperm (Geodakyan et al., 1967). In humans, this suggestion was experimentally confirmed. It was observed that after prolonged periods of abstention, the content of Y-chromatin in sperm decreases markedly. When abstention was 2 days, the percent of Y-chromatin was 43.5, when abstention was 14 days or more - 37.2%. Y-chromatin discoloration should be excluded, because its structure in the cell nucleus is stable. The decrease of Y-sperm concentration with time may explain its value, which is lower than the theoretically expected value (50%). Different Y-chromatin values, as well as their big scattering, have been observed by various researches (Schwinger, 1976).

    Another possible mechanism of negative feedback relation can be a link between ISA of females and their offspring SR. Fresh and old eggs can have different affinity to X- and Y-sperm. For negative feedback realization it is necessary that old eggs (low ISA) should have low affinity to X-sperm and high affinity to Y-sperm. In case of male deficiency and low female ISA the offspring will be born, as a rule, from older eggs, which will be more frequently fertilized by Y-sperm. Increased male birth-rate will compensate existing deficiency in the population.

   Also, the conditions in female reproductive tract on delayed fertilization may determine the different viability of X- and Y-bearing sperm, and consequently the secondary SR (Chan & O, 1981).

  Table 4 shows data on delayed fertilization. Predicted rule is also confirmed in all studied species, both with male and female heterogamy (16 species from 11 families). It should be noted that higher animals do not have such a big secondary SR changes, as lower animals possess.

Table 4  Secondary SR (II SR) dependence from the delayed fertilization of eggs (ref. See Geodakyan, 

    Geodakyan, 1985).

	Species
(Family)
	Delay value, or time of 
fertilization
	Secondary SR, % ♂♂

	
	
	after delay (old eggs)
	before delay (control)

	Taleporia tubulosa
(Psychidae)
	4 d
	59
	42.5

	Rana esculenta (Ranidae)
	18 h

42 h

56 h

64 h
	37.3

50

58

94     86
	48.6

	
	89 h

94 h
	100

100
	53±4.7



	Rana temporaria
	80–100 h
	77.9±4.3
	—

	
	
	
	

	Bombix mori (Bombicidae)
	—
	Increase*
	—

	
	—
	Increase*
	—

	Salmo iridens (Salmonidae)
	4–7 d

21 d
	Slightly decrease*

62.5
	50

	Salmo trutta 
	21 d
	Increase*
	—

	Tisbe dobzhanskii

Tisbe clodiensis (Venice)

Tisbe clodiensis (Ponza)

Tisbe holothuriae
	5 d

4–5 d

4 d

4 d
	81.39

60.92

69.99

62.57
	58.88

52.71

59.13

54.86

	Pseudococcus
	6 weeks

8 weeks

10 weeks
	64.3

76.5

90.8
	50.5

	Drosophila melanogaster
(Drosophilidae)
	7 d

14 d

21 d
	52.23

52.83

53.23
	51.23

	Mousses (Muridae)
	3.25-4.25 d

9.5-11.5 d

17.5 d
	47.3±4.8
44.4±5.2

54.8±3.5
	—

51.5±3.5**
44.4±3.6

	Rats (Muridae)
	First and last 3 h
of estral cycle
	48,43±3,38**
	51.84±3.37**

	
	10 h before ovul. norm

5-3 h before ovul.

2-1 h before ovul.

0-1 h after ovul.***
	—

50.7

57.4

41.2
	47

	
	1-3 h after ovul.
	60.0±2.3

62.7±5.9
	50.0

	
	3-5 h after ovul.
	65.5±3.0
	

	
	4-6 h after ovul.
	51.2±7.8

71.8±4.4
	

	
	5-7 h after ovul.****
	69.7±14.5
	

	Rabbits (Leporidae)
	10-12 h after ovul.***
	71±9
	49±4.1

	
	2.5-16 h after ovul.***
	58.0±2.6
	50

	
	
	
	

	Cattle (Bovidae)
	Beginning of estrus

Middle of estrus

End of estrus
	49.6±3.2
—

60.7±4.7
	53.6±4.4

	
	
	
	

	Human (Hominidae)
	2–3 d*****
	54.8
	48.7

	
	2 d
	Increase*
	—

	
	2 d
	Increase*
	—


* —The numerical values are not cited. ** —Differences are not significant. *** —Ovulation was caused by mating with vasectomyed male. **** —Groups of 6 males and 15 females, ovulation was determined by the beginning of the estrus 
and time of the day. ***** —Ovulation was determined by the temperature test. By the sign criterion the negative 
feedback effect is valuable (P = 0.01).

  We did not analyze papers containing the results of experiments, conducted with artificial insemination (in which sperm is not viewed in natural conditions), neither do we refer to works describing males and females who are not kept in natural conditions. Many of the articles concerned with sperm aging as well as with egg aging, are treated in Lanman's reviews (1968a,b); the results of studies presented by Lanman seem to be contradictory. Moreover, many of these articles do not give any description of the conditions, in which males are kept before the experiments. The result of the experiment depends on two effects: on eggs aging (promoting male birth-rate) and on sperm aging (promoting female birth-rate). To exclude the second effect males should be kept with females not involved in the experiment and should not be kept in isolation before the experiment.

Populational mechanisms.

  For the realization of populational mechanisms of SR regulation two conditions are necessary: 1) organisms in population should have genetically determined different probability in giving birth to offspring of definite sex; and 2) this probability should be in opposite correlation with their reproductive range. The higher the reproductive range, the greater the number of offspring of opposite sex. Male reproductive range (access to the sex partners) correlates, as a rule, with his social-hierarchic range (access to the resources in common). For females the correlation may be negative: since their social-hierarchic range, like that of males is defined by their strength and aggressiveness, whereas reproductive range - more by attractiveness and compliancy.

  For years scientists have been concerned with the question "is the birth of a child of one sex or the other a purely stochastic phenomenon?" (for review see Cluttonbrock & Iason, 1986). A vast statistical material studied (5 mill of births in Sacsoni in 1876-1885 yea) was establish, that families in which one sex is prevails, appears more frequently while families with equal SR more rarely, contrary to theoretical expectation (Stern, 1960). Bar-Anon and Robertson (1975) have analyzed 150 000 births sired by 107 bulls and found significant differences in the sex of their progeny.

  Trivers and Willard (1973) have studied the relation between parents’ reproductive range ("success") and that of their offspring SR. They analyzed data on such species as deer, pig, sheep, dog, seal and humans. Females of these species, which have more "reproductive success", give birth to more sons. For grey seal  Halichoerus grypus SR in female offspring was 58.2% in the early period of mating season, and 42.5% at the end of the mating season (Coulson & Hicling, 1961).

  The contradictory results received by different authors, on the same object at different schemes of experiment, may be accounted for by their ignoring the role of populations mechanisms (for example, it is possible to ignore the social range of individuals in Drosophila).

*
*
*
  In natural conditions deviations of tertiary SR from optimum always make one sex "deficient" and the other - "abundant" with opposite changes of their states. Deficient sex, in average, has more ISA, frequently have sex saturation, and participates in fertilization with more fresh gametes. Contrary, abundant sex has less ISA, frequently has sex starvation and participates in fertilization with older gametes, compared with the same characteristics of optimal SR population. A deviation from tertiary SR optimum firstly reflects on animals with low reproductive range. In monogamic populations they remain without mating partners, and in panmictic populations – their ISA decreases. Such disturbances always lead to the increase of deficit sex birth-rate independently of organismic or population mechanism occurs and where it acts - inside male or female organism.
Table 5  Theoretically expected sex of offspring in the relation to the intensity of sexual 

    activity (ISA) for organismic or populational types of feedback, acting inside male

    and female organism, for natural and artificial disturbances of ISA optimum.

	Disturbance of ISA optimum
	ISA of
	Negative feedback

	
	
	organismic
	populational

	
	
	In the organism of:

	
	father
	mother
	father
	mother
	father
	mother

	Natural
	High
	Low
	♂
	♂
	♀
	♀

	
	Low
	High
	♀
	♀
	♂
	♂

	Artificial
	High
	High
	♂
	♀
	♀
	♂

	
	Low
	Low
	♀
	♂
	♂
	♀


  Artificial situations are also possible, when the state of both sexes is exposed to similar changes. For example, males and females have low ISA and old gametes when kept in isolation. The result of SR regulation depends on which parent organism has a negative feedback mechanism (table 5).

  Analysis of natural secondary SR deviations may show the type of negative feedback mechanism: organismic or populational (table 5).
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