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Abstract 
Great Tits are territorial songbirds of woods and gardens. They often produce two broods a 
year. The number of young birds leaving the nest largely outnumbers the annual mortality of 
adults. Many young die soon after fledging. The early disappearance (mortality or emigration) 
is greater the later in the season the young are born, when even enough food is available. The 
late-born young are more inclined to emigrate than the early ones; the more so when the density 
of early young and parents is higher. 

On the island of Vlieland, the artificial reduction of the reproductive capacity (number of eggs 
laid) to about 40 % of the normal value resulted in about a doubling of the annual survival rate 
of the adults. 

The regulation of the population is mainly accomplished in early autumn, i.e. at a time when 
a shortage of food could not be limiting. The mechanism for this has to be sought in intraspecific 
strife, rather than in food. 

Great Tits are territorial songbirds of woods and gardens. A young tit usually claims its 
territory in the September after hatching, often very near to the place where it hatched. 
The settled parents defend their territories succesfully against yearlings and possible im
migrants. 

The Great Tit is a hole-nesting bird. If we put up enough suitable nestboxes, virtually all 
pairs present will accept them for breeding. Moreover, a large part of the birds present will 
use these boxes as a sleeping place in winter. 

The Great Tit inhabits oak woods, which are rich in food for tits, up to an average 
density of 33 pairs per 10 ha. In Scots pine - poor in food - only about 4 pairs per 10 ha 
are found. The numbers in the two habitats, however, never show any constancy in the 
course of the years, but fluctuate about an average, showing no significant trend (Fig. 1). 

It is this process of the apparent adjustment of population density to carrying capacity, 
which might be brought about by a density-dependent mechanism. This mechanism is 
likely to be some form of competition, which either raises mortality and emigration or 
reduces reproduction and immigration if the population density increases. 

We may tackle the problem round these phenomena experimentally by putting the q ues
tion: Is it possible to demonstrate any correlation between rate of reproduction and rate 
of survival to population density? If one doubles the mortality of eggs or nestlings, does 
the population decline to a lower level; or is this increased mortality counterbalanced 
either by an increased survival of adults as a result of reduced intraspecific competition, or 
by increased reproduction in the subsequent year, or by both? And if so, what is the 
mechanism of the processes involved? 
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Fig. 1. Breeding population of the Great Tit, 1956-1968 in oak and pine wood. 
- - - - Roge Veluwe; 265 ha, mainly pine wood, with some birch, becch and oak; average 
density: 4 pairs per 10 ha. 
-- Liesbos; 12 ha, oak wood; average density: 33 pairs per 10 ha. 

Reproduction 

I established the role of density-dependence in both reproduction and survival of the 
Great Tit in a study on the estate ONO (182 ha) by a nearly complete annual census of the 
pairs present in the breeding season and by ringing all parents as well as nestlings (Kluyver, 
1951). 

Within one habitat, the frequency of large clutches is higher in years when population 
density is low than in years when it is high. The difference, however, is small and statisti
cally barely significant. On the other hand, the average clutch-size of first broods is more or 
less similar in oak and pines, in spite of the fact that the population density in oak is much 
higher than in pine. Thus, though a high population density tends to decrease clutch-size, 
an abundant food-supply - as found in oak woods - on the other hand has an increasing 
effect. In fact, the food factor often predominates. 

More important than this density-dependent effect on clutch-size is the effect of density 
on the number of clutches produced in one breeding season. All pairs start laying in April 
or May, and the young of these broods leave the nest in late Mayor early June. After 
early June, some pairs start a second clutch; more pairs do so in thin populations than in 
dense ones (Kluyver, 1951, 1966). 

However, the numerical contribution of this variability in reproductive rate to the regu
lation of population density is immaterial, because it only varies a naturally very high 
progeny surplus. Great Tits usually have clutches of 8-12 eggs, and each pair raises 8 
nestlings a year on an average. Reproduction thus amounts to 400% per individual parent 
per year, whereas the annual mortality of the adults averages only 50%. 

This means that there is a large surplus of offspring. To prevent overpopulation a greater 
part, more that 80 % of the individuals fledged, has to die or emigrate at an early stage. 
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Hence, more important than a density-dependent reproduction rate, is a density
dependent survival rate. 

Local survival 

Perrins ([965) studied the ecology of the Great Tit in a deciduous wood in England where 
these birds are only single brooded. He is of the opinion that soon after fledging many 
young sufTer severely from a shortage of food. He supposes that it is the survival of the 
newly fledged late young which determines the size of the breeding population of the next 
year. He observed that the local recovery percentages of ringed young were smaller the 
later in the season they were born. Also, the body weight of the young at fledging decreased 
during this period and he concludes from this that the amount of food available in the 
habitat decreases at the end of the breeding season. 

In Holland, the decrease in the local recovery rate of late hatched young birds is also 
very striking; as shown in Fig. 2 for pine- and oakwood. This does not coincide, however, 
with a decrease of the available food supply as is shown for pine woods by L. Tinbergen's 
study (de Ruiter, 1960, p. 336), from which I made Table 1. The larvae of Acantholyda and 
Panolis are both common and highly valued prey of the Great Tit. Expressed as individuals 
they consitute together with spiders 58 % of the food brought to the young in a pine wood 
in June and July. Moreover, these prey species increase in size from May until the end of 
July, more than do the rest of the insect-fauna. 

Hence, in pine plantations in Holland a shortage of food for the young is, in general, not 
probable in June and July. In fact, Kluyver (1950) and Gibb and Betts (1963) showed that 
in pine woods Great Tit nestlings of the second brood get much more food from their 
parents than do the nestlings of the first brood. In general, there is enough food available; 
hence, especially in pine woods, many of the pairs have a second brood inunediately after 
their first one. 

In order to study the survival of the young after fledging (expressed as the local recovery 
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Fig. 2. Period at which young Great Tits left the nest in relation to local recoveries after 
October. Numbers refer to ringed young. 
A. Mainly pine wood; Hoge Veluwe, 1955-1966; coniferous and mixed wood. 
B. Oak wood; Liesbos, 1955-1965; deciduous wood. 
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Table 1. Number of faecal pellets (over 0.6 mm) found by L. Tinbergen c.s. on frass collectors 
of 0.25 m2 in 1954 and 1955 in a plantation of Scots Pine. 

Date Acantholyda Panolis 

1954 1955 1954 1955 

27-V 0.2 0.0 0.0 
7-VI 2.0 0.0 0.4 

II-VI 6.3 1.4 
16-VI 3.9 0.0 
23-VI 7.1 4.7 
24-VI 7.8 2.8 

I-VII 2.8 23.1 
6-VII 12.0 16.9 
9-VII 7.1 26.4 

20-VII 39.0 \69.0 35.7 134.8 
29-VII 33.1 156.4 35.1 110.0 
4-VIII 36.9 43.7 
6-VIII 31.9 68.7 

ll-VIII 10.6 31.5 
16-VIII 20.0 51.3 
24-VIII 5.8 18.9 
30-VIII 4.7 15.5 
5-IX 4.2 5.4 

rate of ringed individuals) I divided the season in two parts; an early period including all 
first broods ending 15 June, and a late period including the second broods. 

Young of the second brood appeared to survive locally less welI after fledging than 
first-brood young; the recovery rate in the breeding area after at least three months 
averaged 8.75 % for first- and 5.30% for second-brood young (Table 2; see also Table 7) 
In all areas under investigation, the difference tended in the same direction. However 

Table 2. Ringed fledglings recovered after 1 October at a distance of less than 1 km from the 
place of hatching. 

Area; overgrowth; Young fledging 
and years 

up to 15 June inclusive after 15 June (late period) 
(early period) 

ringed recovered (%) ringed recovered (%) 

ONO; mixed; 1935-40, 
1946-57 4743 7.3 1867 4.2 

Roge Veluwe; mainly pine; 
1955-63 2781 11.6 1367 7.0 

Liesbos; oak; 1955-63 3329 9.8 1133 4.3 
Kreel-Waterberg; pine; 

1955-58 719 7.4 404 5.3 

Total 11572 8.75 4771 5.3 
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Fig. 3. Local recoveries of early and late hatched young, 1956-1966. 
A. Liesbos, oak wood; B. Hoge Veluwe, mainly pine wood. 

there was a wide annual variation in these percentages. On Roge Veluwe (pinewood, 
Fig. 3B) these values vary from 0.9% to 27.0% for the first brood, and from 0.0% to 
16.0 % for the second brood; in Liesbos (oakwood, Fig. 3A) from 4.5 % to 23.0 % for the 
first brood, and from 0.0 % to 11.8 % for the second brood. 

The annual values for first and second brood were closely correlated, as is seen in the 
scatter diagrams (for Roge Veluwe, r = 0.747, P < 0.005, and for Liesbos r = 0.757, 
P < 0.005). This suggests that for both pine- and oakwood a similar mechanism is deter
mining the local recovery rate of early and late young. Because the young of the second 
brood leave the nest six weeks later than those of the first brood, and because they find a 
quite different prey fauna, it is improbable that feeding conditions soon after fledging in
fluence the local recovery of all young equally. 

Does the local recovery rate being higher for the young of the first brood point to a 
smaller local mortality of the young of the first brood? This may partly be true, because 
the young of the second brood, more than the early nestlings, are parasitized by larvae of 
the fly ProtocallipllOra which attack the young in the nest. Though the parasitized young 
do fledge, many of them die soon afterwards (Kluyver, unpublished). 

Dispersion 

Further, however, the second-brood young disperse on the average farther away than 
those of the first brood. Dutch Great Tits, in contrast to English ones, are not fully resi
dent. Some of them even undertake trips of up to 500 km in a south-west direction from 
their birth-place. 

In imitation of Dhondt and Ruble (1968) I differentiated between the birds that emigrat
ed and those that were recovered on the place where they hatched. In Table 3 I SUfiU11arize 
all our local and distant recoveries of ringed young, grouped into first and second broods. 
Unfortunately, the percentages are very low because we have to rely on incidental records. 
Nevertheless they are instructive. The recovery rate in the hatching area is higher for the 
first-brood young. We now see that for distances up to 4 km the recovery rates for early 
and late young are equal, but at distances of from 4-25 km and over 25 km the recoveries 
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Table 3. Ringed young recovered after .1 October at and outside their hatching-place. 

Fledging Number Recovered at different distances from hatching-place 
period ringed 

<1 km 1-4 km 4-25 km >25 km 

Before 16-VI 
(early) 11572 1013 (87.54%0) 41 (3.54%0) 12 (1.04%0) 11 (0.95°/no) 

After IS-VI 
(late) 4771 253 (53.03%0) 16 (3.35%0) 14 (2.93%0) 9 (1.89%0) 

of the second-brood young preponderate (both differences are statistically significant). 
From this one may conclude that the young'of the second brood disperse to greater dis
tances. Possibly the urge to disperse is more pronounced. To me, however, it seems more 
likely that the young of the second brood are the inferiors in territorial quarrels with the 
young of the first brood which are on the average six weeks older; the second-brood young 
are expelled by the first-brood young and the older birds from early September onward. 

Now, what happens to the second-brood young when few first-brood young are present? 
In 1955 we had the opportunity to observe this. May and June of this year were abnor
mally cold and wet and the development of insect larvae was very much retarded. Lack of 
food for the nestlings of the first brood resulted in a high mortality among them; the 
number of fledglings leaving the nest was lower than in any other year. Moreover, since 
the cold weather persisted for another three weeks many of the few first-brood young 
present most probably died soon after fledging. However, the temperature rose early in 
July and the second broods developed under normal conditions. Hence, in September 
1955 the second-brood young experienced much less competition from the first-brood 
young than normally. After October, the percentage oflocal recoveries of the young of the 
second brood was extremely high, when contrasted with that of the young of the first 
brood which was below average (Fig. 4). In view of this, I set up an experiment in 'Hoge 
VeIuwe' in 1967 and 1968; I removed up to 90% of the first broods with young on the 
verge of fledging. This resulted, in 1968 and 1969, in many more second-brood young 
being recovered as local-born breeding birds -16 % and 18 % against an average of 6 % in 
normal years (Fig. 5A). 

This proves that it is the number of first-brood young present which determines to a con
siderable degree the number of second-brood young that are able to remain in the area 
where they were hatched. The surplus either has to die or to disperse. It has already been 
shown that, for a large part, they disperse. 

In this context, it is of course important that the parents are also present in the area. On 
the average they have a 50 % survival from year to year and moreover they are virtually 
tenacioLls to the place where they have once bred. 

In Fig. 5B, which is actually the same as Fig. 3B, I have added for each year the number 
of breeding birds. It is evident that in years with a high number of breeding pairs the 
percentage of young both of the first and the second brood, locally recovered after 1 Octo
ber, is low. A low number of breeding birds nearly always corresponds to a high local 
recovery percentage of the young. The number of breeding pairs present in the years with 
a low recovery percentage of the young averaged 122, as against 63 in the years with a 
high recovery percentage. This difference is statistically significant (0.01 < P < 0.025). 
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Fig. 5. Local recoveries of early and late hatched young. 
A. Hoge Veluwe. Experimental years 1967 and 1968 have been added. 
B. The influence of the number of breeding birds. Hoge Veluwe, 1956-1966. P = number of 
pairs present. See text p. 512 for further explanation. 
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Density-dependent regulation 

These data form a clear case of density-dependent regulation of a local population; i.e. 
(next to weather, abundance of food and other environmental factors which of course 
affect the survival rates of young and old Great Tits) it is their own density which acts as a 
regulative agency. 

Owing to the fact that the older and stronger birds expel the younger and weaker ones 
from the hatching area, a small proportion of the young of both first and second brood are 
still present in the autumn after a breeding season with many breeding pairs, and more 
young remain after a breeding season with a low breeding population. The second-brood 
young being the youngest and weakest are expelled most of all. It is birds in this category 
which are to be found at larger distances from the place of hatching. 

Vlieland 

For a further study of these problems, I chose the island of Vlieland (Fig. 6). Vlieland is 
the most remote of the Dutch Frisian Islands. Its total area amounts to 5000 ha; 292 ha 
of these are covered by wood suitable for Great Tits. This wooded area is comprised of 
one large wood covering 214 ha and four small ones of 78 ha together. 

Within a distance of 20 km this habitat is surrounded by sand dunes, mudflats and sea, 
all of which are of course not suitable for tits. Therefore, few immigrants are to be expect
ed. Moreover the woods on Vlieland were not under normal forestry management; i.e. 
hardly any trees were cut down and replaced by young trees which are unsuitable for tits 
for the first couple of years. 

NORTH-SEA 

WADDENZEE km.l 2..2 

Fig. 6. The island of Vlieland. 

The ul/disturbed situatioll 

The first step in this study, which took four years (1956--1960), was to determine a number 
of population parameters under natural conditions (Table 4). 
1. The size of the breeding population. The total number varied between 32 and 70, with 
an average of 52, or between 16 and 35 pairs, with an average of 26 pairs. 
2. The number of nestlings leaving the nest varied between 182 and 364 (average 274). 
This means a reproductive rate of 11 young per breeding pair, which is very high for tits. 
3. Annual adult local recovery rates averaged 27 % on the island, whereas local recovery 
rates on the continent averaged 50%. 
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Table 4. Experiment on the regulation of the population in the first 8 years of the investigation on Vlieland 

Year Breeding birds Young leaving nest Year Recovered in breeding season n + 1 
n 

a.av. l a.av. l 
n+l 

yearlings a.av. 1( %) total ringed sum total sum adults sum total sum 
total a.av. 1(%) 

Normal 1956 36 
25) 2t') 1957 1~) 41) years 57 70 40 

156 39 
364 

1097 274 
58 

42 27 
11 

103 9 58 32 31 182 59 12 37 
59 68 60 332 60 12 14 
60 40 38 

89) 
61 

20) ") Exp. 61 68 ,,) 200 50 
135 

440 110 
62 31 

104 52 
12 

88 20 
years 62 54 54 115 63 27 14 

63 2 42 41 10.1 64 26 30 

1 Annual average 2 Fledglings taken, not eggs. 



4. The annual local recovery rate of ringed nestlings proved to be high, an average of 9 ~~ 
was observed as contrasted with 4 % on the continent. 

Reduced reproduction 

After these four years of observation I set up an experiment. The number of fledglings was 
limited by taking eggs, and the influence of this interference on population density was 
studied. The experiment started in 1960 and was continued for four seasons. The fledglings 
were reduced to about 40 % of the normal average. 

What was the effect of this reduction of fledglings on the population? In the subsequent 
years, the number of breeding birds stayed at approximately the same level, or even in
creased somewhat as compared with the normal situation. Furthermore, this lack of 
decrease was not due to any increase in the number of unringed ilml1igrants or young 
'illegally' born on the island outside the nestingboxes. This percentage remained about the 
same, na~l1e1y 29 % and 21 %. This means that the artificial birth control must have been 
compensated for by an increase in the survival rate of the residents. 

The next question is whether it was the survival either of the yearlings or of the adults, 
or of both which was effected. Our figures ('black dots' in Fig. 7A) for the yearlings suggest 
a negative correlation between the number of fledglings in a certain year n and their re
covery rate in the next year n + 1. However, the correlation is not statistically significant 
(r = - 0.425, P > 0.05). The survival of the adults after having been 27 % in the normal 
years, rose to 52 % in the experimental years. 
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Fig. 7. Vlieland, Great Tit. Number of nestlings leaving their nests in year n, and 
A. Recoveries of fledglings in breeding season n + 1; 
B. Recoveries of adults in breeding season n + 1. 

Thus, the reduction of the reproduction resulted in a doubling of the annual survival 
rate of the adults. This is clearly demonstrated in Fig. 7B. The four black dots at the right 
represent the 4 normal years and the group of 4 at the left hand the experimental years 
(r = 0.926, P < 0.0005). Thus, the survival of the adults is influenced by the number of 
young that the population produced in the preceding breeding season, and in such a way 
that a reduced reproduction increases the survival of the adults; in other words, producing 
few young raises the chance of an adult's further survival. 

516 



Increase of carrying capacity 

[n 1964, I gave the Vlieland Great Tits the opportunity to raise 283 fledglings in order to 
see if the recovery-rate of adults would indeed mount up to about 27 ~/;;, as was to be ex
pected from the graph in Fig.1B ('triangle'). To my amazement this was not the case. By 
1965 the breeding population had risen to twice the maximum number in any of the 
preceding years. The percentage of recoveries of adults rose to 58 % ('cross'). The year
lings also showed a much larger rate of recovery than was to be expected (Fig.1A). 

At first I could not explain this unexpected phenomenon. One striking point, however, 
was that the increase was not due to a higher immigration of 'foreigners', but was entirely 
due to a better survival of yearlings and of old autochtons of Vlieland. 

After this the birds were allowed to reproduce undisturbed for another two years, after 
which, once more, the number of young was I imited to about 40 %. 

Meanwhile, I found the solution of the puzzling increment of the tit population. It was 
due to a sudden and considerable improvement of the habitat for Great Tits .. In 1961 a 
new forester had succeeded his predecessor and, contrary to expectation, after one year 
he started to thin out a part of the woods by cutting down many of the thirty-year old 
conifers. As a result of this, many small oaks which had been planted simultaneously with 
the conifers or a few years afterwards, but which had never grown up through lack of light, 
now got more light and grew up luxuriously improving the Great Tit habitat and thus in
creasing the carrying capacity of the wood for this bird. Fig. 8 shows the number of pairs 
which occupied the nesting-boxes in the thinned and the unmanaged parts of the woods; 
the number doubled in the former part but did not change in the latter. 

The intensification of the thinning-campaign took several years, culminating in 1963-64. 
The course of the Great Tit population with natural and limited numbers of young before, 
and after the intensified thinning is summarized in Table 5. The better survival of both 
young and old tits in untreated woods during the years with restricted production of young 
is clearly visible; survival of yearlings increased from 9 % to 17 %, that of the adults from 
27 % to 49 %. Moreover, both yearlings and adults showed a high survival in the years 
with intensive thinning of the wood, but normal reproduction; the recovery percentages 
increasing fro111 9 ~~ to 14 % for the yearlings and from 27 % to 42 % for the adults. These 
increases are doubtless due to an increase in the carrying capacity of the habitat. 

Number of p,1irs breeding 

1955 --':'"-T~~--'-'~. ~6's-'68 

Years 

Fig. 8. Vlieland. Number of pairs occupying the nest
boxes in the thinned and the unmanaged parts of the 
woods. 
-~ total numbers; 
- - - - numbers in the part where woods were thinned in 
1963 and later (214 ha); 
-.-.-. numbers in the part where woods were not thinned 
in 1963 and later (78 ha). 
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Table 5. Vlieland: Yearlings and adults ringed in the breeding season and the percentage re
coveries in the next breeding season, classified in years before and during intense thinning of the 
woods and in normal years and years in which reproduction was reduced to 40 % of normal. 
Recorvery percentages have been calculated from the totals for the three or four corresponding 
years. 

Structure 
of wood 

untreated 

thinned 

'/.2 
Significance 

untreated 

thinned 

'/.2 
Significance 

4 (resp. 3) normal years 3 years reprod. + 40 % Signifi
cance 

ringed recovered ringed recovered 

Yearlings 

56/57:219) 41) . 
57/58:364 11 0 60/61: 89 
58/59:182 1097 37 103 = 9% 61/62:135}339 
59/60:332 14 62/63 :115 

32} 12 58 = 17% 14.674 P < 0.001 
14 

64/65:283} 81} 63/64:101} 30} 
65/66:526 123953 168 = 14% 67/68:157 418 25 82 = 20% 
66/67:383 34 68/69:162 27 

8.394 P < 0.005 

56/57:25] 
57/58:40 156 
58/59 :31 
59/60:60 

64/65 :55 } 
65/66:137 312 
66/67:120 

8.981 
P < 0.005 

Adults 

1~] 0 60/61 :38} 
12 42 = 27% 61/62:68 160 
12 62/63 :54 

32} 63/64:41 1 
52 131 = 42% 67/68:104f248 
47 68/69:103 

10.108 
P < 0.005 

0.745 
P > 0.30 

20} 31 78 = 49% 15.997 P < 0.001 
27 

26) 
52J\121 =49% 2.544 P>O.lO 
43 

0.034 
P> 0.80 

As expected, the increase in the number of breeding birds obviously lagged behind the 
improvement of the habitat. In 1963/64 no increase took place, whereas it demonstrated 
itself most clearly in the figures for 1964/65 (see Table 5 and Fig. 8). 

In years with reduced reproduction, the recovery percentages of the yearlings only in
creased from 17 % to 20 %, while for the adults it was 49 % in both untreated and thinned 
wood. Probably this means that in thinned wood the percentage survival had nearly 
reached its maximum. 

Dhondt (1970, p. 84) established the important influence of air temperature during the 
breeding season on the percentage of survival of the young after leaving the nest. On 
Vlieland the breeding seasons of 1956, 1960 and 1964 were relatively warm (Maandelijks 
overzicht der weersgesteldheid in Nederland, 1957-68) and, indeed, it was the young born 
in these seasons which showed the highest recoveries in the next season. This points to the 
probability that the recovery percentage of the yearlings was influenced not only by the 
number of young produced and by the improvement of the habitat, but also by the air
temperature in the preceding breeding season. 
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Age composition of the population 

Clearly, a better survival of the adults must alter the age-composition of the breeding 
population. In fact this can be demonstrated convincingly through a comparison of the 
age-composition of the breeding populations of 1959, 1960 and 1966, 1967 - the years 
immediately preceding each of the two experimental interferences - with 1963, 1964and 
1968, 1969 respectively,. which were the last years of each experimental period (Table 6). 
Only the last experimental years are of interest for this comparison, because in the first 
experimental years the birds had not yet had the opportunity to reach an older age. 
During the normal years, first and second-year birds together formed 87 % of the popula
tion; during the experimental years they constitute only 62 %. whereas the higher age 
classes formed 14 % of the population in the normal against 38 % in the experimental 
years. 

Table 6. Age composition of the breeding population on Vlieland in normal and experimental 
years. 

Age Normal years Experimental years 
(year) 

1959 1960 1966 1967 % 1963 1964 1968 1969 % sum sum 

I 34 J2 56 35 137 50 14 26 26 27 93 36 
2 10 13 40 37 100 37 9 11 30 16 66 26 
3 2 0 6 16 24 9 10 6 23 12 51 20 
4 0 0 4 3 7 3 5 4 11 11 31 12 
5 1 0 3 3 5 2 2 4 3 6 15 6 

Sum 273 10] 256 100 

The absence of regulation in the breeding season 

Now, why is it that a repression of the reproduction lengthened the average life both of 
the adults and of each new generation that was produced? 

As to the second point the improvement in the survival of the yearlings Gibb (1950) 
has shown that, in England, nestlings in large broods show competition for the fqod 
brought in by the parents to such an extent that per individual the young in the large 
broods get less food than those in the small broods. In large broods, the parents are unable 
to cover the total need for food of the young. At fledging, a young from a large brood 
weighs less than one from a small brood. Moreover, during the winter Perrins (1965) 
retrapped relatively less young from large broods than from smalI broods. Therefore, he 
assumed quite rightly that a higher percentage of the large-brood young dies shortly after 
leaving the nest. Is it possible to explain the better survival of the young during the ex
perimental years along this line? 

In normal years great differences in brood-size exist. There are a few with 1-3 young, 
many in the middle groups of 4-6 and 7-9 young and less of 10-12 young. In the experi
mental years, the latter two groups fell out because in most broods egg number was 
reduced to 3 or 4. Table 7 summarizes for the normal years the percentages of recovery of 
young from broods of different sizes, differentiated into early and late fledging period. 
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Table 7. Number of young of different brood sizes ringed in the breeding season and recovered 
after 1 October on Vlieland in normal years 

Ringed Fledged up to 15 June Fledged after 15 June 
per brood 

ringed recovered (%) ringed recovered (%) 

r- 3 young 
30 30 42 14 

4- 6 young 277 29 319 12 
7- 9 young 865 30 399 14 
.0-12 young 285 32 60 12 

It is clear from these data that the young from the smaller broods had no better survival 
than those from the larger broods. 

In 1963 we reduced reproduction by taking young immediately before fledging; 
previously we had taken eggs. During the complete nestling period the 101 young which 
left the nest had endured the normal competition of their fellow nestlings. Yet their 
recovery percentage in 1964 was the highest but one of the whole series of observations. 

All these figures give no indication whatever that young from a small brood would have 
a higher post-fledging survival than those from a large brood. This is the reason why, in 
my opinion, the better survival of the yearlings in the experimental years was due not to 
reduced competition during the nestling period, but to reduced competition in the period 
after they had left the nest. 

With respect to the adults, it may be supposed that the rearing of many nestlings might 
exhaust the parents so that their chance of subsequent survival was decreased. Our figures 
concerning this aspect are sununarized in Table 8. 

Table 8. Vlieland. Recovery of adults between 1 October and 31 December of normal breeding 
years, according to the size of brood they had reared. 

Brood size 0 1-4 5-6 7-8 9-10 11-12 13-14 15-16 17-21 0-21 

Adults (~ + 0') ringed 3 41 70 131 74 40 31 25 21 436 
Adults recovered 0 21 43 68 40 24 14 8 5 223 
Recovered (%) 51 61 52 54 60 45 32 24 51 

The survival of parents in the undisturbed population (i.e. with the complete range of 
nunlbers of seasonal offspring) was 51 %, that of parents with a total offspring of 7-21 
young (first and second broods together) was 49% and those with 0-6 young was 56%. 
Hence, when in the experimental situation we left the parents only 6 or less young to rear 
the average recovery percentage of all adults was expected to increase only from 51 % to 
56 ~~. However, as a result of our experimental interference, the recovery rate of the adults 
increased to about twice the value found for the normal years (see Table 9). Therefore, it 
is concluded that the better survival of the adults resulting from the experiment has to be 
attributed not only to a greater ease in feeding a smaller number of young, but also, and 
even to a greater extent, to some other factor coming into action, viz. intra-specific com
petition after the breeding season is over. 
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Table 9. Vlieland: Yearlings and adults ringed in the breeding season and present in the next 
December classified in years before and during intense thinning of the woods, and in normal years 
and years in which reproduction was reduced to 40% of normal. 

Structure 
of wood 

3 normal years 3 years reprod. ± 40% Signifi
cance 

untreated 

thinned 

X2 
Significance 

untreated 

thinned 

X2 
Significance 

ringed recovered ringed 

Yearlings 
'56: no December inspection 

'58: 182\ 878 26 57 = 6% '61: 135 1339 
'57: 364) 14} '60: 89' 

'59: 332f 17 '62: 115f 

'64: 283 74 '63: 101 
'65: 526}1239 61}176 = 14% '67: 1571JA18 
'66: 383 41 '68: 162 

31.269 
P < 0.001 

Adults 
'56: no December inspection 
'57: 40 6 '60: 38 
'58: 31\131 13\34 = 26% '61: 68\161 
'59: 60! IS! '62: 551 

'64: 55 43 '63: 41 
'65: 137\f312 76}193 = 62% '67: 1041f248 
'66: 120 74 '68: 103 

47,543 
P < 0.001 

Regulation in autumn 

recovered 

37, 
14fl74 "= 22% 59.901 P < 0.001 
23 

33) 
37

J 
\ 97 = 23 % 18.407 P < 0.001 

29 
0.223 

P>0.50 

221 
36f91 = 57% 28.807 P < 0.001 
33 

311 72f177 = 71 % 5.514 P < 0.02 
74 

9.581 
P < 0.005 

We know from recoveries in autumn and winter that the size of the breeding population is 
determined before the winter sets in. In late autumn and winter many Great Tits sleep in 
nestboxes. By onenightinspection of all boxes in the early winter (preferably in December 
before the frost sets in) we get a reliable random sample of the birds present, though not 
a complete census as is the case in the breeding season. These samples when taken each 
year in exactly the same way are comparable. The results of these night-inspections are 
given in Table 9. 

Before the extensive thinning of the habitat, we found 6 % of the ringed young sleeping in 
the boxes in December of normal years compared with 22~';; in the experimental years. 
For the years after the wood had improved (through thinning) the values were 14 % and 
23 % respectively. This means that the surplus of young in normal years had already been 
eliminated by December. 

The effect of the improvement of the habitat on the yearlings was clearly visible in the 
normal years (6% against 14%) but not in the experimental years (22% against 23%). 
Most probablY 22 % was near to the maximum survival possible. There is evidence that 
there is a high percentage mortality inm1ediately after fledging (Perrins, 1965, p. 633). 

The recovery rate of the adults, however, was clearly influenced positively by the im
provement of the habitat in both situations; it increased from 26 % to 62 % in the normal 
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years and from 57 % to 71 % in the experimental years. All of these differences are statisti
cally significant. 

Hence, a density dependent determination of population level in the Great Tit takes 
place in the period between fledging of the young (i.e. from May to June) and December. 

The agency active in regulation 

Both the improvement of the habitat, by a thinning-out of conifers which resulted in an 
increase of the carrying capacity for the Great Tits, and the reduction of their reproduc
tion, by which fewer individuals, parents as well as young, had to be dislodged, influenced 
the number of breeding birds. This regulation of numbers is effected in autumn, i.e. at a 
season when the birds presumably do not suffer from any lack of food. They do suffer 
from a certain lack of food in winter, the season when they often visit the feeding places 
erected for them by bird loving people. Thus, in autumn the birds anticipate the maximum 
number of pairs which the habitat can sustain optimally in the future. 

The fact that this regulation does not take place in winter, but has already taken place in 
autumn, is of importance in view of the theory of population regulation. Especially in the 
last few years there has been a brisk discussion going on in Great Britain in which Lack 
(1966) stands for the idea that regulation is the outcome of direct competition for food, 
during which the weaker part of the population is eliminated through undernourishment. 
Contrary to this concept Wynne-Edwards (1962) believes that population regulation in 
birds and other higher animals takes place before any lack of food becomes evident; he 
assumes, that the regulatory mechanism acts by intensifying the mutual aggressiveness 
among the individuals as the habitat becomes overpopulated. An intensification of emi
gration will be the consequence. This emigration results in the arrival of many individuals 
at unsuitable places, where many of them die. Wynne-Edwards is of the opinion that this 
is an adaptation of the species to prevent the undernourishment of all of the individuals, 
which would come into force if the regulation process was delayed until the lack of food 
actually arose. 

In the Great Tit, winter is doubtless the season of the severest lack of food. Hard win
ters, which require a high metabolism, often take a heavy toll of the tit population. Most 
probably this toll is positively correlated with the density of the tits, though up to now this 
is uncertain; and if so, it is not the only process acting. OUf December inspections showed 
that population regulation has already been accomplished before the winter sets in. This 
indicates that Wynne-Edwards' theory may also be applicable. The results of our inves
tigation on Vlieland allude to the probability that the mechanism of population regulation 
in this bird has to be sought, at least partly, in intra-specific strife. Population regulation 
proved to be highly influenced especially by strife, in early autumn, a season when food is 
still abundant. 

In view of this strife, the composition of the population in September is of interest; it 
is the numerical ratios of adults, juveniles from the first brood and those from the second 
brood which are important factors in the regulation process. 

I do not give an opinion on how this form of regulation may have come into being. I 
do not endorse Wynne-Edwards's view that this must be due to group selection, but I 
agree with Wiens's (1966) opinion that 'the theory of population regulation through social 
mechanisms advanced by Wynne-Edwards is certainly worthy of much serious study, and 
it should not be discarded simply because it appears to rely on group selection'. 
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Discussion 

This paper is discussed, together with PelTins's and Dhondt's papers, on p. 544. 
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