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ABSTRACT

The study was concerned with investigating the
manner in which six species of gulls utilized a tidal river
habitat and with studying the factors that influence their
distribution in this habitat, The study areas were on the
tidal reaches of the Rivers Tyne, Wea; and Tees, Regular
censuses were taken of the numbers of gulls of each species
in the study areas and their distribution was studied in
relation to a number of factors which included the amount
of sewage entering the section, the amount of mud exposed
along the banks at 1low tide, the degree of urbanization
al'ong the banks of the sections, and the width of the river,
The “various species were found to be affected differently
by the factors studied, From the census data observations
were made on the seasonal vériations in the number of gulls
along the rivers.

An investigation was made of the feeding
behaviour and food preferences of the gulls frequenting
the rivers, The study indicated that the species concerned
had specialized in their food preferences and feeding
methods so that the food sources present were used by
one or more species. Detailed work was done on the
effects of tide and time of day on the feeding patterns
of Common and Black-headed Gulls and some detailed studies
were made on the distribution of gulls feeding on the
rivers in relation to sewage outfalls, Observations

were also made on the preferred résting places of the




gulls along the rivers, The relative importance of
sewage outfalls as feeding sites gives a means of
predicting the effects of proposed reduction of sewage
pollution of the river, Such sections are likely to
affect the Black-headed, Herring and Greater Black-backed

Gulls to the greatest extent and the Kittiwake least,
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INTRODUCTION -

In the last fifty years the number of gulls in
Britain has progressively increased (Meadows 1961,
Parslow 1967)s; This has been attributed to two main
factors; increases in the amount of domestic humen wastes
in the forms of sewage, fish offal, and garbage tips, coupled
with the adaptation of fhe gulls' behaviour to exploit these
new food sources (Sparck 1951); -and increased protection for
gull species (Coulson 1963, Parslow 1967), These cincreases
in the numbers of gulls have resulted in an expansion of
species habitats and probably iﬁcreased competition among
the species,

One area where the gulls have greatly expanded
is on the polluted rivers which pass-through urban areas.
The River Tyne is ome such river, Even as recently as
thirty years ago it had salmon runs but it is now heavily
polluted with almost 40 million gallons of untreated sewage
being discharged daily into its tidal reaches. The River
Tyne, however, is important in supplying food for many gulls,
particularly in the winter months, At the present time
there is a sewage system under consideration which is
expected to solve the pollution problems in the river.
If this scheme comes to fruition it would have a major
effect on the abundance and distribution of gulls feeding
along the river, In order to take advantage of this
situation it is necessary to have an understanding of the
ways in which the gulls use the present river habitat so

that any changes can be detected and evaluated,
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Crook (1953), studying the gulls of Southampion
Water, looked in detaii at their roosting behaviour and
dispersion from the roost over what he called a "dispersal
system"; The study was also concerned with the feeding
behaviour of estuarine birds in relation to the state of the
tide and the time of day; To some extent it was concerned
with inland feeding.

Cramp & Teagle (1955) investigated two stretches of
the River Thames in London, looked at the status of the gulls
in the areas, and recorded the monthly variations in the
numbers present in each species. They studied the feeding
behaviour of the gulls and made notes on their perching sites,
The differences in the numbers of gulls in the two sections
were discussed but no indication was given of the relative
importance of the individual factors affecting the distribution,

In a study on the Severn Estuary, Vernon & Walsh (1966)
made observations on the feeding behaviour of the Common Gull

(Larus canus) which included both inland and river feeding,

They also looked at the roosting behaviour of the species,
Forty years ago Rollin (1928, 1930, 1931) studied

the gulls of the River Tyne and the Tyneside area, This

study included work on the feeding and roosting behaviour,

He hoped eventually to "reconstruct.a detailed picture of

the winter 1ife of" the gulls of the area but such an account

has not been published;
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Coulson & MacDonald (1962) gave accounts of the

numbers of. Kittiwakes (Rissa tridactyla) in the region of

the Newcastle Swing Bridge and showed that there had been
an increase in their numbers in that area. They also
discussed the feeding behaviour of the Kittiwakes in the
river,

Besides these studies little work has been done
on the gulls in the river habitat, A few investigatioas
showed some of the habitat preferences of some species of
gulls (Courtenay 1933; Barnes 1950, 1952; Erskine 1963),
There have also been some inquiries into the food preférences
and feeding behaviour of various species of gulls, The more
important of these studies were carried out by Mendall (1939),
Sparck (195i), Mills (1957), Davis (1958), Boswall (1960),
Harris (1964) and Parslow (1967).

This study was carried out primarily om the
River Tyne with additional observations being made on the
Rivers Wear and Tees over the period from October 1969 to
September 1970, These rivers are frequented throughout
the year by six species of gulls, the Herring Gull (Larus

argentatus), Lesser Black-backed Gull (Larus fuscus),

Greater Black-backed Gull (Larus marinus), Black-headed

Gull (Larus ridibundus), Common Gull and the Kittiwake,

The purpose was to investigate the feeding ecology and
distribution of gulls in the rivers; to determine and
assess the relative importance of the factors that influence

the distribution of the gulls; and to look at the seasonal
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variations of the gull populations on the rivers, The
results give some indication as to how pollution influences
the various species and provide a base line from which the

effects of future changes in the amount of pollution can be

measured,



STUDY AREAS

I. General

The three study areas were on the tidal reaches
of the Rivers Tyne, Vear and Pees, In these areas untreated
domestic and industrial sewage is released directly into the
rivers, The rivers are used as ports and are in part
navigable, Much of the area around the rivers is highly
industrial and there are large urban areas with a high

density of population;

II., River Tyne

The River Tyne was the main study area, It was
divided into 14 consecutive study sections which extended
24,25km (15 miles) upstream from the North Shields Ferry
landing. These sections were of arbitrary length being
divided by obvious landmarks such as buildings or bridges
which could easily be seen, Some observations were also
made in the area of the Fish Quay which is 0,8km from the
North Shields Ferry landing and 0.,65km from the river
mouth (Figure 1). Shipbuilding and ship repair yards
make up the bulk of the industry along the river, The
port facilites of the River Tyme extend as far aé the
Newcastle Swing Bridge but the river is navigable as far
as the end of section 14 for smaller ocean craft, Table 1

gives a description of each section,
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Figure 1, River Tyne Study Area
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IIT, River VWear

The River Wear study area had 8 .discontinuous
sections (Figure 2). These sections couldi easily be
observed from accessible places along the bank or from
bridges; The industry al;ng the river is mostly ship

repair services and shipbuilding with the port facilites

extending to the end of section 3, Beyond this point the

river is not navigable, See Table 2 for a description

of the individual study sectionms.

IV, River Tees

The River Tees study Area consisted of 5 dis=-
continuous study sections (Figure 3). The main difference
between the River Tees and the other rivers is that there
is a large industrial effluent released into it from thg
numerous chemical plants that bordér it, The navigabie
portion of the river extended beyond the end of section 4;

See Table 3 for a description of the individual sections,
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Figure 2.

River Wear Study Area
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Figure 3.

River Tees Study Area
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METHODS

I. Census Techniques

l. River Tyne

The River Tyne, being mainly inaccessible from
the banks, was censused during the river inspection by the
Patrol Boat of the Port of Tyne Harbour Authority, One
sampling run took about one and ome half hours, The
observations were usualiy made in the morning, starting
‘at least one hour after sunrise and finishing about noon.
The numbers of each speqies of gull flying over the river
- and surrounding buildings and fields as well as those
sitting on the river, wharfs, breakwaters and surrounding
buildinés were recorded, Observations of this type were
made at intervals of two to three weeks, The Fish Quay
area near the river mouth was sampled from the bank as
this 'was outside the area patrolled by the boat, During
the winter months this was done on separate Qays but as
the days lengthened it was possible to sample this area
after the regular survey of the river, On 1 April 1970
the patrol boat's schedule was changed so the Fish Quay
was then samplea at about 12,30 B.S5,T, Until April 1970
the patrol boat made only one trip a da&, leaving the North
Shields Ferry landing at 9,00 B.S.T, It went up the river
to the end of section 14 and returned to the Swing Bridge
at Newcastle about 11,15 B.S.T, where it lay uatil about

14.30‘B.S.T: before returning to North Shields about 15.45 B.S.T,
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After 1 April 1970 the boat made two trips daily. Between
9,00 and 12,00 B,S.T, it made a return trip from North Shields
to the end of section 1%, and from about 14,00 to 16,00 B,S.T.
it made a return trip from North Shields to: the Newcastle
Swing Bridge (end of section 9), The censuses were always

made on return trips to the end of section 14,

2. Rivers Wear and Tees

The Rivers WWear and Tees were censused from bridges
or accessible portions of the river banks, For each section
the numbers of gulls flying or resting in the study sections
which included the river, the surrounding terrain and buildings

were recorded for each species,

3. Analysis of census data

In evaluating the distribution of the species
on the rivers and. to determine the relative importance of
individual factors a stepwise regression was used in the
University's IBM 360 computer, The programme's code was
BMDO2R (Dixon 1968). Regressions were calculated for all
six species on the River Tyne and for all but the Kittiwake
and Lesser Black-backed Gull on the River Wear for which
there were too little data. For computational purposes the
stepwise regressions were calculated using the aferage
number of gulls in each section. This was done in an effort
to reduce the effects of large daily and seasonal fluctuations

in the numbers of gulls,
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In computing the regressions for the Blackweheaded,
Lesser Black~backed, Herring and Greater Black-backed Gulls
on the River Tyne the distance from Jarrow Slake was used
instead of the distance upstream, This was done bec@use
these species roosted on Jarrow Slake and it was assumed
that their distributionm would be focused from that point,

For each equation the variable "length of the
section" was forced into the equation first to remove the
obvious variation due to the random choice of lemgths of
'the sections, After this a sequence of multiple linear
regression equations was computed in a .’ stepwise manner,
At each step one variable was added to the regression
equation, The variable added was the one which made
the greatest reduction in the error sum of squares.
Equivalently it was the variable which had the highest
. partial correlation with the dependent variable partialed
on the variables which had already been added; and
equivalently was the variable which, if it were added,
had the highest F value (Dixon 1968). From the series
of regressions the one which was considered to be the
"pest! predictive equation was the one which had the

largest Multiple R value and a significant F value.

4, Discussion of Census Techniques

In teking a census of the rivers it was possible

to get accurate data by making a direct count of the gulls
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of each species present in the study sectioms. The study on
the effect of tide and time on the activity of Common and
Black-headed Gulls (pageq4g ) showed that there were mass
movements of Black-headed Gulls in the river around sunrise
and that Common Gulls did not enter the river in any numbers
until just after sunrise. By one hour after sunrise,
however, their mass movements upstream ceased and the numbers
of these gulls in any area remained relatively constant until
about one hour before sunset. | Observations also revealed

that the other species were relatively comstant from lhr

DN

after sunrise to lhr before sunset. By making the observations

during this period any errors which could be introduced by the

movements up and down the river were reduced. Some individual

movements were observed but.it was assumed that the gains
balanced the losses. The short time required to take the
censuses also helped to limit the effects of the gulls'
movements about the rivers. It was therefore assumed that
the counts taken give an accurate picture of the numbers and

distribution of the gulls on any given day.




II., Feeding Behaviour
l, General Methods

The methods of feeding used by each species of
gull were observed from accessible places on the river
bank with the use of a 15-60X zoom telescope and 8X.
binoculars, These observations were made at great
enough distance 8o as not to disturb the gulls, The
information collected in this way was supplemented. by
observations made during the regular ceﬁsus trips and
ofher work along the rivers,

Quantative information was gathered during
the regular census trips on the Rivers Wear and Tees,

On the River Tyne feeding information was gﬁtheredion a
few occasions while going the opposite direction to that
in which the census was made., The number of gulls

observed using each method of feeding was recorded for

each species,
2. Types of food taken

Observations were made on the types of food
taken and the importance of each type was estimated for
eachi:species of gull. The types of food were classified
under 6 categories; offal, live fish, floating insects
and/or bits of sewage, carrion, organisms on or in the
mud, and "hand outs" from humans. A "hand out" is

defined as any item of food which is thrown to the gulls
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by passers by. It was impozsible to be more specific
than this as there was no way of collecting specimens
for stomach content analysis. The gulls could not be
netted over the river and it was not possible to shoot
them as the area around most of the study sections was
highly urbanized, It was beyond the scope of this

study to sample the river or mud for potential food

material.

3. Feeding about sewage outfalls

To determine the extent to which gulls feed
on the effluent of sewage outfalls, feeding birds were
divided into two classes; those feeding at sewage
outfalls and those feeding over the remainder of the
river, From experience the area about an outfall was
defined as extending 15 metres from the bank and 20 metres
long, Only gulls which were feeding on the wing were
recorded as it was difficultt to determine whether birds
which were standing or floating by an outfall were
actively feeding. Observations were made along the
length of the River Tyne study area.

Throughout the year investigations were made
on Common and Black-headed Gulls whilst Kittiwakes and
Lesser Black-backed Gulls were only studied when abundant
along the river. Herring Gulls were studied at the
same time as Kittiwakes and Lesser Black-backed Gulls.
Greater Black-backed Gulls were not recorded as they
were very rarely seen feeding on the wing, spending

most of their time apparently resting and observing.




Lk, The effects:of tide and time on the activity

and feeding rates of Common and Black-headed Gulls

This study was‘carried out over the winter, from
November to March inclusive, on a small study area just
east of the boundary between sections é and 7 on the
River Tyne. The study area was about 140 metres long.
Observations were made from a hill on the north bank from
which the study area could be easily observed with a pair
of binoculars;

On the hour and half hour the numbers of Common
and Black-hezaded Gulls flying in the study area were
recorded, Between the hour and half hour several
observations of the numbers of feeding dips per minute
of each species were recorded. A "dip" is defined as
each time a flying bird dropped to, or near, the water's
surface and put its bill into the water. Eér each
observation one bird was followed for a period of one
minute and the number of dips it made was recorded,

If the gull flew out of sight another gull of the same
species was immediately observed for the remainder of

the time period. If there was no other gull to continue
observing, the trial was discontinued. Observations were
made from about three quarters of an hour before sunrise
until after sunset when it was too dark to make further
observations,

On each day the tide cycle was different so a

complete series in tide cycles was: observed in relation
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to time, In this way the effect of the state of the tide
cancelled itself ouf when considering the time in relation
to sunrise or sunset, and vice versa,

For each species the mean for the observations
of the numbers of gulls flying during the day was set to
equal 100 per cent and the appropriate results for that
day were calculated to gi&e an "index of activity" for
that species for the period of observation, For a measure
of the feeding rate the "index of activity" was multiplied
by the number of "dips" per minute to give the "population
feeding rate" for that period of observation. By using
the "index of activity" instead of the numbers observed
flying, the effect of large fluctuations on the number of
birds present, due to changes in the weather, was removed
and the data could be averaged without a minority of days

observations overriding the entire set of results,



III, Resting Sites

Data were collected during the regular census
trips, The heights at which the gulls were resting
were recorded with the water surface being the zero
point of reference, The heights were divided into
five categories, O metres (on the water), O - 2 metres
(on the mud and gravel banks), 2 - 8 metres, 8 - 14 metres,
andi greater than 14 metres., Qualitative notes were also
made on species perch preference at other times,

There are inherent inaccuracies in a method like
this when & moving grid is used to sample sites which are
either stationary (water surface and mud) or moving with
respect to it. There were also problems in being
accurate when quickly estimating heights from a moving
boat. To overcome these problems obvious categories
such as water/surface and mud were used and the categories
which required estimations of height were quite wide to
reduce errors and to reduce the effect of the changing grid.
It is therefore assumed that the results from this study

give a good picture of the preferences of the individual

species.
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IV, Physical characteristics of the rivers

Lengths, widths, and areas of the study sections
were obtained from Ordnance Survey maps, Information
about the types of banks was also taken from Ordnance
Survey maps and was supplemented by observations along
the rivers. Measurements of the amount of mud along
the banks were made at low tide, Figures for the amounts
of sewage, both industrial and human, being released into
the River Tyne were obtained from the Joint Tyneside

Sewerage Board and from the appropriate Borough Councils

for the Rivers Wear and Tees. The extent of urbanization
along the river banks was given as a rank value from 1 to 5;
1 equalled O - 20% urban development; 2 equalled 21 - 40%
urban devglopment, and so on up to 5 equalling 81 - 100%
urban development as measured by the percentage of the

bank taken up by warehouses, factories and shipyards etc.
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RESULTS AND DISCUSSION
I, Seasonal variation in the numbers of gulls along the rivers

The Common, Black-headed, Herring and Greater
Black-backed Gulls all had higher population levels
throughout the winter than in the summer (Figure 4, Table 4),
Their numbers dropped in February and March when the adult
birds returned to the breeding colonies and did not increase
again until after the_breeding season was over, While the
adults were away during the breeding season there was an
influx of immature birds. The numbers of immature birds
was higﬁ during the breeding season but declined in the
autumn and remained low throughout the ﬁinter. During
the winter a very small percentage of the Common,Black-
ﬁeaded and Greater Black-backed Gulls were immature bpt
- the percentage of immature Herring Gulls was much higher
and approached.15%. The low numbers of Common and Black-
headed Gulls along the rivers in October 1969 was probably
the result of the mild autumn., When the weather was fine
they tended to feed in the fields. and the exceptionally
fine weather during this period allowed the farmers to
do their ploughing; The Common and Black-headed Gulls
which regularly feed behind the plough (Roper 1946,

Vernon 1970) apparently took advantage of this situation,

The Kittiwakes, which are an oceanic species,
were absent from the River Tyne from October to January
(Figure 4, Table 4), They returned to the river in

February and their numbers increased to a maximum in early
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Figure 4,

Seasonal Variation in the numbers of
Gulls on the River Tyne Study Area.
Observations were taken from October

1969 to September 1970
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May. This represents a build-up in numbers prior to the
breeding season, In mid-May there was a sudden decline
in the numbers feeding élong the river which corresponds
with the mean time of egg laying at the Nérth Shields
colony. Mean egg laying time ;t the North Shields
Kittiwake colony was 18 May 1970 (J.C. Coulson pers comm),
The numbers remained low during the period of incubation
and caring for the young (Coulson & Macdonald 1962).

A11 the Kittiwakes had left the river by September,

The immature Kittiwakes seen along the river in July can
be attributed to the influx of non-breeding Kittiwakes at
that time which can increase the numbers at the breeding
colonies by as much as 30% (J.C. Coulson pers comm),.

The Lesser Black-backed Gulls were absent from
the rivérs during the winter but made their reappearance
in March; They regularly returned to the Wearmouth Bridge
in Sunderland at this time (Courtenay 193#); This is
during their northwards migration in the British Isles
- which begins in mid-February and ends in May (Barnes 1953),
Their peak numbers occurred in early April when the passage
migrants were going ﬁo the breeding colonies, The last
Preeding Lesser Black=backed Gulls reached the breeding
colonies by the end of April (Witherby et al 1945);

There was a decrease in the numbers of Lesser Black-backed

Gulls in May and June during the breeding season and then

an increase in July when they started to desert the breeding

colonies which were not completely abandoned until the end

of August, The last stragglers on the South migration

026
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leave Britain by the first week in November (Witherby
et al 1945), The autumn migration is spread out over
a greater period than the spring one, accounting for
no sharp peak in their numbers along the study areas
at this time, and there was a gradual decline in their
population level until they had all left the area by
the end of October, No overwintering Lesser Black-
backed Gulls were seen along the study areas.

There were large day to day fluctuations
observed in the numbers of gulls counted along the
study areas. These fluctuations appeared to be
correlated with the weather conditions and were
particularly noticeable throughout the winter fof the
Common and Black-headed Gulls, Mild spells or periods
of rain reduced their numbers along the study areas,
During mild weather there is an abundance of food
available in the fields and rain brings the earthworms to
the surface (Vernon 1970), which the gulls feed on, but
periods of snow or severe frost increased the numbers of
gulls along the rivers. Under these conditions the food
supplies inland Qere reduced or removed: (Vernon 1970) and
the gulls were forced to feed along the rivers. The larger
gulls appeared to be affected less than the smaller gulls.
Along with these factors Cramp & Teagle (1955) showed
that the numbers of gulls along the rivers were higher

at low tide than at high tide. Unfortunately there was

insufficient data to investigate this,




During the summer the numbers of gulls along
the river are considerably lower than the winter
population level (Table 4)., It appears that many more
gulls could be supported along the river during the
summer than actually are at the present time. It is
difficult, however, to say whether the figure of
2600+ gulls (Table 4) is the maximum number that can

be maintained along the River Tyne during the winter.
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II; Resting Sites

l, Kittiwakes

The most commonly used perches were in the
area of the breeding colonies where they sat on the
roofs and window ledges of the nearby buildings and
of the ones on which their colonies were situated.

In the area of the North Shields colony they were also
observed to sit on street lamp standards. Kittiwakes
appeared to prefer high places (Table S5) which were
sheltered from the wind, Away from the colonies they
were observed sitting on the water, roofs of sheds,
pier railings and mooring posts. During this study
no Kittiwakes were observed sitting on the banks of

the rivers or along the tide line,
2, Black-headed Gulls ‘

Black-headed Gulls were most commonly observed
to rest along the banks of the rivers, They also
frequented the buildings, wharfs and breakwaters along
the river but were seldom seen on the roofs of high
buildings (Table 5), Black-~headed Gulls were frequently
observed resting on the water but were not nearly as
abundant here as were the Common Gulls; They were

frequently seen resting on the mooring lines of ships,

3. Common Gulls

A large number of Common Gulls rested on the

surface of the water with the next largest number using
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the banks of the river and the tidal mud-flats (Table 5).
They were frequently seen on the breakwaters and wharfs
along the rivers but were seldom seen on the roof of

buildings and tended to avoid sites over 10m high,
4, Lesser Black-backed Gulls

Lesser Black-backed Gulls were often seen
resting on the quays and the pontoons of the bridges in
the area of the Newcastle Swing Bridge. They also
frequented the mooring posts along the river., Lesser
Black=backed Gulls were seldom seen resting on the water
(Table 5) and were not observed to use the roofs of

buildings as perches except at the Fish Quay.

5. Herring Gulls

Herring Gulls were most commonly seen festing
on the water but they also made frequent use of the banks,
wharfs and breakwafers along the river (Table 5), The
large tidal mud-flats were a particularly popular place at
low tide and at high tide they sat on the posts on Jarrow
Slake; High buildings were rarely used as resting places
except in the vicinity of the Fish Quay and the breeding
colony in section 3 on the River Wear study area where

some rested on factory roofs,

(21



6. Greater Black-backed Gulls

Greater Black-backed Gulls: were seen most
frequently on the mud banks and on low structures along
the rivers (Table 5), In the area of the Fish Quay
they were frequently seen on the roofs of high buildings
but this area appeared to be the exception as in other
-areas high resting places were rarely used, They also
gathered on the large tidal mud-flats but seldom rested
on the water, Like Herring Gulls they used the posts on

Jarrow Slake at high tide.
7. Inter and Intraspecific interactions

In any group of gulls a Greater Black-backed
Gull was generally in the "best" place from which to
observe the surrounding area, with Herring Gulls taking
the next best places, For example, on the buildings in
the area of the Fish Quay the Greater Black-Backed Gulls
were usually on the chimneys or raised edges of the roofs,
On a wharf the posts were usually occupied by the dominant
larger gulls while the remainder of the wharf would be
used by the smaller gulls, A smaller gull sitting on a
chimney or post would move for a larger gull. In the
absence of a Greater Black-backed Gull, the ''best'" place

would be taken by Herring Gulls,

There appeared to be a random arrangement on
resting sites between Common and Black-headed Gulls with

neither being dominant over the other, Adults of any

species were dominant over immatures of the same species
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and immature Herring and Greater Black-backed Gulls were

dominant over the smaller gulls.

8, Discussion of Resting Sites

It was considered at the beginning of the study
that the preferred resting sites of the species could
possibly have a limiting effect on their distribution
along the rivers. 4 study of the preferred resting
places soon revealed how wide a variety of places were
used and indicated that this factor was of no importance
in determining the distribution of the various species
along the rivers, There were, however, some interesting
results, The Kittiwakes, which are a marine species,
rested chiefly on buildings near their breeding colonies
and on the water, They very rarely rested on posts and
' quays etc., and were not seen along the mud showing that
fhey had not completely adapted to the river habitat.

The Herring and Greater Black-backed Gulls were often
seen resting on good vantage points, From these places
they could quickly take advantage of any available food,
The Herring, Lesser Black-backed and Greater Black~-backed
Gulls Qere rarely seen on‘the roofs of buildings except
in the area of the Fish Quay (Cramp & Teagle 1955). The
roofs in this area were the best places to watch for

food without being disturbed by people.
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Feeding Behaviour

l. Methods of Feeding and types of food taken

io General

The gulls feeding on the rivers were observed

to have five basic types of feeding :

a)

b)

¢)

d)

e)

On the wing : This method involves flying over the
river in search of food and upon sighting an article
of food the gull drops to the water to pick it up;
It can vary from a dive for a fish to a gentle "dip"
for a particle on the surface of the water.
Clepto-parasitism : A ggll will chase another gull
and attempt to make it drop an item of food which is
too big to be swallowed immediately. If successful
it will attempt to get the food for itself, Larger
gulls also force smaller omes to give up carrion which
washes up along the river,

Mud feeding : The gull walks over the exposed mud

banks left by the falling tide and feeds on the items

on or in the mud. This can be either the invertebrate

fauna of the mud or items left by the falling tide.
Tide line : The gull stands along the water's edge
feeding on items which are washgd up or left there

by the falling tide. This method is less active

than feeding on the mud,

Surface feeding : The gull either floats on the water
or actively swims over it picking up items which float

on the surface. Most of these items are very small.

[emn]
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ii; Kittiwakes

The bulk of the Kittiwakes fieeding is done on
the wing (Table 6). They patrol the river and upon
sighting an item of food hover momentarily then drop
for it, This can vary from a gentle dip to a sudden
dive; Kittiwakes take large quantities of live fish
and offal by this method (Table 7). They also feed on
items such as small invertebrates or bits of sewage which
are taken by dipping or when floating on the water,

When surface feeding they are very active and peck at the
water continually, Kittiwakes were not seen feeding along
the shore or on the mud and did not pirate food from other
gulls, They were not seen to take hand-outs from man as
reported by Coulson & Macdonald (1962) for neighbouring areas.
They were seen feeding around the Fish Quay on offal and

spilled fish,
ijii., Black~Headed Gulls

One of the main feeding places for the Black-
headed Gulls was on the mud banks exposed by the falling
tide, Hefe they fed actively, walking almost constantly
and pecking as they moveddlong. Feeding on the wing
over the water was another very important method of feeding
(Table 6); They flew into the wind, being almost stationary
at times, and upon sighting an item of food they hovered

momentarily, dropped to the water's surface and dipped.

~D
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Usually only their feet went into the water. This method
was modified to feed about sewage outfalls where they were
particularly successful feeders., They hovered over the
effluent, dropped to the water, dipped, then flew up and
resumed hovering or circled about and again hovered over
the effluent. |

Occasionally a Black-headed Gull was observed
to dive for and capture fish; They did not plunge dive
the way Kittiwakes were sometimes observed to, but rather
#hey landed breast first in the water and plunged their
heads into the water. They then flew up and swallowed
the fish on the wing. Black-headed Gulls were observed
on occasion to pirate food from another Black=headed or
Common Gull and to attempt to steal food from a Kittiwake.
They also feed along the tide line but were not observed
to eat any 1arge_pieces of carrion (Table 7). Black-headed
Gulls were rarely seen feeding while floating on the water
but to a much less extent than Common Bulls and they

readily flocked around a person offering hand=-outs.
iv. Common Gulls

Their methods of feeding while on the wing
were the same as those of the Black~headed Gulls (Table 6)
but they were sémewhat less agile about the sewage outfalls.
When feeding on mud banks Common Gulls moved about

considerably less than the Black-headed Gulls and often
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made several pecks at the same place, They also fed along
the tide line but were not observed eating carrion (Table 7);
On a few occasions they were observed to pirate food from
other Common Gulls, Kittiwakes or Black-headed Gulls and
rarely Herring Gulls, Common Gulls were often seen

feeding whilsf floating on the water. This appeared to

be rather passive as they pecked at items which floated

by and rarely swam actively. Hand-outs were not as

readily accepted by Common Gulls as by Black-headed Gulls,
v, Lesser Black~backed Gulls

The Lesser Black-backed Gulls used almost
every food source available along the rivers (Table 7).,
The bulk of their feeding, however, was on carrion and
around sewage outfalls, They were also seen around the
Fish Quay where they fed on offal and spilled fish,
They were often seen standing on the mud beside a sewage
outfall, Lesser Black-=backed Gulls were not observed
stealing-or attempting to steal food from other gulls

(Table 6).

vi, Herring Gulls

A large number of Herring Gulls fed on offal
and spilled fish from around the Fish Quay. In this
area they mostly fed on the wing but were also observed

to feed on the wing along other parts of the rivers (Table 6)




and were seen to dive for and catch fish, They were
commonly observed standing along the tide line where they

fed on carrion and small items which were washed up on the
banks (Table 7) and some actively fed along the mud and rocky
banks., Many Herring Gulls floated on the rivers to rest
where they were seen to feed on small items which floated
past thei, but they were not observed to swim actively and
feed on the surface. On several occasions Herring Gulls _'
attempted to pirate food from another species, victimizing
all but the Greater Black-backed Gull, Hand-outs were

readily accepted.
vii. Greater Black-backed Gull

Offal and spilled fish from around the Fish Quay
and carrion make up a very important part of the diet of the
Greater Black-backed Gulls (Table 7). Workers along the
River Tyne reported seeing them eating drowned rats and
kittens, They were observed eating cfabs, flat-fish and
carcasses which had washed up aiong the banks, Greater
Black-backed Gulls will accept hand-outs and occasionally
feed on floating items when resting on the water, but this
is very passive. They were observed attempting to pirate
food from all the species of gulls on the rivers except the
Lesser Black-backed Gull. Greater Black-backed Gulls were
not observed feeding on the river banks exposed by the

tide (Table 6).

2., Feeding distribution in relation to sewvage outfalls

A1l the gull species on which observations were

made of the numbers feeding on the wing over the river were

found to be more concentrated around sewage outfalls than over
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the remainder of the river (Table 8), The Herring and
Black-headed Gulls had a majority of their population feeding
at the outfalls and these were more attracted to the outfalls
than the other species (Table 8). Although Kittiwakes,
Lesser Black-backed Gulls and Common .Gulls were more
_concentrated about sewage outfalls than away from them in
absolute numbers, more of them fed away from the outfalls
than at outfalls.

Of the 19 Kittiwakes observed feeding at the
outfalls 16 were at one outfall near the Fish Quay where
wastes from the fish cleaning houses is discharged into
the River Tyne. Similarly, about 70% of the Herring
Gulls observed feeding on the wing at outfalls were
seen at the same outfall., On the other hand, very
few Common and Black-headed Gulls fed there.

In the summer when fewer Black-headed Gulls
were feeding in the study area the concentration of
Black-headed Gulls about outfalls was much lower than
in the winter but at both times of the year, the same
percentage of the population fed on the wing at
sewage outfalls. Of the observed Black-headed Gulls
feeding at the outfalls almost 100% were adult in the
winter and an average of 48% were adult in the summer.
There appeared to be no differences between mature and
immature Black-headed Gulls with regard to feeding
about sewage outfalls.

The number and percentage of Common Gulls

feeding at outfalls were higher in the summer than
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in the winter, In the winter almost all of the Common
Gulls observed were mature whereas in the summer only
about 44% on average were mature. There appears, however,
to be no differences in preference between mature and
immature Common Gulls with regard to feeding about sewage
outfalls,

An investigation should be made into the feeding

areas of your Common and Black-headed Gulls in winter.

3., Discussion of feeding

Generally as the size of the gull species
increases the size of the food items increased and the
rate of feeding activity decreased. The only exception
was the Kittiwake which was successful at catching live
fish and fed primarily on them, They supplémented their
diet with fish offal and bits of sewage; "The fish viere
larger than the bits of sewage and invertebrates that the
Black-headed and Common Gulls fed on and their success at
feeding allowed them to rest a larsge part-of the time.
The larger gulls were scavengers feeding primarily on offal
and carrion whereas the Black-headed and Common Gulls fed
on small items of sewage and floating invertebrates,

The large gulls were inactive the majority of the time

but were watching for suitable food items.,

Common and Black-headed Gulls were observed

feeding on fish offal in the area of the Fish Quay whereas
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Kittiwakes readily fed there along with large numbers
of Herring and Greater Black~backed Gulls, It is -
surprising that there were few Common and Black~headed
Gulls feeding in the area. A possible explanation is
that the Kittiwakes which a}e very agile fliers could
avoid the pirating attempts by the Herring Gulls,
The Common and Black~headed Gulls were clepto-parasitized
by the Herring Gulls and being less agile than the
Kittiwakes could not easily avoid this, The high
concentration of Herring Gulls was then apparently
responsible for the absence of Black=headed and Common
éulls in the area,
Herring Gulls scavenged along the water's edge

@rqup & Teagle 1955) and at sewer drains (Rollin 1§31),
the bulk of their food consisting of fish offal, refuse,
- carrion and to a lesser extent invertebrates (Brown 1967,

Mills 1957, Sparck 1955, Harris 1965; Mendall 1939),

.The Greater Black-backed Gulls fed almost exclusively
" on carrion and offal, feeding along the tide line, on
rubbish tips (Gomp & Teagle 1955), at sewer drains
(Barnes 19&1), and at the Fish Quay on the River Tyne.
The bulk of their food was animal remains which was
composed of mammals, fish, birds, and garbage (Floraxe 1912,
1917, 1915 Davies 1958; Harris 19é57.

' In contrast to the larger gulls, the Black=headed
and Common Gulls which in general are basically inJand
feeders and insectivores (Sparck 1951, Criook 1953) feed

primarily over the river and along the banks on small




items of sewage and invertebrates; They were extremely
active in their feeding and were not seen feeding on carrion
although there are records of this habit (Coleman 1968,
Temperley 1951); It is probable that the larger gulls
quickly took any items of carrion for themselves,

The information about the Lesser Black-backed
Gulls along the River Tyme is quite limited as they are
never very abundant in the study areas but they appeared:
to be intermediate between the Black-headed and the
Herring Gulls in their feeding behaviour, Although it
has been reported that Lesser Blackebacked Gulls feed
natﬁrally along the shore (Brown 1967), they were not
observedi to feed on the mud banks along the rivers.,
Coﬁtrary to Harris (1965) who reported that Lesser Black-
backed Gulls ate more live food than fish wastes and garbage,
andi that they did not visit the fish markets, a few Lesser
Blacke~backed Gulls were seen at the Fish Quay where they
fed on offal and they were commonly seen about sewage
outfalls, Wastes are apparently a very important food
source for them along the rivers,

Kittiwakes fed only slightly at sewage outfalls,
this being a new food source for the species (Coulson &
Macdonald 1962), Their numbers were correléted inversely
with the amount of domestic sewage being discharged into
the section of the river (Table 15)., This negative
correlation is probably because pollution reduces the
number of fish in the river and fish appear to be their
staple food., They were not seen feeding along the banks

of the rivers, This is probably because they are a true
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oceanic species and have not completely adapted to the

river habitat.

L, The effects of the time of day on activity and

feeding rate

This study was carried out only on Common
and Black-headed Gulls as a great deal of time was required
to make such a stﬁdy on even one species and besause the
other species were either absent from the study section

or present only in small numbers.

i, Black-headed. Gulls

One hour before sunrise there were no Black-
headed Gulls in the study area. At about 20 minutes
before sunrise the numbers began to arrive until a peak
in flying activity was reached just before sunrise
(Figure 54). During this period of high activity
there were_large flights of gulls moving upstreanm,
but only the gulls that were flying low and feeding
along the river were recorded. The high flying gulls
were omitted. The numbers then began to decrease and
by one hour after sunrise a level of activity was reached
which then remained constant (P ¢ .05) throughout the
remainder of the day until a final drop in activity
occurred at sunset, By one hour after sunset there
were at the most only one or two Black-headed Gulls

remaining in the study area.




The number of feeding dips per minute for
each hunting bird (Figure 5B) remained relatively
constant throughout the day with no significant
changes,

The population feeding rate followed that
of the level of flying activity (Figure 5C). There
was a peak v (P ¢ .01) which lasted from approximately
one half hour before to one hour after sunrise, After
this peak the feeding level remained relatively constant
throughout the day with no significant changes until a
small peak occurred just before sunset (P ¢ .05). The
numbers feeding then dropped away as the gulls gradually
moved downstream either singly or in small groups. By
45 minutes past sunset it was too dark to make further
observations., Uvoon first arriving in the study section
the Black-headed Gulls fed on the wing over all of the
section of the river as well as just at the sewage
outfalls but they soon moved to feed mostly about the
outfall with only occasional outbreaks of feeding over

the remainder of the river,
ii, Common Gulls

The Common Gulls began to appear in the
study séction just after sunrise (Figure 6A) when
groups were flying upstream. Many of them settled
on the water or mud to feed while others fed on the
wing, and by one hour aftep sunrise the mass movements

upstream had finally finished. From sunrise until




Figure 5.

The effect of the time of day on the
flying activity and feeding rates of

Black~headed Gulls
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Figure 6.

The effect of the time of the day on the
flying activity and feeding rates of

Common Gulls
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about one hour before sunset there was a relatively constant
level of activity with no significant fluctuations. One to

one and a half hours before sunset the Common Gulls began to
collect in groups on the river, feeding on items which drifted
by; There was a gradual downstream movement from these groups
and by a half hour after sunset there were almost no Common Gulls
remaining in the study area. )

The number of feeding dips per minute per gull
(Figure_éB) remained constant throughout the day with no
significant fluctuations but the number of dips/min/gull
was lower (P ( .,05) for Common than for Black-headed Gulls,

For-two hours after sunrise the population feeding
rate of the Common Gulls was low (Figure 6C), It then rose
suddenly reaching a peak between two and three hours after
sunrise. This corresponds with the time when the Black-headed
Gull's population feeding rate dropped (Figure 5C). The Common
Gull's population feeding rate then continued to decrease through-

out the day until a half hour after sunset when it was approaching

Zero,

S, The effects of the state of the tide on activity and

feeding rate

The data for this study were taken from the same
.investigation as the one on the effects of the time of day on
activity and feeding rate and similarly was carried out on

Common and Black-=headed Gulls.

¢50




i, Black-headed Gulls

Black-headed Gulls show no significant changes in the
numbers flying (index of activity) throughout the tide cycle
(Figure 74), There were; however, significant increases
(P ¢ ,01) in the population feeding rate when the tide was
rising and when it was ebbing (Figure 7C), These peaks
correspond with increases in the numbers of feeding dips per
minute made by individual birds (Figure 7B) and occurred at
the times when the river water level was between the upper

and lower edges of the sewer outfall in the study section.

ii, Common Gulls

The state of the tide produced no significant changes
in the numbers of Common Gulls feeding on the wing (Figure 8A4)
or in their population feeding rate (Figure 8C). The pattern
for the number of dips per minute made by individual Common
Gulls (Figure 8B), however, followed that of the Black-headed
Gulls with peaks when the tide was rising and when it was

ebbing,

6. Discussion of the effects of time of day and the state
of the tide on the activity and feeding of Common and

Black-headed Gulls

The flying activity and population feeding rate on
the wing of the Black-headed Gull (Figure 5) was greatly

affected by the time of day, The peak just before sunrise
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Figure 7.

The effect of the state of the tide on
the flying activity and feeding rates of

Black=headed Gulls
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Figure 8,

The effect of the state of the tide on
the flying activity and feeding rates of

Common Gulls
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corresponds with the time that the roosts broke up (Rollin 1928),
These gulls were hungry and started to feed immediately after
arriving at the feeding areas along the river. The =mall peak
in the population feeding rate just before sunset is indicative
of their increased feeding rate before returning to the roost
for the night;

The state of the tide had no effect on the flying
activity of the Black-headed Gulls but did affect the population
feeding rate of flying gulls by varying the amount of food
available (Figure 7) as measured by the number of dips per
minute per gull, The peaks in the feeding rate occurred
both when the tide was rising and when it was ebbing, that is;

when the water was at a similar height, When the tide was low

the sewage poured from the outfall into the water, Under these
conditions it was likely that the edible articles were forced
under the water by the force of the effluent and many sank,

When the tide was high the outfall was submerged and many

food items never came to the surface, The peaks in feeding
occurred when the outfall was only partly covered by the river
water. Under these conditions many food items which otherwise
sank quickly were at or near the surface for a short period of |
time so that the gulls could "dip" and get them. When.the

tide was falling, the tide and current carried many food items
away quickly, but when the tide was rising the opposing action
of the tide and current increased the turbulence of the water
and held many of the edible items at the surfacé near the
outfall longer than under other conditions; This siﬁuation

offers a plausible explanation of the higher peak in population
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feeding rate on the rising rather than falling tide.

The Common Gulls had a different daily pattern than
the Black-headed Gulls in that they did not appear in the
study area in any numbers until sunrise (Figure 6). They
roosted off the beach at South Shields (Hickling 1960) and
had farther to travel than thé Black-headed Gulls, the majority
of which roosted on Jarrow Slake (Rollin 1931), Upon arriving
in the area, however, the Common Gulls did not show an immediate
peak of feeding on the wing but many fed on the water's surface
and along the banks if exposed by the tide. The peak in their
feeding on the wing occurred after the Black-headed Gulls' peak
feeding activity was finished. The increase in the Common Gulls'
feeding rate had no apparent effect in reducing that of the Black-
Headed Gulls and rather was probably a result of a reduction in
the feeding rate of the Black~headed Gulls. The Common Gulls
showed no increase in feeding activity on the wing before
returning to the roost, but rather the majority fed when
floating on the water,

The differences between the patterns of the index
of activity and the population feeding rates for the Common
and Black-headed Gulls could be inherent differences in the
species er theycould be tpe result of competition, Other

- number of

than the fact that the/Common Gulls feeding on the wing was
apparently reduced wheﬁ the Black-headed Gulls were feeding
on the wing there is another observation which supports the
possibility of competition. In the summer when the number
of Black-headed Gulls on the river decreases, the number of
éommon Gulls and the percentage of their population feeding

at the outfalls increases (Table 7), that is, in the conditions




of reduced competition they utilise the outfalls,
The Common Gulls appeared to be less agile than the
Black-headed Gulls and possibly were less effective at

feeding on the wing over the outfalls,

The state of the tide had no effect on
either the index of activity or the population feeding
rate of the Common Gulls (Figure 8). This is not
surprising, however, as the effect of tide on the amount
of food available was only a very localized effect around
the sewage outfalls and the Common Gulls, unlike the-Black-
headed Gulls, had only a slight tendency to group about
sewage outfalls (Table 8) and instead feed on the wing
over the whole of the river,

Apart from its effect on the index of
activity and the population feeding rate of the Common
and Black-headed Gulls, tide had other effects on their
feeding methods., It determined whether the banks were
available for feeding, and particularly by the amount of
exposed mud, The flow of the tide would also have some
effect on items which might wash up along the tide line.
There would probably be a greater chance of an item
washing up on the banks with an ebbing tide than with

a rising tide,




IV, Factors influencing the distribution of Gulls in

the 3tudy Areas

In computing the stepwise regressioms to bredict
the number of gulls along the sections of the study areas
(Tables 9 to 18), a coefficient is determined in each
equation for each independent variable. This coefficient
is the slope of the regression line when the independent
variable is plotted against the dependent variable and
shows the effect the independent variable has on the
dependent variable, The lengths of the sections of the
river were chosen at convenient lengths in relation to
land marks, and were of no biological significance, but
if the species were distributed randomly along the study
area with respect to the length of the study sections,

a coefficient of (average number of gulls of that species

<~ the length of the study area) would be expected.

1, ‘Kittiwakes

The expected coefficient for the variable
"length of the section" if the Kittiwakes are distributed
randomly with respect to the length of the section is,
the average number of Kittiwakes along the study area
(39;7) = length of the study area (24.,25) = 1.6 for
the River Tyne,

For the Kittiwakes, the best estimate of the

number of Kittiwakes along any section of the River Tyne
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study area is given in Table 9:' This equation accounts
for 62;5%f(r2) of the variation in the numbers of Kittiwakes
along the study sections, As the expected value of 1,6
for the coefficient of the variable "length of the section
is significantly different from the calculated value of
-0,709 % 1,105 (Table 9), the Kittiwakes were apparently
not distributed randomly along the River Tyne with respectil
to the lengths of the study sections, The most significant
factor influencing the distribution of Kittiwakes along the
River Tyne was the distance from the nearest breeding
colony on the river (Table 9); This factor had an inverse
correlation with the numbers of Kittiwakes. Two other -
important factors, both of which were inversely correlated
with fhe number of Kittiwakes, were fbe'amount of domestic
sewage discharged! into the river and the distance upstreanm.
The majority of the Kittiwakes seen along the
River Tyne were on its lower reaches and the largest
breeding colony was in this area at North Shields,
There appeared to be many visiting Kittiwakes around the
harbour mouth, the majority of which probably came from
the breeding colony at Marsden Bay (3 miles south),
The Kittiwakes have only recently come up the river with
only one being seen in Newcastle in 1951 (Temperley 1952),
but their numbers have continued to increase since then
(Coulson & Macdonald 1952); At the present time of the
study Fhere were three breeding colonies along the River
Tyne whereas in 1962 Coulson & Mgcdonald reported only one;
Thgre appears to be an original concentration around the

river mouth.and a gradual diffusion upstream, Similarly
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on the River Wear the Kittiwekes were present in the river
mouth and in small numbers have ventured upstream as far
as Sunderland, but as yet there are no breeding colonies
along the river, This large concentration at the North
Shields colony and the river mouth area explains the
Kittiwake's inverse correlation with the variable '"distance
upstream":

The negative correlation between the amount of
domestic sewage and the number of Kittiwakes in amy section
of the river shows that they avoided areas of high
concentrations and did not use them extensively as a food
source, a fact confirmed by direct observations; A few
Kittiwakes were observed feeding at sewage outfalls by
Coulson & Macdonald(l969, and during this study only a small
percentage of the feeding Kittiwakes were seen at outfalls,
the majority of which were at the outfall near the Fish Quay
where the wastes from the fish cleaning houses are discharged,
and presumably they were feeding on offal rather than sewage.
Direct observations on Kittiwakes indicate that fish is the

most important food for this species in the river. It is

. possible that sewage pollution would have an effect of

reducing the fish life in the river and in this way could

have a limiting effect on the numbers of Kittiwakes,
2., Black-headed Gulls

The expected coefficient for the variable '"length
of the section" is 27.0 for the River Tyne equation and

14,5 for the River Wear,
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Black-headed Gulls were seen along all sections
of the River Tyne and were common on the urbanized sections
of the Rivers Wear and Tees. Although they were also
present in the rural areas, their numbers in these areas
were greatly reduced, Black-headed Gulls were frequently
seen clustering around sewage outfalls. This practice was
particularly noticeable at Ouseburn and in the vicinity of
the Newcastle Swing Bridge (River Tyne, sections 8 and 9).
The other most frequented places were the large areas of
mudflat which were exposed by the falling tide, Large
numbers of Black-headed Gulls were seen on the Seal Sand
(River Tees, section 1) and along the banks of section 4
of the River Wear, Jarrow Slake (Figure 1) on the River
Tyne, however, was not used extensively as a feeding ground
even though ¢.2000 used the area as a roost, Very few
Black-headed Gulls were seen in the vicinity of the
Fish Quay (Figure 1) on the River Tyme,

The equations for the Rivers Tyne and VWear
(Tables 10 & 11) explained 38.7% and 93.2% respectively
of the variation in the distribution of Black-headed Gulls.
The most important variable influencing the number of Blacke
headed Gulls on any section of the River Tyne was the "length
of the section" and secondly the "amount of domestic sewage
discharged into the section', The amount of sewage entering
the section was itself insignificant but did add to:the |
predictive accuracy of the equation. None of the other
factors were significant in determining the number of

Black-headed Gulls along the sections of the River Tyne
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study area, Because the expected coefficient of the variable
"length of the section" was not within the computed range of
the equation (table 10), the Black-headed Gulls on the
River Tyne were obviously not distributed randomly with
respect to the length of the section,

The most important factors on the River Wear were
the "amount of mud exposed along the banks at low tide" and
the "amount of domestic sewage discharged into the section",
Two other variables were the number of sewage outfalls entering
the section and the length of the section. These latter two
factors were important in improving the predictive powers
of the equation (Table 11) but themselves were not statistically
significant; |

It appears that the prime factors influencing the
distribution of Black~headed Gulls along the rivers are the
amount of sewage and mud flats, but obviously other, undetected,
factors operate in the River Tyne, Erskine (1963) reports
that in North America, Black-headed Gulls prefer areas where
sewage and mud flats occur together, From the observations
items of waste from sewage outfalls and items found on the
mud banks are the Black-headed Gulls most important foods
along the rivers;

It is interesting that for the River Tyne equation
(Table 10) the factor "amount of domestic sewage discharged
into the section" is itself insignificant and that the
variable "amount of mud exposed, along the banks at low
tide" was so insignificant as to not even enter the

equation, It appears that in the case of the River Tyme
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there was food available along the mud banks and in the
form of sewage. These were apparently not limiting factors
and the Blaék-headed Gulls were distributed randomly along
the study area. The importance of sewage and mud was
evident on the River Wear where there was a larger variation
in the amounts available. There has been some controversy
as to whether the Black-headed Gulls prefer gravel or mud
banks (Crook 1953, Cramp & Teagle 1955), Throughout this
study there was no indication one way or another, They

fed freely on both types of banks and were even seen feeding

along rocky sections.

3, Common Gulls

The expected coefficients for the "length of
the section" were 20.8 for the River Tyne and 2.6 for
the River ngr. gommon Gulls_we?e seen only_in small
numbers at thelFish Quay during the day but their numbers
increased in the evening as they began to collect in groups
on the water, They also tended to be less abundant along
the lower sections of the River Tyne than would be expected
by a completely random distribution. Common Gulls were
much less numerous along the mud flats of Jarrow Slake
(Figure 1), the Seal Sand (Figure 2), and section 4 of
the River Wear than the Black-headed Gulls were, They
were much more abundant in sections with close proximity
to urban areas than in sections in rural areas. Theré

seemed, however, to be a preference for areas which did

[}
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not have urban development right down to the water's edge.

From the equation to predict the average number
of Common Gulls on any section of the River Tyne (Table 12)
none of the variables considered had a significant effect
on the distribution of the species. The equation itself
accounted for 72.6% of the variation in the distribution
of the species, The variable "length of the section"
accounted for 60.5% of the variation, Although "length
of the section" had no significant cffect on the Common
Gulls' distribution along the River Tyne, it was obviously
very important, and as the expected value of 20.8 for the
coefficient of the length of the section was within the
range of the computed coefficient for the variable (Table 12),
it appears that the Common Gulls were randomly distributed
along the River Tyne with respect to the length of the
section;

The equation for the Common Gulls on the River
Wear accounted for 99.9% of the variation in the distribution
(Table 13), The most important factor influencing the
distribution of the Common Gulls was the "length of the section',
The other significant variables affecting the distribution of
the Common Gulls along the River Wear were the "number of
ogtfalls entering the section" and the width of the section.
The amount of domestic sewage entering the section approached
but did not exceed the 5% level of confidence.

The Common Gulls were apparently not distributed
randpmly alopg the_length of the River Wear with respect

to the length of the section as the expected value of 2.6
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for the coefficient of the variable "length of the section"
did not correspond-with the computed coefficient (Table 13).

The positive correlation between the number of
Common Gulls along the sections of the River Wear and the
width of the river shows that the Common Gulls preferred
areas with more water. The wider study sections on the
River Wear were in the Sunderland area. Here they fed to
a large extent on sewage as shown by their positive
correlation with the amount of domestic sewage discharged
into the section. Although there was a positive correlation
between the length of the section and the number of Common
Gulls for the River Wear, the Common Gulls were not
distributed randomly with respect to the length of the
sections. It is possible that there were other factors
accounting for the variation which were not accounted for
in the equationm., It was not surprising, even though the
Common Gulls fed on sewage, that there was a negative
correlation between them ahd the number of outfalls as
they were not observed to feed about outfalls in large
numbers (Table 8).

Along the River Tyne the Common Gulls were
distributed randomly according to the length of the section
and none of the othe? variables were significant in
determining their distribution, It is possible that the
large quantities of sewage discharged into all the sections
of the river caused it and the amount of mud not to be
limiting factors in the distribution of the Common Gulls

on the River Tyne.
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Lk, Lesser Black-backed Gulls

The expected coefficient for the length of the
section . if the Lesser Black-backed Gulls were distributed
randomly with respect to the length of the section is 0,27
for the River Tyne.

The equation to predict the numbers of Lesser
Black~backed Gulls along any section of the River Tyne
accounted for 70,3% of the variation in the distribution
of the species, The most significant factor was the
"number of sewage outfalls entering the section'", The
factor length of the section only accounted for 0.7% of
the variation in the distribution of the species along
the River, 1Its negative coefficient (Table 14) was
different from the expected value of 0.27 for a random
distribution so that obviously'the Lesser Black-backed
Gulls were not distributed randomly along the length of
the section with respect to the length of the study area,
The other variables in the equation added to the accuracy
of the estimate of the equation but had no significant
effect on the disﬁribution of the Lesser Black-backed

Gulls,

It is not surprising that the Lesser Black-backed
Gulls were attracted by sewage outfalls as they are
scavengers (Barnes 1952) and fed on edible items from
the outfalls., ?hey usually occurred singly or in groups
of 2 or 53, and therefore the number of outfalls would be

very important in determining their distribution.



Jmﬁo.o

GRT0°0
Nmmowo
'2886°0
mmooJo

6sd NI
ASYIIONT

9OUSPTJIUOO JO TOAST TO® OU} 3B JUBOTITUSTS a4

SOUSPTIUOD JO TOAST GO® OUF 38 JUBOTITUITS .

Amummnﬁuﬁmv +'18L°¢ : uotyenbe oy3 I0F O0T4BY I

¢lg¢*0 uoTqenbe oyq JO 94EWT3SS SY} JO JOIIS PITPULRLS

llzo°t INVISNOD

. ° o UOT909S 9U3 JO S3UEq

820L°0  gLg°0 G260 9980°0 9290° 0~ oy FUOTE UOT4EZTUEGIN JO 4UNOWY

) £ep/*TT83 _0T) uoTpjoes eyj OJUT

® ° ﬁ s 5

%¢89°0  1928°0 *r99°0 8TLO°0 %8500~ peSaeosTp oFeuds Srysemop Jo qumomy

6799°0 HST8°0 N (TAMA 924T°T ogirireT= (UI) UOTq0es 8y} JO UJDTM oFmIoAy

2265°0  G69L°0  344060L°2T LTH0°0 9gWT*0 uUOT40es oyj} SuTIsqUe STTBIINO JO JQUNY

6£00°0  9290°0 +6066°L 19T2*0 TL6G%0~ () uoTgoes oy Jo YgfueT

bsu T (9=°3:1="3)

YIdIITNN dNTVA W *aIs INMT OTJIHO0D TIIVIOVA

VI AANIS ENAL ¥IATY §HI d0 NOLLOES
ANV “ONOTV STIND @IOVE-MOVId YISSHT 0 WHENAN TOVEIAY @HI IOICE®&I OL NOIIVNOE HHI T TIVL

.-|NN\_<!-

°ON
daiIs



672

The entire length of the River Tyne study area
received large quantities of sewage which could at least
in part account for the presence of Lesser Black=backed
Gulls along the entire length of the area as they fed to
a great extent on human wastes (Barnes 1961)., On the
River Wear, however, they were found on the sections of
the river in Sunderland and only one was seen far upstream,
The Lesser Black~backed Gulls appeared to have a preference
for urban areas being less marine than the Herring or
Greater Black-backed Gulls and more urban than the Common
Gull (Barnes 1952).

From the equation (Table 14) the Lesser Black-
backed Gulls.were more abundant upstream where the river
was narrowver, They were not as abundant downstream as
might have been expected and few were seen at the Fish
Quay. It appears that they were avoiding the areas
where the Herring Gulls were abundant, The Lesser Black-
backed Gulls apparently cannot compete effectively with
the Herring Gulls and competition with them has been
given as a possible reason for the Lesser Black-backed
Gulls' decline in some areas (Parslow 1967), Increased
urbanizatiog had a slight effect in reducing their numbers
along the rivers. They were shy and avoided people as
nuch as possible, but in areas such as the Newcastle Swing
Bridge (between sections 9 and 10, River Tyne) where a
large amount of food was available, they were abundant

even though. people frequented the area.



5. Herring Gulls

The expected value for the coefficients of the
variable "length of the section " are 15.5 for the River
Tyne and 3.3 for the River Wear if the Herring Gulls are
distributed randomly with respect to the length of the
section, The equation computed to predict the yearly
average number of Herring Gulls along the River Tyne
accounted for 79.5% of the variation in the numbers of
gulls along the study sections (Table 15). The Herring
Gulls were not distributed randomly along the length of
the study area with respect to the length of the section
as the expected value of 15.5 for the coefficient of the
variable "length of the section'" did not correspond with
the computed value, The most significant factors affecting
the distribution of Herring Gulls along the River Tyne
study area were the "amount of urbanization along the
banks of the section', the '"number of outfalls entering
the section" and the "width of the section". All of the
other variables were themselves insignificant in affecting
the distribution on the River Tyne,

The equation to predict the number of Herring
Gulls on any section of the River Wear study area explained
99;9% of the variation in their distribution along that
river (Table 16). Again the Herring Gulls were not
distributed randomly along the length of the study area
with respect to the length of the study section, the
expectgd value for the coefficient of the variable

"length of the section'" being 3.3.
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The significant variables affecting the distribution
of the Herring Gulls on the River Wear were the amount of
urbanization along the banks of the section and the "width
of the section'. The other factors stu&ied had no significant
effect,

The Herring Gulls were more abundant in urbanized
areas than in rural areas as shown by the positive correlation
in their numbers with increasing urbanization along the banks,
This is not surprising, however, as they are scavengers and
two thirds of their food is directly related to human wastes
(Harris 1965). In urban areas as shown by their negative
correlation with increasing urbanization along the banks of
the section, Herring Gulls have a tendency to avoid areas
with development right down to the water's edge and are
more abundant in areas where they will not be disturbed
by people. The& generally keep man at a distance (Cramp &
Teagle 1955). One place on the River Tyme where the
Herring Gulls did tolerate people was the‘Fish Quay but
no doubt it was the large supply of fish offal which accounts
for this.

6n both the River Tyne and the River Wear the
Herring Gulls were found to be more abundant in the wider
stretches of the rivers; It appears that they prefer areas
where there is more water and it is possible that this is
so that they can avoid man more easily, This could also
be true for the River Tyne as well but there is another

possible explanation, The increased numbers of Herring




Gulls on the lower sections of the River Tyne could be
the result of such food supplies as the tip along section 6,
and the one north of section 3, the presence of the Fish
Quay and its abundant food supply or the gathering effect
of the roost at Jarrow Slake. In the lower reaches of
the study area near the river mouth there would be a
concentration of refuse from upstream., The widening of the
river with the resulting decrease in current and the action
of the tide would make much more food available, More
food available results in more gulls along the area.

They also showed an attraction to sewage outfalls
but as shown in Table 8 they concentrated about outfalls
to feed and most of their food was human refuse, a ready
supply coming from the outfalls.

This general pattern was found to be true on
the River Tees with the Herring Gulls being most abundant
aléng the lower reaches of the river, Large numbers of
Herring Gulls roosted at the Seal Sands, an area of

extensive mud flats,
6. Greater Black-backed Gulls

The expected coefficients for the "length of
the section“if the Greater Black-backed Gulls are
distributed randomly along fhe river with respect to the
1ength of the sections are 3.8 of the River Tyne and 0.24

for the River YWear.




The Greater Black-backed Gulls were not
distributed randomly along the rivers with respect te
the length of the sections, On the River Wear the
positive correlation of their numbers with the width of
the river could be explained by the fact that the wider
sections were the urbanized areas. In urban areas there
was more refuse in the river and the bulk of their food
came from human wastes, On the River Tyne no doubt
they accumulated on the wider sections of the river for
the same reasons as the Herring Gulls. They avoided
areas where there was a good chance of encountering
people (Cramp & Teagle 1955). The amount of sewage
entering the section was of no importance in affecting
their dist:ibution but the number of sewage outfalls were,
This reflected their feeding behaviour as they were
usually seen singly or in very small groups about the
outfalls.,

Large numbers of Greater Black-backed Gulls

were seen during the day on the roosts at the Seal Sands

and Jarrow Slake, There tended to be large numbers around.
the roost throughout the day. The presence of these
roosts could account for the large number of Greater

Black-backed Gulls around the Rivers Tyne and Tees as

an undi;turbed roost and an adequate food supply are
necessary for the larger gulls (Barnes 1961). There is
no reason to assume an inadequate food supply along the
River Wea:, but the lack of a suitable roost area could
explgin'why few Greater Black-backed Gulls were seen

along that river.
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GENERAL DISCUSSION Tyl Rlaasion

All of the species studiéd were seen to feed in
varying densities at sewage outfalls and the species showed
varying degrees of dependency on this food source, At the
present time large quantities of food, varying from small
bits of sewage to items of carrion such as drowned kittens
and rats, come from the sewer outfalls, Speculation as
to what changes would follow the removal of this food source,
as is projected with the new Tyneside sewerage system, can
only be made in light of the present feeding habits of
the species concerned, and from the information about the
factors influencing the distribution of the species along
the rivers, Assuming that the amount of raw domestic
sewage is zero and that therefore the effective value of
the sewage outfalls is zero, these values can then be
substituted into the equations (Tables 9 to 18) to predict
the expected number of gulls along the river if all the
sewage and sewage outfalls were removed (Table 19).

It is always possible, however, that the removal of sewage
would only result in the gulls changing to other food
sources in the river and not cause them to seek food

elsevhere.



Table 19, Average number of gulls observed along sections

1 = 1k of the River Tyne Study Area

Expected numbers as
calculated from the
distribution equations

Observed with sewage and out- Percentage
during study falls equal to zero Change
Kittiwakes 39,7 73.6 + 85.4
Black-headed Gulls
655.5 50506 - 22.9
Common Gulls 505,0 359.0 - 28.9
Lesser Black-backed -
Gulls 6.6 = 7.5 - 100,0
Herring Gulls 375.8 148,0 - 60,6

Greater Black~backed
Gulls 93,2 --198.0 - 100,0

-

[

From the information at hand it appears that
there would be a complete disappearance of the Greater and
Lesser Black-backed Gﬁlls as species feeding on the River
Tyne when fhe sewerage system is completed, No doubt,
however, some Greater Black-backed Gulls would be seen
around the roost at Jarrow Slake and some would feed around
the Fish Quay on spilled fish. It also seems unlikely
that all the carrion would disappear from the river.

It is quite possible that all the Lesser Black~backed
Gplls would leaye the river to feed inland but there is
the possibility that they would revert to feeding on natural

food along the river,



It is evident that the Black-headed, Common and
Herring Gulls would suffer a reduction in numbers with the
changes in the sewerage system (Table 19), Apart from the
changes along the 14 sections of the study area the Herring
Gulls would suffer particularly from a reduction in effluent
from the fish cleaning houses near the Fish Quay. The
Common Gulls were apparently dependent on sewage as a food
source and would be advgrsely affected by its removal.

There is, however, the possibility that increased competition
with the Black-headed Gulls could limit their population
further than would be expected by a stoppage of untreated
sewage. The figure for the number of Black-headed Gulls
along the River Tyne study area after the removal of the
sewage appears to mask the importance of sewage as a food
for the species, From the observations on the Blackeheaded
Gulls it is evident that sewage is a very important food
item for the species, It is quite possible/}hat“the large

River Tyne
quantities of sewage along the whole of the/study area is
responsible for masking its importance,

The Kittiwakes fed only to a small extent at
outfalls except in the area of the Fish Quay. A reéuction
in the amount of sewage would therefore not directly affect
the Kittiwakes by limiting a vital food source. The
reduction in the amount of sewage would, however, reduce
the level of pollution in the river and allow more fish
to come into the river, This would increase the amount
of food available to the Kittiwakes, It appears that

the Kittiwakes would be the only species to take full
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advantage of this food source and that they would experience
a net increase in available food and therefore increase
their population level along thé River Tyne (Table 19).

Tt could be possible to test these predictions,
before the changes actually occur, by studying the feeding
of these gulls on unpolluted rivers.

The distribution of each species studied was
affected to different extents by several factors,

411 of the gull species in the rivers use the area primarily
as a feeding ground and therefore their distribution
reflected the abundance of potential food along the river.
For example, the Lesser Black-backed, Herring and Greater
Black-backed Gulls had a positive correlation with the number
of sewage outfalls and the numbers of Common and Black-headed
Gulls showed a positije correlation with the amounts of.
domestic sewage being discharged into the section.
Kittiwakes avoided areas with domestic sewage as the

bulk of their food came in the form of live fish which

were more.abundant in the less polluted areas. Other
factors besides thoseaffecting their feeding influenced

the species distributionms. The Greater and Lesser Black-
backed Gulls which wefe shy of man avoided areas with
urbanization along the river banks. The Kittiwakes

.were concentrated at the river mouths and éround the
breeding colonies and diffused out from these areas.

Although similar factors influenced the
distribution of many of the species, and they often

fed in similar ways on the same types of food; their
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overall feeding behaviour and distribution were sufficiently
different to allow the species to stay along the rivers
togetﬂer without a great amount of inter-specific competition,
The species fitted into different niches, but collectively

exploited the food resources of the rivers,
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SUMMARY Sengpal v

1. A study was made of the feeding biology and
the factors affecting the distribution of the Kittiwake

(Rissa tridactyla), Black-headed Gulls (Larus ridibundus),

Common Gull (Larus canus), Lesser Black-backed Gull (Larus

fuscus), Herring Gull (Larus argentatus) and the Greater

Black-backed Gull (Larus marinus) on polluted rivers,

The study was carried out along sections on the tidal
reaches of the Rivers Tyne, Wear and Tees between

October 1969 and September 1970,

20 The study areas were divided into sections and
censuses were taken to determine the distribution of the
species along the study areas and the seasonal variation

in numbers.

3 A number of measurements were made of different
aspects of the study areas. These included the average
widfh of the section, the length of the section,the amount
of mud exposed at low tide, the degree of urbanization
along the banks of the section and the distance upstream,
Information was obtained from the appropriate Borough
Engineers about the quantities of industrial and domestic

wastes discharge into the rivers and the exact locations

of the outfalls,



b, Mature Black-leaded, Common, Herring and Greater
Black-backed Gulls were abundant along the river at all
times except the breeding season, The immatures of these
species were most abundant during the breeding season.
Kittiwakes were present from February to April, the peak
in their numbers occurring just before egg laying time.
The Lesser Black-backed Gulls were present from March to
October and were most abundant during the north migration

to the breeding colonies,

5 The resting site preferences of the six species
were measured. These were so varied that they apparently
had no effect on the distribution of the species along

the rivers,

é. The feeding methods used by the different species
and the types of food taken by the species were observed.,
Apart from the Kittiwake which fed to a great extent on
fish, all the other species were dependent on human

wastes for food. In general, as the size of the species
increased, they became less active feeders and fed on
larger items, The Common and Black-headed Gulls fed
mostly on bits of sewage and invertebrates whereas the
Herring and Greater Black-backed Gulls were basically

scavengers feeding on offal and carrion.
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7. The distribution of the Gulls feeding on

the wing about the sewage outfalls and over the whole of
the river was studied for all but the Greater Black-backed
Gull. The Black ~headed and Herring Gulls had a great
affinity to sewage outfalls., The Common Gulls and
Kittiwakes showed a concentration about the outfalls,

but tended to feed over the whole of the river. There
was very little information for Lesser Black-backed Gulls

but they were attracted to sewage outfalls.

8. For both Black-headed and Common Gulls a study
was made of the effects of the state of the tide and the
time of day on the flying activity and population feeding
rates, For Black-headed Gulls the population feeding
rate was affected primarily by the time of day with

large peaks in activity just before sunrise and before
sunset, The state of the tide modified the population

- feeding rate slightly by varying the amount of food
available. For Common Gulls the daily pattern of the
population feeding rate was apparently only affected by

the time of the day in relation to sunrise and sunset.,

9. To determine the importance of the various
factors influencing the distribution of the species
along the rivers, a stepwise regression was calculated
for each species on the River Tyne and all but the Lesser

Black-backed Gulls and Kittiwakes on the River Wear.
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10, Kittiwakes showed negative correlations with
the "amount of domestic sewage discharged into the section",
the "distance from the nearest breeding colony" and "the

distance upstream",

11, The number of Black-headed Gulls varied directly
with the "amount of mud exposed along the banks at low tide"
and the "amount of domestic sewage discharged into the

section'.

12, Common Gulls were distributed randomly along the
rivers with respect to the lengths of the sectionms,

Their numbers were directly proportional to the amount
Qfldomestic sewage discharged into the section but were
inversely proportional to the "number of sewage outfalls'.

They appeared to prefer urban areas to rural areas.

13. The number of Lesser Black-backed Gulls in any
area was directly proportional to the number of sewage
outfalls, They were more abundant in urban areas than

rural areas, but avoided contact with people.

14, Herring Gulls were more abundant in urban areas
than rural ones, but within urban sections tended to avoid
contact with humans. Their numbers varied directly with
the number of sewage outfalls entering the section.

They were very abundant in areas where there were large

quantities of offal and in the vicinity of their roosts,
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15, The number of Greater Black-backed Gulls varied
directly with the width of the river and the number of
sewage outfalls, They were more abundant in urban areas
than rural ones but tended to avoid contact with humans.
They were common in areas where a large amount of offal

was available and were particularly abundant at their

roosts.

16. - When untreated domestic sewage is no longer
released into the River Tyne a reduction in the number of
Black-headed, Common, Lesser Black-backed, Herring and
‘Greater Black-~backed Gulls would be expected. The

number of Kittiwakes will likely increase.
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Table: A3

Census data for the Lesser Black-backed Gulls along the River Tyme. study area

1970.

1969

7e1l

138 W9

9¢6  26e6 16,7 3047

2845

203 lek 1744 75

2502

13,1 2,2

17.12

26411

23410

Section

(o}

13

10

11
12

0]
¢N]

A A

32

Totais

0
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Census data for the Greater Black-backed Gulls: along the River Tyne study area

Table: A5

1970
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Census data for the Kittiwakes along the River Tyne study area

Table: A6

1970
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Census data for the Kittiwakes, along the River Wear study area
April 7,1970 2 on sectionil,i 4 on section:2, 1 on section:3
May 8,1970 2 on section:l, -~ 9 on section:2, 1 on section:3
June 16,1970 200 on harbour breakwater

July 14,1970 2 on section:2
August 11,1970 35 on section:l

Census data for the Lesser Blackebackedi Gulls along; the River

Wear study area

April 7,1970 2 -on section:2
August 11,1970 1 on sectioniy, 1 on 'section:8




mable: A1l  Census data for the Black-headed Gulls along the
River Tees study area
1969 .- . 1970
Section 2610 30010 6011 Lel2 241 bolh 1945 1346 22,7
1 5 16 45 84 100 12 .0 33 191
2 118 143 97 bl denied access to Doz;man Long Ltde
3 42 36 1l 1 0 0 1 11 26
L 13 6 12 3 3 0 0 0 2
5 1 9 2 0 2 0 0 0 0
Total 185 210 157 2 105 12 1 N 219
Table: Al2 Census data for the Common Gulls along the River
Tees study area
1969 1970 :
Sectioh 26610 30610 6011  Lhel2 2hel  hek 1945 1346 2207
1 0 2 2 66 1 70 0 1 0
2 L) 23 49 50 - - - - -
3 . 20 11 L 6 28 5 0 0 0
L 22 L 5 5 5 0 0 0
5 2 6 9 L, 20 L 0 0 0
Total 88 N 69 12, 54 8l 0 1 0
Table: Al3  Census data for the Herring Gulls along the River
Tees study area
1969 1970
Section 26610 30010 6,11 Lel2 24,1 Lok 1945 13,6 22.7
1 12 2 6 540 0 68 L 542 A
2 27 21 22 3 - - - - -
3 2 3 1 0 1 0 1
4 0 0 0 0 0 2
5 0 0 0 0 0 0
Totaly 41 26 28 76 1 68 5 L2 7

ineG




Table: Al Census data for the Greater Blacksbacked.Gulls along
the River Tees study area

Section 26410 30610 6011 4el2 2ol hek 195  13.6 22,7

1 95 - 7 5 157 1 5 O x 0
2 5 6 12 22 - - - - -
3. 3 1 2 1l 1 0 0 0 0
L 0 1 0 0 0o 0 0 0 0
5 0 0 0 0 0 0
Totail 103 86 73 180 5 0 L 0

No Kittiwakes or Lesser Black~backed Gulls were observed along the

River Tees study areas




