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t“he breeding biology of the House Martin Delichon uxrbica (L)

is described, with particular reference to the influence of
variation in the abundance of aerial insects. The selection of
food items from the available resources is explained in terms

of a predation strategy which demonstrates that the Martin
consicstantly maximises the efficiency of food collection. T
timing of the breeding season and breeding success are
respectively shown to be closely associated with the development
of the aerial phase of several insect populations and with food
abundance. A hypothesis is presé&nted, Qith some supporting
evidence, which describzs the potential selective forces acting
on broods both smaller and larger than the most frequent natural
brood sizes which would possibly inflict a disproportionately
large mortality on these extreme brood sizés and also on the
adults involved in rearing them. This is particularly relevant
to those species where artificially enlarged broods oxr the-
largest naturally occurring bfoods are more productive than the
most frequent brood sizes, as is the case in this study.
Differences in food and feeding station are described which
ensure a degree of ecological isolation between aerial feeding

birds in Britain.
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SECTION 1.

INTRODUCTION

The study of the regulation of animal numbers has
received much attention in recent years, stimulated in part
by the detrimental effects of certain animal populations
bn Man's interests. Until about ten years ago much effort
was expended in demonstratinglthat one of three basic theories
of the regulation of populations was valid, to the exclusion of
the other two. These theories are most closely éssociated
with Nicholson (1933, 1954),.Andrewaftha & Birch (1954) and
Wynne Edwards (1962). Nicholson emphasised the importance
of density dependent (Smith 1935) processes in population
regulation, while Andrewértha and Birch proposed that in the
natural state density independent factors are invariably
responsible for the determination of animal numbers around
their observed levels, Wynne Edwards proposed that
populations are maintained about an optimal level through
behavioural mechanisms which prevent overexploitation and the
consequent depletion of food resources. The relative merits

of these three approaches, and of the work of others associated



with them, have been reviewed by Clark et al (1967), Lack
(1966), Richards and Southwood (1968), Huffaker and Messanger
(1964) & Solomon (1974:. Partly as a result of these
discussions emphasis has now shifted from the emphatic
proposal of a single explanatory theory, and towards an
approach that examines the mechanisms of population regulat;pn,
with an acceptance that such mechanisms may not only vary
between different classes of animals but also within species
when they occupy different habitats of different parts of that
species geographical range. Now therefore, illumination of
population processes is sought, rather thén the all embracing
theory. This approach is exemplified by the work of Varley

& Gradwell (1960, 1965) who developed a method (key factor
analysis) of exploring the action of factors important in
determining population numbers. The analysis of the processes
of population regulation.has been carried further by Holling
(1963, 1968) through the approach of component analysis. |
Concurrent with these developments have been the proposals of
Pimental (1961, 1965) and Chitty (1960, 1965) which provide
alternative explanations of the mechanisms of population
changes. However they are conceded not to be applicable

to all animal systems.



With this.emphasis cn processes I turn to thé specific
study of bird populations which have often played a crucial
role in the development of the theories outlined above
‘(Lack 1954, 1966 and Wynne Edwards 1962). However, as if
to emphasise the lack of informétion about certain events,
both Lack (1954) and Wynne Edwards (1962) make use of the same
example, that of Jéspersén (1924, 1929), in support of their
Viewpoints on population regulation. The purpose of the
present work was to reduce the possibility of'such alternative

explanations being proposed for the same phenomenon, through

a close study of a bird, the House Martin (Delichon urbica),
and its environment. AParticular emphaéis was laid on the
pactern and causes of mortality throughout the breeding
season, the timing of the breeding season, the determination
of clutch size, food and food selection and ecological
isolating mechanisms found in the aerial feeding birds normally
-breeding in Britain.

Seven processes are listed by Richards and Southwood
(1968) as being potentially important in modifying (insect)
populations and all of these were considered to be influenbtial
to a certain degree in the House Martin. However much of

the work in this thesis is centred on the influence of the

7.



food supply on population processes, and the House Martin

is a particularly suitable subject for such a study because
it breeds colonially (and data of statistical significance
can therefore be collécted in a comparatively short time,

in confrast for example to a dispersed population as studied
by Southern (1970) where data collection was a time
consuming process). Also, its food supply can be monitored

accurately by means of aerial suction sampling methods.



SECYION 2.

MATERTALS AND VETHODS

The breeding House Martin (Delichon urbica L.) was

studied at three colonies in Windsor Great Park, Berkshire
frém 1968 to 1970. The vegetation of the surrounding areas
was similar in each casec, composed of mixed arable and
grazing farmland with extensive hedgerow timber and stands
of mixed woodiand in which Oak (Quercus sp) is dominant.
Also in the study area were a number of open waters and some
housing. The main features of the area are shown in. |
Figure 2;1.

Nextboxes were placed uﬁder the eaves at each colony in
sites occupied in previous years by natural nests. Ten
nests additional to the previous year's number were provided.
The boxes wéfe of‘cqhmercial origin and were adapted so that
they could be easily removed for inspecﬁiOn.' The distribution
of boxes and natural nests at each df ihé colonies is
illustrated in’'Figure 2.2. | |

Colonisation of the’nestboxes and natural nests from the
previous year, and the building of new nests occurred
céncurrently. e bias inherent in the results because

certain birds did not have to build their own nests is

9.
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FIG., 2.1. Map showing the main features of the study
area and the sites of three colonies and
the suction trap.
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FIG. 2:2. Map showing distribution of nesting areas
at each of the study colonies.

10



considered negligable. Many natural nests at other sites

were in good repair and were occupied with only minimal
maintainance, a process requiring a similar allocation of
labour as the occupation of a nestbox. Lind (1960) suggested
that the small clutches characteristic of the latter part of
the laying season occurred because of exhaustion from nest-~
building activities, however I will present later an alternative
suggestion,

The nestboxes were inspected daily throughout the breeding
season at two main sites and at less regular intervals at
Cumberland Lodge. Eggs and young wefe weighed at each visit
at 9. a.m. All weighings were made witﬁ Pesola Spring
Balances of 5 and 30 gram range, with the specimen in a
cellulose acetate containér, - The balances were checked at
monthly intervals against standard weights.

Faecal samples were collected for a study of food selection
in the House Martin. It proved possible, though time
consuming, to count the cuticular remains of insects, and
assess their frequency of occurgnce throughout a 24 hour period.
A discussion of the inherent errors are postponed to chapter 4

on food selection.

11.



The faeces were collected by placing a tray beneath the
nestbox which caught all the pellets ejected from the nest
by the developing young. The tray was cleared at daily
intervals at 10 a.m. Removal of faeces by the adults was
observed only on a single occasion and probably only occurred
in the first four days of nestling life, before the nestlings
acquired the ability to defaecate out of the nest opening,
Faecal samples from young of less than six days were not
used in the present study.

The aerial insect food supply was monitored using an
Aerofoil Insect Suction Trap (Fig. 2.3) (Johnson 1950a and
Taylor 1962) at 40 feet above ground le&el and 260 feet

220 + 40 ft) above sea ievel. The trap was sited abncut

—~

two miles from the nearest colony and was surrounded by the
same vegetational components of mixed woodland and fammland
etc as the study colonies. The trap drew air into the 10
inch aperture at the rate of 9.6 x lO4 cu ft/hr. The catch
was removed at 9 a.m. each day throughout the year and stored
in alcohol and glycerine for examination at a later date. The
insect catch period was thus effectively in phase with the

House Martin inspection period.

12.






The 24.hour catch was sorted into families and each
insect was allocated to one of 4 size categories:length = 073 mm,
3.1 -6 mm, 6.1 -~ 2 ram and 9.1+ mm. From these data the
aerial insect abundance could be presented daily in a numbexr
of forms. The form chosen will be indicated in the
appropriate section, however the most useful formulations
were the total calorific value of the catch and the total
nuibers of insects caught.Using these units rather than mean
aerial density reduces the importance oﬁ daylength as a
variable when estimating the food availdble to the feeding
bixds. This is convenient in many casés'buh means that no
datagzzfavailable at the present time oh whether the greater
food abundance of mid® summer is a function of constant density
available over a longer daylength or whether mean aerial
density is changing as a more cbmplex fﬁnction of season
and daylength. A correlation coefficient of r = 0,76 for
a plot of total insects caught (Log scale/from May to October,
on daylength suggests that 58% of the variance in flying
insects trapped per day is associated with a seasonal
change in daylength.

The insect sampling method will minimise errors caused

14.



by different flight poriods and abundance within these
periods. For example how useful to the feeding Martin is

a species at low density flying for much of the day, compared
with a species at a high density flying for a short period
each day? The suction trap sampling at a constant maximum
Yate will simulate a maximum poténtial predation rate by the
Maxrtin. The total catch of that species as a percentage of
the total catch will thus be a measure of its relative aerial
abundance and availability to a predator on that day. This
is important in the study of food selection in relation %o
estimated relative abundance in the air. The advantage of a
full 24 hour sample period, or at least a full daylight
sample is emphasised by the following points. The £light
periodicities of different insects will mean that different
species will be available at different times of day (Lewis

& Taylor 1965), The mean height of flight will change
throughout the day and circumstances mayvcause a sample taken
inany one hour tocompletely miss an insect abundant earlier or .
later in the day,or will gross;y underestimate total abundance
" because most insects are above or below the sample height (Johnson
1969). However a continuous sample from a fixed height will

record both upward and downward transport of insects each

15.



day and minimise such potential errors,

The meterological data was collected at the Field
Station. No physical barriers exist between the meterological
recording site and the colonies, that are likely to invalidate
extrapolation of climatic data to each of the sites (Watt
1958).

Other apparaéus used in conjunction with particular

studies is described in the appropriate section.
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SECTION 3.

GENERAL BIOLOGY _OF THE HOUSEZ MARTIN AND TES AERIAL
LESECT FOoUD PLY

Biology of the House Martin

This chapter describes the physical features and biology
of adult and nestling House Martiﬁs. A summary of the breeding
cycle is presented and relevant information €£rom the
literature is detailed.

The 2Adult Adult Martins were trapped, weighed and
measured throughouvt the breeding season of eaéh year. They
were caught in mist nets in the vicinity of the colony and
captured on the nest at dusk or during incubatibn, only

a single desextion resulted from the use of the latter method
and this occurred in unusual circumstances. A total of 96
birds were examined,together with a similar humber of controls,

Mean Weight of Sample =~ 19.4 gms (& 1.3 S.D.)

Mean Wing Length. - 106.5 mm (+ 2.1 s.D,)

The fréquency distribution of the weights and winglengths
are shown in figs3.1&3.2. A distinct bimodality is
illustrated in fig 3.1. This was assumed to be a sexual
difference and the distributions weré separated to give the

' following means (Fig 3.3) Examination of the cloacal region

17.
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in the laying period indicated that the female birds were
the heavier, and all those birds assignec¢ to each sex on
cloacal characteristics fell within the predicted range.
Adult Males (and others) 18.0 gms + ).9 gms
Adult Females 19.9 gms + 0.9 gms
However the use of weights.as a criterion f£or sexing House
Martins is invalidated because of the overlap region and the
dynamic naturas of weight change with ovarian condition
(Petersen 1955), Peterseﬁ indicated in the Sand Martin

(Ro._xiparia) that both sexes will be of similar weight after

incubation but that the females are heavier in the egg
formation and incubation periods. The sampling method is
therefore likely ¢o select laying and incubating females frcm
the population and it seems probable that the two modes of
the frequency distribution represent ihcubating females and
others, including males and post incubation fem2ales.

Wing length showed no corresponding bimodality though
longer wings were generally associated;wiéh lighter birds
(Fig 3.4) (b = -0.44 + ¥ =0.25p<0.05). This could have
resulted from abrasion of the females flight feathers during
incubation, as the femélgs are involvea in incubation to a

greater extent than the males (Lind 1960).
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The weight and wing length differences between the sexes
during and preceeding incubation are of unlnown significance
in relation to flight speed and feeding potential. Pennycuié§
(1968) demonstrates an increase in optimum flight speed (VdV&%
with an iacrease in body weight , The relatioaship is linear
after transformation over the whole range of bird weights,

The optimum flight speed of each of the sexes is therefore
ikely to diffex : thus theoretically increasing prey
capcure poténtial ' . o T e This may be
significant firstly in enhancing powers of £food collection
by the females to facilitate formation of the egg or secondly
t0 ecologically isolate the sexes at a cxitical phase of the
breeding cycle. However whether the weight differcnces at
this time are eifected for this purposejor are_ﬁéiély a by
product of the egg formation process isfnot known, Sexual

differences in structure have been shown to influence prey

spectra in Carrion Crows Corvus corone (Holyoak 1970) and

the Woodpecker, Melanerpes striatus (Selander 1966) -
Adult plumage showed no characters that were consistent
with sex oxr age constants Jjudged from size and behaviour

criteria. However the secondaries of birds of the year

21.



retained their white tips for periods in =ucess of two
months.

No birds were trapped in moult and this evidently
occurs on the wintering grounds in Africa as in the Swallow

(H._rustica) (Snow, 1967).

The Eqg

The mean weight of first brood eggs for 1969 was

1.73 gms + 0.18 and for second hrood eggs 1.67 gms‘t 0.16 gms.

X}

The size was mean length = 20.42 + 1.1 mm.

¢}

(o3}
[l

and mean width = 13, + 0.5 mm.

Egg colour is a translucent white at laying, becoming
increasingly opague as incubation proceeds.’ A single clutch
of the form bearing red brown spots was recorded, Also many
bore the defaecations of blood sucking insects, but on these

the markings were darker in colour. Bgg weight declines

throughout incubation. Details are presented in section

The Incubation Period

The incubation period of the House Martin in Britain

is recorded by Witherby et al (1938) as 14 days. Lind (1960)

22.



referring to a Scandanavian population,records 15.5 + 0.18
days,while periods of 12 to 14 days, 14 to 15 days and 14 days
are recorded respectively by Hoffman (1927), Niethammer

(1837) and Voipio (1952) for various European sites. The
present study recorded a value of 14.6 + 1.15 days for all
broods from 1968 and 1969, where the incubation period was
that defined by Moreau (1946).

Individual eggs had a variable incubation time according
to their weight at laying. The relatibnship is illustrated
in Fig 3.5 and refers to eggs from all clutch sizes from
the breeding season of 1969, There is a significant
correlation where ¥ = 0.20 (p = <0.05). The relationship
is described by the equation v = 12.11 i+ 1.37 x where x is
the egg weight in grams, I

The incubation period did not diféer significantly between
first and second broods, The values for each season and
brood are presented in Table 3,1.

Lind (1960) examined the.incubatién period in relation
t£o intensity of incubation (i.e. percentage of total time
eggs were incubated) which he found va?ied in relation to

external temperature. He proposed that food shortage

23.
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associated with low tepmperztures increased the necessary
foraging *time for the adults which therefore ieft the clutch
unincubated while they collected food. It is proposed to

examine this in reiation to aerial food abundance at a later

date.

The Nestling Yerliod

The nestling period of the House Martin has been.recorded
by Witherby et al (1938) as 19 to 22 days in Britain, by
Niethammer (1937) as 25 to 26 days in central Europe and as a
minimum of 24'days by Lind (1960) in Scandanavia. Following
the terminology of Moreau{’S46) I recorded a mean nest1ing period
.of 3C.6 + 2.2 days for 1968 and 1969.  This differs
considerably fromlwitherby's estimates and can possibly be
explained by differences'iﬁ method. Witherby did not define
the nestling period and it is possible ﬁhat the figure they
give, refers to the period from the last chick to hatch to
the first to fly. Errors could therefore be introduced because
of a mean duration of hatching of 2.4 days (Lind ;960)<and the
poorly defined fledging date, where the_yoﬁn§ display an
ipncreasing independence, bﬁt where the flights on the fi;st
day of fledginé may be only of a few minutes duration and

hence passed unrecorded. The nestlings I examined were not

.25,



capable of sustained £light until the winglength was on
average 80 to 85 mm (a nestling age of 22 %o 24 days). They
were not voluntarily scen 0 ileave the nest  (observations were mad
from a concealed position)until a minimum recorded figure
of 38 mm (nestling age 26 days). Usually this figure was
90 to 95 mm and indicated the apporoximate age and size at
which full flight ability had just been realised. This
corwesponds o an ags of 25 to 22 days dependiny on brood
size, My figure refers to a value derived from the sampling
visits, either at 09.00 or at 19.30,when all the young were
found to be absent or left the nest voluntarily before
examination wvias made, However it does in fact refer more
specifically to the nestling period of the last bird to
hatch and the last bird to fledge (as this is destined to be
the runt of the brood with the slowest development rai:e)°
Moreau's method thefefore tends to elevate the figure beyond
a more realistic mean figure, but this is unlikely to be
less than 26 days in any event.

The length of the.nestling period was found to vary
significantly with brood size (FigB.GD:and can be descriked
by the equation y = 29.19 + 0.404x with r = 0.25 (p = <.C5)

However this relationship is at least in part a fuaction of
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employing Moreau's definition. Thus the hatching time is
longer in larger broods and therefore the size differences
soon after hatching are greater, in effect predisposing the
last nestling to hatch to have an extended nestling period.
The values used were derived from the 1968 and 1969 breeding
seasons,

The nestling period did not differ significantly between
first and second brocds in spite of a variaticn in mean
clutcn size. The mean values for the nestling periods for

1968 and 1969 are presented in Table 3.2,

Nestling Growt

The form of the nestling growth curve has been found to
differ between species, Nestling growth may be approximately
sigmoid in form as in the majority of sbecies investigated,
or it may reach an asympote during_nestling development and
then decline until fledging. This phenomercnof weight
recession occurs 1in the.Sphenisciformes, Procella:iiformeS;
Belecaniformes, Apodiformes and in some Passeriformes'notably
the Hirundinidae and has been discusseq by Edson (1930),

Lack (1968) and Ricklefs (1968). The growth curve may also

vary to a certain extent within species according to the .

28,



particular environment i.e. Weather, Habita® and Brood Size
variation.

The mean growth curve of nestling House Martins is shown
in Fig 3.7. It resembles that of the Swift Apus apus

and the Manx Shearwater Puffinus puffinus. Lack (1851 &

1968) and Harxrie(1966) suggest that the form of the curve is
due to the deposition and subsequent utilization of fat.

In the Zouse Marxhin iL is due t¢ an increase and supsaguent
decline in the percentage water content 6f the nestling tissues.
A similiar situation Was demonstraled by Ricklefs (1968) for

Hirundo rustica lexamined thisin the House Martin by analysing

£our nestlings for water content. The wet weight showed the

usual asymptotic form while the dry weights showe? a linear

increase with age suggesting that if vafiation in water

content could be eliminated, growth would approximate to

linearity {though would probably ke slightly sigmoid) (Fig. 3.8)
Ricklefs found that’protein and lipid content varied little

in the second half of the n=stling peribd, though a possible

increase in lipid is apparent from his figures. The change

in water content is likely to be ultimately a function of

the change in the composition of the body, because body

29,
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water is naturally associated more with some tissues than
others. Therefore as muscle contains 75% water,and fat

only 6 to 20% water,the % water content will vary inversely
with % fat content. Possibly the rise in fat at the end

of the nestling period causes a concurrent drop in % water.
However I have no evidence for this view in the House Martin
and Ricklef‘s‘figures for the Swallow are inconclusive. The
most important contributaut to the weight_recesaion is the
decline in water content of the integument {skir and feathers)for
which Rickiefs (1967 and 1968) presents figures. The
integument undergoes little change in bulk at the time of the
weight recession while it is declining in the water content.
Thus in the period immediately before the wet weight asympote
the water content of the integument is 256% of the dry

weight, but only 115%,3 days after the asympote. The gross
weight difference over tﬁe 4 day period is on average l,.45 gms,
which makes a considerable contribution to the total weight
change observed in the seccnd half of the nestling period.

The reasons why such a weight recession.does nEk

occur in all birds is discussed by Ricklefs (1968).

The growth of the primary feathers serves as a useful
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index of nestling age and growth rate (Lack,1951). The

mean growth form of one brood size is shown in-Fig 3.9.. It
can be seen that wing length growth approaches linearity
though it is in fact slightly sigmoid. The growth forms

for different brood sizes indicating both weight changes

and wing length increase are presented in Fig.3.9 and Table 3.3
The  lattaersrecords the variation about each of the selected

agzss on the graph. The coefficient of Variaticn {C). which

l—l.
i

8 independent of the units considered allows comparison to
be made between the variation in weights and wing lengths

at given ages. It can be seen that C tends to be generally
higher for weight increase than for wing length increase, but
~the differences were only éignificantly differen* in the
first broods{where F = 4.7 (Variance Ratio) p = <0.05)and
not in the 2nd broods. However a more valid comparison
involves comparing the coefficients of variation from the
same period of growth (i.e. dayé 15, 20 and 25 of nestling
growth, rather than 5 to 25 for weight incréases and 15 o
25 for wing length increases). Then no significant
differences in variation were found for either the first or
the second broods. Another comparison involves examining

the principal periods of weight increase and wing length
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Table 3,3

Mean Nestling Weights and their variation for selected
days through development.

Mean weight - M.Wt.
Standard deviation - S.D.
Coefficient of variation -~ C

Brood Pay.5 10 15
Size M.Wt S.D. ¢ M.,Wt S.D. C MWt 8.D c. .
1 NO DATA
2 | 8.1(2,1) ~ 26,0019.2(2,7) -~ 14.0[/24.5(1.1) 4.5
18t 3 | 6.1(0.7) - 11.5]119.8(1.3) 6.6{21.6(1.8) 8.3
BROODS \
4 1 6.,7(1.2) = 17.4{17.4(3.9) - 22.4]23.4(1.3) 5.5 | |
5 | 8,0(1.5) - 18,7{18,6(2.0) - 10.7|21.5(1.5) 7.0 ¢ |
6 | 6.8(1.4) - 20.6{13,4(2.7) 2.,0116.7(1.6)
1 8.1 - - 19.0 - - 24.0 - -
2 { 6.9(1.2) = 17.4}117.9(2.1) = 11.7}23.5(3.6) = 15.3
2nd 3 | 8.9(1.2) = 13.5{17.4(1.5) 8.6123,1(1.2) =~ 542
BROODS :
4 | 5,9(1.1) - 18,6418.3(1,1) 6.0]|22.4(1.0) 445
5 - 15.6(2.7) = 17.3}21.4(2.5) - 11.7

9.6 ||

' 20 25 Mean
MWt S.D. G MWt S.D, g C
1 1
.| 23.8(1.0) - 4,2{20.0(1,0) 5.0 13.4

21.2(1.5) = 7.1119.1(0.7) 3.71 7.4
22.7(1.2) - 5.3|18.4(1.4) 7.6 | 11.6
22.0(1.7) - 7.7|16.8(2.0) - 11.9 | 11.2
1 23.2(1.6) - 6.9]18.7(1.7) = 9.0 9.6
121 - - |19.3 - - -
| 22.2(1.3) - 5.8|18.9(1.3) - 6.9 |11.4
21,9(1.8) - 8.2{18.7(0.9) - 4.8 | 8.06
| 22.9(1.8) - 7.9[19.8(1.7) = 8.6 | 9.1
| 21.2(1.3) - 6.1]19.4(1.3) -~ 6.7 | 10.45
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Table 3.3 (cont,)

Mean Nestling Wing Lengths for selected days
throughout development

Wing Wing Wing
Length on Length on Length on
Brood Day Day Day Mean
Size 15 _S.D. C_ 20 _s.D. g 25 _S.D. C C
1 | |
2 1 50.9(2.6) 5.1] 72.6(5.5) 7.6 191.1(4.7) = 5.2 | 5.9
3 | 50.7(2.7) 5.3 74.4(3.2) 4.3 ] 94,5(2.7) - 2.8 | 4.1
4 | 47.1(3.4) 7.2 70.2(4.1) 5.8190.0(4.1) - 4.5 | 5.8
5 | 48.8(3.9) - 8.0 70.3(5.5) -~ 7.8} 86.8(7.5) - 8.6 | 8.1
6 | 44.5(4.7) - 10.6 | 64.7(5.6) - 8.6} 86.9(4.9) - 5.6 | 8.3
1 150.0(2.8) - 5.6 73.5(0.7) = 9.5} 92.5(0.7) - 7.6 | 7.6
2 | 48.5(4.6) 9.5{ 71.8(3.6) 5.0190.5(3.4) - 3.7 | 6.1
| 3 | 50.1(4.3) - 8.6] 73.9(3.3) ~ 4.5193.0(3.0) - 3.2 | 5.4
4 | 48.4(3.6) 7.4} 63.8(3.5) 5.5184.3(4.1) - 4.9 | 5.9
5 | 47.7(5.4) - 11,3} 69.7(8.8) - 12,6 1 90,0(7.6) - 8.4 }10,8
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growth. (where this is day 5 to 15 for weight increases and
day 15 to 25 for wing growth). There is here a highly
significant difference in the variation of weight increase
and wing growth where F = 9.1 for lst broods (p = <.00l1) and
F = 8,6 for énd broods (p = <.001). It can therefore be
concludad that variation in weight increase is significantly

greater uhan the overall variation in wing growth when their

periods of most intense increase =xe considered. Therefore

th2 most sensitive index of growth rates will be provided by

weight changes in t?i first half of the nestling period.I later make
e

the assumption that/variation is in some way a product of

the environment. Itwas d&so calcuiatadthat the variation in

weightwas not significantly greater than the variation in

wing growth in the second half of the néstling period. This

contrasts with the data of Lack (1968) and Harris (1966)

who propose that in the Swift and the Manx Shearwater

selecﬁion has fﬁvoured minimisation of variation in wihg

growth, often at the expense of body growth or accumulated

fat reserves so that f£flight capability is not impaired at a

later date because of the consequent stﬁnted feather growth.

The difference could possibly be due to a more extreme

variation in environmental conditions (and hence food
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availability) that the Swift and Shearwater experience.

The distribution of feathers on nestlings of différénf
ages is shown in fig3.10 . Seel (1966) demonstrated the
importance of a complete feather cover, before nestiings
were able to maintain deep body temperature when removed
~from the nest. It follows therefore that the role of the
parent in brooding the young will progressively decline
throughout the néstling period until complete feather cover
is achieved. Feather cover at hatching covers 13% of the
‘uppersurface in the House Martin, remaining at this level
until about the eighth day. - Feathers then rapidly develop
until cover is effectively complete by the sixteenth day.{Fig3.1ll1)
Lind (1960)° records percentage brooding in broods of 3 and’

6 young. Generally less than  100% brooding began on the

in broods of six :
seventh day but persisted until the 15th day in broods of
three. In summary therefore the potential relative
contribution of any factors to heat conservation or production
will be at a maximum at hatching when the surface/volumé
ratio is at a maximum and then decreaée slowly until the seventh
day, thereafter decreasing rapidly until 80% feather cover is

present on about the thirteenth day. fSuch factors include

the greater Mutual insulation in larger brood sizes
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krocding, nest'lining and structure,and guality and
quantity of food delivered to the nestlings.

An analysis of the precise factors causing>this
variation in growth rates and their differences between
different brood sizes in first and second clutcﬁ% are
investigated in section six.

The factors that contribute to the variation in the
quality of the nestlings at the end of the nestling period
(in terms of gross weight and wing length) are described in

section seven.

Distribution and Habitat

The Hirundinidae are represented in Europe by five
species, of which three breed throughout Britain, the Swallow

Hirundo rustica, the Sand Martin R. riparia and the House

Martin. They may be found in all areés of the country though
evidently less commonly on the north wést coast and islands

of Scotland (Parslow, 1969). Their habitat requirements

have been described by Witherbyet-al(l938However it is useful

to make the distinction between associétion of a species with

a certain habitat for feeding purposeséxxibecause its exacting

nest site requirements make it inevitable. The Sand Martin.
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is notably considered to be a bird associated with water and
indeed sandy river banks must have provided most of the
suitable nest sites throughout the bird's evolution. However
since man has extensively extracted sand and gravel for his
industrial needs, suitable nest sites have been provided many
miles from water. That these sites have been utilised
successfully by large colonies of the birds suggests that
their feeding ecology is not inevitably associated with water,
but rather that they were form:ily restricted to such sites
by specific nest site requirements:

The House Martin is a bird of open country, and woodland
edge with perhaps the most favourable habitats being provided
by arable or scrub land, with a high proportion of their
insect fauna migratory (Southwood, 1962) interspersed with
belts or clumps of trees. However colonies are found in sites
ranging from clt%kentreiéo sea cliffs, g The nest may be built
under the eaves of houses or on CllffS.g Details of the

mechanics of nest construction are giveh by Lind (1960).

Migration

The family is generally migratory, summering in the
a
Palaefctic and wintering in the case of the House Martin in

central Africa,extending to S. Africa (Voous 1960). The
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species has no ringing recoveries outside Europe and is
little known in its winter gquarters. This is in contrast
to the Sand Martin and Swallow which have been extensively
ringed and recovered at both extremes of their range. This
suggests that the House Martin is widely dispersed in its
winter quarters and probably feeds in small groups or singly,

as opposed to the mussed concentrations of the Sand Martin.

The Breeding Season

House Martins arrive in Britain in mid April and are
often abundant around the colonies by the turn of the month.
Howe&er previously absent pairs may occupy nests as late as
early July. This probably involves laﬁe arriving first
year birds or birds that have endeavoured and failed to
esfablish themselves elsewhere. The latter situation is
apparently not precipitated by the loss;of the clutch though
it may follow nest destruction by householders or occupation
by House Sparrows, The birds usually commence building in
the last week of April, while laying will extend from the
second week of May. Two broods are us@ally reared, though
in certain conditions up to 50% of the éairs fail to attempt

a second brood, Witherby et al (1938) records an occasional
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third brood, though none were recorded in the present study.
Relayings or a change of nast occupants could lead to errors
even in the most closely watched colony, however the season

is theoretically long enough for threce broods to be reared

by the earliest staxting pairs. Breeding activity is usually
terminated in mid September though several birds may still

be rearing young into October or rarely early November.
Breeding has been recorded in South Africa on several
occasions during the Northern Hemisphere winter, though
whether the same birds travel north and breed again is not

known (Moreau, 1966).

Feeding Behaviour
All members of the Family feed entirely aerially.
Feeding is commonly communal within the species, especially
on migration or when the species breeds: colonially (Lack,
1968) as is the case with the House Martin. Also mixed
species flocks occur, particularly in association with large
or localised aggregations of insects. Of the British nesting
species, feeding may take place from ground level to several
hundred feet. BExceptionally when utilising insect aggregations

built up as a result of atmospheric instability or the passage
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of weather fronts House Martins may be observed feeding with
Swifts (A._ apus) at 500 to 1,0C0 feet. However personal
observations do not include Swallows and Sand Martins in
these occurfnces and I can find no references in the literature
to them doing so. Feeding may be concentrated over water
or alongside shelter belts of trees and a discussion of the
precipitating factors will follow in a later chapter. House
AR
Martins have been recorded being attracted to a garden fire
by Paull (1968) presumably on the insects aggregated by the
convection currents. Also there are many records of
Hirundines which have been ..'. recorded feeding from the
ground {ece & Rolls, 1967). However these records must be
treated with cadtion as all my observations oﬁ this habit
have shown that the birds were collecting grit.

In the present study feeding birds could be observed at
all times in close proximity to the colony, though it is
likely that certain conditions encouraged a proportion of

the colony to feed up to several miles away, for example

over a lake or on emerging ants.

Predators and Parasites

Hobbies (Falco subbuteo) were probably a significant
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predator in the study area, though the evidence is

circumstantial. Over the three years four broods progressively
lost weight, while still being fed by at least one adult

bird. Hobbies were regularly observed in the vicinity and

it was therefore tentatively assumed that one of the pair

had been taken, and the remaining bird was unable to

adequately feed the brood. Both Kestrel (Falco tinnunculus)

and Sparrowhawk (Accipiter nisus) were observed in the area

and the former is recorded as taking House Martins, The
greatest threat to breeding Martins is probably ejection by

House Sparrows (Passer domesticus) though in this study the

nestboxes used, prevented disturbance by these birds.
Ejection of Martins, probably by Sparrows was recorded in
only one case each, from nests with eggs and with young and
both these in the poor season of 1968 when either or both
may have been previously deserted. Some House Martins are
involved in building more than one nest at the beginning of
the season and it may be these nests that are taken over by
the Sparrows. Many alternative sites were available for
Sparrows in the vicinity of the colonies, and therefore
nest parasitism may be more severe in other areas where the

sparrow population is high and nest sites are scarce. I
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suggest that such a habitat might be a new housing estate.
A cat was known to have taken at least one adult Martin at
Cumberland Lodge in 1968,

- The adults and nestlings were heavily infested with

the Hippobescid, Stenepteryx hirundinis, and on two occasions

Ornithomya sp was found on an adult martin. The nestlings

and the adults when in or in contact with a nest were exposed
to a multitude of external arthropod parasites. In addition

to the Hippctoscids, the Martin bug Qeciacus hirundinis (Jen)

was often recorded in large numbers, while Mallophaga,
Siphonaptera, Mites and a single Tick were also found. The
assessment of the energy loss from the nestlings to the
parasites is a considerable task, and it was therefore
decided simply to minimise infestation§ by clearing the nest
lining over winter and removing pupae and diapausing adult
parasites from the vicinity of the nest. Thus the
continuity of the population of most of the parasites was
destroyed. Although infestations invariably became
re-established, a similar initial situation pertained to each
breeding pair. That House Martins readily reoccupy nests
from the previous season and therefore inherit its parasite

load suggests the parasites are well adapted to tap the
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available nutrients without causing mortality in their hosts.
No instances of abnormal growth rates were recorded in
association with unusually high infestations of Hippoboscids
or Cimicids, however a full study might reveal a contributory
effect in cases of nestling starvation brought about for

other reasons.

TABLE 3.4

Colony Statistics 1968 to 1970

The total number of pairs at each colony and other relevant
information is tabulated below.Most of the studydata is extracted
from the nestbox sample and if this is not the case it is

indicated in the appropriate section.

1968 1969} 1970
Number of Pairs {" Kennels Colony 14 15 | 17
at each colony , B §
2 28
(Nestboxes plus Home Farm Colony | Not known | 8
natural nests) Cmeerland:Lodge 18 c15 INot known
Colony B
Tota}~NumbeF of pPairs in nestoxes 19 28 | 29
examined daily :
Additional pairs in boxes ; »
. 2 5 o}
examined less regularly
Total pairs examined each year 12 i 6 13
in mud nests
Total pairs examined each year 33 36 42
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FLYING INSECTS -~ Characteristics of the food supply

The present section describes material from the
literature that pertains to the study of feeding ecology in
the Hirundinidae and Apodidae. A sumrary of the factors
important in determining the measured abundance are detailed

and discussed.

Factors affecting aerial insect abundance

The number of insects in the air at any time and hence
the catch on any day will depend partly on the net product
of factoxs favouring upward transport and those favouring
downward transport (Johnson, 1969). Also the size of the
alate population in the area of origin and the percentage of
that population in a physiological state condusive to flight
will determine the catch potential in optimum conditions.
Thece might be called "population factors", while weather
induced flight responses or "activity factors" will determine
the percentage of that population that takes to the air at
any time. Johnson (1969) discussed the caution that should
be exercised in using these terms but their descriptive
clarity makes them useful in the p;esent‘context.' Activity

factors include the effects of prevailing weather and light
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intensity while preceeding weather may influence both the
state and size of the population and the percentage available

for flight.

Population Factors

Calnaido (1965) demonstrated that 46% of the variance

in numbers of QOscinella frit flying above an oat crop was

due to variations in the rate of new adults taking off.
Williams (1961) analysed the effects of minimum temperature
and rainfall on insect actiVity and abundance, in the three
months prior to the period of investigation and found that it
accounted for 25% in spring and 69% in summer of the total
variance in daily insect catch. These results illustrate
the considerable effect that changes in ground populations

can have in determining the number of insects in the air.

Activity Factors,

The influence of prevailing weather on flight activity
and hence aerial abundance is induced principally by windspeed,
rainfall and temperature changes. The considerable effort
expended in the past on analysis of flying insect populations

and associated weather ccnditions has yielded results of some
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accuracy for predictive purposes (Williams, 1961 & 1962)

even though it has masked the causal processes involved
(Taylor, 1963). Taylor (1963 & 1970) describes a process

of flight thresholds in Aphids on the basis of changes in
temperature and light intensity, where low temperature and
light intensity inhibitg take off. Thus an increasing
temperature can be expected to activate the overlapping
thresholds of many species as it vrises. Hence plotting
percentage flight occurgnce against temperature, yields a
linear relationship for mixed species complexes(Johnson, 1969).
Also total caich in a suction trap in summer may thus yield

a linear relationship when plotted against mean daily
temperature, but variance is high. Strong wind may inhihit take
off (Hans & Thorsteinson, 1961) or alternatively light winds
may encourage it (Digby, 1958).

Lt e . However although such
affects may both reduce insect numbers in the open air andslightly
affect the efficiency of the trap it will also encourage
aggregations behind shelter belts of trees and therefore the
total aerial abundance in such situations could change little.

Cloudiness and consequent reduction in light intensity

may inhibit take off (Taylor, 1957; Pajunen, 1962), however
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Aphids often migrate in dull weather and light rain (Tilden,

1962).

Green (1962) demonstrated the effect of rain on the

flight of the moth Rhyacionia buoliana and clearly illustrated

the effect of very heavy rain on flying insects. A plot of
(Fig 3.12)

total daily catch against mean daily rainfall (mm per 24 hrs)/

again reveals a relationship, however all significance

disazppears when those three days with 6+hrs of rain are excluded.

It may therefore be concluded that rain is insignificant in

determining flying insect numbers,except associated with

very high rainfall, However it may alter the availability

of the prey to the feeding House Martin. Heavy dew may

prevent take off by temporarily incapacitating settled insects.

(Nielsen & Nielsen, 1950).

Both atmospheric pressure and electrical activity may

affect activity in insects (Edwards, 1960a 1961a),

However caution must be exercised in the extrapolation of

these results to field conditions, particularly as the

relationship between experimental activity and flight activity

is unclear.

In summary Huxst's (1964) analysis of the weather

conditions suitable for mass flights of migratory Thysonoptera
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in Southern England may be cautiously extrapolated to many

of the small insects preyed upon by aerial feeding birds,

as a guide to conditions in which the smaller aerial insects

are generally abundant. Hurst enumerated the following

conditions:-

Q. No rain or drizzle during the day.

b. Day maximum temperature at least 20°c.

Ce. Day maximum temperature not exceeding 29°c.

d. Day maximum temperature above that of previous day.

. No convection abcove 5,000 feet, but with atmospheric
instability below that height.

£. A dew point within the range SOC - 15°C.

T At least one hour of sunshine during the day.

Flight Periodicity

The flight periodicities of insects taken in suction
traps in Southern England are given by Lewis and Taylor (1965).
The very extensive data emphasise the dynamic natuxe of the
components of the aerizl populations and illustrate the |
rhencmenenof activity peaks occuring in all hours-of the day.
The principal provimate facteor in determining the time of

flight is changes in light intensity. *light periodicities
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are important in determining when and if species or families
are available to the diurnal aerial feeders, Also the
different duration of periodicities will determine the time
each diurnal species is available for predation. However
only limited data is available for diel flux in total insect
nunbers or biomass, a definitive statement probably being
inappropriate as habitat will influence the relative
abundances of familiés associated with different light
intensities. Therefore for example a habitat with a
preponderance of swarming species 1i.e. Chironomidae and
Trichoceridae would exhibit maximum biomass in the evening
whereas in another habitat the day flying Aphids and Bibionidae
might be dominant giving rise to a biomass maximum around

midday.

Mean Height of Insect Flight

Johnson (1969) states that in general insect density
diminishes régulariy with increasing height and as a working
approximation the logarithm of the density against the
logarithm of height is regarded as linear over a wide range.
A number of factors operate to invalidate this empirical

relationship for example atmospheric instability and mass
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flights of single species. Calnaido (1965) showed that
increased rain, wind, atmospheric stability and numbers

taking off reduced the mean height of flight. Maximum

temperature and variations in sunshine however were

unimportant.

Factors influencing availability of flying insects to the

feeding House Martin.

It is important in this study of resource exploitation
to isolate other factors that might increase the availability
of aerial insects to the feeding birds, while the measured catch
remained constant, In effect to determine the causes of
error in accepting the estimated sample as a true sample of
the available food. That the House Martin does not feed at
random and that swmall flying insects only approximate to a
random distribution in a horizontal plane (ILewis & Taylor,
1967) emphasises the need for such matters to be considered.
It is particularly important as these factors often give
rise to conditions in which aerial feeders are able to optimise
feeding efficiency, for they concentrate insects in relation
to density in the oﬁen air. These factors include effects
associated with Shelter, &Atmospheric instability and Mass

£flights.,
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Aggregations of most obvious significance to feeding
ﬁirundines and Swifts are the combined effects of wind and
shelter. Lewis (1965c) illustrates profiles of relative
insect density to the lee of a perforated fence and recordg:
aerial densities}gertain taxa ranging from 2x to 27x that in
surrounding open areas. These figures refer to Aphids and
Syrphids respectively. The zone of maximum density moved
further to leeward with increasing windspeed. Aggregations
were higher the more dense the windbreak, and also increased
‘with the angle of incidence of wind to the shelter, being
at a maximum at 900. Accumulation may also occur above the
height of the shelter. This generally involved the more
mobile insects, the smaller insects behaved like inert
particles and occurred well below the height of the fence,
By extrapolation these results may be applied to shelter
belts of trees, buildings etc and illustrates the potential
importance of shelter in the feeding ecology of aerial
feeding birds.

Atmospheric,Ihstability is characterised by extensive
convection activity. This may be associated with hot clear
weather or with the passage of weather fronts. Overcast

conditions involve atmospheric stability and low convection
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activity. Insect flight in such conditions is generally

at low altitudes. Convection activity will redistribute
insects by carrying those already airborne further aloft.
That this situation does provide an easily exploited food
source is suggested by the aggregations of feeding birds

in such situations, Convergent air systems associated with
thunderstorms cause air to rise and it has been estimated
that effectively inert insects associated with such air
movements might be conqut;g@edrbymﬁwo times in twenty minutes
(Rainey, 1963). Other iilustrations of thé phenomenss of
upward transport of insects though without suggestion of
unusually dense aggregations are given by Rainey (1951) for

locusts, Horsfall (1954) for mosquitoes and Hodson and Cook

(1960) for the Harlequin bug (Murgantia histrionica). As a

weather front moves across country insects will accumulate
before it (Horsfall, 1954) and be carried for many miles.

These processes acting together could remove concentrations
from the lower atmosphere and concentrate them in the upper
atmosphere. It may therefore be particularly pertinent for
aerial feeders to exploit such a supply as the air downdraughts

associated with the passing of the front will carry insects
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to the ground leaving the open air comparatively devoid of
insects. This will therefore be of greatest importance in

the open air feeders the Swift and House Martin. The greatest
atmospheric mobility is associated with cold fronts. These are
of importance to the Swift and House Martin and compare closely
with sea breeze fronts described by Simpson (1969), Such
situations provide the most spectacular aggregations visible
from the ground with often hundreds of Swifis and House Martins
preceeding'the dark cumulus clouds at a height of 500 to 1,000
feet.

Local insect emergences are at times of great significance
and may pass completely unrecorded by a single sampling site.
Swifts, Hirundines, Gulls and Starlings can frequently be
seen from late June onwards explgiting Ant (Formicoidea)
emergences.

It is of possible significance in connection with Swift
roosting behaviour to elaborate on insect flight after dark.
Berry and Taylor (1968) recorded aphid densities at 1,000 feet
over Southern England (01.00 - 04.00 hours) which reached a
maximum density of 2.66/106 £t3 compared with a mean daylight
density of 13.13/106 ft3. However these night densities

exceeded the day densities on 33% of the days investigated
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They indicated a causal relationship between these high

densities and mean night temperatures of 19.5°C+. The insect
fauna at 1,000 £t at night might therefore present a resource
of greater food value than that obtainable on 33% of the days
in the breeding season, and this might be particularly
suitable if one of the agencies that aggregate insects in
the air operated, For example the passage of a cold front
across the country at night after a very hot day would
certainly result in considerable accumulations of insects
before the approaching storm. However the question of whether
a Swift is able to exploit such a resource remains unanswered.
The opportunity to feed in the extended twilight of mid summer
may by itself justify roosting in the air in close proximity
to a food supply to facilitate relocating it quickly and
efficiently next morning. The Nightjar (Daprimulgus durppaeus)
feeds partly after dark in Britain and bears the same well
developed rictal bristles of the Swift, which have always
been considered to aid food capture in nocturnally feeding
birds.

In conclusion it can be stated that these vagaries of

climate and food supply provide the opportunity for aerial
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feeding birds to maximise their food collection efficiency.
Field observations confirm that they have behaviourally
adapted to each situation and rarely feed in a random (or
near random) manner. The mechanisms by which degrees of
ecological isclation between species are maintained are

expanded in a later section. (Section 11).



SECTION 4

" FOOD AND -FOOD _SELECTION I  THE - JOUSE _MARTIN

The Aerial Food Supply

The distribution and abundance of insects at different
hecights in the air is described by Hardy and Milne (1938).
Johnson (1969) has collated much of the information on the
subject, utilising the studies of Taylor (1960, 1963) Glick
(1239), williams (1951, 1951 ., 1962) and lLewis (1965a
1965b) and Lewis and Taylor (196{).

The present author employed a singk sampling site at 40
feet above ground level (220 feet above sea level) to obtain
an index of aerial abundance for each day of the breeding
season. The total suction trap catch (= logarithm N+1l; where
. N = total insects taken per day) for each day of the months
February to October 1968 and 1969 is shown in Figu4.1, It
illustrates the low catch throughout the winter and the rapid
increase in Apfii and May which coincides with the arrival of
many migratory birds in Britain, and the onset of breeding in
many species. Numerically, peak aerial populations may be
recorded by mid May (as in 1968) with stabilisation within
more restricted limits by early June. A decline in abundance
is detectable by September, though in Qewebes 1968 a mean

daily catch in excess of Log 2.0 persisted until early November.
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Mean daily catches for each month of 1968 and 1969, and
incorporating data from the first few months of 1970, are
pPresented in Table 4.1 It is intended that this approximates
to the avefage expected daily aerial abundance for each month
of the year.

Although total numbers flying may be a useful index of
abundance it is potentially subject to 2 number of errors. The
mean size of component insects may be different in different
months, or the calorific value of a single species may change
with season. Therefore while total numbers remained constant
the biomass or calorific value of the catch could vary widely.
An alternative index of abundance was therefore the total
calorific value of the daily catch. This was calculated as
follows, by an indirect method because the catch had to be
preserved. All insects with a flight periodicity peak after
astronomical twilight were excluded (on the basis of data in
Lewis and Taylor, 1964), although the percentage representation
of these families in practice made such a correction insignificant
at the present site. Also excluded were the day flying
Thysanoptera which are minute and were unrecorded in the Martin's

diet and insects too large to be taken by Martins, for example

Neuroptera and Coleoptera usually exceeding lcm in length.

6l.



Table 4.1

The mean daily suction trap catches for the months
of Pebruary to October in the years 1968 and 1969,

Mean Catch
(N = Number Mean Catch (& S.D.)
Date of Insects/Day) (LOG10 N+1)

February 1.40 0,145 * 0,06
March 1,36 0.135 ¥ 0,10
April 14.10 1.15 % 0.57
May 148.00 2,17 * 0.86
June 309.00 2.49 % 0.51
July 1175.00 3.07 % 0.42
August 525.00 2.72 % 0,51
September 295.00 2.47 0,48
October 302,00 2.48 % 0,45
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These were never recorded in the faecal samples, All other
insects recorded in the diet and trapped were included.
This involved small day flying insects, potentially available,
but very rarely exploited (i.e. Cecidomyidae).
To calculate the calorific value of the catch the following

hod was employed. Insects trapped aerially at a second
site were sorted down to family for each month of the study
period, and further into size categories according to wing
length. Total calorific vaiues for each size category within
each taxa was- estimated for each month of 1969,
using a micro ktomb calorimeter of low thermal capacity and
built after the design of Phillipson (1964)., A calorific
value could then be assigned to each insect, once family and
wing length had been determined. Data for representation of
different families and sizes within the suction trap sample,
were then used to calculate the total calorific value of the
daily catch. It was found that variation within families
through the season made an insignificant contribution to total
change in food value, such effects being marked by changes in
mean size of the constituent insects. The percentage numerical
representation of families and broad size groupings are

presented in Table 4.2using data for both 1968 and 1969. it
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can be seen that the dominant family in terms of numerical
representation, iﬁé the Aphididoidea followed by the Bibionidae.,
The relative representation of each of these taxonomic groupings
as a food resource, (i.e. by calorific value) is presented in
Table 4.3. The Bibionidae and Aphididae are agjain dominant,
although the precise percentage contribution differs.

Correlation of the total number of insects in a daily
catch with the total calorific value of that catch (with a
double logarithmic transformation) gave r = 0.89 (p = <0.001)
and b = 1,06, It can therefore be stated that 80% of the
variation in the food value of the daily catch is associated
with changes in the number of insects flying.(Data; May to July,
1968) .

The Food of the House Maxtin

A number of studies have recorded the food of aerial—
feeding birds. Lack and Owen (1953) present data for the
QRE-
Swift Apus apus andzbbhnson (1969) examined the Purple Martin

Progne subis, Gunten and Schwarzenbach (1962) studied certain

aspects of the feeding biology of the House Mariin Delichon -
urbica, while recently Hesperheide (1971) has drawn upon the
data collected by Beal (1912, 1918), in a study of food size

preference of certain families of birds including Swallows



Table 4.2

Percentage representation of taxonomic groups of insects
in the suction trap for each month of 1968 and 1969,

Sept. Mean %
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Table 4.3

Percentage Representation of taxonomic groups in suction
trap by calorific values.

Size

Cate

gory May June July Aug., Sept. Mean %
Coleoptera 1 5.1 0.5 2.8 1.3 1.9
Coleoptera 2 0.5 12.2 2.5
Parasitica 1 5.0 4.3 6.9 5.3 3.5 5.0
Parasitica 2 0.9 0.7 0.3
Homoptera ' 4,0 0.2 0.1
Heteroptera 7.8 0.3 1.8 0.2 2.0
Psyllidae 0.1 0.2 0.7 0.2
Aphididae 10,7 44.5 54,5 9.5 11.3 26,1
Neuroptera 0.3 6.8 15.7 4.6
Pipulidae 3.4 0.2 3.3 T.4
Bibionidae 48.1 6.2 3700 4705 27 08
Mycetophilidae 12,2 T.1 4,3 4.3 6.0 6.8
Chironomidae 1 447 5.5 0.8 1.5 1.4 2.8
Chironomidae 2 0.3 6,7 9.8 1.4 3.6
Stratiomyidae
Longchopteridae
Syrphidae 0.1 1.1 1.2 0.5
Empididae 003 2¢7 2302 100 504
Phoridae
Scatopsidae 2.0 3,8 6.3 1.0 2.6
Dolichopodidae 0,2 0.0
Cyclorrhaphan 1 0.5 3.2 2.5 6,0 2.4 2.9
Cyc]_orrhaphan 2 16 o7 1.7 2.8 5.7 5. 4




(Hirundinidae) and Flycatchers (Tyrannidae). This study
and that of Johnson notably make comparisons between prey
species and those available in the environment.

The assessment of prey taken in these studies has been
by stomach analysis or by collection of food boli brought to
the developing young. Therefore a food sample taken at a
particular time of day will be a reflection on the food
~availability only at that time of day. The flight periodicity
of many insect species ensures that they will be available for
only a restricted period during each day and may therefore not
be represented in such a sample. The present study therefore
employed the following technigue to obtain a food sample that
was representative of the entire feeding period on each day.
The potential accuracy of the method encouraged me to take the
study beyond the specific confines of the feeding House Martin,
to the study of predators and their prey in general and
plankton feeding predators in particular.

Faecal samples were collécted from adult and nestling
Bouse Martins in all months of the study period. For the
purpose of the current study all samples were composed of a
24 hour accumulation of faeces from below at least four

nestboxes for each day. These were thoroughly mixed and a
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further subsample taken from the resulting material which
represented at least 5% of the total (by volume). The early
May samples were less satisfactory as they are almost entirely
from adults. Therefore,as adults may defaccate away from the
nest, samples from certain times of day could be absent.

The June to October samples were predominantly from nestlings
of more than 7 days olbecause qualitative food differences
were not recorded after the fifth day (see Royama, 1970). The
faecal samples were examined for insect wings, which were
identified and sorted into a number of readily identifiable
taxa and counted and measured. In most cases wings could
easily be categorised into family but specific identification
was rarely made. The reasonable assumption was made, that
the taxa represented in the faeces would have an adequately
similar specific composition to those in the suction traps.
This was confiri:d for certain families, i.e. Bibionidae, where
only one species was found in abundance in both the suction
trap and the faeces. The percentage representation numerically,
and in terms of food value, of each family is presented in
tables 4.4 and4.5respectively. The calorific value of prey
items was calculated from ta relating winglength to calorific

value referred to in the previous section.
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Table 4.4

Percentage representation of taxonomic groups in faecal
samples from House Martin nestlings (and adults)

May

June

Sept.

Mean %

Coleoptera (1)
Coleoptera (2)
Formicoidea

Parasitica (1

Parasitica (2

Homoptera 513

Homoptera (2

Psyllidae

Aphididae

Heteroptera (1g
Heteroptera (2
Chrysopidae : Neuropterg
Hemerobiidae: Neuropterg
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TABLE 4.5

Percentage representation by calorific value of taxonomic
groups in faecal samples from House Martin nestlings.

Coleoptera (1)
Coleoptera (2)
Formicoidea
Parasitica (13
Parasitica (2
Homoptera 21)
Homoptera (2)
Psyllidae
Aphididae
Heteroptera (1§
Heteroptera (2

Chrysopidae : Neuroptera
Hemerobiidae: Neuroptera

Psychodide
Tipulidae
Culicidae
Anisopodidae
Bibionidae
Mycetophilidae
Chironomidae §1
Chironomidae (2
Stratiomyidae
Dolichopodidae
Longchopteridae
Phoridae
Empididae
Scatopsidae

- Syrphidae
Brachycera
Cyclorrhapha §1
Cyclorrhapha (2

)

)

May June July Aug. Sept. Mean % !

2.8 2.4 7.6 4.8 1.3 3.8
0.1 0.0

24,8 9,2 0.3 6.9
6.5 5.0 9.4 6,2 6,9 6.8
13.5 2.3 2.4 1.0 3.8

1.8 0.7 0.5

0.2 0

0.4 0.1 0.0 0.1
50.4 13%.6 12.5 3.3 3.4 16.6
0.2 0.5 0.2 0.2

0.2 0

11.2 2.2

6.5 2.4 1,2 2.0
0.2 0
0.2 0.1 0.1
1.6 0.3
7.2 T.2 10.8 55.6 49,8 26.1
0.5 0.5 1.0 0,4 0.5 0.6
5.0 1.0
1.7 1.1 0.6

0.04 1.3 3.4 0.04 1.0
2.2 0.5 0.3 3.2 1.2
0.4 0.3 0.0 0.1 0.1
0.8 1.1 0.2 1.2 0,7
0.3 0.3 0.1

5.4 5.8 1.5 2.5

2.6 0.3 0.3 0,6
6.9 13.4 26,3 T.3 18.1 14.4
5.7 8.0 1.7 9.8 12.5 T.5
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Hartley (1948) discusses possible sources of error
when using faecal samples as a qualitative measure of prey
consumption. However concerning differing digest%bilities and
destruct;bilities in the present study, note that many of the
wings of very small insects (i.e. Aphids) were invariably intact
in the faeces. The wings of the larger insects were more
often broken, however their numbers could be efficiently
estimated by counting only small sections of the wing (i.e. the
Pterostigma in certain Parasitic Hymenoptera). Occasibnal
samples were extensively mascerated, probably during processing,
and these were discarded. It is likely that by confining
counts to wings the problem of differing rates of digestion was
eliminated, wings passing through the gut at ap@roximately a
constant rate, while tissues associated more closely with
heavily sclerotised parts with differentvdigest;bilities might
be retﬁined longer.

Specific identifications were made of a number of House
Martin prey and these are listed in the Appendii,

Examination of Table4,5reveals the relative monthly
contribution of different insect families.and the principal
taxonomic groups contributing to 50% of the food ingested

is shown in Tahle 4.6
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TABLE 4.6

1. May. Aphidoidea

2. June. Hymenoptera : Formicoidea.
- Cychlorrhaphan Diptera

Aphidoidea & Hymenopteira (Parasitica)

3. July. Cychlorraphan Diptera
Aphidoidea
Bibionidae

4. August. Bibionidae

5. September. Bibionidae

These families are in effect the ‘key’ food resources for
each month. The unexpectedly prominent position of Ants

in the June food sample needs explanation. Ants rarely
appear in the suction trap until July, which suggests that if
they fly, they do so in proximity to vegetation. In practice
they are heavily selected on certain days and entirely
absent on other days. It appears that the Martins are
exploiting an irregular resource in proximity to vegetation.
It is therefore proposed that the alternate resource of
Cychlorrophan Diptera is more important becéuse of its
dependability. In the same manner as the dominant families
in other months are dependable and are regularly répresented

in the faecal samples.
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Food Selection in the House Martin

Many animals exhibit food preferences. The selection
of food from the available resources on the basis of such
praferences serves to increase the efficiency of food collection.

Tinbergen (1960), Ivlev (1961) and Royama (1970) have
investigated food preferences in relation to the variation
in abundance and quality of available food, while
Richter (1942) " and Murdoch (1962) have studied certain
behavioural responses to changes in the quality of the
available food, and their effects on the diet. ‘fhomson (1965)
has demonstrated variation in food preferences within a single
species and Paine (1963) has investigated the role of toxic
substances in potential food resources.

The studies of Johnson (1967) on the Purple Martin

Progne subis and Hesperheide (1971) on a variety'of aerial

feeding birds (Hirundinidae, TYrannidae) compare the prey in
the stomach with the preybpotentially available in the
environment. They are concerned respectively with the
utilisation of a food resourcevfor breeding, and the differences
between food preferences of various sympatric aerial feeding
birds. Johnson - indicates a close correlation between

the representation of the number of families within orders of
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insects (i.e. diversity) in the air and in the stomachs of

Purple Martins (r = +0.95 p <0.01). Elliot (1970) records a
close correlation between the occurrence of invertebrates in
drift samples of freshwater plankton and the stomach contents

of Trout Salmo trutta (ranging from r, = 1.00 p = K0.01 to

r, = 0.31 p = N.S). However Royama (1970) reports very low
correlation between the relative abundance of invertebrates

in the foliage of Oaks (Quercus petraea(Mattuschkia)Liebl.)

and the representation of these in the diet of nestling Great
Tits (Parus major). This suggests that differences are to be
expected between predation strategies adopted for exploiting

a planktonic resource and those existing in the more complex
arena of terrestrial systems. However this evidently does
not always follow for planktonic food supplies,as illustrated
by Brooks and Dodson (1965),who indicate a heavy selective

predation by the clupeoid (Alosa pseudohaergus) on the larger

prey items of a lake's zooplankton, eventually resulting in their
elimination.
The present study compares the quality of prey taken by a

predator, the House Martin Delichon urbica, with that available

in the environment. (Where this is the effective environment

as defined by Clark et al (1967)). It proposes to establish
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Qhether the House Martin feeds at random or if items are
selected from the environment, and if so on what criteria

and under what conditions does selection take place. It is
suggested that the results of the present study apply to any
predator exploiting a planktonic or 'planktonic-like' resource
(i.e. the "so called” aer© plankton, see Johnson{1969)}for

discussion).
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Method

The selection activity of the feeding House Martin was
determined by the following method. If the suction trap
catch was an accurate sample of a randomly distributed aerial
insect population, and &het the Martins fed at random (at a
constant rate throughout each day : dawn to dusk : at a height
of approximately 40 feet), then percentage representation of
insect families in both the suction trap and the faecal
samples would be the same. In these ideal conditions the
correlation coefficient between the two samples would be
¥oolection = +1.0. This situa#iOn will be interpreted as
random feeding. Therefore if the Martin feeding strategy or
aerial insect distribution departed from random, percentade
representation of insect families in the two samples would
become less well correlated. This will be interpreted as an
increase in selection activity, if it can be shqwn that it
does not significantly involve variation in aerial insect
distribution. (N.B. Seclection activity - as denoted by the
correl-coefficient will be referred to as "r selection"},
The coefficient of correlation could ultimately be dep?essed

to r = -1.0 if the Martins fed on components of the aerial

population in inverse proportion to their abundance.
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The percentage representation of each insect group in the
field data was first transformed logarithmically to obtain a
bivariate normal distribution. williams (1959, 1964) discussed
the approach to log-normality of many species spectra and certain
aspects of this in relation to the food of flying birds is

discussed by Hesperheide (1971) (See Fig.4.2 ).
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Table 407

Correlation coefficients for percentage representation
of taxonomic groups (mostly insect families) for mean
monthly figures, in the aerial suction trap and the
faeces of House Martins.,

r p
May +0.,47 £ 0.17 p= 0,05
June +0.38 I 0.19 N.S.
July +0.33 + 0.18 N.S.
August +0,62 £ 0.13 p = 0,01
September +0.45 T 0.18 p= 0,05
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Results

Correlation coefficients were derived for each month and
are presented in Table4.,7, to demonstrate seasonal variation.
The results indicate an approach to random feeding in August,
when representation of families in the suction trap and the
faecal samples approached eguality, and to a lesser extent in
May and September. Selection for particular families was
most intense in June and July. However the processes causing
such variation in r, cannot be resolved on the basis of these
monthly means. Therefore seven to ten days were selected at
random from each month of the breeding season (June to
September 1969, with some data from 1968) and by the same
method as above correlation coefficients were calculated for
the samples from each day, and examined in relation to
variation in the following: able 4.8.
1. wind speed x dufation Indék, 2. Rainfall (hours/day and
m.m/day), 3. Hfs of sunshine, 4. .Mean daylight temperature,
5. Relative humidity, 6. Daylength, 7. Aerxrial insect
abundance, 8. Aerial insect di&ersity and .9. Energy
requirements of nestlings of pairs concerned.
The three most significant associates of variation, Mean
Temperature, Wind and Ldg. Insect Abundance together accounted

for only 19% of the variation in r in a multiple

salection
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correlation analysis, and it is likely that this was influenced
by a departure from a random distribution of the flying insect
population (see Lewis (1969)), rather than by a change in the
feeding strategy of the Martins. This low coefficient of
determination indicates that the causes of variation in Y eelection

must be found elsewvhere.

It was considered that examination of the selection
intensity on each taxonomic group individvally, would elucidate
the causal mechanisms involved in the variation of r. To
investigate the selection intensity on each family the following
method was used. If percentage representation in the faecal
sample of any one family (eguivalent to Log N+l percentage
representation) is equal to that in the suction trap then:-

Log percentage representation in Faeces (LoglON+l)x100

v = 100
- Log percentage representation in Suction Trap (LogloN+l)

where N = o percentage representation° (Transformations
used for consistency and to impose linearity). Similar
calculations vere made for each familyirepresented in the faeces
and the suction trap for each day. An index was derived that
indicated the degree to which Martin feeding or the aerial
distribution of that insect group departed from random (where

the Index = 100) to give the measured index. However it was

8l.



assumed that as the meterological data were not significantly
involved in this variation (i.e. r = -0.016 for Wind and
Aphids), that this indicated a departure from random of the
Martin's feeding strategy. The index was therefore termed the
"Selection Index" (or S.I.) The association between the
abundance, distribution and qguality of insects in the air and
factors in the physical environment has been well documented
(see discussion in section 2 and Johnson, 1967). It is highly
probable that if one or more weather factors was either the
only or the principal influence on variation in S.I. some
relationships would have been established between this and the
selection index. This did not occur. A family that is
inordinately represented in the faeces with respect to the
suction sample will have a Selection Index >100, while an index
of <100 indicates either positive awoidance of that item or

its unavailability. The causal nature of these indices is
demonstrated in Fig 4.3. Here a Selection Index (Geometric
Mean of all Values June- Sept.x 100 [Faeced/G.M of all values
Jun-Sept.[Euction Trap] ) has been derived on a seasonal basis
and plotted as a function of the mean galorific value of the
items of that family. It can be seen that the S.I. behaves for

the most part as a linear function of the mean calorific value.
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(y = 10.1 + 0.302x r = 0.91 p = <0.00l). However four . -
taxa remain. quite separated from the majority. It is
proposed that these taxa were disproportionatly sampled in
relation to their aerial abundance. Lewis (1969) cites
figureé for the aerial abundance of 77 taxa in both the air and
in the proximity of a low hadgerow in southern England. The
low hedgerow is a habitat that pﬁysically fairly closely
resembles the belts of trees with which Martins associate for
feeding. Also figures are available for this habitat but not
for tree belts. The relative abundance of the four relevant
taxa are shown in table 4.9, It was found that of these four
taxa, three were relatively more abundant in the proximity of
hedgerows, in relation to the total insect abundance in that
habitat. It is likely therefore, that as Martins often feed
in close proximity to shelter belts, that the abundance of
these taxa in the Martin's feeding zone was underestimated 5y
my sampling method and the selection index was elevated in
consequence. A more critical analysis of this problem awaits
similar guantitative information for the aerial insect fauna
"in the proximity of tree belts. Thus generally the largex the
item, within the limits of the Martin's prey size range, the
higher will be the Selection Index, and therefore the greater

a3



TABLE 4,9
The relative abundance of four insect taxa in two aerial
habitats (data from Lewis, 1969).

Aerial Catch distant from Aerial Catch in close
Vegetation Proximity to a Hedgerow

Total Catch 146855 insects 2218 insects

Percentage total catch

a. Coleoptera 3% 10%
b. Hymenoptera

incld. Tenthredinidae

Ichneumonoidea 2.4% 6.8%
Apidae
_4'0 -2,
c. Longchopteridae 0.95x10 "% 0.4x10 %
. ~5
d. Stratiomyjdae ©.68x10 "% 0,0%



the gross energetic reward on capture of that item. Presumably
this implies a net energetic reward for this situation to have
evolved. Interestingly the S.I. doubles for each doubling of
the calorific value of the prey items, though this may be an
artefact of the logarithmic transormation of the basic data.
The data from this graph was used to compile an order of
preference for each taxonomic group and to see which groups
were generally selected i.e. S.I. = 101 + (the "preferred
prey"”) and which were avcided or unavailable i.e. S.I. =
<99 (“"less preferred" prey). It was found that many of the
families in the latter group contained a majority of crepuscular
species with regard to their flight periodicity (Lewis & Taylor
1967), which would therefore not be available to the feeding
Martin for their full flight period, though would be sampled,
5y the suction trap for the whole of this period; It is
therefore expected that the S.I.s for these families would be
below 100. (Table 4.10)

The variation in the selection index of each family in
relation to environmental conditions will not be discussed here,
The interrelations between seasonal chahges in the taxonomic

composition of the catch and the selection activity of the
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Table 4,10

Relationship between the Selection Index and the mean
calorific value of each family.
Key to points in Fig. 4.3.

1. Stratiomyidae

2. Longchopteridae

3. DParasitica: Hymenoptera (2)
4., Coleoptera (1)

5. Psychodidae

6. Chironomidae (1)

7. Mycetophilidae

8. Phoridae

9, Scatopsidae

10. Psyllidae

11. Tipulidae

12, Chironomidae (2)

13. Empididae

14, Aphididae

15. Parasitica: Hymenoptera (1)
16, Cyclorrhapha: Diptera (1)
17. Bibionidae

18. Hemeroboidea: Neuroptera (1)
19. Homoptera

20. Hemeroboidea: Neurovntera (2)
21. Cyclorrhapha: Diptera (2)
22, Formicoidea

23, Syrphidae
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Martins has not been fully analysed,& alsowill not be further
discussed here. It is suggested . that the feeding
Martins were attempting to maximise the rate of prey ingestion
by exploiting the most profitable items available (see

Royama, 1970).

A number of potential predator strategies were therefore
hypothesised that attempted to interpret the variation in the daily
corrélation coefficient in terms of this strategy. By
quantifying these hypotheses and compar ing them with field
results it was established which pracess was likely to be
operating. The hypothetical predator strategies compare the
size frequency distribution of the available prey with that
taken by the House Martin. Three basic possibilities are
presented for the available prey. They are either normally
distributed with regard to the logarithm of percentage size
frequency or the distribution is sHewed to the larger or the
smaller items. Two methods of exploitation are illustrated,
where feeding is either at random or is comnstantly selecting
for the largest items available (The frequency of prey families
taken is assumed to approach a log normal distribution

Hesperheide, 1971, nyant unpublished). These hypotheses are
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presented in Eig. 4. 4.

It can be seen that when feeding is at random Teelection —
+1.0 in each case. However when the larger items are selected,
a heirarxchy of correlation coefficients is obtained with
r = -0,62, when available prey is skewed to the smaller items,
through r = 0.12 (available prey normally distributed), to
r = +0.9 when prey is showed to the large items. TO
summarise, a shift in the mode of the frequency distribution

available

of(prey items,to the 'larger items' end of the scale,is
associated with an increase in the correlation coefficient. In
fact the situation when larger prey items are available
approaches truly random feeding. It might be that in such a
situation the energetic cost of feeding at random is
insignificant, becézse the probability of encountering 'economic’
prey is high. Also random feeding might involve fewer
adjustments in speed and direction, which are energetically
expensive, which would however be an integral part of a selective
feeding strategy. The predation strategy can alternatively be
expressed in the following way. If selection pressure is
constantly directed towards the most peritable items, then

when these items become relatively less abundant, the energetic
advantage of exploiting incidentally encountered prey increases
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FIG. 4.4. The hypothetical size distribution of prey
items in the diet in relation to that
available in the air, as a function of two
contrasting predator strategies., These
strategies illustrate (1) a predator that
feeds at random, ingesting items as they are

_ encountered and (2) a predator that consist-

o

ently selects the largest 1tems available, ~
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and so selection pressure on less favoured items will increawme.
In effect a switch to less preferred items (Murdoch, 1969) never
occurs, but rather there is an expansion of the "area of
acceptability" of prey items.

It i1s an implicit correlate of a shift in the mode of a
frequency distribution, that the mean will vary sympathetically.
Therefore if selection was directed towards the most profitable
items (and this prey spectrum was relatively stable), then if
the mean calorific value of available prey items is high, the
means of the two spectra will be coincident and hence the
correlation coefficient will be high. A reduciion in the mean
calorific value of available prey, causes a divergence of the
means and a consequent depresszicon of the correlation coefficient.

The hypothetical strategies suggest a causal function of

prey size in the variation of r ~ Therefore variation in

Selection
r s was examined in relation to the mean calorific value
selection -

of the available prey for the field data. They were highly
significantly correlated (r = +0.81 p = <0.0l) and the
coefficient of determination, r2 = 66%. An attempt to explain
the residual variance in terms of other environmental variables
involved a multiple correlation and regression analysis (Table4.1ll)

incorporating similar variables as in Table 4.8,
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TABLE 4,11,

Multiple Correlation and Regression Analysis to investigate

influence of environmental variables ondaily selection intensity

Variables (Environmental) a.

Value of Available Prey;

d. Temperature (Mean):;

exceeds 100.

of feeding House Martins.

Wind Index:; D.

Mean Calorific

c. Total Insect Abundance (Log):

e. Abundance cf Insects whose S.I.

Variables (rleoo) Variance (Beta WtS%B(Mult:Rgg r p
Used Ratio (Sig) Coeffic't)
l. a,b;c,4,e 68% p=<0.005 a. 0.03 -1.39 ~0.08 N.S.
(n=27)
b. 0.76 0603 0.81 <Qo01
c. 0.00 3.43 0.28 N.S. .
d. 0.00 ~0.81 0.17 N.S.:
e. 0.01 ~2.81 0.56 <Q.OL :
2. b only 65.6% 0.81<QOL:
{(n=27) :
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It accounted for oniy a fuxther 2.5% of the variation.
Therefore it is reasonable to propose that variation in
rselection between the aerially sampled insects and the

Martins diet is principally a function of variation of the
mean size of the available prey, where this in effect involves
aﬁ increase in the percentage repiesentation of profitable
fanilies 1i.e. Syphids, Ants and Parasitic Hymenoptera etc.

In this situation, the highly variable taxonomic composition of
the available prey becomes colincident with the taxonomic
composition of the relatively stable Martin prey spectrum, and
a correlation coefficient calculated for such data would be
high. Where the percentage representation of less favoured

items increases the calculated correlation coefficient

) is depressed, indicating an increase in selection

(rselection
activity and.an accompanying increase in the rate of rejection
of items encountered, where these are unprofitable items of
low calorific value.

The residual variation (34%) is probably a product of both
the invalid assumption of a random distribution of the aerial
insects on a vertical =iis (Lewis,'1965, Johnson, 1957; Taylor
1960) and also the system of categorising species in taxonomic

groups of family and size, rather than as species groups.
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Discussion

variation in the guality of the nestling Martin's diet
is largely explicable in terms of concurrent changes in the
characteristics of the available prey. The suggestion of
Royama (1970) that the profitability 6f items to adult binds
feeding independently and those feeding nestlings may be
different, is likely to be less significant in the aerial
feeding birds for the following reasons. Handling time for
each prey item is not subjec: to such a wide variation as

hypothesised for the Tit (Parus major) nor are items brought

individually to the nest. Both these factors tend to increase
the differences between the relative profitabilities of
feedings nestlings and independent adults. Therefore it is
considered that these conclusions apply to both the aéults and
the nestlings diet

Holling (1965 p.52) and Emlen (1966) both propose a
reduction in feeding discrimination (and therefore decreased
selection) as total available food becomes scarce. This
would involve an increasing convergence to equality of the
percentage representation of items in the diet and the air.

)

However the present work found that variation in (r .
selection

did not behave as a function of the total food available, where
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i & = +0.23(N.
for rSelection and total catch (Log N+1) r 0.23(N.S) and

for total calorific value of catch and r . 2
selection
2 . .
r = +0,29(N.S). Therefore r = 0.081, indicates that only

8% of the variation in r could be explained by

selection
variation in the toﬁal abundance of food. It is suggested
therefore that the total food abundance is not significantly
involved, but rather that the relative frequency of profitable
items will dictate whether selection is intense or slack.
However it is acknowledged that extreme food shortages were
not encountered within the sample period, and in such a
situation it might beéome profitable to exploit every item
encountered. The critical level of food abundance at which
this changeover might occur, is when the probability of
obtaining a given quantity of energy in a given time is
greater if every item is captured than if less favoured items

are ignored and effort concentrated only on more profitable

items.
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SECTION 5

THE PATTERN AND CAUSES OF MORTALITY IN NESTING HOUSE

MARTINS.

Several recent analyses of the pattern of mortality in
bird populations have utilised Varley and Gradwell's
modification (Varley and Gradwell, 1960, 1963 ., b and 1965,
Varley, 1963) of Morris' key factor analysis (Morris, 1959,
1963¢4). The analyses of Southwood, Blank and Cross (1967)

on the Partridge (Perdix perdix), Southern (1970) on the Tawny

Owl (Strix aluco) and Krebs (1970) on the Great Tit (Parus

major) were based on extensive data and the significance of the
results is hence high. Population data must be available for
at least three annual cycles for satisfactory analysis,

however the timing of this study prevented this criterion being
met. Therefore as the principal period of interest was the
breeding season, I adopted a modification of the method
suitable for within season investigation. The mortalitges
within and outside the breceding season were thus treated quite

separately. The latter topic will be discussed in section 1l0.
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The Mortality Within the Breeding Season.

A precise knowledge of the breeding season mortality

was confined to that occuring within the nests of breeding

House Martins. It is probable that a number of adults died

also during the breeding season but this could not be verified.

This section is therefore confined to identifying the principal

causes of variation in breeding mortality (KB) in effect the

factors causing variation in the productivity of Martins

per pair in each season and between each colony. The key

factor influencing total annual mortality is briefly discussed

in a later section.
The potential causes of population change in the breeding
season are then:-

1. Adult mortality during the breeding season.

2. "Mortality"” due to variation in clutch size.  Mortality
here refers to a fall in natality f£rom the potential
maximum, due to variation in clutch size.

3. Mortality due to variation in the hatchability of the
eggs

4, Mortality due to variation in nestling suxvival.

5. "Mortality" due to variation in the percentage of breeding
pairs attempting second broods. Mortality here refers
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to a fall in natality, due to variation in the percentages
of pairs laying second clutches.
(Categories 2 - 4 apply to both the lst and 2nd broods)
The significance of the results over the three breeding
seasons has been increased by examining each of the main
colonies as separate entities in two out of the three years.
This was not possible for the first year of study because
information is only available for the latter half of that
season for both colonies. A total of 5 season/colony KBs
were therefore available for analysis. (where Kﬁ refers to
the within nest mortality alone -and=Total breeding season mortality
It should be noted that the total production of young
from each colony in each year may be primarily influenced by
the colony size at the beginning of each season, depending on
the extent of the differences in colony size. The differences
in the present study of the sample colony size, although
not directly related to total colony size, were sufficient
that the total number of young emerging from these nests was
largely a function of that sample colony size. Using the
method described by Southwood (1966) for single generation
subjects, it was found that 82% of the variation in total

flying young produced each year (PR) could be explained by
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variation in the natality in the sample colony (Pé), where
PE was completely uncorrelated with variation in clutch size
(1st and 2nd) (r = 0.09) but almost significantly correlated

with the number of pairs breeding r = 0.79 (p = c. 0.1).

Analysis of Breeding Season Mortality |
The results of the breeding season census at two colonies
in three seasons is shown in Arpmaﬂix I The total breeding
season mortality (KB) is the sum of the individual mortalities
where these are:-
kl = Mortality due to variation in l1st clutch size. Where
this is expressed as the difference between the mean
clutch size at the period of interest and the maximum
observed mean clutch size over the whole period of study.
k - Mortality due to hatchability loss. This includes

desertion of eggs, infertility, and eggs laid in

untenpanted nests.

k3 - Mortality of chicks (lst brood).
k4 - Mortality due to variation in the number of pairs laying

second clutches. This is expressed as the difference
between the % pairs laying at the period of interest
and the maximum observed % over the whole study period.

k5 - Mortality due to variation in second clutch size
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k6 - Mortality due to hatchability loss of the second

clutch.
k7 ~ Mortality of chicks (2nd brood).
KB - Total breeding season mortality, and it equals the

total difference in the numbers potentially able to be
reared by the observed number of pairs, and those
actually reared in each season by those pairs.
A graphical analysis demonstrated no distinctive
correlation between any of the mortalities and KB° Even when

these are grouped as total chick mortality etc. i.e.

(kl + ks), (k2 + k6), (k

4t k).

The correlation coefficients were therefore calculated for

the mortalities individually (kl, k., etc) and for the grouped

2

mortalities (kl + k_ etc.). " In the first case it was found

5
that the percentage of the pairs laying second clutches was

the most significant correlate of KB. Here r = 0.96 (p = <0,01)
For the grouped mortalities this was confirmed, where r naturally
remained the same. However»the correlaﬁion of some of the

other mortalities was depressed when they wexre gréuped,>below

the maximum of some of the individual mortalities. As for

first brood chick survival ¥ = 0.67 (N.S)[jk3] while for
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(ké + k7), r = 0,54, In other cases the r for the grouped
morcalities exceeded that for either of the individual k's.

The results are showa in Table 5.1 (See data in Appendix III.)

Table 5.1l. Correlations between individual k's & Ké

T P londsr.of...
I kl 0.46 R.S. 3
k2 0.37 N.S. 4
k3 0.67 N.S. 2
k4 0.96 <.01 1
k5 0.07 N.S. 7
k6 -0.19 N.S. 5
k7 0.13 N.S. 6
1T kl + k5 0.61 N.S. 2
k2 + k6 0.47 N.S. 4
k3 + k7 0.54 N.S. 3
k4 0.96 <.01 1

Firstly it is evident that the percentagé of pairs laying a
second clutch is the most important influence on Ké.
Thereafter chick mortality (particularly lst brood) and
variation in clutch size (1st brood)?ig considerable influence.

All of the avian studies mentioned hitherto have been on

single generation per annum species and comparisons cannot
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therefore be made, regarding the relative importance of k4
in different species. An important aspect of this work
is to examine the mechanisms by which mortalities are incurred.

I therefore examined each of these moritalities, whatever their

influence on total Kb to illuminate the process involved.

Adult Mortality During the Breeding Season.

Because adult mortality was never positively recorded
in the breeding season, the key factor (Ké) analysis was
confined to the mortality suffered in the processes described
below. It seems very probable however that some of the
nestlingmortality was ultimately a product of adult death
rather than any other factor. This will be further discussed

below.

A. The influences on variation in clutch size (kl and kS)

The factors that might depress the mean clutch size below
the maximum recoxrded may be categorised as follows.
a. Internal Factors.
b. External Factors.
The internal factors includes only the age of the laying female.
While the external factors include all aspects of the

environment, i.e. weather, habitat, population density,
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season and food abundance,

a. Internal Factors.
Age.

The studies of von Haartman (1967 ), Klujfver (1951) and
Gulson & White (1961) describe the influence of age on the
mean clutch size in several species of kirds. Klomp (1970)
records a maximum difference between the mean clutch sizes
of different aged hirds as 1.15 eggs in the Starling (Sturnus
vulgaris). However the figure for the majority of species is
much less than this, whereas for the Swift (Apus apus) it is
only 0.44 eggs(Weitnauer, 1947). It appears that in most
species, the mean clutch size depends on factors apart from a
change in the age structure of the population. Indeed the
change in age structure needed to achieve even 50% of the total
difference recorded in most species would involve such an absolute
difference in successive years that it is inconceivable.
However no data on the age structure of the House Martin

population is available to illustrate this.

b. External Factors.
Weather.

There are no indications that the mean clutch size and
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its year to year variation is influenced directly by the

weather. The correlations between mean daily Temperature,

Rainfall, Wind and Hours of Sunshine and clutch size were

not significant . (The highegt,r = 0.58,was for both May mean

Temperature and the Lﬁying Period Temperature). However

as-discussed below I consider that the weather could act by

directly influencing the food supply which in turn might affect

clutch size,as it is known that weather is correlated with

the numbers of insects f£lying (Johnson, 1968). I conducted

a multiple regression analysis involving several environmental

parameters (Temperature, Rainfall, Relative Humidity, Hours §f

Sunshine, Daylength and Wind;against a Logarithmic Transformation
Daily

of Total/Insect Catch at 40 ft.). The coefficient of

determination was 56% illustrating the degree to which aerial

insect abundance is associated with weather factors. Wiﬁd,

Rainfall and Temperature were all importantly associated

with the size of insect catch, while all the factors investigated

were significantly correlated below the 5% level, except

daylength.

Habitat.

There are many recorded differences in mcan clutch size
103



by populations inhabiting different habitats. The mean
clutch size of some of the Paridae, the Pied Flycatcher and
the Blackbird are different in different habitats (Kluilver,
1951; Lack 1955 Creutz 1955 Snow 1958). The colonies I
studied underwent no gross habitat changes while under
observation (i.e. modification by man ~ drainage, woodland
felling) and are all surrounded by simiiar vegetation (see
introduction). This factor is therefore not considered
important in the yearly variation in clutch sizes.

Population Dems ity

There is evidence in several passerine species to suggest
that the mean clutch size declines as population density

rises ;-v.(Kluﬁver}'1951 s Perrins 1965). It is not however

b
an effect that is found in all species (Blank énd Ash, 1960;
Berndt and Winkel, 1967). Examination of 1st and 2nd clutch
sizes separately gave no indication of consistent variation

with population density (i.e. Colony size).  However

when first and second clutches are plotted togethei as a
function of the log. total numbers of Martinsin the colony at
the time the 1lst and 2nd clutches are laid (Adults and nestlings)

a negative correlation is observed (r=-0.63; p = <.05). If
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this correlation is causal rather than correlative it implies
that as the density of birds within the colony increases,
within each breeding season, competition for food also
increases and hence the total food available to each member

of the colony decreases., However this in turn implies

that both the first and the second clutch size would be
negatively correlated with the population size at the onset

of breeding and at the end of the rearing of the first brood
respectively. There is no evidence that this is so, and
hence the relationship is not thought to be indicative of a
modification in clutch size simply as a response to pdbulation
density, but rather that the second clutch size is modified in
relation to certain ultimate factors discussed in a later

section and this Yives rise to a spurious correlation.

Season

In the great majority of species a seasonal decline in
clutch size has been reported (Kifmp, 1870). A few
predatory birds have a clutch size which increases during the
course of the breeding season (Lack, 1947) . It is

possible that the variation in mean annual clutch size is only
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a reflection of the time of year in vhich the clutches are
laid. A seasonal decline in the clutch size in the House
Martin was identified and is described by the following
equation. y = 4.24 - 0.114 x and r = 0.60 (p = <.01)(Fig 5.1)
(where x is the nth week from the first week in May in the
breeding seasons of 1963 and 1962 and the clutch size is
considered in terms of week1§ means) . A similar relationship
can be demonstrated within the first clutch alone (b = -0.23
and r = 0.65 p = <.05) but rot within the second clutch
(b = -0.12 and r = 0.56 N.S.). I calculated the expected
mean clutch sizes for each of the study years on the basis
of the mean date of laying, and the expected differences in
mean clutch size can then be calculated, The maximum observed
difference in mean laying date was 12 days =< 2n (weeks).
Therefore on the basis of the equation for the first clutch
alone the calculated maximum difference in clutch size was
0.46 eggs. The recorded difference was considerably in.
excess of this and therefore much of the variation must be
accounted for by other factors.

Nevertheless it is of interest to interpret the cause
of this seasonal decline. Possibly the age structure of

the population involved in laying, changes as the season
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advances. It is known that the younger birds of several
species (see above) lay smaller clutches, and the order of
magnitude of the decline is such that this could be bccuring.
However many species of birds even within age classes exhibit
such a decline (vonHaartman, 1967 ; ~ Coulson & White, 1961)
and so other factors are involved. It is obviously not
related directly to the amount of food available as this
increases throughout the period of decline, and so the clutch
'size is presumably modified in relation to the suitability of
the season in which the voung will be raised. The adjustment
comes under the influence of ultimate rather than proximate
factors. This will therefore be discussed in the section on
the influence of food abundance on clutch and brood size.

The influence}of the food supply on thé'timing of the season;
which will infiuénce the mean date of iaYing in each yeaf and
hence to avcertain extent, the‘mean clutch size, will also be

discussed in a later section. (Section 8}

Food Abundance.
An additional figure for the mean clutch size was derived
for the purpose of this analysis. A sample of six nests

observed elsewhere in the spring of 1968 had a mean clutch
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Bize of 3.17 eggs. The incorporation of this figure into

the analysis increased the significance of the results. Clutch

size was then examined in relation to a range of environmental

parameters including mean daily Aphid abundance in}May for 1968
(Fig.5.2)

to 1970. / Many species are known to adjust their clutch size

according to the abundance of food (Klomp, 1970). Therefore

because House Martins are known to feed largely on Aphids

during this month (see section, 4 ) it is not surprising that

the correlation for Aphids and clutch size is significant

(r = 0,93 p = <.0l) and further, exceeds that for Mean

Total Insect Abundance (r = 0.76 N.S.). This correlation

is not to suggest that the effect of changes in Aphid abundance

on mean clutch size is direct, and confined in its implication

simply to a differenceg in mean clutch size. For example,

if a correlation existed between aphid abundance at this time

and one month later, when the nestlings were being fed, there

would be a clear advantage in being able to predict the

likely state of the food supply one month after egg laying and

to optimise the clutch size accordingly, to rear as many young

as possible. I therefore examined the correlation between

aphid abundance over 5 day periods in May and one month later

in June. (Thirty days is the mean interval between egg laying
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and the period of maximum energy requirements of the nestlings
while in the nest). There was a significant correlation
where r = 0.47 (p = <0.05), when all the data was examined
together. However it is possible to obtain a spurious
result arising simply as a function of population increase.
More properly results from the same 5 day period (or 10 day)
in the three years should examined in isolation. The results
of such an analysis are shown in the table 5.2 , It can be
seen that with such a low nunber of samples correlation is
insignificant (r=0.72(p=n.s) t9:0.98 p = <,05) in many cases.
However there is invariably a positive correlation of a fairly
- high degree. However aphids are not the principal food,

of nestling Martins in June, instead a &ide range of food is
taken. Therefore total insect abundanée in June was
examined, in relation to aphid abundance, temperature (unless
otherwise stated Temperature -~ refers to the mean monthly
temperature) and total insect abundance one month previously
i.e. for May. It was found that of the factors significantly
correlated with clutch size, Aphid Abundance was most closely
correlated with the total insect abundance in June (p = <.02).

Therefore if the Martin does adjust its clutch size according
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Table 5,2

Correlations between May Insect abundance for several
insect families, and their abundance one month later
in June,

111

‘No.Site and Insect Taxa Involved r b a n
1 Rothamstead, Aphid Catches +0,36 0,20 1.72 7
(all species) for May and June N.S,
1964 to 1970.
2 Silwood. Aphids 1968 to 1970.
(5 day periods)
May 1=5 No result because no
aphids in 1st week of
6-10 +0.,998 0.47 1.38 3
11-15 +0,724 0,331 1.73 3
16-20 +0,865 0,285 1.41 3
21-25 _ +0.741 0,586 0,61 3
3 Silwood. Aphids 1968 to 1970.
(10 day periods)
May 1-10/June 1-10 +0.857 5,16 1.48 3
May 11-20/June 11-20 +0.,784 0,297 1.58 3
4 Silwood. Aphids in May and Total
Catch in June (5 day periods) ‘
May  6-10 +0.635 1.54 2.58 3
11-15 +0,604 0,45 2,52 3
21-25 +0,904 0,68 1.47 3
5 Diptera (Data from Williams, 1961) +0.,645 0,79 0;85 4
6 Simulium sp. (Data from Williams,
1961). | . +0.823 0.45 0.29 4
7 Diptera (Oscinella frit) Data from
Southwood (unpublished)
(Suction Trap catches) +0.,874 0.81 0,49 5



to prevailing conditions in May, the most accurate variable

to be employed to "predict" June food abundance is the Aphid
Abundance prior to laying. Correlation between aphid
abundance over the whole of May and in June was not significant
(vet r = 0.88). It has been suggested previously concerning
several passerine and non-passerine species that such an
adjustment in clutch size takes place in response to
environmental conditions. Referring to the Alpine Swift
(Apus_melba) Lack and Arn (1947) found éhat a large clutch

size was correlated with a low nestling mortality and therefore
deduced that the birds responded to some spring correlate

of favourable summer breeding conditions. Also the Short

Eared Owl (Asio flammeug) is known to lay larger clutches when

voles are particularly abundant (Adair, 1892, 1893) evidently
"in anticipation” of there being abundant food for feeding
their young (Lack, 1966). In exceptionally poor food
situgtions the clutch size may be reduced to nil in certain
species - i.e. breeding does not take place (Southern, 1970,
Moreal, 1944 )- Fecause rearing young in such conditions would
not be possible. I therefore propose that the House Martin
responds to a proximate indicator of fobd abundance at the
time of maximum requirements. The most likely proximate

factor appears to be Aphid Abundance, though it should be
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noted that both May Temperature and Total May Insects are
significantly correlated with June Insect Abundance and might
therefore also be implicated.

The range of variation in mean second clutch size was smzall
and hence k6 was also small. Ranging from 2.78 in 1970 to
3.10 in 1968, a difference of only 0.32 eggs. Furthermore
this range was also effectively spanned within a single season
(1970), when the Kennel site had a mean second clutch of 2.78
eggs while the farm site had a mean size of 3.09 eggs which
was effectively equal to the largest mean second clutch recorded.
The mortality contributed by this variation was the lowest
recorded and was uncorrelated with KB (: = 0.07). The second
clutch size however was significantly correlated (negatively)
with first clutch size (r=—- 0.89 p = <.05) suggesting a possible
effect of population density, though this is not substantiated

by examination of population demsities in relation to second

clutch size (see above).
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B. The Influence of Variation in Hatchability (kz.and k6)
The key factor (KE) analysis indicated that variation
in hatchability was uncorreiated with variation in total
mortality. However the total extent of the mortality
attributable to poor hatchability from all the seasons and
colonies was greater than fomary other cause of mortality.
It is therefore of interest to investigate the causes of such
low hatchabilities. A subdivision of the total eggs not
hatching into their gross causes are shown in Table 5.3.
Table 5.3.<Thé causes of failure of eggs to hatch.
Total Eggs failing 1968.& 1969 (N) = 62,

Percentage eggs failing because:-

1. Desertion f 30.6%

2. Infertility 48.4%

3. Laying in untenplanted nest : 21.,0%

4, Predation 0%

First Broods alone Second Broods alone

% (n) % (n)

1. 39% 17 11% 2

2. 37% . 16 78% 14

3. 25% 11 11% 2

4. 0% o 0% o
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The principal cause of failing to hatch was (category 2)
Infertility. This refers to those eggs failing to hatch
within otherwise successful nests. In all probability this
was due to them not being fertilized, because they were not
exposed to different environmental conditions (only one out
of 18 eggs, in 1969 was the first laid egg in the clutch and
therefore potentially susceptible to different conditions to
the other eggs) and showed no signs of damage. Of five eggs
checked specifically in 1968 none showed signs of embryo
development. This infertility was apparently of relatively
greater importance in second broods.

Desertion of whole clutches was recorded for five clutches
and accounted for the second most imporfant cause of egg
failure. Eggs were also fregquently laid in unattended nests.
This may have been simply error or possibly the product of
unrecorded behavioural activity, acting along group selection
lines (see Wynne Edwards, 1962) that reflects an action by the
Martin,which results inreduction in clutch size after egg
development had been initiated. The home nest of these
pairs was usually identifiable because it was often adjacent,
and the laying sequence would be interrﬁpted for a day, or
would begin the following day if the first egg was laid in the
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" wrong" (adjacent) nest. If this was a mechanism for clutch
size reduction (given the impossibility of egg resorption
once the ovarian follicles had been stimulated by gonadotrophic
hormones) it would seem to be unnecessary for laying to take
place in another nest because that or another egg could have
equally been ejected from the home nest. It may be that an
egg particularly poor in guality; and thus unlikely to produce
a viable fledging is disposed of in this way. However &
students 't' test demonstrated no significant difference
between the weight of a group of normal eggs and this group
of 'abandoned' eggs (at laying) which indicates that there is
no significant difference in guality. Predation on eggs was
not recorded in the study though on several occasions single
eggs or whole clutches disappeared between inspection intervals,
It is thought that this was caused by egg chilling or damage
and subsequent ejection of these eggs by the adults. Indeed
such eggs were usually found below the nest exit. They were
recorded as deserted or infertile as considered appropriate.
There was no indication that the extent of egg hatchability
was influenced by environmental conditions including food
abundance (k2 and May Aphids , r = 0.04). It is possible that

infertility and the laying in a wrong nest is a function of age
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and experience of the laying bird but this is not known.
However there is some indication that desextion of clutches
may occur after the eggs have been chilled. If food is
very scarce the adults collect food independently and the
eggs remain unbrooded. If the eggs became sufficiently
chilled the embryo is killed and the eggs axe deserted. of
the total of five clutches deserted it was considered that two
were caused by my interference, another was of unknown cause
and the other two were associated with:unusually low food
abundance and temperature for two consecutive days during
laying. It is known that the eggs were not brooded during
this period and were therefore probably chilled sufficiently
to terminate development. They were éubsequently incubated

for several days before desertion.
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c. The Influence of Variation in Nestling Mortality (k3,k7)
The mortality caused by the death of 1lst brood nestlings
was the second most important correlate of ‘total breeding
season mortality. However 2nd brood nestling mortality was
alwost negligible and uncorrelated with Kye Also, as no
information was available for various environmental parameters
during the autumn of 1970 no further examination was made of
the second brood chick mortality. The first brood mortality
k3 was examined in relation to the prevailing conditions,
Where this was food and weather parameters for June in each year.
k3 was correlated with various food abundance indices (only
significant at p = <0.10), though not with June Temperature.
The highest correlation involved Mean Insect Catch/Day
(Logarithmic Transformation) (Fig 5.3 ) where r = 0.82 (p = <.10)
This broad approach conceals much of the detail of nestling
mortality and this is therefore discussed in more detail. f?in'
1968 and 1969 a total of 26 nestlings were found dead in the
nest. i.e. 11.2% of the total young hatching in closely
observed nests. The distribution of this mortality with
respect to nestling age is shown in fig 5.4 and includes
information from both lst and 2nd broohs. However the pattern

is essentially similar when this is broken down into lst and
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2nd broods separately. There appear to be two critical

periods for nestling survival, Firstly soon after hatching

and secondly around the 1llth and 12th nestling days. The first

occurs at a time when feather cover is at a minimum and yet

the surface/volume ratio is at a maximum for the individual

nestlings. Thus although food requirements are limited at

this stage, the nestlings are subject to exposure as for

example Qhen food is short and the parents fail to brood the

newly hatched chicks. This was thought to account for 50%

of the nestling deaths at this time. The remaining 50%

involved brood"runts®' which as a result of hatching last

were consequently smaller than other nestlings within the

bxood and were eliminated by brood competition for food and

tﬂ; consequent starvation. The bulk of the total nestling

mortality (61%) occurred from the 7th to the 16th nestling day.
about

The median days of the distribution (Day 1l and 12) were/those

at which the nestling energy requirements (see Section 9)

reached a maximum and yet the insulative feather cover was

only partially complete. It would seem rational therefore that

if brood reduction was going to occur as a result of food shortage

it would occur at this time. Of the total mortality at this

time, in 50% of the nests it involved a single nestling which
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died probably as a result of this process. The other 50% of

the broods involved the death of whole broods of 4, 3 and 2

of 2 nestlings. It therefore seems possible that disease

was involved here though no overt signs were apparent. A

more likely explanation is that one of the adults was taken

by a predator which left only a single parent and possibly

first brood young also attending the nest. It was observed

that the birds were being £fed even while they were losing

weight prior to death. It is therefore interesting to

speculate that the adults are particularly prone to predation

at this time because of the extent of their involvement in

brood rearing. Their susceptibility may be exaggerated when

food is short . At such a time they are collecting food

and therefore exposed to avian predators for much of‘each day.
The principal cause of nestling mortality appears to

be food shortage, which reflects on the nutrition of the nestling

in the variety of ways outlined above. The relative

imporitance of food abundance and other environmental parameters

on nestling mortality in ni dicolous as opposed to nidifugous

species will be discussed below.
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D, Influence of Variation in the Percentage of Pairs Laying
. Second Clutches ($4)

Much of the variation in total breeding season "mortality"
(strictly speaking a variation in natality) is due to
differences in the percentage of pairs in each season/colony
that attempt to rear a second brood. It is therefore
important to establish what factors influence the variation
in this percentage. If a pair is attempting to maximise
the production of young within each season as proposed by
Lack (1966) it is anomR&lous that the opportunity to rear a
second clutch is foregone, unless the probability of survival
of the young so raised is low, or that it leads to a
detrimental effect on the adults concerned. IE£ the initial
premise is valid, it should be a matter of identifying that
factor that makes the probability of successfully rearihg
young low. And this will be the factor, or correlated
with the factor, that, makes survival probability of second broods
low, unless adult overwintér mortality is more important.

It appeared that nestling survival within the first broods
was primarily a function of food abundance and it would be
profitable to examine the variation in the number of pairs

laving second clutches in relation to food abundance. However
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data is not available for the autumn of 1970 and so this was
not possible. An analysis was conducted however in which

the lateness of the season ((a) mean laying date of first
broods and (b) percentage of pairs laying in June) was
examined in relation to k4 . No significant correlation

was apparent (r = 0.56 N.S. for % pairs laying in June).

Also k4 was not dependent on the density of birds at the

time of laying of the second broods (where this is the log. of:~-
(the number of adults in the colony + nuﬁber of young being fed
within the nest + fledged young)). A final suggestion is

that the percentage of first year birds in the cclony varies
from year to year and some of these probably only rear a single
brood in each season as well as laying a reduced clutch size.
The percentage of such iﬂexperienced birds present will be
reflected in the percenitage rearing second broods. However

it must be noted that variation in food abundance may well
contribute additionally. Indeed if eithex k4 or the % of
pairs laying second clutches is plotted against June food
abundance for each of the colony/sSeasons, r = +0.89 (p = <0.05).
There therefore is the possibility that June f£ood abundance

is related to the autumn food abundance, and the correlation

might then be considered causal. However for the present no
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further evidence on this point is available as I am unable

to explain how June food abundance could affect the percentage
of pairs rearing second broods if the correlation is directly
causal.

The influence of adverse weather conditions acting
directly on the birds, rather than through the food supply,.
has not yet been systematically analysed. However in no
year was adverse weather sufficiently sustained to materially
upset the second clutch laying distribution and it seems
unlikely therefore that it could postpone laying to such an

extent that it was not profitable to lay at all.

Discussion of Breeding Season Mortality.

It is evident that one source of "mortality" is-
outstandingly important in determining the mean pro&uétion of
young per pair/season in nesting House Martins. This is(k4)

the percentage of pairs rearing second broods . Nestling
mortality in the first broods is of secondary importance
regaxding the whole colony though if a paixr does rear a second
brood it will be of primary importance. t was demonstrated
that both(ksyande4}were significantly correlated with Log
Insect Abundance in June and when the two moxtalities are
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combined (k3‘+ k4) the significance is higher, where r = 0.90
(and p = <0.05) (Fig 5.5). Although the precise mechanism

is incompletely known it is evident that an abundance of
flying insect food is the most important correlate or cause

of a productive martin breeding season. It is of interest

in this context to compare the various influences on the
productivity of the season with those cbtained by Southwood
and Cross (1968) for the Partridge. On the one hand a
nidifugous species and on the other a nidicolous species, and
differences could be expected in the relative influence of
different environmental factors. A multiple regression
analysis was therefore conducted using the same environmental
parameters as Southwood and Cross in relation to the young:old

ratio in autumn. The results of this analysis and those of

Southwood and Cross are presented in Table 5.4

. B Wts
table 5.4. Food

5 v Abundance Mean °

r x100 F P (June) June C
Bryant 1. kx, 67.0% 2.0 N.S. 0.8l 0.015 House Martin

3
2. Y/0 58.0% 1.4 N.,S. 0.91 ~0.310 " "

Southwood ¢ 4 95 9 %25.1 <.0L  0.88 0.122 Partridge
& Cross
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It can be seen that the total variance explained is much less

in the House Martin indicating that the total environmental

influence is less, and by implication that some aspect of the

birds biology is more important (i.e. possibly age strucﬁure

of the population). The B Weights for insect abundance are

similar (B Weights = 0.91 for the House Mar:tin and 0.88 for

the Partridge). The influence of temperature illustrates

the protective function of the nidicolous nesting habit.

In the enclosed environment of the House Martin nest, temperature

appears to be inversely related to breeding success B Weight =
~-0.31 . However the breeding success of Partridges depends

directly to a certain degree, on temperature influences

(B Weight = 0.12) as would be expected where the nidifugous

species is fully exposed to the weather, except when being

brooded. However the data for the House Martin is as yet

not adequate for satisfactory analysis, This discussion will

be taken further in the section on factors influencing brood

size.

It is notable that of the four principal categories of

mortality ( K, + k) <k2 + k (kg + k7) and(k,), the three most

closely correlated with Ké have been demonstrated to be
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significantly correlated with variation in food abundance.

It is further notable that none of theses factors (k's)

is influenced by population density and therefore cannot be
considered regulatcery. The regulatory moritality presumably
occurs overwinter or at least outside the breeding season.
However variation in food abundance is an important disturbing
factor and can significantly affect the variation in breeding

success Of nesting House Martins.
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SECTION 6.
ENVIRONMENTAL DETERMINANTS OF GROWTH RATES 1IN NESTLING

HOUSE MARTINS (DELICHON URBICA).

It is well recognised that the amount of food and its
quality are important factors determining rates of growth of
animals. Thus a shortage of dietary energy or a dietary
deficiency of a specific nutrient may cause depression of growth
rates (Lister, Cowen and McCance, 1966). I examined the
effects of energy shortage in the growth of nestling Martins,
though I consider that nutrient shortages (for example
calcium) are also important in limiting ceritain aspects of
growth. It is possible that other environmental factors may
affect nestling growth directly or that they may disturb the
availability of energy (in the form of aerial insects) while
the apparent abundance, estimated by the suction sampling
apparatus, remains constant. It is therefore important
to either assess the effect of these factors‘on growth rates
or to eliminate them, in a study where the primary interest
is on the limitations imposed by energy shortages. It is
possible in many animals to investigate such interactions in
the laboratory by suitable manipulation of the conditionms.
However extrapolation to the field situation is open to error

principally because of the difficulty of simulating the
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variability of the natural situation. I therefore examined
the growth rates of whole broods in relation to concurrent

e nvironmental conditions and assessed the influence of variation
in food abundance and quality, temperature, rainfall, wind and
daylength. In the knowledge that food is likely o be the
principal determinant of growth rates, the analysis therefore

also investigated the validity of the sampling technique.

Method

The growth rate of nestling House Martins is a changing
function of age. Weight increase is approximately sigmoid
up to the asymptotic weight, which thereafier declines until
fledging. If growth rates were to be compared hetween
different aged nestlings within the same brood and between
different brood sizes, in relation to environmental variables
it was necessary to eliminate differences due to age and
brood size. The method adopted was the application of Probit
analysis to the sigmoid phase of nestling growth. The method
may be made essentially graphic by the use of probability paper
(x equal divisions), though I achieved greater accuracy'by
the direct consultation of the transformations in Fisher and
Yates (1938). The precise methodology is explained in the
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section on comparative growth rates of different brood sizes.
Briefly however, by extracting the difference between
successive points on the probability plot, in effect the
gradient of the line between two such points over a one day
period, a value for the growth rate could be derived. For
ease of interpretation these values were then expressed as
percentages of the mean value foreach brood size. . - -,
An example of the normal growth curve for a single brood and
the corresponding probability plot is shown in fig, 6.1,

The principal purpose of this approach was to eliminate
variation due to the change in growth rate with age. & brood size.
There was no significant difference in the mean transformed
growth rates of broods from 4 days to 10 days (see over).

The differences in the total wet weight,and calorific value,.
of the whole brood increments due to differences in brood
size were standardised by expressing the increments as a
function of the asymptotic weight for that particular brood
size. The variation in potential growth due to differences
in individual nestling increments over the daily periods, was
restricted by confining comparative rates to a range of nestling
increments from 2.0 to 2.4 gms/nestling/day. This involved
confining the period of interest for each hrood to within
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3 days of the median growth point. Ricklef*s' (1967) work

on the Barn Swallow (H. rustica) suggests that the proportional

representation of biochemical constituents is constant during
this period of growth and therefore the calorific value of
the increment per nestling per unit weight will be constant.

For the analysis these daily growth indices were
examined in a multiple regression analysis in relation to
concurrent environmental factors for all brood sizes together,
though the lst and 2nd broods were kept separate. This
indicated the cause of variation in growth rates. However
it was also of interest to assess the relative importance of
the different factors in different brood sizes., It seemed
probable for example, that the direct effect of temperature
would affect the smaller broods relatively more intensly than
food shortage, when compared with the largexr broods because
of the reduced thermal efficiency of such small broods.
Therefore a similar analysis was carried out for each brood size.
The environmental factors were examined in isolation.to see iftheir
effent on growth was non linear, It was found that nestling
growth behaved as a linear function of the 1ogérithm of the

insect caltch and the data was transforaed : .~ .  The
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other parameters were most significantly correlated with
growth, in isolation, simply as arithmetic functions and were

therefore employed in the analysis in this form.

Results

The resuits for the first broods are presented in
Table 6.1, Only Insect Abundance was significantly correlated <
with growth rate (r = 0.51 p. = <.001). The (B)2 weightings
amplify the results for the linear correlation coefficients
and also assign the greatest influence on growth rates to
insect abundance. The magnitude of the (B)2 Weighting
consideraﬁly exceeds that for temperature and wind. The
coefficient of determination (rz) indicates that 42% of the
variation in growth rates can be accounted for by the variables
supplied, leaving a considerable residual variation. That
this residual variation is a product of the methodology is
suggested by the results when all brood sizes are examined
separately. This is discussed below.

Iﬁ the second broods (Table ®-1) insect abundance is
only of minor importance in influencing growth rates, The
(B)2 Weightings for R=zinfall and Daylength exceed that for

insect abundance by several orders of magnitude. This is
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Table 6.1

Multiple Regression Analysis to examine the influence of
named environmental parameters on nestling growth rates.

2nd BROODS Y=-6O.7+1O.7X1—0.8X2-0.4X3—1.0X4+O.7X5—0.5X6

F(Variance Ratio) /3 Wts,
and Significance 1 2 3 4 5 6
1 6.90 (p = 0.001) 1.0 -004' "0-2 "‘000 004 0.0

g;)Z Wts.
1 2 3 4 5 6

1.1 0.2 0,0 0,0 0.2 0.0

/5 Wts.
: 4 5 6

0.001) 0.1 =0.1 =0.4 0.3 0.1 -0.1

Q%)Z Wts.,
1 2 3 4 5 6

0.0 0.0 0.1 0.10.0 0,0

1

2 4.74 (p

Correlation Coefficients (r) & Significance r2x 100 (N)

3 R D 5
1 0.51 0.24 0.15 0.18 0.11 0.06 42%
0.001 NW.S. N.S. N.S. N.S. N.s.
1 2 3 g 5. 6
2 0.25 0.05 ~0.52 0.44 =0.35 -0.02 334

0.05 N,S. 0.001 0.001 0.01 N.S.

X1 Insect Abundance -OLog Insect Catch
X, Mean Temperature ("¢
Rainfall -~ Duration in Hours/day
2 Daylength -~ Hrs.
Xz  Wind Index - Wind Speed x Duration(Knots x Hours)
X6 Mean Calorific Value of Available Prey
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confirmed by the linear correlation coefficients where

Rainfall, Daylength and Wind Speed and Duration are all
correlaited at the 1% level or less (p = 0.001, p = 0.001 and

P = 0,01 respectively). Insect abundance is correlated only

at the 5% level. It therefore appears that limitations

imposed on growth rates of second broods by food shortage has
been effectively minimised partly by the involvement of first
brood young in the feeding of the second brood in the nest,

(see section 12 ) and partly by changes in the abundance of .
insects at the two seasons. Examination of the data in tab;Z;&&
in section 8 reveals the relatively greater total abundance

and mean size of insects during August when most second broods
are reared. Therefore in the absence of the food shortages
encountered earlier in the season, dependance of growth rates

on changes in food abundance will be less intense, Although
the relative influence of the weather factors in the second
brood, when compared with the influence of food abundance in

the first brood (see (B)2 weightings) is considerably less,

the total variance accounted for (r2 = 33%) is only reduced

by 9%. It appears therefore that while the influence of

food abundance largely determines growth rates in first brocds,

an influence involving the interaction of rainfall, daylength
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and wind is important in the second broods.

When growth rates were examined séparately in different
brood sizes, there was broad support for the above results(AppdxIY)
The relative importance of insect abundance in first broods
is confirmed for all brood sizes, though there is no indication
that the relative importance of temperature or any other
parameter changed as brood size changed. Note however that
the Variance Ratio (F) is insignificant for all brood sizes
except broods of 4 indicating that the fit of the multiple
regression equations is poor in all except the broods of four.
The results are presented however because they provide to a
certain degree, confirmatory evidence for the findingé detailed
above, It will be noted that the coefficient of determination
(rz) varies considerably between different brood sizes and
thiz - will be discussed in the context of limitations on brood
size in section .9. . In the second broods the results
indicate that food abundance is only important in broods of
one, and this anomaly is difficult to explain. The
thermoregulatory properties of small broods are possibly so
inefficient that when food is very short growth is drastically
reduced, because of excessive maintghance requirements in the
absence of parental brooding. There is no constant implication
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of any other environmental factor, though all are involved
in one brood size or another by either the linear correlation
coefficients or the (B)2 weightings. However it may be
noted that the results for the combined broods of 4 and 5
(consisting of some artificially supplemented broods of 5)
assign primary importance to daylength variation and secondary
importance to food abundance. This point is of interest in
thelcontext of brood size limitation and will be discussed in
section .9. .

In general the resulits confirm thos; for all second
broods together (though again the Variancé Ratio is only
significant for a single brood in the second broods) and

indicate that in all naturally occurring broods, emancipation

from the effects of food shorxrtage is very efficient. However

the implication of weather factors suggests that they may
affect the availability of food to such an extent (while
the sampled abundance remains constant) that limitations on
growth are imposed. It may be noted fo;éexample that the
incidence of rainfall (Duration) in the sémple period for
broods of 2 was higher than in any other period. It is
probably no coincidence that rainfall is rated of greatest

importance by the (B)2 weightings for those broods. It is
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not considered that rainfall, wind or daylength can have
a direct effect on nestling growth, but act by disturbing
the availability of food.

In summary therefore evidence from the first broods
suggests that when nestling growth is dependent on the
provision of food by only two adults, variation in growth
with respect to the mean rate for that brood size is
principally a function of food availability. However it is
evident that contributions may be made by other factors not
taken into account in this analysis, which are reduced in
certain brood sizes, as demonstrated when the broods were
examined individually. For example r2 for second brood of
one, was 99% leaving only 1% residual variance.

The accuracy of the aeriai insect sampling is therefore,
validated to a large extent for the first broods and the
influence of extraneous factors on producition rates in House
Martins can therefore be effectively disregarded. The
second broods are evidently extensively influenced by weather
which probably disturbs the availability of food. The
demonstrable importance of each of these weather factors
apparenitly depends on their chance incidence in {the sample

period.

137



SECTION 7

The factors influencing nestling quality

Any nestling may be influenced by both prehatching and
posthatching factors. In some species, for example the
Partridge (P. perdix) (Southwood and Cross, 1967) posthatching
factors appear to be a dominant influence on mortality of the
chicks while in others prehatching facfors predominate as for
example in the Red Grouse (L. lagopus scoticus) studied by
Jenkins et al (1963). Prehatching factors primarily affect
the absolute and relative (within the brood) quality of
Vnestlings at hatching but may also affect subsequent quality,
where this quality is estimated in terms of wet weight and
primary length at chosen intervals. It is necessary to
examine if prehatching factors can inf1uence posthatching
performance and whether such affects persist or whether they
are swamped by the effects of the posthatching factors. The
analysis firstly involved isolating the influences on egg
quality (namely egg weight) and secondly exaﬁining the
correlation between egg weight and chick quality at hatching.
Thirdly the influences on nestling development suggested fuxther
potential causes of variation in nestling guality and selected
variables were examined in a multiple regression analysis to
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extract the most important influences on nestling quality.

THE FACTORS INFLUENCING EGG QUALITY

House Martin eggs from the 1969 breeding season were
weighed within 24 hours of laying., It is necessary to
standardise the weighing time because the weight declines
throughout incubation due to the evaporation of water (Smith,
1230; Romanoff and Romanoff, 1943). This decline
represents on average 8.2% of the initial egg weight with a
mean loss of 0.145 gms over the 14 day incubation period in
the House Martin. The egg weight was used as an index of
egg quality and the implications of this are examined below.

1he weight of the eggs of the domestic fowl have been
shown to be influenced by heredit®ry factors and age and
experience of the laying adult (Clark, 1940; Hadley and
Caldwell, 1920). These factors were not examined in the
House Martin but are probably of similar importance. Also
the size of the laying adult is known to influence egg size
in the fowl (Robertson, 1931) but because of the paucity of
data on the weight of the adult House Martins at laying, no
analysis was possible. Potential difficulties arise because

of the subjéctive choice of time of weighing of the adults
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which varies considerably at this time (Petersen, 1955) as .

demonstrated in the Sand Martin (R. riparia), Also because

of the unknown contribution of the male and female birds to
variation in egg weight (Waters, 1945 and Olson and Knox, 1940)
However this does furnish the possibility that some of the
seasonal variation in eqgg weight {(zce Delow) is a function of the
the seasoral variation in the size cf the laying birds, where
this may or may not be influenced by proximate environmental
factors. However for the pe&sent time this point is dis-
regaxded. Egg‘weight will also be influenced by adult
nutrition, environment and season (Tangl, 1939; Hendricks,
1934; Romanoff and Romanoff, 1949): thése aspects will be
discussed here as sufficient data was collected to make useful
generalisations. The House Martin egg Weights were examined
in relation to the eventual clutch size gf which they were

a part. No significant correlation was established for either
first or second broods. (Respectively r = -0.21 N.S and

r = 0.13 N.S). Similarly when the sequence of laying within
a clutch was examined in relation to egg weight no significant
correlation was apparent. (r = -0.21(1st/4)s. r=-0.22(2nd/3).0}
Also .. - when each egg weight was examined in relation to

the éime of laying (where this is the number of days from the
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first egg laid in the breeding seasons of 1968 and 1969) :a
significant positive correlation was apparent for thée first but
but not the.sgecond broods. {r=0.26 p=<0,05/1lst. (n=68) ; (r=0.31
p=N.S /2nd (n=18), Trhis contrasts with Perrins% findings for
the Great Tit wvhere he ncted a seasonal decline in egg weight.
The egg weights were then exuxined in relation to the
environmental conditions under which they developed. An
important aspect of the environment at least during the
development time of the first broods, is variation in food
abundance (see later section). Therefore, if production rates
in nestling birds can be affected by food shortage, and given
the necessity of laying one egg each day, (for reasons discussed
in section 8 ), can the Martin lay down sufficient reserves in
all eggs for the adequate development of the embryo? There
are two possible mechanisms. Either that egg'weighf.might
behave as alinear function of food abundance or that if the
food abundance falls below a critical level the weight of the
egg will be affected, but will remain unaffected above this
critical level. The egg weights were therefore examined in
relation to the mean food abundance in the five days preceding
hatching (thé probable development period see section .8. ).

A similar period was suggested by Perping for the Great Tit.
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No significant correlation was found. correlation was also
attempted for a single (presumed critical) day for each egg
both two and three dayé before hatching. Again no correlation
was found. The twenty lightest eggs werxe then contrasted
with the twenty heaviest eqgs to see if there was a significant
difference in the mean level of f£nnd abundance during their
respective developmeni: periods. There was no indication of
significantly lower food abundances preceding the lightest
eggs in these groups, and nor in smaller groups of down to 5
eggs. It can therefore be concluded that nutrition of the
adults during laying does not affect the weight of the eggé
under development. However, it is possible that egg quality
may be affected in other ways as demonstrated in the fowl
(Romanoff & Romanoff, 1949), A shortage of fat in the diet
results in more saturated fatty acids in the egg than normal
(Russel, Taylor & Walker, 1941). The implications of this
regarding chick weight at hatching is not known.

Bentdmn and Warren (1933) describe how in the domestic
fowl, egg weight declines when temperature rises above a
critical level of 21°¢. However an analysis similar to the
above but with temperature inétead of food abundance as the
independent variable did not suggest a similar process in the

House Martin. 142



I% is ingtructive i0 determine vhich of the components

cf the egg contributed most significantly to variation in

fresh egg weight. A sample of 13 eggs was collected and
analysed for dry egg shell weight, water content, lipid content,
and protein content. All the eggs collected were the first
laid in each clutch and ware taken within 24 hours of laying.
Ideally the key contributant to variation in egg weight could
have been isolated by multivariate analysis. However many

of the constituents were intercorrelated, therefore partially
invalidating the results. Thus the most significant correlate
of egg weight was sought. The results are presented in Table 7.1l.
Both water content and protein content are correlated because

" unit weights of protein are naturally associated with constant
units of water. They in turn are both significantly.correlated
with total fresh egg weight., It is therefore evident that

the variation in total water and protein content of the eggs

is the immediate cause of variation in fresh egg weight. It
would be of interest to determine if the relative abundance

of egg constituents is affected by variations in the food
supply. The problem might be of particular interest in the

House Martin because of the apparently restricted availability
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Table 7.1

The Relationship between Fresh Egg Weights and the

constituent fractions.

Lipid PFree Dry Weight (Protein)
Lipid content
Shell weight

Water content
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0.702
0.385
0,000
0.998
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of calcium in its food for shell formation, though it is
possible that it mobilises calecium associated with the skeleton

(Dechald, Lease, Hart & Halpin, 1936).

THE REIATIONSHIP BETWEEN EGG QUALITY AND NESTLING

- QUALITY AT HATCHING.

The question arp)ises therefore, does the weight of the

egg affect the nestling at hatching or do the principal
determinants of nestling quality occur entirely during the
nestling period? 1If the physical nature of the egg is
reflected in the young produced then the effect is possible.
It has been shown in the domestic fowl by Morris et al (1568)
that chick body weight at 12 weeks was strongly related to
fresh egg weight; though the influence declined with age.
Other factors that could contribute to vaiiation in nestling
hatching weight are also examined.

Hatching is usually synchronous and\it is therefore
impractical to determine which egg produces which nestling in
the natural state. The mean weight per égg of 14 clutches
and the mean weight per chick at the first sample visit after
hatching are presented in Fig 7.1 ., The first waighing was

therefore never more than 24 hours after hatching. In the
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laying of the final egg) in relation to

theér order of laylng. :

146



-

knowledge that the heaviesf eggs have the highest protein

~and water content it is not unexpected that the heavier clutches
produce the heaviest nestlings. . It would appear to follow
therefore that the heaviest eggs produce the heaviest chicks
within each clutch. Ghany et al (1966) demonstrated a highly
significant correlation bétween egg weights of Quail-

(C. corturnix) and the weight of the corresponding chicks at
hatching. The correlation decays with time and is not

. significant two weeks after hatching. (b = 0.70, * = 0.81)

In order to examine this’latter point, eggs were taken from
two clutches of known history shortly before hatching (on the
12th day of incubation). Only six eggs were collected but
this was sufficient to clarify the point at hand. It was
found that rather than the heaviest egg within a clutch
producing the heaviest nestling, the sequence of laying
determined the order of size. The first laid eggs contained
the larger enbryo, which if all the eggs hatched synchronously
would be reflected in the nestling weight atggigéhing. The
relationship between embryo weight at day 12 (/ glkivreaw5(1946)
definition of incubation period), expressed as a percentage

of the heaviest embryo in each brood, and laying sequence is
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shown in Fig 7.2. The coincidence of the points for the 1lst
and 3rd laid eggs supporits the generality of the relationships.
In summary therefore, it appears that the broad area of
nestling weight at hatching is determined by the weight of
the egg at laying, but that the relative weight of the chick
within the brood at hatching is determined by the sequence of
laying (where hatching is synchronous). Egg weight was not
related to relative embryo weight within a clutch on the 12th
day (r = 0.27 N.S). This state of advanced development of
certain eggs in the brood is probably the result of incidéntal
incubation during laying when the adults are roosting in the -
nest at night. In.all cases examined the ordexr of hatéhing
was the same as the order of laying. Therefore the competitive
abiliﬁy of the young within the brood (assuming this is
related to size) is apparently established at conception and
during the laying down of yolk. To examine this, nestling
weight at hatching were compared with various indices of
growth performance for each qhick, such as wing length and
weight at different ages. Thé results within_a single brood
gize (lst broods of four) indicated that the nestling weight
at the first day of hatching (where hatching refers to the

hatching of individual eggs rather than to the hatching of the
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whole brood though usually this is one and the same) was not
correlated with the weight on any other day (including day 2)
nor with the wing length on days 15, 20 or 25. In contrast
however the nestling weight on day 3 was correlated at the 5%
level (r = 0.45) with the wing length at day 25, but not with
the relative size of the wing length within the brood (expressed
as a percentage of the largest in each brood) nor with the
absolute weight after the sixth day. So it appears that
within broods of 4 the weight at hatching is uncorrelated with
nestling performance in absolute or relative terms (r = 0.09
for weight at hatching and order of wing lengths at day 25)

but by the 3rd day (but not the second) that nestling's
performance affected the wing length at day 25 but not the
relative size within the brood at the same age. However it
was found that the relative size at hatching (i.e. the order

of hatching) was significantly correlated with the absolute
weights on the second and third nestling days but thereafter
with no other ihdices of growth performance (r = 0.57 - lst and
2nd days weights; r = 0.50 - lst and 3rd days weights)

Hence in broods of four order of hatching rather than weight

at hatching affects nestling weight on the 3rd nestling day and

in turn
this/is shown to be correlated with one index of growth; wing
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length at day 25, but not with weight on day 12 or 25. Perrins

(1965) demonstrated that the weight of Great Tit (Parus major)

nestlings on the 15th day is a close correlate of survival
potential. Hence although the order of hatching can affect
the winglength on day 25 the influence must be minimal as
there is no direct correlation between order of hatching (and
relative
hence/weight on the first day) and wing length (x = 0.16) or
relative wing lengths within the brood (r = 0.22), The
influence on survival potential is therefore not known. If
order of hatching could be correlated with weight at a chosen
age, and assuming the validity of the application of Perrins
studies on the Great Tit to the House Martin, it would be
possible to establish an influence on survival potential in
this way. It has already been demonstrated that this did not
occur within the first broods of four, but examination of
other bxroods might provide information to contrast with or
support the findings for broods of 4. Difficulties in
interpretation arise because of the influence of brood sixe
itself on nestling growth. Nevertheless the evidence is
presented as suggestive rather than confirmatory data. Here
the oxrder of hatching is highly correlated with the abeolute
weight at the third day r = 0.86 (p = <0.0l) and this in
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turn is again significantly correlated with winglength at day
25 (r = 0.42 p = 0.01), However no correlation was found
with either the relative wing lengths within the brood or with
the weight at day 25. There was a correlation with the weight
at day 12, r = 0.63 (p = <0.01) which indicates a possible

'inflﬁence of order of hatching on survival potential. This
contrasts with the results for broods of four alone, and
presumably acts by influencing the competitive ability of the
nestlings in the lst 3 days of growth, which thereafter maintain
their superiority in brood competition and hence growth
performance though not beyond the 25th day.

In summary therefore broad differences in the guality of
nestlings at hatching are apparent, which are primarily a
function of their sequence of laying withinvthe clutch. The
absolute weight of the nestling at hatching was not shown to
affect any index of nestling quality that related to survival
potential, though when all broods were examined together the
order of hatching and thus the relative size of any nestling
in relation to other members of the brood was shown to influence
indices of growth performance that probably were related to
their survival potential (my owh results on fledging weight® &
the associated

/ post fledging mortality are inadequate but are presented in
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scction ‘10. . There are however no direct and highly
significant correlations between quality at hatching and
quality of the nestling at either day 12, 20 or 25 and

therefore their influence must¢ be minimal.

THE _INFLUENCES ON NESTLING QUALITY DURING DEVELOPMENT

If therefore inherent differences are not important it is
probable that environmental differences are. Where this
includes the immediate nest environment (i.e. brood size) and
the external environment (i.e. £food abundance). All first
broods from 1969 were examined together and it was found that
‘the most significant correlate of weight differences at the
25th nestling day were accounted fo: by variation in total
food abundance over the 15¢h to 25th nestling day (r = 0.62
p = <.001). A multiple'regression analysis waé then carried
out to ascertain the relative influence of a. the nestling
weight 3 days after hatching, b. the seguence of hatching,
¢. brood size and . d. insect abundance, all of which have been
demonstrated in isolation to contribute td variation in nestling
weight, at some stage of the growth‘cyéle. The results are
presented in table7.2 . The relative importance of the factors
is given by the (B wts)z. It illustrates the dominant role
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Table 7.2

Multiple Regression Analysis %o assess the factors

influencing both nestling weight and wing length omn the

25th nestling day.

(a) Pactors influencing nestling weight on day 25.

r At (f Wt)® B Wt.
Weight on third nestling day -0.02 ~0.44 0.19 =1.35
Hatching order ~0.08 ~0.28 0.08 ~0,52
Brood Size -0.38*% -0,27 0.07 -0.63
Insect Abundance 0.62%* 0,55 0.3 5.02

Variance Ratio P = 8,46 (p = 0.001)
Partial Correlation Coefficient r2 = 48%

Intercept Constant = 13.4

(b) Pactors influencing wing length on day 25.

r B, (B Wt)? B Wi,
Weight on third nestling day O.41%* 0,13 0,02  -0.98
Hatching Order ~-0.50*% 0,46 0,21 ~2,07
Brood Size ~0.51%% .0.28 0,08  =1.59
Insect Abundance 0.45%% 0,32 0,10 6.93

Variance Ratio F = 7,9 (p = 0,001)
Partial Correlation Coefficient r2 = 46%

Intercept Constant = 83.5

N.B, Significance p = 0,05%
p= 0,00%%
p = 0,001%%%
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of insect abundance, but ranks the weight on the third
nestling day in the second order of importance. This is itself
highly correlated with the hatching order r = 0.86 and so it is
surprising that this is not reflected to a greater extent in
the B Weighting for the hatching order. However it is of
Y- T importance with respect to wing length
growth. It is ranked as the most important influence on wing
length at day 25, followed by variation in insect abundance.
It is interesting to note the subsidiary role played by brood
size in its affects on nestling guality.  However althoﬁgh it
is ranked low on the B Weighting, it is the only independént
variable examined which is significantly correlated with
regard to both weight and wing length (r = -0.36 P=<0.05;r=
~0.51,p=<0.0l)apart from insect abundance. It may be noted
that the total variance explainéd in both analyses was very
similar, 48% in the former and 46% in the 1étter. It can
therefore be concluded that the nestling's environment exerts
a similar influence on both these aspects of growth and that
mach of the difference in the guality of nestlings as
demonstrated by the indices used can be accounﬁed for by
variation in food abundance. This difference in quality was
presumed to reflect directly on survival probability. Identical
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analyses were run, including temperature as an ihdependsnt
variable, It was found in both cases that it was ranked at
the bottom of the (B W‘ts)2 and it was therefore excluded from
the final analysis. It did demonstrate however the apparently
insignificant direct effect of external temperature changes on
enclosed nidicoloué young.

The importance of these results is that they strongly
contrast with those obtained by Parsons (1970) in his study of

the Herring Gull (Larus argentatfgs). He established the

dominant effect of egg size on chick weight at hatching which
was subsequently highly implicated in chick mortality. He
proposed that this was due to a shortage of yolk in the lighter
chicks which hence had less reserve food. In the Herring Gull,
mortality of the young is concentrated in the first week after
hatching and is therefore ultimately attributable to the quality
of the chick at hatching (p = <.00l1), though is proximately
precipitated by exposure.. However in the House Martin (a
nidicolous as opposed to axﬁidifugous species) such mortality
soon after hatching has been sJLressed by the nature of parental
care. Mortality, or the reduced survival probability of this
study, is then primarily induced by environmental factors

~acting on the nestlings well after hatching, and usually after
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fledging. This subordinates the influence of prehatching
factors which are of such great importance in the Herring Gull
and other nidifugous species in the natugal state. (Jenkins

et al 1963) silvonen, 1957).
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SECTION 8
TR TIMING OF THE BREEDING SHASOI,

It is well known that the si%e of an animal population
is. partly dependant on the abundance of the résources on which
it depends. Usually conditioning processes set a general
level, about which populations fluctuate under the influence
of density dependant and density independ#nt factors (Richards
& Southwood, 1968). Many animal populations ufilise Seasonal
chanées in the abundance or availability of resources and
increése the stahding cfop by growth and/or reproduction.
This is the case in many birds where the total population
biomass in any one area bears some relation to the total
biomass of available food. ¥ This has been shown by Johnson
(1967) for the Purple Martin (Progne subis), and is strongly
suggested by Gibbs' (1950) data for the Great Tit (Parus major)
and Blue Tit (Parus caeruleus), when it is combined with
the knowledge that Tit populations are at a minimum immediately
prior.to the breeding season at the time when food abundance is
probably also at a minimum (Perrins, 1970). The same basic
principle has been discussed by Lack (1954), Gibb (1950)
and Perrins (1970), where they express the view that in many
species the young are in the nest when food is most abundant.
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The increase in the total population then (i.e. standing crop
of avian populatiqn including nestlings) coincides with an
increase in the total biomass of utilisable food (standing
crop of food resources). This is graphicaliy illustrated by
Gibbs' (1950) data for the Tits in relation to the abundance
of Lepidopteran larvae on which they feed the young, where

a peak in the number of neéts containing young coincides with
the peak abundance of larvaec. With a precise knowledge of
both food abundance throughout the breeding season and of the
standing crop of the Martin population, the timing of the
breeding season in relatién to the abundance of food was
investigated in the House Martin over the breeding seasons of
1968 and 1969.

There are in practice two dis?inct approaches to the
problem where either the hbiomass of the population within nests
{(i.c. the young) is investigated, or the biomass of the whole
population is considered. Firstlf the biomass of eggs and
nestlings in each month within the nest was examined in
relation to the abundance of food. Both parameters were
expressed in terms of the mean daily total energy value (Kcals)
for each month of the breeding season (May to September). It

can be seen in fig.8.l.that the maximum energy content of
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reproductive material occurs in July and August when the
abundance of food is also at a maximum. Also the lowest

nest population energy content is in May when food is also

at a mimimum. It appears therefore that the bulk of the
House Martin population is timing its reproductive effort so
that the young are in the nest when food for rearing them is
most abundant and in this respect it resembles the single
brooded species of Gibb (1550) as discussed by Lack (1952).
However this method of monthly analysis obscures some of the
detail of the life cycle. The whole breeding c&cle is there-
fore illustrated in fig.8.2.in terﬁs of the weekly means in
the same units as above. There is an obvious period of under
utilization of resources in mid season between bréods, when
this figure is viewed in conjunction with the scatter diagfams
.of daily catches which demonstrate that food abundance remains
relatively constant throughout this period (See section .4.

on food and food selection). This underutilization is obviously
an intégral part of the breeding biology though it may
incidentally’;erVe an accessory function, because the first
brood young are able to feed in the proximity of the cblony
without tﬁe competition for food that ﬁay occur if young were

being reared in the nest at the same time. It seems probable
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that many of the first brood young, not involved in feeding
the second broods leave the colony at the time when many of
the second broods are in the nest in late August. However
I have little quantitative data on this topic. Whether this
exodus is caused by increased competition for food is not
known. In conclusion therefore this data broadly supports
Lack %1952) contention that birds' breeding seasons are so
timed that the young are in the nest when food is most
abundaﬂt and this time is therefore the best time for breeding
i.e. Dbreeding success is likely to be highest . However
there is an anomaly in such a situation, where the majority
of birds apparently attempt to rear their young when food is
most abundant. Because in nearly all species studied critically
(Klomp, 1970), except the Hefring Gull (Larus argentatus)
Harris- (1969), there is a greater survival potential for the
earliest fledging young, and these "early" young are in the nest
before the peak in food abundance is reached. Also these
broods are larger, which should theoretically be an additional
reason to suppose that rearing should take place‘at the time of
maximum food abundance (Perrins, 1966). It therefore seems
that the coincidence of biomass peaks is not neceésarily

demonstrating that the birds are breeding at the best time,
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It seems probable that the earlier bxreeders are breeding at

the best time because of their better survival, and these
broods are in fact fledging when food is most abundant. Why
then do not more pairs breed early enough for a similar
enhancement of the survival of their young. Perrins (1970)
has suggested that there is indeed strong selection in many
species to breed as ecarly as possible, but food shortage
prevents the adults from collecting sufficient food for the
process of egg formation and hence prevents them breeding
earlier than they do. Tﬁen the rapia build up of ‘the breeding
season food supply is such that.it is impossible for all pairs
to so time the rearing of-thei? young that the most critical
phase of nesting coincides with the maximum food abundance
except possibly for‘the vefy earliest breeders. I investigated
the initiation and distribution of egg laying in thc House
Martin in relation to the food supply in an attempt to examine

Perrins' proposal.

The Timing of the First Clutch.
An investigation of the factors limiting the earliness
of the laying date of the first clutch ideally involves both a

knowledge of the energy requirements of the female while
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forming'eggs and of the levels of food abundance at which
this enexrgy can be obtained. ‘Then by reference to the
observed abundance of aerial insects through the spring, the
extreme linits of the laying period could be predicted. However
no sufficiently precise information is available for the energy
requirements of wild active p%sserine birds and this approach
is therefore not possible at this stage. In fact the energy
requirements specifically for laying in the domestic fowl
are only imprecisely estimated at 40% in excess of the basal
reéuirements (Perek & Sulman, 1945), though of course the
total food requirements at this time are well known (Brody,
1945). However the differences in'biologf between the Martin
and the Fowl make any direct comparison in this context
impossible.

I therefore formulated an alternative approach based on
observations of nestling growth in relation to food abundance,
The basic assumptién was made that a unit of energy content of

e egg material was laid down within
the female, with the same efficiency as a unit of energy content
of nestlings during the period of maximum growth rate, providing

the abundance of aerial insects was the same in both situations.
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In other words a brood increment of 1 gm, expressed in terms
of the calorific value of that increment, is equivalent to
the same calorific increment of an egg under the same food
conditions, and can be laid down by the breeding birds with
similar conversion efficiencies and similar adult maintenance
requirements. The product of this assumption is an attempt to
predict the pattern of egg laying from observations on the
growth of nestlings by assuming that nestling weight increases
are equivalent (with the appropriate adjustments) to egg
material increments.

It must first be pointed out that nestling increments
will vary with nestling age and brood size, because it is
known that the absolute and relative contributions of daily
food intake to growth and maintenance varies with surface/volume
characteristics which are themselves a function of age and brood
size. Theoretically the maximum amount of food that can be
collected is that which encourages the maximum rate of growth
in the largest brood sizes. However it is possible that all
individuals may not be capable of the same feeding performance
as those rearing broods of five. Therefore rather than
deriving a relationship between nestling incre@ents in relation

energy

to food abundance fixr the largest broods,/values were derived
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for the most frequent brood size (lst broods of 4) because

this would be more representative of the whole population,while
the slope of the regreséion relating growth to food abundance
was derived on the basis of all first brood sizes. For this
regression a highly significant correlation was obtained

(r = 0.73 p = <.001) (b = 44,29 a = -2,53). The regression

was notable in that a reduction of food abundance by 50%

(on a log. scale) resulted in a corresponding :eductioniJ! growth
of 51.2%. So effectivelyya.halving of the (log.) abundance

of food reduced potential growth by 50%. On the basis of

this regression the growth indices were converted to their
weight equivalents (and thence their calorific equivalents)

for broods of four. The data for the calorific equivalents
for the wet weight of ﬁestlings and eggs were those given by
Pinowski (1967) in Petrusewicz (1967).

It is evident that the growth of lst brood nestlings
depends on feeding by both adults, whereas egg formation is
largely by the female,though the female is fed to a certain
extent by the male in "courtship feeding" and the value of
this may be important as in the Great Tit (Royama, 1966).

However because the extent of this habit in the House Martin
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is not known it had to be excluded from the calculations.

It must also be noted that for nestling growth, food
must be delivered to the brood for assimilation, and the
energy cost to the adult for this process must exceed that
for egg formation where the food has merely to be collected
and assimilated. Possibly the energy cost of actually
formwbading the egg might compensate to a certain extent for
the energy cost of collecting and delivering food to the nest,
because as mentioned above the energy requirements of a laying
hen are 40% greater than that of'a non-moulting bird’'s basal
requirements, |

It would be possible to formulate a much more complex
predictive model, indeed this was done, but I felt that the
necessary assumptions made, invalidated the additional
predictive power, The principal virtue of the preéent method
is its simplicity, and it did provide a figure, that was
preferable to an arbitrarily eQaluated one, that allo&ed a
prediction of the laying opportunities to be made.

The relationship between gfowth of all broods and food
abundance is shown in fig.S.3, The mean calorific increments

that such growth is equivalént to for broods of four is shown
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on the right hand axis. The growth values were derived as
follows.A The observed weight increment of each brood on

each day was expressed as a percentage of the expected
increment for nestlings of that age in broods of that size.
This expected increment was derived from é smoothed curve

for each brood size estimated from data from the breeding
seasons of 1968 and 1969. This smooth curve was obtained

by plotting the daily brood weight values, expressed as a
percentage of the asympote, on probability paper. The method
is described insection 6 and 9. : ... On the basis
of the regression illustrated in fig g,3the potential calorifié
increments for the laying down of yolk can be estimated from a
knowledge of the food situation before and during the observed
laying period.

However before the final analysis it remains to examine
the mechanism of yolk deposition in the knowlédge that the
response of the laying bird to adequate food being available
could never be instantaneous, and also that laying must occur
on consecutive days to ensure synchrony of hatching. The time
interval between the initiation of ova development and the
laying of the egg must also be estimated. The deposition

of yolk is spread over a period of several days and in the
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domestic fowl the increase in the size of the ova begins
10 days before ovulation (Jull, 1952) while von Haartman
(1956' ) suggests that the process of egg formation takes 5

days'in the Pied Flycatcher (Ficedula hypoleuca) 4 days for

ova maturation and one day in the oviduct for each egg . The
Great Tit (XKluijver, 1951) takes one day less than the Pied
Flfcatcher. Petersen (1955) examined the ovaries of breeding
Sand Martins (R. riparia) and deduced that ova maturation took
four days. The egg then passed down the oviduct over the
next day énd appeared in the'nest oh the sixth day. The same
situation was assumed to.pertain for the House Martin.

Petersen (1955) also observed the sizes of the developing
ova and from these I was able to calculate the relative rate
of maturation of the ova over each day of the 4 day development
period. Petersen expressed ova size in terms of the diameter,
and I converted these values to volumes (on the assumption that
they were séérical) and plotted on probability paper ovAuwm
volumes (= weight), as a function of the maximum ova size,
for each of the (£ig.8.4) development days. I estimated the
development time over a five day period, because the princiéht
interest was the rate of deposition of nutrients, and these
are added to a certain extent in the albumen which is deposited
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in the oviduct on the fifth day. It was found that a
straight line @ctually slightly sHewed) was generated indicatiné
at least an approximation to a sigmoid rate ofvdeposition,
being most rapid on the mid day of development, the third day
(£ig8.4).

Then on the assumption that deposition of yolk foxr each
egg was described by a regular sigmoid curve the total yolk
deposited each day for concurrently developing eggs could be
calculated. It seems reasonable that they develop at similar
rates, but one day apart, because they are laid at this intexval.
The methodology for this calculation is shown in fig. 8.5
Over the 5 day period, within, the female, the egg is presumed
to increase from 0.01l% to 99.99% of its final volume. The
¢alorificlvalue of each unit volume of increment is presumed
constant. Therefore by cumulation of the values»of the
increments oq,each day, the total energy value of the whole
clutch increment on each day can be calculated; ' The total
calorific value of whole eggs was presumed constant, and was
calculated on the basis of the mean egg weight aﬁd data in
Petrusewicz (1967) ‘:Wet egg weight (mean) - 1.722g(my data)
Calorific value of wet egg - 1.02 KCals/gm.] Therefore total

calorific value of 1 egg is 1.77 kcals . It was found that
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irrespective ;f clutch size the total energy value of the
increﬁenﬁ on any one day never exceeded the energy value of
one egg for clutches of 2 to 5. Calculations based on én
egg development period of 5 days suggested that for a 5 egg
clutch a maximum of 1.77 kcals would be laid down on the 5th
day after developmental initiation of the first egg. The
same held for a developing clutch of 4, though here only
98.7% of the total calorific value of one egg is required on
the day of maximum total requirements, which is 1.75 kcals.

By direct comparison with nestling increments (see Figsoso)
where Inctement (Expressed as a percentage of mean increment
in known food conditions) = -2,53 + 44,.29x where x is the
logarithm of the Insect Catch for the>day concerned), the
expected increment for an observed level of food abhundance can be
calculated. These egg increments of 1.77 Kcals and 1;75
Kcals require an abundance of food of 1.10( Log. Catch) and

1.098( Log Catch) respectively. For example:-

1.77 1,75 |
ttm—————— = . . - N — I - + -
3 81 2.53 + 44.29x and %G = -2.53 + 44.29x

.. x = 1,10 (log. Catch) .°. x = 1.098 (Log. Catch)

where increment of 100% of expected = 3.81 Kcals.
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Effectively the same figure. With clutches of 3 the value for

maximum daily requirements is slightly reduced to 97.4%

of the calorific value of one egg i.e. 92;4 % of the calorific

value of the whole clutch of 3(= 1.77 x 3 ), which is 1.72 Kecals.
This is available to the feeding female at an insect abundance
(catch) of 1.08 (Log. Catch). It can be seen that for all
the 1lst clutch sizes normally encountered, an abundance of
insects in excess of 1.08 (Log. Catch} is essential if the
maximum energy requirements during egg formation, are going to
be satisfied. _I believe that it is essential that such an '
abundapce of food should be available before laying is initiated
for the following reasons. It can be seen from fig.8.5. that
the duration of the period of high energy requirements varies
with clutch size, and is in fact equal to the number of eggs
in the clutch, being five days for a five egg clutch and so on.
During this period food abundance must be in excess of at
least log 0.86 (i.e. an increment of 1.77 x 78/100 Xcals can
be cumulated when food abundance is equal to or in excess
of Log Catch 0.86, see fig 8.3)fdr these requirements to be
satisfied.

It is therefore evidentithat if.egg development is to
proceed normally, levels of food abundance such as these must

be available. If food shortage occurs for example just before
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or during the laying of the first few eggs, development of
those eggs will be affected and possibly either low quality
eggs will be laid or there will be a suspension of laying

(see belowlintil sufficient food has been accumulated. Or if food
is sufficiently short during incubation , the

eggs will be left unattended and they become chilled. As
evidence of this, in 1969 when regular checks were made on the
eggs to determine if they were being incubated or not, it was
found that in the period of this investigation, May 15th to

June 15th,the only days on which moxe than one clutch was
chilled was June 4th and 5th. The abundance of aphids on
these days were respectively :Catch = 4, (Log Catch = 0.60)

and 3, (0.48) while tota]} oii.sect abundance was 0,80 and 1.6
respectively, both very low figures, though-of course the latte
figure does in fact exceed the calculated critical level@=1.035
On no other days during the period, where clutches were also
checked, did nearly such a loQ level of food occur. Evidence
of a reduction in quality is not forthcoming, though it must

be emphasised that the situation is complex and awaits a more
searching analysis. There is evidence however that in extreme
food shortages laying may be suspended for some days during

the laying of a clutch. Of 5 cluiches in 1969 (lst bxood)

where laying was suspended for a day or more, all had a period
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of extreme food shortage during laying, on or immediately

prior to the suspension of laying.

tabulated below.

(Table 8.l.)

The information is

Table g,1. Suspension of egg laying in relation to aerial fooq/
abundance.
Date th Clutch
when gég size Tnsect Abundance (see key below)(I)
expected | inclutch | (even-
egg did .suspended} tual)
not ot n
Noj appear (x] 1 a2 b 3 c | 4 d
1 {May 20th 3 5 3.46{2.5(3.0612.15{1,04}0.3 }1.68]1.0
2 | May 27th 2 4 2.601.871'1.75 0.8412,96|2.2413.02{2.51
3 |May 29th 4 4 2.5412,02{2.92 |2.17}2.60 1.87‘]..,'?5.1“0..?4
4 | Jumne 4th 2 3 1,04/ 0,6]1.89{1.41}2.90{2.39{2.76{2.16
5 | June 4th 2 4 1.04] 0.611.84 }1.41}2.40]2.35{2%.7#2.16
Column 1 = Log. I on day (x)
'N.B. The hypothesised
Column 2 = Log. I on day (x-1) critical days are
Column 3 = Log. I on day (x-2) underlined.
Column 4 = Log. I on day (x-3)
Column a = Log. Aphids on day (x)
Column b = Log. Aphids on day (x-1)
Column ¢ = Log.Aphids on day (x-2)
Column 4 = Log.Aphids on day (x-3)
It can be seen that depending on which egg is suspended so the

critical day appears to be successively earlier before the laying
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of that egg. It is therefore either the same day or one
day before for the 2nd egg, two days for the 3rd egg and
three days for the fourth egg. The.fate of the products of
these eggs is 5f interest.Bgg No. 1 and No. 4 were normal
nestling
while 3 produced a / which fledged considerably under- the
mean fledging weight,though this may be associated with being
the last eég to hatch rather than the character of the egg.Egg
2 was the second lightest egg recorded in the study (1.49 gms)
nestling from
Egg- 5. survived, but the/last egg to hatch died of starvation
through brood competition because it hatched later than the
rest of the brood. Its poor competitive ability was probably
aggravated by the much earlier hatching and hence comparatively
larger size of the first nestlings. There is some evidence
therefore, albeit tentative at this stage, that extreme food
shortage may precipitate suspension of laying, which may have
a deleterious effect on the survival potential of the young
hatching from the eggs or cluitch concerned. However this
evidence requires further examination. There is also an
indication in this data that a higher level.of food abundance
than estimated is necessary for the satisfactory formation of
eggs by certain females ( Egg. 2.- May 27th;E993-May 29th-Fable 8.1)
On the basis of the predictive model outlined abOVe, the
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dates when laying could theoretically begin is demonstrated

in fig 8.6. It can be seen that laying was potentially

possible in April in 1968 and 1970. And from this it can be
concluded that food was sufficiently abundant for egg laying

to take place considerably before it actually did in these two Years
(Fig. 8.8) However examination of the total food abundance data(Fig 8.
reveals that if breeding had begun at or during these predicted
times, periods of extreme food shortage would have been
encountered. I suggest that any eggs laid at this time would have
become chilled, due to the consequent lack of brooding, ox

laying would have been suspended with the adverse consequences
associated with extreme non synchro¥*y of hatching. In no

year did the total daily catch fall below Log 1.0 after May

10th, and this figure was only approached on 5 occasions in

1968 - 1970. Therefore it seems reasonable to propose

that House Martin breeding is not initiated immediately

sufficient food is available, but rather that é proximate factor
such as daylength inhibits breeding before about May 10th

because of the high probability of harsh food conditions before
this time. For breeding to begin at this time food must be
sufficiently abundant to satisfy the dietary requirements for

egg formation.
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However laving does not usually begin until Aphids
become available. Examination of fig. 8.7 in conjunction with
fig 8.8. illustrates this (See Fig10.also) . - l, The
former illustrates the aerial aphid abundance (log catch) and
the latter the observed distribution of laying of the first egg

association

in each clutch. This Mmay be because aphids form a dependable
and accessable food supply once they appear in the aeroplankton.
Indeed from the study of food and food selection it is known
that the principal source of food to the Martins at this time
is Aphids, and it is likely that they are the principal f£ood.
source for the formulation of eggs. Aphids constitute 50.4%
of the total enexrgy value of the food ingested in May, and
undoubtedly constitute a proéortionally greater amount in the
latter half of the month, because the above valueis expressed
as a percentage of the whole montin$ food and aphids are not
available early in thevmonth; (: N.B. The mean date of laying
in each year is shown on fig.8.8., and is approximately a
constant cumulative sum of aphids (Log catch itb day + log catch
i+l % i+2, .,i%n} from the onset of their appearaﬁce each year.

(See Table 8.2}

179



Table S.2. Mean laying date and cumulative Aphid catches.(Sum of
catches from date of first egg to the mean laying dat

Year Cumulative Log. Aphid Catch
1968 25.80
1969 32.20
1970 : 35.52

The deviance of the 1968 data may be due to the fact that 80%
of the layings occurred in June when aphids only form 13.6%
of the energy ingested 3 . In the light of this association
between aerial aphid abundance and the onset of breeding it
becomes of interest to compare the predictive data fer egg
laying - with the observed pattern of laying. It is apparent
that the observed onset of laying coincides with the predicted
_ possibly
onset providing that aphids or/another component of the aerial
fauna with a similar temporal distribution and abundance are
available. The only exception to this is the first laid clutch
of 1969, which must have started development before aphids
appeared in the suction trap. However it appears that the
relatively‘high level of total insect abundance on the 5th May
(see fig 8.9) was sufficient stimulus to initiate yolk
development. Also, it may be that a local occurrence of

insects was encountered by the Martin, that was not monitored

by the suction apparatus. The predicted distribution of laying
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is also largely in agreement with the observed situation. The
exceptions again are of interest and all occur in 1969 (Cross
Hatched= Exceptions) (éee Fi§.8.101 The clutch of which the
first egg was laid on the i6th May was deserted after 3 eggs had
been laid, presumably because the eggs had chilled or were |
inadequate in some other way. Relaying began successfully
in the same nest on the 24th May, after ejection of the first
clutch. Similarly one of the clutches laid on the 15th May
was also deserted after two eggs had been laid. The other two
clutches were successful but may have in fact been laid on the
14th May as no check was made on that day, and laying was
maybe then suspended over the 15th, the second egg being 1aid
on the l6th. Howeverbthere is no evidence for this suspension
of laying and all the young fledged successfully. These two
clutches were however the mean_lightest_recorded in-196§ and
contained the lightest individual egg 1.41 gms (Lightest clutch
~ 1.55 gms mean/egg) of tbe whole study.
In summary therefore a knowled@e of the ability of the
female House Martin to exploit the aerial insect fpod supply
from obsexrvations of the developing young, enabled a crude

prediction of the pattern and onset of egg laying to be made.
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This prediction was however of little value except for 1969.
A closer examination of the actual components of the aerial food
supply eéploitedby the Martins, in effect, implied that the
suction trap was not sampling precisely that food exploited by th
Martins at this time. It appeared that Aphids or other taxa
and conditions closely associated with the appearance of aphids
in the suction trap are a key to the initiation of'breeding,
such that their appearance in the aixr was either associated with
or directly disposad some members of the population to start
laying.
It is interesting that the clutch size in each year was
closely correlazed with aphid abundance, and it is suggested
facilitating
elsewhere (section 5.) that this has the adaptive function of /
adjustment;fthe clutch size to the most profitable clutch size
for the prevailing conditions. Possibly therefore this
provides a reason for delaying laying, so that an accurate
”prediction" can be made of conditions in June and the clutch
size adjusted accordingly. |
In general therefore the timing of the start of laying
seems closely associated with the points outlined above. There

remains the question of the distribution-of laying over the

succeeding weeks. This apparently involves the jeopardisation
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of reproductive potential by some members of the population,
because of the seasonal decline in clutch size and a consequent
reduction in the number of young reared. I propose that this
decline is paritly due to a difference in the efficiency by
which different sized females can collect sufficient food to
form eggs mainly because differences in body size endow the
aerial feeding birds with marginally different flight
characteristics (see section 11.). This results in siightly
different optimal prey sizes for each size of bird. There is
some evidence that the body size of early breeding House
Martins is larger than the late breeders (fig.3,11,) thouch the
differences are not significant. This confers a higher
economic cruising speed on the larger Martins which enables
them to collect more food per unit time, oOr on average largex
items (approaching the niche occupied by the Swallow) , The
mean size of prey available declines throughout May and June
(table 8.3 ) and this observétion provides a foundation for this
theory. The question then arises, why does not a larger
Martin evolve? There is an increase in total energy |
requiremenics which will be disadvantageous when food is sﬁort.
This could be particularly important outside the breeding season
when the mortality is greatest, propably as a result of food
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Table 8.3.

The mean energy values of items in the aeroplankton in

May and June. (1968 and 1969 data)

Month Mean energy values of individual insects
May 3.42x10_3 Kcals/item,
June 3.13x107> Keals/item.
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shortage. Two balanced selective forces will then pertain in
the population, One tending to enhance reproductive potential
and the other minimising mortality due to food shortage.

While emphasising that the evidence for the following
is also very slender and requires further study, it is possible
that this difference in feeding efficiencies is re¥lected in
the nestling growth rates. Four broods ofv4 nestlings from
1969 were examined. Growth rate figures for the mid period of
nestling growth were derived and plotted in relation to Ehe
concurrcent food abundance. It was found (fig.8.12) that the
early breeding birds were able to achieve a growth form equal
to the mean growth of all broods of 4 at a much lower level
of food abundance than the late breeders. This is not due to
a change in the quality of the food available at the two times
because the same.relationships are revealed when growth is
plotted against the calorific value of the catch on the
appropriate day (though the correlation is less close),. There
are therefore grounds for believing that individual birds do
differ in their abilities to harvest food and this may.account
for the observed distribution in laying times. Also it could

possibly account for observed differences in clutch size in
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- FIG. 8.12; Nestling growtﬁ (expressed as a perceritage

... of the expected growth) in relation to aerial
ingect abundance, in two broods reared early
in the season and two broods reared at the end
of the first brood laying period. Aerial
insect abundance is expressed both (a) numeri-
cally (log, scale) and (b) in terms of the
energy value of the catch (log. calorific value),
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different individuals. The smaller individuals are bettexr
adapted to exploit smaller prey and lay appropriately
smaller clutches. They may survive better at another season,
so balancing mortalities and hence the representation of the
different morphs within the population. Other explanations
are available to explain why laying is dispersed over a period
of several weeks. late laying may reduce adult mortality or
egg failure and may influence nestling survival after fledging,
though little data is available to examine these possibilities.
In the long term therefore reproduction rates may be maxzimised,
albeit if in certain years it is at the expense laying the
1argest possible clutch.
To sum ﬁp therefore, the evidence suggests that breeding is

nat. occuring as early as possible, with _abgolute limits imposed
by food shortage. However there is evidence that breeding

" occurs at the earliest time at which food availability is
stable enough to give eggs a _reagonable chance of survival
and probably results in the young of the earliest breeders
developing during the most favourable period. This hypothesis

is summarised graphically in fig. 8.13.
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SECTION S

THE _DETERMINATION OF CLUTCH SIZE

Introduction

I4a section 5, I discussed the proximate influence of food
abundance on the yearly variation in clutch size. This
involved an annual modification of the first clutch size
apparently as a direct response to the current food situation,
which was itself correlated with the food abundance one month
later when the nestling energy requirements were at a maximum.
The adaptive significance of this modification was therefore
clear, Howevér in addition to'this annual modification, the
clutch size of most bird populations lies within well defined
limits, and remains within this range in successive years. I
therefore discuss in this section the evolutionary processes
that might have acted to determine the relative fregquency of
the obsexrved clutch sizes in the House Martin. These are the

ultimate factors determining clutch size.

Lack (1947-48, 1950, 1964, 1966) has discussed the subject
and concluded that the most frequent clutch size has become
established by natural selection, because it on aﬁerage
produces the largest number of surviving offspring. Clutches

smaller than the most frequent, are selected against because
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the birds laying such clutches will contribute successively
less to succeeding geﬁerations. While in clutches larger
than the most frequent the mortality is such that the number
of young surviving to breed is less than that produced by
the most frequent clutch size. The observed variation in
clutch size remains because the variability of the environment
is such that in some years clutches of other than the most
frequent: size are favoured. Lack supports his theory
principally by reference to studies of nidicolous species for
example the Swift (Apus apus) (Lack, 1956, 64) and the Titmice
(Parus sé.) (Lack et al, 1957) and a number of long term studies
(Lack, 1966). |

On the basis of these studies Lack proposed that because
the parents had a finite capacity to deliver food to the young,
the nestlings in the larger broods suffered from food shortage
and subsequent starvation to a relatively greater extent than
those in the most frequent brood size. As evidence of a
reduced food supply per nestling in the larger broods Lack
examined the feeding frequencies of different brood sizes and
by implication the total food delivered to these broods. He
found in the Swift (Lack, 1951) and the Robin (Lack and Silva,
1949), and drew on evidence from a wide variety of sources
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(Gib 1950,1955) - .. to demonstrate that larger broods
received less feceds per nestling than smaller broods. Lack
supposed that this indicated that the larger broods were less
well nourished than the smaller broods. However Royama (1966)
suggested on the basis of his work on the Great Tit (P. _major)
that the food requirements per nestling in largexr broods were
anyway reduced, because of a reduced surface volume xatio and
hence heat loss, which decreases the maintainance costs of
individual nestlings in larger broods. It was evident
therefore that the data on feeding frequencies were not
themselves proof of relative food shortage in larger broods.
It follows that while the hypothesis itself if not necessarily
invalidated by such a demonstration, the process by which the
observed clutch sizes are selected fqr, and mortality induced
must be exzamined in the possibility that Lackk evidence of
food shoriage was not causal. There is an abundance of
evidence that does not agree with Lack (Wynne Edwards 1964)
and it therefore becomes a possibility that in many species
Lack's hypothesis is not applicable. However the annual
modification of clutch size in the House Martin in direct
response to food abundance is strongly suggestive of a direct
relationship between food abundance and the ability to rear
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broods of certain sizes. In order to investigate the problem
in the House HMartin the critical question of nestling energy
requirements in relation to brood size was examined. Also
feeding frequency in relation to brood size was investigated.

The significance of the findings will be discussed below after

the examination of the relevant topics in isolation.
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I. METABOLISM OF NESTLING HOUSE MARTINS

The heat production of nestling House Martins, and by
implication the food requirements of those nestlings, was
investigated by the following method. Nestlings of known
characteristics were confined in a compensating respirometer
as illustrated in Fig. 9:1. The rate of oxygen consumption
in each sitﬁation was recorded and using the methodology of
indirect calorimetry, the heat production of different brood
sizes and different aged nestlings was examined. The xuns
were carried out at two different temperatures by placing the
respirometer in a water path at 15°C and 22°c. “hese temper-
atures correspond to the mean breeding season temperature and
the mean daylight breeding season temperature respectively.
However, the heat production of the nestlings probably influenced
the internal respirometer temperature, This will be further
discussed below. The nestlings were acclimated prior to
examination for a 0.25 hr period in the respirometer during
transit, and oxygen consumption monitored for a 0.50 hr period
in the respirometer at the appropriate temperature. This
period was demonstrated to be the optimal compromise between

the need for the bird to be in a post absorptive state and the
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influence of stress due to starvation both of which would
elevate the metabolic rate above the standard rate, the

latter principally by intense begging. The nestlings were
removed from the nest for study, at the same ho?r each day
(18.00) to eliminate the potential influence og;iiriation in
rates. Therefore even ifvthe results may be criticised on the
absolute scale, they are satisfactory for comparative purposes.
The whole experimental programme was conducted with the second
bfoods'in 1969 to reduce the influence of gross seasonal,
variation though this is unlikely to be important in nidicolous

. .

nestlings.

Results

Heat production as a function of nestling age at 15 and
22% is presented primarily to indicate that the period of
maximum heat production coincides approximately wvith the period
of peak nestling weight and lies between the 1lOth and 18th
nestling day in broods of one. The results for broods of 3
are inadequate for critical analysis. This is primarily of
interest in relation to nestling mortality and is discussed in
that section. (see Fig. 9.2 and 9.3).

The relationship between brood weight and heat production
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in different brood sizes is shown below at both 15°C and 22°c
(Fig 9.4 a,b,c). The relationship can be described in terms
of the power law Y = awBb where Y is the metabolic rate in

terms of heat production, W_ is the brood weight in grams and

B
a and b arc descriptive coefficients. The value of b describes
the percentage change in heat production with changes in weight.
Examination of each brood size reveals generally a decrease in
the b value as brood size increases. There is therefore a
relatively greater increase in metabolic rate with weight

increase in the smaller broods. As there was no significant
difference in the slope of the regression at different
temperatures the data from these two temperatures were combined
and this increased the significance of the regressioms. It is
considered that: this is legitimate, because the heat production
of the nestlings during acclimation was such that the internal
respirometer temperature was likely to be approzimately equal

at both temperatures, though this was not investigated directly.
Both tewmperatures therefore probably lay in the thermoneutral
zone, and both slightly higher than the water bath temperature
From this combined data comparative values for the heat productio
of each brood size was derived, and for each nestling within

those broods. The calculated values for nestlings of 20 gmsr
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are shown in table 9.1. (The data for each temperature is also
displayed). It can be seen that the increase in heat
production in these broods is not absolutely related to brood
size, as the heat production per nestling declines as brood

size enlarges. In fact the total heat production is a direct
function of brood size on a double log scale and can be
described by the equation Y = aWéb. Where the symbols are as
above e:zcept that WB refers to the whole brood weight. The
value of the exponent b = 0,61 approximates to the general
value relating weight to surface area where b = 0.66. This
indicates that the reduced heat production per nestling with
increasing brood size is a function of the reduced surface/
volume ratio in the larger broods. The relationship is
illustrated in fig 9.5. On the basis of the empirical data for
broods of 1 o 4 nestlings it is possible to predict the heat
production for broods of 5, 6 and 7 from the derived values for

b . .
B ° This assumes that the reduction

‘Hand the power law Y = aW
in surface volume ratio is constant with unit increases in
brood sizes This is apparently true of the nestlings in the
respirometer, but may not be true of nestlings within an

enclosed nest, vhere contact with the nest walls may reduce

the exposed surface area in a similar way as contact with another
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Table 2.1

Heat Production of 20 gm nestlings in different brood sizes

(kcal/hour).

Brood Size Brood Weight

1

2

Combined Results

1

2

3

4

20

40

60

80

20

40

80

20

40

60

80

(gms) Temperature kcal/brood kcal/nest

22 C

"

15% & 22°%

0.1853
0.3315

0.3060

0.2040
0.2465

0.4165

0.5440

0.2040
0.3040
0.3951

0.4743

ling
0.1853

0.1657

0.1020

0.2040
0.1224
0.1445

0.1360

0.2040
0.1520
0.1320

0,1185

Values for brood of 4 calculated from the combined results of

broods of 3 and 4.

2062



HEAT PRODUCTION KCAL/HOUR

@, -BROOD SIZE

o4 20 40 60 80 100

B . ) BROOD WEIGHT (3)__
FIG, 9.5. The relationship between whole brood metabolism
and brood weight where individual nestlings
within each brood of one to four weigh 20 grams,

N
)

NG
»

MEAN VISITS/DAY TO NEST (LOG. SCALE
INd n
N o

20 I 2 3 4 5 [

BROOD SIZE

FIG. 9.6 The;mean number of visits (presumed. feeding
visits) to the nest by adults each day
logarithmic scale) in relation to brood size
linear scale). - )

=45
w
4

400 .
9 |
>
<
[a)
& 300
=
5]
> Y :-438+771.4X.
b4 .
X 200 7099, p<O0l
b5

1005 —=3% o3 oz ©O5 08 07

- HEAT PRODUCTION.KCAL/HR/BRO

FIG. 9.7 The mean number of visits (presumed feeding
visits) to the nest by adults each day for
broods of one to six nestlings in relation to
the energy requirements of those broods.

e ———emem - &

203



nestling. Also hyperthermia may develop in the larger broods
which is unfavourable as they then increase theixr evaporative
water loss in an attempt to eliminate this hyperthermia, and
thus increase heat production and hence energy consumption.
Vertens (1969) found in the Great Tit that such hyperthermia
probably developes in broods of 12 to 13 or more nestlings,

té a considerable degree, though the level of its development
in the House Martin is not known. The estimations made below
were ﬁnable to take these factors into account. The effects of
brooding are discussed later.

In order to derive a value for heat production in broods
larger than those examined experimentally, where each nestling
weighed 20 gms, the values for broods of 1 to 4 nestlings were
plotted and the data extrapolated so that heat production
values for broods of 5 (100 gms) 6 (120 gms) and 7 (140 gms)
could be derived. (Table 9.2) The calculated values for
broods of up to seven young are shown in table 9.3. It then
remains to examine these values for heat production in relation
to the abundance of food delivered to the nest expressed in
terms of the feeding frequencies. Discussion will therefore‘

be postponed until after the section on feeding frequencies.

204,



Table 9.2

Values of the exponent b in the broods examined at lSoc and 22°C.
in the eguation Y = awb '

15°%
Brood Size b
1 0.899
2  0.949
3 0.119
4 -
22°%
1 0.886
2 0.442
3 0.464
4 -
1500 & 2200
1 0.929
2 0.790
3/4 0.495
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Table 9.3

Calculated values for heat production of broods of up to
7 nestlings.

Brood Size Heat Production of whole brood | Heat Prod/Nestling
5 0.5400 kecal/hour 0.1080 kcal/hr
6 0.6050 " " 0.1008 " "
7 0.6630 " " 0.0947 " "
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II. FEEDING RATES 1IN RELATION TO BROOD SIZE.

The rates of feeding of nestlings by adult House Hartins
wgsaestimated by means of an automatic recording device. The
device operated continuously and simultaneously on six channels.
It was therefore possible to examine the frequency of feeding
in different brood sizes or variation within the same brood
size under different environmental conditions. Royama (1966)
has emphasised the potential influence of changes in abundance
and quality of food on the feeding rates of birds delivering
food to nestlings, and therefore standardisation in this respect
vis desirable,

The recording device operated on a photoelectric principle,
the adult bird ideally breaking the beam on arriving at the nest
but not doing so when leaving. A considerable amount of
adjustment was required to achieve this optimal operation state,
and in certain cases the photobeam was adjusted so that two
records were recorded for each visit. In each case the
apparatus was calibrated against visual observations, The total
nunber of visits in each half hour period in each 24 hours was
recorded photographically. The data obtained could therefore
be used to examine periodicity of feeding activity, (where each

and
visit was assumed to be a feeding visit)/the time of initiation
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and cessation of feeding each day in relation to environmental
parameters, though the data remains to be analysed in this
respect. However for the present purpose the total daily
frequency of feeding was the principal interest. Results
were obtained from a total of 1l nests consisting of at least
one representative of broods from 1 to 6 young, the brood of 6
being an artificially enlarged brood of 4. The results are
presented in Table94 and FigQd6 . It can be seen that mean
feeding rate increases as brood size increases. However the
number of feeds per nestling is less in the larger broods, as
has been demonstrated by Lind (1960). The relationship between
feeding frequenc§¥énd brood sizé?és described by the equation
Log y = 2,06 +0.0991l0g x(r = 0.99 p = <.01)
The relationship however is possibly not linear and will be
further discussed below. However the principal aim of this
investigation was to examine feeding frequencies in relation to
energy requirements. Therefore to estimate the energy
requirements of each brood, when these were approaching a
maximum the heat production of different brood sizes composed
of 20 gm nestlings was calculated as discussed in the previous
section. For the feeding frequencies to be absolutely

comparable they should be the frequencies associated with
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TABLE 9.4

The Number of Vigits to the Nest by Adult House Martins in
Relation to Brood Size.

?i::Dorsgzg 1 2 2 2 2 3 3 4 4 5 6
BROOD) 2nd 1st 2nd 2nd 2nd 2nd 2nd 1lst 2nd 1lst 1lst
Th"Eh
nestling day
5 67
6 325
7 177 292 91 257
e 175 243 38 91 461 412 170 216
) 178 379 89 110 451 173 396 414 291
10 365 106 96 247 523 266 391 286
11 252 94 73 422 354 300 244
12 140 212 474 526 200
13 380 315 242
14 329 443
15 330 254 65 216 463
16 330 115 190 88 251 421 547
17 331 130 120 273 126 187 187 298 473 560
18 270 152 117 127 212 395 280 386
19 | 128 144 265 99 231 297 187 609
20 120 50 228
21 112
22 85 164 94 212
23 91 240 85 179 646
24 191 121 244 99 106 335 670
25 265 157 318 175 338
Mean (all 139 295 130 123 201 198 259 339 285 367 412
readings)
Mean Bay 18 ©O| 134 ;95 3130 135 301 171 259 321 285 367 436
Day 25
Standard
Deviation (all] 37 60 91 37 96 137 125 116 78 140 163
readings)

(ommissions indicate no reading because of electrical failure,
component failure etc.).
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nestlings of such weights. However this means utilising
frequency rates from one or two days and as thege are known to
be highly subject to environmental conditions, a mean feeding
frequency rate was derived for the period from the 10th to the
20th nestling day and expressed as a mean rate per day. The
values of these two parameters were then plotted as shown in
Fig 9.7 . It can be seen that the feeding rates obtained
behave as a linear function of heat production and hence food
- requirements. There is therefore no evidence to suggest that
the reduction in the number of feeds per bird imn any way
reflects an effective shortage of f£ood in these broods, but
rather is a direct reflection of the energy requirements of
those particular brood sizes (with the reservation that the

energy requirements of broods of 5 and 6 were calculated rather

than actually obsefved).
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I11 PRODUCTIVITY OF DIFFERENT BROOD SIZES IN RELATION

TO THE FREQUENCY OF LAYING.

As there is no indication from the study of ecnergy
requirements and feeding frequencies, that the larger broods
are undernourished, it is not surprising that my data for the
House Marxrtin does not indicate that the production of young up
to the stage of fledging is at a maximum in the most f£requent
broods. It was found that only in the second broods of 1969
did the most productive clutch size correspond with the highest
frequency of laying. In all other broods, and also when the
data for the three years was combined, there was no correlation
between frequency of laying and productivity. The data is
presented in table9.5 and fig9.8 . It can be seen from the
figure that productivity per brood in natural bxoods was
linearly related to brood size, This data does not apparently
support Lacks hypothesis (see next section for details), though
it is possible that the mortality occurred after fledging,. and
it might then have conformed with the hypothesis. However
neither the fledging weights nor the asymptotic weights or the
wing lengths prior to fledging indicate (following the proposal

of Perrins, 1965) that the mortality will fall more heavily

211.



TABLE 9.5 -

Survival of House Martin Nestlings in relation to brood size
(where this is treated as equivalent to clutch size).

Grouped results for 1968 to 1970

% Frequencyl Young Fledging
Brood Size | of Clutch | per brood (Mean)
Size Natural Broods Artificially
Adjusted Brood
No.negts
r—.
l 0.0 - bt
2 7:0 1080 -
3 21.1 2.47 -
1st Clutch 4 53.2 3.22 _
5 19.7 3.64 -
6 0.0 - 6.00 (2)
1 0.0 - 1.00 (2)
2 12.3 1.86 -
3 73.7 2,52 -
2nd Clutch 4 14.0 3.37 _
5 0.0 - 5.00 (2)
6 0.0 ! - -

Results Hr each year
% Frequency of Clutch Size Young Fledging/Brood.

1968 1969 1970 1968 1969 1970
1. 0.0 0.0 0.0 0.0 0.0 0.0
2 26.7 0.0 9.4 1.75 0.00 2.0
3 20.0 15.4 25.0 1.67 2.25 2.87
4 46.7 57.7 46.9 2.57 3.40 3.33
5 6.7 26,9 27.3 4.00 3.57 3.67
6 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0
2 13.3 20.0 4.5 1.50 2.0 2.00
3 66.7 70.0 8l.8 2.20 2.64 2.61
4 20.0 10.0 13.% 4.00 2.0 3.67
5 0.0 0.0 0.0 0.0 0.0 0.00
6 0.0 0.0 0.0 0.0 0.0 0.00
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on the largest brood sizes. However this needs more

critical analysis, because it is known that undernourishment in

a brood is reflected in only a certain perceﬁtage of that brood,

through the action of competition for food within the nest.
Thexefore in the absence of positive evidence that clutch

sizes are selected for by differential-nestling survival

within the nest, alternative explanations need to be found.

The following section is an attempt to demonstrate that

selective forces are probably acting to different extents on

different brood sizes, which ultima¥ly has led to the different

frequencies of clutch sizes in the natural state.
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IV DETERMINATION OF MEAN BROOD SIZE_IN THE HOUSE

MARTIN,

The factors determining brood size in birds have been
extensively discussed by Lack (1947954 ,1©66) and more recently
by Klomp (1970) Royama (1969) and Haukioja (1970). They
propose that the production of young is maximised within certain
environmental limitations, principally that of food shortage,
acting through the limited ability of adults to nourish their
young. An alternative approach, that of Wynne Edwards (1962)
proposes that the production of young may undergo imposed or
voluntaxy restraints on behalf of some of the adult population
to prevent overpopulation and the consequent depletion of
resources. Brood sizes may therefore be less than the species
concerned is capable of successfully rearing. On the initial
premise that the genotype that produces the greatest number of
offspring, which survive to breed, will prevail at the expense
of less produciive genotypes, Lack has suggested, with regard
principally to nidicolous species, that it is the mortality
acting on the nestlings within the nest and soon after fledging,
in the largest broods that is the most important factor
determining the differential survival of different genotypes.

Evidence for such food shortage in largerxr broods and its
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consequent influence on nestling survival has been largely
based on brood enlargement experiments and similar work.
However it is possible that such experiments are essentially
inconclusive for two reasons. Firstly, because the clutch size
of any particular pair of birds is a product of both genotypic
and phenotypic factors (Delius, 1968; Klomp, 1970; Haykioja,
1970) and, if a certain pairs clutch is adjusted this will
possibly precipitate a mortality related to the difference from
the original clutch size rather than to the adjusted size.
(Wynne Wedwards 1964 discussed this). Secondly if mortality
in the larger broods occurs after fledging it becomes difficult
to estimate and further to distinguish it from dispexsal.
ﬁowever it is possible to relate nestling condition to survival
probability (if this is indeed mortality and not dispersal).
Perrins (1965) demonstrated that young leaving the nest at
relatively low weights had less chance than heavier young of
being recaptured at a later date. The present work has
assumed the validity of Perrins' conclusions in relation to the
Great Tit and extrapolated to the House Martin situation.
Therefore any factor that depresses growth rates will

accumulatively contribute to fledging at low weights and
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in turns influence the survival potential of that brood or at
least certain nestlings within that brood. The hypothesis is
therefore developed by reference to growth rates, of different
sized broods. It is evident that if a bird is maximising its
production of young within limits imposed by fcod shortage that
(given the physiological necessity of non linear growth) there
will be a stage during nestling growth when the energy
requirements are at a maximum, This stage may or may not
coincide with the period of maximum growth rate and in the House
Martin does not. If evidence of food shortage is being sought
it is therefore besgt to look at this time. Now bearing in mind
that there is a maximum rate at which food can be collected
(possibly at that point which if exceeded would be detrimental
to the survival of the adult) then the potential effect of food
shortage is likely to be most acute at this time, becoming
increasingly acute as brood size enlarges. A difficulty arises
in that it is possible in species not liable to heavy predation
in the nest for the energy requirements of the nestlings over

a unit period to be depressed by lowering the rate of growth.
This furnishes the possibility of raising more young but over

a longer period, or reducing the potential influence of food
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shortage. In the majorily of species a number of factors tend
to shorten the nestling period and hence maximise growth rates,
The most important factor is that there is a finite pexriod in
which food is sufficiently abundant for young to be raised

each season. Therefore when the total breeding time of a pair,
whether raising one or more broods in a season, approaches this
available time for breeding there is a possibility that, as

the total period available varies from year to year, they might
be unable to complete their breeding cycle unless growth rates
are maximised, A faster nestling growth rate would ensure
completion of the cycle or will enable more broods than othexwise
to be raised in a year. Also fledging will be earlier, which
Perrins has demonstrated is advantageous for survival and there
is a reduced possibility of predation on the adults during this
vulnerable period because of the ghorter exposure time. I
therefore suggest that a multibrooded species, utilising the
resources of a brief and intense season, will generally undergo
selection for rapid nestling growth. If fherefore brood
growth can be shown to be increasingly dependent on adequate
resources being available at or near this period of maximum

energy requirements, it will provide to a certain extent support
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for the food limited hypothesis because it is known that
successive depressions of the growth rate will accumulatively
depress nestling weight and result in either nestling mortality
or a reduced survival potential, by reducing the fledging
quality (i.e. weight). This is graphically illustrated in
the Swift (Apus apus) FiglO and an example from the House
Martin is shown in Fig 9,9 which illustrates the low fledging
weight of individuals that have experienced low growth rates.
The present study therefore was primarily concerned with
examining the food limitation hypothesis of brood size in birds
by obsexrving the change in dependance of nestling growth on
changes in environmental conditions in different brood sizes.
This was interpreted as the degree to which the environment
influenced the growth of those brood sizes either directly or
indirectly. The greater tﬁe influence the greater the
difficulties of the adults in nourishing those broods under
the influence of food shortage, and the greater the consequent
nestling, and also possibly adult, mortality. The most frequent
brood size is therefore, that which is a compromise between the
most productive and the least susceptible to environmental

vagarsssics. This tends to both minimise potential adult
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mortality and maximise nestling production. If it is to be
demonstrated that the most frequent broods are indeed associated
with low adult mortality rates adult mortality in relation to
brood size needs to be studied (see sectionlQ). However I
have no significant data for the House Martin in this respect,
though in the Great Tit luijver, 1963) and the Pied Flycatcher
(Lack, 1966, after B. Campbell) adult female mortality is
apparently not significantly correlated with brood size though
the data is suggestive. It would seem logical that the more
difficult a particular brood size was to rear, so greater would
be the detrimental effects on the adults involved and the
greater their mortality rates. The main ways in which this
mortality could occur in larger broods, is the extended exposure
to predators, increased chance of complication with laying, and
depletion of energy reserves with the consequent reduced

resistance to adverse conditions.

Method

To investigate the growth rates of different brood sizes in
relation to environmental influences the method described below
was used. This is described briefly in an earlier section (6)

Because growth rates of the majority of organisms is a constantly
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changing function of age it is not possible to compare growth
rate values for different days directly in such units as
gms/day, weight increases. However in the House Martin the
nestling growth curve is approximately sigmoid up to the
asymptotic weight. Therefore using probit analysis or plotting
the growth curves on probability paper as a function of the
asymptotic weight, yields a straight line, the slope of which
describes the rate of growth over the whole period from hatching
to the asympote. Alternatively the slope betwecn successive
points (oxr the difference between the poihts on the vertical
axis on a linear scale)vdescribes the growth rate over the
daily periods. These daily rates were expressed as percentages
of the rate over the whole growth period. The daily rates for
each brood size were expressed as functions of the growth rate
for that particular brood size rather than functioans of the
mean rate for all brood sizes because there is no evidence that
the depressed rate, postponing fledging by a few days at the
most, is in itself detrimental to nestling survival. However
there is evidence that if weight increase deviates negatively
from this mean growth on successive days, then the greatetr the
deviation, the greater the detriment expecially if such weight

logses are cumulative. For example the precursor of nestling
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mortality and reduced fledging weight in the Swift (Fig 9.9&9.10
and House Martin. Growth rates were derived from the growth
period of the 5th to the 10th nestling day when the weight
increment of each nestling was approximately constant at 2 gms
per day. In order to investigate the influence of environmental
factors on growth rates a multiple regression and correlation
analysis was conducted on the daily growth rates for each brood
size to determine respectively the proportionate influence of
each factor and the total influence of all factors together.

The influence of each factor has been discussed extensively in
the section on the determinants of growth rates, though reference
will also be made to these differences between different brood
sizes below. The influence of all environmental facbors

acting together, in effect describes the dependence of each
brood size on the environment. It might be expected that this
dependence increases, as brood size increases, but the results

are notable because they do not only show this.

Results,

The variance in nestling growth rates im dependent on both
the environmental conditions during the sample period and the

brood size of the sample concerned. The effects of environmental
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TABLE 9.6

Multiple Correlation Analysis to Investigate the Effect of Six Environmental Parameters
on Nestling Growth.in Differeat Brood Sizes (n in days) See text for methodologye.

2

Brood Size 1lst & 2nd Brood F Ratio Signif. n rleooz (Griwth) rzx 32 Residual 32
1 2nd 65.3 10% 9 99 1704 1687 17
2 1st 0.6 N.S. 14 33 2611 867 1744
2 2nd 6.2 1% 17 79 1636 1289 347
3 lst 6.7 15% 9 95 597 655 42

-3 2nd 1.2 30% 33 21 5632 133 499
4 1lst 6.2 20% 17 53 704 467 237
4/5 2nd 2.4 10% 14 67 288 194 94
5 1st 1.8 20% 17 53 1398 1002 896
6 1st - N.S. 6 72 1008 727 281
4 2nd 1.7 25% 12 58 271 157 114
5 2nd 2.5 {25% 10 76 267 203 64
5/6 1st 2.7

5% 23 51 2060 1035 1025
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disturbances have been analysed in section 6, and it is clear
‘that they are sufficiently intense for an analysis of the
effects of brood size on growth rates to be disturbed by weather
induced variation. This will be particularly important if thev
sample sizes are small, as is the case here. Therefore instead
of examining the total variance in growth rates in relation to
brood size, the percentage of this variance explained by the
environmental variables supplied, was investigated. ‘This value
is independent of sample size and total variance, and will
therefore be a more satisfactory measure of the influence of
environment on nestling growth in different brood sizes. A
multiple correlation and regression analysis was conducted to
examine thg percentage of the variance in growth explained

(the coefficient of determination), while a multiple regression
analysis was used to examine the relative influence of different
environmental factors in different brood sizese The results
are presented in table 9.6 . The coefficient of determination
(r2 x 100) quantifies the percentage of the variance accounted
for in the dependent variable, growth, by changes in Food
Abundance, Mean 24 Hour Temperature, Duration of Rainfall
(Daylight only), Daylength, Wind Index and Mean Prey Size. The

frequency of laying of different clutch sizes (mean of 1968 to
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1970 data), was then examined in relation to the environmentally
induced variance in growth of the corresponding brood sizes.
(Fig 2.11). There is a tendency for those brood sizes whose
growth is most influenced by environmental disturbance (i.e.
those with the highest r2 b4 sz) to be the least frequent in the
population. The second broods of fouf and five are obvious
exceptions. However there are two operations that may be
pe:formed on tresedata in an attempt to increase the significance
of the relationship. Firstly all artificially adjusted broods
may be discarded bacause of factors discussed claevhere (see
Wynne Edwards 1962, and section 7). This includes first broods
of 6 and second broods of 5. Secondly the results may be
arbiésrily divided into those in which the fit of the regression
equation is poor (i.e. F ratio significance, p = 21%t) and

those in which the fit is reasonable to good (F ratio,

p = <20%). This results in the exclusion of the values for
first broods of 2 and 6 and second broods of 3, 4 and 5. The
remaining five points indicate a distinct tendency for the most
frequent brood sizes to be least influenced by environmental
disturbances, and this tendency is in fact strengthened by the

other less satisfactory points, though with the exception of
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those for the second broods of four and five. It is interesting
that the results for growth rates and fledging weights of

these second broods of four and five, analysed in section 7,
indicated a similar emancipation from food shortage effects
(Table 9.7). Their final quality was similar to the smailer
second brood sizes of two and three young. Assuming that this
iz not a biased sample, it is obvious that some members of the
population are jeopa rdizing their reproductive potential, and
raising smaller broods than can successfully be reared. This
phenomenon was possibly restricted to this one year of study
rather than being generally applicable, or alternatively post
fledging mortality may act in a manner that doesn't accord with
the scheme proposed by Berrins (1965) and discussed in chapter
7. Or it may be that some members of the population are
undergoing reproductive restraints to prevent overpopulation and
the consequent overexploitation of resources, as argued by
Wynne Edwards (1964). However I tontatively propose that as
daylength was demonstrated in section 7 to influence the growth
of 2nd broods of 4 and 5 young to a greater extent than other
broods, the rearing of such large broods could detrimentally
affect the adults concerned, (by reducing the time they have

available for feeding themselves).
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Table 9,7

Nestling parameters used as an index of nestling quality
(Mean values)

Wing Length

Brood Size Fledging Weight Asymptotic Weight on day 25
’ (grams) (grams) (m.m)
; 19:5 53:5 9510
1 Brood 4 1619 23.4 95.3
5 17.0 22.0 92,6
6 16.0 23,6 93.4
1 16.8 25.2 93.5
% 17.8 24,2 92.9
17.5 23,2 96.8
2 Brood 17.8 23.8 95.8
5 17.4 21.8 97.6
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process of natural selection.

It appears from the B Weights associated with different
brood sizes that the importance of food shortage in limiting
growth rates is dominant in all the first broods while several
factors are important in the second broods. (see Table 6,1 )

It is notable that food abundance does not become increasingly
important as brood size becomes larger and this suggests that
food shortage was not alone in causing the relatively more
intense variation in growth rates in certain brood sizes.
However it was probably responsible for the overall depression
of growth rate observed in broods of six. In second broods
food shortage was of less importance, possibly due in some cases,
to the contribution of first brood young to the feeding of the
second broods. Observations on natural broods, over hourly
periods at midday, suggested that the contribution of first
brood young could be considerxable (Table 2.8 ), Broods of

one, two and three young were observed. Only the brood of
three received food from both adults and first brood young, the
latter contributing 28% of the total feeding visits to the nest.
Interestingly the difference in the average number of feeding

visits to the second broods of 2 and of 3 is 60 visits
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Table 9.8

The relative contributions of first brood young to the
feeding of the second broods in the nest.,
(Data refers to Feedings/Hour at Midday).

2nd Broods of 1 2nd Broods of 2 2nd Broods of 3
Adult 1st Brood
Contri- Contri-
Nestling Age bution bution Adult 1st Brood Adult ist Brood
1 13 0
8
9
10
11 28 0
12
13
14 24 0 36 0
15 26 0
16
17 34 34
18 ' 20 29
19 26 0
20 56 0
21 26 0 30 14
- 22 33 17
23 46 24
24
25 9 3
26 20 0
27 16 0
28
29
30 18 0

% Contribution
of 1st Brood

Young 0% 0% 28%
% Contribution
of Adults 100% 100% 72%
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(Brood 3) 215/day - (Brood 2) 155/day = 60 , which is 27,9%
of the total feeding to broods of 3 and equal to the first
brood contribution.

In summary therefore there are limits to the ease by
which energy can be supplied to the nestlings and this appears
to be easiest in the most f£requent brood sizes of three and fourx
young. Birds laying such clutch sizes will therefore tend to
have any detrimental effects on themselves minimised, and
possibly therefore have their survival potential enhanced.
Also nestlings in the most frequent clutch sizes are the least
subject to environmental vagarasies and are thus most likely
bto survive sévere conditions. This latter point is not
substanciated by the figures for nestling survival in relation
to brood size (see section 10 and discussion), maybe because
such catastrophes are irregular and did not occur in the study
period. However the sample size was too small for positive
conc;usions to be made . If this analysis is valid it implies
a maximisation of the total lifetime production of young at
the cxpense of maximising tégygggé of production of young.

It is easy.to see why the largest brood sizes are relatively

more influenced by environmental factors, namely because the

abundance and availability of food can be limiting. The
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environmental constraints on the broods smaller than the most
frequent are difficult to explain, and I shall attempt to do
this in the model illustrated in FigQlZz and Table 9.9 . Though
they would not anyway be expected to be frequent in the natural
state because they are less productive than the most frequent
brood sizes. The model represents the time allocated by a pair
of House Martins each day, to the two important activities of
feeding and brooding the nestlings. The situation is examined
in brood sizes from one to six young. The time allocated to
each activity is presented as a percentage of the total daylight
period available each day. The model attempts to demonstrate
that given the necessity of certain minimum levels of feeding
and brooding, a shortage of food, need not necessarily affect
only the largest broods.

To evaluate the time spent brooding in different brood
sizes I have used the data of Lind (1960). He observed the
percentage of the daylight hows spent brooding by House Martins,
with broods of 3 and 6 young. By extrapolation on a
semilogarithmic scale (though there was little difference when
the results were extrapolated on a linear scale) the percentage
of each day that broods of one, two, four and five would be

brooded was calculated. (See Table 2.9 ).
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TABLE 9.9

The time spent each day by a pair of House Martins (expressed
as a percentage of the total time available) on feeding and
brooding activities in brood sizes of one to six young.

% of day % da Total % Residual
Brood Size spent feeding v day time
brooding ’ . .
young occupied available %
1l 23.4 54.0 77.4 22,6
2 29.5 46.2 75.7 24,3
3 37.1 *40.0 77.1 22.9
4 46.6 34.0 80.6 19.4
5 53.8 29.0 87.8 12.2
6 74.0 *25,9 100 0.0

* Data calculated from Lind (1960) and expressed as an
average figure for the whole nestling period. See text
for derivation of other figures.
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The figures for the time spent feeding, I have derived
from my observations on feeding frequencies. It is evident
that broods of six experience a depressed growth rate and that
the adults involved are fully occupied in an attempt to nourish
the brood. I therefore, assumed that the total time allocated
to brooding (25.9% of each day) plus the time allocated to
feeding (433 feeding visits) accouhted for 100% of the available
time each day in broods of six. The time not available each
day includes, time spent on other activities, such as adult
maintainance. Therefore 74% of each day (100 - 25,9 = 74.1%)
is spent executing the 433 feeding visits. Then by proportion,
with a knowledge of the mean feeding frequencies associated
with other brood sizes, the percentage of each day necessarily
spent feeding the brood can be calculated (Table 9,9). Now
the sum of the time involvement in the two activities is
presented graphically in Fig9.12 for each brood size. It can
be seen that there is very little difference in the requirements
of broods from one to three young, with the least demanding
brood size being a brood of two. The percentage change in
requirements increases geometrically above broods of three with
a 4.5% increase between broods of 3 and 4, a 2.0% increase from

4 to 5 and a 13.9% increase from 5 to 6. Regarding total time
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occupied each day therefore, broods of 2 are the least
demanding and shouldallow a minimisation of the effects of food
shortage or of adverse effects on the adults.

To examine the environmental constraints on the smallest
broods it is necessary to investigate the relative contributions
of brooding and feeding to the total daily reqguirements and
their variation with brood size. The percentage of each day
spent brooding and feeding in each brood size is shown in figure
9.13 The potential effect of food shortage on the larger broods
is clear. A reduction in food abundance will also indirectly
affect the smaller broods because with more time devoted to
collecting the necessary food, beyond a critical point ( for
example, where feeding time is increased above 46% of each day
for broods of one ; Feeding time 46% + Brooding Tiwme = 100% )
insufficient time will remain to adequately brood the young.

It has been shown earlier that a brooded nestling may have only
half the energy requirements of a single exposed nestling, and
therefore a period of exposure will in turn elevate the food
requirements relatively more than in larger brood sizes. In
the case of broods of one nestling, it would require only that

the mean food abundance be halved for the feeding time to double
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and brooding reguirements to be at their absolute minimum for
satisfactory growth. (Feeding Time 23.4% x 2 = 46.8%. Then
Feeding Time + Brooding Time = 46,8% + 54.0% = 100.8%). The
consequence of food shortage of this order would be a slight
depression of the growth rate, That brood size which is least
susceptible to similar or more extreme disturbances is that in
which the requirements of each factor are not excessively
elevated or depressed by a shortage of food. The intercept

of the two curves in Fig9.12 indicates the approximate value of
this optimal brood size. The value of the brood size is
derived by dropping a line from the intercept,and is a brood of
3.2 young. This is close to the mean size of all clutches and
hence brood sizes observed 1968 to 1970, which was 3.23 eggs.
However it does not accord closely with either the mean lst
brood or 2nd brood size. This is possibly because the fitted
brooding curve is inaccurate when applied to the first and
second broods individually. To examine this a correlation
analysis between growth and temperature for each brood size,
assigned the highest r to first broods of 2 and 3, and the lowest
to all second bhroods. It is possible that because ofa possible

direct effect of temperature on the smaller first broods through
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exposure when not being brooded (though I have no evidence

for this view) that the fitted curve for brooding should be
elevated for these first broods and depressed for the second
broods. This would have the effect, in the model of shifting
the intercept towards the right for the first broods, bringing
it closer to the mean value for lst broods (4.46 eggs) .

While a shift to the left would bring the predicted value closer
to the observed value (2.95} for 2nd broods. This model
therefore described graphically the mode of action of the
limiting environment described by the multiple correlation
analysis, where the least frequently observed brood sizes were
generally the most subject to a disturbed environment. it
scems probable therefore that such susceptibility may in sone
yvears (or in all years though after fledging) reflect in the
relative survival of these nestlings or the survival of the
adults rearing these broods. This will ultimately lead to
selection against such brood sizes, and the appearance of a most
frequent brood size which is on average the one that ensures
that the individual adults concerned will maximise their total
lifetime production of young, even if in some years this is at

the expense of maximising their annual production of young.
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SECTION 10

ANNUAL MORTALITY

Adults and nestlings were ringed in each colony in
each vear of the study. However this involved only a few
birds at the Farm colony in 1968 though otherwise effort was
directed similarily towards each colony in each year.

A mean adult mortality of 32.3% was calculated and a
mean mortality of the young in their first year -:: 83.3%.
The values for each year of the study are presented below.

TABLE 10.1 The Mean Aduli House Martin

Mortality from October year 1 to October in year 2.

1968/1969 1969/1970 Mean
Adult Morkality 12% 52.5% 32%
Young Mortality 88% 78. 5% 83%

(over lst year)
These values for adult mortality can be compared with 18%
for “he Common Swift A. apus (Wietnauer, 1954), 63% and 54%
for the Barn Swallow (Hirundo rustica) (Lack,1949; Uchida,

1932} and 52% for the Cliff Swallow (Petxochelidon pyrrhonota)

Mayhew, 1958); the ecological counterpart of the House Martin in
North America.) Mavhew also gives a figure of 81% annual

mortality for the young over the first year, which closely
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resembles the figures obtained in this study. Separation
of real mortality from dispersal presents difficulties,
though as Rheinwald and Gutschen (1969) record a high
tenacity to the home site in the House Martin in Germany,
it seems likely that these figures are a true reflection of
mortality rates rather than the extent of dispersion in

each year.

Movements

No recoveries have been reported up to the present time outside
the immediate area of the colonies.

Two individuals were recorded at both colonies, Both were
ringed as post juveniles (either adults or lst brood young)

on August 27th 1968 at the Farm colony. One was controlled
on October 3 1968 at the Kennels colony, while the other

was recorded breeding at the ¥ennels in the following year,

1969.

Survival of Adults and Young over periods of one vear and

relationships with brood size.

An examination of 15 adult controls and 8 first year controls

enabled mortality rates for adults rearing different brood
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sizes to be estimated over periods of one year. It was
found that only adults rearing first broods of three, survived
significantly worse than if survival was independent of

brood size., These results are discussed further in section

12, (See Table 12.1).
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SECTION 11

THE COMPOSITION OF THE AERIAL FAUNA AND ITS RELEVANCE

TO ECOLOGICAL ISOLATIOﬁ BETWEEN AERIAL FEEDING BIRDS.
Birds may be ecologically segregated in three principal
ways. Firstly in space, which may be subdivided into
segregation by habitat and by geographical range. Secondly
in time, where different birds may exploit the same food
supply but at different seasons or at different times of day.
Thirdly separation by differences in the food taken even though
they occupy the same habitat.

It was postulated by Steere (1894)’ as quoted in Lack
(1971) , that 'no two species structurally adapted to the same
conditions will occupy the same area'. This principle has
subsequently been developed by Gause (1934), Lack (1947) and
Hardin (1960). It is implicit in Steere'sgstatement and has
been widely accepted fecently (Lack, 1971) that through the
process of competative exclusion only one species can utilise
a particular ecological niche and persist in that niche. At
first sight therefore it appears anomolous that four species
of aerial feeding birds namely the Swift (A._apus), Swallow (H,,

rustica), House Martin (D. urbica) and Sand Martin (R, riparia)
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coexist in Britain, and more in other geographical areas,
and apparently utilise the same food supply and are not
separated necessarily on space nor time. Other aerial feeding

birds in Britain are more obviously segregated in a variety

of ways., For example the Nightjar (Caprimulgus europacus)

is a crepuscular feeder and also probably differs in the food

taken. The Spotted Flycatcher (Muscicapa stxiata) differs

principally in feeding station and habitat while the Hobby Falco
subbuteg) obviously differs in the food taken.

In order therefore to see if the potentially coexisting
aerial feeding birds in Britain did utilise the same resource
or whether there was ecological isolation through differences
in the food taken, an investigation of the food of the four
named species was undertaken. Lack (1971) suggested that
these might be differences in the food taken by various
European Swifts and that ecological isolation in the breeding
season in the Hirundinidae was the result of separation in
nesting sites, and therefore in effect by habitat.

The size frequency distribution of the insects preyed upon
by House Martins, Swallows, Sand Martins and Swifts was
determined by examination of faecal samples taken during June

and July 1968 and 1969. Details are given of the method in an
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earlier section.(4) For comparative purposes there were
allotted to various size categories after Taylor (1962a) as
poxrtrayed in Johneon (1959). These oatagorics wWeie expressed
as the product of the 'wingspan x body length' on a logarithmic
scale. The precise dimensions of the wingspan were estimated
from faecal remains and a knowledge of the taxa involved
enabled the corresponding body length to be derived and hence
the size calculated in (mm)z. Although, what is in effect a
unit of area may seem inappropriate, I adopted it principally
for comparative purposes with Taylor's data, and also because
he had demonstrated it to be a satisfactory indication of size
(Lewis and Taylor, 1967). The prey size distributions for each
species is presented in Fig.ll.l. It can be seen that prey

is selected from a wide size range and is neither normally nor
lognormally distributed with regard to size frequency. Within
each species there is usually a clear dominance of one size
category over the others, Thus the two Martins and the Swift
mainly utilise the same sized prey while the Swallow takes
laréer prey items, at least in the months examined. Therefore
it appears that the Swift and the two Martins are not
ecologically separated by food and therefore the possibility

of isolation by alternative mechanisms arises. It is therefore
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FIG.11.1 The frequency dlstrlbutlon of prey size in the
diet of nestling.Sand.Martins, House Martins, A
Swatlows and Swifts., The-weMical axis refers
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of interest to examine the feeding stations of each species
and observe if differences are apparent, and further to
examine the broad characteristics of the available prey in each
of these stations for reasons explained below. The feeding
stations may be described in terms of both the mean height

of feeding flight and the distance from the nearest vegetation.
The estimates of the mean height of flight were obtained by

a visual estimate of the obsexrved flying height of Hirundinas
and Swifts by reference to adjacent structures of known height.
The results for both 1969 and 1970 (June to August) are shown
in tablell.lL There is no significant difference within
species between years ("¢ test) and so the data is also
prescnted as a mean figure. The frequency distribution of
feeding heights is not normal. The observations were made on
a daily basis throughout the breeding season for the House
Martin, readings being made at 200, 13.00 and 17.00 hours on
each observation day. A similar programme was carried out for
the Swift and Swallow, but the Sand Martin figure is based on

considerably fewer obsexvations.
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a 1.1
Mean height of Flight of Aerial Feeding Birds.(Feet)

(where these were judged to beifeeding)

Swift House Martin 4 Sand Martin Swallow
1269 125 64 68 25
1970 105 70 45 31
Mean 110 58 55 30
No
obsexrvations (120) (306) (68) (152)

(n)

Considerable data have been collected on the distance between the
feeding birds and vegetation or buildings but this has not yet
been critically analysed. However it is possible to
subjectively rank théir degree of association with vegetation as
follows. The Swallow invariably feeds in close proximity to
vegetation, often low over the ground or among the peripheral
branches of trees. The House Martin and Sand Martin are
generally less closely associated with vegetation, with the

House Martin probably even less so than the Sand Martin. The
Swift is the least frequently observed feeding close to
vegetation. As the mean heights of flight are often distinct,
it is interesting to observe if the size frequency distribution
of the prey corresponds either more closely with the character of
the available prey at different heights, or with certain
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characters of the bird. If the size frequency distribution
of the available prey is similar at each of the observed
feeding heights, then the observed heights of feceding are not
likely to be directly related to the feeding strategies of the
birds. However if the size of available prey changes with
height then it is likely that these differences in feeding
height are functional, and that species is selecting that
aerial zone that provides a relatively greater abundance of
or reduces competition with other species
preferred food./ Accordingly data published on the composition
of the aerial fauna at heights greater or less than the forty
foot sample, was examined and a size frequency distribution
derived. The results for these and for the forty foot trap
are shown in Fig 11,2 .

The data was taken from Johnson (1969} (after Taylor, M.S)
for 10 foot above ground level, and from'Hardy and Milne (1938a)
for 177 feet above ground level. Incidentally the latter
workers used a suspended aerial plankton net rather than a
suction trap, though this is not thought to seriously bias the
sample because of the generally small size and correspondingly
low mobility of the insects at that height (Lewis and Taylor,

1967). These data do not correspond absolutely with the
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calculated mean heights of flight, however they do provide

an indication of the change in the quality of the available
prey the greater the height above the ground. The mean size

of the insects involved in Hardy and Milnes data were assumed
to be similar within each family unit as the sizes of the
respective taxa in the forty foot suction sample. The
frequency distributions have been calculated on this assumption.
In practice however they are likely to be smaller and X
emphasise that these distributions can probably be considerably
improved.

It is evident that the observed prey spectra correspond
to a certain degree with that available at or near their mean
height of flight. The Swift , feeding highést, takes
correspondingly more of the smaller items available at such
heights, while at the other extreme, correspondingly more larger
items are present in the lower strata (10 feet) and this is
reflected in the prey of the Swallow which generally feeds at
these lower levels. The House Martin occupies in both respects
an intermediate position. Anomalously the Sand Martin most
closely resembles the Swift in its prey spectrum indicating a
potential overlap in feeding niche. However they are separated

in feeding station and the Sand Martin.
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ancestorally is separated in habitat £from the Swift being
associated with soft cliffs for nesting which are usually close
to water, while the Swift and House Martin are associated with
rocky cliffs (or later, houses) which rarely occurred near the
typical Sand Maritin habitat. Therefore competition between
the Swift and the Sand Martin was unlikely because of this
separation in habitat. They were therefore able to both
exploit a similar size range of prey.

In several species of bird that are known to take different
foods, (where this may be a difference in both size and/or
guality) structural adaptations are apparent that apparently
facilitate exploitation of their specific resource. Eor
example the Galapagos Finches (Lack, 1947, 1971) and the
British Fringillidae (Newton, 1937a ). The principal
structural differences between the aerial feeders are differences
in weight, wing length, tail length and possibly gape size and
the extent of the associated rictal bristles. However the last
two aspects have not been investigated. The wing lengths and
weights follow the same sequence with the longest wings being
associated with the heaviest birds (Table 11.2). The sequence
goes from the lightest , the Sand Martin, through the Hoﬁse

Martin and Swallow, to the heaviest, the Swift. Within the
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Table 11.2.

Statistics of Aerial Feeding Birds.

Weight (gms) Wing length (mm) Tail length (mm)
(Outer Feathers)

Swift 42.7 164 - 179 72 - 81
Swallow 23.4 116 - 129 76 - 122
House Martin 19.4 104 - 113 57 - 63
Sand Martin 14.2 101 - 110 49 - 57

252



Hirundinidae there is an increase in weight which is associated
with an increase in preferred prey size. The adaptive function
of this is possibly that this increase in size of prey involves
an associated increase in the mobility of those items (Lewis

and Taylor, 1967) while an increase in the size of the predator
also involves an increase in the economic (in terms of energy
expenditure) cruising speed of that bird (Pennycuick,1969)

and hence their ability to secure such prey is probably
increased. The fact that the larger items taken by the Swallow
have flight speeds of up to 40% of that of the Swallow
emphasises the point. The flight speed of such insects is

up to 320.0 cm/sec and the economic cruising speed of the
Swallow, which would be the most economic method to use during
hunting is 800.0 cnm/sec (Penmy.cuick,1969). However the
corresponding increase in energy requirements with size increase
would reduce the potential advantage of such an increase in
flight velocity. In fact the rate of increase in enerqgy
requirements with weight ggcreases proceeds at a greater rate

(v)
WO 74

than the increase in flight velocity/where R & while

v % wO1%,  Hence selective forces, rather than favouring a
continuing increase in body size have favoured stabilisation

within a presumably optimal range. This optimal range is such
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that for each species, both competition for prey of a
particular size and at a particular feeding station and the
enexgy costs of hunting are minimised.

The Swlft represents a different situation. The large
body size and long wings ensure a high flight performance and
it seems to adopt a distinct feeding strategy. Instead of
picking items out of the air as do the Hirundines, where
mobility (as indicated by tail length) and f£light speed is
related to that of their prey, the Swift sweeps through the air
acting more in the fashion of a directed 'scoop’ and feeds on
less mobile ptey' which ‘do not actively avoid the predator.
Huntiné will also be directed towards regions of insect
aggregation. Johnson (1957 ) has derived an empirical relation-
ship describing the decline in Aphid abundance with increase in
height above the ground. This appears also to be a valid
generalisation when applied to the entire aerial fauna (Glick,
1939). Hence in order to obtain a yield per unit time similar
to or in excess of that of the Hirundinidae, it would be
advantageous for the Swift to fly faster. However an increase
in flight performance as a result of increase in body size

would involve a correspondingly greater increase in energy



requirements, and the advantage would appear to be nullified.
It seems probable that the Swift minimises this disadvantage by
changing its £light behaviour. The Swift probably has a
higher Gliding Flight. / Active Flight ratio than do the
Hirundines (though I have no quantitative information on this
point), which is made possible and successful because of the
relative immobility of their prey. The energy expenditure

per unit time of hunting flight is therefore reduced.

Thus the differences in size and form of the aerial feeding
birds are primarily adaptations allowing co-existence within
the same broad habitat, and have come about through the process
of competitive exclusion and subsequent adaptation in form and
habits.

These adaptations facilitate the exploitation of certain
sized prey which have partially distinct aerial distributions
and the birds that feed on them therefore also have distinct
aerial distributions. The'ecological differences in feeding
strategies between the species are probably reinforced in
certain weather conditions, High winds or atmospheric
stability (i.e. during temperature inversions) cause the
dispersed aerial population to become aggregated. (Johnson

1969, Lewis 1965a, 1970). Then in the absence of alternative
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food or because of a local superabundance of food, all the
aerial feeding birds concentrate in such areas to feed. The
feeding groups may consist of all the four species (personal
observation) or of less diverse groups, depending on the
availability of alternative food supplies. Then without
segregation in space there is presumably segregation by food,
though this has not been critically examined,

Summarizing therefore it seems probable that the four
aerial feeding birds in Britain are ecologically isolated
primarily in terms of differences in food, which in turn often
leads to isolation in terms of space, The Swallow is more
distinctly isolated than the others. The Sand Maxtin, House
Martin and Swift although to a certain extent isolated by
differences in prey size and more'importantly isolated in terms

of feeding station and/or habitat.



SECTION 12

DISCUSSION

The important points arising f£rom each section of the thesis
have been discussed in association with the appropriate
section, It is now necessary to collate those conclusions
and assess the important relationships between the breeding
House Martin and its food and their relevance to population
processes. It must initially be suggested that the principal
process regulating the House Martin population, lies outside
the scope of this study. This was demonstrated by cmploying
the key factor analysis of Varley and Gradwell (1960). It
involved assuming that the colony size in 1971 (for which no
actual figures wre available) remained at roughly the same
level as in earlier years. Its precise value was assumed
to be the mean of the other three years, though it would make
little difference to the resulits if the change in colony size
was of the order of +50%. The total post fledging morialiﬁy
of the young plus the overwinter adult mortality was then |
examined in relation to the total population at the beginning
of this period (assuming net dispersal to other colonies is nil)

Fig 12.1. It can be seen that the overwinter mortality is almost

perfectly density dependent (b = 0,95) where r x 100 = 94%,
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However the correlation is not significant (r = 0.97) because
of the shortage of data, and a certain amount of residual
variation (6%). The nature of this almost 'perfect' density
dependence, suggests that it is regulatory and probably results
from food shortage in the overwintering area or on migration,
and these aspécts lie outside the scope of the present study.
However given the observed stable breeding population, then the
intensity of the density dependent mortality is a direct product
of the total production of young over each breeding season.

The greater the number of young produced the greater the
subsequent mortality. The ultimate cause of this variation in
overwinter mortality will be those factors that precipitate a
successful breeding season and it is these that have the centre
of interest in this study. It was first essential to establish
the validity of the sampling system. Taylor (1962) has
discussed the absolute efficiency of suction traps, in samp;ing
the aerial insect population, though there is no reason to
believe a trap of even 100% efficiency would assess the insects
actually available to the House Martin. Howeveyr the
qualitative results suggested that the food taken by the Martin
in terms of size and species was a close reflection of the

suction trap catch; though they both varied in a predictable
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way with the actual insects available. Additional proof
that the suction trap sampled the available food was the
close correlation between growth rates and food abundance.
Nestling Martins' weight increments over a standardised growth
stage are a positive linear function of the logarithm of food
abundance (= total catch/day), and this supports the well
recognised fact that the amount of food and its quality are
important factors determining rates of growth.

With this validification of the food sampling method it
was of interest to examine the effects of variation in food
abundance on the breeding cycle. Most obviously there is a
striking difference in food abundance between the summer and
winter levels, This disposes the House Martin to overwinter
in the tropics where food is presumably more abundant at this
time, and to migrate to the Temperate (N) region in swamer
to harvest the great abundance of food. It would be interesting
to have comparable data on insect abundance from the Tropics so
that this summer abundance could be guantitatively compared with
the alternatives available in Africa. To date no systematic
aetial sampling has been undertaken; nor is there much
information on the winter distribution of the House Martin

(Moxreau, 1966). It is unusual for an abundant: and conspicuous
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(in summer) palaearctic migrant to be so poorly known in winter
quarters and it deserves comment. I propose two possibilities
which may render the House Martin relatively inconspicuous.

It is obvious that the birds do not frequently form dense

aggregations in winter quarters over water as does the Sand

Martin (R. riparia) in the region of Lake Chad or is as

conspicuous as the Swallow (H. rustica). I suggest therefore
that either the House Martin feeds in a highly dispersed manner
just above the forest canopy, in forest clearings orx at the
forest edge, or else they feed at considerable heights on
insects aggregated by atmospheric instability in their usual
feeding groups. Both these mechanisms would make individuals
incdonspicuous and account for the paucity of observations.
Such a difference in conspicuousness from the Sand Martin and
Swallow could be expected from comparative obsexrvations in
Britain, where of all the three Hirundines only the House Martin
is regularily observed exploiting aggregations of insects in
front of Cold Fronts along with Swifts (A. apus) (Pcrs.obs.
and Voipio, 1970).

It is subjectively evident that the arrival of the aerial
feeding birds in Britain coincides with the development of the

aerial phase of several insect populations. The sequence of
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arrival of the four species Sand Martin, Swallow, House Martin,
Swift is the same sequence as the ascending sequence of mean
heights of flight. It seems probable therefore that the mean
arrival time of each species corresponds with the adequate
development of aerial populations of the type exploited by that
species. The Swift is the last to arrive because the migratory
phase of, and conditions suitable for, Aphid flight have not
usually developed before the end of April. The earlier
arrivals of all species frequently utilise the insects available
over water which are apparently present largely irrespective

of inclement weather, whereas the aerial fauna at this time is
highly dependant on weather, especially temperature changes.
For example the regression coefficient for a regression of
Logarithm Insect Catch/Day on mean temperature for that day is
b =0.15 and r = 0.88 (p = <0.01) in May (1968) which strongly
contrasts with the more stable conditions evident even one
month later in June where b = 0.08 and r = 0.37 (N.S)

(June 1968). The aerial feedexrs also reso rt +to this

food supply later in the season whenever the weather is so bad
that the total aerial population falls. The most significant
inclement conditions are associated with low temperatures and

high winds, though in fact aerial insect abundance over the
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summer of 1969 was also significantly correlated with Rainfall
and Radiation (Hours of Sunshine), Detrimental extremes of any
of these factors could therefore result in a movement of
feeding birds to the proximity of water. The fact that
Martins occur more commonly near water early in the season is
a function of both the greater incidence of inclement weather
and the low developmental state of many insect populations,
which is in part a function of preceeding weather conditions.
(Williams, 1961). The instability of the aerial food supply
means that aerial feeding birds have not only to contend with
seasonal changes in food abundance, but also daily changes in
abundance and availability largely precipitated by weather.

In the Swift (Apus_apus) the effects of food shortage on nestling
survival are minimised by the young becoming hypothermic in
extreme food shortages, evidently in an effort to consexve

enexrgy (Lack, 1951). The Nightjar (Caprimulgus ecuropeas)

has recently been shown (Peiponen, 1970) to do the same. The
young of House Martins evidently have a similar ability. In
several broods where one of the parents disappeared (presumed
dead) the nestling assumed 2 torpid state for several days

before death. They felt cold to touch, and this was probably
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induced directly by - malnutrition. One nestling was
transferred into a brood at a similar stage of development,
while in a torpid state, but subsequently died. This suggests
that in the House Martin hypothermia necessarily prece%g§ death,
rather than being a facultative mechanism to survive periods of
food shortage. Therefore in an attempt to determine whether
lowered body temperature was induced by, or associated with
adverse conditions and whether recovery was possibla, nestling
rectal temperatures were recorded for a sample of broods
throughout the latter half of the 1969 season. It was found
that the mean nestling temperature was 37.9°C + 2.3°C, which

is close to the normal range of adult birds, which are known

to be able to assume torpor (Dawson and Hudson, 1970).-  On
several occasions markedly lower rectal temperatures were
recorded. In thé first case it involved a 2 day nestliné;
probably unable to control iis body temperature during the
period of examination (Seel, 1968). However on July 29th at
18.00 hrs wheh the day's catch was Log I =1.47, the lowest food
abundance in the study period, very low rectal temperatures were
recorded in two broods of the three examined. A brood of four

had normal temperatures, illustrating the insulative effects of
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the larger broods, while two broods of two had mean temperatures
of 31.0°%C and 32.3°C. Both these latter broods lost
considerable weight over the day, though they had regained
their former weight by the following day when food was

abundant again, and fledged normally. It was unfortunately
not recorded whethexr these birds felt cold to the touch, though
it is probable that they did. By this means they deprive

their peripheral tissues of the usual ' copious blood supply and
hence reduce heat loss. It is apparent then, that there are
various degrees of hypothermia in House Martin nestlings closely
allied with food shortage. It is rapidly induced, as food
abundance on the 28th, the day before these observations,‘was,
well above average. It probably serves to extend energy reserves
in times of food shortage over the maximum period of time,
because of the high probability that adequate food conditions
will eventually be restored. In the situation where food is not
restored, as when one of the pair disappeared, then it merely
prolongs the period before death. However this latter state
does illustrate that the mechanism is a direct product of
undernourishment. The House Martin nestlings therefore
resemble many other Adult Apodiformes and Caprimulgiformes

which feed on aerial insects or in some cases nectar
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(Bartholomew et al, 1957 & Pearson, 1950, 1954).

The ability of nestling House Martins to become torpid,
illustrates the potential severity of food shoriages. It is
therefore not surprising that seasonal, daily and annual
differences in food abundance together precipitate most of
the breeding season mortality, where this includes both death
and failure to0 achieve maximum fecundity. The latter is
usually induced by broad annuval differences, which are ultimately
duve to factors outside the scope of this study, namely those
factors that determine the size of insect populations, their
rates of development and the proportion that partake in the
aerial phase. The results of these influences ave illustrated
in fig 122, where the total seasonal production of young is
plotted as a function of food abundance in June. It can be
seen that the total annual produciion of young is closely
associated with food abundance in June. This involves both
the direc: effect of a plentiful food supply on nestling survival
and a close correlation with other seasohs which themselves
directly affect some factor (i.e. clutch size and May food
abundance). In the knowledge that similar relationships can
be established whatever the particular habitat (refer to

Southwood and Cross, 1968 and Perdix perdix) it would be
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interesting to extend this study of the cause of increased
productivity, to other species in all habitats. As an
illustration I plotted data in Lack (1966) for the Great Tit
(P._major) as a function of (Log.) Frass Fall (itself an index
of caterpillar abundance, the principal food of nestling tits).
A similar result was obtained. FigJ23 where ¥ = 0.97 (N.S)
Breeding success is influenced by increases in fecundity
as well as by reductions in mortality. Such increases in
fecundity are partly dependent on the timing of the breeding
season and partly on additional annual variations. The two
processes are linked in a complex interdependent way, though
both are ultimately dependent on food abundance. Thus
differences in the time of appearance and the aerial abundance
of Aphids and other insects in spring can both influence
clutch size and the time of breeding. Both these responses
appear to have an adaptive function, in that they adjust the
mean brood size in each year toyor parallel to, the probable
subsoquent conditions of food abundance. Cohen (1967) argues
future
that optimising vield in relation to probable/environmental
conditions, maximises the long term growth rate of the
population, which, other things being equal, should then

eventually replace less efficient genotypes. “he seasonal
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adjustments of spring clutch size in relation to food

abundance appears to be a natural example of Cohen's

theoretical model, It might be expected that the magnitude of
the adjustmont would be depressed at high densities because of
the probability of competition for food being more intense.

This was not observed in the House Martin, probably because the
population is not limited by food at this time but rather by

the inability to increase at a greater rate. The distribution
of clutch sizes over a range from three to five eggs may reflect
the inherent imprecision of the prediction. Genotypes with the
smaller cluiches may prevail, because in some years they produce
more young that survive to breed, than the larger clutches.

The timing of the breeding season, and in particular egg laying,
is of interest because the resulis of many studies indicate
that nestling survival from the earliest broods is better than
from later broods (Perrins, 1965, Harris, 1967, Perrins, 1966,
von Haartman, 1967a, Klomp, 1970). It is of potential
advantage then for each pair to breed as early as possible and
so maximise production of young within each year. The ov%&iding
importance of daylength in regulating laying is well known

(Farner, 1964) and is a long term evolutionary adaptation to
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prevent breeding when the probability of food shortage and
nesting failure is high. However because in different years
the actual sgitability of conditions on any particular date

may vary, it is of obvious advantage to¢ have some means of
secondary or "fine" adjustment. These secondary releasers

or post regeneration accelerators may take the form of
temperature thresholds (Snow, 1955; Delius, 1965) or as suggested
here and elsowhere (Davis, 198%; Lack 1950b) food availability.
However I suggest that many apparent correlations -»f 8pring
temperature with mean dates of laying (Perrins, 1965; Xluijver,
1951) are in fact a reflection of the influence of temperature
or the development of food supplies, A model is presented
that shows a reasonable correspondence with field observations,
which proposes that the emergence of aerial insects and in
particular Aphids, is the direct secondary releaser of laying.
The distribution of laying dates after the appearance of the
first individual clutch is influenced partly by food abundance,
such that severe food shortages are followed several days later
by suspension of laying. However quite apart from this, laying
is spread over several weeks in the first clutch and it is
suggested that this is a reflection of structural differences in

the laying females, that determine the efficiency with which
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different individuals can exploit the aeroplank:on, and are
thus able to accumulate sufficient food to form eggs. An
alternative formulation of this same hypothesis is that these
structurally different females respond to different thresholds
of food abundance, which are ultimately associated with
average levels of food abundance at which females of that form
are able to breed successfully. This threshold is probably
influenced by age, though usually being stable by the second
season of breeding. The timing of the second clutch is
largely a reflection of the timing of the firsit, and the period
spent recaring the first brood. The first egg of the second
clutch is usually laid 7.9 days + 3.1 days after the last
young has fledged and because food is rarely short in the middle
of the breeding season, is not often delayed by bad weather
or food shortage. On one occasion eggs were laid four days
before the young fledged. However after the third cgg was
laid, the eggs were ejected and relaying recommenced f£ive days
after the young fledged.

The mechanisms by which nestling mortality is induced
appears to be largely a function of the immediate effects of

poor environmental conditions, which subordinate the effects of
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prehatching influences, such as differences in egg weight and
hatching order. Asynchronous hatching was only h¥iefly
discussed in section 5. Lack (1947, 54, 66, 68) proposes
that it facilitates brood size reduction in times of food
shortage, to that size for which the parents can find
sufficient food, by causing young that would die anyway to
succumb as quickly as possible. However Lack and other
authors (Ricklefs, 1965) do not discuss the degree of
asynchrony that is most efficient in bringing about this brood
reduction. It appears from this study that the size difference
associated with eggs hatching on the same day are such to give
all nestlings a reasonable survival probability, while not
removing the possibility of brood reduction if food is very
short. However it seems that asynchrony of one ox two or
more days between the hatching of the first and last eggs
commits the smaller nestlings to a low survival probability

in certain cases, and because these differences are forcibly
imposed on the laying bird by severe food shortages during
laying rather than being the usual strategy, it is evident
that not all asynchronous hatchingisa mechanism to enhance

nestling production. This degree of asynchrony in hatching
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seems to be more likely to reduce the number of young raised
or at least surviving until breeding, rather than increase it.
For example of several first bxoods of 5 young'in 1969, only
one fled%hng left the nest with a winglength significantly less
than the other members of the brood. This was a nestling that
hatched two days after the other four synchrbnously hatching
young, which had winglengths of 100 + mm by the 29th day,
whereas the fifth nestling had a winglength of only 96 mm when
it became fully indepenqght on the 32nd day. All the other .
broods of five at this time hatched synchronously. Also, in
a 2nd brood of two, where food shoriage would not be expected
to be severe, one nestling hatching a day later than the other,
by the ninth nestling day (2 days in nest for lst hatched and
8 days for 2nd hatched) was ohly 36% of the heavier nestling's
weight HNestling 1. = 16.4 gms and Nestling 2. = 6.0 gms .
This weight difference was continuously sustained throughout
the whole nestling period and didn't resemble the sudden
differences in weight that came about through food shortage.
Food wés known to be of average abundance through'the whole
period. It seems therefore that under certain conditions
asynchronous hatching may disproportionately affect the last

nestling to hatch, and the magnitude of this effect
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is probably most extreme in the smallest and largest brood
sibzes, However in normal conditions it probably serves

the function proposed by Lack. The situation needs further
study.

The determination of clutch size is a subject area
extensively discussed by Lack (1954, 1966) in an attempti to
explain the observed frequency of occurence of different clutch
sizes in the field. The problem has been investigated by many
workers, some providing supporting evidence and others not.
Many authors have concentrated their efforts in demonstrating
that clutch size has evolved through differences in the
productivities of different brood sizes, and have not favoured
the approach which accepts that selection acts on the whole
animal, . where adult survival associated with different brood
sizes may be of similar importance as the survival of nestlings.
Lack argues that maximisation of the rate of production of
viable young iéﬁigst importént factor in establishing a
genotype in the population. However in certain species it
is clear that maximisation of the annual production of young is
not taking place, as in the Gannet (Sula bassana) (Nelson,

1964). However what appear to be breeding restraints could

become established in a population by natural selection if
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instead of a maximisation of yearly production, there was a
the of individuals.
maximisation of/lifetime production’/ The disadvantage of
jeopardizing reproductive potential in the short term, might
be then compensated by increased long term reproductive
potential by extended adult longewity. However the validity
of this suggestion needs much more rigorous examination than
I have been able to give it. Meanwhile evidence is presented
(Section 9 ) which indicates that broods of the most frequently
observed size are the least influenced by environmental
disturbances and it is suggested that over a long period this
will tend to minimise both nestling mortality and sitrxains on
the breeding adult, which will encourage longevity. I
investigated survival of adults and fledged young over the
year following ringing to see if adult or fleddgling survival
was influenced by the size of brood reared or the brood size
If they were independent,
of which they were a part./then the number of adults controlled
alive in the following breeding season, rearing broods of
known sizes in the first year, would be relatively represented
in the same proportions as they were ringed. (The ringing
totals and controls are presented in table 12.1), The

percentages controlled from each brood size did not differ

significantly from the proportional numbers of each category
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Table 12.1.

The number of adults ringed known to be associated with
different clutch sizes and the percentages of these
recaptured in the following breeding season,

Cluich No. % Associated with No. % Associated with
Size Ringed Each Clutch Size Ringed Each Clutch Size

lst Brood 2nd Brood
2 5 2.4 9 20,0
3 7.5 . 31 66.6
4 34 64.1 5 11.1
5 10 18.8 O 0o
Total 53 45
No,Recap- No.Recap~
tured in % Recaptures tured in % Recaptures

following associated with following associated with
Clutch breeding each clutch size breeding each clutch size

Size  season in first year season in first year
1st Brood 2nd Brood
2 1 14,0 2 25.0
3 0 0.0 5 62.0
4 5 71.0 1 13.0
5 1 14.0 o} 0.0
Total 7 8
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Table 12.1 (cont.)

The percentages of adults ringed, and recaptured in the
following year, in relation to the clutch size with which
they were associated. The data for first and second
broods is combined.

% Associated

Clutch No. with each
Size Ringed clutch size
2 14 14,7
3 35 37.0
4 39 37.6
5 10 9.4
Total 98
% Recaptures
No. Recaptured associated with
Clutch in following each clutch size
Size hreeding season in first year
2 3 20.0
3 5 33.0
4 6 40.0
5 L 7.0
Total 15
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Table 12.1 (cont.)

Retraps of House Martins (ringed as nestlings) in the breeding
season following ringing, in relation to the size of brood
in which they were reared,

No. % No. %
Clutch Ringed Ringed Ringed Ringed
Size First Brood Second Brood
2 14 346 25 8.3
3 63 16.4 221 73.2
4 209 54.4 56 18.5
5 98 2545 0 0,0
Total 584 302
No, % No. %
Clutch Retrapped Retrapped Retrapped Retrapped
Size First Brood Second Brood
2 0 0.0 0 0.0
2 ! 25.0 1 50.0
4 1 25.0 1 50,0
5 2 50.0 0 0.0
Total 4 >

The results for both first and second broods combined,

Clutch No. %
Size Ringed Ringed
2 39 5.6
3 284 41.4
4 265 38.6
5 98 14.2
Total 586
Clutch No. %
Size Retrapped Retrapped
2 0 0
3 2 3%.3
4 2 5%¢3
5 2 33.3
Total [

Retraps from first and second broods in relation to the
proportion of nestlings ringed in each brood,

Total % of Total % of Total Retrapped

Ringed Nestlings Ringed in following year
First Brood 384 55.9 66,7
Second Brood 302 44,1 33,3
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that were ringed, except for lst broods of 3 (d = 23.3

p = <0.001). The small size of the samples makes positive
conclusions impossible. There is no significant indication of
lowered adult survival associated wiih rearing different sized
first or second broods though it may be noted that adults
laying large first broods of 5 were recovered at a rate below
expectations and thgse rearing broods of two survived better
than expected. Adults rearing the most frequent first brood
size,of four young, survived proportionatély better than any
of the others., Similarily when the survival of young in
their first year was examined, there was no significant
indication of a reduced survival after fledging f£rom any

brood size, However relatively more young were controlled
alive from the largest broods in both the first and second
broods. There are indications therefore that determination
of brood sizes, and hence cluich sizes in birds is lilkely to be
g?rglgroduct of mortality acting on the adults which varies in
intensity according to the brood size (particularly first brood
size) that they rear. The’!ggtality acting on the young
either within the nest or outside the nest gives no indication
that different intensities of mortality are associated with

different brood sizes that could give rise to different survival

277



rates of young emerging from different brood sizes. It must
be emphasised however that these results are at a very low level
of significance.

Ecological Isolation in aerial feeding birds has been
discussed in relation to the size of prey available, and the
structural characteristics of each species. However these
differences in precise feeding niche have implications for
other aspects of the bfeeding biology. They detexmine the
broad timing of the season, the number of broods that can be
raised in each year, the growth rates of the young and
undoubtedly many other aspects.

Certain other topics of general interest are illustrated
well by the House Martin. Firstly the subjeci of co-operative
feeding of young, illustrated by the first brood nestlings of
- the House Martin feeding the second brood young in the nest.
Skutch (1961a), White (1941) and Williamson (1941) have
discussed its occur nce in the Hirundines. Lack (1968) discusses
a few species in which the practice enables the adults to
rear more young than they otherwise could. In this respect
the adaptive significance is clear, It implies that

co-operative feeding should occur in the largest broods if it is
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to occur at all, However in 5 second broods, of one to five
young each, observed in 1969, only the brood of three was helped
in feeding by the first brood young. It must be noted though
that the broods of 4 and 5 were artificially enlarged. There
was no difference in fledging weight or wing lengths between
the brood of three and the broods of four and five, Possibly
therefore the advantage accrues to the first brood young involved
in terms of "experience", which then fits them beiter for
breeding in the following year. The other possibilities are
for increased adult survival or survival of the young after
fledging.

Nesting dispersion in the House Martin can be presumed
to be both a reflection of the quality of the available food
and the suitability of the nest site. Precisely how this is
related to the size of each colony is less clear, Assuming

population
that the overwinter mortality is regulating the population,the/

is not
ceiling/set by shortage of food in the early part of the breeding
season. In fact there is no significant indication of density
components in any of the mortalities examined. In this

situation most colony sizes will not be limited, or only very

imprecisely limited, by food shortage. However while there
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may not be an absolute shortage of food, it may at times be
sufficiently difficult to obtain and bring back to the nest ,thus
making it profitable for individual Martins to leave a colony,
Martins feed in flocks, probably because they feed more
efficiently in this way and also obtain protection from
predatoxrs. They are brought together initially by aggregations
of food, poésibly through the process of local enhancement,

and in this way optimise the efficiency of food location as well
as rate of food collection. There is probably a level at which
mutual interference in the feeding flock tends to reduce feeding
efficiency. Certain members of these flocks may'then disperse
to othér areas where the process could repeat itself. So
ultimately there is a limit to the number of sites, especially
during bad weather, where food can be exploited efficiently.

In such a situation it may be necessary for the least

efficient members of the colony to feed so far away from the
nest sites that delivery of food to the colony becomes
excessively energy consumptive. This process could provide

the selection pressure to limit individual colony size through

a consequent increase in adult or nestling mortality. Colony
size may also be limited by the safety and number of the nest

sites (though this is extremely unlikely as there were many
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untenganted sites available in each colony that were identical
to occupied sites) and parasite infestations. A recent study
of the Purple Martin Progre subis (Wayne and Moss and Camin,
1970) has demonstrated how large parasite loads are usually
associated with the least productive broods, and suggest that
this might influence survival of the nestlings. It would
thus be advantageous to shift colony sites away from areas

of high parasite infestation if a similar situation pertained
in the House Martin. However this is not thought to occur as
discussed in Section 3.

Finally therefore, use of the aerial insect suction trap
as a means of estimating the aerial abundance of insects has
demonstrated the dependence of the biology of the House Martin
upon the gquantity and quality of the food available. “This
dependence however must go further than that dependence
demonstrated here where the predator is influenced by the
vagaries of its prey. Because the abundance of prey is
determined by factors outside the immediate arena of the
predator and most probably by weather factors though also by
interactions within the insect populations. The outcome of

these density independent mechanisms on the breeding strategy of
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the House Martin has been demonstrated. It emphasises a need
for density independent population processes acting on both

prey and predator to be discussed, particularly in species
exploiting food supplies with weather influenced abundance

or availability, such as aerial feeding birds, Vespertilionid -
bats and seabirds., It is possible that such density
independent effects determine the abundance of some species over
considerable periods, though it appeats that in the House Maxtin
density dependent mortality outside the breeding season is the
principal mechanism regulating the breeding population in spring.
The intensity of this overwinter mortality however is largely
related to the outcome of density independent responses by the

House Martin to breeding season food abundance.
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APPENDIX T
Specific Identity of House Martin Prey Items.

Dipteran Species

Bibionidae:- Dilophus febrilis

Empididae:~ Hilaria sp.

Syrphid Syrphus ribesii
Anisopodidae:- Anisopus fenestralis
Stratiomyidae:- Beris vallata or chalybeata

Microchrysa polita

Rhagionidae:~ Rhagio lineola

Tabanidae:~ Haemotopsta pluvialis

Phoridae:- MNMegaselia halterata

Sepsidae:- Sepsis fulgens

Chloropidae:- Oscinella frit

Calliphoridae:- Lucilia caesar
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APPENDIX IT.

Breeding Season Census data 1968 to 1970 at the two

main colonies., 1. Kennels.

(Home Farm).

Year

Site

No, of pairs in boxes
Mean Clutch Size (1st)
Natality (1st clutch)
Total Young Hatching
Total Young Flying

No. of pairs laying
2nd clutch

% pairs laying
2nd clutch

Mean Clutch Size (2nd)
Natality (2nd clutch)
Total Young Hatching
Total Young Flying

299

1969 1970

.2. Sunninghill Park Farm

1968 1969 1970
Kennels Kennels Farm Kennels Farm
14 14 11 17 12
3.50 4.71 4,27 4,00 4,00
49 66 47 68 48
43 49 42 52 46
38 44 41 51 45
10 11 9 14 11
1.4 78.5 81.8 82.3 91.7
3.10 2.82 3,00 2.78 3,09
31 31 277 39 34
27 30 24 36 29
25 29 20 35 28



APPENDIX III,

Data for (K)-factor analysis.

1968 i

0.3132

Log 10 of population 1969 | 1969 1970 | 1970 |
data Kennels {Kennels| Farm }|Kennels} Farm é
Maximum potential first ‘ | i
clutch natality 1.81921 1.8195}1.7144} 1.9031}1.7522

k1 0.1290{ 0,0000}0.,0423 0.070610.0710
Actual first clutch

natality 1.6902] 1.8195{1.6721} 1.8325{1.6812
k2 0.05671 0.1293}0.0489} 0.116510.0184
Total young hatching 1.6335} 1.6902{1.6232}f 1.7160;1.6628
k3 4 0.0537] 0,0467}0,0104{ 0,0084}0,0096
Total young flying 1.5798} 1.643511.6128] 1.,7076]1.6532
Maximum potential second

clutch natality 1.5996{ 1.5996}1.4949] 1.6842|1.5328
k4 1 0.1082¢4 0.0668{0,0493} 0.0467}0,0000
Potential second clutch .

natality 1.49141 1.5328{ 11,4456 1.637511.5328
k5 0.00001 0,0414}10.0142}1 0.0464{0.0013
Actual second clutch

natality 1.49141 1.491411.4314f 1.5911§1.5315
k6 4 0.06001 0.014310,0512f 0,0348]0.0691
{Total young hatching 1.43141 1.,4771}11.3802} 1.5563]1.4624
k7 0.0335} 0,0147{0.0792% 0,0122§0,0152
Total young flying 1 1.39791 1.4624§1.3010f 1.5441]11.4472
(K,) Total Breeding V '

Sedson Mortality 0,441 0.2955 0.33560.1846
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APPENDIX IV,

Multiple Regression Analysis to examine the influence of
named variables on nestling growth rates.

Brood P 93Wts)2
Size ’ 5 3 4 5
2 0.6 0.8 0.0 0.4 0.0 0.4
N.S .
3 6.7 1.6 0.4 0,2 0,0 0,2
15% ‘
4 6.2 0.7 0.1 0.0 0.5 0.1
1%
5 1.8 1.3 1.0 0.2 0.0 0.0
20%
1 65.3 3,9 0.4 1.0 0.0 1.9
10% |
2 6.2 0.0 0.0 0.4 0.1 0,2
1% ‘
3 1.2 0.0 0.0 0.1 0.0 0,0
30%
4/5 2.4 0.3 0.1 0.2 0.5 0,2
10%

(Second Broods of 4 and 5 were combined to increase the
significance of F).
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0.3

0.2

0.0

0.0 .

0.3
0.0

0.3

0.36

0.72
3%

. 0.52

. 1%
0459
3%
0.35
0.47
5%
0.01
0.53
5%

0.50

0.50

0.13

0.21

-0.15

0.10

0.03

0.47

Correlation Coefficients (r)

3
"0022

~0,717
2%
0.01

"0‘04

"0010

""Og81
1%

—0024

-0.49

4
"‘0035

"0'46
~0.29

0.22

0.39

0.60
1%

0922

5
0.49

0.22
-0,03

0.39

0.30

~0,72
1%
~0,16

"Oo 55
5%

6
0.25

"0018
"0.09

-0.22

"'0028
0.20
-0,36

5%
-0,02

33%
95%
66%

53%

99%
79%
21%

67%

14

26

17

17

33

14



Appendix IV (cont.)

Multiple Regression Equations for first and second broods
of named gize.

Brood
Size Multiple Regression Eguations
2 Y = 1191.7+157.2X1-877X2—1.9X3—6.4X4+9.6X5—12,3X6
4 Y = +1796+50.9X1+3.OX2+O.2X3-1O.5X4+2.7X5-1.2X6
3 ¥ = +295—5.1X1+O.8X2—O.6X3—O.8X4+O.6X5-1.4X6
4/5 Y = —479.0+25-3X1—2.4X2—1.3X3+3.1X4+2.3X5+0.7X6

X, Insect Abundance. Togal Catch (Log Transformation)
Xz Mean Day Temperature ~C

3 Rainfall - Duration (Hours)
X4 Daylength '

Xg Wind Index. (Speed x Duration of Wind over daylight
period). (Knots x Hours 08,00 - 16.00)

Xg Mean Calorific Value of available prey.

Y Growth Index,
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APPENDIX V.

Multiple Regression Equations describing the relationship
between Nestling Weight and Winglength on Day 25 and
named environmental variables,

Nestling Weight on Day 25.

Nestling Wing length on Day 25;

X1 = Weight on third day
X2 = Hatching Order

X3 = Brood Size

X4 = Insect Abundance
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