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Abstract The reduction in infant and child mortality rates has been considered one of the key factors prompting fertility decline. The relationship between early life mortality and fertility is complex since involves multiple dimensions. Furthermore up to now research on this topic has not permitted to measure adequately the interaction mechanisms involved, since it has mostly relied on aggregate data. This paper aims to explore this complex relationship during the Sardinian demographic transition on the basis of an individual level data set reconstructed for the community of Alghero for the years 1866-1935. Sardinian experience is particularly interesting because the island, where infant mortality rates were amongst the lowest in the country, has known the most delayed fertility decline process.
Abstract La riduzione della mortalità nei primi anni di vita è generalmente considerata uno dei fattori di innesco del declino della fecondità. Il legame tra fecondità e mortalità, inoltre, risulta essere alquanto complesso e l’interazione tra le sue componenti poco studiata tramite dati micro-analitici. Lo scopo di questo articolo è quello fare luce su tali complesse relazioni durante la transizione demografica in Sardegna sulla base di un data-set costituito da biografie individuali della popolazione di Alghero per gli anni che vanno dal 1866 fino al 1935. Il contesto sardo, tra l’altro, risulta essere particolarmente interessante anche a fronte di bassi livelli di mortalità infantile sperimentati in passato dall’isola e dal lento e ritardato declino del processo di riduzione della fecondità.
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1 The study area
Alghero is a large costal town in north-western Sardinia that, before national unification (1861), formed part of the Kingdom of Sardinia, along with the regions of Piedmont and Liguria. The first Italian Census (1861) records Alghero as having 8,831 inhabitants, making it the fourth biggest municipality on the island. Being a coastal town with a port, there were a large number of fishermen, sailors and coral fishers, as well as artisans and traders, which together accounted for 45% of the labour force. However, Alghero’s socioeconomic structure was dominated by farmers and shepherds, which is unusual, considering its vicinity to the sea. 
2 Data and sources
The demographic data used in this study are taken from civil records of birth, death and marriage which were introduced in Sardinia in 1866, as decreed by the newly unified Kingdom of Italy. All the nominal data reported in the civil records (for the years 1866-1935) was digitalized. In order to analyse socio-professional differentials, particular attention was paid to the husband’s occupation. SES was stratified into occupational groups, coded according to the Historical International Standard Classifications HISCO (Van Leeuwen, Mass, and Miles 2002; Van Leeuwen and Maas 2011). 

3 Reproduction from an Individual Perspective
A multivariate statistical analysis was conducted to disentangle the respective role and impact of each component, using event-history techniques and estimated risk of having another child. A micro-level analysis was performed on legitimate births of parity 2+, since the birth of the first child frequently corresponds with marriage patterns, suggesting that intervals between marriage and first birth were strongly affected by marital decisions and prenuptial conceptions. The population under study here is limited to currently married women, aged 15-49, who had already had one birth. Table 1 shows the models and full set of covariates used in our multivariate analyses, with the individual and couple level consisting of seven variables.
Results from the first event history analyses share some features of general marital reproduction for the Italian population (Breschi et al. 2009). As table 1 shows, the likelihood of marital birth decreases as the women’s age increases. In relation to the reference category (wives age 25-29) the probability of giving birth falls by 12% only after the age of 35, decreases markedly (50%) after 40 and drops away after 45. 

Table 1: Cox regression. Estimated effect of the likelihood of having another child/ part 1. Alghero 1866-1905 marriage cohorts
	Covariates
	1 H.R.
	2 H.R.

	Cohort of marriage (ref. 1866-1885)
	1.000
	1.000

	1886-1905
	0.952
	1.038

	Age (ref. 25-29 yrs)
	1.000
	1.000

	<20
	0.950
	0.958

	20-24
	1.014
	1.018

	30-34
	1.002
	0.998

	35-39
	0.884
	0.877

	40-44
	0.468
	0.462

	45+
	0.060
	0.059

	Age at first birth (ref. 20-24 yrs)
	1.000
	1.000

	<20
	1.093
	1.090

	25+
	0.941
	0.942

	Children ever born (ref. 1) 
	1.000
	1.000

	2
	0.486
	0.480

	3
	0.453
	0.446

	4
	0.482
	0.472

	5
	0.492
	0.481

	6
	0.524
	0.514

	7
	0.534
	0.524

	8+
	0.665
	0.650


The number of previous births was added to the model to detect the degree of deliberate marital fertility control given that the onset of natural sterility is accounted for by age. We used the propensity to move from the first to the second child as a benchmark for higher order births. The absence of parity-specific control is further confirmed by the results shown in table 1. Although the likelihood of another marital birth is lower for women who had two or more children ever born, the differences between women of higher parities are quite small. While marital fertility does decline to a certain degree at higher parities even if the effect is not especially relevant. In short, parity analysis confirms extremely limited fertility control in Alghero’s population, despite the fact that there is a statistically significant decline in the propensity to have children from the first marriage cohort (1866-1885) to the second. Age difference between spouses proves to be of little importance. A slight fall (about 10%) in the risk is recorded for marriages of higher order, indicating that previous marriages and more likely the presence of children discouraged further births. In Alghero, the likelihood of marital birth results lower for couples where both spouses are non-native, which is probably due to their less robust network of solidarity within the community. Statistical significance indicates that this difficulty was particularly pronounced for couples when the woman is non-native. The likelihood of birth increases by over 80% when the previous child had died (independently of his/her age at death), compared to women with surviving children. This confirms the strong fertility-inhibiting effect of breastfeeding and that the interruption of breastfeeding after an infant death results in a significant short-term increase in the likelihood of an additional birth. 
Table 2 Cox regression. Estimated effect of the likelihood of having another child/ part 2. Alghero 1866-1905 marriage cohorts

	Covariates
	1 H.R.
	2 H.R.

	Marriage (ref. first marriage)
	1.000
	1.000

	Remarriage
	0.911
	0.911

	Age difference between spouses (ref. 0-3 yrs)
	1.000
	1.000

	Woman older than man
	1.035
	1.041

	Man older than woman by 4+ yrs
	0.997
	0.995

	Life status of the previous child (ref. alive)
	1.000
	1.000

	Dead <2 years since previous child
	1.903
	1.907

	Dead ≥ 2 years since previous child
	2.221
	2.224

	Birth place (ref. Alghero)
	1.000
	1.000

	Other place husband
	0.921
	0.920

	Other place wife
	0.907
	0.905

	Other place both husband and wife
	0.951
	0.941

	Socioeconomic status (ref. unskilled)
	1.000
	1.000

	Low-skilled
	1.011
	1.066

	Farmer
	0.993
	1.041

	Skilled
	0.908
	0.992

	Non-manual
	0.844
	1.102

	Interactions
	
	

	1886-1905*Low skilled
	
	0.911

	1886-1905*Farmer
	
	0.920

	1886-1905*Skilled
	
	0.841

	1886-1905*Non-manual
	
	0.619

	Log likelihood
	-69253.042


In contrast to what has been observed for other Italian and European communities, the risk of having another child when the previous child had died increases in relation to the child’s age at death (Tsuya et al. 2010). This suggests a replacement effect that is stronger than the purely physiological consequence related to early fecundity resumption caused by the premature interruption of breastfeeding. 
However, this result should be contextualised. In Alghero, as in rest of the island, infant mortality, especially neonatal mortality, was among the lowest in the country (Breschi et al. 2012) and protracted breastfeeding was commonplace, in many cases lasting over one year (Coletti 1908). Regarding the SES dissimilarities, the most striking differentiation emerges for the non-manual group who had a lower chance of marital births.
4 Reproduction from an Individual Perspective (Future developments)
From the results described above it follows: a) the well-known and strong influence of bio-demographic factors (maternal age, age at first child) on fertility levels; b) the relevance of birth interval size and the survival status of the previous child born; c) a significant and stronger fertility control only within the social elite group. In the light of the points b) and c) are very interesting the data in Table 2 including: the number of surviving for three birth cohorts (1866-1885, 1886-1905, 1906-1920), for the total number of births and for the births recorded for the few elite families in Alghero. The children of this group benefit from a significant decline in the risk of dying between 1866 and 1920, at least in comparison to the rest of the children born in those years. Over 90% of children belonging to affluent families, born in the twentieth century, survive to the second birthday, compared with a corresponding 75% recorded for the whole population belonging to the same last cohort examined. The question undoubtedly intriguing, briefly described in the abstract, is therefore to examine to what extent the decline in fertility observed for the elite can be attributed to the simultaneous increase in survival experienced by the children belonging to this social group. This will be therefore the main objective of our research in the next few months whose results we intend to present at the conference.
Table 2: Survivors (lx per thousand) in the first years of life. Alghero, 1866-1920
	
	1866-1905
	1886-1905
	1906-1920

	Months
	Total
	Upper class
	Total
	Upper class
	Total
	Upper class

	1
	925,9
	901,8
	925,4
	969,5
	946,5
	966,3

	6
	866,1
	866,1
	870,9
	961,8
	903,2
	966,3

	12
	800,0
	857,1
	808,8
	946,6
	837,3
	943,8

	24
	689,7
	750,0
	705,7
	900,8
	753,2
	921,3

	60
	605,6
	669,6
	632,6
	801,5
	690,5
	876,4

	q0/q1-4
	0,82
	0,65
	0,88
	0,35
	0,93
	0,79


The interrelation between infant/child mortality and fertility, despite its relevance, has received up to now a very limited attention particularly at the individual level (Van Poppel et al. 2012). However it represents a crucial question for understanding the mechanisms of reproductive behaviours transition particularly in a region, like Sardinia, which experienced a very slow and delayed fertility decline as well as well a prolonged and very moderate reduction in infant and child mortality (Breschi et al. 
2014), moving from a relatively advantaged condition. Indeed, since the first years following National Unification, Sardinian infant mortality rate was the lowest in Italy. The interpretations advanced to this regard are still a matter of debate (Pozzi 2000; Gatti et al. 2002; Breschi et al. 2012) even if the hypothesis about the protective effect induced by a prolonged breastfeeding, proposed by Coletti (1908), is still largely accepted. As a result of prolonged breast-feeding, infant mortality would have been moderate and at least partially postponed to the immediately following months along with a delayed late weaning: this combination would have, therefore, favoured a broad balance between infant and child mortality.
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