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. ABSTRACT

The breeding biology of Arctic Terns (Sterna paradisaea)

(=S.macrura) was studied on the Farne Islands, off the coast of
Northumberland, from 1965 to 1968. Clutches of two predominated
in 1966 and 1967 but the second eggs were significantly smaller than

the first. Starling (Sturnus vulgaris) predation accounted for most

of the egg loss, and in 1966 and 1967 approximately 45% of all eggs
laid, hatched successfully.

Chicks were weighed daily and showed a steady increase in weight
from the third to the fourteenth day. Laboratory rearing of chicks
showed that these required 26.2g of fish per day to maintain a daily
growfh rate of 6.8g. The low chick mortality in 1967 (20.9%) may
have been due to an abundance of food. . In other years chick
mortality was approximately 40f%, with a significantly higher mortality
of second chicks.

It was only possible to determine the age of individual adult

birds from the ringing records of previous years. Ringed adults

were caught and from the survival of colour ringed birds, the annual
mortality was found to be 134 3%. A life table was constructed and
gave an annual mortality of 15.1% with an expectation of life of
4,5 years,

Mémbers of a pair were likely to be of a similar age. Birds
over ten years old returned to the colony first and produced more
young than any other age group, in spite of having a smaller clutch
and egg size than birds of six to eight years. Three year olds
Were the least successful age group. In 1968 a bloom of
dinoflagellates, or red tide, led to the death of approximately 1%
of the breeding terns, and breeding success was very low due to increased
egg predation by Starlings and chick predation by gulls, which was
probably associated with the loss of the advantages of colonial

breeding.
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INTRODUCTION

The average life span of different animals shows

| considerable varigtion; Within the insects, the may-flies
(Ephemeroptera) live for less than a day in the adult stage,
while the ;eproductive forms of some termites (Isoptera)

may live between 15 and 20 Jears (Imms 1964).

Summarising the work on the barmacle (Baianus balanoides L;),
Deevey (1947) quoted the méximum longevity at about five
years, Within the mammals there appears to be a genefal
trend towards the small mammals having a short life span,
with a high reproductive rate, while the larger mammals

are much longer lived and produce fewer young per year;

Southern (1964), however, has noted that the Whiskered Bat

(gjofisggystacinus (Kuhl)) has been found to have a life
span of 20 years, although much of this time is spent in
nibernation, Matthews (1960) has given the average life
of shrews (Sorex spp) as 14 to 16 months, and the vole
(Hi§¥6tus égrestis (L;)) and the field mouse (Apodemus
sxlvaticﬁs (L;)) as less than one year; these animals
therefore only experience one breeding season although
they produce more than one litter in that year. Red

deer stags (Cervus elaphus L.) are stated by Matthews (1960)

normally to be at their peak from 7 to 13 years old, after
which they start to "go back" with a reduction in the

number of points on the antlers, and few wild stags

reach , an age of over 15 years.




In many cases it is difficult to determine the
length of life of an animal because many individuals die
without being found and in only a few cases can the age
of an individual animal be estimated. Such estimations
have been possible<g,%éiﬁthe annual rings on the scales
and otoliths of bony fish (Actinopterygii), on the horms
of Dall Mountain Sheep (Ovis dalli) (Scheffer 1950),
and. on the-genital plates of sea urchin tests (Echinoidea)
(Moore 1935); The age of some mammals can be estimated
by counting the corpora lutea in the ovaries, for example,
whales (Cetacea) (Wheeler 1934) and seals (Bertramw 1940),
Among the birds it is usually possible to identify the
immatures from the adults by plumage details, but there
is no way of assessing the age of the latter from
morphological characters. A long term programme of
trapping and ringing nestlings is required, and this has
probably limited the number of the studies on the age of
long-lived birds;

Average annual mortality rates have, however,
been calculated for a number of long-lived birds including

the Herring Gull (Larus argentatus) (Paynter 1947,

Paludan 1951, Kadlec & Drury 1968, Kadlec et al 1969),

the Common Tern (Sterna hirundo) (Austin 1942), the

White Stork (Ciconia ciconia) (Schuz 1955), the Heron

(Ardeé cinerea) (Lack 1949a), the Common Gull (Larus canus)

(Onno 1968), the Mallard (Anas platyrhynchos) in Great

Britain (Hohn 1948) and the Lapwing (Yanellus yanellus)

(Lack 1954). Coulson & White (1957) estimated the




mortality rate of the Shag (Phalacrocorax aristotelis)

by two independent methods; one from dead recoveries,
and the second using Jackson's "live" method of recaptures.
Dunnet et al (1963) considered the survival of the Fulmar

(Fulmarus glacialis) nesting on Eynhallow, Orkney. The

work on passerine species includes that by Nice (1937)

on the Song Sparrow (Melospiza melodia) in the United

States and that by Lack (1946a) on the Blackbird (Turdus

merula), the Song Thrush (T.philomelos), and the Robin

(Erithacus rubecula) in Great Britain. Kluijver (1935)

has estimated the annual mortality of the Starling

(Sturnus vulgaris) and the Great Tit (Parus major) in

Holland; Lack (1954), reviewing the literature on
mortality rates, has pointed out that in using ringed

ﬁirds found dead, to etimate death rates, the estimations
may be too high if the birds lose their rings with time;

The rings of sea birds are particularly exposed to corrosion
and this has been shown to occur in the rings of many birds,

including the Manx Shearwater (Puffinus puffinus)

(Lockley 1942), the Cormorant (Phalacrocorax carbo)

(Kortlandt 1942) and the Kittiwake (Rissa tridactyla)

and the Shag (Coulson & White 1955, 1957).

In some cases, as well as estimating mortality,
it has been possible to construct a life table (Deevey 1947)
for the population; Many of the species studied in this way
are those where the animal is of commercial importance for
the information in the life table is vital to the proper

management of the population to avoid over-exploitation,




Paludan (1951) has produced a life table for Herring Gulls
ringed as chicks in Denmark between 1917 and 1942 and
Kadlec & Drury (1968) have presented similar information
for a population of this species in New England:

Austin & Austin (1956) have studied large numbers of
Common Terns nesting on Cape Cod; Massachusetts and

have compared the mortalities of different year groups,

. and calculated the age structure of the population,

In two earlier papers {Austin(1938, 1945)
considered the effect of age on the breeding success of
Common Terns, but he concentrated mainly on the success
of the very old birds which were over 13 years old,

More extensive studies on the effect of age on the
breeding biology of long lived species include those

on the Yellow-eyed Penguin (Megadyptes antipodes) by

Richdale (1949), the Kittiwake by Coulson & White (1958)

and the Shag by Potts (1966). Among the short lived

species the majority of studies have compared the success

qf birds breeding for the first time, usually in these

cases one year old birds, with the success of experienced,

older breeders; These studies include those on the Song

Sparrow by Nice (1937), the Blackbird by Snow (1958),

and the Great Tit by Kluijver (1951, 1952) and Perrins (1965).
lApart from-the work on the Common Tern at Cape Cod

(Austin 1938, 1945; Austin & Austin 1955); there is very

little published information on the effect of age on ternms,

although there are some age records (Andersen 1959,

Bergstrom 1952, Grosskopf 1957, and Goethe 1966).




Palmer (19%la) discussed "white-faced'" Common Terns and
suggested that these were young birds not old enough to
breed; he also suggested that some of the very old birds
show a plumage similar to that of theﬂgy@éZpﬁywyﬂis main
study (Palmer 1941b), however, was on the behaviour of
the Common Tern;

Bullough (1942) considered the Farme Island
colonies of the Arctic Tern in 1938 and compared these to
the colonies of other sea birds. Cullem (1956, 1957)
studied the behaviour of the Arctic Tern on Inner Farme, and
during the course of this study undertook some retrapping
and colour ringing of adults from which he was able to
estimate the annual adult mortality; In a later paper

(Cullen 1960), he compared the nesting adaptations of

A;ctic, Common and Sandwich Terns (Sterna sandvicensis)

to different methods of avoiding predation; Springett (1967)
has also studied the Arctic Tern on Inner Farne, particularly
in relation to chick mortality and he showed that the

corpses were an important source of food of the beetle

Necrophorus investigator Zett., the reproductive period

of the beetles coinciding with the pre~fledging period of
tge terns. Extensive studies on other Arctic Tern

colonies include those of Hawksley (1957), Pettingill (1939),
Bu;ton & Thurston (1959) and Belopd;kii (1957), while others
consider particular facets of the breeding 9f Arctic Terns
such as incubation period and egg size (Bent 1921),

clutch size (Suomailainen 1938, Gullestad & Norderhaug 1967)

and dimorphism of young (Bergman 1955).




Among comparative studies with other species
of terns are the general survey by Marples & Marples (1934)
and the more detailed studies by Ashmole (1961) on
Ascension Island and Lengham (1968) on Coquet Island,
Northumberland; Boecker (1967) made a comparative study
of the Arctic and the Common Tern, particularly in relation
to their feeding ecology;

It has been possible in the present work, which
was carried out between 1965 and 1968, to study the effect
of age on the breeding biology of the Arctic Tern by
trapping large numbers of adults that had been previously
ringed. An extensive ringing programme has been carried
out on Inner Farne since 1950 and some nestlings have
been ringed in most years before that; There was,
therefore, a population of breeding terns whose ages
could be determined from ringing details; The general
breeding biology of the terns was studied, particularly
in relation to different substrates on the island;

The effect o: age on the breeding biology was studied
in detail and an attempt made to assess the age structure
of the population and annual adult mortality by the

construction of a life table.

To some extent the work on the effect of age
was cut short in 1968 by an exceptional bloom of dino=-
flagellates, hereafter referred to as a red tide; vhich
gaused_the mortality of many sea birds onrthe Farne Islands,
particularly the Shags. The effects of this outbreak,

particularly in relation to the Shags, have been described




by Coulson et al (1968). Although only a relatively

small proportion of terns were found dead, the breeding

of the Arctic Terns in 1968 was comsiderably upset and

the reasons for this are discussed im Section &4,

Note :

1.

The species nomenclature for plants
mentioned in this thesis is from
Clapham et al (1962).

The species nomenclature for birds

is from Vaurie (1955);

The statistical analyses have been
based on Bailey (1959) and the following

symbols have been used ¢

d - a normal variable, with zero mean
and unit standard deviation (p;36);

t = the "Student's" statistic modified
for small samples (p;48);

All times of the day refer to B.S.T,




Study Area

The field work for this study was carried out
on the Farne Islands, 55° 35'N, 1o 35'W, (Grid reference

NU 2236) and almost emtirely on Imnner Farne which is

the easternmost island, about 11 miles from the nearest
point on the shore; The Farne Islands are the easterly
outcrop of the Whin Sill and show the characteristic
north-easterly dip, resulting in cliffs on the south

and southwest sides of the island which at their highest
point are about 60' above Ordnance Datum; Inner Farne
has an area of aboﬁt lé acres at low water and
approximately two thirds of the island then comsists of
bare rock or rock covered only by lichen; this is
mainly around the coastline, with the greatest extent

on the north-eastern side; Part of this area is
covered by sand forming St; Cuthbert's Cove; The remainder
of the island has a thin layer of soil and suppdrts a
mixed vegetation of flowering plants; The dominant

plants in the tern nesting areas are nettles (Urtica dié@a),

docks (Rumex obtusifolius and R,crispus), sea campion

(Silene maritima), hemlock (Conium maculatum),

ragwort (Senecio jacobaea) and thrift (Armeria maritima),

The Arctic Tern is the most abundant breeding
tern on the island (in 1967 the number of breeding pairs,
was estimated to be 2000), but the Common Tern (100 pairs

in 1967) and the Roseate Tern (Sterna dougallii)

(20-25 pairs in 1967) also breed regularly. The Arctic
Terns breed in the rocky areas around the NW and NE

sides of the island, including St. Cuthbert's Cove,



and also in parts of the vegetation, particularly near

the tower and in the area south of the cove; the Common

and Roseate Terns are mainly coanfined to the vegetation.

The extent of the areas used by all three specles is

indicated in the sketch map of Inner Farne in Figure 1;
The Arctic Tern nests were classified according

to the predominant ground cover at the nest site, rocks,

sand or vegetation, and the differences in the breeding

success of these areas were compared.  Rocky sites

were usually on a ﬁlat rock, often with a vertical face

on at least one side of the nest, although sometimes

the nest was in a gully, between two vertical faces

which were only a few inches apart; ?he nests in the

cove were on fine sand. In the vegetation areas the

height of the plants varied from a few inches in the

case of thrift up tomearly é feet in the case of hemlock;

| Apart from the comparison between the different

areas the main study was concentrated in the cove,

particularly the work om birds of kmown age; There

were three main reasons for using the cove extensively :-
(1) Continuous observation of the cove and

nearby areas was possible at any time from the top of

the derelict building, the Fishe»House; Here the

observer was hidden from the main path up from the

quay, and although some disturba;ce to the birds

was caused by boats landing at the quay bringing

day visitors to the island, this was only for a

short time each day; The visitors were not allowed

access to the nesting areas and were confined to the

main paths shown in Figure 1.
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(2) Colour-ringing was used to identify birds
of known age and it was easier to see the rings on a
bird walking over sand than one on rocks or vegetation.
In the same way it was found possible to read the ring
numbers on some birds using a zoom telescope
(magnification x15-%60) and this was much easier in
the cove, particularly as the pale sand reflected light
on to the ringsf

(3 Some re-trapping and colour-ringing of
terns in the cove had been undertaken by previous workers,
mainly Cullen from 1953 to 1955 and Springett from 1963
to 1965, and some of these colour-ringed birds were

still present,




Figure 1.

Sketch map of Inner Farne, to show the location

of the cove, rock, and vegetation study aﬁeas. The
Arctic Terns bred predominantly in the cove and rock
areas, and in the areas of vegetation indicated by A.
The main breeding areas of the €Common and Roseate Terns
in the vegetation are indicated by C and R respectively.
Buildings have been indicated in solid black, including
the lighthouse to the SW. of the island, and the fish

house (fh) near to the cove.
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8ECTION ONE - GENERAL BREEDING BIOLOGY OF ARCTIC TERNS

ON INNER FARNE

Methods

A sample of nests from each of the three main
nesting habitats, sand, rocks and vegetation, was
studied; This enabled comparisons to be drawn between
the effects of the different habitats on the various
facets of breeding; As many of the vegetation areas
had both Arctic and Common Terns in the same vicinity,
the observations on nests in vegetation were confined
to those areas used exclusively by Arctic Terns;

This avoided the chance of confusing the fwo species
but it reduced the number of vegetation nests which
could be studied and therefore this sample was usually
lower than those from the othef two main habitats;

Each nest was marked with a numbered metal
tag and.was visited at least once a day when a record
was made of its contents; In 1968 the number of nests
in the colony at any one time was lower than in other
years and it was possible to make twice-daily visits
to each nest; This was not attempted in 1966 and
1967 as the number of nests studied was much larger
and more time was spent in trapping adult birds at
the_nest;

The eggs were marked with a chinagraph pencil
to record the order in the clutch; The maximum length

and breadth of each egg was measured to O;lmm_ﬁﬁéqégf
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a Vernier caliper. A smaller sample of eggs was weighed
at the beginning of incubation and again just before
hatching; A sample of young was weighed shortly after
hatching and, particularly in 1966 and 1967, a large
number of young were weighed every day up to fledging;
These were identified by means of a serial numbered
metal B;T.O; ring put on a few days after hatching,

The young were carried to a torsion balance reading

to an accuracy of O;lg which was kept permanently in

a building sheltered from the wind; Some difficulty
was experienced in locating young birds more than two
weeks of age as by this stage they wandered considerably
from the nest site, particularly into dense vegetation;
The sample size for the growth rates of older chicks
was therefore reduced:

» Much of the observation was made from the
vantage point overlooking the cove that has already
been described; The quantity of experimental rather
than observational work was reduced because one was
not permitted to enter the nesting areas during the
major part of the day when visitors were present on

the island,

Return to the colony

Cullen (1956) has given the dates of first
sighting of Arctic or Common Terns near the Farne
Islands as 3 May in 1953, 7 May in 1954 and 29 April

in 1955, Detailed observations on the early arrival
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were not made in the present study, but single birds
were seen in the area of the Farnes from late April
onwards in each year; These birds stayed away from -
the breeding areas at first, spending their time at _
sea or on areas not normally used for nésting; as

the numbers of birds increased at the beginning of

May, a few birds came ;n to the breeding areas, but
these Qégﬁgcg§;3g§f;§gj:f_for part of the day and were
absent overnight; By the middle of May in 1966 and
1968 large numbers of birds were present in the colony,
but in 1967 the return to the breeding areas was delayed
by neérly a week, possibly by a long spell of very cold,
wet weather; At this time of the season, just prior
to the onset of laying, the terns were very restless
and 'panic' flights (Marples & Marples 1934) were
frequent. A The behaviour of the terns may have been
particularly influenced by the weather until very

large numbers of birds appeared when the number of
panic flights was reduced,'and as the birds settled

down to laying their behaviour became more independent

of the weather,

Display end nesting territories

When the terns arrived on the breeding areas
they very quickly established territories and began
to defend these; Springett (1957) suggested that
many birds defended a territory during“the earlyuphasé

of the return, which was different from the ultimate
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territory of the nest sitel Of the 35 colour-ringed
birds that he studied, 25 changed territories after

the initial return and laid their eggs in a different

area; For the Black-headed Gull, Larus ridibundus,
Tinbergen (1957) postulated that the function of a
display territory defended by the male was to ensure
the return of the female to the same site, and therefore
to the same male; This may have the importamnt function
of keeping the pair together before individual recognition
is possible, but it does not explain the advantage of
changing the territory defended since keeping the same
territory all the time could make the pair more familiar
with the area and so increase the advantages of having
a defended territory. Moore (1957) suggested that
these advantages included the prevention of interference
with sexual behaviour, the reduction‘of losses to
predators, and less time spent on intra-specific
aggression; Tinbergen (1957) further suggested that
‘site attachment was essential as it enabled a bird to
return regularly to its brood and, also, that knowing
one. area very well, the bird could go instantly into
cover at the approach of a predator; The latter is
inapplicable to adult terns but it is probably of
great importance to the chicks;

In 19é8 a study was made of the territories
taken up on initial arrival in the colony compared
with thg final nest site; A_serieg of short posts

were staked out in the cove, forming a grid where one
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side of each square was 2 metres long; The grid squares
were numbered on a plan of the cove, and the square to
which a colour-ringed bird returned initially, and the
area in which it was seen displaying, were recorded,
together with the area of the nest site. Of the /

23 colour-ringed birds under observation, 19 made

their initial return to the area in which they finally
pested and the majority of the display occurred less

than 4 metres from the final nest site; 0f the remaining
pairs, 2 nested eventually in vegetation and 2 nested very
close to a high bank; The display of these pairs took
place mainly at the shore line, usually below high tide
level when the tide was out; It may have been that
display at the nest site was difficult for these pairs
because of the nature of the terrain.

It seens 1i£ely therefore, that in 1968 at least,
the birdé returned directly to a particular area of the
colony and that most of their pre~laying behaviour took
place there,in what would be the ultimate nest site.

The only Sirds which did not display in the nesting area
were those which were hindered by vegetation or other
physical obstacles, and their display took place mainly
in the undefended area below high tide level when the
tide was out; The findings of Springgtt (1967) of a
change in territory are not in conflict with the

present observations since his results were obtained
from birds which were nesting out of the cove, ig areas
of dense vegetation where display at the nest was

physically difficult,
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Egg laying

Egg laying normally began a few days after the
ﬁain return to the breeding areas; The dates when the
first eggs were found in each year were 25 May in 1966,
21 May in 1967, and 23 May in 1968, and they correspond
closely with the overall mean date of 23 May which has
been reported by Springett (1967) for the occurrence of
the first egg over the period 1951 to 196#; | A more
precise comparison between the three years was made
by comparing the dates when 25%, 50%, and 75% of the
clutches had been started; The dafa for thé three
years are presented in Table 1 and show that there was
very little difference between the mean dates of the
commencement of clutches in the three years, although
1967 was slightly earlier than the other two; This
was also_reflected in the consideration of 25%, 50%,
and 75% of the clutches, the dates for these falueé

being consistently earlier in 1967 than in 1966 and

1968.
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Table 1, Dates when 25%, 50%, and 75% of the clutches
had been started and the overall mean dates

for 1966, 1967, and 1968

25% of 50% of 75% of

clutches clutches clutches No,of
Year started started started Mean clutches

(Median date)

1966 1 June 8 June 17 June 11 June 294
1967 31 May 5 June 12 June 8 June 271
1968 3 June 10 June 16 June 11 June 486

The percentages of clutches started for each
2 day interval for éach year are illustrated in Figure 2
which shows that the general pattern of laying was very
similar for l96g and 1967, with a sharp initial increase
in the number of clutches started every 2 days, followed
by a gradual tailing-off; There is some evidence of a
second, smaller peak in these years,which in at least
some cases was due to the laying of replacement clutches;
. In 1968, however, the rate of laying was slow between
29 May and 2 June, This was the main period of the
mortality of the adult terns after the red tide and,
at this time, many birds were absent from the colony
for most of the day until the numbers gradually increased,
with the main bulk returning on or after 4 June; These
birds spent a few days resuming their courtship and
mating, and began laying a few.days_after their return;

This surge of re-laying accounts for the sharp increase



Figure 2. Percentage of total clutches started for every

2 day interval in 1966, 1967 and 1968,







in the peréentage of clutches started between 8 June
and 12 June when 25% of the total number of clutches
were laid within a 5 day period,

After this the pattern of laying in 1968
was very similar to 1966 and 1967 and the 1até clutches
were again due to the re«laying of clufches destroyed
by "normal" mortality which occurred in all three years;

In 1967 a study was carried out to see if

there was any diurnal pattern in the time of egg laying.
This investigation lasted for 8 consecutive days from
28 May to 4 June; A total of 217 scrapes were each
given a large, numbered peg and although the majority
of these scrapes were empty, a few contained 1 egg;
The scrapes were visited every 2 hours throughout the
8 day period and any new eggs were recorded. In order
to minimise disturbance, the scrapes were selected from
a éoncentrated part of the colony, alongside a path:
It was thus possible to walk quickly along the path,
recording any new eggs without walking through the
nesting area; The numbers of all eggs laid in each
2 hour interval over the whole period are shown in
Table 2 and Figure 3 and as the total number of eggs
laid, 108, is s0 close to 100, the actual numbers
are presented in the figure, rather than percentages,

there being little difference between these two

paranmeters,
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Figure 3. Total numbers of eggs laid for each 2 hour period

of the day between 28 May and 4 June 1967,
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Table 2, Total numbers of eggs laid between 28 May and
4 June 1967 in each

2 hour period

Single egg Clutch of 2 Clutch of 2

Time clutch First egg Second egg Total
0100=0300 1 0 2 3
0301-0500 0 1 1 2
0501-0700 3 2 1 6
0701-0900 3 2 5 10
0901-1100 3 2 3 8
1101-1300 L b 3 11
1301-1500 0 2 b 6
1501-1700 2 4 8 14
1701-1900 17 3 8 28
1901-2100 6 4 1 11
2101-2300 3 3 1 7
2301-0100 o 0 0. 0

Total 42 27 37 106

In comparing the eggs laid during daylight
(OSOl-ZlOOhrs) with those laid during the night,it was found
that the mean numbers of eggs laid per two hours (: S;E.)
were 11;8 + 5,0 and 3.0 ¥ 2;9, respectively. These values
are significantly different, t = 3.02, df = 10, P'<0;02:
The higher number of eggs laid during the daylight period
was further concentrated into the last six hours, and 50%

of all the eggs were laid between 1501 and 2100,
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The distribution of the time intervals between
the laying of the first and second eggs of clutches of two is

given in Table 3.

Table 3., The distribution of the time intervals between the
laying of the first and second eggs of a clutch of

two in 1967

Time interval <10 10-19 20-29 30-39 40-49  50-59 6069 >69
(hours)

Number of
clutches 0 1 2 5 9 7 3 0

Total number of clutches = 27

The mean time interval (z S;E;) was 46;2 b4 4;6 hours,
s finding which shows close agreement with that of Palmer (194la)
who reported that the majorit& of the second eggs of the Common
Tern were laid within two days of the laying-of the first egg;
It is clear from Table 3 that the second egg may be laid within
the same 24 hour period; one egg Was leid 18 hours after the
first egg, or that it may be laid nearly 3 days later; the
three intervals greater than 59 hoursj%%?iiéO, 62, and 64 hours.
As the interval betweenAthe hatching of the eggs.was usually
less than two days,it is probable that incubation bggan
sometime after the laying of the first egg; This topic

will be considered in more detail later,
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Egg measurements

During the three years of the study the meximum
lengths and breadths of a large number of eggs were measured,
and from these measurements the shape indices, which compare
the relative proportions of the lengths and breadths of the
eggs and the volumes of the eggs, were calculated; The

shape index was calculated from the formula 3

Shape Index = Breadth x 100

Length
and the volume from the formula and method given by

Coulson (1963)

Volume = Breadth2 x Length x K

where K = 01000487 and the linear measurements are in mm
and the volume is in cc; |

A smaller number of eggs were weighed in addition
to being measured. The mean values for the lengths,
breadths, and calculated volumes‘for 1966, 1967, and 1968
are present;d in Table 4;

It is clear from Table 4 that there was no
consistent trend to produce greater lengths and breadths
in any one year; and from an inspection of the standard
error_values it can be seen that there was no significant
difference between the mean volumes of the eggs in the

three years.
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Table 4, Mean lengths, breadths, and volumes (2 2 standard

Year
1966
1967
1968

All

errors) for the eggs in each year

Length
40,35%, 24
40,13%,22
40,45t ,56

10,33%,12

Breadth
29.15%,11
29.00%,09
29.01%,09

29,01%.06

Volume
16.41%,20
16.23%,14
16,36%.13
16.332.09

No, in sample
194
246
380

820

The overall mean length of these eggs corresponds

closely to the value of 40,22mm which is given by Witherby

(1941) as the average value for 100 British eggs, but the

overall breadth is smaller than Witherby's average value

of 29.37mm for this dimension.

Both the mean length

and the mean breadth of the eggs measured on Inner Farne

are smaller than the averages of 43 ,0mm and 29.5mm

respectively, which are given for 123 eggs by Bent (1921).

There is no indication in either of these two sources of

the time of the season when the measurements were made,

and as the dimensions of the eggs were found to vary

during the season, it is possible that the discrepancies

between the quoted dimensions and those of the present

study may be accounted for by seasonal variation,

AMlternatively, geographical variation in egg size is

a possible source of difference, although there is

very little indication of variation in the size of the

adults,




23

The values for the overall shape index in
l9é6 and l9é7 were 72.35 and 72.36, indicating almost
identically shaped eggs. However, the mean shape
index for 1968 was 71;82, indicating longer, narrowver
shaped eggs, but this value is not significantly different
from the other two years;

The eggs from each year have been considered
in more detail according to the size of the clutch and
the order of laying, and Table 5 shows the mean lengths,
breadths, and volumes for three categories of eggs;
those from single egg clutches (Cl), first eggs from
clutches of two (C2/1), and second eggs from clutches
of 2 (C2/2) for each of the 3 years;

In 1966 and 1967, there was‘a tendency for the
first eggs of the clutches of two to be larger, both
longer and broader, than the single eggs; This trend
was reversed in 1968 when the single eggs tended to be
larger; Neither of these differenceslgigi_significant
and may have been due to the variation within the years'
samples; .

In all 3 years the second eggs of the clutches
o£ 2 were significantly smaller, in length, breadth, and
volume than either the single eggs or the first eggs
of the clutches of two; For the differences in length,
d=3‘.78 P<'.001, for the breadth, d=4‘.80 P<:001, and
for the volume, d=5.4k P<:;001; These differences
were alsq reflected in the shape indices; the mean

for all single eggs was 71.99, for first eggs of the
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Mean lengths, breadths, and volumes (% 2 standard

errors) for 3 different categories of eggs for

all 3 years (the total numbers of eggs measured

are shown in Table 6A only, in parenthesés)

A - Lengths (mm)

Egg category 1966

c1 40345, 32
(94)

c2/1 40, 74E 4l
(50)

c2/2 39,972, 54
(50)

B - Breadths (mm)

Egg category 1966
1 29.19%,14
c2/1 29.24%, 24
c2/2 28.97%.22

C - Volumes (cc)

. Egg category 1966
c1 16.51%.22
c2/1 16.74%.36
c2/2 15.90%.58

1967

40.30%, 32
(105)

10,43%,46
(70)

39.60%,32
(71)

1967
29.09%,16
29.17%.16

28.70%.17

1967
16.40%. 24
16.53%526
15.68%.26

1968

40.60%.22
(263)

40,30% .40
(69)

39.86%.50
(48)

1968
29.08%.11
29.03%.18

28.63%,22

1968
16.50%.16
16.31% .26

15,70%,36

All

l"Oo"’gtols
(462)

40,46%,26
(189)

39.78%,26
(169)

A1l
29,10%.08
29.14% .11

28.76%.12

A1l
16.48%.12
16.50%.16

15.75%,22

clutches of two it was 72.13, and for the second eggs of

the clutches of two it was 72.39.

The single eggs tended

to be long and narrow, the first eggs of the clutches of

two had a slightly broader shape, whereas the second eggs

had a rélatively shorter, broader shape than either of
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the othgr two groups; This is in contrast to Coulson's
findings (1963) for the Kittiwake where the last eggs '

laid in clutches of two and three were narrow and had

a lower shape index than the other eggs in the clutches;
However, as in the Arctic Tern, these last eggs had a
relatively lower volume than the other eggs laid,

This seems a typical feature of the Laridae; Paludan (1951)
found a reduction in the volume of the terminal eggs of the
Herring and Lesser Black-backed Gulls, Preston & Preston
(1953) found a similar reduction in the Laughing Gull,

Larus atricilla, as did Gemperle & Preston (1955) in

the Common Tern; Gemperle & Preston further suggested
that in 90% of the total clutches of three examined,

it was possible to pick out the terminal egg without
mggsurement by the differences in shape, but it was not
possible'in the present study to select the second egg
by eye as the differences in the clutches of two in the

Arctic Tern were not so great as those found in the’

clutches of three in the Common Tern.

Variation of egg size with season |

The breeding season was divided arbitrarily
into 5-day perlods and the 51zes of the eggs laid during
dlfferent perlods were compared for each year. Where
the samples for adjacent periods were both less than 20,
these were combined to give an average over a 10 or 15=day
period;' This occurred particularly towards the end of

the laying period. The variations in length; breadth;
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volume and shape index throughout each season are shown
in Figures 4=7 respectively and are considered in greater
detail below;

Length

There was very little general pattern in the
changés in the lengths of eggs during the season, and
while there was an increase towards the end of the
season in 19é7, this was entirely due to a group of
very late ciutches laid in an isolated area. The effect
of these clutches can be seen in Figure 8 which shows
some increase -in the standgrd deviation of the egg
lengths throughout the season in 1967, compared with
the fairly uniform values of standard deviation throughout
19g8; These late clutches in 1967 were laid on an area
of the rocks not normally used by the terns and many of
the eggs laid were significantly larger than those laid
in the rest of the colony at the same time. The laying
of these eggs was very well synchronised and may have
been due to a group of birds being disturbed from one
part of the coldny; All the eggs were laid on open
rocks and were preged upen within a few days of being
laid: No birds nested in the same area in 1968;

Efeadth

The general trend in all 3 years was a decline
in the breadth of the eggs during the season; the only
exception to this being the increase late in 1967
which was due to. the group of birds already mentioned.

The variation in the breadths of the eggs was much less



Figure L.,

Variation of mean egg length with season in

1966, 1967 and 1968.
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Figure 5., Variation of mean egg breadth with season in

1966, 1967 and 1968.
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Figure 6, Variation of mean egg volume with season in

1966, 1967 and 1968.



16°6

16-2

16-6

16-2

15.8

16°6

162

] \ 1966
) .\.
o \.
{ | | [ ] | | | [ |
_CC
1967
JARN
_ CC
| 1968
I \ -
‘~.. \\\\\\\.
i ] | 1 ] [ | | | I
25 y % 24 .




Figure 7. Variation of mean egg shape index with season in

1966, 1967 and 1968,
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Figure 8.

Variation of standard deviation of egg length

with season in 1967 and 1968,
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than that in the lengths, and in 1966 the fﬁll range
of the mean breadths lay between 29.1 and 29;2mm;

Volume

As the value of the breadths of the egg
was sqyared during the calculétion of the volume,
this has a greater influence on the volume than the
length; Accordingly it is not surprising to find
similar seasonal variation of the volume and of the
breadth; In 1966 there was a general declime in the
value of the volume throughout the season, and
similarly for 1967, apart from the upsurge late in the
season due to the group of late-nesters om the rocks,
The;e was very little variation in the volumes of the
eggs in 1968;

Al11 the initial eggs laid prior to 28 May
were very small; in 1966, four eggs laid during this
period had a mean volume of 15.20cc and in the same
period in 1967 the mean volume of eight Qggs was 15.72cc.

No eggs were laid during this period in 1968,

Shape»iﬁdex

In 19&6 the shape index was low initially,
indicating relatively long or narrow eggs, but was of
a high value later in the season, indicating broader
or_shorter eggs; As the breadth of the eggs showed
a slight decrease throughout 1966, the decrease in the
length_must have been greater in proportion to the
‘decrease in the breadth; In 1967 and 1968 the shape
indgx gradually declined tﬁroughout the season as the
eges acquired a longer, narrower shape; This was due

more to a decrease in breadth rather than to an

increase in length.

a7
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All these trends are rather similar but less
marked than those found in the Kittiwake by Coulson (1963)
where there was a progressive decrease of the length and
shape index throughout the season, an initial increase |
in volume and length until the middle of the laying
season, followed by a rapid decrease im volume and a
smaller decrease in length with a suggestion of an
increase at the end of the season; Coulson suggested
that these trends were partly the result of older females
breeding early, but this was unlikely to be the case in
the terns as the laying of the birds of all ages was
fairly well synchronised and the largest eggs occurred
in the middle-aged group rather than in the oldest birds.
The effects of age on the time of laying and the size of
the eggs are dealt with in more detail in Section 3,
In a later paper Coulson et al (1969) showed that for the
Shag, within_an age class, the early breeding birds }aid

larger eggs than the late breeders,

Clutch size

In many cases it was impossible to determine
the size of the full clutch as predation took place
shortly after the laying of the first egg. These
clutches were therefore discounted and only those nests
which contained the same total number of eggs for 3
consecutive days were included in this analysis;

The mean clutch sizes for the 3 years are givea in

Table 6 .



Table 6, The numbers and percentages of ome, two, and

three egg clutches together with the mean

clutch size (¥ 2 standard errors)

Number(& percentage) of

Total Mean clutch
Year Cl ce C3 clutches size
1966  99(34.0%) 192(66.04) O 291 1.66%0.06
1967  146(34.0%) 275(64.1%) 8(1.9%) 429  1.68%0.05
1968  194(57.9%) 140(41.8%) 1(0.3%) 335 1.42%0.06

The mean c;utch sizes, particularly from the '"normal" years
qf 1965 and 1967 are in close agreement with Cullen's
comments in Bannerman (1959) stating that clutches of

one and two predominate with an average clutch size of

1;5 - 2;0 which varies from year to year; In other
regions the clutch size may be quite different,

Gullestad (1967), studying two extreme localities in

West Spitsbergen, found that 2=-egg clutches were more
common (69;1%) in the south western locality than in

the northern area (57;1%) which had a different climate
with later melting of ice and snow, Table 7 gives the
clutch size quoted by various authors in different regions;
Manj of these figures are based on spot checks and may
therefore be rather low, Springett (1967) found from

a close study of 50 nests, each of which originally had
tQO'eggs, giving a clutch size of 2;0, that the mean
clutch size was reduced to l;# due to egg losses during

incubation,
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Table ?; Mean clutch size of the Arctic Term in
different regions

Clutch ; Year of
size Sample Locality Latitude Authority observation
1.4 100 Machias Seal Island 45°N  Pettingill 1939

_ Canada (1939)
1.195 130 n " 4°N  Hawksley (1957) 1947
1;73 125 " " 45°N " 1948
1;62 208 Wangeroog 53 47'N Boecker (1967) 1962

Germany

2;23 210 " " " 1963
2,01 172 " " " 1964
1;70 209 Ravenglass,England 54 N  Bickerton(1909) 1964
1.92 82 Norderoog,Germany 55°N Dircksen(1932) 1932
1.88 92 British Isles 55°N  Marples &

B _ Marples (1934) 1934
1.86 55 Coquet Island, 55" 20'N Langham (1968) 1965
1.80 45 Engjheand no " 1966
1.81 82 " " 1967
1;69 92 Farne Islands 55°4LO'N Cullen (1957) 1954
1;76 2 "England 0w " 1954
1,91 90 " | " " 1955
1,94 49 u " n 1955
1;87 1116 " " Springett(1967) 1961
1;61 699 L " " 1962
1.75 864 " " " 1963
1.76 868 " " " 1964
1;66 291 " oo (pers,obs.) 1966
1.68 429 " L n 1967
142 335 " " " 1968
2}00 45 S,E.Alaska 60°N Williams(1947) 1947
1,70 279 Greenland 62°N  Exlund (1944) 1944
2;12 60 TFinnish coast 63°N Suomalainen

. . (1938) 1938
1,80 127 Canada 64 N Sutton (1932) 1932
2,01 82 U.S.S.R. 73°N  Belopolskii(19611961
1469 55 Spitabersen N Gullestad & 19673 %

1157 by " " "o 1965



The difference between the clutch size for 1967
and 1968 is a significant ome (d = 5.66 P<0.001) and
may again be explained by the effects of the red tide,
Many birds may have started laying before the main
dispersal from the colony due to the red tide but may
not have completed these initial c¢lutches and the eggs
were_preyed upon during the birds'vabsence; When they
later returned to the colony and fe-laid, the replacement
clutches were smaller with a high preponderance of clutches
of one; This is shown later in this section to be typical
of replacement clutches in a normal year and accounts for
the low clutch size in 1968;

The changes in clutch size throughout the season
were examined in all years and the results are shown in
Figure 9; where in 1966 and 1967 there is a slight
increase in clutch size from the beginning of the season
until, after reaching a peak with a mean clutch size of
1;77 in 1966 and 1;79 in 1967, the proportion of 2-egg
clutches declined, reducing the mean clutch size although
this effect was delayed in 1967: In 1968, the clutch
size fell during thevearly part of the season when the
main effects of the red tide were seen, After the main
mortality of terns, the mean clutch size rose sharply to
a peak of 1;58 and then steadily declined during the
regt of the season until early July when all the clutches
were of single eggs.,

During thg main period of the red tide some birds
did lay but they produced omly small clutches; The

reasons for this are not obvious, but presumably the
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Figure 9.

Variation of mean clutch size with season in

1966, 1967 and 1968,
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phenomenon may have had a general depressant effect on
the breeding of the colony, possibly by affecting its
food supply although there is no direct evidence for
thisf

Incubation Period

The incubation period may be defined as the
time between the onset of continuous incubation of the
egg and the hatching of that egg. The onset of continuous
incubation was difficult to determine and it was often
found that birds which had apparently started incubating
would leave the clutch for periods of varying length.

It was usually possible to distinguish these clutches
by estimating the temperature of the eggs by hand.

Eggs which were being continuously imcubated felt very
warm and retained most of that heat during the period
of the routine, twice-daily, round. These eggs were
put into the category of 'warnm', Other eggs, where
the adults were presumabl& only incubating at irregular
intervals and which did not feel warm, were put into a
fcold! category; In most cases these two categories
éf coﬁtinuous and intermittent incubation were confirmed
by observation;

On the basis of this information it was found
that incubation of a single egg may not begin until one
or even two days after laying, which is in general
agreement with Cullen (in Bannerman 1959) who stated
that incubation began with the first egg but was less

continuous than later. Hawksley (1957) also found
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that in some cases incubation began before the clutch was
complete; Of the 32 clutches of two that were examined
in the present study, 10 birds (31% of the clutches)

"began incubating on the same day that the first egg was
laid and 19 birds (59% of the clutches) delayed incubation
until the second egg was laid, In three cases, (9% of the
clutches) incubation began on the day between the laying
of the first and second eggs. The mean incubgtion periods
for single eggs, and the first and second eggs of a clutch

of two, are given in Table 8.

Table 8, The mean incubation periods for single eggs,
and first and second eggs of a clutch of two,

together with the overall mean incubation period

Mean incubation period Number of
Egg category (days ¥ 2 stan.errors) clutches
Clutch of 1 - 22,39 L o.,72 19
Clutch of 2 . +
first egg 22,09 =~ O 44 32
Clutch of 2 .
second egg 21,87 = 0,52 32
All eggs 22,07 ¥ 0,32 83

It is clear that there is no significant
difference between the incubation periods of any of the
three egg categories; Belopofskii (1961) found that
the average period from the laying of the second egg,
which he considered to be the true onset of incubation,
to the time the nestlings hatched, was 20;2 days for the

first chick, 21.3 days for the second, and 20.5 days for

33
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the third, with the maximum time between 20 and 22 days;
‘This apparently shortef incubation time is due to Belopol%kii
calculating from the laying of the second egg, and not, as in
the present study, from an estimated time of the onset of
incubation which in 13 out of 32 clutches was before the

second egg was laid,

Role of the sexes in incubation

A continuous watch over a number of days was
mainfained on a selection of nest sites in order to determine
(a) the length of time each bird spent at the nest, and
(b) whether there was any difference between the sexes in
the length of time spent incubating the eggs. This was
possible. enly ' on colour-ringed birds where the sex was
known, and therefore any detailed analysis of the results
is impossiblg due to the small sample. In 1967, the sex
of the incubating bird was found by the observation of
colour-rings- on 31 occasions, and in.1968, on 34 occasions,
and out of this total of 55 observations, the male was found
incubating on 30 (46%) occasions, and the female on 35 (54%)
§ccasions; These figures suggest that both parents may
share the role of incubation equally and are in agreement
with the findings of Dirksen (1932) and Bent (1921).

In contrast Palmer (194la) has reported that females of
" the Common Tern do 75% of the incubation and Schonert (1961)
has sugggsted that the males of the Little Tern, Stefﬁa

albifrons, do no incubating, but bring food for the

incubating female,



Hatchiggrsuccess

The hatching success for the three years has
been determined by calculating the number of eggs which
produced live young as a percentage of the total number

of eggs laid, These values are shown in Table 9,

Table 9; Hatching success for 1966, 1967, and 1968

Total number Number of Hatching
Year of eggs young hatched success
1966 322 143 L4 49
1967 508 239 47.0%
1968 659 103 15.6%

The results from the first two years were very similar
but there is a significant difference between the success
of the 1967 and the 1968 eggs (d=ll;67 I”‘O;OOI);

The reasons for the low hatching success in 1968 were
probably related to the red tide and are discussed more
fully in Section 4;

The main reason for hatching failure was
predatiqn of the eggs by Starlings; This phenomenon was
first noted by Springett (pers;comm.) in 1963 and seems
to be peculiar to Inner Farne; No reference to its
occurrence can be found in any other colony although
predation by other species, particularly by gulls of

various species, is well documented (Cullen 1960).
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A few, usually four or five, pairs of Starlings
bred on Inner Farne each year, and these resident birds
appeared to constitute the main predators; They were
observed flying between nest hole and the tern colony
with beaks stained with yolk on a large number of occasions.
Small flocks of Starlings occasionally appeared on the island,
presumably from the mainland, but these were never observed
systematically searching for eggs although they may have
taken any eggs discovered accidentally; It seems therefore
that this habit of egg predation by Starlings has been
acquired on Inner Farne and is confined to the breeding
population there;

Although ‘Arctic Terns viciously attacked most
intruders entering the colony, even harmless ones like

rabbits, Oryctolagus cuniculus (L.,) -and Eiders, Somateria

mollissima, they were less aggressive towards the Starlings,
This may be connected with the size and colour of the

Starlings, They resemble, in gross appearance, the

Rock Pipits, An£hus spiﬁole#ta pé?;osus, which also enter
the colony unmolested; Terns seem to react more strongly
to larger birds, particularly to light coloured plumages,
and their behaviour is, for instance, completely upset by
the appearance in the colony of a wandering racing pigeon,
which they will mob for hours on end, often leaving clutches
unguarded. |

The Starlings which had developed the habit of
predation were very thorough in their search for eggs;

One method of searching was to fly low over the colony
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and dart straight to an unguarded nest as soon as this was
observed; The eggs were broken immediately by one sharp
blow with the bill, usually cracking the egg into two pieces.
The second method they used particularly when most of the
terns had left their eggs during a panic flight. As soén
as the terns left the colony on their outward flight, a
Starling landed in the nesting area, running quickly
through it, darting to either side in its search for eggs.
On a few occasions, when Starlings were searching the ground
like this, they preyed upon more than one clutch, taking a
small amount from each egg.

Starlings sometimes remained at the site of
prédation for a minute or two, feeding on the egg contents,
but they usually left the site fairly quickly, presumably
carrying some of the egg contents inside -the bill, or
perhaps to be later regurgitated if feeding young;

They were never observed to carry away the shell with

or without any egg'contents in it; Sometimes when preying
wpon a clutch of two eggs Starlings were seen to break both
eggs although they only fed from one; They were never
seen to return to a clutech to feed on the egg contents

on a second occasion;

It was not always possible to determine whether
or not an egg of a clutch had been preyed upon; 4When
éredation was observed in the ﬁove area,it was sometimes
impossible to find any trace of the clutch within two hours
of the time of predation. It is possible that some clutches

in the study area were started and preyed upon within a
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few hours of the first egg being laid and as these clutches
would be missed by the twice daily round, the true level of
predation may have been even higher than estimated:' Any‘
eggs which disappeared were assumed to have been preyed
upon as this, from direct observation of other clutches,
was the most likely explanation, On this basis, in 1967,
predation accounted for 85% and in 1968 89% of the total
ege loséf

Predation was more likely to occur early in
the incubation period than later, and Table 10 shows the
number of eggs which were preyed upon, expressed as a
percentage of the total number of eggs at risk at that

time, for three periods of the incubation time in 1968.

Table 10, Percentage predation during three periods of

incubation ih 1968 based on 335 clutches

Percentage Significance
predation of the
Period of incubation per day difference
Less than 2 days after laying 8.7 ) .
d= 3,76 P <0,001
2 = 12 days after laying S.h .
- d=2.5ll- P<0002
More than 12 days after laying 3.8

There is a significant difference between the percentage of
predation in each of the three periods; It is likely that
the initial higher level of predation may be explained by
the low frequency of incubation, particularly of 2-egg

«

clutches, between the laying of the first and second eggs.




Birds which had been incubating for a few days were less
likely to be disturbed than those which were only just
starting incubation and their eggs would be less likely
to be left exposed to predation,

The other main causes of egg loss were desertion
and flooding of nests by high spring tides which, in 1967,
accounted for 4;8% and 1;9% of the total egg loss
respectively; A few eggs survived the incubation périod
and started to hatch, but the chik _ died during hatching.
This often seemed to be due to a very thick shell membrane

which the embryo found impossible to tear open. A very

. small number ofzéégpi;ﬂeA.*b Rgﬁj:rfj:::iess than 0,5%,

but the reasons for '4¥d3

___are not knownj; the

eggs were incubated apparently normally but failed to hatch,
of failure. 4o hatcdh

e

This was a much lower:f— ‘ .rate,than the 5% observed

by Pettingill (1939) and the 10% by Hawksley (1950).
It is possible that a much larger proportion of the eggs

or addled
were infertileA but that they were preyed upon before
incubation was‘completed;

In 1967 an attempf was made to see if human
disturbance to the birds increased the chances of predation,
It was thoqght that while the birds left the eggs to attack
. humans near the colony’the Starlings would find it easier
.to prey upon these nests than any further away from
disturbance;

Two strips of vegetation, 50 x 15 metres, were

selected which were as alike as possible, apart from their

proximity td the paths used by the general public,




Strip A ran parallel to a well-used public path and the
birds, on a busy day, suffered disturbance from between
100 to 200 people passing in an afternoon, Strip B

ran parallel and adjacent to the first strip but further
away from the path; A total of 94 nests in Strip A and
51 in Strip B were found and examined daily and their nest
contents recorded.

The mean clutch size for the disturbed aresa,
based on this daily nest round, was 1.38, and for the
undisturbed area the mean clutch size was 1.71. The
difference is probably accounted for by the fact that
many of the nests in thep disturbed area were preyed upon
before completion; The mean hatching success for Strip A
was 30% and for Strip B 58%. There is a significant
difference between these (d=3;96 P<£0,001) which may be
accounted for by the differences in disturbance.
Starlingss had a much greater chance to prey upon eggs in
Strip A while the adults were away from the nest attacking
people on the neighbouring path, while Strip B, being
further away from the public path, most likely suffered

less disturbance.

Re-laying

If the first clutch laid by a pair in the season
was preyed upon, then they sometimes laid a replacement
clutch, This was usually laid in the same area as the

initial clutch and occasionally in the same site, It

onl
" ", possible to determine if re-laying occurredpain

was,

t

colour-ringed birds which nested in the cove., Of 55 pairs

o
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which lost their first clutches, 22 pairs (40%) re-laid,
and four pairs (7%) laid a second replacement clutch.
The first replacement clutches were mainly single eggs, ,
and all the second replacements were single eggs while
none of these re-layings resulted in the production of
young; Springett (1967) suggested that there was a
correlation between the length of time incubation had
proceeded and the time interval before re-laying took
place; No evidence for or against this was found in
the present study but the observations were mainly based
on re-layings in 1968 when the breeding of the birds was

upset,

Weight of Eggs

A number of eggs were weighed and measured
at the onset of incubation and their weights and
calculated volumes have been compared and found to
be very closely related, The mean values for each
category of egg and the values of the correlation
coefficient (r), an& the regression of volume on

weight, are given in Table 11,

In addition to the close relationship between

the weight and the volume of the egg, there was also a high
correlation (r = +0;83) between the weight of the egg and

the weight of the young on hatching, with the regression

of the latter on the former being y = 0;49 + 0;75 x (Figure 10),
- The mean weight of the fresh eggs was 16.8g and the mean weight
of the newly hatched young was 13;1; This latter value was

12.2% of the mean adult weight and is identicalwith the

o




Figure 10,

Comparison of the weights of eggs at the onset
of incubation with weights of corresponding
chicks within 6 hours of hatching.,  The
regression equation is y = 0.49 + 0.75%

and the value of the correlation coefficient

r = 4+ 00830
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Table ll; The mean weights and volumes of eggs in each category
together with the number in each sample (n), the
correlation coefficient (r), and the regression

equation of volume on weight

Egg Mean Mean
category weight ~volume n r Regression equation
(g) (cc)
Cl 17.0 18.0 37 +0.83 y = 2'.57 + 0;91 x
c2/1 17.0 18,0 13  +0.95 y = 2,52 + 0.91 x
c2/2 15,7 16,6 8  40.93 y = 2.87 + 0.88 x
411 eggs 16.8 17;8 58 +0;87 y = 2;71 + 0;90 x

. .percentage given by Belopolskii (1961), although he
quotes a mean egg weight, based on 11 measurements, that
is higher (17;8g)'and a mean weight of newly hatched young
that is lower (10.6g), than have been found in the present
‘study;

Weighing the eggs was a rather lengthy process
and involved carrying them from the colony to a positien
where the balance was sheltered from the wind; It caused
considerably less disturbance to measure a large number of
eggs and from these measureﬁents to calculate the volume,
than it did to weigh the same number of eggs. As it has
%een shown that the volume and the weight of the egg are
cldsely correlated, the volume of the eggs rather than the
weight has been considered in relatiom to chick survival;
In 1967 the volumes of a number of eggs in the different

categories were obtained and the progress of the chicks
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which hatched from them was followed, In Table 12 the
volumes of the eggs which produced fledged young have

been compared with those that produced young which died,

Table 12. The volumes of the eggs, in 1967, which produced
fledged young, compared with those producing young

which died, The sample sizes are given in parentheses,

. Mean volume (cc) of eggs Mean volume (cc) of eggs
Egg where young survived where young died
category + 2.8.E, + 2 S.E,
c1 16.39 % 0.60  (16) 17.31 % 0,66  (3)
c2/1 16.37 £ 0,50  (15) 17.19 £ 4.4 (4)
c2/2 16.23 £ 0,72 (8) 15.89 I 0.04 (15)
A1l eggs  16.30 X 0.36  (39) 16.22 £ 0,82 (22)

There was no evidence of any difference between the
size of the eggs prpducing young that survived and those
producing young which eventually died, in either the single
egg clutches or in the first egg of the clutches of two.
However, in the second egg of the clutches of two,there
was some evidence that the young hatching from larger eggs
were more likely to survive than those hatching from smaller
eggs, although the differences in egg size were not significant;
The table has included all chick mortality regardless of the
age at which this occurred, although it is unlikely that

the hatching size of qkhick has any effect on its survival
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after the first few days., However, before this time, the
mortality of the chicks is heavy and the size of a chick
on hatching may be a critical factor in its survival,

particularly in a brood of two where the newly-hatched

second chick has to compete with its elder sibling.
This first chick may be up to a day older and will also
have hatched from a larger egg, giving it a larger size

before it started feeding,

The weights of the young on hatching

The distribution of the weights of the young
within six hours of hatching, and before they received

their first food, is shown in Table 13,

Table 13, The weights of the young within six hours of

hatching
Weight 4.10;1 10,1-11,0 11,1-12,0 12.1=-13,0
(g)
Number of '
young 0 1 6 3
Weight 13.1-14,0 14.1-15.0  15.1~16.0 >16.0
(g)
Number of
young 7 2 b 0

Total number of young = 23

Mean weight (2S.E,) = 13.1 = 0.6 g

The mean weight of the chicks hatching from
single egg clutches was 13.5g, from the first egg of clutches

of two, 13.1g and from the second egg of a clutch of two,




12:83, but as these values are based on samples of 8,

8, and 7, respectively, no statistical significance can

be attached to the differences between them; However,

it seems clear that the second chicks of a brood of two

are lighter in weight than their elder siblings, and this,

in conjuﬁction with the difference in the time of hatching

that is considergd later, may have a considerable effect on

the relative survival of thg two categories of chick,

Interval in hatching between the first and second eggs

In 1968 the hatching time of a number of eggs
was recorded to the nearesf 12 hours and the distridbution

of the time intervals is shown in Table 1i4,

Table 14, Time intervals between the hatching of the

first and second eggs in a clutch of two

Time interval <Z12 12-24 24=36 3648 4860 6072
(hours)

Number of
clutches 2 10 7 3, 1 2
Total number of clutches = 25

Mean time interval (% S.E,) = 286 % 64 hours

-On averdge, the second chick hatched just over
one day later than the first chick and at a weight
approximately O;Sg lighter; Some second chicks hatched
on the same day as the first chicks, but in two cases
they hatched nearly 3 days later; In 12 cases, both
chicks hatched within the same 24 hour period and from

this group,one of the first chicks died (8%) and three

45
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of ‘the SQcéﬁd chicks (25%). There were 6 cases when the interval
between hatching was greéter than 36 hours and one of these first
chicks died (17%) but five of the second chicks (83%). Although
the numbers:weré small, they showed a tendency towards a higher
survival rate for those seceond chicks which hatched within the
.same 24 hour period as the first chicks compared with those
which hatched after an interval of more than 36 hours of the

first chick hatching., As the inférval between hatching of

the eggs showed a cloée relationship with the laying interval,
it was an advantage for the survival of the second chick for

the two eggs to be laid witﬂin a short time interval or for full
incubatien to be delayed until the laying of the second egg.
It has been shown already that there was a tendency for incubation
to be delayed until after thé laying of the second egg; 59%
delayed incubation until after the second egg had been laid;
9% begen.incubating on the day between the laying of the two
eégs and only 31% began incubating on the day the first egg

was laid,

Growth rates of young

In 1965, 1966 and 1967, & large sample of young were

weighed at the same time each day, from a few days after hatching
onwards, After the young had reached 2-3 weeks, difficulty was
experienced in finding them at a regular time each day, as they
could then wander considerable distances from the original nest
lsite. The mean growth rate for the young was calculated for

each year for the first three weeks of life, and as the differences
between the years were very slight, only the growth curve for 1967

is shown in Figure 11. After initial small increases, there was

S



Figure 11, Mean growth curve of chicks up to 20 days
old * 2 standard errors, in 1967. Day O
is the day of hatching., The sample size

is always greater than 30,
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a constant daily increase in weight from the third to the
fourteenth day which in 1967 was 6.8g. After this time chicks
had reached adult weight and showed large fluctuations in their
daily weights, probably due to differing amounts of exercise

- and irregular feeding,

The grqwth rates of chicks which had come from different
brood sizes have been compared by placing them into four categories;
single-brooded, first chick of a brood of two where both survived,
second chick of a brood of two where both survived, and the
surviving chick of a brood of two where one died, The mean
growth rates for chicks from each of these four categories in
1967 are shown in Figure 12, Although the rate of increase for
each of the four categories was very similar, there is a significant
difference between the mean weights at each age for first and second
chicks of a brood of two where both young survived, The second
chick was always’significantly smaller than the first at any given
age'(f = 7.60 af = 16 P<0.001). This was approximately equal
to one day's delay in development but after this delay there was
no difference in the development rate,

The growth curves of single chicks and the surviving
young of a brood of two where one young died were very similar
but both these categories of chicks attained a smaller average

weight at any age than the first chick of a brood of two,

where both young survived.

Studies on.the feeding of the young

In 1967 observations were made on a total of
1k colour-ringed young in the cove. The time when each young

was fed was recorded, together with an estimate of the type and

sige of the fish, All the food brought in during this time



Figure 12a Mean growth curves of 2 categories of chicks
in 1967
1) Brood of one from clutch of one

2) Brood of one from clutch of two
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Figure 12b Mean growth curves of 2 further categorieé
of chicks
3) Brood of two, first chick

4) Brood of two, second chick



[ welg)
| .
100}

60f //:;

% S/

20F ("

Age (days)



consisted of sand eels (Ammodytes spp.) although at other tiges
Clupeids and.Euphausfﬁs were eaten. The numbers of fish supplied
to the 14 young under observation at different times of the day
are illustrated-in Figure 13 and show an intensive period of
fishing activity in the late evening which has also been noted
from casual observation on other days., It is unlikely that
any fishing occurs during the hours of darkness, although on a
clear night, particularly in late June and early July, the actual
period of darkness could be of less than four hours duration and
some fishing may oecasionally have commenced before OLOO hours.
The average number of feeds to the young over the whole
ol, hour period was 0,67 feeds per hour. Over the main period
when the chicks were fed, during the hours of daylight (0400-2100),
this produced an average of 11.k feeds per chick per day. The

feeding has been considered in more detail in relation to age in

Table 15,

Table 15. The mean number of feeds per hour over a 24 hour period
together with the mean length of the fish supplied to

chicks of different ages

Mean number of feeds Mean length of No.of young

Age of chick per hour fish (inches) under

: - observation
Less than 1 week ) 0.45 2.2 L
1 to 2 weeks 0.7k 2.3 5
More than 2 weeks 0.61 | 2.5 5
Mean and Total 0.67 2.4 1




Figure 13,

The numbers of fish supplied to 14 chicks
in every two hour period of the day.
Data from two days' observations in the

cove, in June 1967,
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These results may be interpreted with reference to the
growth curve, from which the average growth rate for chicks of
less than a week old was calculated as 5.25g per day, and that
for chicks between one and two weeks old 6,06g per day, After
two weeks the chicks showed considerable fluctuations in weight and
meny were the same weight as the adults. The size of the fish
brought to the chicks showed a tendency to increase with the age
_of the chicks, but during the period of maximum growth it was
the number of feeds which was increased to provide the necessary
food for the young and the slight increase in fish size was
probably less important.

The lengths of the fish were estimated to the nearest
half inch as they were brought in by the adult birds and when
any of the fish were dropped they were collected and measured,
Tn all cases where this occurred,the original estimate of the
size of the fish was correct to the nearest half inch. The
mean length of fish brought to the young during the period of
observation was 2.4ins (6.lcm). ‘

In addition to measuring their lengths, the dropped
Pish were also weighed whilst they were still fresh, This
'gave an estimate of the weight of a known length of fish and
from this the average weight of fish taken per day by chicks

of all ages was found to be 26.68.

ﬁearing chicks in the laboratory

In 1967 an attempt was made to rear chicks in the
laboratory for a comparison of the weight of food taken per .
day with their growth rates. A total of seven chicks of

various ages were removed under licence at the end of the season.
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The chicks were divided into two groups for the analysis of data;
fourlyounger chicks with initial weights of 27.0, 27.0, 35.2, and
35.5g, and three older chicks whose initial weights were 84.5,
86.0, and 98.3g.

The chicks were fed every 1-2 hours between 0700 and
2300 each day on pieces of raw herring cut from the whole fish,
and of a size approximating to that of the average sand eel.

The fish pieces were offered to the chicks with a pair of forceps
and at first the smaller chicks begged and took food from the
forceps., The older chicks and, after a few days, the younger
ones too would not take food in this way and were force-fed,
Sometimes they regurgitated the food after feeding but usually
accepted it when it was fed to them a second time. A model
cardboard head and a stuffed head of an adult tern were both
used in conjunction with the forceps in an attempt to provide
the necessary stimulation for begging. These had limited
success with the smaller chicks at first but provoked no
reaction after a few days; the older chicks hardly responded
. to thgm at all,

The chicks were kept in an open tray of sand with a
wire-netting guard round the edge. They were provided with
water but took little interest in this, At first they seemed
to suffer from cold, particularly the smaller chicks which
probably missed the warming effect of a brooding adult, and
an infra-red lamp was set up over the tray to raise the
temperature., This was apparently successful in providing
conditions close to those which preveiled in the cove on a
hot day when the temperature iﬁ the sheltered areas reached

25-30°C'and the parents spent very little time brooding.
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All the food which was given to the chicks was weighed
and they were weighed before and after feeding to obtain an
accurate measure of the weight of food they had ingested.

The total amount of food taken in 24 hours was calculated
together with the net change in weight of the chick over the
same period. The mean net weight changes for different

weights of food teken in are shown in Table 16 and Figure 1lk.

Table 16, The mean changes in weight (g/daj) in relation to
the different weights of fish ingested (g/day) for
the two groups of chicks in the laboratory. The
number of occasions that food within any weight

range was ingested is shown in parentheses.,

Younger, lighter chicks Older, heavier chicks

Range of food Mean food Mean weight Mean food Mean weight
weights (g/day) intake change intake change

0-5" 2.5 (3) -2.1 . .

5-10 8.4 (15) -1.2 .. .

10 - 15 12,2 (14) #1.2 13.8 (5) “b

15 - 20 17.9  (5) +3.3 . ..

20 - 25 21,5 (5) +4.8 21.6 (1) “k5

25 - 30 26,0 (&) +7.0 . .

30 - 35 . . 32.8 (&) -2,2.

35 - U0 .o . .o .

40 - L5 . . 42,3 (2) +7.0

L5 - 50 .o . 46.8 (2) +12.3

The amount of fish that any one chick could be induced to

ingést permanently has been divided into a series of weight ranges
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that are indicated in the table, and within each range the mean
weight of fish ingested per day is given, together with the
resulting mean change in weight over the same period, and the

number of occasions that this happened., This number of occasions
that a chiek consumed food within a given weight range was determined
entirely by how much the chicks would ingest, though it is clear that
the larger group of chicks tended to consume proportionately more
food per day.

Of the three larger chicks, two showed little overall
weight increase, and although the third gained 25.0g in three days,
it died the following day. These chicks have therefore been
considered separately in Table 16 and Figure 14, and none of them
survived for long; two died on fhe 7th day after collection, and
the third after 10 days. The direct cause of death was probably
starvation as all the birds were very thin when they died, and
weighed respectively 108.0g, 86.6g, and 76.3g; the latter two
weights were 20-30g less than the average weights for 3-4 week
old chicks that have been reported earlier. It was likely that
although adequate food was available, they lacked the necessary
stimulation to beg for food or to accept it. It seemed unlikely
that herrings lack any essential food items which are possessed
by sand eels, as herrings have been used successfully in the
laboratory in the rearing of Shag and Kittiwake chicks (Brazendale
pers.comm.), both of which are normally fed on sand eels on the
Farne Islands.

The four smaller chicks survived for longer, two for
11 days and two for 15 days, and they showed some weight increases

during this time, These increases were at a very low rate, on




Figure 14k. The relationship between the mean food intake
(g/day) in the laboratory, and the resulting
mean change in weight (g/day) for two groups
of chicks :

A Four young, small chicks all weighing less
than 4Og initially
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average less than 1g per day, as opposed to 6-7g per day for
chicks of the same age in the wild. They were offered food

as frequently as in the wild, 10-11 times a day, and although
at first they begged for this, they were easily satisfied and
accepted less than 15g of fish a day, rejecting more when this
was offered to them, although this amount was inadequate to
sustain normal growth., The only way their daily intake could
be increased was by force-feeding and this was resorted to after
the first few days of feeding.

The weight changes for the older chicks were rather
erratic, but they showed that the chicks were capable of consuming
very large amounts of food in one day, often over 50% of the weight
of the chick, and that this could result in a very lérge net weight |
increase, The largest recorded increase was 18.3g after consuming
L46,1g of fish. Some of the younger chicks also regularly ingested
over 50% of their own weight in fish in a day. The maximum
recordea was a chick weighing 34.lg which ingested 27.8g of fish,

81.5% of its own weight, producing a net weight increase over
2L héurs of 7.0g.
| 'It is clear from Figure 14 that both groups show a
reasonably linear relationship between mean food intake per day
and mean weight change per day., The correlation coefficients
for the two groups are : young, r = +0.93 and old, r = +0.71,
both of which are significantly different from zero., The egquations
of the two regression lines are, y = =4.22 + 0.42 x, for the young
group and y = -11.49 ; 0.42 x for the older group. The identical
slopes indicate that the Same amount of fish produces the same |
change in weight in the two groups, although the different ;

intercepts on the horizontal axis indicate that, while the younger

.
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chicks required qnly 10g of fish to produce no change in the weight,
the older gfoup required slightly more than 27g to produce the same
effect.

From the earlier section on the measurements of daily
growth rates of chicks in the field,it was shown that the mean
daily growth rate in 1967 was 6.8g and it was estimated that a
chick was supplied with approximately 26.6g of fish each day.

From the graph of the young chicks fed in the laboratory, it was
found that to maintain a growth rate of 6.8g per day required
26,2g of fish, which waé very similar to the estimate obtained
from field observations.

Cymborowski & Szulc-Oleéhowa (1967) reared 15 Common Tern
nestlings successfully in the laboratory and compared their
development with 8 chicks reared in the wild. They found that
similar weight increases occurred in both groups, but the hand-
reared birds reached maximum weight a few days later. The weight
of the hand-reared birds did not exceed the adult weight which
normelly occurs under natural circumstances and they showed

greater fluctuations from the mean values.

Mdrtaiify'of the chicks up to the time of fledging

Chick mortality was estimated in two ways, (2) by the
recording of all dead chicks in the study area, both ringed and
unringed, and (b) by recording all surviving chicks and assuming
that any which disappeared before -an age when fledging would be
likely had died. These two methods were used in conjunction
with each other for all the nests in the study areas. At every
nest round,the corpses of any young were recorded and removed,
so that the time of death was known to within 12 hours.

H
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The ring numbers of the surviving young were also noted or, if
they were too small to be ringed, the number of the nest from which
they came, This gave a good cover of the area as all the chicks
which were known to have hatched in the area were either seen alive
at least once every five days or were found dead., If they were
not observed for a period of five days, prior to fledging age,
they were assumed to have died. If they were observed within a
few days of fledging and in a healthy condition, but not subsequently
found, these were assumed to have fledged successfully.

As a further check on survival, mist nets were used
later in the season to catch flying juveniles, partly to obtain
weights for birds of this age, but also to provide a check on the
chicks which had fledged from the study area. Mosf of the juvenile
birds were caught in this way and all were in the previously "assumed
survived" category; none in the "assumed died" category.

These methods depended on the fact that Arctic Tern
chicks spent their first few weeks of development near the natal
site; A few days after hatching they wandered for short distances,
particularly into cover, but always returned to the original nest
site to be fed. Even after fledging, when the birds are still
being fed by their parents, they often returned to the natal site
for this food and it was therefore possible to net flying juveniles
over the original study area although they were not confined to

this area and were not spending all their time there,

Causéé of mortality

The main causes of mortality were exposure, predation,
attack by adult terns and possibly starvation. It was difficult
to assess the differing contribution of all these to the mortality,

parﬁicularly when the chick was assumed dead on the negative



evidence that it was not found alive, It was also likely that
in some cases more than one factor contributed to the death of
a chick and so a detailed evaluation of the different causes of
mortality could be misleading.

1. Egpbéuré

Very young chicks, those up to 3-4 days old, were
brooded almost continuously by their parents, If this brooding
did not take place, the heat losses from small chicks would be
very great and they would suffer from exposure, particularly
during periods of strong winds or rain, Belopolskii (1961)
stated that the thermo-regulatory powers of tern chicks are
not fully developed until the chicks are a few days old.

As the tern chicks increased in size, brooding became less
continuous and finally ceased by the time the chicks were about
a week old, except during heavy rain., Heat loss from these
older chicks was reduced as their surface area to volume ratio
was less. They also had greater mobility and moved away from
exposed areas into the shelter of rocks or vegetation.

Exposure was probably a more important factor in the
mortality of very young chicks than in the deaths of older ones,
although it had an effect on all chicks in poor weather conditions,
The effects of poor weather were enhanced if the colony was
suffering disturbance, which on Inner Farne usually took the form
of the general public walking on the paths around the edges of
the colony. The reasons why this disturbance added to the effects
of bad weather were (a) that the amount of time spent brooding was
reduced as the adults spent more time attacking the intruders into
the colony than looking after their young and (b) that when the

adults left the nest,the chicks made for the nearest cover.
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In the vegetation areas this usually consisted of a small tunnel
into the vegetation, sometimes up to a foot long, and after heavy
rain the walls of these tunnels became very wet so that thé chicks,
on pushing their way into the vegetation, became soaked. Their
subsequent heat losses were much greater and they were more likely
to suffer from exposure., This probably contributed to the
higher mortality in the vegetation areas which is discussed later,

Nye (1964) investigated the heat loss in wet ducklings
and ohicks end found that wet birds had considerably lower
temperatures than dry birds. She further found that week old
chicks that had been wetted by half immersing them in water for
three minutes suffered a much greater reduction in their body
temperatures after removal from the water than did four week
old birds after the same treatment. A tern chick on the Fames
during rain, although unlikely to be immersed in water, suffered
considerable wetting, particularly if it was pushing its way
through wet vegetation. When the adults were disturbed from
the nest site,the chicks were also exposed to the cooling effect
of the wind. The effects would be particularly marked in small
chicks, as apart from their poorly developed thermo~regulatory
mechanism and high surface area to volume ratio, these chicks
were more lisble to wetting as they lacked the waterproofing
contour feathers of older chicks., The down feathers possessed
by the young chicks quickly became soasked and the birds soon
suffered from hypothermia,

Chicks which were suffering from exposure could usually
be identified before they succumbed. Typically they stood still

with drooping wings and with their eyes'closed, and called at
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regular intervals, although nof apparently in response to any
external factor. In the more extreme stages the chicks were
apparently unable to stand, but lifted their heads, with eyes
still closed, to call occasionally. They were sometimes found
shivering, All the chicks which showed any of these symp toms
were later found dead, The reactions of the parents to these
chicks varied considerably but they rarely brooded them, If
there was a surviving chick still in the nest, particularly if
this was begging for food, the feeding urge was much stronger
than the brooding urge, and the dying chick was abandoned for
the healthy one, This has obvious selective advantages where
the parents attempted to rear two chicks.

Figure 15 shows the numbers of chicks found dead each
day in 1966 and 1967 for the main period of the Sreeding season,
together with the mean daily rainfall., In each year, after a
period of heavy rain, the numbers of chicks found dead increased.
This was particuarly marked at the beginning of the season when
there were a very large number of chicks about, In 1967, a spell
of heavy rain lasied only | for a short time, less than 12 hours,
and although this resulted in some mortality, this was not as
great as that earlier in the season due to the predominance of
older chicks in the colony at this time., Springett (1967)
found severe hypothermia resulting from exposure in the vegetation
areas that here caused 4k out of a total of 6L deaths (68%) in
1963 and 1964, In the cove he found no deaths through eiposure
in 1963 and only 5 out of a total of 23 (21%) in 196kL.

2, Predation "

Springett (1967) does not mention predation as being
a causé of chick mortality on the Farne Islands and it is likely

that this has increased since his observations from 1963 to 1965.



Figure 15.

The numbers of Arctic Tern chicks found dead
during the main part of the breeding season
in 1966 and 1967, expressed as percentages
of the total number of chicks at risk.

The daily rainfall is shown for the same

period., (""")







59

In 1966 and 1967 very little predation of chicks was observed,
but this was greatly increased in 1968, Casual observations
by N. Brown (pers.comm,) in 1969 and 1970 suggest that predation
was at a fairly high level in those years, particularly towards
the end of the seasons. The predation was caused by Herring

and Lesser Black-backed Gulls Larus fuscus which do not nest on

Inner Farne but breed in large numbers on the neighbouring islands
of Knoxes Réef, and East and West Wideopens. The reasons for the
increase in predation in 1968 are discussed fully in Section k.
No accurate estimate could be made of the percentage of chicks
preyed upon as only rarely was this known by observation to have
océurred to a particular chick, and many chicks which came into
the "disappeared" category may have been preyed upon. This
category also included chicks which had wandered away from the
study area and probably died either of starvation because their
parents c&uld not find them, or of attacks from other adults
into whose territory they had wandered.

Predation has been found to be a major factor in chick
" mortality in other colonies; for instance Burton & Thurston (1959)

found the Glaucous Gull Larus hyperboreus an importént predator

in Spitsbergen. Cullen (1960), referring to the tems breeding
on the Farnes, found evidence of guil predation and suggested
that this was reduced by the mobbirg attacks of the adult terns.
These attacks also had the effect of making the gulls move quickly
thqough the colony.so that they. - had the chance of seeing and

1
picking ﬁglsoorly camouflaged younge Colonial attacks on predators

were also seen in the Wideawake Tern Sterna fuscata on Ascension

Island by Ashmole (1963) where the synchronisation of hatching was
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en important protection against the marauding cats and frigate
birds., Any young which hatched later than the majority stood
a much greater chance of being preyed upon due to the reduced
or minimal attacks on the predators by the few adult termms that
remained,

3, Attack by adult terns

During the first week of their life,chicks often
wandefed short distances away from the original nest site. If they
strayed into the neighbourhood of another nest site,the adult attacked
them by pecking sharply at the chicks' heads., Unless the chicks
could move out of the area quickly,this usually resulted eventually
in death., The attacks by the adults continued while the chicks
were trespassing until they lay still.  Older chicks were much
more skilful at avoiding these attacks and moved quickly either
back to their own nest site or to neutral ground., The attacks
were mainly confined to open areas of the cove or rocks where the
chicks were much more likely to stray into the wrong area and
_accounted for only a small percentage of the mortality in each year,
approximately 5% of all chicks found dead in the open areas were
found to have been attacked in this way., Pettingill (1939) found
that internal factors in the colony accounted for the greatest loss
of young and Springett (1967) calculated that attack by adults
accounted for 39% of all deaths in the cove but only ﬁ% in the
vegetation areas; In the latter, the chicks were usuélly confined
to the area around the nest site and their "escape tunnels", by
the physical height of the vegetation until they were at least
three weeks old. The amount of mortality from attack by adult

terns was therefore considerably reduced in the vegetation areas,
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L, Starvation

It was difficult to assess when a chick had died
from starvation as the weights of chicks found dead varied
considerably according to the length of time since death and
the rate of drying of the corpses., It was difficult to separate
starvation and exposure as distinct causes of death, particularly
when the young had died during heavy rain, It was likely that
these two'factors operated fogether. Starvation was the likely
cause of death in many of the second-hatched chicks in broods of
two as these chicks hatched on average just over one day later
than the first chicks and, having come from smaller eggs, had
an average weight on hatching 0.5g less than that of the first
chicks. It was unlikely that they were able to compete with
the older chicks for food, particularly if thié was at all limited,
Even when food was plentiful, the adults returning to the nest site
with food gave this to the chick which begged most greedily or
which grabbed the fish, As the first chick had a head start in
development and would be more vigorous in begging for fish, it
usually obtained this in competition with the second chick,
Only when the first chick was satiated would the second chick
obtain food. If it became weak, the pecking of the adult's
bill which Quine & Cullen (1964) found to be essential -to stimulate
the ;dult to further fishing became less, until the adult received
insufficient stimulation and failed to feed the chick. The
resultant starvation was probably the main cause of death in the

second chicks of broods of two where these died in the first

week of life,
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Comparison of the total annual chick mortality during 1965-1968

The total mortality for 4 years from 1965-1968 was estimated
from limited study areas and this is shown in Table 17. In 1968
the minimum chick mortality is shown; the actual chick mortality
may have been much higher, but this is discussed in detail in

Section 4.

Table 17. Total chick mortality for 1965-1968

Total young Total young Percentage mortality
Year hatched found dead £ 3.E.
1965 258 | 104 40,3 = 3.1
1966 1Ok 179 . W3 T 2.5
1967 239 50 20.9 X 2.6
1968 103 39 37.9 = 4.8

Although considerably fewer young hatched in 1968, the minimum
mortality of those which did hatch was similar to that in 1965
and 1966. In 1967, however, the mortality was significantly
lower than that in other years (d = 5.98 P<0.001). There
was very little difference in the total rainfall of the four
years and each year suffered some very heavy rain with over
20mm in 12 hours, In 1967 ,most of the rain fell at night
when the colony was undisturbed and the adults were not away
at sea fishing., They had greater opportunity to brood the
chicks and this may have contributed to the increased survival,
Casual notes on the weather were made on Inner Farne and in 1967
there was some very hot weather in late June and early July,

the time when the majority of chicks were hatching, and it is
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suggested that this, combined with the rainfall mainly occurring
at night, accounted for the lower chick mortality observed in
this year.

Further” observatigns around the Farne Islands in
1967 suggested that there was an abundance of plankton and that
small fish, feeding on the plankton, were also plentiful. On
several occasions, when it was possible to loock down from a
small boat into a calm sea, this was seen to have a 'soupy'
appearance and planktonic animals visible to the naked eye were
very abundant, The termms were bringing in more clupeoids than
sand eels which was unusual as normally sand eels form the major
part of their diet. Pearson (1968) found that on average sand
eels accounted for 65% of the Arctic Terns' diet when the numbers
of fish were consideréd. Clupeoids normaily only accounted for
2% By number, although this was 63% by weight, It is possible
thét-the clupeoids were in greater sbundance around the islands
due to the abundance of plankton, and this may have been the
northern end of a large scale concentration of sprats recorded
by Johnson (pers.comm.) which mainly occurred 10-15 miles north-
east and south-east of Tynemouth during the early part of 1967.
Johnson said that this concentration broke up to some extent early
in 1967 but that stocks of fish throughout the summer of 1967
were at a very high level, A similar situation was recorded
off the coast of North Yorkshire near Robin Hood's Bay by
Feare (pers.comm.) who found that the inshore waters in July 1967

were teeming with sprats and thousands of fish were left stranded

in the rock pools at low tide.

s
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A1l this evidence suggests that in 1967, during the
period June to July, there was an abundance of food around the Farnes.
The main effect of this may have been that the adult terns found food
very easily and could spend more time brooding the chicks than in
other years when fish were less abundent, It is rather surprising
that this did not give rise to increased growth rates of the chicks,
but it may have been an important indirect factor in the increased

survival of the chicks in 1967.

Chick mortality in relation to time of breeding season

The differences in chick mortality throughout the
season were examined by comparing the percentage mortality of chicks
which hatched at various periods throughout the season, The
seasonal changes in mortality are shown in Figure 16 for the four
years 1965-1968, In each year the mortality showed a general
increase towards the end of the season and reached very high levels,
91% and 100% in 1965 and 1966 respectively for the last period.

In all yearé except 1966,the mortality at the beginning of the season
was fairly high, the value then dropped to the lowest level, and
finally showed a slow increase to the end of the season. In 1966,
although the mortality in the early part of the season was lower
than eny other value in 1966, it was still higher than the early
value in 1967 and approximately the same as that in 1965. In
other years the highest mortality occurred in the very early and
the very late part of the season and this may have been due to

the smaller numbers of breeding birds in the colony at these times,
When the number of birds in the colony was reduced,the attacks on
predators were much less intensive and the increased mortality

nay be partly accounted for by an increase in predation. In 1966

particularly, and to a lesser extent in 1967, a few nights of very



Figure 16, The numbers of chicks dying, expressed as

percentages of the total at risk, in relation

to the date of hatching 1965 to 1968.
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heevy rain in mid-July mey have contributed to the late mortality

of chicks,

Comparison of chick mortality in different areas

The numbers and percentages of chicks which died in
three different areas were examined in the three years 1966-1968
and the figures are shown in Table 18, The totals for the years
were not combined as the total mortality in 1967 was significantly
lower than in the two other years.

The discrepancy between the total numberrof chicks
in 1966 studied for seasonal mortality and the lower totals in
Table 24 was due to the smaller sample of nests studied in 1966,
The main effort in 1966 was concentrated on the weighing of a
large sample of chicks; the ages of these were known but in many
ceses neither the brood size nor, in the cases of older chicks,
the precise areas in which they had hatched were known.

There was little difference between the mortality
on the rocks area or in the cove in any year. In 1966 the mortality
in the vegetation was much higher then in the other areas, but not
significantly so, and in 1967 and 1968 it was only slightly higher.
This was probably due to the wetting effect of the vegetation which
has already been discussed. 1In 1967, when the general mortality
was much lower, possibly partly due to the drier season and §art1y
due to the fact that the rainfall which did occur fell mainly at
night When the effect on chick mortality was much less, the
mortality in the vegetation was only slightly higher than in the
otﬁer areas, In 1968, when one of the mein causes of mortality

was probably gull predation, the mortality of chicks in the vegetation

w%§%similar,t9.that.in other -areas-as the chicks in“the vegetation

- - R - - - - - -

were more protected from predation than chicks in the more open areas.,
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Comparison of mortality of chicks from different brood sizes

The numbers of chicks dying from broods of
one (Bl), first chicks from broods of two (B2/1), and second
chicks from broods of two (B2/2) in each year were compared
and are shown in Table 19,

In l9gé the mean mortality of single-brooded chicks
was significantly higher than that of first chicks of a brood
of two (d = 3;08 P<:.01); This may have been due to the
decline in clutch size throughout the season with a greater
proportion of single-egg clutches towards the end of the
';eason. Mortality has been shown to be higher at this
time, for reasoms discussed earlier, and the single brooded
chicks were subject to an increased risk from mortality due
indirectly to the time of hatching; This difference was not
seen inm 1967 or 1968, but the figures for these years were
based orn much smaller numbers of chicks:

In 1966 and 1957 there was a significant difference
between the mortality of the first and second chicks from a
brood of two (1966 - d = 7,97 P<0.001; 1967 - d = 3.36
P<:O;091)% In 1968'the figurés were too small to show
significance but reflected the same general trend; The
majority of the second chick mortality, over 95%; occurred
during the first week and was probably due to two main
factors (1) the first chicks hatched from larger eggs and
as has been estimated earlier, had a greater mean weight on
hatching than the second chicks and (2) the first chicks
hatched on average over one day before the second chicks

(mean interval between hatching 28.6 2 6.4 hours).
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During the first few days of life, the second chicks were
therefore competing with a much larger chick and in many
cases could not survive the competition, Figure 17 shows
the mean weights of second chicks for the first week of life,
taken from the growth curve, together with the corresponding
weights of the first chicks, at an age when they would be
competing, i;e; slightly over a day older; The mean
difference in the weights of the competing chicks for the
first week of competition was 15.0g; the greatest difference,
21;1g, occurred when the first chick was just over 6 days old,
competing with its 5 day old sibling. After that the
difference between the chicks lessened and the mortality of
the second chick was reduced; This was very similar to the
effect found by Hawksley (1957) who said that most of the
mortality in the first week of life was that of second chicks
and that this was due to competition from older chicks, which

were disproportionately larger due to their earlier start.

Age at which mortality occurred

The ages of all chicks which were found dead

were known to within one day from the ringing and the nest

records, The numbers of dead chicks of different ages
from the three categories are shown in Table 20 and. in
Figure 18, these are expressed as percentages of the total

number found dead in any one category;

The majority (66%) of the mortality of all chicks
took place within three days of hatching and 92% of the total

number of deaths occurred during the first week of life,




Figure 17. The mean weights (g) of second chicks during the
first week of 1life compared with the corresponding

weights of the first chicks.
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Figure 18. The numbers of chicks dying at different
ages, expressed as percentages of the total

which died in each category :

i first chicks
A Broods of two, ii second chicks

B Broods of one

C All chicks
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Table 20, Numbers and percentages off the total number
at risk of dead chicks of different ages from

the three brood categories

B2/1 B2/2 Bl All

_Age No; % No, % No; % No. %
Hatching 4 1?7 13 23 12 43 29 27
Less than |

3 days 7 30 23 4] 12 43 42 39
3 = 7 days 6 26 17 31 4 15 27 25
8 - 14 days 5 22 2 4 0 0 7 7
15~ 22 days 1 N 1 2 0 0 2 2

Total 23 56 28 107

Hawksley (1957) found that 76% of all chick mortality occurred
.within the first week of life; This effect was particularly
mgrked in single-brooded chicks, 'The reason for this early
mortality was the effect of exposure on small chicks that
has been discussed earlier; The increased effect of this

on the single-brooded chicks was probably due to the pre-
dominange of these later in the seasoﬁ. At this time
disturbance in the colony increased and parents of young
chicks spent more time away from the nest than adults with
chicks of the same age earlier in the season; If this wass
at the very early stages of development, during the first
few days of life, when the chicks required almost comtinuous

brooding; there was an increased risk of chick mortality;
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Within the broods of two, the mortality of the
second chick was higher for the first few days when this was
competing with a disproportionately larger first chick:
After the first week the surviving secomnd chick was more
capable of competing successfully with its elder sibling
and the mortality decreased to less than 5% of the total
deaths of the second chicks; The mortalify of the first
chicks apparently increased in the second and third week
of development; but these percentages were based on totals
of only five and one dead chicks respectively and were not
significant;

Fledging success and weights of juveniles

The age at which a bird was said to have fledged
was defined as the age at which it could,fly; but in practice
a bird was assumed to havé fledged; that is; to be capable
of flight when the primaries were fully developed in 1ength}
Belopolskii (1961) stated that Arctic Terns flew from the
nest site after 29-24 days; but he quoted differences between
the Nprthern Pegions given by Pleske (1928) as 20 days, and
the Southern regions given by Horthig (1929-31) as 28 days;
Palmer (1941) said that Common Terns fly at an average of
30 days but Boecker (1967) suggested that they may require
more time to fledg? than Arctic Terns; Cullen (in Banngrman
1959) said that Arctic Terns took their first flightrof a few
yards at between 3 and 4 weeks.

In 1966 a large number of chicks were weigled
daily and their plumage was examined; The development of

the primaries was recorded and the mean time (t S.E.) for



the full development of the primaries in 77 birds was
17;7 Z0.6 days; There was a significant difference
between the mean for the first chicks, 17.0 : 0.5 days
and the second chicks of a brood of two, 19.3 : 1.1 days
(t = 2,11 4f 57 P<10.05); The mean time for thirteen
single brooded chicks to reach fledging age was 17,5 z 1.0
dhys:

The majority of young birds were probably flying
at least short distances by the time they were 21 days old.,
Mist nets were used in the later paft of the season to catch
these flying juveniles and all birds caught were weighed and
their plumage examined, By the time the birds were 4 weeks
old,all traces of down feathers had disappeared, and in 1966
when the use of mist nets wasmost intensive, the youngest
juveniles caught were 17 days old; only four birds were
caught in the cove: over 4 weeks old; By this age,the
birds were still being fed by the parents but this mainly
took place in the open rocky areas or on the 'club' areas
at low tide, rather than in the nesting area:‘ Thé mean
. weight (% S.E.) of 44 flying juveniles caught in 1966 was
95,05 * 2'..6‘6’3 and the range of weights was from 73 - 1125.
This was slightly but not significantly lower than the mean
weight, 99.34 % 1.12g, of 17 adults weighed in 1966 when
the range of weights was from 93 - 108g, There was
however a significant difference between the mean weight
of the adults in 1966 and the mean weight, 108,05 : 1;703

(range 92 - lzhg); of 57 adults weighed during a similar

71




72

period in 1967 (4 = 6;09 P <0,001), The difference between
the mean weights was nearly 10g and this may have been due to
the abundance of food imn 1967 which has already been discussed;
The significantly higher weights of adults in 1967 may account
for the increased breeding success in that year., Belopolskii
(1961) found that the mean weight of 67 males to be 107.3g
(range 93 - 134), and of 31 females 106.1g (range 89 - 129)
and these means are nearer the weights of 1967 on the Farne
Islandss Belopofékii also suggested that the mean weight

of the adults dropped by 8 - 10g from May to August, but

he had only 'small samples to support this, No evidence

for this was found and it cannot explain the differences
observed between the mean weights in 1966 and 1967 as the

birds were weighed throughout the same periodi

Breeding success

Total breeding success was calculated in each
Yyear by expressing the number of young which fledged
successfully from the study area as a percentage of the
number'of eggs laid in that area; The figures for the
three years are shown in Table 21; In 1966, the number
of chicks under consideratiomn in the chick mortality
section was large; 179 chicks died out of a total of 404,
giving a mortality rate of 4#;3% and a survival rate of
55;7%;Abut.the number of chicks from 1966 under consideration
in Table 21 is reduced, as the chicks here[FEJTEt;£Q§;:~those
where the clutch size of the nest from which they came was
known; This informatiqn was not available for many of the

chicks in-1966 as they were primarily studied to provide

data for the daily growth rate section,
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Table 21;’ Hatching, fledging and total breeding success
1966 - 1968
4 % total
No.,of eggs No.of young % No.,of young % breeding
Year laid hatched hatch  fledged <fledged success
1966 322 143 by 4 75 52.4 23.3
1967 508 239 47;0 189 79.1 37;2
1968 659 103 15.6 64 62.1 9.7

The total breeding success in 1966 (23;3%) was lower
than that in 1967 when 37;2% of all eggs laid produced fledged
ypung; The hatching success for the two years was very
similar and the differencps in breeding success were mainly
due to the increased chick survival in 1967, which has
already been discussed. The breeding success in 1968
was significantly lower than the breeding success in 1966
or 1967 (4 = 11;7 P<O;OOl), and this was due to the
considerably lower hatching success (15;6%) in 1968 compared
to 44;4%fin 1966 and 47;0% in 1967; The reasons for this
are discussed in Section 4% Those chicks which did hatch
in 1968 had a fairly good chance of fledging; 62.1% fledged
compared to 79.1% in 1967 and 52.4% in 1966.

The figures for the total breeding success include
any clutches which were re-laid after the loss of the first
clutch: As the incidence of re~laying may have been
different in the three years, the breéding success was
also calculated as the number of young fledged per breeding
paip: Unfortunately this could __ -be knoaayﬁor colour=-
ringed pairs and therefore the samples which are shown

in Table 22 are rather small’.
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Table 22, Number of young fledged per pair of breeding birds

Observed
B No. of % increase
. No.of fledged Expected Dbetween observed
No.of fledged Young/pair no.of and

Year pairs young t S.E. young/pair expected
1966 72 34 0.47%.12 0.39 + 20%
1967 93 61 0,66%.10 0.63 + 5%
1968 111 23 o0.22f,08 0.1 + 50%

Knowing the mean clutch size and the breeding success
for each year, it was possible to calculate an expected number
of young per pair, assuming that each pair only laid one |
clutchi These expected values are shown in Table 22 and
they are all smaller than the obsefved values; the percentage
increases between the figures are shown in the final columna
These differencés between the observed and expected values
' were not sigaificant in 1966 (d = 1.39) or 1967 (d = 0,60)
but the difference in 1968, an increase of 50;1%, was a real
one (d = 2,12 P<0,05) and was probably due to the re-laying

of clutches lost during the main period of the red tide,

Dimorphism of young

In each year a dimorphism in the colour of the
youny Arctic Terns was observed; one form having pre-
domigantly brown and the other'grey down plumage for the
first week of life; As soon as the primary feathers ﬁegan
to develop, this ground colour was no longer obvious: A
few chicks were found with very yellow down feathers, but
as these accounted for less than 1% of all chicks, they

were ignored in the present analysisﬁ Approximately




5% of all chicks had a plumage which was intermediate
between grey and brown, and these were also disregarded;
In 1967 and 1968 a total of 95 chicks was
investigated; 67 of these, i.e. 71% were brown and
28 (30%) were grey. The propértion of brown to grey
chicks was similar in each year, 74% of brown chicks in
19é7 and 67% in 1968; There was no difference in the
proportion of the twovforms in different areas in either

year,

Table 23, The mortality of grey and brown chicks in

1967 and 1968

1967 19638 1967 and 1968
Chick No%at No: Mort- No;at No% Mort- ©No.at No; Mort-
colour risk dead ality risk dead ality risk dead ality
Brown 33 10 30% 34 7 21% 67 17 25%
Grey 16 9 56% 12 3 25% 28 12 429

The values for the mortality of the brown and grey
young are given in Table 23, and although there is no
significant difference between these mortalities; there
appears to be a tendency for the brown young to suffer less
mortality than the grey young; There was no widence of a
seasonal tpend in the proportions of the two colours of
young and the mean hatching dates in each year were very

similar with no significant differences between thenm.,
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There is a possibility that the dimorphism may have
evolved originally as a camouflage adaptation for different
ground‘colours: Cullen (1960) has mentioned the importance
of camouflage in Arctic Tern chicks when the adults mob
marauding gulls, forcing them to fly quickly through the
colony so that they are able to se;:%he most obvious
chické; As no differences were found between the
proportions of brown and grey chicks in the different areas
on inner Farne, it seems ﬁnlikely that colour has any
selective advantage at the present, although a more detailed

and longer term study would he necessary to confirm this.

Preliminary discussion of Section One

The breeding biology of Arctic Tern on Inner
Farne was considered in detail for the years 1966 to 1968,
with some information from the latter part of 1965;
The terns normally laid a clutch of one or two eggs, but it
was found that in a brood of two, the second chick had a
considerably higher mortality than the firstf - This was
probably due to a smaller second egg resulting in the
second chick having a lower hatching weight than the first
and being unable to compete with the first chick which had
hatched just over a day earlier, The second chick may
quickly hgve become so weak that it was unable to provide
the parent with sufficient stimulation to feed it and
eventually succumbed; It is unlikely that the young
brood was limited by the amount of food the parents were

physically able to bring to the nest site as other pairs,
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at the same time would be successfully feeding twé chicks of
much greater size when the second chick did survive; It
seems possible that the high mortality of the second chick
is caused mainly by a behavioural failure rather than
directly by food shortage. As the mortality of the first
chicks of a brood of two was not significantly higher than
single brooded chicks, it is clearly an advantage overall
for the adult to lay two eggs as, in spite of the high
mortality of second chicks, this results eventually in an
increased total production of young;

In both 1966 and 1967, when the breeding was un-
interrupted by the red tide, there was considerable evidence
of a short initial increase followed by a general decline
in reproductive success throughout the season, This was
shown in the clutch size and egg volume, and particularly
in the survival of chicks; in all years, the later hatched
chicks had a much higher mortality than any other gfoup and
in 1965 and 1966, the mortality of chicks hatched after
10 July was nearly 95% and 100% respectivelyi This decline
in reproductive success towards the end of the season may
have been due to one or more of the factors which are discussed
belﬁw; decline in food supply, increase in disturbance,
reduced density of the colony, or ihe age of the breeding
adultsi

It is possible that the supply of sand eels, the
main food item of the Arctic Tern on Inner Farne, may decline
towards July and August, although no sampling has been carried

out in this area of the North Sea., Macer (1966) said
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that in the south-western North Sea,the peak of the sand
eel fishery was in June and that this normally extended
from April to July, exceptionally from March to August.
Cameron worked on sand eels in the waters near the Isle
of Man and found they were shoaling heavily near the shore
from March to the end of August, but after this time they
moved further offshore and changed to a more sedentary
habit of lying Qn the bottom; If this happens near the
Farne Islands, there couwld be a reduction in the number
of fish available to the terns towards the end of the season
but at the moment there is no evidence for this;

There is, however, positive evidence that the
number of human visitors to the islands increases during
the season, particﬁlarly in the main holiday period of
July and August: The effect of disturbance on the breeding
success of the terns has been shown in this section and it
is probable that this is one factor contributing to the low
success of the late nesters; Similarly, the reduction in
the density of the colony as the early breeders move away
with fledged young may reduce the success by removing the
advantages of colonial breeding; These are considered in

greater detail in the general discussion,

The age composition of the late breeders may have
an important gffect on the reproductive success; this is
discussed further in Section 3 where it is shown that the
younger birds return later to the colony but apparently
syachronise their laying with the older birds which have

returned earlier. It is probable that a proportion of
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these late nesters are birds which have already laid one
clutch and are attempting to breed for the second time;

It has been shown already that replacement clutches have

a very limited chance of success and this could be the
direct result of reduced reproductive drive and lower
capacity for egg production of the adults because they

were re-laying or could be a consequence of the lateness

of these clutches thch would be affected, like all late
clutches, by the factors considered above; It is difficult
in this case to separate cause and effect, as, by definitionm,
replacement clutches must always occur later in the season

than intial clutches.
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SECTION TWO - ESTIMATES OF THE AGE COMPOSITION OF THE

COLONY AND ADULT MORTALITY

Introduction

Austin & Austin (1956), working on a population
of Common Ternsbreeding at Cape Cod, Massachusetts, found
that 75% of the breeding birds were 3 - 7 years old
inclusive and that 90% were 3 - 10 years old, Only 3.4%
were under three years and less than 7,0% were older than
ten years, although they estimated the maximum reproductive
life span to be about 20 years, based on the presence of
a few older birds in the colony. Grosskopf (1957) found
the average age of 46 Arctic Terms which had originally been
ringed as nestlings and were found breeding on Wangerooge
to be 11,7 years, and of 56 birds originally ringed as
adults of unknown age (x years) to be x + 6,5 years.

All these birds were caught on the nest apart from nine
found dgad; Andersen (1959) records three Arctic Terns
ringeq as young at Tipperne in Demmark which were later
re-trapped as adults at 10, 10, and 14 years old. The
oldest Arctic Tern appears to be a 29 year old recorded
by Goethe (1966), although Bergstrom (1952) quoted a
record of a 27 year old Arctic Tern, a 26 year old
Caspian Tern,‘and a 21 year old Little Tern., The oldest
Arctic Tern caught on the Farne Islands was a 27 year old
in 1965; but the ring number of a 29 year old was read
by telescopg in 1968; It seems likely that tpe average
life span fo?vArctig.and Common Ternsis up to ten years,

with a few ifdividuals surviving to a much greater age.
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Methods of estimating the age composition of the colony

1. Plumage

All birds which were known to be one Year old
from ringing details possessed the 'Portlandica'’ plumage
which was described by Cullen (1957). This plumage was
identical with the eclipse plumage and had the following
éharagteristics; white forehead; dark carpal bars, light
undérparts, dark beak, and dark legs; These birds were
easily distinguishable in the field and none attempted to
breed. They arrived later than the other birds and
spent very little time in the actual breeding area,
staying on the edge of the shore line with the 'club’
of other non-breeders or failed breeders. Altﬁough'
thesg birds were easily identified as one year olds,
it was difficult to assess their numbers as none of them
EEE%:]colour ringed. No accurate counts were possible,
but the general impression gained was that there were
far fewer one year old birds on the island at any time
during the breeding season than any other agé group;

- It seems unlikely that many Arctic Terms return to their
natal area during the first summer afgér hatching.

Cullen (1957) found that some, but not all,

of the two year olds had a plumage intermediate between
the Portlandica and the full adult plumage; This was
typified by the presence of white speckling on the fore=-
head, dark carpal bar, whitish face, and a black marking
on the innér-edge of the primaries which Culleg referred

to as the 'Pikei' plumage., Several birds which were
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known to be two years old were seen with some or all of
these characters, but other two year olds were indistinguishable
in plumage details from older, breeding adults, One in
particular, found dead on Brownsman in 1967, was examined
carefully and showed all the adult characteristics and
none of the Portlandica ones, Palmer (1941b) suggested
that in the Common Tern,the eclipse plumage was worn in
the summer by all birds which were not old enough to breed
and that these birds had rudimentary gonads, but it is not
clear whether he is referring to the one year old birds only,
In the Arctic Tern the 'Pikei' plumage characteristics did
not apply to all‘the.twé year ‘'old birds, although there was
no evidence of breeding in those two years old birds that
did possess the full adult plumage;

Palmer (loc;cit.) further suggested, for the
Common Tern, the existence of an 'old-age' plumage in
birds 13 years and older that waé intermédiate between
that of the eclipse and the normal plumage of younger
breeding birds; Cullen (loc.cit.), however, found that
in the Arctic Tern some characters of this 'old-age'
plumagé could be distinguished in any age éroup an& that
many birds wore this plumage for one year only; He suggested

that there was a whole range of plumages intermediate between

the adult and eclipse (or Portlandica) plumage and that they
were not age-specific, although some characters of this
'Pikei' plumage were more likely to be worn by two year

old birds than by any other age groups.




In the prezent study the plumage details of a
large number of adults whose age was known from ringing
were recordbd: The majority of these possessed the full
breeding plumage, but a few had some characters of the
'Pikei' plumage, mainly speckling on the head. This was
very vériable in its extent, from an almost pure white
forehead and crown to a few feathers of the crown having
white tips. The numbers of birds of different ages
showing one or more of the 'Pikei' plumage characteristics
are given in Table 24, There was a significantly higher
proportion of 'Pikei' birds among the two year olds (69%)
and the birds éver nine years old (18%) than among the
remainder of the breeding population (mean for 3 - 8 years,
5%) (the values for X° respectively were 131.8 and 17.8;
P'<;001 in both cases). Some birds, which were observed
for three consecutive years, were seen to wear the plumage
in one year and not in the succeeding years, while others
were without it for one or two years, but appeared later
with some 'Pikei'’ characters; There was no evidence to
suggest thét, apart from the two year old birds, these
'Pikei' birds abstained from breeding or that they bred
éither more or less successfully then adults in full
breeding plumage; Plumage differences could not therefore
be»used to age individual Artic Terns apart from the one

year old birds.
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Table 24, Numbers of birds of different ages which possessed

at least one characteristic of 'Pikei' plumage

Age in

Years 2 3 b 5 6 7 8 9 10-15 >15 Total

Numbers with
'Pikei!?
plumage 25 5 L 4 3 0 0 5 8

Number
examined 36 37 88 69 64 4O 37 35 42

Percentage of

birds caught

with 'Pikei’

plumage 69 13 4 6 5 0 6 14 19

2. Measurements and weights of adults

Many of the adults caught were weighed and
measurements made of their wing and tail length; The wing
length was measured from the shoulder of the wing to the end
of the longest primary feather and the tail length from the
base of the tail to the end of the longest tail feather,

The mean weights, wing and tail lengths, for differeat age
groups are shown in Figure 19, There was a correlation
between age and wing length (r = + .22 df = 92 P'<O;05)
and between age and tail length (r = + ;23 df = 83 P<0,05)
but there was no significant correlétion between the age and
weight of the birds, although older birds tended to be
heavier, and it was impossible accurately to estimate the
age of“anrindividpal bird from its weight or measurements:
The sex of some of the birds was known and the differences

between the weights and measurements for the sexes: are

20 468

25 136




Figure 19, The mean weights (g) and the mean wing and

tail lengths (mm), for adults in different

age groups.
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shown in Table 25.together with figures quoted by
Witherby et al (1940) and Belopolskii (1961). Im the
present study none of the differences between the sexes
‘was| significant and they were insufficient to allow an
individual bird to be sexed on the basis of measurement
alone; They reflect the general trends suggested by
Cullen (1956) who said that on average the females are
slightly smaller than the males. The figures given by
Belopoigkii (loc?bit;) show the same trends although,

on average, the birds he measured were all larger than the

birds nesting in Britain,

Table 25. Mean weights and mean wing and tail lengths
of male and female Arctic Terns The sample

sizes are given in parentheses
Weights (g) Wing length (mm) Tail length (mm)
- ! s.E. % 3.E,

Inner Farne (1966-1968)
g Q o Q o Q
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102.5 101.6 267.1%3.8 265.4%2.6 162.0%5.4 158.7%6.2

(5) (11) (20) (20) (19) (20)
Belopolskii (19&1)
T
107.3 106.1 2742 2643
67)  (31)  (61) (25)
Witherﬂy (1940)
o Q o}

265=282 260-~275  170-200
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3. Ringing details

It was found that the only reliable method of
accurately ageing the birds was by marking as nestlings,
Approximately 20% of all the adult terns on Inner Farne
have been ringed, but some of them were ringed as adults
and were therefore of limited use in age studies, The
majority of ringed adults, however, were originally ringed
as chicks and their age was therefore known to the nearest
year; Some of those ringed as adults over 12 years before
the study began were assumed to belong to the oldest age
group (>15 years) as there was a high probability that
thgy were ringed as breeding adults, when they were at
least three years old.

Thg methods of trapping birds and reading ring
numbers are discussed below :

a) Mist netting

The use of mist nets was confined to the
early (pre-laying) and late parts of the season as this
might have caused too much disturbance to incubating
adults or to adults looking after very young chicks in
the main part of the season, Large numbers of terns
were caught in the net if it was placed in the line of a
normal panic flight andy as the terns were fairly easy to
extract from the net, they could be removed very quickly}
The main disadvantage of this method of trapping was that
it was unsglective and large numbers of unringed adults
were caught which were of no particular use for age

studiesi Any ringed birds which were caught were
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colour ringed, weighed, measured, and released, Observations
were then made in the colony in an attempt to locate the
nesting site of these colour ringed birds and to estimate
their breediﬂg success, If the birds had chosen to nest
in vegetation the chances of finding the nest were low;

a much higher success rate was achieved-with the birds
pesting on the sand in the cove or on the rocks; The
trapping of adults using mist nets therefore had limitations
in providing colour ringed birds for individual studies of
breeding success, but was useful in obtaining a random
sample of adults for assessing the age composition of

the colony:

b) Sight records of year-ringed birds

In 1962, 1963, and 1964, all the chicks ringed
" on Inner Farne were, in addition to the B,T.0, ring, also
given a colour ring according to the year in which they
hatched; These rings were visible from the gdgé of the
study areas using 8 x 30 binoculars only and were useful
for ageing some individual birds, They eliminated the
need for catching birds, except to put on individual sets
of colour rings, and considerably increased the sample size
for breeding birds of known age. It was found difficult
to assess the numbers of year-ringed birds around the
colony or on the 'club' areas and therefore the sight
records were not ﬁsed fo estimate the numbers of birds

6f one age group in the colony unless their nest site

was known,
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¢) Telescope readings of ring numbers

It was possible to read the ring numbers of
many birds using the prismatic telescope with a magnification
range of x15 to x60, but as there was a possibility of error,
a ring number was assumed to be correct only if each digit
had been checked at least once, Many birds whose ring
numbers were read in this way were later caught and the
ring numbers verified, This method was time-consuming
but had the advaﬁtage of keeping disturbance to a minimum,
The numbers of telescope readinés in each year were 55 in
1967 and 90 in 1968;;39q§;E5§;::read in 1966, The effort
on telescope reading was concentrated in 1968 as very few
- birds were caught at the nest,

d) Trapping of incubating birds using cake traps

Experiments were carried out with various
types of trap, placed over the nest, including those
incorporating a trap door operated either by a trip
wire or by a string pulled by the observer. These latter
two types were found to cause some disturbance to the bird
when the door fell; The bird sometimes panicked inside
the trap and there was a danger of it breaking its eggs
before it could be removed; Observations on the nest
after trappingAshowed that birds caught in this way took
lqnger to return to the nest to continue incubation than
birds caught in simple cage traps; This left the eggs

unguarded and increased the chances of predation;
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The most useful type of trap was found to be a simple
cage trap with an open, but fu@blled entrance, These were
made out of wire-netting and were easily put into place over
the eggsﬁ Most birds entered the traps within ten minutes
of their being positioned and continued incubation inside
the traps., As the observer approached a trap from the
open end, the bird mo%ed away from the eggs towards the
closed end of the trap and was then lifted out; As the
bird moved away from its eggs, the chaﬁces_of breakage
were considerably reduced; Afte;:igigégg, weighied, and
measured.|, the birds were réleésed and most returned to
continue incubation within 15 minutesi The birds were
colour ringed so that observations could be made in
subsequent years without re-trapping.

This method was found very useful as it enabled
the selection of nests for trapping where at least one
adult was known to be ringed, In 1968 very little
trapping was carried out, so that apart from the twice-
daily nest round, disturbance was at a minimum, The
numbers of adults caught in each year and observations
of colour ringing from previous years were respectively
in l96g; 94 and 28, in 1967, 39 andi 58, and in 1968,

25 and 1595

Of the four methods used, the last three were
found to be the most useful. Most effort was concentrated
in the cove or the open rocky areas as it was easier to
observe colour ringed birds there in subsequent years;

Some cage trapping was carried out at random in other areas,
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particularly in the high vegetation, where observation of
rings was impossible, to see if there was any difference

between the age structure of the cove and other parts of

the colony, As no significant differences were found,

the main sudy on age structure was concentrated in the cove,

Results of adult trapping

In each year,large numbers of birds were recorded
by being physically caught, by‘telescope readings of ring
numbers or by records of colouf combinations of birds
caught in previous yearsi The majority of these birds
were breeding birds, although a few telescope readings
of ring numbers were obtained from non-breeders; None
of the breeding birds wes ; less than three years old and
it seems unlikely that Arctic Terms attempt to breed until
their fourth summer; Cullen (1956) also found no evidence
of breeding in two year olds, and consideration of re--
trapped birds in this section has been limited to those
whefe breeding was confirmed: The numbers of breeding
birds of each agiNere recorded in 1966, 1967, and 1968
are shown in Table 26. Figure 20 shows the total for
each age regorded in all three years expressed as
percentages of the total number recorded; Birds which
were seen in more than one year are included each time
they were seen as there was an equal chance in each year

of observing or catching a bird of any age.




Figure 20. The numbers of breeding birds in each age
group that were caught in the three year
period 1966 to 1968, expressed as

percentages of the total number of birds caught,
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Table 26, Numbers (and percentages of total) of breeding
birds of known age re-trapped or observed in
each year
1966 1967 1968 ALL

‘Age No.of % of No. of % of No.of % of No.of @ of
birds total  birds total birds total  birds total

3 1 12,7 25  16.9 2 1.1 38 9.1
o 2k 27.6 27 18.2 37 20.4 88 21.1
5 5 5.7 25 15.5 31 17.1 59 1k,2
6 15 1k 1% 9.5 37 204 6 15.4
? 7 8.0 19 12,8 1% 7.7 50 9.6
8 15 17.2 9 6.1 13 7.2 37 8.9
9 7 8.0 15 101 13 7.2 35 8.4
10 0 0 6 4,0 21 11.6 27 6.5
11 2 2.3 0 o 5 2.8 7 1.7
12 0 0 3 2.0 o 0 3 0.7
13 0 0 0 0 3 1.7 3 6.7
14 1 1.1 0 0 o o 1 0.2
15 0 0 1 0.7 0 0 1 0.2
16 2, 2.3 0 0 1 0.6 3 0.7
17 0 0 3 2.0 0 0 3 0.7
18 0 0 0 0 2 11 2 0.4
19 0 0 1 0.7 o o 1 0.2
20 0 0 2 1.3 o 0 R
21 0 0 0 0 1 0.6 1 0.2

29 - 0 o) 0 0 1 0.6 1 0.2
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These figures}i?gjgig:; an indication of the
age strﬁcture of the breeding population as they do not
take into account the different totals of birds originally
ringed, The chances of re~trapping birds from some years
was higher than from other years due to the higher ringing
totals and this is dealt with more fully later in this section,

In the cove, the ages of approximately 50% of all
the breeding birds were known and in each year the mean‘age
of these birds was calculated; In 1966 the mean age (% S.E.,)
was 7;90 : 1;18 years, in 1967, 7.39 % 1;10 years, and in
1268; 8;#7 : 1;04 years; The differences between the yeafs
were not significant, |

The sex of some of the birds of known age was known
and in each yeaf the mean ages of breeding males and females
were calculated; These are shown in Table 27% As there
was no significant difference between the total mean breeding
ages of 1966, 1967, and 1968, the values were combined to
give an overall mean breeding age for males of 8;1:1.1 years,
and for females, 7;911;1 yearéf There was no significant
difference between these means either and the range for
both sexes wés from 3 to at léast 19 years., The maximum
ages were not known as some birds which had originally
been ringed: as adults were assumed to be the minimum
possible age; Thus; if a bifd was known to be at least
12 years old, it was counted as 12 years old in the calculation,

and both means are probably therefore too low.
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Table 27: Mean ages of males and females in each year,
from 1966 to 1968. The sample sizes are

given in parenthesés

1966 1967 1968 * All years
o 7.8(9)  7.6(16) 8.6(27)  8.1%1.1(52)
8.4(10)  7.2(21) 8.4(23)  7.9%1.1(54)

Estimation of Mean Annual Adult Mortality

The survival rate of adults in each year, and
hence the mean annual mortality rate was calculated from
re~traps or sightings of birds colour ringed in the previous
year; This was confined to birds which nested in the cove
as observations were made in this area every day and it was
unlikely that any colour ringed birds were missed; The
numbers of édults colour ringed in each year, the numbers
observed in subsequent years, and the annual survival rates

are shown in Table 28 which includes only  birds which were
breeding and were therefore at least three years old,
Survival of the younger adults could not be estimated as

very few of these were caught.

Table 28. Survival rate of adults colour ringed in 1966 and 1967

Number originally Number observed Number observed

colour ringed following year third year
1966 9k 1967 85 (90.4%) 1968 73 (85.9%)
1967 39 1968 31 (79.5%)

Total 218 189

Mean survival rate = %%g x 100 = 86.,7%
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The figures in the table gave a mean annual
survival rate (% S;E.) of 86,7 % 4;6%Lor a mortality
rate of 13;3 : 4;6%L Cullen (1956), working with
smaller numbers of Arctic Terns in the same colony from
1952-1954 found a mean annual mortality rate of 13;6%’
whilst Springett (pers:comm;) found the mortality rate
to be 15;7%'between 1963 and 1965; It seems likely
therefore thatvthe annuai mortality of breeding Arctic
Terns is about 13%; Birds which were colour ringed at
the_end of one breeding season ad observed at the beginning
of the next season had not been subject to a whole year's
pptential mortality and it was possible therefore that
the estimate of annual mortality was slightly too low.
Austin & Austin (1956) found that the annual mortality
:ate for the Common Tern was constant from the 4th to
the 18th year at 25%, and that after this there was a
steady increase in mortality:’ Coulson & White (1959)
found the annual adult mortality rate of the Kittiwake

“to be 12;4%.which was then the lowest mortality recorded

for any British bird,

Construction of a life table for the Arctic Tern

Deevey (1947) stated that the sources of
information for the conétruction of a 1ife table fell
into three groups ; (1) cases where the age at death
was direct}y observed for a large, random sample of the
population; (2) cases where the survival of a large

cohort, born more or less simultaneously was followed
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at fairly close intervals throughout its existence;
(3) cases where the age structure was obtained from a
sample, assumed to be taken at random from the whole
population, Deevey considered that only information
obtained by the second method was statistically respectable
but, unfortunately, in the present study information was
 available in any quantit;i rom the third method.
The nﬁmbers of adults found dead, whose ages were known
from ringing, was very small in each year and provided
insufficient information for the construction of a life
table; In the present study, therefore, oﬁly information
on the age structuré of the population, based on the ages
of live recoveries from trapping and reading ring numbers,
has been used in the life table,

A further limitation was imposed by the lack
of information on the pre-breeding birds. No birds were
found to be bréeding before three years old and very few
of the one and two year old birdss entered the colony,

These were not therefore available for trapping énd no
estimate of their annual mortality was obtained, although

it is likely that this was higher than that of the older
birds. Austin & Austin (1956) estimated that first year
mortality of the Common Tern was between 60 and 70% although
the annual mortality for the second and third year birds was
less than for the other breeding birds, Lack (1946)
suggested that in many species the juveniles had a higher
mortality than older birds due to their inexperience.

As no precise figures were available for the Arctic Tern,




95

only the breeding birds were considered in the comnstruction
of the life table and this therefore begins with the three
year old birdéf

The numbers of birds of any age (x years)
recovered alive in a later year depended on two factors;
(1) the mortality rate of the birds and (2) the numbers |
of birds originally ringed as pulli x years previously, ‘
As the total number of pulli ringed on Inner Farne varigd
considerably from year to year, particularly in the 1940s
and early 1950s, this was corrected for by expressing the
total number of birds of x years r;covered live in one
year as a percentage of the number of pulli ringed x years
previously; These percentages, together with the ringing
totals and the numbers of birds recovered, -are shown in
Table 29; There are a few anomalies in the table wﬁich
are discussed in detail below;

In 1968 only two three-year old birds were
recovered (0;18%) and this was considerably lower than the
twenty-five three-year old birds recovered im 1967 (1.83%)
and the eleven birds recovered in 1966 (0.81%). It is
possible that the low recovery rate in 1968 was due tg the
effects of the red tide; In 1966 and 1967 the three year
old birds returned to the colony on average five days later
than the four year old birds; It was possible that in
1968 the return of the three year old birds coincided with
the main‘period of the red tide and that these birds delayed
their breedihg due to the lack of stimulation from other

birds in the colony; which might be particularly necessary
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to birds attempting to breed for the first time., After the

red tide, the number of birds in the colony was considerably
reduced and the amount of courtship and display by the older
birds mﬁy have been insufficient to stimulate the three year
old birds to commence breedingﬁ Lacking this stimulation,
thgy may have moved out of the breeding areas as only two
ringed birds were recorded in these areas in 1968.

The number of pulli ringed in 1962 (615) was low
compared to the number ringed in 1961 (1043) and in 1963
(1358); The recovery rate of the 1962 birds in 1966 (3;9%)
was significantly higher (4 = 2;48 P<£0,02) than for birds
of the same age in 1967 (2.0%). It is possible that this
may be accounted for in conjunction with the low ringing
total for 1962, for although the total ringing effort was
less in 1962 than in othersyears, it may have been
conceqtrated on older pulli, In subsequent years chicks
Qf all ages were ringed and these suffered heavy mortality,
particularly those less than a week 0l4d, If older chicks
or flying juveniles were ringed in 1962, they would have
a better chance of survival, and this would explain the
differences between the return of four year old birds in
1966 (hatched in 1962) and the return of four year old
birds in 1967 (hatched in 1963), As the recoveries from
1962 were significantly different from the other years,
these were re-calculated using an estimated total of birds
ringed in 1962, based on the average ringing total of
1961 and 1963, assuming that this would have been the total
in l96§ if chicks of all ages had begn ringed. The estimated
pe:centages of recoveries obtained by this method are

underlined in Table 29 and the actual percentages are given in

brackets.
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In many cases the number of retraps in 1968 was higher
than the number in 1966 and 1967 and yet all the birds retrapped
in 19&8 must have been alive during the two preceding years.
However, if these birds were not caught or observed in 1966
or 1967 they were not included in the total retfaps; This
meant that the age structure for each year was based solely
on the random sample for that particular year and these
figures could then be summed to calculate the mean age
structure as described below;

The percentages of ringed birds recovered at a
particular age were summed for the three years to give the
first column of Table 30 which represents the numbers of
birds of age x years alive at one time, Nice (1937) quoted
in Deevey (1947) argued that the ratio of the living at any
age to the total number of the living must equal the ratio

of the dead at any age to the total number of deaths, that is :

d
X = x
£1, £d_
As £ dx by convention is 1000, dx =.1x 1000
£y

ngigggigﬂijthis formula, the second column of Table 30
has been calculated and, from this, the value of 1x/looo;
These values have been plotted on a logarithmic scale in
Figure 21 to give a survivorship curve for the Arctic Tern;
The value for 29 years was omitted from the calculation of

the regression as only one bird of this age was recovered,




Figure 21.

The survivorship curve for the Arctic Tern;
log 1x/ 100 is plotted against age, the

equation of the line is y = 3,20 - 0.07 x.
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The equation of the line is y = 3.20 = 0,07x and the close
linear relationship is indicated by the slope being very
significantly different from zero (t = 29.68 df = 17 P<0,001).
This suggests that a constant proportion of Arctic
Ternsdie within each age group although there is some
evidence from the graph of slightly increased survival
in the 4 - 8 year old birds and the birds over 15 years old;
while between 9 and 15 yéars there is some evidence of
slightly decreased survival; It is suggested later in
Section 3 that birds of 4 - 8 .years 0ld are at the best
physiological age for breeding and this may explain their
“better survival; Austin (pers.comm,) found in both the
Common and the Sooty Tern a comparatively high mortality
in the first year of life followed by a lower mortality
that remained steady over the adult years until the onset
of old age, starting at about age 18 in the Common Tern

and at 25-27 in the Sooty Tern.
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Table 30;: Initial f;‘.gures used in the calculation of
the life table
Total of percentage Calculated value
Age in years retraps of dx
1, S_i_x__ .1000

x .

3 2.82 59
L 6.69 14
5 5.51 116
6 5.85 123
7 k.59 98
8 4,48 ok
9 4,45 ' 9l
10 2.80 59
11 1.30 .27
12 1,18 25
13 1.18 25
24 | 0.2k 5
15 0.24 5
16 0.78 16
17 0.80 17
18 0.5k 11
19 0.50 11
20 1.00 21
21 0.50 11
29 | 2.00 42

21 = b7.bs5 £d_ = 1000



The life table for the Arctic Tern from three
Years old has been calculated from the formulae given by
Deevey (1947) and this is shown in Table 31. The mean
mortality rate (t S.E.) from 3-21 years was calculated as
15.1 % 3.0% which is similar to the value of 13,3 * 4 6%
obtained from the observations of coiour-ringed birds?

From Table 31,the average expectation of further
life (t S;E.) for an adult Arctic Tern of three years or
more on Inner Férne was calculated as 4,48 I 0:36 years:
Austin (1942) gave the average expectation of further life
of the Common Tern as 2.8 years with an adult mortality of
30%; Lack (1954) gave figures for the expectation of
further life in many birds calculated from different sources
and he compared the small life span of many Passerines,
having an expectation of‘life of only one to two years, and
an adult mortality of 40 to 60%, with that of many larger
birdsﬁ He used Richdale's figures (1952) for a smail

population of the Royal Albatross (Diomedea epomophora)

to calculate the expectation of further life as about

' 36'years and for the Yellow-eyed Penguin (Richdale 1949a),
9:5 years% Lack quoted Paynter's figure (1947) for the
Herring Gull as.2;8 years and caiculated the expectation

of life in the Heron as 2.7 and the Lapwing 2;4 yearé:

He expected the highest average to be in the larger petrels

or eagles, with a clutch of only one egg and several years

of immaturity,
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Table 31, Life Table for Arctic Terns from 3 years old
1000qy, ex
Mortality  Expectation
dx Number 1./1000 Number rate/1000 of further
dying in age surviving at alive at life to those
Age in interval out beginning of beginning attaining
years of 1000 alive age interval of age age
interval interval
3 59 1000 59.0 6.01
. 141 941 149.8 5536
5 116 800 145,0 5.21
6 123 68 179.8 5.01
7 98 561 174.7 5,00
8 9k 463 203,0 4,95
9 ol 369 2547 5,09
10 59 275 21,5 5.65
11 27 216 125.0 6.06
12 25 189 132.3 5.85
13 25 164 152,4 5.66
14 5 139 36.0 5059
15 5 134 37.3 4,78
16 16 129 124,0 3.94
1?7 17 113 150, 4 3,42
18 11 9 114.6 2.94
19 11 85 129, 4 2,25
20 21 74 28 3'. 8 1,51
21 11 53 207;5 0;91
29 L2 Lo 1000 0;50
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Preliminary Discussion of Section Two

As the only accurate way of determining the age
of individual Arctic Ternswas from ringing, this limited
the study to a certain «tent, Although terns have been
ringed on the Farnes for a long time, the numbers of birds
which were ringed 20-30 years before the study began, i.e:
19305 and 1940s, were very small, particularly as this
period included the war years, The chances of an adult
being recovered from this early period were therefore
very slight; particularly in view of the fact that ring
wear and loss is known to occur to some considerable
extent in sea-birds. Austin & Austin (1956) found that
some series of rings put on to Common Terms only lasted
5-é years although a few remained readable after 20 yearsﬁ
They found great va;iation in the durability of different
series of rings and between individual terns,but on
average, the older series of rings lasted between eight
and twelve years; In ?he present study very few signs
of wear were seen in Arctic Tern rings, even in some of
the very old aluminium rings which were over 15 years
old; and it is possible that this is not such an_important
cause of ring loss in Arctic Ternsas in other sea-birdsf
Corrosion of rings was found to occur in a few cases,
particularly in the earlier Monel series, sometimes
making the ring illegible after only a few years?

-Some retrapping and re-ringing of adult terns
has been carried out on Inner Farne, but this has been

at infrequent intervals., The chances, therefore,
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of very old birds being retrapped on Inner Farne were
fairly small and yet, in spite of this, a few very old
birds were caught; This'suggested that the Arctic Tern
may be a longer-lived species than was éreviously thought;
The oldest definite record of a retrapped bird was a tern
of 27 years, caught in the year before the present study
began, although there was a telescope reading of a ring
number of a bird 29 years old. As this was recorded at
thg time without any doubt, and each digit was checked at
least once; it seemed likely that this was a correct record,
If larger numbers of birds had been ringed in the 20=30
years before the study, and an intensive programme of
retrapping and re-ringing of adults had been followed
consistqntly, it is likely that larger numbers of older
birds would have been caught, and the age structure might
have had a slightly older bias,

However; on the informatiom available at the
present time, it can be assumed that although individual
birds may survive to considerable ages, the majority of
the breeding population is less than 10 years old%

This is a fairly typical age structure for sea~birds;
Austin & Austin (195g) found 90% of the Common Tern on
Cape Cod were 3-10 years old, Although they also found
that the mortality rate increésed after the 18th year,
with the onset of old age, no evidence for this was found
in the present study:. The survival rate of the very old
birds_was not significantly different from the younger

birds; nor; as is shown in Section 3, was their total
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breeding success reducedﬁ It is possible that the Arctic
Tern; like the Sooty Tern, may normally be a longer-=lived
bird than the Common Tern and may not go through a period
of senility and ipcreased mortality, or that this occurs

at a later age than was possible to measure in the present

study:
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SECTION THREE - THE BREEDING BIOLOGY OF ARCTIC TERNS OF

KNOWN AGE

Introduction

It has been shown already that the Arctic Tern is
a relatively long-lived bird., The majority of the birds
in the breeding population were bétween three and fifteen:
years old, with iﬁdividuals surviving and breeding at a
much greater age. There have been few studies on the
effect of age on the breeding bioclogy of long-lived birds,
other than those of Coulson & White (1958) on the Kittiwake,
and Richdale (1949) on the Yellow Eyed Penguin. Austin (1945)
studied the Common Tern but concentrated mainly on the demo=-
graphic aspects of the colony, although he did give some
information about breeding success in relatiom to age;

There are, however, many references to the age
at which birds commence breeding. This can vary from a
few months 61d in the Estrildine Firefinch (Lagon®stica
ééﬁegéié) (Morel l9g4) to the eight, nine and eleven
year old individuals recorded for the Royal Albatross
(Richda}e 1952); This deferred maturity of the
Procellari?ormes has been well documented and is typical
of long=lived birds; In the Arctic Term it has béen
fairly well established that the birds do not breed until
they are at least three years old; Neither Cullen (1957)
nor the present study found any evidence of birds breeding
at two years of age; Hawksley (1957) cited one instance

of a two year old Arctic Tern breeding, but Cullen suggested
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that this might have been the result of a triangular marriage
where the non=breeding two year old was tolerated by the
older breeding pair, and even allowed to sit on the eggs.
Triangular marriages were occasionally recorded in the
present study where three birds were seen consistently

at the same nest site, with very little animosity between
them; Unfortunately it was not possible to determine the
ages of any of these birds as many of them were not ringed.

The three year period, from 1966 - 1968, was a
short enough time to study age effects on long-lived birds,
and the original plan for the study was to concentrate on
trapping and colour-ringing the adults in 1966 and 1967
whilst also studying their breeding biology. Thus, by
1968 it was hoped that there would have been a large
number of colour ringed birds,whose ages were known,
breeding in the study area. The breeding biology of

Known
these paged birds could then have been studied mainly by
observation; with very little trapping of adults necessary,
but unfortunately the breeding of all the birds was so
disrupted in 1968 by the red tide that discussion of any
age effects is mainly confined to the results from 1966
and 1967;

That the numbers of adults in each group was
fairly small was due to the practical difficulties of
working on Inner Farne where, as has been stated earlier,
work in the cology was only permitted during times when

the general public were not on the island, This limited

the hours of work in the colony to a period before




10;00 hours wheﬁ the first visitors arrived and a period
after 17;00 hours when the last boat usually left; On
fine days, particularly at the weekends, the visiting
period was much longer and work, apart from observation,
was even more limited,

In order to compensate for these small groups,
some of the age classes have been combined in some parts
of the study to give groups of approximately the same
sample size; For the same reasons where no significant
difference exists between 1966 and 1967, results from these

two years have often been combined.

Methods

The ages of the birds were estimated by retrapping
ringéd birds, observations of colour-ringed birds, or by
telescope readings of ring numbers as described in Section 2;
In some cases, where both members of a pair had been ringed
as pulli in ?revious years, it was possible to determine the
mean age of the pair; .From'observations on courtship and
mating made early in each season,the sex of many colour=-

ringed birds was also known.

In many cases only one bird in a pair had been

: — or\\
ringed, and it was " possible to know the age of,this

bird, This was assumed to be the mean age of the pair
. and is considered as such in this section. From studies
on pairs where the ages of both birds were known . there

was found to be a high correlation (r = + 0,92) between

the ages of the two members of a pair.
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When the nest of a bird of known age was found
this was marked with a numbered metal tag and observations
were made on the nest and eggs until theAyoung hatched;
The young were ringed within a few days of hatching and
were'given a numbered British Trust for Ornithology ring
and a single colour-ring on the other leg to distinguish
the chicks from parents of known age; When the chicks
were older and had wandered from the immediate nest site
the colour-ring enabled quick identification of yoﬁng
whiqh were to be weighed; In all three seasons a sample
of these chicks was weighed at daily intervals to compare

the growth rates of chicks from parents of different ages.

Date of return to the colony

The dates when colour-ringed birds were first
seen in the study area were recorded, provided that they
were seen on at least two subsequent occasions; This
eliminated the chance of including birds which had failed
to breed in other areas and later wandered into the main
study area; The results obtained are nét true dates of
return, Qs it was not possible to record with certainty
the first dates on which the birds returned to the breeding
colony, but at any time during the early part of the season
there was an equal chance that a bird of any age might be
observed and therefore these dates can be compared for
different age groups;

There was no significant difference between the
mean dates for 1966 and 1967 (t = 2,03 d4f = 9 P>0,05)

and these have therefore been combined in‘Table 32 and in
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Figure 22; The return in 1968 was probably upset by th;
red tide when the behaviour of the birds returning at the
normal time was unsettled, rendering them more IEQ&;; to
early observation. This may have beenresponsible for

the earlier mean date in all age groups in 1968,

Table 32, Mean dates of first sighting for birds of known
age = 1966/1967 and 1968. (A1l dates are June

unless otherwise stated)

Age Mean date = S.E, . Mean date % §.E,

(years) 1966/1967 No, 1968 No.
2 13 July = 4 days 7 - -
>3 29 I k4 days 2k 1313 2
4 2523 43 29 May = 3 30
5/6 21 2 4 2 333 66
7/8 18 %3 45 924 28

>8 12ty 6l 523 74

The mean dates for the first sighting of the

A two year old birds were considerably later im both 1966
and 19&7 (mean 13 July = 4) than the youngest breeding
birds, that is; the three year olds (mean 29 June = 4),
There was no evidence of any of the two year old birds
attempting to breed; It was possible, but not meaningful,
to calculate this date in 1968 as the return of the two

year old birds probably occurred in the middle of the

red tide.
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Figure 22, The mean dates of first sighting birds of
known age., The data for 1966 and 1967

have been combined.
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Table 33, Analysis of variance for mean dates of return

to the colony in each age class

Source of Sum of Mean Var.
variation squares D.F., squares Ratio P

Between age

classes 9338 8 1167.3 2.84 <0.,01
Residual 85791 209 410,5
Total 85129 217

‘The analysis of variance given in Table 33 shows
that there is a significant difference (P £0.0l) between
the mean dates of return for each age class using the
combined data for 1966 and 1967, The older birds returned
to the col§ny first and there is a high correlation between
the age of the birds and the mean date of return : r = -0,.93,
af = 7, I*(d.OOl; This may give the older birds a chance
to secure a better nest site than those younger birds
returning later, There is some evidence to suggest that
the younger birds nest in the less densely occupied areas,
particularly gt the edge of the colony. The younger birds,
especially those returning to breed for the first time,
hay not choose to nest at the edge of the colony, but as
a consequence of a late return,these areas may be the
only ones not already occupied., Coulson & White (1958)
found a similar effect in the Kittiwake, where birds that
had bred at least once before, returned to the colony
approximately a month earlier than those returning to

. breed for the first time. It was difficult to estimate
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the mean date of arrival of the young Arctic Ternsas none
of them were inaividually colour ringed, but general
observation showed a similarity with the findings of
Cullen (1957) that the Portlandica birds arrived three

to fqur weeks after the adults had first appeared and

certainly after the main bulk of the adults had arrived,

Age of the pair

An attempt was made to determine the age of
both members of a pair but this was only possible where
both birds haq been originally ringed as pulli, or as
adults; if they were known to be at least nine years old
and could be put into the 'old' category; The birds were
sexed by observation of coﬁrthﬁip and mating. The details
for twenty-nine pairs where the age and sex of both birds
was determined are shown in Figure 23. The regression
of the line is_y = 1,0 + 0.92x, showing a close relation-
ship between the ages of the two parents although, as might
be expected, this is less so in the older birds, If the
long-standing partner of an old bird dies, then the
survivor is more likely to choose a mate from younger
age classes; With this in mind, three very wide values
have been omitted from the regression calculation, but
they are shown on the graph. As the ages of the pairs are
overall so equal } the slope of the regression does not
. differ significantly from unity (t = 0;83 af = 24 P<:O;10),
where the age of only one partner was known, this has been

assumed to be the mean age of the pair,




birds, the equation of the line is :
y = 1.0 + 0.92 x. The three values
marked ® have not been used in the

|
| Figure 23, The relationship between the ages of paired
regression (see text).




13

-

g’ age (yrs.)

13 15
? age (yrs.)

17




113

Observations on colour ringed pairs suggested
that the pair bond is strong in the Arctic Tern and birds
may retain the same mate until one partner dies, = Birds
returning to the colony to breed for the first time are
therefofe more likely to find a mate of similar age as,
apart from the surviving member of a pair where ome bird
has died, there will be few other unmated birds around.
Cullen (1957), however, suggested that there may be a
shortage of yéunger females as the males of three years
‘old have a stronger urge to return to the breeding grounds

than females of the same age.

Nest Site

The chéice of nest site may affect the ultimate
breeding success of the pair; An attempt was mgde to see
if the choice of different types of nest site was related
to the age of the pair,

Where both members of a pair survived the winter,
there was considerable evidence to show that they returﬁed
to nest in precisely the same place as the previous year.
This has been noted elsewhere in Arctic Tern (Andersen 1959),
and also in Common Tern (Austin 1956); Austin also
susgested that in\the Common Tern, this site tenacity
increased with age and was largely responsible for keeping
the group together and returning it to the same place;

In the presen? study, general observations on colour-

ringed birds confirmed this site tenacity in the Arctic

Tern.




In any one year the only birds which will be
choosing a nest-site rather than returning to a familiar
one are those returning to breed for the first time and
perhaps the birds whose mates have not survived 'the winter,
As the average annual mortality of adults. is 13-15%, the
latter group will be fairly small? However, this group
and the young birds are the only ones which are likely
to breed in new areas.

In order to quantify the density at which birds
of different ages were nesting, a 2 metre square grid was
staked out in the study area before the onset of breeding.
The position of each nest was recorded according to the
. équare of the grid it occupied. Knowing the dates at
which all the eggs in the study area were laid, an
estimate was made of the numbers of nests in any one square
at a particular time in the breeding season. Knowing the
laying dates of birds of known age, it was possible to
determine how many other nesting sites in the same grid
séuare were occupied at the time when a bird commenced:
laying; This does not give a true value for demnsity
as it itakes into accou;?kthe particular grid square
“in which the bird has nested and not the neighbouring
squares; It does, however, give some indication of
the number of other nests in the proximity of a
particular bird; These ''densities" were calculated

in relation to age and are shown in Table 34,
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Table 34; Relative density of nest sites in relatiom to age

Age of breeding Mean _ Number of
birds (years) ~ Density pairs

3 6;0 2
b 64 23
5-6 9.5 34
7-9 8.1 17
10-15 8.9 27
>15 10,3 7

The figures obtained for the densities of the nests
show that there was a marked tendency for older birds to nest
more closely together than the younger birds, particularly those
returning to breed for the first or second time.

Another aspect of the nest site was considered by
comparing the nests which were in a corner of the study area,
sheltered by a bank, with the nests which were in the more
exposed central parts of the cove; The mean age of birds
(: S;E.) breéding in the sheltered areas was found to be
9;47 ha 0;12 and in the exposed areas 6.35 I o.24 years.

These value; are significantly different (d = 12;73 P<(0.001);V

It seems likely that the older birds, returning to the
colony first; either return straight to their breeding place of
the previous season or deliberately choose a favourable nest
site; They also apparently choose to crowd into a particular
areg where presumably the greater proximity of other breeding
birds may have a selective advantage;

Darling (1938) concluded '"that colonial nesting

birds furnish each other with the necessary visual and
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auditory stimulation for the reproductive cycle" and

" -Salomensen (1943) showed that small groups of Kittiwakes,
Guillemots, Little and Lesser Black-backed Gulls failed to
breed, presumably because of lack of stimulation, It is
possible that the older Arctic Terms on the Farne Islands

chose to nest gt a very high density in order to obtain

the maximum stimulation from their neighbours. This crowding
" may also result in the birds being more aggressive towards.
predators, for it has been shown in many species that birds
nesting in small groups are much less aggressive tham those
nesting in iarge, dense colonies; Isolated Arctic Tern nests
may be more prone to attacks by predators due to this lack of

aggression,

The older birds, returning earlier to the colony and
having fi?st choice of nest site, probably bemefit in two ways
by choosing to nest close together; first, the increased
stimulation on the sexual cycle by other breeding pairs, and,
second, the protection from predation gained by the increased

aggression of the sub-colony.

Date of laying

In some cases the date when the first egg was laid was
known accurately, but for many'birds of known age the laying date
was estimated by an extrapolation back from the hatching date;
This occurred in cases where the colour-rings.on the bird were
not seen until after it had started incubating; As stated
earlier; the mean incubation period fromthe laying of the first
egg is twenty~two days; and there is no indication of any

appreciable variation in this with age. Therefore the
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laying date was assumed to be twenty-two days earlier than
the hatching date; and these calculated dates have been used
in this analysis together with the known laying dates,

The mean laying dates (= S;E.) for each age group
in 1966, 1967 and 1968 are shown in the first part of Table 35a
where it should be noted that the absence of a standard error
value in this and subsequent tables indicates that the mean
was derived from identical numbers; As there is a significant

difference between 1966 and 1967 (t = 4;5 df = 8 P<o0,01),

4

a correction factor (mean difference = ' 9.1 days) was applied

to the 1966 results before they were combined with those from
1967; These combined results are shown in Table 35b and: have
been subjected to an analysis of variance with respect to age;
The analysis is presented in Table 36 and shows that no
significant difference exists between the mean laying dates
for the different age classes; An analysis performed on the

1968 data gave a similar result.

Table 35a. Mean laying date in relation to age (all dates

in June unless otherwise stated)

1966 1967 1968
Age . e SR C e
(¥rs.) MEAN L.D.X S.E. N MEAN L.D.% s5.E. N MEAV L.D.% 5.E.
3 725 3 11 %3 13 s
62 12 9I3 9 1613
5 3 1 14 23 1% 1l
6 2¥1 . 8 14 % 3 12 L2
7 312 3 17 %6 10t >
8 3%, 13 2k I3 1 %3
9 6.5 > 8 9%5 7 13t
10-15 31 MayI o 623 11 9i2
>15 b2 5 12 =7 5 13 h
A1l 4 %2 56 12 %3 77 11 £ 2

N

12

11
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Table 35b. Mean laying date in relation to age., Corrected

data from 1966 and 1967 combined (all dates in June)

Age Mean laying date
years + 5.E. 1966/1967 N
3 1213 16
I 1222 21
5 Iy 15
6 1323 17
7 15 = 4 8
8 15 2 2 17
9 12 24 15
10-15 733 14
10 % 4
>15 1326 10
A11 121y 133

Table 36. Analysis of variance between the mean laying dates

for each age class, using the combined and corrected

data of 1966 and 1967

Source of Sum of . Mean , Var;
variation squares D.F. squares  Ratio P
Between dates 796 8 99.6 1.13 0.08
Residual 10946 124 88.3

Total 11742 132

It has been suggested from the dates when first
observations were made on colour-ringed birds that the older

birds return to the colony first, The advantage of an

earlier return was probably mainly in the greater choice
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of breeding site, The younger birds, returning later, had
a more limited choice of nest site; but they spent less time
in pre-laying activities than the older birds, The presence
of birds already involved in breeding activities probably
stimulated the younger birds to commence breeding fairly
quickly and this resulted in a synchronisation of the time

of laying of birds of all ages.

Clutch size

The difficulties of determining the clutch size
accurately when the birds were suffering egg predation have
already been discussed in Section 1. The same criterion
for clutch size is used here, namely that the clutch pmst
have had the same number of eggs for at least three days,

This eliminates the chance of including clutches which are
preyed upon before completion; In many cases birds which
had their first clutch preyed upon laid a second and sometimes
even a third, Only the size of the first clutch is included
in this analysis; The mean clutch sizes fér each age group

in 1966, 1967 and 1968 are shown in Table 37 and Figure 24,
Table 37; Mean clutch size in relation to age

Mean Clutch sizes

age 1966 L s.E. N 1967 I S.E. N 1968 X S.E. N
3 16203 5 1.5%02 12 1.0 1

4 127501 13 1.5%0.2 1 14%oa 1

5 15%05 2 1.5%01 20 1.2%to2 9

6 192020 11 13%o02 7 152 1

7 2.0 3 2.0 7 18203 4

8 1.9%01 10 2.0 b 1.6%03 5
9 1.60.2 7 14fos 5 13103 4

10-15 1.5%0.,2 2 1.0 1 1.5%0.1 3k
>15 1Lg to2 2 1.8%03 4 15%t02 6
1.6 + 0,2 55 1.6 £0.1 71 1.5 £ 0,2 88

A1l




Figure 24. The mean clutch size in relation to age.
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There was no significant difference between the
clutch sizes in 1966 and 1967 and 1968 but the results from

the latter year tended to be lower and have not been included

in the combined data that are presented in Table 37b.

Table 37b. Mean clutch size in relation to age. 1966 and

1967 data combined

Age Mean clutch size ¥ §.E. N
3 1.5 = 0.1 17
4 1.6 £ 0.1 2k
5 1.5 L 0.1 22
6 1.7 20 18
7 2.0 10"
8 1.9 0.1 14
9 1.5 £ 0.2 12

>9 1.6 X 0.2 10

An analysis of variance was carried out on the
combined data and the results in Table 38 show that there
was more variation between the age classes than would be
expected by chance; The largest clutches were laid by
the seven and eight year old birds, while birds of less
than seven years and greater than eight years were less
likely to lay clutches of two than the intermediate aged
birds; A similar effect with inexperienced birds was
found in the Kittiwake by Coulson & White (1958) where
the clutch size of females breeding for the first time
was lower than those bregding on the second and subsequent

occasions, They found no evidence of a decline in the

clutch size of the older birds;



Table 38, Analysis of variance between the mean clutch sizes
for each age class; uging the combined data of

1966 and 1967

Source of Sum of . . Mean Var,
Variation squares D,F. squares Ratio P

Between age

classes 4;0 8 0.50 2.32 0.05-
Residual 25;3 118 0,21
Total 29;3 126

Egg measurements

’

The maximum léngth and breadth of all eggs laid by
adults of known age was measured in mm using a veré@r caliper.
From these measurements the shape index and volume ;ere
calculated as has been described in Sectiom 1. A number
of eggs were weighed within a day or two of being laid and
the weights were very closely correlated with the volumes
(see Section 1) and in this study the volumes of the eggs
are considered rather than the weights for the reasons
given earlief;

The mean lengths and breadths (t 5.E,) of eggs

measured in 1966 and 1967 from birds of different ages

are presented in Table 39.

121
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Table 39, Mean length and breadth of eggs for each age group

in 1966 and 1967; Dimensions in mm

Age 19LL 11

(yrs) Length = S,E. Breadth ~ S.E, N Length - S.E. Breadth &+ S.E, N ‘
3 40.1%0.8 28.810.2 3 39.6 = 0.5 28,7 o0z 12
b k0.3 o 29.1% 0.2 13 40,02 1.2  29.4 % 0.6 3
5 - - - 41,3207 29.1%0.2 12
6 41.3%0.5 29.2%o0.4 6 40.52%0.6 29.52%0.3 8
7 ho.stol  29.5%0.2 4 40,8 L 0.5 29.4 L0 6
8 40.5%0.k 29.2%0.2 10 42.1 0.8 29.4 %0, 6

9-15 40.7 L o0.2  29.4 £ o.2 10 40.6 T o4 29,31 0,3 11

>15  40.6 £ 0.8 29.3 % 0.3 5 40.3%0.5 29.3%0.2 3

Length

There is very little difference between the lengths
of the eggs laid by birds of different ages, and although there
is a slight possibility that birds breeding for the first time
may lay a somewhat shorter egg, the differences are not
significant;

Breadth

The mean breadth of eggs laid by three year old
birds is somewhat less than the mean breadth laid by any
other age group, but the differences again are not significanfl

There is; therefore, a tendency for young birds to
lay narrow eggs and for the breadth to increase after the
first year of breedingg Richdale (1955) found a similar

effect in the Yellow-eyed Penguin, where two year old




females which were breeding for the first time laid

significantly lighter and narrower eggs than the older birds.

Volﬁme

As there is little difference between the lengths
and breadths for the different age classes in either 1966
or 1967, these data have been combined to give the mean
volumes (= S.E.) shown in Table 40, It is important to
stress that these means have been calculated from the
individual volumes for each age class, and not from the

mean length and breadth values,

Table 40, Mean egg volumes, 1966 and 1967 combined data

1966 and 1967

Age . +
(years) Mean Vol. (cc) = S.E. N
3 15.7 % o0.2 15
4 6.5 *0.3 16
5 6.7  *o.2 12
6 17.0 0.3 14
7 15;9 to.2 10
8 16.9 %o.2 16
9-15 16.8 0.2 21
>15 16.7 0.3 8

It has been shown in Section 1 that the volume of
the egg is closely correlated with the weight of the chick
on hatching (r = +0.83 y = 0.49 + 0.75x), and this factor

is probably the most important one ultimately influencing

123
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breeding success; Although there is only a statistically
significant difference between the egg volumes of three
and four year old birds (t = 2,22 d4f = 29 P £0,05),
there is, nonetheless, a definite trend of increasing
volume with age; Six year old birds show a maximum egg
volume of 17.0cc and after this there is a slight decline
to 16.7cc. for birds older than fifteen years., Romanoff &
Romenoff (1949) found in the domestic hen that their eggs
were smallest during the first year and then increased in
volume until the third or fourth year, Subsequently

the volume of the egg decreased as the age of the fowl
.advanced; .

The mean lengths and breadths for 1968 are
presented separately in Table 41 together with the mean
volumes; These latter, together with those from 1966-1967,
are illustrated in Figure 25.

Reference to Figure 25 shows that although the
egg volumes in 1968 for the two age groups, four years
and greater than fifteen years, are close to those for
1966=1967, the trend of increasing volume up to six
years old does not occur; These latter birds in 1968
have the lowest egg volume of 15;8t¢, Although the
majority of the egg volumes for 1968 are lower than those
for 1966-67, only the volumes for the five and six year

old birds are significantly so @

2;10 af

5 years : t 19 P<0,05

4.14 df = 31 P<0,001

6 years : t



Figure 25,

The mean egg volume (cc) in relation to age.
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The reduction ig egg volume in 1968 may have been due to a
general effect of the red tide on the birds' abilities to
produce large eggs. Part of the reduction may be accounted
for by the active selection for smaller eggs, in that in
1968 many birds were found dead in an egg bound condition
and if the latter was the primary cause of death, then
possibly those birds laying smaller eggs would be more
likely to survive; It is interesting that the volumes

laid in 1968, while lower, are within a range of two
stagdard deviations from the 1966 and 1967 volumes,

Clutch volume

The mean clutch volume for each age group in 1966=1967
and in 1968 has been calculated by multiplying the respective
- mean clutch sizes and the mean egg volumes, The mean clutch
volumes qbtained in this way are given in Table #Z.and

s

illustrated in Figure 26.

Table 47% Mean clutch volume (mean clutch size x mean egg

volume) in relation to age, 1966-1967 and 1968

Age (year) Mean clutch wolume Mean clutch volume
1966=67 (cc) 1968 (cc)

3 23.6 -
4 ) 26,4 23.0
5 25.1 19,2
6 28.9 23.7
V4 33.8 29.3
8 32.1 26,4

9«15 25.2 24,6

>15 28,4 25;1

126




Figure 26. The mean clutch volume (cc) in relation to age.
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The clutch volumes for 1966=1967 show a general
increase up to the seven year old group, with some evidence of
a slight decline after this: The lowest value for clutch
volume occurred in the three year old birds. The values for
1968 are all lower, with the largest clutch volumes in the six,
seven and eight year age groups.

Shape Index

‘The values of the shape index for each age class
in l9éé, 1967, and 1968 are given in Table 43 and have been
calculated from the individual shape indices for each group,.

The table shows very little relationship between shape index
and age for any of the years; Given the possible relationship
between egg volume and age, discussed earlier, this must mean
that increases d&n egg volume are brought about by equally

proportional increases in length and breadth together;

Table 43, Mean shape index (¥ s5.E.) for each age class in

1966, 1967, and 1968

age 1966 1967 1968 _
(yrs) Mean S.I, £ 5.E, Mean S.I. % S,E. Mean S.I. % S.E,
3 . 71.8%1.8 72.5 £ 0,9  =mmemee- -
4 72.3 £ 0.7 73.5 £ 2.9 70.2 £ 0.6
5 SR 70,8 £ 1.5 7.0 £ 1.5
6 70.6 ¥ 0.9 22.9 £ 0.9 20,2 1.2
K 72,9 1 0.5 72,2 £ 0.9 72,3 £ 0.6
8 72.3 £ 0.5 701 £ 1.7 71.1 £ 1.7
9-15 72.2 X 0.7 72.1 2 1.0 72,7 £ 0.5
>15 92,3 L 1. 72,9 £ 1.4 72.8 * 0.6
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The differences in egg size for different age groups
are reflected in the change in egg size laid by individual females
in successive yéars; In this short term study it was: J:ﬁ'possible

onl
to follow individualsﬁ_or two or at the most three years, but they

show a reflection of the gemeral trendsi' The mean volumes of all

eggs laid by individual females in each year are shown in Table &4,

Table 44, Mean volume of all eggs laid by individual females

of known age in 1966, 1967, and 1968

Age in 1966 Mean egg volume Mean eggvol, Mean egg vol.

Ring number (years) (ce) 1966 (ce) 1967 (cc) 1968
CK36695 2 ' - 1h4,42 15,32
CK34198 2 - 14,86 15.73
CK23164 3 | 16,14 - 17,32
CK10959 b 16.29 - 16.13
CK25358 4 - 15.20 16,14
CK02481 5 - . 17.89 15.70
705055 6 15,91 - 15,67
727593 6 15,48 - 14,75
CK63528 9 17.16 15.94 17.93
727112 >10 16,22 - 15.13
CK02108 >10 16.87 15, bk 16,15

When comnsidering these individual measurements, it must
be borne in mind that the total mean egg volume for 1968 was
considerably less than the mean for either 1966 or 1967, the
reasons for which are discussed in Section 4. Where an increase

is seen from 1967 to 1968 in the size of the eggs from a normal

individual, this would probably have been a larger increase in

a normal year; where no increase or a slight decrease has
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occurred, there would probably have been a slight increase in
a normal year.

Hatching Success

The hatching success of birds of known age was
calculated by expressing the number of eggs which hatched as a
percentage of the tqtal number of eggs laid by a particular
age group; The results\for 1966/1967 have been combined and
are given in Table 45a together with those from 1968, Table 45b
shows the hatching success for clutches of one and two for

different age groups, using the combined data from 1966 and 1967.

Table 45a, Hatching success in relation to age of the adults,

1966 and 1967 combined and 1968

No, of No, of

(yf.:i:s) 1966/1967 clutches 1968 clutches
3 30.9% 28 - 0
he5 37.6% 55 40,7% 27
6-8 48.2% 50 31.1% 29
>8 53‘. 2% b2 26, 9% 54

Table 45b, Hatching success for 1966 and 1967 combined in

relation to clutch size and age of adults

Age Clutches No; of Clutches No. of
(years) of 1 clutches of 2 ‘clutches
3 L2,8% 14 25.0% 14
4-5 6.0% 25 26.7% 30
6-8 41.2% 17 50.0% . 33

>8 50.0%' 22 5508 20
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There was some evidence of an increased hatching success
from the older birds in 1966/196?; Table 45b shows that this was
mainly due to the greater success of clutches of two; there is a
significant difference between the hatching success for clutches
of two in 1966/67 from four and five year olds (26.7% and from
6-8 year olds (50%) (d = 2.68 P<10.01); This could reflect a
greater ability of the older birds to look after two eggs,
particularly in the critical feriod early in incubation when
it was shown in Seqtion 1 that this was the time when clutches

of two were most likely to be preyed upon.

Reasons for hatching failure

These have been discussed in detail in Section 1 and
are dealt with here only in relation to age.

1. Starling predation

Starling predation accounted for most of the
hatching failure in each year and showed some variation with
the age of the adult ternms. The percentage of clutches laid
by birds of known age, which were presumably preyed upon by
Starlings; is shown in Table 46. These figures are for 1966

and 1967 only;

Table 46. The percentage of the total number of clutches
laid which were F"J“l upon by Starlings in relation

to age; data from 1966 and 1967

Age (year) Total clutches No.preyed upon % preyed upon

39. by & 5 74 28 38
6, 7, & 8 50 22 bl

Greater than 8 41 25 61
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Although Starlings may sometimes ﬁﬂéé:;QELione egg
from a clutch of two, this incomplete predation never occurred
where the age of the parents was known. The results are
therefore reléted to the number of clutches, rather than eggs

.laid, to be consistent with other data presented under this
heading. Although there is an apparently higher level of
predation in the older group, the difference between this
and the 6, 7, and_8 year groups is not significant;

2. Exposure

It has been shown earlier in this section that
there is a correlation between the age of the bird and the
date of return to the colony. This may give the early
arrivals, the older birds, an advantage in the choice of
nest site; Within the cove the most important variable
in the different sites was the amount of shelter. The cove
was protected from the north-west to the south by a fairly
steep bank and to a lesser extent to the south-east by a
low ridge of rocks; Parts of the cove were thus fairly
sheltered from the main westerly winds, other areas were
much more exposed. ) There is some evidence to suggest
that birds which_return early to the cove, having a free
choice of nest site and no attachment to a particular site,
select- the more sheltereq argas; and it has been shown
earlier that therg is a sigpificant difference between
the mean age of‘birds breeding in the sheltered areas
and those breeding ip‘the morevexposed areas;

The significance of the shelter may be related to

the density at which birds are nesting in these areas,
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It may also be related to the rate of cooling of an unattended
clutch; If there was some delay during change~over or if a
bird left a clutch for any time,this would cool much more
quickly in the exposed areas than in those sheltered from
the prevailing wind;
3; Flooding

Some nests were in a position below the High

Spring Tide level and if a Spring Tide occurred during the

incubation period then the eggs were washed away. This
iéc{;yﬁygg;;E;:vfor a very small percentage of the total
egg loss, The percentage of clutches from birds of known

age lost this way in 1966 and 1967 are shown in Table 4o,
Table 47. The percentage of clutches lost through flooding
in relation to the age of the parents; combined

data from 1966 and 1967

Age (year) Total clutches No.flooded Percentage flooded

3, L", and 5 74 7 10
6, 7, and 8 50 2 A
Greater than 8 41 : 0 0

The flooding of nests accounted overall for a very
small percentage of the hatching failures; and was confined
to the younger birds; This suggests that a bird may become
more experienced in its choice of nest site and that birds
breeding for the first time are more likely to choose
unsuitable nest sites; There is considerable evidence

to show that older birds return to the same nest site
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every year, but insufficient to show that if young birds are
consistently unsuccessful at one 8ite they will move on to
a new one, although this seems very likely,

4, Other causes of egg loss

As discussed in Section 1, other reasons for
hatching failure accounted for only a very small percentage
of clutches and the data are insufficient to show any age

specificity,

Re-laying replacement clutches

The ability of a bird to lay a second clutch if
it loses the first is obviously an important factor in its
.ultimate breeding success and an attempt was made to see
if there was any difference in the re-~laying ability of
birds of different ages;

This study was confined to colour=-ringed birds
‘nesting in the cove area. As observations were made by
telescope for at least two hours on almost every day of
the breeding seasons of 1967 and 1968, the chances of
identifying a colour=-ringed bird at its nest site were
fairly high, Those birds which re-laid always did so
in the same immediate area, although not always at the
exact site as the first clutch; None was ~seen to re-lay
in other areas and observations of some of these colour-
ringed '""failed" breeders in the '"club'" areas provided
further confirmation;that_they had not laid a replacement
clutchi Table 48 shows the numbers and percentages of

birds of different age groups which laid a replacement

clutch when the initial clutch failed,
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Table 48, Percentage of lost clutches that resulted in

re-~laying in relation to age

Age Number of Number of Percentage of
(years) failed replacement replacement
" clutches clutches clutches
3 : 10 2 20
Las 9 k4 Ly
6=8 14 3 21
>8 22 13 59

The differences between the age groups are rather
varied; but there is a possibility that the older birds may
have a greater ability or inclination to re-lay a clutch if

the first one fails,

Growth rates of young from parents of known age

A sample of chicks from parents of known age was
weighed at the ;éme time each day in all three years; The
chicks were ringed with a single colour ring on the day after
hatching and ;ater with a numbered British Trust for Ornithology
ring; The.colour ring enabled quick identification of chicks
which were to be weighgd every day; These rings were removed
before fledging and replaced with the normal year colour ring.

The growth curve of Arctic Tern chicks has been
discussed in Section 1 where it was shown to have a constant
daily increase in wgight between the fourth and the fourteenth
day; Only chicks of Fhis age are included in this study and
the mean growth rates between the fourth and fourteenth day

for chicks from parents of known age are shown in Table kg,
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Table 49, Mean growth rates of chicks from parents of known

age, 1966 and 1967 data combined

Age of
parents Mean growth rate + .
(year) of chick (g /day) - S.E. N
3 6.7 Zo0.7 10
4 5.5 t ok 10
5 6.6 0.5 12
6 6.1 X o. 9
7 6.3 % 0.9 b
8 6;1 Zo0.5 11
9 6.4 Io.3 vi
>9 7.5 t o 12

The growth rates of young from parents of over nine years old
were over one gram per day more than those from younger parents.
This increase in the growth rate is presumably a reflection of
the parents' greater efficiency at fishing or of a greater
concentratién on the task of feeding the young or of a
combination of both these factors. Coulson & White (1958)
found that in the Kittiwake, the growth rates of chicks from
parents breeding for the first time were significantly lower
than those where the parents had bred before.

It is important to remember that the growth rate
only repreéents aiproportion of the amount of food brought
to a chick; Chicks were reared in the laboratory as
described in Section 1 and their total intake of food and

daily growth rate were measured. These were compared with

observations in the field on the number and estimated length
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of fish brought to chicks; By weighing sand eels of various
lengths ,it was possible to estimate the weight of the mean
daily intake of fish; The two sets of data showed a great
similarity and suggested that in order to maintain a daily
increase in weight of seven gramsa chick must receive between
twenty-five and thirty grams of fish each day;

As the increase in the growth rate of the chicks
from older parents is maintained for the whole of the linear
section of the growth curve, the chicks from these parents
will be approximately 10g heavier when they are 14 days old_
than the chicks from younger parents; This difference in weight i
may well have an effect on their survival through the fledging

period;

Fledging success

The fledging success has been calculated as the
percentage number of young which fledged, compared with the
number of young which patched. In Table 50a the fledging
succesé is presented for the young of parents in the different
age groups using combineq data from 1966 and 1967, while
Table 50b gives a breakdown of fledging success for broods
of one and two; The numbers of young that were fledged
from each parental age group in 1968 were very small and
are not considered here;

Although there is no_significant difference between
the results for tpe different ages; there is some evidence
of a slight increase in fledging success among the older
parents: The causes of chick mortality have been discussed
in Section i and no evidence is available to indicate that
any particular mortality of the chicks is specific to the

age of the parents,
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. using combined data from

Table 50a. Fledging success,’

1966 and 196Z in relation to age

Age of Noi'of No, of young

parents young survived Percentage
(years) hatched to fledging fledged
3 13 7 Sh
b=5 32 25 66
6-8 40 25 63
>8 33 23 70

Table 50b; Fledging success in relation to age and brood

size, 1966 and 1967 combined

Brood of one Brood of two
Age of No,of No,of No,of No,of
parents young young Percentage young young Percentage

(years) hatched fledged fledged hatched fledged fledged

56 3 50 7 4 57
b5 16 9 56 16 12 75
'6-8 7 5 71 33 20 61
>8 1 9 82 22 14 64

Breeding success

The total bregding success for each age group has
been calculated as thg percentage of eggs which produced
fledged young; As has been discussed earlier, it was not
possible to assess post fledging survival in this short
term study; The breeding success of the different age
groups is given in Table 51 which illustrated the very
slight tendency for breeding success to increase with age,

t s oos -
although the differences arg:statistically significant,
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Table 51: The percentage of eggs which produced fledged young
in relation to age in 1966 and 1967 combined and

in 1968

1966 and 1_967 19638

Age ; No. Percentage No. Percentage

N

(yr) No. eggs fledged fledged No. eggs fledged fledged

3 k2 7 17 1 0 0
4=5 85 21 25 34 6 18
6=7 51 11 22 3k 3 9
8-9 k9 20 41 15 1 7
>9 b5 17 38 70 13 19

This value of the breeding success is not, however,
a true representation of the breeding success of the age groups
as it does not take into account either the clutch size or the
ability of the birds to re-lay. | The true success of the
population has therefore been expressed as the number of
foung reared per female parent and these values ére given

in Table 52 and illustrated in Figure 27.

Table 52; The number of young reared to fledging per adult
female, in relation to age; combined data 1966

and 1967, 1968 separately

1966 and 1967 1968
Age No. Adult Noi  No. No. No. No.
(yr) Q young young/? adult @ young young/?
3 27 7 0.26 1 0 0
4=5 iy 21 0.45 27 6 0,22
6-8 50 2k 0.48 29 3 0.10

>8 37 20 0.54 sl 14 0.26




Figure 27. The number of young reared to fledgihg per

adult female, in relation to age.
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In 1966 and 1967 there was clear evidence that the
older birds were more successful than the younger ones
although the data have had to be grouped into rather large
categories in order to maintain a reasonable sample size;

The 1968 results once again menifest the effect of the red
tide which will be dealt with in the next section. The
results from 1966 and 1967 are similar to those reported

by Coulson & White (1958) who, in their study on the Kittiwake,
found that birds breeding for at least the third time had the
greatest breeding success, those breeding for the second time
a reduced success; whilst the lowest breeding success occured

amongst birds breeding for the first time.

Preliminary discussion of the breeding biology of Arctic Terns

in relation to age

Arctic Ternsﬁf all ages returned to the breeding
colony, but the tige of their return depended on age.,
The older birds returned on average a week or two earlier
than the younger birds which iﬁ turn arrived a week or two
earlier than the nonfbreeding birds, This latter group
consisted mainly of the first year or "fortlandica" birds
which spent very little time in the nesting areas and were
not seen in large numbers until the breeding season was
almost over; together with two year old birds; It has
been suggested that the two year old birds may pléy a
part in triangular fmarriagesl; but no evidence has been
found of their breeéing; Ev;n though they spent more
time in the nesting areas than the'"Portlandica” birds,
éhey did not arrive until the breeding season was well
_established, and it is concluded that three year old

Arctic TernScomprised the youngest group of breeding birds.

139
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This deferred maturity has already been mentioned and
is typical of lomg-lived birds, Lack (1966a) suggested that
breeding, beingmdifficult, was not attempted until the birds
were older; because they would then be more likely to succeed
and qverall raise more young;' There may be some evidence
for this from the present study where young parents are less
effective at raising chicks than older parents, but it is
difficult here to separate a true age effect from that of
the lack of experience by birds breeding for the first time,
The alternative explanation of deferred maturity was offered
by Wynne Edwards (1955, 1962) who suggested that it might
have been evolved by group selection to reduce the number of
young and so prevent over-pqpulation. The implications of
this are dealt with ip greater detail in the General Discussion,

Throughout this study it was found that birds breeding
for the first time were considerably less successful than any
other age group; Much of this lack of success may have been
related to inexperiegce or as a consequence of a late return.
The late arrival of the three year old birds may mean that
their choice of nest site is limited to the edge of the colony
where they may lack the”stimulation of other birds nearby.
Their inexperience would meke them less likely to avoid areas
below Spring Tide levql where_flooding of the nest might occur.
Similar reduced reproductive success in birds breeding for the
first time has been recopded in many other long-lived species,
for example; the Kittiwake (Cou}son & White 1958) and is also
typical of many short-lived species; for example; the Great

Tit (Perrins 1965);




After the first attempt at breeding,the total breeding

success showed a general increase with age, so that the oldest
birds produced the largest number of young. This occurred in

spite of the fact that this group showed a reduced clutch size

and egg volume when compared with the six, seven, and eight
year old birds, but these latter ages may represent the best
physiological ages for breeding., However, it may be that
the older birds have an overall higher breeding success
becausw they make up for a possible physiological deficiency
of their reproductive capacity by being more experienced,
This may give them an advantage when selecting a nest site
and this initial choice may affect their whole reproductive
success; Although there is a suggestion that they may be
more liable to predation, they may compensate for this by
having a greater ability to re-lay; The growth rates
for the chicks from older parents were higher than those
from the other groups and indicate that older birds are
more efficient at fishing than the other groups or are
more responsible in caring for their young. It is possible
that younger parents; although equally capable of catching
fish, may not be so single-minded in taking the food to the
young and may be more gasily distracted from this purpose.
Again, it is likely that this is also influenced by the
position of the nest site in relation to other nest areas
and access to the seq;

It seems likely therefore that; physiologically,
the middle age groups are better adapted for reproductive

success in that they are likely to produce the largest
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eggs by volume, and hence the largest chicks on hatching,
and that they are more likely to have a clutch of two eggs:
In spite of this, the overall breeding success of the older
birds is greater and this is probably because, although
they may be physiologically less capable of breeding,

their greater experience leads to behaviour which results

in an increased production of young.
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SECTION FOUR = THE EFFECTS OF AN EXCEPTIONAL BLOOM OF
DINOFLAGELLATES ON THE BREEDING OF THE

ARCTIC TERNSIN 1968

Introduction

At the beginning of the 1968 breeding season,there
was an exceptionally high mortality of sea=birds on the Farne
Islands and many of the surviving birds had their breeding so
seriously upset that they were unsuccessful in raising young
in 1968; This was probably caused by the exceptional 'bloom’
of dinoflagellates; mentioned earlier, which released téxins -
int? the sea and has been documented by CoukBor et al (1968),
The birds most affected were Shags and, although only 199
corpses were found (17% of the birds at risk) the loss of
colour-marked birds indicated that 80% of the breeding
population died; .AFewer corpses of Afctic Terns were
foundf namely a total of 71 (1% of the birds at risk).

This hifference may have been a real one in that Shags

were more likely to su;cumb to the effects of the toxins

or i§ may have been influenced by the ‘smaller chance of
finding the corpse of an A;ctic Tern ?ompared to that of a
Shag., There was some evidence from the return of colour
ringed terns that the mortality was less than 5% of the birds
at risk; The main effect on the terns was thaf the breeding
was considefably gpset; resulting in the production of less
than 10% of the normal number of young; and the reasons for

this are discussed in this section.
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Number of adult Arctic Terns found dead in 1968

The numbers of adult Arctic Ternsfound dead on
Inner Farne each day in May and June 1968 are illustrated
in Figure‘28 which shows the main peak of mortality to be
between 25 May and 3 June. This was slightly later than

the main Shag mortality, 21-28 May, and coincided with the

dommencement of the main tern laying period. It was possible

to sex 48 of the tern corpses recovered and 38 (79%) of these
were females. Many of the birds were in the process of egg
laying and either had a fully formed egg in the cloaca or
had obviously just laid an egg; one bird was found freshly
dead on top of a new egg. It seems likely that the toxins
produced by the dinoflagellates did not in genmeral adversely
affect the Arctic Ternsto the point of mortality until the
females had the extra muscular strain and co-ordination of
egg-laying. This was not the case in thé Shag where the

mortality occurred equally in both sexes.

Ages of dead Arctic Terns

" A total of 18 of the Arctic Ternsfound dead were
ringed birds whose ages were known accurately, and the
ﬁumbers of dead terns from different age groups are shown
in Figure 29. There was no evidence of age specific
mortality; the lack of any dead one or two year old birds
was due to the mortality occurring early in the season,

before the younger non-breeding birds arrived in the colony.
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Figurém28.; The'numbefs'Of adult'Arctic Terﬁsvfouﬁdfdead each day

on Inner Farﬁe_in,May énd‘June‘i968,
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~ Figure 29. The. numbers of adult Arctic Terns of known

age found dead in May and June 1968,
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Hatching success in 1968

It has been shown in Section 1 that the bhatching
success for 1968 (15;6%) was significantly lower than that
in 1967 (47.0%) and 1966 (hh.4%) (d = 11,7 P<0,001).

In 1968 the causes of egg failure were investigated in
detail for different areas and these are shown in Table 53.
The majority of the eggs which were lost came into the
'disappeared' category, that is, they were present on one
ﬁest round bﬁt no trace of them could be found on the

next round 12 hours later; The most likely reason for
their disappearance was predafion by Starlings; eggs
pierced and damaged by Starlings disappeared completely
within six hours, presumably removed by the terns;

The eggs in the 'disappeared' category were therefore

combined with those which were known to be preyed upon

and this gave an overall level of predﬁtion that represented

93.9% of all eggs which failed to hatch., The amount of

predation in the cove and on the rocks was very high (95.1%)

and (96;8%) respectively, but was significantly less in the
vegetatioﬁ (83;5%) (a = 4;3 P'<O;001); The main reason
for the high levél of predation was that dﬁring and
immediately after the period of main mortality due to

the red tide,many of the clutches were left unguarded

and many breeding areas were sometimes completely devoid
of terns for parts of each day. For the reﬁainder of

the breeding season,the numbers of terns in the breeding
areas at any one time were considerably less than normal;
Marauding Starlings were therefore able to work their way

through the eggs with little interruptionm, particularly
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as the incubation of many clutches was Sporadic; The
lower level of predation in the vegetation was probably
because many egés were hidden by the plants compared to
the eggs exposed on the rocks and ;andy areas of the cove,
Eggs which we;:f?ncubated for more than 22 days
and failed to hatch were assumed to be infertile, but it
is probable that the overall percentage of infertility
is an under-estimate; due to the high level of predation,

. Spot checks were carried out to quantify the
intensity of incubation during and immediately after the
main mortality, from 25 May to 3 June; Only nests where
the eggs had been laid for more than 12 hours were included
in these checks as it has already been shown that incubation
is pormally ratyer erratic immediately after egg laying.

A total of 140 observations were made on 34 clutches and
on only 108 occasions (77%) were the clutches incubated,
while experience from 1966 and 1967 indicated that almost

100% incubation was usual at this time.
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Table 53; Causes of egg failure in different areas, 1968
Cove Rocks Vegetation A1
No. % No, % No. % No, %
'Disappeared’ 183 127 by 354
Predation known 88 53 27 168

Predation assumed 271 95,1 180 96.8 71 83,5 522 93.9

Flooded 6 2;1 L 2.2 0 0 10 1.8
Deserted 2 0.7 0 0 7 8.2 9 1.6
Died during

hatching 4 1.4 2 1.1 3 3.5 9 1.6
Infertile 0 0 0 0 b 4.7 b 0.7
Others 2 07 0 o0 o 6 2 O.k
Total eggs lost 285 186 85 556

The proportion of clutches being incubated in 1968
was almost }00% at times; but at others was less than 10%;
This was shown'by_notebook comments, as on 2 June at 1800hrs
when there were no birds at all in the breeding areas apart
from the cove and a small area of the rocks nearby, A
similg: comgent on 3 Jgne at 1900hrs recorded 23 birds in
" the cove and 1 in the'vegetation;,all sitting on clutches,
but no other birds in the nesting areas at all and very
few around the island; although there were a large number
of clutches‘in other areas; The detaiied notebook comments,
together with the timetable of the red tide are shown in
Table 54; From4these the general pattern of activity of
the surviving terns during and immediately after the red

tide waé a return to the island each day in the very early
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morning at about O}OOhrs with apparently normal activity,
including incubation; followed by a slow drift away from
the island during the day; At first, 2 June, this was
almost complete by 0900hrs, but on 3 June the majority

of the birds stayed until 1300hrs, and on 4 June until
1800hrs, By 7 June there were birds present in all
breeding areas for the majority of the day but the numbers
present at any one time were still less than 50% of the
normal numbers seen in previous years, This situation
continued until the end of the season with a steady decline
in total numbers;

Although there was no definite evidence for the
reason for the birds' absences from the islands for long
periods; immediately-after the main mortality, it seems
likely that it was due to a shortage of food near the
Farne ;slands; The evidence for this, although rather
subjective; is presented below;

l; In the period 25 May to 10 June very few
terns were observed fishing from the island, This was
unusual as normally,large numbers of terns, particularly
in concentrated groups over shoals of fish, could be seen
at all times from the island;

2; Large numbers of dead sand eels were
washed up on the.shore of the island and were reported
from the mainland coast by the local fishermen,

3: Very few-of the terns flying around the
island carried fish; Several hour-long observations of
birds flying into the cove at different periods of the

day were made and a total of 15 fish were brought in
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Table 54. Timetable of the red tide based on Coulson et al (1968)

13 May
14 May

15 May
16 May
17 May

18 May
19 May

21 May

23 May

24 May
25 May
26 May
27 May

28 May
30 May

2 June

3 June

4 June

5 June

6 June

and daily notebook comments

4 Shags died at Amble

1 Shag died. Farnme Islandsf‘ Phosphorescence seen from
Inner Farne. . 1 Sandwich Tern dead at Amble,

2 Sandwich Tern found dead omn Northumberland coast,
Reduced number of Shag nests occupied on Farne Islands,
About half the expected number of Arctic Terns in

Inner Farne colony:

Few Shags around apart from incubating birds,

Normal activity among Arctic Ternson Inner Farne,
No mention of reduced numbers,

1 Arctic Tern died overnight -~ Inner Farme.

Only 9 out of 298 Shag nests occupied on Farnes,
First Arctic Tern egg laid., Fewer terns in cove
than on 22 May.

Dead sand eels (Ammodytes) washed ashore,
Arctic Tern seen with Earthworm,
Dead Arctic Tern with fully formed egg in cloaca.

Vast numbers of sand eels washed up on Northumberland
coast, Large numbers of Arctic Terns found dead,
14 Arctic Tern clutches commenced.

35 Arctic Tern clutches commenced;

Arctic Tern seen in cove with symptoms of poisoning =
inability to stand.

10 Arctic Terns seen with sand eels all day, 0900 =
no terns in enclosure, 2000 = no terns in colony
apart from a few in the cove and on rocks nearby.

0300 - large numbers of terns in vegetation, 1300 =
no terns in enclosure, 1800 - no birds in vegetation.,

1900 = 19 nests under observation in cove, 9 being

incubated, 10 not, 2100 - 19 nests, 5 being incubated,
14 not being incubated.

0700 « large numbers of terns imn cove and on rocks,
Only one small group seen fishing during whole day.
10 terns séen with sand eels all day. 1800 - a few
terns in cove, on nearby rocks, and in vegetation
on top of island: None elsewhere,

Large amount of activity in all tern nesting areas
throughout the day.

Terns very active, Large numbers of panic flights,
1800 - very few terns in any areas apart from cove
and nearby rocks., 2-hour watch - 2 terns returned
to cove carrying sand eels.,




during 12 hours of observation between 29 May and 7 June;
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11 of these were Ammodytidae, 3 Clupeidae, and 1 Syngnathidae

(pipe=fish),

4, There was some evidence of terns using rather

unusual food, for example, the pipe~fish quoted in (3),
while one bird was seen during this period carrying an
earthworm, and one with a dead sand eel which was covered
in sand;

It is 1ikély therefore that the reason for the
absence of the terns from Inner Farne immediately after
the red tide was due;to a shortage of their main food,
sand eels, in the vicinity of the Farne Islands; The
birds were spending longer looking for fish and were
travelling much further than usual from the islands;
Later in the season there was more fishing activity within
sight of Inner Farne, and although only six chicks were
weighed regularly; their mean growth rate of 6,7g/day
was the same as that in 1967 which suggests that there

was no food shortage from the middle of June onwards,

Chick mortaliﬁx

It was difficult to determine chick mortality
accurately in l9g8 for a number of reasons; The rearing
of chicks in the laboratory omn the mainland caused the
routine twice-daily nest round to be discontinued after
6 July; and observations were restricted to those made

on four separate day visits to the island, the last being

on 29 July. This also meant that no daily weighings of




chicks could be made; and in previous years these had
provided a useful check on the survival of chicks.

In 1966 and 1967 it was possible to estimate chick
mortality accurately due to the intensity of observations
and in addition to finding corpses, mortality was also
assumed where a chick was not seen alive for five days
before an age at which it could be assumed to have fledged.
It could also be assumed that if a chick of nearly fledging
age disappeared, then this had successfully fledged, as
many of these birds were later caught in mist nets;

This was not possible in 1968 as the main cause of chick
mortality was prgdation by Herring and Lesser Black-backed
Gulls and many chicks disappeared at an age of 1-2 weeks
before they could be assumed to have fledged; Predation
was observed on a number of occasions and one gull pellet
was fougd'with the ringed leg of a chick inside: Very
few corpses were found, except on the visit of 19 Jﬁly,
immediately after a period of heavy rain. The minimum
chick mortality has beep calculated on the basis of direct
evidence but this is likely to be a considerable uﬁder-
estimate, and on the basis of the known survival of

ringed chicks it is possible that chick mortality could
have been as high as 85%; The minimum chick mortality
has assumed that if a cﬁick had survived the first week

of life, then it survived to fledging; unless its corpse
was found; and was based on the assumption that the amount
of observation on the day visits was too low to find all
surviving chicks_. Minimum chick mortality in 1968 as

shown in Section 1 was 38% and was not significantly
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different from the known mortality in 1966 (44%) or im
1965 (40%). The reasons for the very low chick mortality
in 1967 have al;eady been discussed in Section 1., The
mortality values for 1968 are given in Table 55 and on

an area basis, the 1968 mortality in the vegetation (43%)
was not significantly higher than that in the cove (35%)
or on the rocks (33%); The significantly higher mortality
in the vegetation iﬁ 1966 over other areas was probably
due to the greater wetting effect of the vegetation,

but in 1968, although this factor still operated, the
mortality in the vegetation was relatively lower, probably
because of the protective cover it provided against gull

predation,

Table 55, Minimum chick mortality, 1968

Cove Rocks Vegetation  All

Number of chicks hatched 48 15 4o 103
Number of chicks assumed died
during first week of life or

found dead later 17 5 17 39

Minimum mortality 35% 33% L3% 38%

The reasons for the deaths of chicks whose corpses
were found in 1968 were probably, as in previous years, a
combination of exposure and food shortage, the latter
particularly apply?ng to the second chick in a brood of two,
No chicks were found which showed signs of attack by adult
terns, and this is probably related to the small numbers

of adults in the colony in 1968. The main reason for the




increase in chick mortality was gull predation which was
not seen to occﬁr in 1966 or 1967; There was little
direct evidence of gull predation apart from observation

on a few occasions; but a number of chicks disappeared

and despite intensive searching, their corpses were not
found; At no time during the breeding season of 1968

were there large numbers of terns on the nesting areas

and gulls were frequently seen flying over these areas,
unmolested by adult ternms, In previous years, small groups
of terns were seen to attack gulls which came close to the
nesting areas; but in 1968 the low density and small numbers
of terns probably resulted in a lack of aggression which
enabled the gulls to search for and prey upon large

numbers of chicks.,

Total production of young in 1968

It has been shown in Section 1 that the proportion
of re=laying in l9é8'was much higher than in previous years,
but the success of each pair considerably lower; Over the
whole of Inner Farne; as has been stated earlier, a total
of only 112 young were ringed in 1968, while in 1967 and
1966 the totals were respectively 1243 and 1189, with
approximately the same amount of effort in searching for
the chicks; Of the birds that were ringed in 1968, only
13 are known to have died, but as 63 of them were not
seen after ringing; it is possible that only 36 of the

ringed birds survived, Spot checks of fledged terms

standing on rocks showed that approximately 50% of these
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birds were ringed and it is likely therefore that the total
production of fledged Arctic Ternsfrom Inner Farne in 1968
was about 70-100 birds; The breeding of Common and
Roseate Ternson Inner Farne was not studied in detail
in-l968, but from general observations and the ringing
totals; it is likely that their breeding was affected in
a sihilar way to that of the Arctic Tern§ The numbers
of Common Tern pulli ringgd in 1967 and 1968 were

an

respectively 186 and 8,for the Roseate Tern, the totals

were 30 and .8,

Preliminary discussion of Section &

From the recoveries of corpses and the return
of colour=-ringed birds, it is unlikely that the mortglity
of adult Arctic Terms exceeded 5% during the main period |
of the red tide; 'The breeding was, however, considerably
disrupted, resulting in a total production of young which
was probably less than 10% of that in a normal year, the
main reason for which was'a shortage of food caused by
the ;ed tide coinciding with the main laying period,

The terns were away from the breeding areas for long
periods and therefore unable to defend their eggs
against Starling predation; It has been shown in
Section 1 that both the clutch size and egg dimensions
were small in 19%8; This latter may have been due to
a selection for small eggs, in that the birds producing
larger eggs were more l;kelj to die during the process
of egg iaying; Alternatively; both these féctors may

have been the direct result of the food shortage

rendering the terns unable to lay more or larger eggs.

154




155

An indirect effect of the food shortage was that
breeding was unsynchronised and the birds were nesting in
scattered pairs rather than in a dense colony; They may
thus have lost the advantages of colonial nesting and were
unable to drive away predators; particularly gulls, for
in the vegetation areas where predation is thought to be

less important, these effects were less marked,




GENERAL DISCUSSION

In 196"6‘, 1967, and 1968, at the age of 16, 17, and
18 years respectively, an individual Arctic Tern returned
to breed at the same_nest site on Inner Farne, In each
year, this bird; which was probably a female, with its
mate of unkn;wn age, successfully reared one young to
fledging; This occurrence is probably by no means an
unique event; during-the relatively short duration of
the present study_it has become obvious that some Arctic
Terns may live to a considerable age and that their ability
to produce young is not impaired by age and may be increased
by their greatgr experience;

In many long-lived species, it has been well
established that birds which have acquired adult plumage
and are apparently mature, may delay their time of first
breeding for a few years; Austin & Austin (1956) stated
that very.few Commog Ternsnest in their second or third
summers and some not until their fifth, The age of
first breeding in the Common Gull is given by Onno (1968)

as 2-4 years, in the Gannet (Sula bassana L.,), 4=5 years

nynne Edwards 1954) the Fulmar up to 7_years (Bannerman
1959), and in the Yellow-eyed Penguin up to 8 years
(Richdale 1949); Richdale further suggested that of the
two year old birds;rfemales were more likely to breed than
males as there was probably an excess of males in the
population; Palmer (194la) said that Common Terns which

were not old enough to breed; possessed the eclipse (or
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winter) plumage in the summer, had rudimentary gonads and

were not truly migratory; some of them;'

_arrived in
the northern colonieg"gﬁf%ﬁ:§mére social and féllowed the
flocks of breeding birds; He does not give the age of
these non-breeders, but it is likely that they are one
year old birds as; similarly in the Arctic Tern, the
first year birds possess the "Portlandica plumage";
Only small numbers appear in the breeding areas late in
the season and they do not attempt to breed. Many of
the two year old birds are apparently fully adult,
although a higher pfoportion than any other age group
possess some characteristics of the "Pikei plumage',
but there is no evidence that any of them breed (Cullen 1956,
pers;obs;);

The reasons for this’deferred maturity in long-
lived birds have been discussed by Wynne-Edwards (1962)
and Skutch (1957); Wynne-Edwards considers that it has
been evolved by group selection to prevent overpopulation
and overexploitation of the food resources and Skutch
similarly regards it as an adaptation to adjust the rate
of reproduction to(portality; He finds it difficult to
accept that birds which learn in a few weeks how to find
sufficient food to keep themselves alive, require a matter
of years to develop sufficient skill in foraging to maintain,
with a mate; one or two young; Skutch believes that the
greater proficiency of older birds comes from practice at
rearing young rather than an increased skill in foraging;
Howevgr; Schﬁz (1957) used Hornberger's figureé (1954)

for the White Stork to show that in birds breeding for




the first time; older birds (5 years) were more successful
in rearing young than younger birds (3 years); 4s Lack (1966a)
points out, this does not show a selective advantage for
deferring first breeding as, although the three year old
birds produce_fewer young, they do produce some and
therefore, unless breeding at this earlier age increases
the risk of mortality, there is a selective advantage in
breeding earlier as this adds to the eventual total
production of young by these birds, Lack suggests that
young birds do not in many cases attempt to breed as

this would be dangerous for them, although he admits

there is no evidence for this;

Even in specieé where deferred maturity occurs,
birds breeding for the first time are considerably less
successful than those breeding for the second and subsequent
occasions; Coulson & White (1958) found that Kittiwakes
breeding for the first time reared less than half the number
of young produced by birds bréeding for the third time.
Richdale (1949) found that the fertility of the eggs in
the Yellow-eyed Penguin was very low in the two year old
birds but increased considerably in the three year old
birds, particular}yrin those which had bred at two years.
After reaching a peak at four years; when 91% of the eggs
were fertile; there was some evidence of a decline with
age; In the present study; the number of young_reared
to fledgipg by three year old Arctic TernS(O;Zs/hdult
female) was considerably less than that of the four year

old birds (0.50/adult female).




A number of reasons have beern suggested for the
low reproductive success of inexperienced birds. It has
been established in many cases that birds breeding for

the first time have a smaller clutch size; this has

been shown among others in the Kittiwake (Coulson & White 1958),

Yellow-eyed Penguin (Richdale 1949), Great Tit (Perrins 1965)

and in the Blackbird (Snow 1958), Klomp (1970) considered
that this had adaptive significance as females laying for
the first time are less likely to be able to provide food
for a larger brood than older blrds. This is similar to
Lack's thesis (1966&) that the clutch size corresponds
to the brood size from which most young survive,

However, not only do inexperienced birds produce
fewer eggs; but these eggs are usually smaller than those
from older birds: Romanoff & Romanoff (1949) showed that

hens' eggs are always smallest during the first year and

this has been found to be true for many wild birds, including

the Kittiwake (Coulson_ & White 1958) and the Shag (Coulson
et al 969) ‘Heinroth (1922) showed that the size of the
newly hatched chick is proportional to the size of the egg
and a chick hatching from a larger egg has a greater food
reserve, The'newly hatched chicks from inexperienced
females may therefore be a disadvantage from the time of
hatching due to their small size; Coulson et al (1969)
furthgr showed thaﬁ thg size of eggs laid by a particular
year class of Shags declined through the season; This
seasonal effect may be common in other sea=birds and may

adversely affect the size of eggs laid by inexperienced

birds; as it has been shown that they tend to nest later




in the season; Coulson & White (1958), Perrins (1965)
and Snow (1958)&

A further reason for the reduced success of
ipexperiencgd birds may be that they are less able to

look after chicks than older birds; It is difficult

to measure directly the apility of adults to find food,
but this can be estimated}girectly from the growth
rates of chicks: Coulson & White (1958) showed that
the growth rates of Kittiwake chicks from inexperienced
birds was reduced in broods of_two but not in single-
brooded chicks; In the Arctic Tern, the highest growth
rafes occurred in chicks from experienced birds, over
nine years o;d;

After the first attempt_at breeding, the
reproductive success increases considerably with age.
In some cases it is considered that this reaches a peak
and then declines in the very old birds: Richdale (1949)
suggested a tendency for very old penguins to produce
single eggs, for these to be on average smaller in weight
and length, and for them to have a lower fertility than
eggs laid by younggr»birds: Austin (1938) considered
that Common Tern attained maximum fertility in the fourth
year, retainéd this for three years, and then showed a
declineé until after about ten years they were not
reproducing effectively; However, in a later paper,
Austin (1945) considered that older birds, that is,
those over 13 years, were more successful in breeding
than the younger birds because of a more 'propitious

behaviour pattern' which was presumably the result of




greater experience; Similarly, in the present study it

" has been found that Arctic Terms of nine years and older
produce on average more young per pair than younger birds;
As these older birds have reduced clutch sizes and smaller
eggs, it is suggested that they may be physiologically

at a disadvantage compared to the younger birds, but their
greater experience and ability to look after the young,
shown by higher growth rates of chicks, more than
compensates for ﬁhis: In the Arctic Tern, as in the
Common_Tern and the Kittiwake, there seems to be no
evidence of a decline in reproductive success with age,
and birds which do survive for a long time seem to gain
greater experience and produce more young per pair than
younger birds.

It is possiblgthat older birds may, by their
choice of nest site, benefit more from the effects of
colonial breeding than the younéer birds,. The older
birds return earlier to the colony and their nests
are at a high density; Many sea-birds nest colonially
and it has been found that, in general, the productivity
inereases with the size of the qolony; Fisher (1952)
showed thgt in Ordervl Fulmar colonies, with fewer than
10 eggs; only 18;5%'of the sites occupied produced
young, whereas invérder 3 colonies, over 50% of the
occupied sites produced fledged young: Hall (1970)
found that small colopies of the Black-headed Weaver

Ploeeus cucullatus ‘were less successful than larger

ones; apparently because the process of pair formation




failed due to a lack of social stimulation; ~This was
first suggested by Darling (1938) as being important in
colonial nesting birds where the display and peripheral
activities provided stimulation for reproduction;
Palmer (I941) found that scattered pairs of Arctic Terns
nesting up to half a mile away from the main group,
gathered with the others for social flights early in
the season; This may bhave been important in providing
the necessary stimulus to breed but also in synchronising
the ;aying of the eggs with the laying in the main colony.
Belopo?skii (1961) considered that this synchronisation
was important in maintaining the sexual cycle, and that
at the beginning and end of the season, when synchronisation
was less effective, he found . higher proportions of
unfertilised eggs. Salomonsen (1943) supported Darling's
argument that the larger the colony, the earlier.and the'
more successful the breeding; He found that breeding was
unsuccessful in very smgll groups of Kittiwakes, Guillemots
and Little and Lesser Black-backed Gulls.

In terns, in addition to social stimulation and

synchronisation of breeding, one of the important functions

of the colony is to provide co-operative attacks on predators,

These may have thg effect of d@rectly chasing away the
predator or as Cullen (1960) found, they may make the
predator move more quickly through the colony and less
likely to spot any but the very poorly camouflaged eggs

or chicks, ©Palmer (194%1) found that in the Common Tern
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these attacks were very well organised with two or three
birds plunging at a time so that the predator suffered

a constant succession of diving birds, Tinbergen (1951)
suggested that the attadks on the predators probably
conditioned them to avoid places where such attacks had
recently occurreé;

These colonial attacks on predators may be one
important reason for the synchronisation of the breeding
season in the tropics, where there is no seasonal change
in weather and breeding would be potentially possible
all the year round: Ashmole (1963), working on the
Wideawake Tern which breeds every nine and a half
" months on Ascension Island; found that the synchronisation
was important in reducing attacks from cats and frigate
bifds; any early eggs or late young were much more
likely to be preyed upon than those in the main part
of the season; However, Harris (1969), working on the
breeding cycle of the Red-billed Tropic bird Phaethon
#etheﬁés on the Ga;apagos Islands'suggested that in
this and some other non-annual breeders, the availability
of food was the main factor controlling the synchronisation
of-breeding;

Tinbergen (1953) suggested that one of the problems
of colonial nesting was that too demnse a concentration of
prey makes the predator specialise on them and therefore
the nests must be spaced out to some extent; This is
also important in avoiding aggression between neighbouring

airsg »
P '’ Palmer (1941) found that this increased as the size




of the territories within the colony decreased; He found
that in the Common Tern, the lower limit of tolerance was
achieved when the nests: were about 17 inches apart. The
boundaries were not rigidly defended; defence increased
towards the centre of the territory; Austin (1929, 1932)
found thgt the average home circle of Common Tern nests

was about 6 feet in diameter although the presence of
vegetation in the territory reduced the amount of aggression
and enabled the nests to be closer together; It is therefore
apparent that within a breeding colony a compromise must be
reached, balancing social attraction on the one hand and
pugnacity between neighbouring pairs on the other: This

is usually achieved by ha#ing fairly large territories
within a distinct breeding colony;

In 19é8 the effects of the red tide on the breeding
of the Arctic Terms on Inner Farne were mainly to remove the
advantages of colonial nesting; The breeding of many birds
was interrupted and they were probably faced with a food
shortage near the Farne Islands which meant that they had
to spend a comsiderable proportion of thgir time foraging
for food away from_the islands. The return after the
main period of mortality due to the red tide was therefore
not synchronised; and the total number of birds in any area
at one time was less than half the usual total, Although
the number of cuitches laid was smaller than in a normal year,
these were laid over the same area as the birds tended to
show site loyalty; This had the effect of reducing the

spatial density of the colony and this; together with the




asynchronised return reduced the numbers and density of
birds involved in breeding activities at any time; The
main effect of this was that the birds were less aggressive
towards predators of both eggs and young; This accounts
for the very high egg loss; although some of this was due
to the length of time the birds needed to spend fishing,
leaving the eggs unguarded. The number of young taken

by gulls was probably very high and both Herring and
Lesser Black-backed Gulls were seen more frequently on the
breeding areas, without being attacked;

The site of the breeding colony in many sea~birds
is traditional and although apparently suitable sites exist
elsewhere; the colony may be confined to a particular area
and may bé limited by this; Wynne-Edwards (1962) suggested
that these traditions maintained the numbers at a level
where they avoided direct competition for food, The spread
of the Fulmar in North-Western Europe led Salomonsen (1965)
to suggest that the loyalty to sites was not irreversible,
Skutch (1967) considered that this restriction to traditional
sites was an important adaptive‘limitation of the reproductive
rate; this was one of the ways in which he said that some
birds adjusted their reproductive rate to suit their
environment; This is in contrast t§ Lack's ideas (1966)
of maximum reproduction where birds adjust—their clutceh
size to that brood size from which most young survive:

Skutch argued that many birds could support
more young»than they normally rear?d, ad he quoted
experiments on the Gannet by Nelson (1964) where a

normally single~brooded bird can; if given an extra chick,
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successfully raise two, Some evidence for this is also
given by the present study where the growth rates of
chicks from broods of two were not found to be significantly
lower than those from broods of one. Skutch and Wynne-
Edwards argued separately that some birds wefe therefore
deliberately adjusting theif reproductive rates to maintain
the population at a level where there would be no direct
competition for food.

On the Farne Islands, the main food items of
the Arctic Tern are the sand eels Ammodytes spp;
Pearson (1968) found that Arctic Ternswhich were raising
the maximum brood size neéded to spend up to 19 hours
per day in fishing to support the brood; He suggested
that theée birds were near the limits of their physical
ability to collect food. This may explain why in 1967,
when food was very abundent around the Farne Islands and
the adult terns were significantly heavier than the terns
in other years, they had a much higher breeding success,
mainly due to an increased chick survival; In 1968
when the food supply at the beginning of the season was
short, the evidence suggests that the birds had to spend
long periods searching for food away from the islands
and left clutches unguarded; This resulted in-a very
high egg predation and consequent low breeding success.
It is possible therefore that in some years the breeding
success of the terns may be limited by the availability
of food in the immediate vicinity of the islands;

Although terns are capable of flying long distances for




food, if they have to do this, carrying only one fish
per trip, then they will have difficulty in :earing
two young, the normal maximum brood size: It is
suggested that the availability of food may be the
ultimate factor limiting the reproduction of the teras,
by determining the amount of time spent in fishing;

If food is short, the terns have to spend longer away
from the colony foraging and this results in a greater

loss of eggs and chicks from predation and an increased
chick loss from the effects of exposure, as the adults
can spend less time brooding young chicks; It is also
suggested that these effects are reduced in older birds
due to their greater experience in both foraging and

looking after eggs and young,
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SUMMARY

The difficulties of deterding the length of life

of animals were discussed; The literature on
age studies and life tables was reviewed,
together with recent work on the Arctic Tern;
The study was carried out from the end of 1965
to 1968 on Inner Farne, the innermost island
of the Farne Islands, off Northumberland, and
was concentrated in the sandy cove, with com=-
parative observations from the rocky and
vegetation areas,

The main return to the colony took place from
the beginning to the middle of May and it was
suggested that most birds returned directly to
the ultimate nest site and carried out their
display activities there;

Egg laying began towards the end of May and
the peak was over by the first week in Junej
this was slightly delayed in 1968.

There was a significant peak of laying between

1501 and 2100 BST3 the mean time interval (= S.E.)
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between laying eggs in a clutch of two was 46,2 I 4 6hrs,

The mean length, breadth and volume (L 5.E.) of eggs
from all years were respectively 40,33 I 0.12mm,

29,01 ¥ 0.06mm and 16.33 ¥ 0.09cc. The second

eggs from a clutch of two were significantly
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smaller than the first or the single eggs;

There was some evidence of a decline in breadth

and volume of eggs with_season;

The mean clutch size (= S.E;) for 1966 was 1.66 I .03,
for 1967 1.68 ¥ 0.02, and for 1968 1.42 % 0,03,

In all years this showed a seasonal decline.

The mean incubation period (¥ 5.E.) was 22,07 pt 0;16
days; it was suggested that both parents incubate
equally.

The hatching success in 1966 (44,4%) was very similar
to that in 1967 (47;0%); these Qere significantly
higher than the success in 1968 (15.6%).  The

main cause of egg ioss was predation by Starlings;
this was most likely to occur in the first two days
after laying and in the areas disturbed by day
visitors to the island,

There was a high correlation between the weight

of the egg and the weight of the chick on hatching

(r = + 0.83)., Second chicks had a calculated
hatching weight 0,5g less than first chicks and,

in the same nest, hatched on average over a day later.
The growth curve of chicks showed a steady rate of
increase from the third to the fourteenth days;

at this age the chicks had attained adult weight;

The average number of feeds brought to a chick

per hour was 0.67 and the mean length of fish

2:4in (6;1cm); the average weight of fish given

per day was calculated from field observations

to be 26.6g. Chicks were reared in the laboratory




130

14,

15,

16.

and it was found that they needed 26,2g of fish

per day to maintain a daily growth rate of 6.8g.

The main direct causes of chick mortality were
probably exposure and starvation; Percentage
chick mortality = S,E. in 1967 (20.9 ¥ 2,6) was
significantly lower than in any other year
(1965 40,3 * 3,1, 1966 44,3 % 2.5, and 1968
37,9 = 4,8); this may have been due to an
abundance of food in 1967. In all years the
chick mortality increased to a high level
towards the end of the season and was highest
in the vegetation. In 1966 and 1967, second
chicks had a significantly higher mértality
(75% and 54%) than first chicks (25% and 12%);
The majority, 66%, of the chick mortality took
place within three days of hatchiné;

Fledging took place at about three weeks;

the mean weight of flying juveniles (¥ s.E.)
was 95,05 = 2,66g in 1966,

Total breeding success was 23,3% in 1966, 37,2%
in 1967, and 9;7% in 1968, More re-laying
occurred in 1968, The total numbers of chicks
ringed for the three years were respectively
1189, 1243, and 112. Dimorphism of chicks
was discussed.

The reasons for the high mortality of the second
chicks and the seasonal decline in reproductive

success were discussed,

iy
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There was a significantly higher proportion of
'Pikei' birds among the two year old birds (69%)
énd thé birds over nine years (18%) than among

any other age group;

Older birds tended to be heavier; there was

an increase in wing and tail 1engfh with age.

Males were slightly larger than females;

Cage trapping was found to be the most effective
way of catching adults; these were subsequently
colour ringed and released. It was possible to
read ring numbers on some birds without catching
them, using a telescope of magnification x15 to x60;
The mean age of breeding males for éll.years (£ s.E.)
was 8.1_t 1.1 and for females 7.9 : 1;1 years.

The mean annual mortality rate of adults was -
calculated to be 13.3 ¥ 4,6% from the survival

of colour ringed adults.

A life table for the Arctic Terns of three years

0ld and over was presented; There was no

evidence of a change in adult mortality with age;

. some birds survived to over 15 years, two

ears :
individuals to 27 amd 2aArespectively. The
mean mortality rate (¥ s.E,) from 3 to 21 years
was calculated from the 1life table as 15.1 z 3,0%

and the average: expectation of life 4,48 I 0,36

years,
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There was a high positive correlation (r =+0.92)

between the ages of a pair; where the age of
only one member of a pair was known, this was
therefore assuned to?ihe mean age of the pair.
Older birds returned to the colony first;
there was a clear correlation (r = =0.93)
between age and the date of return, the

time of egg laying was synchronised for birds
of all ages; Older birds were more likely
to ngst at a higher density;

Clutch and egg size were found to be highest
in the middle age group, 6, 7 and 8 years,
and smallest in the three year old birds,
i;e.bbirds breeding for the first time,
Hatching success tended to increase with age,
particularly with clutches of two eggs.,

Birds over nine years old were mére likely

to re-lay (59%) than younger birds (21%

in 6=8 years;.44%‘in 4-5 years, and 20%

in 3 years); |

The mean daily growth rate (¥ s,E.) of chicks
from parents over nine years old (7.5 % 0;45)
was greater than from any other age group; |
There was some evidgnce of an increase in
fledging and total breeding success with age
in 1966 and 1967; birds over eight years
produced O .54 and three year old birds

produced O. 26 young per adult female.
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The reasons for the general increase in reproductive
success with age were discussed; this was probably
due to the greater experience of the older birds
although the best physiological age for breeding
was middle age, 6-8 years.,

A bloom of dinoflagellates, red tide, occurred
near the Farnme Islands in late May 1968, This
caused the death of many sea=birds, particularly
Shags; 71 Arctic Tern corpses were found,
representing 1% of the birds at risk;

Clutches were left unguarded during and- after
the red tide; this led to an increase in
Starling predation, accounting for 93;9%

of the total egg loss; |

Evidence of a food shortage from the middle

of May to early June was presented;

An increase in gull predation was observed,

But this was difficult to quantify: Chick
mortality was estimated at 38% but from ringing
totals of chicks it was suggested that the total
production on Inner Farne in 1968 was 70 to 100
chicks. This maj Bave been directly due to the
food shortage, or an indirect result of thisj;
the terns losing the advantage of colonial
breeding as they had to spend more time
foraging, resulting in an increase in egg and

chick predation.
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The reasons for deferred maturity and the lack

of success of inexperienced birds were discussed.
It was suggested that the more successful; older
birds may gain more benefit from colonial breeding,
particularly from protection against predators

and social stimulation, as they nest in denser
areas than the younger birds; The reproduction
of the Arctic Tern may be limited by the amount

of time they have to spend fishing; the effects
of this may be reduced in older birds due to

their greater experience;
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