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ADSTRACT

THE FORAGING ECOIOGY AND FEEDING BEHAVICUR OF THE GREY HERON
(Ardea gcinerem) IN THE CAMARGUE, 5. FRANCE.

Author: EStunart Noel Gragory

Foraging patterns of breeding Grey Herons were studied in
the Camargue. Most individual birds used several different
and widely dispersed feediny sites during the season. Some
Pirds abandoned certain foraging seites but no secasonal
trends were detected. There was evidence of both flock and
territorlal feeding at different sites.

Birds were cbsaerved feading in a number of different food
patches (diescrete feeding sites). There was avidence that
the bicmass intake rate influenced how long a bird would
remain in a patch, When this was high, birds remained in
patches, conversely when the rate was low birds left to feed
elsewhers,

Dapartures from a breeding ceolony to the feeding grounds
were clumped. Birds leaving the colony togather were likely
to go to the mame feeding site more often than birds leaving
successively, hbut not together. It is argued that the eclany
may have been used as an information centre.

Tha diet of chicka in different colonies was compared. The
proportions of the important prey types from different
colonies and from different hroods ware dlfferent. There was
evidence that adults sometimes pre-digest large prey so that
their small chicks cah consume prey that would normally be
too large for them to aat.

An experiment on prey selection provided evidence that
chicke could select batween two prey types which differed
only in their relative profitability. The chicks consumed
the most profitable prey type first. When the relative
rrafitability of thes prey types was reversed, the chicks
reversed their selection. This may be an adaption to
maximise prey intake rate in the facea of =ibling
campatition.

The results are discussed in relation to the success of the
birde at different stages of their 1life c¢ycle. The
jmplications for ths conservation of the species are
considered.
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INTRODUCTION

This thesis 1is concerned with the feeding ecology and
foraging behavicer of the Grey Heron (Ardea cineprea) in the
wetlands «<¢f the Camargue, an unpredictable foraging
environment. In particular it examines some of the problems
met by the blrds while foraging and looks at some of the
adaptations that they have developed to cope with such an

environment.

The Study Area (Fig 1)

The Camargue (40°930'N 4931D'E) is located in the sounth of
France and is formed by the delta of the river Rhone where
it flows into the Mediterranean sea. The dalta covers
approximately 780 n? and is triangular in shape. It is
bordered on the epst by the river Rhone and on the west by
the Petit Rhone. To the wast of the Petit Rhone lles the
Petit Camargue. This covers an area of about 380 km? and
containg similar habitats to the Camargque. For the purposes
af this thesis I have included both together under the
general title "the Camargue”. The Camargue consists of a
mosaic of natural, semi-natural and man made bhakitats over
half of which are wetlands. Thae Camargue wetlands include

man made =aline lagoons, temporary and permanent brackish

1




FIGURE 1. The Casargue showing the location of the Grey Hercn
colonies used in the gtudy.
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marshes and lagoons, Ctemporary and permanent frash water
marshes and lagoons, canal and drajinage ditch systems and a
number of commercial fish farms. Much of the remaining land
is cultivated with cereals (espacially rice), sunflowers and

vinaes.

All the wetland habitats are used to a leaser or greater
dagrea by Grey Hercns. The five principal wetland habitats

are described below:

Saline Lagoons

These form a complex of shallow artificial lakes
covering 120 km?. of the delta. They were constructed
for the commercial extraction of salt by the
evaporation of zea water., Fish occur in the leaat
saline waterbodies, whilst aquatic invertebrates

exist in all but the most saline. Grey Herons
occasionally use thie habltat for foraging although not

on a4 regular bamis.
Brackish marshes and lagoons
These cover much of the land adjacent to the sea which

is not used for salt extraction. These brackish arsas

are mainly very shallow and during summer scme can dry



out: completely. Within the drying marshes thare are
rapld changes in water depth and galinity as well as
large changes in the density of fish and other aquatie
animals. As they become concentrated in the shrinking

water bodies they form ideal prey for Gray Harons.

Fresh wvater hahitats

These form a mosalc of permanent and temporary fresh
water bodies interconnected by irrigation canals and
drainage ditches. Many are dominated by emergent
vegetation such as Scirpus itima, Phragmites
australis and Typha sp. Many of these frash water
eyetense are nmanaged for wildfowl (particularly duck)
hunting. Such marshes contain important populations of
fish such as Carp, Eels, Sun Perch and mosgquitao fish
(latin names are given in Appemdix 1) as well as large
populations of aquatic inascta. Like the brackish
marshes, many fresh water marshes dry out in summer and
provide ideal foraging habitat for Grey Hercns.

The large Phragmites reedbeds within these marshes also
provide the principal nesting habltat for the Graey
Heron in the Camargue although some Grey Beron colonies

are also found in trees, chiefly Tamarisk (Tanarix
gallica).



Rice Fields

Although these hebitats caover a relatlvely large area
(8000 ha. 1n 1%84) the fast growing rice produces a
dense sward which 1s soon unsuitakle for foraging Grey
Herons. Some fields cantain populations of fish and
aquatic insecta and are cccasiocnally used for foraging

by Herons.

Fieh Farms

These are man made lagoons usually created frem entarga:d
and deepened fresh water narshes. They are similar in
many ways to fresh watar marshes and some ars managed
for wildfowl hunting. Fish farms provide ideal foraging
habitat for Grey Herons since they are stocked with
high densities of commercial (mirror} Carp. The fish
farms alss contain other fish spacies such as

Moesguito fish, Sun Perch and Eels.

Althocugh moet of these aquatic habitats often provide
suitable foraging counditions for Grey Herons the
availakbility of prey within such water bocdles can vary in an

unpredictable manner. For exanple, 1in late spring and



summer, water levals in both brackish and fresh water
tenporary marshes fall because of high evaporation rates,
and prey pocpulations can becoma rapidly concentrated in the
ghrinking water bodiez, This increases the availability of
prey to herons and egrets (Hafner 1978, Hafner at gl. 1382,
Hafner & Britton 1983, Erwin et a]l. 1985). Other changes in
prey avallawility can cccur when prey populations enter
newly flooded temporary marshes and rice fields, either
when they flood naturally or when they are flowoded for
nanagement purposes. Scme fish species also mniqrate from
permanent water bodles tco temporary marshes to breed. The
fish populatiocnz of the Camargue have been studied in detail
by Crivelli {1981a, 1981b}. Such changes in prey populations
within the waterbodles of the Canmargue make foraging

conditions unpredictable for Herons and Eqreta,

The Stody

The majority of tha data for this thesis was collacted at
Carrelet fish farm near Alkaron although additicnal data was
alse ecollected from the colonies at Couvin and They de
Roustan. The locations of these colonies are shown on Fig 1.
Further detalls about the colonies are given, where

appropriate, within the relevant chapter.




The colony at Carrelet was chosen primarily because it was
located in trees and most of the nests were clearly visible
from an observation hida. It was poeeibla to observa
individeal Grey Herons arriving at and leaving their nests,
thus the coloeny was ideal for observing the patterns of
feraging site use hy individual birds. The Carrelet colony
was also chosen becausa it was located within a fish farm
and incidental data ceuld be collected on tha predation, by

the birds, on commercial fish.

The data are presented in five chapters, sach dealing with a
differant aspact of the foraging ecolegy of the Grey Heron
during the breeding season. The sixth chapter discusses the
rasults in broader terma. An cutlina of the content of each

chapter is given below:

Chapter 1 - investigates the patterns of foraging site use
of individual breeding birds over the coursa of the breading
season. Data are presented to =show bow the patterns of
foraging vary between individual birds, during the day and
during the season.

Chapter 2 - attempts +to explain some of the foraging
pattarns shown in chapter 1 by investigating how birds
allocate thair foraging time in food patches of diffaerent

quality.




Chapter 3 - ia concerned with the quastion of how Grey
Herons locate new food patches In en unpredictable
environment and in particular examines the hypothesis that
Grey Herons use the breeding coleny as ean information

cantra.

Chapter 4 - examines tha food fed by parents to their
chicks. It compares how the diet variez bhetween coloniem and
hetwean Iindividual birds. It also exanines how the diet

varies with the time of day and with chick age.

Chapter 9 - locks at the foraging behavicur of Grey Heron
chicks whilat they are atill in the nest and teste the
hypothesis that chicks select prey items in an cptinal way

from the food hrought to them by their parents.

Chaptar 6 ~ is a general diascussion which deals with sone of
the results from previcus chapters 1in broader terns. It
looks at how different aspects of the feeding ecology of the
birds could affact their survival at different stages of the
life cycle. I conclude the chapter by discussing the

ralevance of such factors for tha conservation of the

speclas,




CHAPTER 1

FORAGING PATTERENS OF THE GREY HERCN DUERING

THE BREEEDING SEASON.




1.1 INTRCGDOCTION

Recent work lndicates that Grey Herons Ardea cinersga show a
high degree of area restricted feraging during the breeding
scason, and that aduwltes often defend feeding territories
during the chick rearing period (Marion 1984, 1985, Van
Vessem gt al. 1984 and Van Vesaem and Draulans 1987).
Territorial feeding has alsoc been recorded outside the
breeding seasocn (Cook 1978, Richner 1986) although Richner
also observed =same birds feeding 1in flocks. Territorial
feeding wae recorded for Purple Herons Ardea purpurea
hresding 1in the Camargue, S. France where the birds often

forage in eimilar habitat to the Grey Heron (Moser 1%34).

Despite the evidence that sBome Grey Herons use fFfeeding
territories during the breeding seasocn there remains doubt
that the behaviour is ubiguitous in all feeding areas. Van
Vesgem and Draulans {1987) found that some birds did naot
take up territories until late in the breeding season when
they moved to feeding areas fIurther from the colony. They
also cbserved that other, apparently territorial, breed.ing
birds occcasionally moved ketween several foraging sites and
that the youngest breeding birds did not use territories at
all. Marion (1984) also occasicnally observed territorial

breeding birds feeding 1in flocks or using feeding sites




outgside their normal territory.

Richner (1986) suggested that, in winter, territoriality in
the Grey Heron is dependent on patterns of food distribution
and availability and showed that some adults switched from
territorial to flock feeding behaviour as they moved
hetween feeding sites. Thus it is possible that the Grey
Heron iz similar to the Great Blue Heron Ardea berodias, a
species which exhibite a high degree of wvariation in
foraging sociality and territorial behaviour during the

breeding season (Erebz 1978).

Marion (1984) suggested that the distribution of breeding
Grey Herons on the feading grounds may fellow a despotic
behaviour pattern such that the better gquality birds occupy
permanent territories in the best feeding areas and exclude
competitively infericor birds from these #areas. Despotic
foraging distributicon patterns were also predicted for the
Purple Heron by Moser (1934). However, the distribution
pattern suggested by these authors may represent only one of

several alternative patterns.

Territorial bebaviour can be influenced by factors such as
the distribution and availabllity of resources {Zahavi 1971
and Rubenegteln 1981) and the eccnomics of territory

deferdability (Davies and Houston 1981 and 1983). It is

10




therefore possible that both territorial and non territorial
breeding birds may be found in the same feeding area at
different times or in different feeding areas at the same
time. If birds are non territorial there may be overlap in
the use of foraging sites amonget individuals and their
diatribution xay resenble an Ideal Free Distribution
(Fratwall and Lucas 1970} where each individual is free to
choosge the faeding area whera its food intake rate is

greatast.

The aim of this study was to describe the patterns of
foraging site use of as many individual birde from the =ame
breeding colony as possiblae. This was to establish general
patterna of foraging site use and foraging sociallity for
Grey Herons 1n ths Camargue. The study also examined the
relative distribution of colony members over tha availahble
foraging hebitat, The factors that may have influenced
individual and overall patterns of foraging aite use ars

discussed.

11




1.2 METHODS .

The study was carried out in 1985 at Carrelet fish farm near
Albaran in the Camargue S, France (see Fig 1.1). The colony
was ocomprized of 63 palrs of Grey Herons nesting in
partially submerged Tamarisk treez Tamarix mallica in the
southern end of a 150 hectare fish basin. The coleony was
linear and about 100 ®. leng with nests lecated between 1
and 5 m. above the water level. Observatlions were made from
a Sm. scaffold tower hide mituated approximately 75m south
of the colony cantre. Data were cgllected from dawn till

dusk six days a week between 29/3/85 and 02/07/85.

Patterns of foraging site use were determined by recording
the flight destinations and the data and time of departurs
of birds as they left the colony for the feeding grounds.
Birds were ckserved through binoculars until they landed at
a fesding site or until they were lost from wview. Each
destination was plotted on a map and recorded as an {x,y)
coordinate wilth the two axes running HNorth-South and
East-West through the ceclony. When birds were not chkserved
landing, the direction of the foraging flight was recorded
in place of the foraging site coordinate. The whole colony
was observed simultaneously by myself and one or two

assgistants working under my direction in eorder to ceollect

12




FIGORE 1.1 The location of the Grey Heron colony at carrelet Fish
Farm in the Camardgue.
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foraging site data from as many birds as posaible,
When birds were observed leaving a nest they were agsigned

an identity at one of two levela:

Pair Identity, where the bird could not be individually
recognized but was seen leaving an jidentified nest and
was therefore known to be an unidentified mepher of a
racognised palr {(tree and nest markers were used in

conjunction with a map of the colony te identify nests).

Individual identity, whaerse the bird was obsarved leaving
jts nest and ecould alsc he distinguished from its partner
by plunmage or other characteristics. To facilitate the
recognition of individual colony members 18 breeding
adults ware caught on their nests and equipped with

nuxnberad leg flags and radico transmitters.

Data were grouped to determline the foraging patterns of each
individuelly recognizakble bird during the course of its
breeding cycle, OCata wera alse grouped within each
recognizad palr to give the combined "palr foraging
pattern®. Combining data within pairs allowed departures
which c¢could be assigned an identity only at the pair lewvel,
to k& used In scme analyses. In total, sufficient data were
collected to detarmine 28 pair-foraging patterns (i.e. about

half the pairs nesting at Carrelet} and, from within theas,

13




the foraging patterns of 15 individual birda.

An attenpt was made to supplement data collacted from direct
colony obaervations, by radio-tracking birds in the field.
However access could not be obtalned to many of the feeding

areas used by these birds and radio-tracking was abandoned.

Fleld cbhservatlions were m»made to detarmine tha degree of
foraging soclality and territorial behavicur shown in
different feeding areas. Most bhirds fed in marshes which
were usad for duck hunting during the winter and accessa to
these arsas was either forbidden or saverely restricted by
the land owners. Obgervations were therefore made in only 5
of the 12 fesding areas which were located near to the
colony. Duscriptive data were collected on territeorial
aggression and foraging site use and wherever possible focal
observations were nade on individually marked birds. These
obsgrvations were used to determine how birds behaved whilst
faacl_ing and to help interpret the overall distribution

patterns obasrved for colony nembers.

14




1.2.1 2analyais of patterns of foraging mite use.

The lacation of the foraging sites uvsed by all the birds
from recoghised pairs were plotted on a map to datermine the
total numbar of visits made to each of the diffearent
"feeding arsas" surrounding the colony during tha breeding
sgason. Peading areas were defined as large water bodiez and
intercoanecting mwarsh systems where birds fed. The
boundaries bhetween tha feeding areas were established from

field agbservaticns=, maps and aerial photographs.

The dagraee of area restricted foraging shown by individually
recognised birds was tested, using the kolmogorov-Smirnov
two—sample test, to compara the number of visits made by
aach individual bird te each feeding area with the number of
visits wmade by other birds from the colony. Where this test
gave a non significant result the nore sensitive chi? test
of contingency was used on data grouped from different
fasding areag. Data ware grouped to ensure that the
vigitation frequency to each of the grouped areas was
greater than 5. The Kelmogorov-Smirnov test allows the use
of sample sizes less than 5 in each category being
compared., This test wae therefore used in preference to the
Chi? test since it allowsd the comparison of distributions

to he made over all the feading areas even when the

visitation frequency was D.

15




Pattaxrne of "foraging site®™ use within the home range of
individual birds were examined by dividing the feeding area
nap I1into sguares of 0.5 x 0.5 knm. Flight destinations
within the same sgquare were considered to be on the =ame
foraging site. Feoraging sites were therefore 0.5 x 0.5 km.

subdivisions within each rfeeding area.

This scala of subdivision of feeding areas was chosen
becanse 1t was considered to ke the 1limit of visual accuracy
cbtained by plotting flight destinations from the tower.
Birds often used a mosaic of feeding sites =eparated by
larga areas of unsuitable or unused habitat. Thus there were
large areas the home range of each bird that was not used
for feeding. Patterns of foraging site use were analysed in

several dlfferent ways:

1) The Kolmogorov-Smirnmov one-sanple test was used to
compare the relative frequency of visits made by each bird
to each of the foraging site squares within its home range.
Thie was to test for ¥core areag" of significantly higher

usage after the methods of Sanmuel et al. (19B85]).

2} The temporal sequence of foraging site visits for each
bird was examined using the "Runs test™ Biegel 1956. This
was to test whether birds xade repeated visits to the =ame

foraging site before moving on to another site,

16




The Runs Test can only test for non random sequences in the
listed order of two variables. For this reason foraging site
vizit=s were combined into two groups: a) visits to the most
frequently used foraging site, and b) wvisits to all other
sltes. The sequence of wvisits to =ites a) and b) was then
detarmined and the number of switches lketween sites

calculated for analysis.

3} The mean distance between consecutively used foraging
sites and total number of foraging site changes were

calculated for each bird.

4) The mean Bivariate foraging site vector (cantre of
foraging activity) of each individual bird was calculated
from the coordinatea of the foraging eite locations (see
Batchelet 1981 for detaila). Thia descriptive statistic
givee the mean direction and distance of foraging sites from
the colony. Birds using the same foraging sites with egual
frequency will have the same centre of foraging activity.
Comparizon of bivariate foraging site vectors between birds
therefore indicates whether birds were using the same range

of foraging sitas.

17




5) Individual patterns of foraging site use were grouped for
two different stages of the breeding cycle to see if there
ware Egignificant changes in foraging =site unse as the

breeding cycle progressed.

The stages of the breeding ¢ycle chosen for analysis were as

follows:

Early. Incubating eggs and rearing young chicks between D

and 20 days old.

Tata. Rearing chicks older than 20 days

There were insufficient data to make finer djvislons betwaen
different atagea of the breeding cycle. No data were
collected on parental foraging patterna after chicks had
fledged (chicks approximately 65 daye old} since after this
period parents rarely visited the colony. The stages of the
hreeding cycle at each nest were determined using data on
egg laying dates, chick hatching dates and othar data on
chick age collected during wvisits to the colony and from

cbservations made From the tower hide.

Three analysses were nade to compare foraging patterns

betwaan the diffarant stages of the bresding cycle:

18




5.2) The centre of foraging activity for sach bird was
calculated for the sarly and late stages of breeding. These
ware compared using the Mardia, Watgson, Whealer statistic
(B}, in Mardia's two sanple test (see Batchalet 1981 for
details of both tests). Thia testa whether individual birda
used different activity centres during the separate periods.
Thesa tests involve circular statistics and compare both the
nean vector angle and mean vecteor length of the foraging

aite coordinates.

5.b) The dispersion of the foraging asites making up the home
range of each bird during the two periods was neasursd by
calculating the area of the maximum area polygon [maxon)
encloging all the feeding aites used during each pericd.

Tha sign test was used to text whether there were consistent
changes, amongst birds, in the disparsion of the foraging
sites used between the two stagea of breeding. It should be
stressed that the Maxon arsa is not a measurs of the area of
the home range, as dJdafined earlier, since each polygon

enclogsed many areas that were not used by the birds,

5.0) The number of different foraging sites used by weach
bird during esach of the two periods was calculated. The sign
test was used to test whether there ware consistent changas,

amongst birds, in the number of foraging sites used between

the two peariods.

19




1.2.2 Analysiszs of the distrilmtion of colony mexbers over
the foraging groundse.

Pair-foraging patterns were compared to determine the
relative distribution of colony members over the available
habltat. Since pair forsging pattarns combined the home
ranges of both pair members it was not possible to identify
which pair member was u=zing each site. Howevar a comparison
batwasn tha data from each of the 28 identifiable pairs
{(which reprezented the foraging patterns of 56 individual
colony membars) allowad a more detailed analysis than would
have been possible l1f only the 15 individual foraging
patterns had been compared.

The pair-foraging patterns were plotted on the foraging map
to locate the foraging sites used by each pair. These data
were analysed to see how, a) distance of the foraging site
from the colony affected the mmker of pairs using the site,
and h) the relative frequency of silte use was related to the

number of pairs using the Bite. Details of analyses are

givan below:

a) The number of pairs with memberas using each =ite was
plotted against the distance of the foraging site from the

colony (distances were calculated in km. from the centre of

the foraging site square to the centre of the colony). The
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correlation betwagn these two variables was then calculated.
Only foraging eites visited by birds from the colony were
used in the analyzis.

b) The raelative fragquency (proportion) of vieits made by the
pair to each foraging sita within thelr combined home range
was calculated. The nunmber of pairs which used each site was
then plotted againat the xean proportion of visits made by
the paire viaiting the site (data were arcsine transformed
to allew the calculation of mean preoportions). This shows

how the relative frecuency of site use by pair members was

related to the ralative digtribution of pairs.

Sunmary of Dafinitions Usad

Feslding Areas - large water bodies and interconnecting marsh
systame the boundaries of which were established from field

chaarvations, maps and aerial photographs.

Foraging Sites - (0.5 x 0.5 kn. subdivisiens within each

feeding area.

Cora Areas -~ Foraging sites used significantly more often

than expected from random.
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1.3 RESULTS.

1.3.1 Individual Poraging Patterns.

In total 12 main faeding areas were identified frem the pair
foraging patterns. The feaeding areaz are ghown in Fig. 1.2
which alsa shows the frequency of wisits to each separate
fesding area (calculated from the pair- foraging pattern
data}. When compared with the pairs, all 15 individually
recognigable Heroens concentrated thelr foraging activities
in a significantly smaller number of fesding areas than
expected (sea table 1.1). Thix showe that the individual
birda were not using all the faeeding areas available to
them, although all birds except (i) used more than one

ared.

The frequency cf visits to the foraging sites within the
home ranga of each individual bird and the maximum site
fidelity (maximum percentage of cbsarved visits tc one site)
are shown in table 1.2. The home ranges of all but one bird
were comprised of several different foraging sites (mean =
9.47 £ 1.08 S,E. n = 15), Bird (i) which visited only one
feeding area (see table l1.1) viaslted only one foraging site
{0.5 x 0.5 km., square) within this area during the entire

ohsarvation pericd.
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FIGORE 1.2 The location of the feeding areas used by the breeding
Grey Hearone from the Carrelsat colony.

Nota: The Iigures in circles indicate the total number of
obagrved visits to each feeing area.
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TABLE 1.1 HNumber cof visits made by individually recognisable
Harong to the 12 feeding sreae used by the colony as a whole.

Feeding area

Bird

a (4} 1 o [+ 0 1} 4 25 (H 0 0 0 Aax
b D W] M 1 0 2 l4i q 1 0 a o knk
c D a a Q 2 15 1 0 0 g 4] 0 ek
d o a 4] 0 i) 1l 5 9 3 1] Q 0 i
-] 1} 0 2 0 3 8 aQ 8 o a Q o »

£ o T 12 1 3 a 2 v} D 1 0 g ik
g 5 3 0 o i a a 1} Q a o 1l **
h 0 [+ [+ a 26 & 4] 0 a aQ d g e
i i L] 0 30 1) ad D 0 a Q D g *hk
3 10 2 1 0 ] 2 G L+ a o o Q ki
k 0 0 0 ] g 10 g 1 a (v} a 0O k%
1 1 4 0 o 3 [ 1] 1] Q (1] Q o +

n 0 0 0 a L 9 v 0 Q 1 1 0 4+
I 1 4] 4] i 4] L) & 4d 3 D a o =

] 1 1 a a 1 3 i) 4] 0 D 0 0 s
Total

k%% pCO. 001, pcu 01, % p<0.05 Kolmogoroev Smirnov 2 sample
test. + p<0.05 chiZ test {areas 1-4, 5, 6-12 grouped for
analysis). ++ p<0.01 chi? {areas 1-5 & 7-12, 6 grouped for
analysis).

Note: Feeding areas ware grouped to_a gilve sample size greater
than 5 in comparisons where the Chi? test has been used.




TABIE 1.2 The number of foraging sites [0.5 x 0.5 km.
squares) visited by individually recognisable herons.

aof

foraging

gites

muber Max

of site

Munber of vislts to aach

foraging =ite.

obs. fidelity
5

BIRD Core sites other =itas

a 9 29 45 ** 13.8 2,1{6)

b 13 22 18 - 4,3,2{4),1(7)

el 15 27 15 - 4,3(3),2(3).,1({8)
d 9 1B 44 ** 8 3, 1{7)

e 6 19 37 - 7.4,3(2),1{2}

o 13 i& J6 ** 13,6,4, 2(3),1(7)

g 6 10 40 - 4,2,1(4)

h 17 a4 18 *% 5,5,4(2),3 1(12)

i 1 J0 lad —_— p

J 9 15 40 - 6,2,1(7)

kK 9 19 47 % g, 2{2),1(8)

l 9 19 37 * 7.3, 2{2).,1(5)

m 5 16 S0 ** B,5, 1(3)

n 13 16 13 - 2(3),1(10)

o ;] 20 40 * 8,3(2) 2,1{4}

** p<D.01l, * <0.05, — not significant; Kolmbgorov Smirnov one

sample test for non random Erequency of visits to foraging

sites within the home range.

Hote: The number of observed visits to each site are given in
the body of the table, sites are separated with a comma.
Figures in parentheses indicate tha number of foraging sites
{(N) in the home range with the sane number of visits (if N

»1].




Therea was no significant correlation ketween the number of
foraging sites visited by a bird and the number of times the
bird was observed (rs = 0.3875 n = 15 p>0.05 Spearman Rank
correlation). Thia indicates that differences in the
observed number of foraging sites used by the birds were not

due to differences in observation fregquency.

Elght of the fourteen birds which wvisited more than one
foraging site did not visit each site with equal fregquency,
but concentrated thaeir activity 1in core sites of
significantly higher usage. Seven of these birds also used
more than one core site. This shows that although mest birds
visited several foraging sites, some sites were visited more

frequently than others.

The centre of foraging activity, given by the bhivariate mean
vector of foraging sites, differed for each of the
individually recognisable birds (table 1.3). Herocns (a) and
{b), (c) and (f), {(g) and (1), and (j} and (k) were partners
from tha sama palrs. Since no two nexnbers of the sane pailr
had the same centres of foraging activity these data also
indicate that pair members differesd in their use of foraging
aites and probably acted indepandently while foraging (they
rarely coincided in the timing of wvislts to the nest to feed
chicks). Differences in mean wvector may ocour even when

birds share some of their foraging sites so these data do
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TABLE 1.3 ILength and angle of bivariate Mean foraging site
vector {centre of activity ) of the 15 individualy
recognisable Grey Herons.

maan Length of mean vector {L)

vector §.D. of X and Y

angle coordinates (km.).
bird L S.D. X S.D. ¥
a 135 0.5 0.274 0.930
b 151 1.73 0,838 1,366
c 244 1.15 0.844 d.524
d 151 0.90 0.5631 0.805
a 221 0.20 0.245 0.156
;o 21 1.25 0.441 1.216
g B 1.65 0.517 0.887
h A06 1.15 0.5&65 0.563
i 36 3.10 D.1989 Q.076
j 357 1.40 0D.319 0.738
k 160 1.00 0,749l 1.036
1 342 0.60 0.322 0.971
h 247 0.75 0.019 0D.328
n 147 0.85 1.245% 1.3540
4] 354 1.20 0.134 0.751

Note: All angles glven In dagrees clockwise from N (0 degrees)
relative to the centre of the coleny.




not prove that each bird ueed completely different sites,
rather they indicate that sach bird used a different set of

aitaes.

Although wost individual birds used =several different
feading sites, visits to particular mites did not usually
oceur in eequential runs. Only two dirds (d & £f) of the
elaven from which sufficient data were avallable, made
non-random switches between their most frequently used
Ioraging sita and the other sites that they visited {table
1.4). If birds had been making a sagquence of visits to the
same site before moving to m new site then the sequence of
site visits would have been non random. The random sequence
of foraging site visits shown by most birde indicates that
they often revisited foraging =ites after tempecrarily
degerting thenm i.e. that most novements between sites were
the result of temporary and not parmanent changees in the
factors affecting mite use. It should be noted that not all
foragqing site wieita were observed. Some sequential "runs"

of vigits to individual foraging sites may have been missed.

Table 1.5 shows thae total number of foraging site r.::han.g‘es
ogbeerved for each of the individually racognisable birds.
Foraging =ite changes included both switches to previously
used sites and visits to new sites. The table also givee the

mean distance between consecutively vigited sites, The

24




TABLE 1.4 Switches in foraging site use by individual Grey
Heronsa between the most frequently used foraging site and
othar sites.

numbey of visits to:

nunbay of
most fregquently other foragqing  awitches.
bird used site (&) sites (B) between A & B
a 13 1la 17
d 2 =) 1 %%
8 7 12 g
£ 13 23 q
h & 28 10
;| & 10 &
k g 106 L]
1 7 12 S
n 2] g 8
o 8 12 6

kit m p<c0,001, %% = p<0,01, runs test.

Note: Only birds which used more than one site and which made
a minimum of & visite to the most frequently used site have
been insluded in the analysis.




TABLE 1.5 The number of foraging site changes and the mean
distance between consecutively visited mitas for each of the
individually recognisable heron=.

¥Mean {(+8E)

total Number distance

nunbar of o©of aite batwaen Numher Obe

sltes changes gltes of Obs. Period
BIRD
a 9 is 0.95 + Q.20 29 19
b 13 is 2.19 + 0,35 22 43
c 15 18 1.42 £ 0.18 27 &5
d s 10 1.05 + 0.20 18 41
a & 13 G.27 = 0.04 15 29
£ 13 17 1.61 + D.27 36 66
g 3 6 2.13 + 0.40 10 21
h 17 20 1.03 + 0.14 34 52
i 1 0 0.00 + 0.00 30 65
3 9 10 1.00 + 0.16 15 44
k 9 14 1.5%0 + d.22 19 56
1 g 7 1.27 + Q.37 1% 19
m & 9 1.42 + 0,42 16 27
n 13 8 1.0 + 0.22 16 72
o 8 10 2.80 # 0.49 20 78

------------ A SR A e S e vl W N N W S S N AN N N N S N R B B B S B -

Note: Distances are given in Xm. The ckhservation periocd is the
umber of days over which the observations on esach bhird
wara collected. However, individual birds wers not seen
on every day during this period.




resulta ahow that most birds made many foraging aite changes
during the course of the breeding season and that the mean
distance bhetween =eites was often large. Tha timescale of
foraging site changes was wvariable and is difficult to
quantify since individual birds wera observed a different
number of times and over different perivds. The mean number
of foraging site changes per chservation for the
individually recognisable bhirds was 0.54 + 0.047 (5.E.) {n=
15) the number of observations and the observation perind

for each bilrd are gilven in Table 1.5.

Territorial birds would have been abla to defend a
previcusly visited s=ite only if they moved to a foraging
site very close by. However, since the mean distance betwesn
consecutively used sites was often large, it is unlikely
that most birds would have heen able to continue defending
the previously wvisited site after making a foraging site
change. This suggests that, for mest birds, defencae of
foraging sites, where it occurred, was temporary. Bird (i)
made no foraging site changee and would therefore have been

able to defend a permanent territory.

There were no consistent changes in tha feraging patterns of
individual birds between the dJdifferent stages of the
breeding cycle. Table 1.6 details the poeition of the centre

of foraging activity of each bird during the sarly and late
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TABLE 1.8 Length, angle and B.D's of mean bivariate foraging
@ita vector ( centre of activity ) of individual birds at
different stagas of the braeding cycle.

250 1.50 {1.85,1.11)

7% 0.40 (l.46,2.74)
298 1.50 (1.62,1.02)

40 3.25 (0.17,0.17)
357 1.25 (0.72,1.71)
230 0.40 {0.35,1.14})
286 0.30 ({0.25,1.36}
178 0.90 ({2.22,2.04)
368 1.25 (0.21,1.39)

(0.37,0.93)
{0.84,1.37)
{1.27,0.97)
(0.63,0.81)
{0.25,0.18)
(0.16,0.94)
(0.52,0.89)
(1.04,1.19)
{0.17,0.17)
{0.63,1.15)
{1.62,2.17)
(0.68,1.94)
(0.02,0.33)
(2.58,3.61)
(0.28,1.60)

67 .1lknz
17.48

3.9
6.7
IB.1*FN
3.9
4.4

Nota: All angles gliven in degrees, clockwise from the Y axis,
and length in km.#¥##* p<0.001 Mardia's two sample test using
the Mardia-Watzon-Wheeler test statistic (B). It was not
possible to derive B for bird (1) since it only used one site.
Sample slzex are given in table 1.7.




stages of the breeding cycle. Only two birda (f) and (1} of
the nine for which sufficient data were awvailabla, showed
significant changes in the centre of foraging activity
between the two periocds. Both birde changed their mean angle
of foraging flights and used sites more distant from the
colony during the later period. The mate of bird (f) made no
such change in foraging pattern. Purthernmore there were no
consistent changes in the dispersion of foraging sites
within the home range (p » 0.1 sign test) or the total
number of foraging sites visited (p > 0.1 sign test) between
the early and late stages of breading (see table 1.7). These
results indicate that although =ome individuals changed
their pattaerna of foraging during the breeding cycle, the
changes formed no fixed pattern that could be described as a

qeneral trend,

Comparing between birds, there were considerable differences
in foraging site dispersion (ses table 1.7). Some birds used
foraging sites which were very cloee together ({small Maxzon
area) while others foraged at sites several kilometars apart
{(large Maxon area). There was no significant correlation
betwean Maxon area and the number of observaticons [rs. -
0.3362 nei4 p> 0.l Spearman Rank correlation) so this result

is not due to differencez in observation freguency between

birds.
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TABLE 1.7 Foraging gsite dispersicn during the Early & Late
stages of tha breeding cycle.

Maxon numbar of Maxan number of
Early foraging Late foraging

bird Period sites Pericd sites.

a - - 4.29 {(26) iD

b - - 7.06 {22) 16

c 1.92 {12) a9 1.80 (14} ns

d —_ - 2-42 (18] o9

e - - 0.28 ({17) 05

f 7.05 {14) 08 0.62 (21) 06

g - - .38 (07) a3

h 1.28 (08) 07 2.15 (26) 13

i D.07 (06) 158 0.07 (24) 01

3 0.56 (06) 06 C.BD (09) 06

k D.24 (06} 03 1.44 {13} 07

1 p.31 {11) 05 0.75 {08) 06

m - - 2.34 (13) 04

n 3.58 {10) cs 6.95 [08} o6

o G.22 (10) 04 0,61 (10) 06

Hote: The number of chservationa is given in parentheses after
each arsa. Only areas based on >5 chkservations have bean

included in the table. Areas are given in Em-2.




1.3.2 Relative distribution of colony xembers over the
available hahitat.

The frequency cof use of foraging sitea by the 28 pairs from
which sufficient data were collected is shown in tadble 1.8.
Core sites of sjignificantly higher usage were found in the
conbined home ranges of 16 of the 28 pairs. Since pair
foraging patterns do not distinguish between palr members it
was not possible to determine which of these were sites of
concentrated activity within <the home ranges of the
individual pair wmembers, or sites which had a high
frequency of wvisita becausze they ware used by koth pair
members. Howaver, the ratio of core to non core sites in the
pair foraging patterns (66/370 - pgee Table 1.8) was not
significantly different to that in the individual! foraging
patterns (20/122 - see Table 1.2), {chi2 = 0.029 d.f.= 1 p
>0.1). This suggeats that most cof the core sites found in
the pair foraging patterns were core =sites in the home
renges of the individual palr members. If palr core sites
had been the result of both members sharing the same =site,
the proportion of core sites would have keen higher in pair

foraging patternz than in the lndividual foraging patterns.

Table 1.9% shows the nunber of foraging sitea, within the

conbined home range of each pair, which were alsc used by
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TABIE 1.8 The use of individual foraging sites within the
coxbined homs range of pair meabers.

Number Number Humber of vigsits to each

of of foraging aite,

sites absa.
Palr core sites other sites
1 20 35 *h 8,4,3(2),2, 1{15})
2 13 16 ** 10,8,4,3, 2,1(8)
3 19 34 % 9 5 2(3) 1{14)
4 15 33 “h §,5,4,3(2) 2¢2),1(8)
5 22 43 *% 6,5,4(2),3(2),2(2) 1{1¢)
6 5 a1l ** 19,6, 3,1(2)
vi 20 35 % 10,5,2(2) 1(16)
8 17 37 *% 13,4,3, 2(3),1{11)
9 31 87 ¢ 12,11,8,7,6,5,3, 2(11),1(13)
10 28 60 % 11,6(2),4,3(4) 2(2),1(17)
11 12 17 - 2{5),1(7)
12 20 31 —-— 3{4},2(3),1(13)
13 11 23 *h 9,3, 2(2),1(7)
14 15 18 - 2(3),1(12)
15 24 29 - 3(2),2,1(21)
15 13 21 - 3(2),2(4),2(7)
17 11 17 - 5,2(2),1(8)
18 12 22 ** 17,5, 1{10)
14 la 248 *#* g8,3.2, 1(13)
24 17 25 —— 7.,2(2),1{14)
21 15 19 ——— 2(4},1{11)
22 12 27 sk 7(2) 2(3), (")
23 15 18 - 4,1{14)
24 18 21 - d,1¢(17)
25 B 24 k8§, 4{2) 3,2,1(1)
25 11 15 - 3,2(2),1(8)
27 B 31 % 10,6(2),4, 2,1(3)
2B 12 18 - 4,3,2,1(9)

Note: The number of visits to each feoraging site is given in
the body of the table, altes are separated with a comna,
Figurea in parentheses indicate the number cf foraging
sites {N) in the combined hcme range, with the same
nunber of visits (where N »>1). #** p<0,01, -— not
gignificant; Kolmogorov Smirneov one sample test for non
random dlstribution of foraging site visits within the
combined home range of pair members.




TARLE 1.9 Dagree of overlap betwean foraging sites used by
different pairs.

core sites othexr foraging sites
Pair shared not shared shared not shared
1 5 0 10 L
2 4 0 & 3
k| 5 0 12 2
4 L 0 8 2
5 6 1 11 3
6 2 0 2 1
7 3 1 12 4
g 3 0 13 1
9 5 2 21 3
10 & 2 13 &
11l - - B 2
12 - - 14 [
13 2 0 6 k|
14 - - 13 .
15 - - 17 7
le - - 10 3
17 - - 11 0
18 2 0 7 3
19 3 0 10 3
240 - - 13 q
21 - - 14 LR
22 2 D B 2
23 - - 11 4
24 - - 16 2
25 3 0 5 0
26 - - 11 0
a7 4 4] 4 [
28 - - 9 3




birda from other pairs. There was considerable overlap in
foraging site use between paire in bhoth core sitms and non

cora sfitas.

Figure 1.3 shows the positien of the 163 foraging sites
identified from the combined pair foraging patterns and the
nunber of pairs which uszed each sgite. Foraging sites
adjacent to the colony warsa visited by birds from most
pairz, however activity was also concentrated at foraging
gites within feeding areas 2,4 and 7, further from the
calony. There was a significant negative corraslation bstween
the distance of the foraging site from the ceolony and the
nupber of pairs using the site (rm -0.33995 p«<0.001 n= 163).
Although this correlation was highly significant, distance
acooountad for only approximately 12% of tha variation in the
nunber of pairs observed using the site (ré = 0.1156). Thim
shows that factors other than foraging site distance were

alsc affecting the number of birds using each site.

Pig 1.4 shows the relationship between the number eof pairs
vhich use@ each site and the mean proportioen of wvisits made
by all the diffarent palrs using the site. There was. a
significant positive correlation between the two wvarlables
(r= 0.475 p<0.001 n=163) showing that the sites where pair
members concentrated thair activity were alsc the eites

where foraging site overlap hetween palrs was highest.
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FIGORE 1.3 The position of the foraging sites (0.5 % 0.5 im.
egquares) used by the grey Herons from the Carrelet

colony.
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numker of Grey Heron pairs with members chserved using that
foraging site.




FIGURE 1.4 The number of Grey Heron pairs using each foraging site
square plotted agalnst the mean fregquency of use of
that foraging site.
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1.3.3 Foraging sociality and territorial behaviocur in
different feeding areas.

The results presented in the previous saction indicate a
high degree of overlap in foraging site use between birds,
in the areas where individual birds concentrated their
foraging activity. These results, however, do not precluda
the possibility that individual! bkirde feeding at these
sites, were holding temporary feediny territories and
excluding conspecifice from within the territory

boundaries.

There are two reasons for this; firstly the foraging site
scale chosen for the analyses was based on 0.5 x 0.5 km,
squares; thiz is large in comparison with the scale of real
foraging sites which may sometimes be as small as several
gqguare metres. Apparent foraging site overlap between birds
may therefore have occurred where there was 2 high density
of =small territories within the foraging site sguare.
Smcondly the results consider foraging site overlap during
tha entire breeding season. Measured over the duration of a
gingle feeding trip, each site way have baen visited by only

ana bird at a time.
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Field observations were made in feeding areas 1,2,3,4 and 5
to investigate the foraging sociality and feading behaviour

of birds in thaese areas. A summary of thege ohaervations is

presented below:

Feeding azeas 1 & 2. Both feeding areas wera permanent
floaded marshes used as fish rearing basins on the fish farn
{(thara were probekly no gross changes in prey avajlability
in thease areas throughout the breeding seascn since stocking
densities were high and no fish harvests were carried out
during the observation period). HMost birds in these areas
were aggreasive end rarely tolerated other bhirds within a
radivus of approximately 20-30m. They appeared to defended
individual feeding territories

T™wo individually wmarked birds were ohsarved (bird f£f &
anothaer marked bird from which insufficient data wers
collected o determine ite imdividual pattern of foraging
site use} and neither were seen feeding in the same place cn
all cccasions. Individual birde were occasionally seen
moving thelr position within the feeding area during the
course of a single foraging trip. In a small stocking basin
{75m x 3I0m] containing a high density of fish) in the
northern part of feading area 1, flocks of up to 10 birde
were seen feeding simmltanecusly around the basin perimeter.

0




Herae birds were exceedingly aggzresalve towards each other
and sometimes managed teo temporarily defend a small part of
the basin. However, supplanting was frequent and the

turnover of birds within the rlock was high.

Feading areas 3 & 4. Within these areas birds wera also
agoreseiva whilet feeding and individuals appeared te hold
feeding territories similar to those seen in areas 1 & 2.
Two mnarked birds wara obeerved. Bird (f}) was obzarved
feeding alone in area 3 although it freguently fished in
different parts of the feeding area on different foraging
trips. The bird was alsoc sean moving to different fishing
positions during the same foraging trip. Bird (£) defended
only the fishing position where it waas feeding at the time.

Paeding area 3 was a temporary marsh system which dried up
during the course of the chservaticn peried. A2s a result of
this all the prey in the area died and bird ({f) abandoned
the area amd concentrated its foraging activity in feeding
area 1. This seasanal drying out of the feeding area was
therefore primarily responsible for the significant chaﬁqe
in the centre of foraging activity of bird (f) between the
early and late periocds of the breeding cycle. Bowever aven
while concentrating its activity in feeding area 3, bkird (f)

occasionally visited other feeding areas.
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Bird (i) was always observed foraging in the same small part
of feading area 4 (an area of about 1.0 ha.). Feeding area 4
was a permanent m»arsh which did not dry out during the
breeding season. Bird (i) defended its permanent territory
at all time= and on one occakion decapitated two stuffed
herons whicih had been placed in its territory in an attempt
te attract other birde there. On ocne day another bird was
geen occupying part of the territory normally defended by
bird (i). Bird (i} continued to feed in the rest of its
territory. HNeither bhird intruded on the other apd bath
appeared to share defence of the site, often flying over
sach other to supplant intruders. Aftar this bird (i) was
alwaya ssen alone. Although bird (i) was always seen at the
game place, other birde feeding here often moved between

feading sites while fishing.

Feading area 5. Thias feading area was a large
seni-permanent bunting marsh which never dried out fully
although the water level gradually fell throughcut the
season. Gradual changes in prey availebility probably
aoccurred during the season, the density of prey increasing
as prey becane concentrated 1ln lower water voclumes., Some
birds appearsd to defend individual territories whbilst
othera fed in flocks in different parts of the marsh. The
pirds oftan made frequent short flights between different
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feeding sites during the course of a single faeding trip. No
dense flocks of birds were observed and individuals appeared
to act independently of each other when =moving to new

tighing positions within or outside the marsh.

Cna marked blrd was obzserved in this feeding area (bird h)
and on different days and at different timee during the sane
foraging trip, it was seen in differant parts of the marsh.
At cne partlcular site where the bird fished in a canal an
the perimeter of the marsh, it vigorously defended its
fishing position. However, the bird was also fragquently geen
feeding with other bkirds 1n loose flocks in other parts of
the marsh. The individual distance between flock memhers
varied considerebly from about 2 m. ta about 1% m. The
highest densitieas of birds were cbserved in part bof the

marsh adjacent to the colony,

Thesa observationzs suggest that foraging =site overlap
betwean birds may have been the result of both a high
density of exclusive temporary territories, and the presence
of Fflock feeders, at different feeding sites. Furaging site
overlap may also have occurred when a bird moved fishing
positions and another kird took over the original position.
The obsarvations alsoc confirm that the wovements of birds

betwean and within foraging sites were frequent in many of
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the feeding areas. Birds often changed fishing positionsz
durlng a foraging trip, whilat water lewvels were not visibly
changing. Birds often revisited =sites they had abandoned
during the same or a previous foraging trip. This supporte
the previous conclusions that some foraging s=site changes
were the result of temporary changes in the factors
affecting foraging site use. Different birds were often seen

at the same Cishing position, on different occasions.

The seasonal drying out of feeding areas probably resulted
in some long term foraging eite changes but wculd not hava
caused short term movewments of birds between different
feeding areas or between different sites within the same

area.
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1.4 DISCUSSION.

1.4.1 Individuel Patterns of Foraging Site Use.

The home rangaes of each of the 15 individual adult bhreeding
birds observed at Carrelet, encompassed only a small part of
the foraging habitat used by the colony as a whole (esee
Table 1.1). Thare wera, howevar, consldaerabla differences in
the degree aof area restricted foraging shown by different
birds {(see Table 1.2). One bird (i) held a small permanent
territory throughsut the entire breeding asaasaon. Tha othaer
birds used a number of differant foraging sites (0.25 kmd
squares] and made frequent foraging site changes during the
course of their reproductive cycle. However, despite nmaking
foraging site changes, hirds often re-vizsited previously
deserted sites and as a result the centre of foraging site
activity for all individual birds, exceapt birds (f)and (1},
did not change sgi¢gnificantly during the course of their
reproductive season (see Table 1.6). The centre of foraging
activity of bird (f) changed during the season because its
favoured feeding area, a temporary marsh, dried out and
became unsuitable for foraging during the early part of its
breeding cycle. It was not possible to determine why bird

(1) moved ite centre of foraging during the seascn.

3b




The distribution of visits to the foraging sites within the
home rainge of some individual birds was not aven. Eight of
the individually recognisable Dbirds concentrated their
foraging activity within core sites of significantly bigher
usage whlilst the other seven tended to wisit all the
foraging sites within their home range with equal frequency
{see Table 1.2). The maximum proportion cf wvisits to the
most frequently used foraging site within the home ranges of

all birds except (i) was less than 50%.

The distance between the different foraging sites within
each bird's home range was often large (see Table 1.5} and
it is highly unlikely that any of the birds, except (i)
which only used one foraging site, could have simultanaously
defended or even =een all the feeding sites within their
home range. The field cbaervations showed that although many
feading sites wara temporarily daefended, at cother =sites

birds fed in loosa Plocks.

These results suggest that although the breeding Grey Herons
from Carrelet showed area restricted foraging, there was
congiderakly more movement between foraging sites than

described in other studias.
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Other aspects of the behaviour of the birds at Carrelet was
gimilar to that observed by Marion (1984} who fcund that
scme breeding Grey Herons in Brittany (France), occupied
parmanent feeding territoriea whilat others switched batwesn
temparary territories and "“"communal feeding areas". Marien,
howavar, d4did not obsarve birds moving frequently between
terporary territories and concluded thdt most birds held
permanent or seni-parmanent territories at the same feeding

site for most of the breeding season.

The resulta from the present study contrast strongly with
these of Van Vessam and Draulans (1987) who observed that
adult breeding Grey Herons at two coloniea in Belgiun used
geveral different foraging sites during the early part of
tha breeding cycla and then moved to feeding sites further
from the colony and occupled s=small permanent feeding
torritories during the late chick rearing parlod. The mean
dippersion of foraging eltes used hy adult birds during the
late part of the breeding cycle was significantly higher in
the prasent study (mean = 2.129 km.2 + 0.585 5.D n=15 data
from table 1.7) than that observed by Van Vessen and
Draulans {mean = .375 km.2 + 0.133 E.0 n=8 data from Van
Vagsem and Draulans 1987} t = 2.922 4.f.=1% (unegual

variance) p<0.05.
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Van Veasem and Oraulans found age-related differences in
foraging patterns with sub-adult breeders following
individual patterns cf foraging site use similar to those
observed in the present study. However, eince all the birds
studied at Carrelet wera full adultas, age related
differences cannot account for the differences in foraging
pattarns observed in the two studies. It 1s more likely that
the differences in foraging pattern observed between the
adult birdx 1in the current study and between other studies
regult from differences in the distribution and availability

of prey in differsnt feeding areas.

During the summer the Camargue represents a changing and
unstable foraging anvironment with tamporary marshes drying
out completaly in most years. Perpanent changes in prey
avallabllity resulting from the seascnal drying out of
temporary marshes were probably the cause of the feeding
area change shown by bird (f) frem the current study and
have als¢ keen shown t¢ influence the foraging patterns of
the Little Egret Egretta gargetta in the Camargue {Hafner
and Britton 1983). The feeding areas used by the Grey Herons
observed by Van Vessem and Draulans (1987) ware ralatively
stable and did not dry out during the breeding seasen. This
may axplaln the more etable foraging patterns observed hy
these authors. Not all the marshes in the Camargua dry out

in summer and this may explain why some birds, such as bird
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{i) showed more atable patterns of foraging site use than

othears.

The rssults from the current etudy alac show that many birds
revisited foraging sites (des Table 1.4). This suggests that
in addition to the parmanant drying ocut of marshes othat,
temporary factors, must have influenced foraging site
changes. Tempaorary changes 1in prey availlability resulting
from localised depression or depletion of prey arocund the
feeding site, were shown by Hafner st al. (in Prep) to ba
the cause of some foraging site changes in the Little Egret
in the Camargue. Such changes in prey avallablility may have
algo been raesponsible for some of the foraging site changes
shown by birds in the current study. Howaver, the results
presented in Chapter 2 of this thesis suggest that prey
depraession or depletion during foraging bouts may not have

been an important factor causing foraging site changes.

Richner (1986) studying the foraging patterns of Grey Heron
on the Ythan estuary in Scotland, found that, in winter,
some birds moved betwean foraging siltes to maximise their
prey intake rate. Cther birds did not move between sites
even though they would have achieved a higher prey intake
rate by doing so. Thia eguivocal evidence suggests that
undar some conditions Hercns may follow an optimal patch use

gtrategy and make foraging site changes to maximise their

39




prey intake rate.

If herons use optimal patch use strategies to naximise their
prey intake whilst foraging then factors such as the
relative availabllity of prey in alternative patches, the
time and energy costs involved in finding new patches and
the time and energy constraints on individual birds would
all be expected to influence patch changing decislons (see

Chapter 2 for a dlscussion of these points).

In an unstable foraging envirorment such as the Camargue we
would expect bhirds to move between patches as local foraging
conditione, and thus the relative value of patches, changed.
In a stable foraging enviromment we would expect much more
stahle faoraging patterns with birds remaining for the full
breeding season 1n the patches which afforded them the
greatest foraging success. This may bhe more like the

foraging situation observed by Van Vessenm and Drazulans.

Differences in all these factora way account for the

different patterns of foraging site use shown by individual
Gray Herons from the colony at Carrelet and between hirds
from different studies. The foraging site movenents of Grey
Herone in relation to prey intake rate are discussed more

fully in the following chaptaer.
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Daspite the differences in the foraging patterns shown by
adult breeding Grey Herons in different ecolconias, the
results from all studies to date indicate that individual
birds show a considerable degree of area restricted
foraging. This confirms the original conclusions of Owen
(1955} who suggestsd, on the basis ¢f dietary differences
between kirds, that each individual breeding Crey Heron

usesa a "favourite feeding area'.

It is not clear why individual Grey Herons shcould show area
restricted foraging during the hreeding season. Kushlan
{1979} suggested that the repeated use of the same foraging
gites by the White Ibis Eudocimus albus may improve the
birds T"knowladga" of feeding =site characteristics and
therefore improve foraging success. Area restricted foraging
may bhe gimilarly adaptive in tha Grey Heron. It may also
help reduce the tima and energy costs associated with
sampling new foraging sites when time and energy budgets are
linmited (eg. during the breeding season). In an enviromment
where prey availability is unpredictable, it may take a
conslderabla amount of time (and energy) tc =ample prey
avallability in a2 new patch ({prey inter-catch intervals for
Grey Herons can exceed 4 hours - pers oba.). If an adult is
required to rcatch prey ragularly (for example when it im
feeding chicks) it may choose tc concentrate its foraging

activity in previously experienced patches rather than spend
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time and energy sampling new patchas.

1.4.2 Foraging Boclality wvithin the fesding areas.

A further aspect of Individual patterns of foraging site use
was the apparent s=switching between territorial and non-
territorial feeding behaviour, observed when birds noved
within and between feeding sites. This supports the view
that territorial behaviour is facultative Iin this specles.
Differences in the degree of social foraging of Grey Harons
feeding in different areas were also observed by Cook
(1978}, Richner (1286), Marion (1984) and Van Vessem and
Draulane (1987), and in the Great Blus Heron (Ardea
herodin=] by Krebs 1974. Both Krebs and Richner proposed
that differences in the avajlability and distribution of
prey were responsible for differences in foraging sociality

at different foraging sitas.

Vvan Vessem and Draulans suggested that competitive pressure
betwasn birds might al=o influence territerial behaviour,
since adulta occupied permanent territories only at sites
some@ distance from the colony where competition between
colony nenmbers was low. There is evidence that all the
factors suggested above, affect the econcmics of territorial
feeding bebaviour (Zahavi 1371, Myers et al. 1979,

Rubanstaeln 1981 and Davies and Houston 15%81). In general one
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would expect birda to feed in flocke when the long tern
coate of maintaining a territory are not offzet by tha long

tern banafitm {usually through increased food intake).

Flock feeding may also ke favoured in conditions whera it
aagtually leads to improvement in foraging =succesz, az for
example when prey can be herded by a flock or group of
predators or whera Individuals use other flock membersa to
locate a patchy and unpredictable food supply. It has also
been suggested that wunder certain circumstances Herons
hanafit from foraging in flocks, through decreased vigilance
costs and hence increased time for foraging. The evidence
for thia 1= discussed by EKushlan (128l). ZXreb= (1974}
howavar, studied the benefits of social foraging in the
Great Blue Heron (which ig siwmilar in morpholegy, bsehaviour
and foraging socilality, to the Grey Heron), and found little
conclusive evidence for social foraging bkeneflts in this
spaciaes, It is possible, however, that Grey Herons may

sonetines feed in flocks to obtaln social feeding benefits,

Prey type may alsoc affect foraging sociality. Goss Custard
{1876) found that Redshank Tringa totanus alter their social
foraging strategies when feeding on different prey types. He
suggestaed that the hirds alter their individual spacing in a
response to the degree of interference, through pray

depramsion {sensu Charnov 1976}, suffered when feeding
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together on different prey types. Interference between birds
may also ecccur through klepteparasgitism which is =imilarly
dependant on prey type Kushlan (1979).

If Gray Herong hold territories to reduce kleptoparasitic or
other forms of interference whilst feeding then prey type

nay be ancther factor affecting their furaging sociality.

1.4.3 Relative distribution of colony members over the
avallable habitat.

The apparent nixed social feeding strategies (flock and
temporarily territorial) shown by many of the birds from
carralet, resulted in conaslidarable foraging site overlap
between birds (see Figs. 1.3 & 1l.4). Foraging site overlap
occurred both whore birds were feeding in flocks and where
birds held temporary territorias that wera taken over by
other birds whilst the previous territory holder was feeding
in another part of itz home range or returning to the

colony.

Ag a result, the distribution of colony members over the
available feeding grounds did not follow the pattern

proposed by HMarion (1984) for the Grey Heron. HMarion
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predicted that each colony member should occupy and defend
an exclusive feeding territory duzring the whole breeding
season, and that the better birde should occupy territories
in the best feeding arearg. A eimilar distribution pattern,
for Purple Hercns foraging during the breeding season, was
proposed by Moser (1984). This suggests that limitations on
the size of Grey Heron colenies in the Camargue is not set

by competition for feeding territories.

The relative distribuotlen pattern of c¢olony members
predicted by Moser and Marion iz one of two alternative
patterna, based on different social foraging strategies,
prepeosed by Fretwell and Lucas (1970). TFretwell and Lucas
suggested that where birds are territorial the number of
hirde that can feed at any site is dependent on the space
available for territories. When all the space in the best
feeding areas ls occupied by territories ather bkirds will be
forced to feed in 1less Bsuitahla foraging sites [ideal
despotic distribution). In despotic distribution patterns,
birds with territories in the best feeding areas will have a
higher prey intake rate than bhirds in opther areas. The
second distribution pattern (ideal free distribution), based
on non-territorial foraging, states that each bird ie frae
o choose the foraging site which maxinises its prey intake
rate whilst feeding. Competition between birds may

eventually reduce the prey intake rate of flock members. The
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ideal free distribution model predicts that birds should
cccupy the best feesding areas untill competition between
birds is such that the pray intake rate of sach bird falls
below that of =single birds feeding in other areas, Birds
should then begin to occupy the next most profitable feeding
area etc., In this sitvation the birds should eventually be
distributed such that they all achieve the same prey intake

rate in all feaeding areas.

In the present study the field observations suggest that
flock and territorial feeding strategles way have occurred
in different feeding areas and even within the =zame feeding
area at different times. This suggest= that there was no
conslstent overall distribution pattern during the breeding
season that resembled either the Ideal Despotic or Ideal
Pres patterns. It 1is possible that, during the seazon there
was a tenporal and spatiml mixture of the two strategies
with Ideal Free Distribution occurring in foraging sites
where birds fed in flocks and Ideal Despotic patterns
occurring whare birds held tenporary territories. Data
obtained on foraging success of individual birds were not
sufficient to show dlfferences in faeding success in fl.nck

and territorial siltuations.
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Foraging sociallty was not the only factor affecting the
ovaerall distribution of colony members over the Foraging
grounds. There was considerable ovaerlap, between paire, in
the use of foraging sites near to the colony (Sse Fig. 1.3).
Further from the colony there was significantly less overlap
in foraging slte use. Why the distance of a foraging =site
from the colony should affect the number of birds feeding
thera is not c¢lear, although Moser (1984) suggested that
birds should occupy feeding sites as near to the celony as
possible to reduce the time and wnargy costs associated with
travaling to the feading place. This was also suggested for
the Grey Heraon by Marion (1984). Such behaviour would ba
partioularly adaptive when time and energy budgetz were
limitad. Evidence for thiz is shown by Van Vessen and
Draulans 1587 whe found that breeding Grey Herona aften
foraged clpse to the colony at the start of breeding when
nest building and neet and mate guarding conatraints limited
the time and anergy available for feeding. It should be
noted, however, that there was no such seasonal trend in the

use of foraging sites cloga te the colony, in the present

study.

NDespite the significant negative correlation between overlap
in use of foraging sites and dlstance of the pite from the
colony, scme sites adjacent teo the coleny were used only by

birds from one pair whilst sites several kilometers away
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wera used by birds from nany pairs (=ee Fig. 1.3). This
suggests thet factors other than foraging site distance may
have alsp affected the nuaber of colony nambers using a
site. The relationship batween the mean frequency of site
ugsa and the number of pairs using a site (see Fig 1.4),
indicates that sitee which wera visited by nmost pairs wara
the =ites where tha individual pair »embers concentrated
their foraging activity. Thies tendency for individuals to
make Irecquent visits to sites which were used by large
numbers of other hirds was also observed in the White ibis
by Kushlan {(157%). Tinbergen (1981) observed that starlings
(Sturnus wvulgaris) frequantly re-vimited foraging sites
where prey intake rata and prey density was highest and
Krebs (1978) showed that Great Blue Hercons foraged in the
greategt numbera in areas where prey intake was highest.
Krabg rfound that flock size had little effect on foraging
success and concluded that birds were congregating in areas
of high prey avallability. Tharefore tha most 1likely
explanation for the relationzhip between frequency of site
use and foraging site ovarlap is that birds often revisited
sites where pray availability was high and these sites also
attracted large numbers of cther colony membasrs during the

course of the breeding season.

Other Ffactors that have been shown to affect the number of

@rey Herons using a feeding area and hence their
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distribution over the available foraging grounds include:
tha structure of the landscape especially the presence of
cover and the incline of the land at the water margin
(Geiger 1984a, 1984h}, and disturbance ({(Van Vessem and
Draulans 1987). Given that the foraging habitat used by the
kirds at CcCarrelet was very heterogenecus and that some
feeding sites were near to roads and buildings it is wery
likely that such factors were also affecting the
distribution of the Carrelet hirds over the available
hakitat. Unfortunately access could not be obtained to many
of thesza feeding areas; therafore sufficient data could not

be collected to test the significance of these factors.

In conclusion, the rasults from this chapter show that,
although all the individual birds studied showed some degres
of area restricted foraging, the Grey Herons at Carrelet
were less falthful to individual formging sites and showed a
greater range of foraging soclality than the kreeding Gray
Herons that have been studied in other areas. This was
probably the result of temporary and permanent changes in
prey availability in the feeding sites used by individual
birds. Becausea of the wvarlable foraging patterns and
apparent variations in foraging sociality shown by
individual birds, the distribution o¢f the colony members
over the foraging hahitat showed no fixed pattern over the

season. Factors which may have influenced the distribution
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pattern include intraspecific aggreesion, prey availability,
distance of the foraging area from the colony and the

etructure and landscape of the foraging habitat.
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1)

2)

3)

4)

5)

6)

Each individual bird used only 2 limited number of

the foraging areas used by the colony as a whole.

Most birds used more than one feeding site during
the season and some individuals used particular
sites (core sites) more often than others. Some

birds also used more than one core site.

The centre of foraging activity for each bird was in
a different place showing that individual birds

tended to use a diffevent range of foraging sites.

Most birds did not vieit individual foraging sites

in sequential runs.

There were no consistent changes in the foraging
patterns of individuals Letween the early and late

stagea of the braeding cycls.

Measured over the duration af the breeding seascn
and on the 0.5 X 0.5 km. eguare foraging site
scale, thers was considerable overlap between

foraging sites used by different birds.
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7} Fleld cbservations suggeeted that birds held
temporary feeding territories and fed in locse

flocks in different feeding areas.
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CHAPTER 2

PATCH CHOICE IN RELATION TO BIOMABE YNTAFRE RATE:

FIELD OBSERVATIONS ON THE GREY HERCON.
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2.1 INTRODUCTICN.

The results from the previous chapter show that the majority
of Grey Heronzs from the colony at Carrelet used sevaral
different foraging sites during the breeding season. In that
chapter I discussed saome of the evidance that related the
foraging patterns of the birds to the spatial and tenmporal
availability of food. This chapter examines field evidence
to show how the rate of prey capture (prey biomass intake
rate)] cbhanges during a faoraging bout and how this may
influence the patch leaving decisions, and thus the foraging

patterns, of individual Grey Herons in the Camargue.

As outlined in the previcus chapter the quality of the
feeding areas used by Herons in the cCamargua can change
rapidly during the late spring and sumner. Feeding areas
vary from permanant water bodies which hold relatively
gtable prey populationa, to ricefields and temporary marches
where the denaitiea of available prey can change enormously
over a perliod of a few days as water levels drop ([Hafner
1977 and Hafner et al. 1982). 0n a shorter time scale the
movements of fish and to & lesser extent cother aquatic prey
(which ares usually less mncbhlile than £ish), within both
pernanent’ and temporary water bediess, may alsc result in

rapid ehanges in the density and availability of prey at
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individual feeding sites.

Only cone of the 15 individually recognisable Grey Herons
from Carrslet was known to have made foraging site changes
that resulted from the drying up of itas favoured foraging
area. Most blrds frequently revisited foraging sites that
they had previcusly desearted and it is poseible that many
foraging saite changes were the result of temporary
variations in the number or avallability of prey at feeding

sites.

¥When feeding <¢hicks Grey Herons not only have to catch
sufficient prey for their own requirements but they also
have to catch food for their brood. Since Grey Heron chicks
remain in the nest untill they can.fly {at about 60 days aof
age), parents must make frequent flights to the colony in
order to feed them. It has bean shown that, when feeding
chicks, b»irds lncrease the time that they spend Iforaging
often at the expense of other activities such as roosting
(Vvan Vessen and Draulans 1587). Thay must also suffer
increased energetic coets resulting from increased foraging
time and frequent flights to the colony (Bryant 1579). is a
rasult of the axtra tims and shergy budget constraints on
parents one might expect them to forage most efficiently,
and follow optimal patch use strategles, to maximise thelr

intake rate of prey, during the nestling pericd. Scme of the
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ixportant optimal patch use strategies that the birds would
ba axpected to follow are outlined below.

The Marginal Value Theorem {(Charnov 1976) 18 the principle
thaeory of patch use and makes precise prediction= about how
predators should chocosze bhetwesn patches and how long they
should remain within a patch. The Theorem is based on the
concept of prey depression (sensu Charnov 2t gl. 1976) and
predicte that predators should leave a patch when the rate
of biowass gain (food intake rate) in the patch falls below
the average for the environment. In general the Theoren
prediects that birds should forage for longer pericds in
patches with higher initial rates of blomass gain. The
Theoram also predicts that increaszed travel timne to a patch
will increase tha optimal patch reaidence time and that
hirde should not uze patches where their cumulative rate of
biomasas gain is lower than average. Where the rate of
biomass gain within patches is not influenced by prey
depression the coptimal patch choice depanda upon both
biomazs gain rate within each pateh and travel times between
patches. Where the rate of blowass gain in a patch is
constant (linear gain curves) amd travel times to different
patches are egqual or are very short in comparison to
foraging +times, the optimal patech <choice solution
approximatea to rejection of pocr patches and contipued

foraging in the best patches. When the travel time to good
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patches is much longer than to poor patches then the time
spent travelling to a patch with a high potential gain rate
may be more profitably spent foraging in a patch of lower

quality.

The Theorem outlined above predicts how predatars should
axploit patches of food efficiently but it does not predict
when the predator should stop feeding. Normally we would
expect a predator to stop feeding when it has sufficient
food to meet its own requirements or when it is temporarily
satiated. However, when a pradator is collecting food for
delivery to a central place {eg. a Grey Hercon collecting
food for 1lts brood) we must take inte account the optimal
prey load that it should carry. The central place foraging
theory of Orians and Pearson (1979) considers how travel
time hatween the central place and the Ioraging site affects
the aptimal prey load, and consequently the teotal time the
predator must spend foraging before returning to the central
place. In general the hypothesis predicts that animals
should hbring back larger prey lcad=z, and thus forage for
longer perioda, when they are feeding further from the
central place. The Marginal Value Theorem predicte how
animals should chooge hetween patches and the central place
foraging hypothegis predicts how much food an animal should

take back to the central place.
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If an animal is behaving optimally within the framework of
baoth tbeories, it should exploit patches according to
Marginal Value Theorem rules until 1t has achieved its
optimal prey lpad according to the Centrzl Place Feoraging
hypothesis (the Target prey 1load), then return to the

central place.

Unfortunately it is difficult to make precise tests of
optimal patch use hypotheses with unmarked Herons in the
field becvause mngst indjviduals cannot be feollowed
continmuously during a foraging trip. Aa a consequence
variahles such as the travel time to the colony and between
patches, and eavan the quality of alternative patches

available to each individual, are often unknown. In this
situation it is not possible to test the predictions of the
cantral placs foraging hypothesia. It is possible howaver,
to make some broad predictions about +the relationship
between patch residence time and prey intake rate which are
gonsgigtent with the Marginal value Theoremn outlined above,
and which can be tested against field results when othar
varlables are unknown. Those predicticna which can bha tested

agalnst obzerved foraging patterns are cgutlined below:
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1)

21)

2ii)

If patches vary in quality we would not expect birds
to forage for the same pericd of time in @ach patch
nor would we expect birds to forage until they have
caught a fixed quantity of food in each patch.

We would genarally expect birda which experience
high prey intake rates to remaln in patchas for
longer periods than birds with low prey intake
rates. Thiz relationship between prey intake rate
and patch residence tine wiil hold only if

bird=s are catching pray which individually only make
small contributiens te the final targat prey load.
(This is because birds cetching smingle large prey
which fulfill or exceed target prey load
requirements will immedlately leave the patch and
the prey intake rate up to the point of capture of
the large prey will have little or no kearing on

tha patch leaving declsion.)

As a corollary to the above we would expect birds
vwhich remain in a patch until they have achieved
thelr target pray lcad, to have higher prey intake
rates and longer patch resldence times than birds
which leave a patch before they have achieved their
target prey load (bhirds cateching large pray

exceaptead) .

59




3) If resocurce depression occurs l.e. If the density of
available prey falls as a result of the action or
presgance of the predator, and birds are following
Marginal Value Theorem rules, we would expect them
to leave patches when thelr prey intake rate falls

below the average for the whole habitat.

4) If birds remain in a patch to attain thaelr target
prey load the time spent foraging in the patch will
be inversely proporticnel to the rate of biomass
Intake. Under these circumstances the relationship
between prey intake rate and time spent in the patch

should fallow a nagative exponential curve.

It is also possible to make some broad tests of how bilrds
assess their prey intake rate within a patch. Krebs {1574}
and EKrebs et gl. (1578) suggested that birds might use a
fived giving uwp time (G.U.T.) to measure prey intake rate,
and leave the patch when the inter-capture interval between
successive prey exceeds this fixed limit. This bypeothesis
has been criticised bacause in real foraging situations prey
are often sncountarad 1in an unpredictablse way. This has led
to the Btochastic Bawmpling thaories of Caten (1977), Green

{1980) and McNamara (1982).
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Stochastic sampling theories assume that animala acquire
information abkout prey availability while foraging and
predict how long animals should sample bkefore rejecting
patches. It is not possible to test Stochastlc Sampling
theories without accurate information about travel times
between patches and the variability of reward rate in
alternative patches. We can however, test the predictions of
the fixed G.U.T. model, which are ocutlined as prediction 5
below. The final prediction (see & helow) ls also concerned
with sampling and tests the hypothesis that birds which
remain in patches are basing their decision to stay on some
meagure of prey Intake rate. This may appear to be
intuitively cbvicus if the predictions 2i and 2ii are
fulfilled, but 1t allows us to test if birds remain in
patches hecause they have consistently higher prey intake
rates than hirds wyich leave patches before attaining their

target prey locad.

5) If birds are using a fixed G.U.T. when deciding to
leave patches we would expect the time interwval
between the capture of the last prey and leaving the
patch to ke longer than previcus prey intercatch
intervals and that within the range of feeding sites
used by each heron, the 5.U.T. should be constant

and independent of biomass intake rate.
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8) If bhirds are using =ome meagure of prey intake rate
to make patch-leaving decisions we would axpect
birda which remain in patches until they have
achieved their target prey load, to have
consistantly higher prey intake rates during their
whole foraging period, than birds which leave
patches baefore attaining their target prey load.
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Observations were made on the patch reaidence times and
bipmass intake rates of Grey Herons in the field in order to
test the predictions outlined above. Data wera collected
betwean 01/04/85 and 03/07/86 on birds using three adjacent
feeding areas regularly used by herons from the neighboring
colonies of Carrelet, Les Bruns and Paty de la Trinite.
Foraging areas 1 and 2 were basins stocked with fish on the
Carrelet fish farm, the third, feeding area 5, was a sem!
flooded pasture adjacent to basin 2 (see fig 1.2).
Observations on feeding birds were carried out from
portable hides or cars uaing binoculars and 25-60x zoom
telescopes. Only data from full adult birds which were
observed continually whilst they were In a patch were
included in the analyses. In total 41 coupletes sets of patch
residence data were collected during more than 200 hours of

obeservation.

In basins 1 and 2 birds foraged in discrete shallow water
areas («<20cms.) around the perimeter of the deeper parte of
the basins. Most hirds foraged within discrete areas of
about 400 sguare metres and kirds which made flights of
greater than l100m. were considered to bhave left the patch.

In foreging area 3 the water laevels were shallow over the
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entire marsh and a# a conseguencea the birds were more

mobile while foraging than in the other eites.

In this marsh birds which w»ade flights longer than 150a.
into a different area of the marsh, or which left the marsh
completely were considered to have left thae patch. The time
of arrival and departure of each bird was recorded as wall
az the time of capture, size and, where possible, species of
all prey caught. Prey length was estimated in fractions of
kill length (mean Grey Heron bill length = 120mm, Moser
1984). The biomass intake from each prey was rcalculated
using the prey length/dry wt. formulae of Moser (1584). A
mean length/dry wt. value from all similar prey types was
used when species identificatien was not poassible. A&ll
aggressive interactions and non-feeding behaviours werse
recorded and the duration of these was removed from the
patch residence time to give the total foraging time of

focal birds.

It was not possible to determine if all focal birds were
breading or were collecting food for chicks, but the
foraging sites chosen for observation were all within 0.5

kns. of a Grey Heron ceclony. Only adult birds were observed

and ¢the period ower which observations were collected
coincided with the period of the breeding cycle when most

adult Graf Herons have chicka. Observatiocone made on the two
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¢olonies adjacent to the feeding areas conflrmed that thase

areas ware frequently used by breeding birda,

Since most birds could not be observed returning to the
colony aftar they had finished a foraging bout, I have used
a minimam target prey load teo dimtinguish bhirds which
probably left tha patch because thay had obtained sufficient
food to feed nestlings (successful foragers) from those
birda which left the patch to continue feeding alsewhere
{unsuccesaful foragers). Birds which caught a mninimum of 22
g. (approx 3.3g dry wt) eof prey in a patch were considered
to have caught enough faod for a minimunm target prey load.
Twenty twe grama was chosen since it waa the lightest

racordead prey load delivered to any brood in the Carrelet
colony in 1985 (see Chapter 4). It was necessary to
distinguish between these two groups of birdes because they
left patches for differant reasons and thus the relationship
batwasn patch residence tinme and biomass intake rate will he

differant within each group.

The use of a minimum target prey load to distinguish between
these grouvpe 1z cpeh to error, for example scme bhirds ;nay
arrive in patches with prey that they had caught in a
previous patch, B8ome of these birda may have caught
sufficient prey in previcus patches to achieve their target
pray load requirements without catching 22 g. of prey in the
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patch where they were obsgrved. Thus they would be classed
as unsuccessful foragers when they were actually leaving

the patch because they had achieved target prey load

reqiirements.




2.3 RESULTS.

2.3.1 Patch Quality.

A comparison between the number of prey caught during the
firast and second halves of each of the 41 foraging bouts
(see figqure 2.1) shows that there was no significant
tendency for the fregquency of pray capture to either
increase or decrease during the foraging period {z = 0 p=

0.5 =sign test).

The time intervals between prey capturees were very variable.
In some patches birds caught mors prey during the first half
of the foraging bout than in the second half whilst in other
patches this trend was reversed. Such variability in the
prey captura rate wae ohserved, at different times, for the
same bird in the same patch and for different birds in
different patches within all three feeding areas. This
strongly suggests that 1in these patches prey were a
renewable resource and that the gquality of patches was being
controlled, in the short term, by random movements of prey
into and out of the patch. Measured on the gross time scale
of a foraging bout there was no avidence that resource
depression and/or prey depletion had a consistent effect on

biomass intake rate, asince there was no consistent decrease
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FICORE 2.1 Number of prey caught during each half of the 41
observed foraging bouts.

Number of prey caught during the 1st half of the bout.
™

240 0

e .

¥ 1 I [} l.[ Ly 1 1 T 1] T L] | 1
2 & 6 B 1 2 % 1% 18 20 22 24 26 28 30
Number of prey caught during thae 2nd half of the bout.

Note: The line represents egual numbers of prey caught during both
halve=s of tha hout.




in the rate of biomass intake during the forzging bouts of

focal birds.

On a shorter time sczle resocurce depression and prey
depletion may or may not have been occurring. The data

collected do not however permit a test of this.

Table 2.1 shows the diet composition of the focal birds.
Most of the small prey {<3cms) were aguatic insect larvae
and the majority of the fish were commercial hybrid carp
Cyprinus carpjo. Because prey also varied in size there was
no significant correlation between the weight and nunber of
prey captured by the birds (r= 0.0658 d.f.36 p>0.1 see

figqure 2.2).

The foraging success of birds in a patch was therefore
dependent on both the size and quantity of prey in thes
patch. Basins 1 and 2 were both stocked with carp of all
gizes (see table 2.1). However since larger fish tend to
prafer deesper water (Helfmann 1578 and Crivelli pers conm.)
and Grey Hercns usually forage in water less than 20 cms.
deep it is not surprising that large fish were numerically
unimportant in the diet. The large fish were all caught in
ahallow water (< 3J0cms.) and these captures preohably
occurred when large fish strayed from their preferrad

habitat.
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TARLF 2.1 Diet composition, in percentage dry wt. and
percentaqe frequency, of prey captured by focal birde.

Pray typa % Frequency 2 dry wt
Insects (all «< 3em.) 60,0 5.1
Fizh < 3 cm. 21.8 4.9
Fish >3 < & cum. 12.2 8.5
Fizh >6 < 9 cm. 0.3 2.0
Fish »>9 <12 cn. 0.5 B.5
Figh >12 ch. 0.9 &7.9
Frogs (all 3-6 cm.) 4.2 21.1

Total Prey Items = 335

Note: Eea Chapter 4 for a definition of % frequency in diet
and T dry weight in dilet.




FICURE 2.2 The corrslation between the number and biomass of prey

Welght of prey caught (in g.)

caught by individual herona during each foraging bout.
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These results show that the prey intake of birds varied
considerably during the coursa of a single foraging bout
within a patch. Variations in prey intake rate were
probakly the result aof changas in the number and size and
spacles of prey present in the patch during the foraging
bout.

34.3.2 Patch ¢hoice by Grey Herons.

Figure 2.3 shows that there was a weak but significant
parametric correlation between the patch residence tine of
focal birds and their mean bicwmass intake rate {the 5 birds
catching large prey with a biomass exceeding the minimum
target pray leoad have been excluded from the analysis)y =
0.3423 d.f.= 34 p< 0.05). In fact there is no a priori
reason to expect a linear relationship between these
variablex, and the non parametric Spearman rank correlation
for these data shows a more significant result {rs = D.4006

d.f.=34 p«<0.025}.

Birds which remained in a patch for sufficient time to catch
encugh prey to provide the minimum recorded biocmass in a
prey load (successful foragers), had significantly higher
blomass intake rates (t= 2.66 d.f.= 34 egual wvariance

p<0.025) and significantly longer patch residence times (t=
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FIGURE 2.3 The relationship between the mean biomass intake rate
and patch residence time of birds feeding at Carrelet.
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9.363 d.f.= 5 unequal wvariance p«<@.001) than birds which
left the patch with lees food {unsuccessful foragers), ses
tabhle 2.2 for details. This analysis excludes birds which
caught single prey exceeding the minimum target prey load.
These resultas support predictions 1, 2i and 2ii and show
that birda tended to favour foraging in patches which
afforded hlgh prey biomasa intake rates. Presumably
therefore, they rejected patcheas in which their biomass

intake rate was low.

Five additiocnal eobservations ware made on birda which
caught, as= their first prey or aftaer only a faw prey, a
single large fish which exceeded the minimum target prey
load. In all cases the birds left the patch efter the large
prey had been caught. Even including these chservaticns in
the above analyses, successful foragers &till had
significantly longer patch residence times (t= 2.687 d.f.= 5
unequal wvariance p<0.025) and eigqnificantly higher prey
intake rates (t= 2.284 d.f.= 9 unequal wvariance p< 0.05)

than unsuccessful foragers (see table 2.3).

There was a significant negative correlation between biomass
intake rate ‘and patch residence time (rs = - 0.8545 n=10
p<0.02 Spearman Rank Correlaticn] for all bkirds which left
the patch after they had exceeded the minimum target prey

load {see fig. 2.4). This analysis includes birde which
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TABLE 2.2 Mean prey intake rate and patch residence time of
successfil and unsuccessful foragers. (Excloding birds which

caught single prey exceeding the minimum target prey load)

Prey intake rate Patch residaencs

g. dry wt. + S5.BE. time, mins + S.E.
Buccessful 0.083 + D.D2& 110.4 + 8.90 =5
foragers
unsuccessful 0.024 £+ 0,008 23.98 + 2.44 n=31

foragars




TAELE 2.3 Mean prey intake rate and patch residence time of
successful and unsuccessful foragers. (Including birds which
caught single prey exceeding the minimum targat prey load)

Pray intake rate Patoh rezldence

g. dry wt. + S.E. time, mins + S.E,
Successful D.468 + 0.194 66.5D0 ¥ 15.64 n=10
foragers
unsuccassfual d.024 + 0.008 23.98 + 2.44 n=il

foragars




[GURE 2.4 The blosasa intake rate and patch residence tima of
birds whose final prey loads axceed the minimum target
prey load.
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FIGURE 2.4 The biomass intake rate and patch residence tina of
birds whose final pray loads exceed the minimuom target
pray load.

Mean biowmass intake rate in g. dry weight per minute.
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Patch residence time in minutas.

WNote: Tha dotted line represents the minimum target prey load
threshold. Peints to the right of thie line represent birds
whose final praey loads exceed minimum target prey load
requirements.




caught single large prey exceeding a minimun target prey
load. The relationship between patch residence time and
biomass intake rate for these birds follows tha typilcal
negative exponential curve that would be expected if birds
laft the patch when they achieved a fixed prey load.

This supports the previous assumption that birds which
caught over 22 g, wet weight (3.3 .g. dry wt.) of prey left
the patch because they had achieved their target prey loagd,
sea prediction 4. These bird have therefore been excluded

from further tests of tha predictionz concerning patch

leaving decisions.

2.3.3 Patch leaving decisions of unsuccessful foragers.

Within the unsucceesful foraging group there was no
significant relationanip between biomass intake rate and
patch residence time (rs = 0.1658 d.f.=29 p > 0.1 Spearman
Rank correlation, data from fig 2.3). This shows that
unsuccessful foragers with pelatively high biomass intake
rates had =imilar patch residence times to unsuccessful
foragers with low biomass intake rates. Siwmilarly there was
no significant correlation (rs = 0¢.129 d.f.= 29 p > 0.1
Spearman rank correlation) between the biomass intake rate
during the flrst 24 mins. of foraging (mean patch residence

time of unsucceszful foragers) and the total pateh residence
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time of unsuccessful foragers (see fig. 2.5). This shows
that bnsuccessful foragers which experienced relatively high
rates of biomass intake during the first part of the
foraging perilod within a patch, still did not forage for
longer pericds than unsucceseful foragerse with low initial
biomass intake rates. Birds which left the patch before 24

mins. have been Included in the analysis.,

Fig 2.6 shows that within the unsuccessful foraging group
there were 13 bhirds which showed a rise in biomass intake
rate and 13 showed a fall in biomass intake rate, betwsan
tha two halves of tha [oraging bout. This shows that there
were no consistent trends for biomass intake to either rise
or fall between the first and second halvee of the foraging
bout. The nmean patch residence time of birds with biomass
intake rates which were lower during the second half of the
foraging kout (mean= 23.17 mins. + 3.147 S.E. n= 12} was not
significantly different (u= 107.5 p > 0.05 Mann Whitney u
test] from that of birds with biocmass intake rates which did
not fall {mean= 24.51 mins. + 3.509 S.E. n= 15). Thus,
ragardleas of whather hbiomass intake rate was rising or
falling, unsuccessful foragers were leaving patches after

similar patch residence times.
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FIGURE 2.5 The relatjonship between the mean biomass intake rate
(measured over the first 24 minmutes of foraging) and
the patch residence time of unsuccessful foragers.

Blomass intake rate.
=
[ 1

Patch reszidence time in minutes.



FICORE 2.6 Biowasz intake (in gq. dry weight) of unsuccessful

foragers during the 1st and 2nd halves i
Iforaging bout. of their

Bicmaze intake during let half of the bout.

1
02 04 06 08 10 12 14 %% 18 20
Biomass intake during 2nd haif of the bout.

Nota: The line represents an equal biomass of prey caught during
both halves‘ar tha bout.




Foraging theory (including the Marginal vValue Theorem)
predicts that birdz should reject all patches with gain
rates lowaer than a critical rate, after some form of initial
sampling. Within the range of unacceptable gain rates,
bicmass intake rate should have no affect on the patch
leaving decision. The results presented so far show that
unsuccessful foragera had significantly lower biomass
intake rates than successful foragers and within the
unsuccessful foraging group, patch residence time was not
affected by aksolute biomass intake rate measured over the
whole foraging bout or hy changes in the rate of biomass
intake rate between the first and second halves of the bout.
It 1= therefcre possible that unstccessful foragers rejected
patches because the rate of biomass gain during the initial
gsampling period was lower than the critical rate required
for efficient patch use, whilat successful feragers had
biomass Intakes higher than this rate and remained in
patches to achleve their target prey load. If this is true
the relationship betwean Ipatch regidence time and biomass
intake rate shown in fig. 2.3 should not be linear but a
astep wise function with birds accepting or rejecting patches

after an initial fixed sampling period.
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2.3.4 Sampling Patch Quality.

Table 2.4 compares the G.U.T. (time from the capture of the
last prey until leaving the patch) of unsuccessful foragers
with the mean prey intercatch interval that they experienced
during a foraging beut within a patch. There was no
significant trend for G.U.T. to be elther lengear or shorter
than the m»mean Inter-catch interval (z = 0.00 p= 0.5 =sign
teat). Thus thare was no support for predictien 5 (that if
birde were using a fixed G.U.T. strategy to make patch
leaving decisions their G.U.T. should be longer than the

mean pray intercatch interval).

Fig. 2.7 shows that the ¢.D.T of unsuccessful foragers was
nagatively correlated with praey capture rata (rs = = 00,6036
n = 31 p< 0.02, Spearman rank corrslation (Data have bean
transformed using log [{(I.R.* 100)+ 0.0l] and log [G.U.T.]
to give a linear relationship). This shows that birds which
had high prey capture rates had long G.U.T.'s whilst pirds

with low rates had short G.U.T.'=.

Thizs strong negative correlation between the two variables
suggests that unsuccessful foragers were not leaving patches
after the intercatch interval exceeded a fixed limit, but
supports the praevious suggestlon that these blrds wers
leaving patches after a fixed period of sampling. Thie is
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for each

interval (I.I) between prey,
U.T.

Prey caught and the ¢
foraging bout (tiwe intervals are given

+/= S.B.).

TABLE 2.4 The mean intercatch

the total number or

obaarved unsuccesful

in mins.

foraging
bout.

Total prey
caught

G.0.T.

mean
I.

_-..m_.h.ﬁ25.&._uul_zﬂ234215E2495T2D34301‘?
™ — o~ L -

OO O O O S DO OO ONOoON S onNOOD

L N r = = 1 1 [ ] a = L B ] = 4 ¥ u 1 d & = ¥ &% w = "y u n | B
5124“463254444455251115152435“.2
oo h

o0 o0

HMNRDWY WY ™ TOAMNO ME N DD EHW s Y + =
o v 1 o5 v & L] L ) * 8 & ®m ¥ ® = = w § oW ¥ 2 [ T
&M N e o oMo MmN NA@ M
1 ] Hoo o HHFHFH A HHH A H A A H

952527Do.hUEUDQQIBUEES?DO?EUEDQ;D
* B % ®m F = B & P 4 = F 4 = a2 = = = * 1 L I ] *® & w ¥ = = = L ] L ]
H525110G305135923m2123122225nv?2

NN IS0 S S MO S
123.&.56?391111111111222222222233

e



FIGURE 2.7 The relationship between the CUT. and prey capture rata
{in ninutes) of unsuccessful foragers.

o 2 -
g L
a . *
+ . .
gy

S 1-5-T . _

Y ) ..

& . « ¢
‘ r
g 1 - .
a [
-1 .
a »
By »
# 05-
&

ﬁ i T | | T
05 1 15 2
Log GUT {in minutes).

-(-5-

-1 -

~1:5 7

-2 - .




best explained by comparing the predictions of tha two
models which are described below,

Sampling Period Model. In the sampling period model, birds
torage for an initial fixed s=sampling pericd which is
sufficlently long to allow birds to predict the quality of
tha patch. If biomass intake rate is below a critical limit
birds reject patches after sampling. If bilomass intake is
higher than this, birds continue to forage, possikly using a
*gliding window"™ sampling period (Kreks et al. 1978), until
biomaxe intake rate falls beleow the critical rate or until
they achieve their target prey load. They then leave thae
ratch. The nodel predicts a fixed patch residence tima
within tha range of unacceptable biomass intake rates. The
model also predicts a negative correlation between prey
capture rate and G.U.T. within the range of patchas which

are rejscted, =ea Fig 2.8.

Fixed 6.0.T. MNodel. With a fixed G.U.T., patch-leaving
strategy, birds continue to forage until the interval
betwaeen prey captures exceeds some fixed limit (the fixed
G.U.T.), atter which they leava the patch. The model
predicts that patch residence time should be correlated with
pray capture rate (measured over the whole foraging period)
and also predicts a fixed G.U.T. which, within the range of

rejected patches, should be independent of prey capture
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FIGURE 2.8 Hypothetical model showing the relationship
hetween patch residence time, G.U.T. and prey capture rate
(PCR), for birde in good and poor patches, using a non
specified neasure of prey intake rate measured over a

sampling period.

In this example the critical capture rate (C.R.} i3 sat at
0.5> C.R. <0.33. * denotes pray capture.

Intake rate starts abova critical limit.

* F ok ok ok k k & ok ok ok ook ok k ok E o aytand fnraging * W ]

0 e e e until target--—=====->
1 preyload. 1
L R B b & * *]1.1 reiect G.U.T. 1

e e e e e =3 DAtch after
1 extended sampling.

Intake rate below critical limit.

* * * + & & #],] reject patch. G.U.T. 1
e e e e - » PCR 0.233
1 1

i " w *1..1l reject patch G.U.T. 2
My - il — — -3 PCR 0.1313
1 1

* *l......1 reject patch. G.0.T. &
A e e - ECE 0.067
1 1
1"'!'I'I"I"II""I".."""IIII.I “jm patchi GIUlTI 21
< - - PCR 0.000
1 1

initial sampling pericd
1 1 = patch residence time, including sanmpling pericd.

l1....1 = G, U.T. gmw==> = gliding sampling period.




FIGURE 2.9 Hypothetical model showing the relationship
between patch residence time, G.U.T. and prey capture rate
(PCR) , for birds in good and poor patches, using a fixed
G.U.T. patch leaving strategy.

In this example G.U.T. = 3.
* denotes prey captura.

¥k kX K K K K kK k& Kk k k 2 x * & & gytend foraging until

1 till target prey load

kxkk k& ok ok *  *1.,.]1 rejact patch G.U.T, 2

1l 1 PCH 0.455
* %1.,.1 reject patch G.U.T. 3

1 1l PCR 0.200
*¥]...1 reject patch. G.U.T. 3

1 1 PCR 0.111
1...1 reject patch. G.U.T. 3

1 1 PCR 0.0C0OD

l1...1 = g.U.T. 1 1l = patch residence time.




rate; this is shown in Fig z.9.

Both the models described above assume that bliomasa intake
rate is proportional to prey capture rate. Flg 2.1D shows
that for wunsuccessful foragers, there was a significant
positive relationahip between these variables (rs = 0.6408
n= 31 p< 0.02 Spesarman rank ceorrelation). The predictions of
the models can thersefore be tesated agailnst the observed
relationships between biomass intake rate and patch
rezidence time and between prey capture rate and G.U.T.
showrt by unsuccessful foragers. Since the biomass intake
rate of unsuccessful feragers had no affect on patch
residence time, and since their G.U.T.'s were negatively
correlated with prey capture rate and were not consistently
longer than the mean intercatch intervals, there was no
support for tThe fixed &.U.T. model. These results are
however consistent with the predictions of the fixed
sanpling period model and therefore provide some support for
the hypeothesis that unsuccessful foragers rejected patchas

becauss of low bicmass intake rates measured over a fixed

sanpling periecd.

If the birds waere making patch leaving declsicns on the
basie of bionass intake rate during sampling we would expect
that Pkirds which stayed in patches to achieve a minimum

target prey load, would have higher blomass intake rates
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FIGURE 2.10 The Siosass intake rate (in g. dary weight per minute)
and Prey Capture rate of unsuccessful foragers.
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during sampling than birdes which left patches with less prey
{(pradiction 8). Using the mean patch residence time of
unsuccessful foragers (24 mins.) as the mean =ampling
pericd, we can test this prediction by comparing the mean
bicmass 1ntake rate of successful foragers with that of

unsuccessful foragers during the sampling period.

§ince some unsuccessful foragerse left hefore 24 mins whilst
others left after this time, I have assumed that each bird
was using a slightly different sampling period. I thercfore
used the total patch residence time of each unsuccessful
forager as 1ts sanpling pericd to calculate the mean biomass
inteke rate of unsuccessful foragers during sampling.
Biomass intake rates of successful foragers were calculated
over a 24 nimite sampling period. Takla 2.5 shows that
during this first sampling period successful foragers had
significantly higher rlomass intake ratea than unsuccessful
foragers. Thia supports the hypothaeis that successful
foragers were remaining in patches because they sxperienced

high biomass intake rates during the initial sampling

period.

If birds were continuing to =ample we would also expect
succagsful foragers to have higher bicmass intake rates than
unsuccesaful Iforagers during subsaquant sanpling periods.

Table 2.5 shows both the episodic and cumulative biomass
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TARLE 2.5 Comparison between the mean biomass intake rate

{(+ S.E.) of successful foragers during each 24 min. period of
the foraging bount and unguccessful foragers during their
entire foraging period. (Piguree are g. dry wt per min.)

Sampling Episodic Intake Cumulative intake

pericd rate. rate.

sSuccassful 1 44 (4,121 + 0.032 0.12) + D,D32 *wk
foragers 2 0.112 + 0.074 0.116 + 0.D47 *hk
n=5 3 0.018 + 0.4008 0.084 + D.G30 %

4 ** 0,080 + 0.039 0.083 + 0,032 #%
Unsuccessful D.024 + 0.008
foragers
n=31

wkd pch. 002 #% p<O.01 Mann Whitney U teat.




intake rates of successful foragers during subszequent
sampling pariods. Episodic 1ntake rates were calculated as
the mean biomasga intake rata for all birds during each
sanpling period whilst cumulative raetes ware calculated
from the start of the foraging bout until the end of the
current sampling period. Episeodic bilcomass intake rate wae
significantly higher only in sampling perioed 4. During 24
min. pariods 2 and 3 there were no significant differences
between the mean biomass intake rates of the twoe groups.
However variance amongst birds was high and sample eizes
very small. Cumulative rategz of biomass intake wers however
significantly higher for successful foragers than for
unsuccesaful foragars in all sampling perieds. It is
therefore possible that birds were using measuras of
cumilative gain rathar than apisodic galn to make patch
leaving "decisions™. These results provide further support
for the hypothesis tﬁat patch leaving declsions wera based
on sSome Neasure of bicmagss intake rate neasured over a
sampling perlod and it is poasible that successful foragers
ware remaining in patchas tc achieve a minimum target prey
load because they had consistently high cumulative hiomazs
intake rates during their entire foraging bout. Birds which
caught single large pray have agailn keen aexcluded from these
analyses, since their patch leaving decision was not based

on prey intake up to the point of capture of the last prey.
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2.4 DISCIUUSSION.

The results provide broad evidence that the temporal and
spatial availability of food within the environment affects
the feraging site choice af Grey Hercns. This is consistent
with other field studies o©on large wading birds which
demonstrata the role of food availability in the dynamice of
foraging site wuse (Krebs 1974, Kushlan 21976, Hafner and
Britton 1983 and Richner 1986). In the present study, birds
wvhich experienced high biomass intake rates tended to
forage at the same sita for longer periods than birds with
low intake rates (see Flg 2.3 & Tablea 2.2 & 2.3). This
supports predictions 1,21 and 211 outlined in the
introduction and shows that birds were making patech choice
decisions which would tend to increase their biomass intake
rate during a foraging trip. Biomass intake rate affected

the foraging time of birds within a patch in two ways:

a) when biomass intake rate waz high birds remained in
patches to achieve at least a minimum target prey
load. The relationship between biomass intake rate
and patch reaidence time for these birds followed a
negative exponential curve (see Flg 2.4). This
supports prediction 4 and strongly suggests that
these birds left patches because they had achieved

their actual target prey load requirements.
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b) when hicmass intake rate was low birds left patches
before capturing a mininum target prey load. Within
the range of biomass intake rates shown by this
group there was no evidence that inteke rate,
whether measured over the firat part of the bout or
over the sntire baut, had any affect on patch

rexidence tine {(see Pigs 2.3 & 2.5).

Within the group of birds that rejected patches befare
capturing a minimum target prey load {(unsuccessful foragers)
there was no evidence that the bkirda were consiatently
leaving patches when thalr blomass Intake rate was falling
(see Fig 2.6) or that their initial biomass intake rate had
any affect on their patch residence time (see Fig 2.5).
These results appear ¢to contradict the Marginal Value
Theoren which normally predicts that predators with high
initial biomase intake rates should forage for longer
periods than those with low initial rates, and that

predators should leave patches when their bkiomass intake

rate is falling.

Howevaer, the results from section 1 indicate that although
birda showed changes in prey intake rate during a foraging
bout, there wae no conslatent trend for prey intake rate ta
fall fsee Fig. 2.1). It is therafore poss=ible that the birds

were foraging in patches which, although they showed short
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term fluctuations in the availability of prey had, in the
long term, relatively constant levels of prey availability
and could therefore be c<clasaed as either "good" or Vpoor".
Under these conditions (i.e. where blomazz galn curves are
linear) the Marginal Value Theorem praedicts that predators
ahould reject poor patches and continue foraging in the bast
patches. Aa outlined in the resulta the deta are consistent
with this aspect of the Theorem which predicts a step=wiza
ralationship bhetwean bilomass intake rate and patch residence
time with birds either accepting or rejecting patches after
gampling the quality of the patch. This may be the reason
that the non-parametric correlation between these variables
in Flg 2.3 mshowe a higher level of significanca than the
parametric correlation. However, 1t was not possible to
determine whether unesuccesasful foragers were actually
rajaecting patches because they had piomass intake rates
which were lower than the critical rate required for
"optimal® patoch use because this critical rate ceuld not be
calculated with the data collected during the study. The

reasons for this are glven in the introduction.

The results were not consistent with prediction 5, that
birds rejecting patches should have G.U.T's which were
longer than their mean prey intercat¢h interval (see Takle
2.4). Thus there was no evidence that birde were using a

fixed G.U.T. strategy to assess their biomass intake rate.
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The strong relationehip bhetwean G.U.T. and prey capture rate
(see Flg 2.7) and the lack of correlation between bilomags
intake rate and patch residence tima for unsuccesaful
foragers does howaver suggest that thesa birds were
rejecting patches afier a fixed sampling period (see rasults
for details). Krebs gt al. (1978) showed that where the
average prey Intaka rate (measured over all the patches
which are visited} is high the G.D.T. 1s shorter than when
tha average rate is low. In this study however birds were
moving freely between feeding areas sn we would expect kirds
to be using relatively similar G.U.T. throughout the wheole
of their £feeding range. I therefore do not interpret the
strong negative correlation between G.U.T. and prey captura
rate, shown 1in Fig. 2.7, as evidence for the fived G.U.T.
strategy for patch sampling. Evidence for a fixed G.U.T
strategy has been found in other Heron species (Great Blue
Heron Ardea hercdias Krebs 1974, Snowy Egret Eqretta thula
and the Great Egret cCasmerodius albusgs Erwin 1585). It is
therefora poesibla that under different situaticns birds use

different methods to azsgesg biomass intake rate.

Predators would only ke expected to use a fixed G,U.T.
strategy when prey intake varies in a predictable way. The
results from section 2.3.1 show that encountera with prey
wara highly discontinuous, prey in the same patch varied

considerably in size and blonmass intake rate was probably
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controlled by random movements of prey within and between
patches. Under these circumstances blomass intake would vary
in an unpredictable manner and ong would expact the birds to
use some form of stochastic sampling method to assess prey
availability (OQaten 1977, Green 1980, Iwasa gi al. 1981 ard

McHamara 1582).

The reaults aleo show that, neasured over sanpling periods
of 24 mins (the mean patch residence time of unsucceasful
foragers) the mean cumulative blomass Iintake rate of
successinl foragers was conslstently higher than the mean
intake rate of unsuccessful foragers measured over the
duration of their entire foraging bout (see Table 2.5). This
supports the previous suggestion that succesaful foragers
remained in patches because they had high bicmass intake
rates, whilst unsucceszful foragers left patches because
they had low bilomass intake rates. The results do not tell
us how birds were sampling bicmass intake rate but thay are
conaistent with the hypothesis that bhirdas were making patch
leaving decislons on the basis of cumulative hiomass intake

rate measured over succeasive sampling periods.

Although the results are consistent with uansuccessful
foragere leaving patches after a fixed sawmpling period there
wag considerablae variation in patch residence time of these

hirds ({(range = 7-65 nins. =see Filgs. 2.3 & 2.5). This
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variation possibly reflects inter-bird variation in foraging
experience within a patch which could considerably alter the
timea required to sample the patch. As suggested in chapter
1, birds visiting a patch for the firat time may need to
sample prey intake for a long pericd khefore being able to
accurately assess variations in the availability and the
size of prey within the patch. Whereas hkirds with sonme
previoue experience within the patch may ba able to
determine its quality and thuns its relative profitability

after a little or no sampling.

Other factors may alao affect the degree of sanpling between
patches. Krebs st al. ({1578) showed that when meal times
were long, Great tits Parus majgr spent more time sampling
between patches before making a £inal choice, than when meal
times were short. It is possible that Herons with limited
time budgeta make patch choicez wmore dquickly than birds
which have low time budget congtraints. In tha Camargue some
Grey Herons start breeding in early February whilst the
latest astart in May (pers obs). This as well as inter-pair
differences in brood size wmay result in considerable
variation in time budget constraints between birds fcoraging
in the =ame areas and »ay give rise to inter hird

differences in sampling behaviecur.
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Altarmatively the variation in the patch residence time of
unsuccessful foragers may be the result of individual birds
following different “optimal® strategies. In chapter 1, I
showed that each heron from the colony at Carrelet, used a
different sat of foraging sites. Thus sach bird will have
different travel times between aitermative patches and each
bird will be making patch choice decisions within a
different range of patches of different quality.

The critical value of biomass intake rate below which each
individual should reject patches may therefore be differant
for each bird. Some birds may be foraging 1in depleting
patches whilst others may be using non-dAepleting patches.
The "optimal™ patch use bhehaviocur of each bird may therefore
be different and depeandsnt on the type and quality of

patches within itas home range.

Locking for optimal patch use trends, using the data
combined from many different birds (as I have done in this
study) may disgquise some of these individuval "optimal™ patch
use strategies and cause consliderakle variance in the
grouped data set. This 1s emrhasised by the rnsultst of
Richnar (1986} who loocked at the foraging site novements of
Gray Herons in winter. He used the mean bilomass intakXe rates
of birds feeding in a river and estuarine system (where the
biomass Iintake of birde varied with the tidal cycle} to

a5




predict how bkirds should move betwaen different foraging
areas in order to maximize their prey intake rate during the
day. The cobeerved patch changes by most birds fallowed the
predicted pattern. Scma birda however, remained faithful to
individual foraging sites even though they could have
increased their prey intake rate by moving to a different
area. Although Richner could not explain why some birds did
not follow the pradicted pattern of feoraging site changes,
his results however, clsarly show that individual birds
sonetimes follow different patch use strateglez, some of
which may appear to be "sub-optimal” when compared with the

strategles shown by other birds feeding in the =ame area.

Variation in the foraging patterns of different birds [(and
thus possible variations in patch use behaviours) may be the
reault of several different factora. In the discussion of
tha previous chapter I suggested that each bird may use only
a limited number of patches to facilitate the liearning of
foraging =ite characteristics thus enabling birds to make
more rapid foraging decisions. The importance of learning in
determining feeding behaviour and choice of feeding site is
demonstrated by the atypical feraging sites chosen by
juvenile hercns (Kushlan and Kushlan 1975) and by the lower
foraging efficiency of young birdes when compared to older
conspecifice using the same feeding sites (Recher and Recher

1969 and Cook 1978).
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Social dominance interactions have alsp been shown to affect
the foraging site use of Herons (Recher and Recher 19&59).
Subordinate birds may nct have access to the best foraging
sites and may show patterns of patch use that appear to be

sub-optinal®™ when compared to competirively superier birds.

Limited time budgets may also affect choice of foraging
lte. During the pailr formation, nest building and mate
guarding periods Herons often reduce the time spent foraging
{Burger 19578, Van Vessem and Draulans 1987). Van Vessem and
Draulans showed that during this pericd Grey Berons foraged
nearer to the coleony than at other perloda. It is therefore
possible that time budget costs asscclated with nen feeding
activities cause birds to use poor feeding sites close to
the colony during breeding, which they do not use when they

have more time for foraging.

Time budget constraints may alasc affect exploratory
behaviour. The wvalue of exploratory kehaviour (to discover
alternative patches) must be assessed in terms of the amcunt
of time required to find a new site and the amount of
sampling regquired to learn new site characteristics. Thus
birds may avoid looking for new patches if they have limited
time budgets and if the tima raguired to find and assess the
quality of new patches is 1likely to be long. When tine

budgets are less restricting birds wmay become more
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exploratory and visit a wider range of foraging sites.

Taking all these factors into account there may bhe
coneiderable differances in the patch use of different
individuals and some birds may use patches that appear to ke
"sub-pptimal” when coopared to other individuals within the
same foragilng mosale. The only way to discover whether sach
bird is making "eptimal” patch choices within the spatial
and temporal constraints imposed upon it would be to follow
each bird throughout the range of patches that it visits and
to test the affects of inter-bird compeatition and time

pudget constralnts on patch cholce behaviour, As cutlined in
the introduction this was impossible within the scope of
this study, and indeed would be difficult for moat Heron

spaciex undar fiald conditions.

Tha results of this study show that, despite the
considarakle variaticn between indlviduwals, breeding Grey
Herons showed a significant tendency to reject patches where
their bkicmass intake rate was low and continue foraging in
patches whare they experlenced consistently high intake
rates. This ls ccnalstent with scme aspects of the Marginal
Vvalue Theorem and indicates that birds were responding to
the quality of patches in a way which would tend to
increase their intake rate of food during a feraging trip.

Thus in the short term (duration of a foraging trip) food
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intake rate appeared to be an important facter in

determining foraging site cholice.

Bacause of the difficulty in locating and following marked
birds in the fileld this study examined foraging decisions
enly during individual foraging trips. It was not possible
to assess how birds made long term decisions akout which
part of the foraging habitat to use when foraging. However
it 1= possible that patch guality may be an important factor
governing individual bird's decision whether or not to
return te a particular patch on subsequent foraging trips.

Thie 1a an important area of research thet needs to fully
examined ir the foraging patterns of herons are to ba fully
understood. It is unlikely, however, hecause of the large
home rangas and frequent foraging site changes shown by
individual Grey Herons in the current study, that such a
atudy counld be undertaken in the Camargue. Such a study
would need to be undertaken in an area where it was easier
to follow individual birds throughout their home ranges and

alza in an area where birds made less frequent foraging site

changes.



1)

Z}

3)

4)

Biomasas intake did not consistently fall during
foraging bouts, suggesting that prey were a
renswable resource and that meagured over the
duration of a foraging bout, prey depressicn and
dapletion, if they were occurring, had no

conslstent affact on biomasa intake rate.

variations in blomass intake rate during foraging
bouts were probakbly ths result of changes in the
number, size and species of the avallable prey

within patches.

There was a significant poaitive c¢orrelation between
biomass intake rate and patch residence time showing
that birds with high biomaes intake rates tended to
forage within a patch for longer pericds than birdes

with low intake ratea.

The relationship between patch residence time and

biomass intake rate for successful foragers
followed a negative exponential loading curve,
suggesting that all these kirds were leaving
patches when they had achieved target prey

load requirements.
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5)

6}

?)

Within the unsuccessful foraging group there was ne
aignificant correlation between patch residence time
and biomass intake rate. Within this group, birds
with low biomass intake rates were leaving patches
after a similar residence time te birds with higher
bilomass intake rates. Thisz suggests that these birds
wara rejecting patches after a fixed foraging

period.

Unsuccessful foragers were, in general, not leaving

patches because biomass intake rate was falling.

The G.U.T. of unsuccesaful foragers was not
consistently longer than thelr mean prey
inter-catch intervals. There was considerable
varlation in the G.U.T. of unsuccessful

foragers and G.U.T. was negatively correlated with
prey capture rate. This suggests that bkirds were not
using a fived G.U.T. strategy to make patch leaving
decisions. These results however, support the
hypothesis that unsuccessful foragers were leaving

patches after a fixed sampling period.
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8} Measured over the mean residence time of
unsuccesgful foragers, successful foragers had
higher blomass gain rates than unsuccessful
foragers. During subsequent ¥sampling®
periode succesaful foragers had higher cumulative
rates of blomaes intaka than unsuccessful
foragers. This suggests that blrds were leaving
patches when thelr bicmass intake rate was lower
than some critical rate during sampling and
that birds remained in patches when their cumulative
blomass intake during sampling was higher than this

aritioal rate.
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COLONIATITY IN THE GREY HERON:

AN ADAPTATION FOR THE EXPLOITATION OF UNPREDICTABLE FOOD
RESOURCES 7

93




3.1 INTRODOCTION.

The results from chapter 1 show that, in the Camargue; many
breeding Grey Herons make fregquent. foraging site changes
during the breeding season. The results from chapter 2
suggest that many foraging site changes may be the result of
short term changes In the availlability of foed at the
feeding =ite, although there was alsc evidence that some
site changes were the result of the seasonal drying up of

temporary marsh asystems.

In a foraging environment where prey availahility changas in
an unpredictable way one would expect the birds tec have
developed strategies to nmaximise their chances of locating
unppredictable or temporary food rescurces, Chapter 2
axamined how I1individual birds might locate and axpleit
patches on the basls of patch sampling whilat this Chapter
explores the hypothesiz that, in addition to ex'_:_::lnring' fer
patches as individuals, Grey Herons night also use the
braeding colony as a centra to locate and axplolt the

feeding sites used by other colony members.

There are currently two hypotheses which suggest how
colonies could be an adaptetion for the exploitation of

unpredictable food resources, These are the Information
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Cantre Hypothesis (Ward and Zahavl 1973) and the Flock
recruitment hypethesis (Evans 1982 and PBaver 1582). These

twa hypotheses are ocutlined below:

The Information Centre Hypothesis (ICH). wWard and Zahavi
proposed that roosts and breeding colonies of birds evolved
primarily as centres of informaticn transfer a0 that
individuals which are unsuccessful at finding food can
follow succassful individuala to thair good feeding areas,
According to the hypothesis the advantage of nesting in a
colony would be to enhance copportunities for following if
and when necessary. The relatlonship betwaen lsaders and
followars would usually be parasitic. Leaders would not be
expected to advertise thelr departure in such a relationship
(Evans 1982). Fecllowers benefit from being led to goed
feeding areas and even if a follower is excluded from the
leader's feeding site it may still benefit “from having
located the profitable habltat type of which the leader's
territory 1a a part*® (Scett Forbes 1986). Leaders could
suffer costs from being followed, such as those incurred by
territorial defence or interference in feeding resulting
from the presence of the follower (Bertram 1978), é.nd
indirect coets related to leading a follower to a good
feeding area and thereby increasing the fitness of a
potential competitor. If leaders ilncur costs from leading,

then it is necessary to show that they can bepefit in sone
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other way from the information centre function of the colony
before this hypothesisa can be acceptad (this iz dlscussed
helow). This is of course only necessary if leaders do not
benefit from colonial nesting in some other way for example

from communal defence against predators.

The Flock Recruitment Hypothesis (PRH). Proponents of this
hypothesis suggest that ceoclonies are an adaptation to
facliitate the formation of flocks. Flocking may increase
the chances of locating unpredictable focd resourcaes by
social facilitation (Rand 1954, Fisher 1958, Krebs gt al.
1573, Lazarug 1979), enhance feeding mfficiency {(Anderson gt
al. 1985}, enabla other types of resource to be located e.g.
thermals (O'Maley and Evans 1982) or provide defence against
predators. According to this hypothesiz the relatilonship
between lesaders end followers 1= cooperative, and bsth
benerit from lsaving tha colony together. In a cocperative
relationzship 1leaders would be expected tc advertise

departuram to potential followars (Evans 1932).

Thesa hypothasax arse not wxutually exclusive. Even if
cooperative benefits arisze for flock foragers, individual
birds may still use tha colony as an information centre. The
ability of birds to use the colony in thiz way depends upon
the duratien for which prey remain available in the newly

discovered patch (Bayer 1982). A short lived patch lasting

a6




less than the duration of tha foraging trip, can be
exploited only by those members of the foraging groups
which find it and the colony cannot Functicn as a centre for
the transfer of information about the location of the
patch. Long-lived patches exploitable over several feeding
trips could bhe detected by cther colony members which feollow
birds from the original foraging group as they return to the
patch after a visit to the colony. If there are benefits
from cooperative feeding in long lasting patchesa, then birds
returning to the colony after a visit to cne of thesas
patches would be expected to attempt to recruit followers

far the return wvisit. In this case information exchange
about the locatjion of tha patch would occur in a cooperative
pannay betwaan leader and followers and the colony is

functioning as both an information and flock recruitment

contre.

Scott Forbea (1986) suggested that the potential for
following by colony members may be related te the rate of
departures from the colony. This is because followers have
to walt in the colony for a leader to depart. When the rate
af departures i=s low followers will, on average, have to
sperd longer waiting for a leader than when the rate of
departures is high. If a follower has to wait too long for a
leader, the cost of waiting (measured in lost foraging

time) may exceed the costs incurred from leaving the colony

97




te search for a feeding site on its own. Thus when the rate
of departures from the c¢olony is low, many potential
followers nay leave to find patches of food witheut waiting
for a leader and the proportion of departures which are
folluwed will be lower than when the rate of departures from
the colony is high. This hypothesis should be equally true
whethar the ralationship between leaders and followers is

parasitic or mutually banaficial.

If the relationehip between leaders and followers is
paragitic and leaders suffer costs when followed then we
need to find other benefits to explain why leaders should
join the oolony and suffer costs. Ward and Zahavi (1973)
suggested that leaders join a colony as an insurance against
the need to follow on scme occasions during the breeding
season. 1 suggeet two other ways that leaders might benefit
from the information centre function of a colony, even if

they do not become followers themselvas:

1) The costs and benefits to mexnbers of a
leader/follower group may not only affect the actual
participants but may at times also affect the
survival of thelr nestlings and thus to scne
extent may be shared between parents. Direct costs
from leading (e.g. lowered biomass intake ratea

resulting from competition with followers at the
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feeding site) are likely to lower brood survival
while benefits to a follower (e.g. the discovery of a
good feeding site and thereby an increase in its
blomass intake rate) may increase the survival of its
brood. Leaders may scnetines beneflt from the
inforwation centre function of the colony, through
increased brood survival when its partner follows. We
would expect potential leaderw to hest in a colony if
the costs it incurs by leading are less than the

benefits it derivez through 1lts partner following.

2) Fledqling Grey Herons have an extended pericd of
dependence on thelr parents for up to a waek after
they first leave the nest. During this period the
fledglings forage on theilr own but also return to
the colony to receive food from their parents.
Whilat foraging, young birds ara oftan excluded by
older conspeclfics from the batter feading areas
{(Burger 1978) and are praobably ignorant of the
location of many of the alternative feeding sites
that are within foraging range of the colomy. It is
possible that fledglings use the colony as an
information centrea to locate feeding sites during
this period and this may increase their post
fledging survival. Parents whose fledglings follow

may therafore benefit from an increase in brood
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murvival {and thus ]lifetime reproductive success].
Leaders may nest in a colony 1f the costs they
suffer from leading are less than the benefitz they

derive from their fledglings being followers.

In order to test that the colony functions az a centre for
the exploitatlon of unpredictable food resources, in
addition to any anti predator function that it may confer,
it is necessary to obtain data to teat the predictions o the

Information Centre and/or Flock Recruiltnent hypothases.

Both hypotheses reguire that tha feeding areas are
unpredictable in location or duration of avallability.
However the information centrae hypothesis is relevant only
if foraging areas can be axplolted for pericds lasting
lonyger than a foraging trip. Both hypotheses predict that
the departure Intervals between birds should be closer
together than predicted by a randem model, and that birds
leaving the c¢olony together should go to the same feeding
area more often than birds which lgave the colony
succeszively but at long Iinter-departure intervals. However,
the Information centre hypothesis predicts that khe
ralationship betwean leaders and followers i3 normally
parasitic, leaders would not be expectad to advertise their
departure to feollowers and the number of birds leaving the

c¢olony together for the same feeding area would be expected
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to be small. The Flock foraging hypothesis predicts that
leadere would always advertise their departures to
potential followsrs and following groups would be expectaed

to be large.

Also the Information centre hypothesis predicts that birds
which have bean unsuccessful at foraging should follow
successful birds to their foraging areas but the flock
foraging hypothesis predicts that eolitary individuals
should be less successful than groups in the location or

exploitation of some resource.

This Chapter tests tha predictions of the flock recruitment
and information centre hypotheses using field data collected

from two different colonies of Grey herons.

101




3.2 METHODS

Observationz were made in 1985 and 1586 on two Gray heron
colonies in the Camarque area of tha Rhone delta 8. France.
The colecnies were at Carrelet in 1985, a colony of 63 pairs
nesting in trees on the Carrelet fish farm near Albaron (see
chapter 1}, and Roustan in 1986 a geolony of 25 pairs of
herons nesting ln treesz near They de Roustan, Port st Louis
at the mouth of the Grand Rhone (=see Fig 1). All data refer

to the Carrslet colony unless otherwise atated.

Data were collected on the time of departure and destination
of birds leaving a colony from observation platforms placed
near the colony. Details of the colony, hide and observation
procedures used at Carrelet are given in chapter 1. At
Roustan obsarvations were nmade from the rocol of a landrover

parked on an access road near tc tha colony.

At both colonles, birda leaving the colony were obsarved
through binoculars until they landed on the feading grnupds
or disappeared from viaw. Two QOr mMOre CRSRIVRrs wers used
during each observation period so that =simultaneous
departures from the colony could be reacorded. Birds were
classlfled as followers if they went to the same feeding

area as the previous departing bird or if they disappeared
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from view in the same direction as the previous bird.

At Carrelat (1985) ths whole coleny wae visibla and some
nesta and individual birds could be recognised (gee chapter
1}. At this colony, whenever passible, departing birds were
assigned an identity either at the pair or individual level

(sae chapter 1 for detalls).

3.2.1 Analyala of data.

The data were analysed in a number cof different ways in
order to test the predictions of the Information Centre and
Flock Recruitment Hypotheses outlined in the irtroductionm,
Details of the different analyses, ralevant to the different

predictions, are given balow:

1} Pradictabllity of the feeding grounds.

The inter-feeding area and foraging =site movements of
individual birds described in chapters 1 & 2 suggest a high
degree of unpredictability in the guality of feeding areas.
To give a better overall view of these movemente, by all
colony members, I have grouped all dsparture observations
from the colony for three different periods of the breeding

seagon (the sgeason was arbltrarily divided inte 3 periods
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during each of which % full days of observations were
collected). The degrea that thae colony members moved between
feeding areas was determined using a chi? table of
contingency to test the heterogeneity of use of feeding
areas on different days, during each of the three seasonpal
pariods (period 1: 26/03/85 to 21/04/84; period 2: 23/04/85
to 09/05/85; period 3: 13/05/85 to 04/06/85). The feeding
areas outlined in chapter 1 wera combined inte four groups

to give sufficient data for analyslz. Groupings were az

follows:

Group 1 Feeding areas 1,2 & 3
Group 2 = Feeding area 5
Group 3 = Feeding areas 6 & &

Group 4 = Feedlng areas 4,7,9,10,11 & 12

2) Daily and Seasonal rate of departures frowm the coleny.

To show seasonal as well as daily changes in departures from
the colony tha mean rate of departures was calculated for

each hour after dawn during the same =seasonal perlods as

secticn 1.

To compare differences in the number of departures during

different perioda of the day, data were combined from daily
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time periods when the rate of departure was relatively
constant between days (within each geasconal period). The
daily time periods chosen for analysis were 0=-2 and 3-11
hours post dawn. The rate of departures during these 2
different time periods (within each seasonal period} were

comparad using a t test,

Toe compare the number of departures from the cclony during
@ifferent seascnal periods, data were grouped to calculate
the mean dally number of departures between 1-12 hcours post
dawn for each seascnal period. This daily time period was
chosen to compare between sSeasonal periods because it
provided the longest, most continucus data set for days
within each pericd. Grouped data were again compared using

the £ test.

3) Timing and ncn-independence of departures from the

colony.

If birds wera leaving the coleny in groups more often than
we would expect by <hance, then the observed numbker of short
time intervals between departures (inter-departure
intervals) would be significantly higher than predicted from
a randem Polisson distribution. To test this the inter-

departure intervals between successive departures from the
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colony were calculated. It is possible to compare the
observed digtribution of inter-departure intervals with a
random predicted distribution only if the distribution
pattern is calculated from periods of the day when the
nunber of birds leaving the colony is relatively constant.
Therefore this analysie was carried out on data grouped
within two daily time periods (0-2 and 3-11 hours post
dawn) . Within these dally time pericda the number of birds
leaving the colony were approximately the =ame each day (see
above). Days were conbined within each seaacnal pericd to

give sufficient data for analysis.

The predicted distribution of inter-departure intervals for
each daily time pericd, within each seasonal period, was
calculated from the random (Poisscon) distribution generated
from the equation of Andrzejewskl and Wlarzbowska (1961) pee
also Krebs (1974) and Scott Forbes (1986). A chi2 test of
goodness of fit corrected for the Poisson distribution (n-2
d.f.) was used to compare the chserved and predicted
digtributions. Tha disgtribution of inter-departure
intaervala, within each daily tine peried, was compared
between seasons using the Kolmogorov Smirnov test to
determine how the distribution of inter-departure intervale

changed during the season.
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To test whather grouped departureg were flying tc the =sane
Isading area, the data were analysed to determine the
relationship between departure interval and destination of
successive departures from the colony. For this analysis
data were grouped for all hours during the day within each
seasonal period. Days with less than 10 hours of
ohgarvations were included in the analyses. The grouped data
were compared, using the chi? test, to test the fraquency of
following ({successive departure gqoing to the same feeding

area) for different inter-departure intervals.

The Scott Forbes hypotheais (see introduction) predicts that
when the rate of colony departures 1s low the proportion of
followers should be lower than when the rate of departures
is high. This hypeothesis was originally propeosed to
qualitatively predict proportione of followers in colonies
of different silze. However, it can be tested by locking for
changes in the proportion of feollowers in the sama colony
when thers are changes in the rate of dgparture. The data
wara compared, between the two different daily time peripds
(0=2 & 3=11 houra post dawn] and between the different
seasonal periods, using the chiZ test to test how .tha

proportion of feollowers changed with the rate of departures

from the ceoleny.
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4) The relationship between leaders and fcllowers.

During the obsarvaticon pericds data were collected on the
behaviour of birds leaving the celeny. This and the data on
behaviour on the foraging grounds presented 1n chapter 3,
were examined for evidence on the relationship between

leaders and followers.

5) Benefits to leaders that nest colonially.

The data were examined to determine whether there was any

evidence that leaders becaae followers, that leaders had

partners that followed or that leaders had fledglings which

followed.
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3.3 RESULTS.

The results ara presented in esubsections related to the

predictions outlined in the introduction.

3.3.1 Predictabllity of the fsading grounds.

Dally departures from the colony to the four grouped feeding
areas are shown for the three seasonal periode in Table 2.1
(only days with greater than 10 hours of cbkservations hava
been included in the analyses). The table shows that during
seasonel periods 1 & 2 there was a significant tendency for
colony members to use different feeding areas on different
days (Seasconal perled 1, Chi2 = 51.8 d.f.= 24 p< 0,001;
Seasonal period 2, Chi2 = 52.9 d.f.= 24 p< 0.001). During
period three this tendency was not significant [chi? = 25,2

d.f.= 24 p> 0.3).

As outlined in chapters 1 and 2, many of the foraging sltes
used by birds at Carrelet were within temporary water bodies
which dry out during the sumnmer and which may also show
short term changea in guality as prey move between sites. I
therefore interpret the data In table 3.1 as showing that

the birds were making fregquent switches bLetween those
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TABLE j.1 The number of daily departures to four different
groups of feeding areas during three seasonal periods.

FEEDING SEASONAT.
AREAS Observation Days PERIODD

1) 10 13 24 24 16 9 8 20 9 PERIOD 1

2) 15 21 5 18 20 21 88 B 12 26/03 /85—
3) 17 23 19 20 9% 16 11 15 21 21/04/85

4) 23 17 11 25 17 14 6 21 29

1) 7 5 13 17 16 14 27 9 10 PERIOD 2

2) § © 5 9 8 7 8 & 6 23/04/8B5-
3) 10 7 13 18 11 7 17 11 13 09/05/B5

4) 10 6 6 7 2 1 8 24 11

1} 11 6 10 14 11 7 6 7 9 PERIOD 3

2) 7 16 10 17 16 10 11 7 5 13/D5/B5-
3) 13 19 10 10 14 9 11 4 4 04/06/85

4) 10 10 18 18 12 B 12 13 11




foraging areas which exhibited unpredictable changes in pray
availability. Late in the seaszon most temporary marshes are
dry and 1t 1s possible that the lack of significant
switching batwean feeding areas from day to day in seasonal
period 3 was due to the birds having moved frem temporary
feeding areas to more permanent marshes with stable prey
availability. It should be noted however that there was no
consistent trend for individual birds te use fewer or a less
dispersed range of foraging sites during the latter part of

their breeding cycle (see chapter 3).

3.3.2 Daily and ESeasonal rate of departures fromn the

colony.

The numbers of birds leaving the colony during each hourly
pericd after dawvn are shown in fig 3.1. Data have baen
grouped from the same days and within the same seasonal
periods as sectlon 1. This is to show seasaonal as well as

daily changes in departure rate from the colony.

Table 1.2 shows the mean hourly rate of departures from the
coleny during the early morning (0-2 houras post dawn) and
late {3-11 hours past dawn) periods of the day. The data are
grouped to compare the rate of departures during esach daily

time pericd, within the 3 seasonal periods. Table 3.2 also
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FIGOURE 3.1 The mean mmber of Grey Hervns laaving the Carrelet
colony each hour after dawvn during three differant
seasonal parfiods.
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TABLE 3.2 The mean hourly rate of departures (+ S.E.) from
the cclony during 2 daily time periods (0-2 & 3-11 hours peost
davn}) within each seasonal period and the mean total number of
departures {+ S$.E.) from the colony batween 1-12 hours post
dawvn during esach seaszonal periocd.

SEASONAL PERIOD
FERIOD 1 PERIOD 2 PERIOD 3

14.77 + 1.38 6.69 + 0.85 9.83 + 1l.44

0=-2 {18) {13) (8}
DAILY
PERIOD

4.69 + 0.33 3.82 + 0.258 3.1% + 0.28

{hours

3-11 (72) (71) {72)
post
dawn})

66.5 + 4.90 46.3 + 4.36 45.5 + 5.22

1-12 {9) {7) (8)

NMcte: Figures in parentheses are sample sizes (number of
hourly or 1=12 parioda per seasonal period).




givea the mean dally number of departures betwaen 1-12 hours

post dawn for each seasonal period.

In all three seasonal periods the mean hourly rate of
departure was silgnificantly higher in the 0-2 hour post dawn
daily time period than in the 3-11 hour post dawn period
(Seasonal periad 1, t = 7.100 d.f.=19 p<0.0l; seasonal
pariod 2, t = 3.246 d.f.=14 p«0.0l; seascnal period 3, t =
4,244 d.f.=8 p<0.01; unequal wvariance in all cases). There
was also a seasonal decline in the mumber of departures from
the colony, during the daily time period 1-12 hours post
dawn. This ssasonal decline was significant only between
seasonal pericds 1 and 2 and betwasn seasocnal pericds 1 and
3 {t = 3,04 d.f.=14 p<0.01 and t = 2.952 A.f.=15 p< 0.01,
periods 1/2 and 1/3 respectively, unequal variance in both
cases}. Thare was nho significant decline bhetween seasonal
periods 2 and 3 (t = D0.116 dA.f.=13 p> 0.10 upequal

variance).

3.3.3 Tining and non-independence of departures from the

colony.

The distribution of inter-departure intervals over the two
dally time pericds (0-2 and 3+11 hours poat dawn) are shown

saparately for the three seasonal periods in Figs., 3.2 &
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FIGDORE 3.2 The Distribution of interdeparture intervals

Hota:

over the early (0-2 hours post dawn) daily
period during the 3 different seasonal periods.

Shaded bars represant the expected {randen)
distribution of interdeparture intervals. Clear
hars represent the observed distribution.
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FIGURE 3.3 The bDistribution of interdeparture intervals

Note:

over the late {3-11 hours post dawn) daily
pericd during the 3 dliffarent seasonal pericds.

Shaded kars represent the expected (randonm)
distribution of interdeparture intervals. Clear
hars represent the cbserved distribution.
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3.3. The figures show both the ochserved and tbe predicted
distributions for sach daily time period and eeaschnal

pariod.

A chi? test of goodness af fit corracted for the poisson
distribution (n-2 d.f,) was used to compare the observed and
predicted distributlons. The results clearly show that the
observed inter-departure intervals were biased towards the
0-1 minute inter-daparture interval when compared with the
random model. The results depart significantly from random
during both daily time periods and in all seasonal periods
(Daily time period 0-2 hours post dawn: chi? = 95,26 d.E.=10
p< 0.001 seasonal period 1, chi? = 50.67 d.f.=9 p< 0.041
seasonal periocd 2 and c¢hi? = 41.07 d.f.=10 p< 0,001 seascnal
period 3. ©Daily time period 3-11 hours pest dawn: chi? =
136.6 d.f.=21 p< 0.001 seasonal period 1, chi? = 107.52
d.f.=24 p< 0.001 seasonal period 2 and chif = 72.37 4.f.=23

p< 0.001 seasonal period 3).

The distribution of inter—departure intervals changes with
season. The kias towards the 0-1 mninute inter-departure
interval at dawn (0-2 hour post dawn daily time period) was
significantly greater in seasonal period 1 when compared to
either semsonal periods 2 or 3 (0 = 0.2236 p< 0.DO5
gaasonal peried 1 wva. saeaagnal peried 2; D = 0.2006 p<

0.005 seasonal pericd 1 vs. seasonal period 3; nl = 249, n2

112



= 101, n3 = 122; Kelmaogorov Smikrnev +test for both
covparisons). There was no significant difference between
the inter-departure interval distributiens of seaaspnal

perinds 2 or 3, (D= 0.,0811 p> G.1 Kolmogorov Smirnov test).

There was, however, no significant ssasonal change in the
distribution of inter-departure intervale in the 3-11 hour
post dawn period (D = 0.1022 prD.1 seasonal period 1 x
seasonal pericd 2; D = 0.6542 p»0.1 seasonal period 2 x
seasonal period 3; D = (.,0979% p>0.1 geasonal period 1 x
seasonal period 3 Folmogorov Szirnev test). Te summarisae,
dapartures from the colony occur much closer together than
we would expect 1f they occurred at random., The degree of
grouping of departures howvevar decreases betwean tha 0-1
and 3-11 hour periods and betwegn the first two seasonal

perlocds.

Te determina whether the unexpectadly high proportions of
birds leaving the colony within one minute of each other
were likely to go to the same feeding area more often than
birds leaving the coleony succeasively but at greater inter-
departure intervals, the destinations of successive
departures were compared for inter- departure intervals less
than and greater than 1 minute. The results are presented in

Table 3.3,
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TABLE 1.2 Destination of kirds leaving the colony at
interdeparture intervale greater than and less than 1 ninuta,
in relation to the destination of the preceding departura.

Deetination 1in relation
to previous departure

Sama Different

0-1 121 158 Seasonal

> 1 55 462 period 1
Departure 0-1 47 T4 Seasonal
Interval > 1 45 372 period 2
{mins\.)

Q=1 &1l &7 Seasonal

> 1 46 398 period 3



The results show that within sach seasonal period birds
leaving the colony within 1 minute of each other went to the
samd feeding area significantly more often than bilrds
leaving the colony at greater inter-departure intervals
(chi2 = 11p.8 d.f.=1 p<0.001 peried 1, chiZ = 5p.1 d.f.= 1
p< 0.001 period 2 and chi? = 68.2 A.f.= 1 P<0. 001 period 3).
Figure 3.4 shows the probability, for different inter-
departure intervals, that succesaive colony departures went
to the same feeding area; data are from all observations

combined.

Only birds leaving the colony within 1 minute of the
previous departure appeared to ke influenced by the
destination of the preceding bird. Herons leaving the coleny
at intervale greater than 1 wminute after tha previous
departurae probably could not see the previous bird which
would already have been about ¢.7 kKun, away from the ceolony
after one minute (mean flight speed of the Srey Heron = 40.6
km./h. Harion 1984). It is therefora probable that birds
which followed the preceding cclony departure, to the same
feeding area, at inter=departure intervals greater than 1
minute ware random followers, l.e. birds which were quing.ta
tha same feeding area but which were not influanced by the

previcus birds departure.
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FIGURE 3.4 The probability, far different interdeparture
intervals, that birds leaving the colony euccessively,
went to the zame feeding area.
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The Scott Forbes hypothegis, which predicts that when the
rate of colony departures is low the proportion of followers
should ha lower than when the rate of departures iz high,
waa teated by comparing the proportion of followers between
pariods when the rate of departures from the colony changed.
The results presented above show that there is a decline in
the rate of departures from the colony between the two daily
time perlods and between the three seasonal pericds.

If tha Scott Forbes hypothesis is correct we would expact
both a daily and seasonal decline in the proportion of

following from the colony.

However, baefore thils c¢an be tested the data must bde
corrected for changes in the number of random followers as
the rate of departures from the colony changes. Aa the ratae
of departures rizes there will be more shorter inter-
departure intervals as conpared with longer time intervals.
There will therefore be an increase in the number of random
followerse 1in the short inter-departure intervals. The
proportion of random followers, using the definition derived
from the reszults sarlier in this section, is the proportion
of birds which follow in departure intervals greater than
one minute. At Carrelet this proportion was 10.3% see fig
3.4 (this proportion should remain constant regardless of
the rate of departure}. The results have therefore bLeen

gorrected for a 10.3 % preportion of random followers.
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The numbhers of "truae" followers (correctad for 10.3% randonm
following} leaving from the colony are shown for the two
dailly time periode and three seasonal periods in Table 3.4
(2ll random followers have been included as "other
departures"). In all thres seasonal periods thare was a
slgnificant reduction in the proportion of followers kbetwaan
the two dally time periods 0=2 and 3-11 hours post dawn
(chi2= B.631 d.f.= 1 p<0.0l1 seascnal peried 1, chi2= 5.31
d.f.= 1 p<0.05 seasonal period 2 and chi2 = 10.09 4.f.= 1
p<0.01 seasocnal pericd 3). Thim shows that az the dally rate
of departures fell there was a significant decline 1in the
preportien of followers from the colony. Similarly within
the 1-12 bour post dawn perind thera was a significant
raeduction in the propertion of followers between seasonal
period 1 and eeamonal period 2 (chi? = 4,3 d.f.= 1 p< 0.05}
and between seasonal period 1 and ssasonal perisd 3 {chi? =
7.153 d.f.= 1 p< 0.0l). There was, however, no significant
difference between the proportion of followers in seasonal
periods 2 & 3 (chi? = 0,.2889 d.f.= 1 p> 0.1), These results
show that, as the ssasonal rate of departures fell, there
was also a corresponding reduction in the proportion of

followers from the colony.
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TABLE 3.4 The number of Followers (F} and Non-followers {NF)
trom the colony, for 3 different dalily time periods (0-1, 3-11
and 1-12 hours post dawn) amd 3 seasconal periods.

SEASONAL PERIOD

FERIOD 1 FPERIOD 2 PERIOD 3
F NF F NF F NF
FPERIOD
A6 203 17 84 21 101
0-1 (41.3) (207.7) (15.2) (85.8) {18.B) (103.2)
28 281 19 2138 12 213
3-11 (25.1) (2B3.9) {17.0} (240.0) (10.8) ([214.2)
77 445 31 301 23 275
1-12 (69.1) (452.9) (27.8) (304.2)  (20.6) (277.4)

NOTE: Figures in parentheeses are the numbers of followers and
non-followers corrected for 10.3 % random following.




3.3.4 The relationship between leaders and Followers.

Advertisement of departures. An mlmost complete absence of
vocal signalling by leaders and followers was observaed
throughout the Beason. Birds 1leaving the colony for the
feading grounds did =sp directly, they were never seen
circling the colony or attempting to attract followers with
visual displays in any way. Thils suggests that leaders were

not advertising their departures to potential followers,

Flock size. 87% of the observed departures from the coleny
{(n= 1BBS) ware not followed by anothaer bird leaving for the
same feeding area within one minmmte i.e. most birds left the
colony for the feeding areaz singly. When grouped departures
dld occur, tha mean number of birds leaving the colony
together for the same fending site within one ninute of each
other, was 2.28 S.E.= 0.077 n= 78 (data from ssasonal period
1 only). This indicates that when group departures were
made, groups usually consisted of twe birds and not of large
flocks. Larger {up to 30 birds) flocks of birds were,

however, seen on the foraging grounds.

Degrea of sociality on the foraging grounds. The foraging
gsocilality of birds has already bheen discussed in chapters 1
& 2. However to summarise; many birds fad solitarily and

appeared to defend temporary feeding territories. However
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gome birds also fed in loose flocks. Birde within flocks
Wwere occasionally aggqressive towards each other. Thera was
no avidence of densa flocks of birds. I belisve that such
dispersed aggregations of herons could not act ag an
effective cooperative fishing group, because bLetween each
bird there were large areas of unexploited habitat where
pray could take refuge. Birds in flocks and territorles used
low wmobility, stalking tactics to capture prey. This
suggests that Tflock menkers were not attenpting to drive
prey towards each other, on the contrary thessa khe¢haviours
would tend tc minimise disturbance to the prey. Birds which
did not find food in a patch left the feeding area singly,
at no time wera flocks of herons seen eearching for new
feeding areas together, this suggests that tha birds were

not using cocperative mechanisms to find new fegeding areas.

Birds in both territories and in flocks, were attracted to
other birds which had caught prey (pera obs, not
quantified). However this usually involved kleptoparasitic
attacks. Where this occcurred, introdars often attempted to
feed near a bird which had successfully caught a prey. Host
birds (whether +they were handling prey ocr not) were
aggressive to other birdas which attempted to land or Ieed

near them.
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Two other =studies, Marien (1984) and Van Vessem et al.
(1984) bhave also shown that Grey Harons are both aggressive
and territorial on the faeding gqrounds during the breeding

FEeAgon.

3.3.5 Beneflts toc leaders that nest colonially.

To exanine the hypothesis that leaders could potentially
darive benefits from becoming followers or having partners
whick followed data were collected from bkirds leaving
individuvally narked nests at the Carrelet colony. Because
observations were alsc being collected on the Fforaging
patterns of individual »irds (eee chapter 1), cbaervations
were heavily biasad towards identifying leaders and the

identity of most fellowera could not be determined.

In total, leaders ware geen leaving from 21 individually
recognisable nests. Followers were observed leaving 4
recognisable nests and leaderse and followers were Eeen
leaving, at peparate times, from a further 6 nests.
Followars were never seen to follow thelr own parthers.
Unfortunately the identity of the individual leaders and
followers which were seen leaving the same neet could not be
determnined. However the cbservation that leaders and

followers left at different times from the game neat
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indicates that either some leaders became followers and, or,
that some leaders had partneras which followed. In either
case, despite the costs of leading, 1leaders could also
derive benefits from the information centre function of the

colony.

To t{est the hypothesis that leaders could derive hahefits
from their fledglings following I have used data from the
colony at They de Roustan 1986. The number cf adults and
fledglinge following ta the same feeding area as the
previocous bird which left the colony, wers compared for
different inter-departure intervals during two =seasconal
periods. The first period was between 10/04/86 to 02/06/B6
and included six full days observatlions (minimum of 10 bours
observations per day). The second period was between
20/06/86 and 04/07/87 and included 5 days cbservaticns. The
results are shown In Table 3.5. In seasonal period 1
glgnificantly more adults (chi2= 15.61 d.f.=1 p<06.001) and
fledglings {(p= 0.0096 Filghers exact probabllity) followed in
the 0-1 mnmin. inter-departure interval than if inter-
departure intervals were greater than 1 minute. In pericd 2
no aignificant differencez could be established for either

adults or fledglings.
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TABLE 2.5 Destination of adults and fledglings leaving the
colony at different interdeparture intervals, in relation to

the destination of the preceding departure.

Desatination in relation
to previous departure

Seasonal

Paricd 1 Same Different

Departura 0-1 24 26 Adulta

Interval, > 1 5B : 233

~ {mins.)

0-1 5 2 Fledglings
> 1 o 9

Seasonal

Paricda 2 Sameg Different

Dapartura 0=-1 8 21 Adults

Interval. > 1 20 124

(nins.)
0-1 7 6 Fledglings
> 1 14 21




These results support the results from Carrelat {see sactiocn
3.3.23 above) and ghow that hirds leaving the colony within 1
minute of each other were much more likely to go to the same
feeding area than birds leaving at greater inter-departure
intervalz. The rasults alse show that, during the first
seagonal pericd, some of the fledglings were following the
Preavious departure to the same fesding site. The results
alao provide Ifurther evidence for seasonal changes in
following behaviour. These results therafore ahew that some
leaders could, during certain periods of the seascn, derive
benefits frowm their fledglings following other birde to the

feading grounda.
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3.4 DISCUSSION.

The results show that kirds left the colony in groups much
more often than would be expected at random (see Figs. 3.2 &
3.3), and that kirds leaving the colony within one minute of
each other wera going to the same feeding areas
significantly more often than birds which 1left after
intervals greater than one minute (see Fig.3.4). These
results are conzistent with both the information centre and
the fleck recruitment hypotheeges, It ie also possible that
the birds were lesaving the colony in groups for other
reasons, such as predator aveldance or detection. However I
consider this uniikely =since adult Grey Herans have few
natural enemies and if flocking conferred an anti-predator
advantage, the majority of birds leaving the colony would he
expected to do so 1In flocks. Since most bilrds left the

colony for the feeding grounds alonea this was clearly not

tha casa.

It has been suggested that grouped departures may result
from synchronisation batween birds, arising when birds leave
the feeding areas in groups (Bayer 1982). During the current
study it was not possible to collect sufficient data on thae
direction of arrivals at the ceoleny and therefore I was

unable to tezt this. However observations on the feeding
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areas gave no indications of grouped departures of birds

leaving for the colony.

The above argument 1s in fact circular since grouped
departurex from the colony may eynchronize kirds so that
they also arrive at the colony in groups. Scott Forbes
{1586) found that Great Blue Herons lsaving the colony at
the same time want to the Bame feeding area gignificantly
more often than birds leaving at greater inter-departure
intervals. He d4id not, however, find any significant
tendency for successive arrivale at tha colony tc have cone

from the Zame area.

I therefoere interpret the avidence presented in this chaptar
ag gupport for the hypothesiz that the bilrds were using the
colony as a centre to explolt unpredictable food resources.
As outlined in the introduction there are two ways in which
they can do thie ie. through information transfer at the
colony and by using the colony as a flock recruitment
centra. However the abszence of advertisement by departing
leadars and the small size of departing groups suggest that
the relationship between leaders and followers was parasitic
and that the birds were not using the colony as a flock
recruitment centre ({see section 3.3.4). The results
tharefore provide support for the hypothesis that birds were

using the colony as an information centre to locate new
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feeding areas. Evidence for the use of tha breeding colony
as an information centre for the location of unpredictable
food resources by herons, has also been provided by Krebs

{1974), Scott Forbes (1986) and Brown (1586).

It wae not possibla to test the hypothesis that unsuccessful
birds were following successful leaders. This i=s difficult
to teat in herons which store food for chicks in the
oesophaguse and stomach {sea Chapter 1) and therefore show no
external signs of their foraging suecess. An attempt was
made to use electronic nest balances to weigh the prey loads
of foragers when they returned to the colony to feed chicks,
however these dild not work properly and no data were
collected. In addition to usilng balances in future studies,
it might be possible to use chick begging as an indicator
of their hunger and therefore an indirect measure of the
anount of foed fed by a parent, as suggested by Krebs
{1978). Evidence that fnllowers were birds that had besan
unsuccessful at foraging and that they followed leaders that
wars succassful on previoue foraging trips was shown by
Brown (1986). However, Brown was Btudying Cliff swallows
{Hirundo pyrrhonata) which store food in the bill and throat
where it is visible to an observer. Brown could therefore
easlly distinguish between successful and unsuccessful

birds, as could other swallows |
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The daily and seasonal traends in the rate of departure fron
the colony and the corresponding trends 1in following
behaviour shown 1In Table 3.4 provide support for the
hypothesis that the proportion of following is related to
the rate of departures from the colony as suggested by Scott
Forbes (19%86). They are however open to other

interpretations.

It is possible that the coleony was used as a night roost by
non breeding birds who exploited it as an infoermation centre
when they left in the merning. Van Vasasenm et al. (1584) have
shown that, early in the season, non hreeders visit the
colony to roogst and will occasionally follow breeding birds
to their feeding areas. Since non breeders do not visit the
colony in the day (they have no chicks to feed) this may
account for the obhzerved changes in the proportion of
followers during the day in the present study. However non-
breeding birds stop visiting the colony when chick hatching
starts {(Van Vessem et al. 1984 and pers obs). At Carrelet
chick hatching was almost complete by the end of seasocnal
period cne, therefore daily changes in the pregortion of
followars in seasonal periocds 2 & 3 cannot be due to non
breeders which follow. The seasonal reduction in the daily
proportion of followers could, however, he a consequenca of
seasonal changes in the propeortion ©f non-breeding birds

viziting the colony.
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At Carrelet all obaaervations on immature birds were left
out of the data =et, =20 some (Dmmature) visiting followers
have already bean removed from the analysis. Observations on
the feeding grounds showed no apparent diurnal changes in
social or foraging behaviour, nor were there any apparent
diurnal changes in the prey types caught (ses chapter 4), =o
i1t 1s unlikely that birds neseded to follow out more at dawn.
I therefore suggest that the daily decrease in the
proportion of following is a consequence of the falling rate
of departures and consequent readuced opportunity for

following.

The w@easonal decline in following behaviour may have been
dug to the seasonal decline in the rate of colony
departures. However it may have also have been due to a
seasonal change in the predioctability of the Iesding areas
usad by the birds. Az shown in table 3.1 there was no
significant tendency rfor birds to use different feeding
areas on different days in period 3 and if blrds ware not
switching feeding sites we would not expect then to follow.
It 1s probable that no =ingle explanation can fully account
for the seascnal decline in following behaviocur. :

Information about the location of food resources can hbe
transferred at several levala. At the lowest level the

follower may follow the leadsr only for a short period and
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cbtain infermation about the general location of a feading
aresa. At higher levels the follower may follow the lgadar to
its foraging =ite and gain information about the locatien of
food at the micro-patch level. Since wost of the birds at
Carralet appeared to hold temporary feeding tarritories (see
chapter 1) it is unlikely that followers derived immediatae
banefits from feeding at the leaders foraging site,
Fallowers may, howevaer, bhave foraged within the leaders
territory after the leader had returnad to the coleny or,
nore probably, fed near to tha leader and banefited from
expleoiting part of the feeding area that the leadars
territory was within. In some feeding areas the birds fed in
loose flaocks (see chaptaer 1) and followers to thase areas
may have bhensfited directly from foraging at the leaders
gite. In these areas howevar, lavels of aggreszion between
birds were socmetimes very high and birds within the flocks
ware Irequently supplanted. It is tharefore possible that
only dominant followers could ever beanefit Irom feeding at a

subordinate leaders foraging sita.

Most temporary marshes in the Campargue dry out during the
summer and therefore have unpredictable levels of prey
availability measursed over the period of a season. Howaver,
2ince water levels do not change rapjdly until mid to late
sukmer, nost marzhes have levels of prey availability which

are relatively predictable on a day to day basis., The
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avallabllity of prey at the 'Macropatch' or marsh lavel is
therefore probably stable enough to be detected at the
colony by information transfer. The results from chapter 2
suggest that in some foraging sites (micro-patches within a
feeding area) prey avallability may vary over the duration
of a foraging trip. At the mlcro-patch level tharefora the
availability of prey may not remain stable long enoungh for
intormation about patch quality to be transferred at the
colony. However over long perieds of time +the prey
availability in a mioropatch may be predictable, as prey
repeatedly enter and leave the patch. Some birds caught
prey in the eame micropatch during their entire foraging
trip (chapter 2}). This indicates that prey availability in
some micropatches is of a sufficlent duration for the patch
to be located by birds following a leader on 1ts return
trip. Some herons in tha colony wera sean to visit the same
small feeding area in a large marsh, during several
consecutive foraging trips (chapter 1) and this seems to
support the idea of long term predictability in the guality
of some micro-patches. It therefore seems likely that the
Carrelet birds were foraging in macro and wmicro=-patches
which exhibited patch guality characteristics of sufficient
duration to be detectable at the colony by followers,
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The results from section 3.3.5 show that lgaders could
derive benefits from the information centre function of a
colony through either becoming followers themselves and/or
by having partners which followed (leaders which became
followara could not be distinguished from leaders which had
partners that followed). Reverse role benefits for leaders
(whars leaders sonetimes bacame followers) was also shown
for Cliff swallows by Brown (198&). Othaer potential benefits
for leaders, through fledgling following, were also shown in
the current study (see Table 31.,5). Thus potential leaders do
noet necessarily suffer only costs through information

transfer when they breed in a colony.

Although the results from the current study strongly suggest
that the Grey Herone at Carrelat were using the colony as an
information centre to locata new foraging sites, this does
not mean that in other colonies Grey Herons do not use the
golony as a flock recruitment cantre, or indeed that at
other sites Grey Herons use the colony as an information
centra. Other bird species certainly hunt in flocks and the
colonies of such species have been shown to act as flock
racruitoent ceantres Anderson st al. (19241). It is therefore
possible that in areas where Grey Herons feed predominantly
in flocks, they also look for new feeding areas in flocks

and that they use the colony as a flock recruitment centre.
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Van Vessem et 3l. (1984) and Van Vessem & Drauylans (1987)
found little evidence that Grey Heron colonies acted as
centras for the transfer of information about food
rasources. However these authors alsce found that the
majority of birds that they studisd held permanent feeding
territories for moset of the breeding sesason. Where birds
hold perwanent feeding territories they would not be
expected to use the colony as an information or flock
recruitment centre. It is possible that in species, such as
the Grey Heron, which show intra-specific variation in
social foraging strategiez the use of a coleny as a flock
recruitment or foraging centre is dependant on the type of
foraging sociality shown by the colony members. In such
species foraging sociality is dependant on factors such as
the spatial and tenporal awvallability of prey and ths
dafendability af patches arcund the ceolony (Kushlan 1978).
Where the availlability of prey in patches variee in an
unpredictable manner and where patches are not aconomically
defendable we wauld expect lesa territorial behaviour en the
feeding grounds and we would also expect the birds to use
the colony as an information centre or a fleock recruitment
centre, or possibly both simultanecusly (see introduction to
this chapter). Whaere tha availabllity of prey in patches is
predictable and where patches are economically defendakle we
would expect birds to hold territories and wa would not

expect birds toc use the colony as an information or flock
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recruitment centre. Studies on the Great Blue Heron, which
exhibita a wide range of foraging tactics including holding
pernanent territories (Bayer 1578), switching between
intertidal and terrestrial foraging (Krebs 1974) and showing
temporal wvariability in feeding eite use arcund a colony
{DasGrangas 1979), have revealed differences in the
synchrony of departures at different colonies Brott Forbes
(1986), Pratt (1980), Bayer {1981), Krebs (1974} and
DesGranges (1979). Although sone of the differences in
following behaviour from these studies may he due to
differences in colony size (i.a the Scott Forbes
hypothesis), they may alss be due to differences in the
foraging sociality of the birds in different areas, which in
turn may be due to Adifferences in prey distribution,

defendability of territories etc..
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SUMMARY

1) There wae a significant tendency for colony menbers

2)

2)

to use different feeding areas on different days
during the earlier parts of the breeding season.
During the lata part of the season the birds tended
to yge the same feeding grounds every day. This
suggests that during the eariier parts of the
season, the location of the feeding areas was

unpredictable.

Thera was & slanificant tendency for more birds to
laave the coleny during the early morning than at
other pericds of the day. Similarly tha rate of

departures from the cclony wag greatar during the

garlier part of tha season than the latar part.

The birds left the colony in groups more often than
would be expected frow random. The bilas towards
grouped departures was greatest during the early
part of the day and during the early part of the

breading swamon.
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4)

5)

6}

7}

Birds leaving the colony together went to the same
feeding area more often than kirds leaving the

Coleony successaively but at grester time intervals.

Pollowing behaviour was affected by the rate of
departures from the colony. When the rate of
departures was high there was more following than

when the rate wvas low.

An absence of vocal or other forms of sigmaling
batwean lsaders and followers, and the amall size of
laader/tollowar groups suggests that the
relationship between leaderz and followers was
parasitic and that birds were using the colony as
an information centre rather than a fleck

recruitment centre.

Thare was evidence that leaders could potentially
affset some of the coats of leading through thelr
partners or fledglings using the colony as an

information centre.
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CHAPTER 4

THE FOOD OF THE GREY HERON IN THE CAMARGUE.
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The Grey Haron is an opportunistic carnivore which feeds
vainly In aguatic habitata where water levels are shallow
enough to enable birds t¢o stand or wade, although they can
rlunga dive, and awim for prey in deeper water (Lowe 1954,
ard pers obs)}. The birds alzo occaslenally fead on land or
fish from land into water which is too deep for normal
foraging techniquee. Previous studlies have shown that the
principal aguatic prey are fish. On land the birds feed on
small mammals, reptiles, insects and even earthworms. Grey
Haraons sometimes feed on fresh carrion, especially fish, and
will also steal prey from other birds which use the =same
feeding areas. There are great variations in diet between
different areas which are dependent on both foraging habitat
and eeason. The=ze are reviewed by Cramp & Simmons (1977) see

also Hancock & Rushlan (1984) and Moser [1984).

Large and highly mobile prey are subdued and often killed
with repeated stabs from the bill followed by mandibulatieon,
before ingestion but most small prey are eaten alive (pers
obs) and ingested almoet immediately after capture. Prey of
all sizes are usually manipulated to ensure that they are
ingested head first probably to prevent scales, fins and

appendages from damaging or catching in the ocesophagus.
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Catfish (Ictalurus nebulcsuys) poasess sharp spines which
they erect when attacked, and I have observed bhirds
repeatedly stabking these fish for up to 1D mins. before
eating them. This was presumably to break the spines
allowing the bird to swallow the fish without injury. It is
possible, however, that the spines fold down when the fish
iz dead and extended stabbing s regquired to ensurea this.
This behaviour has also been cbserved by Krebs (1574} in
Great Blue Herons (Ardez herodias) feeding on 5taghcrn
Bculpin (Leptocottys armatus) a fish which possesses similar

defensive spines.

Young herons are altricial and parents feed their young at
the nest until they fledge. The diet of chicks may therefore
reflect that of their parents. However, becausa of handling
constraints small chicks cannot sat some of the larger prey
caught by their parents (Moser 1984). Moser suggested that
bacause of thils, parents may actively select a diet
containing s=mall prey during the early stages of c¢hick
rearing. He hee shown that chicks older than 30 days can eat
most size clasaesa of prey eaten by their parents. Therefore
if this diet selection hypothesis is correct we may exﬁact
parents with older chicks to have a different diet to that
of parents with younger chicka. It is also pogsible that
yvounger chicks have different dietary requirements to older

chicke and this may alse result in differences in the diets
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of chicks of differsnt age.

Bacauge thae diet of parents is likely be strongly affected
by the availabiljity of sultable pray types in the feeding
areas this is also likely te influence the Adilet of their
chicka. Moser (1984) also suggested that the diest of chicks
vay be affactad by optimal foraging conatrainta on parents.
For example he suggested that the relative profitaprility of
the different prey types available to foraging parents at
the feeding site could affact the diet of parents and that

in turn this may affect the dlet of nestlings.

There has been considerable cocnfusion in the literature as
to whether Grey Herons feed chicks directly from the hill or
regurgitate ontoe the floor of the nest. Milstein gt al.
{1870) concluded from thelr own observationz that parents
normally requrgitate prey ontop the nest. Moat chicks in the
brood therefore obtain some food from the prey load of the
parent, althouwgh becausa of differences in the competitive
abilities of individual chicks (see chapter 5}, the
distribution of food hetween tha chicks may not always be

BYEN.

This chapter describes the diet of nestling Grey Herons in
the Camargue, and examines how diet varies with time of day,

age of chicks and between individual parents foraging at

137



different mites. I have not examined how the availability or
ralative profitability of prey at the parental feediny site
affacted the diet of parents or nestlinga because lt was not
possible to effectively sample the relative availability of

pray on the feeding grounds.

Sclentific names of all prey items in the diet are given in

Appendix 1.

138



Three non destructive methods of sampling the diet of water
birds, are available, ie. analysls of regurgitates ({Owen
1955, Moser 1984}, direct observatione of prey taksen by
adults (e9. Cook 19748) and analysis of food pellets {eq.
Giles 1979). The first method, analysls of ragurgitates, was
considered to give the greatest sample sizes with the fewest
biases. Differences in the digestibility of different prey
typas is likely to intreduce large biases in diat determined
by the analysis of food pellets (which consist of anly the
indigestibhle remains of prey) and the diet deternined from
feeding ochservations on focal birds is likely to be biased
heavily towards the diet obtained in those feeding areas
where feeding observations are easiest {(Moser 1984). For
congervation, moral and legal reasons it was not considered
appropriata to examine tha diet of the Camargue birds by
killing specimens and examining stomach contents. This study
therafore concentrated on the analysis of dietary data
cbtained from the analysis of chick regurgitates although
this has inpherent biasea since chicks cannot eat all the

prey size classes eaten by their parents (Moser 1984).
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Food samples were obtained by cellecting chick regurgitates
from different colonies. Young hercon chicks often
regurgitate their last meal when approachad by a predateor.
Chick regurgitation is presumed to be an antl predator
mnchanisq to make chicks lighter and therefore nore mobile
when escaping attack and also to previde an alternative
source of food to distract the predator (Temple 1963). Many
chicks regurgitated when they were approached but if not,
they were stimulated to eject their last meal by gently
massaging the stomach after the methods of Moser (pers
comm. . It waz possible Lo tell if a chick had recently been
fed by feeling its abdomen and no attempt was made to taka
regurgitates from birds with obviously empty stomachs. In
nost cages preay were identified, weighed and measured on the
nest and fed bhack to the chlcks, but whera samplea could not
be identified or when a large number of regurgitates were
being collected during the same wvisit to the colony, they
ware stored 1in plastic bage with 50 % alechol for

identification in the labkoratory.

Wherever possible data frem regurgltates taken
simultanecusly from a brood were combined to avoid biases
regulting from prey selection by different sized chicks
within the brood. Where comparisons between thae diet of
chicks of different ages are made, I have used data from the

wheole prey load and the age of the_nldest shick on the nest.
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Regurgitates from each brood were assumed to be part of a
kingle prey load from one parent. This assumption is
probably correct only when ochicks are etill being guarded by
their parents, since ona parent is usually feeding at any
one time., After the guarding perlod chicke may sometimes ba
fed in quick euccession by both parents (pers obs). Tha
figqures for estimated nuxber of prey loads analysed ara

therefore minimum wvaluas,

Diet studies were carried out in two colonles in the

Canargue in 1984 and 1%85. Details are given below:

1) Couvin 1984 (11 pairs neeting in reeds),
Regurgitates were repeatedly taken from 7 nests
between 24/05/84 and 05/7/84 although the majority
of regurgitates were taken between 07/05/84 and
20/D6/B4. Nests were visited twice a week
until parents stopped guarding (chicks 28 days old).
After this visits ware more frequent. No individual

parents could he recognlsed.

2) Carralet 1984 {140 pairs nesting in trees].
Ragurgitates were collected from as many chicka as
possible during four visits to the colony: D300
hra. and 1700 hre. on 27/06/24 and at the sane times

6 days later {03/D7/84). All regurgitates were
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3)

stored in alcohol for analy=is in the

laboratory.

Carrelet 1985 (63 pairs nesting in trees).
Regqurgitate collection was restricted to 3 broods
with marked parents. The foraging =iltes of the
parenta were monitored regularly during the
breading season (sees Chapter 1 for details).
Regurgitates were collected several times a week
between 17/06/85 and 02/07/85, i:nmediateljr aftar a
known parent fed the brood. All regurgitates were
analysed on the nest and fed back to the chicka. In
addition to regurgitate collection from these three
nests, observaticns were made of adults faeding
chicks of all ages from as nany other nests as
possibls. Obsarvationsg ware made using binoculars
and a 15 x 45 zoom telescope from a tower hide 75 m.
from the colony. The size of all prey ltems seen was
estimated using the parents bill as standard
measure, Feeding obhservations were also carried out

on individually marked birds in the field.

Whenever regqurgitates were collaected the time of collection
and the age of the chicks was recorded. Chick ages were
estimated by the development of feather=, limbs and bkill at

Carrelet 1in 1984 and by hatching and fledging dates at

142



Couvin 1984 and Carrelet 1985. Data on the foraging site use

by parents were used in conjunctien with data on nestling

diet and fiald cbhservaticnsg to determine where different

prey types werae caught.

Following the methods and definitions of Moser 1%84, four

neasures of prey abundance were used in analyses of chick

diet:

1)

2)

3)

4)

Percentage wet weight ([ % wet wt.). This indicates
the proportion of a particular prey type expressed
as a percentage pf the total biomasa of all prey

loads.

Percantage ccourrence (% cco.). This indicates the
proportion, as a percentage, of all prey lcads that

eontalned that preay type.

Percentage items (% item.). This indicates the
proportion; as a percentage, of the total number of

prey item= examined that were of that prey type.

Vean proportion (wekt weight) of prey type in
regurgyitate. The proporticon {wet weight) of each
prey type in each redqurgitate was used to calculate

the mean propeorticn of different prey types in
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regqurgitates. Data were arc-sine transformed for the
calculation of mean proportions and standard
deviation. The transformed data were used in tests

of significance between dlffarent samples.

The data ware analysed to compare the diet of chicks from
different colonie=z, dlurnal changes in dlet, dietary
differences between different broods within the same colony
and changes in pray type and prey size with chick age.

Details are given below:

4,2.1 The diet of bird= from different colonies.

The diet of nestling herons fram the two different colonies
was compared gualitatively by looking at both the % weight
and % occurrence of all the different prey species.
Quantitative compariscns were nmade using a t test to test
differences in the mean proportlon (hy weight) of the most
important prey types in regurgitates from the two colonies.
Data were arcsine transformed for the calculation of mean

propertion and =standard deviation.
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4.2.2 Diurnal changes in diet.

Diurnal changes in diet were evamined by ceoxparing the %
occurrance of prey items from regurgitates taken before and
after 0800 hours. These time periods were chosen because
most. of the birds which fed chicks before 0800 will have
been feeding at night. Broadly speaking therefore, this
compares the dlet of birds feeding at night with that of
birde feeding during the day. This gqualitative comparison
wae to daetermine the wost important prey types caught
during the two daily periode. & t test was used for a
quantitative comparison of the mean propertien (by weight)
of the most izportant prey types found in regurgitates
during both periods. Data from each time pericd were grouped
within each colony and were arcaine tranaformed for the

calculation of the mean proportion of the different prey

types.

4.2.3 Dietary differences between different broods within

the same colony

Dietary differences between individual broods within each
colony were gualitatively compared using the percentage wet
weight of the most important prey types taken from each

brood. Unfortunately it was not possible to quantitatively
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teast the differences in dlat between broods and parents
because the variance in the mean proportions (% wet weight)

of diatary iteme within each group was too great.

Fleld observations on individual birds were used to explain

the difterences in diet betwesen different broods.

4.2.4 Changes in diet with chick age.

The diet of chicke from three differsnt age classes was
compared qualitatively using percentage ocecurrence,
percentage waight and percentage pray items of all the
different prey types found in regurgitates from the two
different colonies. Quantitative differances im the mean
proportion (hy weight} of the most important prey types in
the diet of the different age groups ware compared using a 1
way Analysis of Variance (1 way ANOVA). The results from the
two colonieg and from all broods fram within each age class
were combined to give sufficient data for analysis. Data
ware arcsine transformed for the rcalculation of mean

proportion and standard deviation.
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4.2.5 Prey size classes fed to chicks of different age.

Maeasurements of prey items taken from regurgitates were used
to conpare tha ococurrence of different prey size classes in
regurgitates taken from chicks of different age. Field
observations were used to determine if there were changes in

the feeding behaviour of chicks with chick age.
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4.3 RESULTE.

4.3.1 Howv the chicks wvara fed.

Observations at Carrelet 1985, whare 118 feeding bouts were
cbaerved between parents and chicks ranging from 1 to 65
daysa old, confirm the conclusions of Milstein et al. (157D),
that parents regurgitate prey for their chicks ontes the
floor of the nest. On all but three occasicns parents
regurgitated directly onto the nest after being stimulated
by wvigorous bill gresping from the chicks. The exceptions
werge whan a 45 day old chick managed to c¢atch the
requrgitate as it left the parente bill, and twvice parents
were observed catching a fish next te the celeny and
returning to the nest with tha fish in their bills. In the
latter cases the adults did not ingest the prey which was

dropped cntc the nest for 29 & 38 day old chicks.

4.3.2 The diet of birds from different colonies.

The diet of nestling herons from the two colonies over the
study period is shown in table 4.1 (the Latin names of all
pray are givan in Appendix 1). Most regurgitates contained

several prey types although a few contained a single large

148



TABLE 4.1 Composition of the diet of nestling Srey Herons
from two heronries during the study periods.

Couvin Carrelet Carrelet total
1984 1984 1985
% % % 1 ¥ 3

ocg., wt. occ. wt. oo, wk. ves. Wt
carp 44 338 48 21 is 33 52 13
Eel 46 35 54 132 10 14 41 32
Sunperch 21 1o 13 & 18 13 19 10
Tench 7 5 lo 7 1 + & q
Braam 1 1 4 3 1 + 2 1l
Rudd / Reach 2 + 4 3 Q Q 2 1l
Mullet D 0 & 5 a 0 2 1
Atharine 11 1 10 3 0 (s} B 1
Gambusia 5 1 13 + 3 + 9 1
Stickleback 7 + 4 + 4] 1] 4 +
Catfiak 4 2 8 s a 0 dq 2
Pike 3 + 0 D Q 0 1 +
Pipefish q + (4] D 4] D 4 +
Flounder 1 + 0 0 Q 0 + +
Ag.insect Larvae 24 1 E2 13 35 40 49 13
Insect imago 7 + 15 + 0 D 8 +
Frogs 4 + 15 + 5 + o +
Amphibhian Larvae 3 + 2+ o D 2+
Crayfish 0 0 ) + 0 i + o+
Crap a 4] 2 + 1] 4] + +
Snake 2] 1 10 + 2 + [ i
Shrimp 11 1 | + 0 0 7 +
Mammal 3 + ] 4] D a 1 +
Total prey loads 70 52 50 172
Pota) prey weight 8303 g 31102 g 3373 g 14778 g

Mote: + denotes less than 1% .



TABLE 4.2 The mnean proportion (in %t wat weight) of the most
prey types in regurgitates from Couvin and Carrelet

in 1984.

Couvin Carrelet
Carp 22.4% £ B8.06 5.25% + 2.38
Eal AT7.50 + 4.42 27.02 £ 4.35
Sunparch 3.90 + 2,02 l.14 + 1.54
Ag.insact larvae 0.31 + 0.33 8.99 + 2.05
prey loads 65 4d

Note: Data were arcsine transformed for the valculation of
mean proportion and standard deviation. Data have bean
retransformed to show maan proportions in 3 wet weight
+ S.E. rathar than in angular degress.



prey ltem or several prey of the same species,

The nost important prey species in both % welght and %
ocCurrence ware Carp, Eels, Aquatic insect larvae and
Sunperch. The mean proportion (by weight) of the mast
important prey types in requrgitates from the two colonies
ara compared in table 4.2. Data are from 1984 only [there
wvers insufficient data to compare the ragurgitatas cbtained
from Cerrelet in 1985 with the requrgitates obtained from

both celenies in 1984).

Thare was no significant difference in the mean proportiens
of carp, eels or sunperch in the regurgitates from the twe
colonies {carp <+t = 1.855 p> 0.05 unequal varilance, @l t =
0.649 A.f. = 105 p> ¢.05, sunperch £t = 1.234 4.f. = 108 p>
0.05). The mean proportlion of aguatic insects in
regurgitates from Carrelet was, howvever, significantly
greater than that frewm Couvin (£t = 4.077 p> 0.001 unegqual
variance). This eshows that there were significant dietary

differences batween the two colonies.
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4.3.3 Diurnal changes in diet.

Table 4.3 shows the composition of regqurgitates taken before
and after ©C800 hours, The data are from 119 prey loads
consisting of 1603 prey items collected from both Carrelet
and Couvin in 1984. Regurgitates taken from chicks early in
the morning must have contained prey delivered by parents
which had been feeding at dawn or even at night, whereas
prey in chick regurgitates taken later in the day will have
come@ from parents feeding in normal daylight conditions.
Although the percentage occurrence of the different prey
species in the diet changed between the two periods, there
were no important prey types which were caught exclusively
during either periecd. To test whether any of the dietary
changes wera significant, I compared the mean propertion (by
weight) of the mnost I1important prey types {carp, eels,
sunperch and aguatic insecte) in regurgitates, between the
two daily periocds. The results from the two colonies are

showh in tahla 4.4.

In both colonies there were no elgnificant changes in the
mean proportion (by weight) of any of the important prey
types, between the two daily periods (Couvin: carp £ = 0.99
d.f.= &3 p> 0.057 eel t = 0.07 d.f.= 63 p> 0.05; sunperch t
= 1,96 d.f.= &1 p> D.05; aquatic insect larvae d = D.39 p»

0.0% unegqual variasnce) (Carrelet: carp t = 1.49 d.£.= 40 p>
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TABLE 4.3 Parcentage occurence of diffarant prey items in the
diet of nestling Grey Herons from two different daily periods.

Couvin Carraelat

Pre 0800 Post OBOO Pre 0BOCD Post 0840

Carp 486 46 s 54
Eel 50 43 48 65
sunperch 38 13 17 12
Tench 4 11 13 7
Braan 4 0 ¥i 0
Rudd / Roach 4 2 4 4
Mullet 4 0 7 4
Atherine 13 11 22 0
Gambusia 17 4 13 15
Stickleback 21 0 4 0
catfish 4 4 7 7
Pike B a 0 (v}
Pipefish 13 7 0 0
Floundsar D 2 a D
Ag.lnsect Larvae 37 17 78 54
Inzact imago 8 7 22 7
Frogs D 7 4 27
Amphibian Larvae 4 2 v} 4
Crayfish 0 [+ 0 4
Crab 0 0 o 4
Snake 13 2 13 0
Shrinp 2% 4 7 7
Mammal 4 2 D a
Total prey lcads 24 46 23 26




TABIE 4.4 The nean proportion {(in % wet weight) of the wost
important prey types in the diet of nestling Crey Herons from
two dirferent daily periods

Fre 0300 Post 0800 Pre G800 PFost 0800

Carp 14.% + %.0 27.2 + %.9 3.8 4+ 2.4 14.2 + 1.6
Eel 25.7 + 4.7 28.5 + 5.5 22.4 + 7.1 30.3 + 5.7
Sunperch 9.1 + 3.7 1.3 + 1.6 0.6 + 1.2 1.6 + 2.7

Aq ins larvae 0.2 + 0.1 0.4 + 0.6 8.8 + 2.6 9.1 + 3.1

prey loads 22 413 17 25

Note: Data were arcsine transformed for the calculation of
meanh proportion and standard devlation. Data have been
retransforned to show mean proporticons in % wet weight
+ B.E. rather than in angular degrees.



0.05; eel £t = 0.49 d.f.= 40 p> 0,05; sunperch t = 0.50 d.f.=
40 p>» 0.05; aguatic insect larvaa € = 0.04 d.f.= 40 p>
0.05).

4.3.4 Dietary differences between different bropods within

the same colony

Table 4.5 shows the differences in the proportions of the
most important prey typee in the diet of chicks from 7
different broeds at Couvin in 1584. It was not possible to
distinguish between regurgitates from different parents at
Couvin, The diet of each broed shown in the table therefore
represents the combined diet of both parents. At Carrelet in
1985 1t was possible to dietinguish between some birds and
table 4.6 shows the composltion of requrgitates brought back
to the nest by individual parents. The results presaented in
both tables clearly show that the composition of
ragurgitates from different broods and from different
parents from the sane colony can vary considerably.
Unfortunately it was not possible to test the differences in
diet between braoods and parents becaunse the varlance in the
nean proportions (% wet welght) of dietary items within each

group was too great.
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TABLE 4.5 Percentage wet welght of different prey typesa in
requrglitates from 7 different broods at Couvin 1984.

NEST A B L D E F G
carp 65 5 2D 25 7 42 62
Eal B 87 65 45 18 30 21
Sunperch 18 3 L+ 12 7 10 9
Aq.insect larvae 0 1 6 6 2 1 +
Other 11 4 9 12 36 17 8
prey loads 14 12 5 7 10 7 16

TARLE 4.6 Percentage wet weight of different prey types in
regurgitates fed to 3 separate broods by 5 ilndividual parents
at Carrelet 1985.

NEST A B c
Parent (£) (c) (1) (g) (m)
Coxmercial Carp 32 (4] 20 17 a
wila Carp 19 1 1 1.3 26
Eal 29 o 0 4 31
Sunperch & 12 139 28 0
Ad. insect larvae 13 86 60 16 39
Othar 1l 1 [ 1] q
prey loads 11 5 12 ] B

Note : latterg in parentheses indicate the identity of the
bird as used in Chapter 1.




The results from chapter 1 show that each of the individoal
birda from Carrelet in 1985 and included in table 4.5 were
feeding in a different set of foraging aites and, taken
together, thaese observations sugyest that the diet of
individual parents differed according to where they were
foraging. However, the posslibility of individual
specialization on particular prey types cannot ba ruled

aukt.

Flela observations at Carrelet in 1985 showed that bird (f)
from nest A foraged at the fizh farm and in several
temporary marshes nearby. Analysis of regurgitates showed
that the prey species caught by this bird varied
unpredictably from day to day and usually cconsisted of
gither Commercial carp alone, Commerclal Carp and aquatic
ingsact larvae, or non-commercial filsh and aquatic insect
larvae. On only one occasion were both wild and commercial
carp found in the same pray load. Flald cbhservatlons showed
that on the fish farm herons caught commercial carp,
sunperch and aquatic insects whilst in marshes outside the
farm they caught & variety of prey including wild carp,
eals, sunperch, catfish and aguatic insect larvae. The
simultanecua presence of wild carp and commercial carp in
tha same regurgitate suggests that bird (f) occasionally
used more than one foraging site during the same foraging

trip. It is also possible that the bird was fishing at two
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different sites within the fish farm since on some occasions
regurgitates contained only commercial carp and at other
times they contained commercial carp and large numbers of

aquatic insect larvae.

Both birde (1) and (g) from nast B also foraged on the fish
farm and used temporary marshee nearby. The rsqurgitates
from prey loads delivered by both these birds alsoc varied
between days. They sometimes contained commercial fish
whereas on other days they contained only prey caught

outside the fish farm.

Bird (c) from nest A and bird [(m) from neast € were never
observed on the fish farm and no commercial carp were found
in ragurgitates from thesa birda. Both birda used saveral
dlfferent rIforaging sites and regurgitates from prey locads
delivered by bhoth birds showed wvariations 1in prey type.
Regurgitates from bird (c) sometimes contained only aguatic
insect larvae and on other occasions a variety of prey
including wild carp, sunparch, frogs and aguatic Iinsects.
Regqurgitates from bird (m) were more consistent and
normally contained aguatic insect larvas and small E;ild

carp; but one prey load was compesed entirely of eels.
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4.3.5 Changes in dlet with chick age.

Toc test if parents feed different prey types to chicks of
different age, I have separated the data from requrgltates
taken frem chicks of age classes 0-20, 21-30 and greater
than 30 dayas old. Within each age clasz data have bheen
grouped for statistical analysis (there were insufficient
data to allow finer divisions within age classes to be
made). Table 4.7 shows tha composition of regurgltatas taken
from chicks of different ages and includes data from Couvin

1984 and Carralet 1984 and 1985.

Ho important prey +typea were fed exclusively to any
particular aga class, and post of the small changes in diet
composition prokably result from the relatively small sanmple

gizes in each age class.

Ta test whether any of the dietary changes batween chick age
groups were significant, I compared the mean proportion {by
walght)] of the most important prey types (carp, esels,
sunperch and aguatic insects) in regurgitates, beatween the
different age groups. The results, which combine data from

within age grcocups from both colonies, are shown in table

1.8,
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TAELE 4.7 Composlitlon of requrgitates taken from different
age classes of Crey Heron chicks from the two colonles during
the study parioda. (+ denotes less than 1% )

Age Class 0=-20 21-30D »30
{in dayas) % % % L 3 L %
oce wt ltem aee wk item ocC wt item

58 40 3
41 34
17 7

=t

50 33
39 34
20
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Total prey loads
Total prey No. 609 1390 1251
Total prey welght 2919 g. 5508 q. 5825 4.




TABLE 4.8 Percentage wet welght of different prey types in
regqurgitates taken from different age classes of chicks during

the atudy pericds.

Age Class 0-20 21-30 >30

in days

carp 10.96 + 3.32 18.93 + 4.18 28.76 + 3.96
Eel 25.30 # 5.33 20,35 + 4,34 12.48 + 3.82
Sunperch %5.62 + 3.32 1.24 + 1.19 2.80 % 1.58
Aq insect Larvae 6.87 + 3.20 11,14 % 3.25 5.77 # 2.2)

Rote: Data were arcsine transformed for the calculation of
mean proportion arki standard deviation. Data have been
rotransformed to show mean proportions in % wat weight
+ 5.E. rather than in angular degrees.



The were no significant changes in the mean proportion (by
waight) of carp, selas or aquatic insect larvas in
regurglitates taken from the three different age clpsses of
chicks {Carp; F= 1.942 d.f.= 2,144 p> 0.05 1 way ANOVA: Eel;
F = 0.978 d.f= 2,144 p> 0.05 1 way ANOVA: Aguatic insect
ILarvae; F = 0.620 d.f.w» 2,144 p> 0.05 1 way ANOVA). It was
not possible to test for differances in the proportion of
sunperch in regurgitatas taken from chicks af different ags
classes bacause the variance in the mean preoportion between

age clauses was significantly different.

4.3.6 Pray size classes fed to chicks of different age.

It is not possible to give an accurate frequency
distribution for carp sizes fed to chicks, since many of the
larger fish were partially digested. However using only two
gize classas, axall (< 5 cwa.] and large (> § cms.}, showed
that the majorlty of carp found in regurgltates from all age

classesn of chick were laps than 5 cmx. long (see table 4.9).,

However, the four undiqested carp weighing over 100 g. (l.e.
over 1B cma.) found in regurgitates all came from chicks
clder than 20 days. The remains of digested carp of all
sizes up to 2850 g. {l.e up to 24 cms.), however, wera found

in chicks from all age classes.
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TABLE 4.9 Occurence of carp of different size classes in
regqurgitates from different age classes of chick.

Age c¢lass of chick (in days)

0=-20 21-30 »>31

carp < Scm. 90 189% aa?
carp > 5cm. 12 10 25
n =102 n = 199 n =412

TABRLE 4.10 Occurence of sels of different Bize classes in
regurgitates from diffarent age classas of chick.

Age clasa of chick (in days)

Size Class

of Eel D-20 21-30 >31
10-15 om. 15 1 12
16=20 Cm. 5 q d
21=30 cm. 18 13 13
Al-40 cm. 7 9 11
41 + c¢n. 0 3 3

n =45 n = 30D 43

=
i



Takle 4.10 shows the ooccurrence of different size classes of
eel in regurgitates from chicks from the three differsnt age
classes. The data were conpared using a chi? teble of
contingency on data grouped within 2 prey size classes:
gpall eals (< 30 cme.) and large asls (> 3D cms.}. Data were
grouped to ensure that sample sizes were large encugh for a

chi? test.

There was no significant difference in the occurrence of
large or small eels in regqurgitates from the three different
age classes of chick (chi? = 0.819 d.f. = 2 p> 0.05). These
rasults clearly show that parents were not excluding smpall

prey from their diet as thair chicks increased in size.

4.3.7 Re-ingestion of prey: effects of prey =size and
quantity.

During observations on 118 faeding bouts between parents and
chicks at Carrelet in 1985 parents were sonmetimes observed
re-ingesting prey from the regurgitate either during the
period that the chicks were feeding from it or after the
chicks had finished feeding. Data on hatching and fledging

dates were used to calculate the age of the breoods involved
in 99 of theas feeding bouts (see chapter 1 for details on

the calculation of chick age). Pray re-ingestion was
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observed by parents with chicks that ranged from 1 to 47
days old. However, the behaviour was not evanly diatributed
hetween bhroods of all ages. During the 32 feeding bouts
observed bhetween parents and chicks of 25 daye or younger,
parents were observed rea-ingesting prey 26 times whereas
during the 67 feeding boutsz observed between parents and
chicks older than 25 days parents were seen re-ingesting
prey only B times. This difference ila signiricant at the p <
0.01 level (chi? = 43.1 d.f.= 1}.

Comparing tha size of prey re-ingested by parents with
chicks of different age showed that on 24 of the 34
occasions when parents wers observad ra-ingesting prey, the
re-ingested prey were too large for the chicks to eat.

Thia difference betwaen the fragquency of raingestion of prey
aither too largs or small enocugh for the chicks te eat is
glgnificant at the p< 0.05 laval (chi2 = 4.%7 d.f.= 1). Prey
wvere clasaified as being too large for tha chick if the
chick was observed bairgy unable to ewallow it or if the
length of the prey {compared againzt the parentz bill)
exceeded the maximum size eaten by chicks of that age class;
data on maxisum prey s=ize eaten by chicks of different age

from Moser (1984).

Parents usually waited until the chicks attempted to eat the
pray, but if the prey wera obviously too large for the
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c¢hicks, the parent sonetimes re-ingested them immediately.
Taken together these observations show that parents tended
to re-ingest prey from the nest when they had younger chicks
and that the prey that they re-ingested were often too large
for the chicks to eat,

On four occasions parents wera observed re-presenting prey
that chicks had not been abhle to eat, aftar a further period
of digestion, although it wa=s not possible ta sea if the
chicka then ate tha prey. Four different adults were
observed breaking up partially digested large prey with
thelr bills, when they were feeding small chicks. Tha chicks

then ate piecee 0ff the nest or from the parents bill.

Further evidence that parente sometimes fed chicks with

predigested large prey came from regqurgitates taken from two
separate broods. On both occasions pieces of the same large
fizh were found in regqurgitates from different chicks on the
same nest, This shows that the fish had been predigested
into szeparate pleces before being fed to the chicks. In both
cases the chicks were too =small to have eaten the intact
prey without predigestion by the parent. These observations
show that parents were not excluding largs prey from their
diat when they had small chicks and indicate that
predigestion of prey by parents allows chicka to consume

large prey that they would not normally be able to eat.
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When chicks were small, parents occasionally regurgitated
toe much food onto the neat. This was cbserved on three
occasions when parente re-ingested prey of a suitable size
for their chicks after the chicks had rinished eating. Three
parents were chserved re-ingesting small prey which their
chicks could have eaten, whilat the chicks were =still
feeding and were cbviocusly still hungry. This suggests that
parants scmetimes regurgitate prey which were not intended
for the chicks and it is possible that parents cannot

contrel how much feod they ragurglitate.
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4.4 DISCUSSION.

The ohservation that parents feed chickse by requrgitating
onto the nest has important lmplications for diet studies on
Grey Hercna. It means that while foraging, parentg 4o not
have to =sslact only prey sizes sultable for their chicks
aince chicks can leave any pray =2ize classes that they
cannaot eat (this is considered later in the discussion). It
is also possible that chicks could select pray typee or size
classes from the regurgitata on criteria other than the
maximuw =iza that they can eat. For example they ceould
select prey on relative profitability to ensure that they
maximise thelr prey intake rate whilst feeding (thie is
exapined 1in greater detail 1n chapter 5) or thay could
select prey types from the regurgitate to nest some
nutritional zreguirement. Such potential biasas may have
affacted tha rasults from this atudy, or from other similar
studies which examine the dlet of a bird specles through the
prey regurgitated by thelr chicks.

The diet of the Grey Herons nestlings recorded from the twu
colonles in this study consisted mainly of carp and eels
{(see Table 4.1). Carp were more important {%¥ weight) than
eals at Carrelet in 1985 whereas eaels were more important

than carp in regurgitates from Carrelet and Couvin in 1984,
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The third most important prey item (by weight) in cCouvin 1in
1984 was sunperch. In Carrelet in both 1984 and 1285 aquatic
insect larvae were the third most important prey type and
sunparch were the fourth and fifth wmost commen important

prey reapectively in the two years.

This agrees very well with the diet reported by Moser (1984}
for the game parts of the Camargus and confirme that Grey
Herons in this part of France are highly specialised, taking
mainly carp and eels. However, 1n the presant study, Mullet
were very rare whereas they were the third meost important
prey 1n Moser's study. In addition agquatic insect larvae
(Coleoptera and Qdonata) were particularly irmportant dietary
components at Carrelet in both 1984 and 1985 whereas they
were rare in regurgitates fron Couvin in 1984 (see Table
4.1) and in regurgitates taken by Moser. Mosers work was
carried out in 1979 and 1980 in colonies situated within a
few kilometers of those used in the present study. Mullset
are found in brackish and saline water including marshes
rivers and the sea, therefore the birds studied by Moser
must have been foraging in these types of habitat. Table 4.1
shows an almoet total lack of prey from brackish and saline
water (except for a few Pipefish and Atherene and a single
small Flounder) suggesting that very few of the birds from
Carrelet and Couvin were feeding in saline or brackish

water. Thie suggests that the birds in the diffarant atudies
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were foraging in different feeding areas and that the
dlfferences in diet reflect spatial differences in foraging
site use between the different colenies rather than long
term changes Iin prey avallabllity within the Camarque

basin, although this mey change from year to year.

Mozer never found Catfish in regurgitates although they are
very common in the Camargue, and he suggested that adults
may avoid taking these prey bacause of their exceedingly
long handling timee. The presence of Catfish in the present
study indicate that Grey Herons dc sometimes take these
prey. Field observationas on an individually wmarked breeding
bird (bird i, see chapter 1) from Carrelet 1585 {the only
bird from which esufficient feeding observatlians were
obtained to determine its diet by this method) which fed in
the same feeding area throughout the breeding season showed
that approximately 83% (by weight) of it= diet were catfish,
whereas they occurred only occasionally in the diet of birds
Isading elsewhere. This suggests that the availability of
catfish may vary conslderably batween foraging areas in the

Camargue.

The differences between the diets measured in the Camargue
and those reported for other countriez (Moltoni 1936 & 1948,
Vasvarl 1951 and Owen 1555 sBee also reviews by Cramp and

Simmons 1977 and Hancock and K¥ushlan 1984) are greater.
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Other studies show Herons taking large numbers of fish other
than carp although the presence of Eels in different studies
iz falrly general. This shows that, apart from the general
trends towards aquatic prey, the diet of the Crey Heron is
fairly catholic and sguggests that the diet is probably
gtrongly influenced by the avallakllity of prey in the

toraging areas.

Owen (1955) showad that the diet at individual nests and at
separate colonies was often different and the results from
the current study show very similar trends ([see Tables 4.5
4 4.6). The present study also shows that the diet of birds
changes as they move betwsen feeding areas. This suggests
that, in geheral, individual birds did not restrict
themselveaa to foraging in a particular habitat typa or to
catching a limited range of prey epecies. Grey Herons in the
Camargque show a tendency to move between different foraging
sites during the breeding =zeason (see chapter 1) in contrast
to breeding Herona in other areas which often show extreme
area-restricted foraging Marion (1984} and Van Vee=zem et al.
{(1984). The <let of individual Herons in the Camargque may
therefore vary much more than 1n other areas of Europa.
Although chapter 2 suggests that many of the changes in
foraging site by herons may have been the result of changes
in prey availlability, there may have been other reasons why

birds moved between sites and thuz experienced a change in
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diet. For example carp cantailn thiaminase, an enzyme which
destroys vitamin Bl and this is known to cause nutritional
Problems in some piscivorous animals Kear {1973). It 1is
therefora possible that scme birds made foraging site
changes when conly carp were available at the foraging site
they used first.

It was interesting to note that there were no diurnal
changes in the cccurrence of the most important prey species
in the diet (see Tables 4.3 & 4.4) mince there were clear
diurnal changes in the rate of departure of birds from the
colony to the feeding grounds ([see chapter 1). Indeed one
would expect the avallability of different prey types to be
affected in <Qifferant ways by factors such as light and
darkness, temperature, oxygen levels within the water column
etc. All these factors are known to show quite extreme

diurnal changes in different water bodies.

If the diurnal changes in rate of departure from tha colony
are related to the availability of prey then the ocbservation
that the importance of different prey types in the diet does
not change with time of day suggests that the availability
of all prey types changes in the same way during the day. It
i= possible that the importance of prey types other than
carp, eels, sunperch and aguatic insects, in the diet, does

change ovar the daily period, however there were
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1nsu?£1ciant data within the current stndy to teat this.

It is alsa possible that daily tiwe period chosen to
distinquish between early and late regqurgltataes (CBDO) was
not sufficiently near dawn te distinguish between
requrgitates composed of prey taken entirely at night and
those taken entirely during daylight hours, although many of
the regqurgitates taken before 0800 were taken within 1 hour
of dawn. Again there were insufficient data to test this.
Future studies should take such factors into account when

locking for diurnal changes in diet.

The lack of changes 1n the proportion of different prey
types in regurgitates taken from chicks of dlfferent age
(see Tableas 4.7 & 4.8]) strongly suggests that parents were
not selecting particular prey species for chicks of
different age. It also shows that the chicka of different
age were not selecting dirfferent pray specles or different
proportions of different prey types from the parental
requrgitate. Similarly the results suggest strongly that
neither parenta nor chicks excluded small prey from their
dlet as the chicks got older ({ses Tables 4.9 & 4.10). The
abservaticons on the re-ingestion of large prey frum
regurgitates presented to small chicks also suggests that
the parents of small chicks ware not excluding large prey

from thalr diet.
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Herons doc not posgess a crop and food is stored in the
ocasophagus hefore entering the stomach for digestion. The
presence of parentally digested food in chick regurgitates
indicates that parents were regqurgitating food from the
atomach as well as the cesophagus. Similar oheervations have
been made by Owen (1955) and Marien (1958B2). Bince parents
ars capable of requrgitating predigested food it is possible
that some parents can feed chicks without catching prey that
their chicks can handle. This w®means that parentz do not

necessarily have to catch small pray for emall chicks.

The need tao catch small prey was suggested by Gross (1923)
for the Night Heron (Hycticorax nycticorax) and Moser {1984)
for the Greay Heron. Eredigesticn of prey doms incur a time
budget penalty szince parents must wait until large prey are
sufficiently broken up befora faeding the chicks. Howsver,
adult Hercns have exceedingly eafficlant digestive systens
{Vinokurov 1960) and most Fish are completely digested after
several hours. Since parents which return to the ceolony to
feed swall chicks remain at the nest to guard the brood
until relleved by the partner, there 1ls praobably ample time
to predigest prey without affacting the normal time budget
patterns. Parents guard chicks until they ars about four
weeks old and after this age, chicks would be able to eat
most prey without predigestion. Parents normally share

guarding but on occasions I cbserved a bird flying off
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immediately after regqurgitating whilst its partner remained
qguarding the chicks. On several occasions I observed the
bird which remained on the nest, ingesting large prey fed by
its partner, and which the chickas could not eat. On two
occasions these birds re-regurgitated the partially digested
prey for the chicks several hours later. Although this is a
form of food stealing and s=cme partners never attempted to
re-present the prey to the chicks it also shows that parente

can share the work of predigesting prey.

The wide range of preay sizes caught by birde feeding chicks
of all ages suggests that at Couvin and Carrelet thers wers
sufficient amall prey in regurgitates ¢to =satisfy the
requirenents of young chicks without parents having to
pradigeast prey. However in differant feeding areas where
there are a limited range of prey size classas available to
parente, the predigestion strategy may become more
important. There have been many observaticns that swall
chicks receive small prey (Milstein et al. 1970, Moser 1984
and pers obs). However without data on the availabllity eof
different pray types ln the environment, which is essential
to determine how parents were selecting prey, it is neot
possible to demonstrate whether these prey wers sslacted
especially for the chicks or for other reasons. It is
therefora not posslble to judge the relative importance of

pray selection and pre digestiaon strategies in parents
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faading young chickas. The results do however show that
predigestion i= an alternative strategy available whan
parente do nat catch sultably sized prey. If tha relative
importance of these two different strategies 1s ever to ba
tested 1t is essential that the prey smelection processes of
kirds which are not catching food for chicks are fully
understoed. This would entzll the collection of data not
just on prey profitability but alea accurate data on prey
availability at the feeding site. Once established, the prey
selectlon strategies of non-brasding adults could be
compared with the prey selaction strateglas of breeding
adulte feeding differsnt aged chicks.

Since large prey wara balng regurgitated for yvoung chicks,
but were being re-ingested by parents when the chicks could
not eat them, it is possible that the propertions of the
different prey types and size classes in prey loads obtained
from chicks younger than 30 days (the age at which chicks
can eat most prey =ize classes eaten by their parentz, Moser
1984) were not a true raflaction of the diet of their
parents during this period. The proportions of prey in prey
loads taken from hroods older than 30 days probably gives
the most accurate picture of the adult diet during the whole
atudy. In this study the proportion of important prey items
did not change with chick age but this was prcbably because
the majority of important prey such as carp were very small
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{lessx than 5 cms.). In diffarent astudy areas or in different
colonies the availability of different size classes of prey
may be different and parents might have to switch between
different prey species in order to find sufficient small
prey to feed thelr =amall <¢hicks. Alternatively if
insufficient amall prey were availahle parents could switch

to a pra-digestion strategy as outlined above.
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SUMMARY

1) The diet in differant colonies and from different
broods within a colony appears to vary
conslderakly and this probably raflecta
diffarances in feeding areas used by parents.
However, this doee not preclude the possibility
that parents speclalize in different prey or

prefer to forage in different habltat types.

2) Individual parent= brought back differant prey
types when they ware foraqging in different arseas
showing that if specialization in pray or habitat
types occurs, there is some degree of varilability

in individual bpehawviour.

3) Regurgltates taken from older chicks contalned some
large size claeses of prey that were not present in
regurgitates from younger chicks. Howewver, there
wag no avidence that parents excluded small prey

from thelr diet when feeding oclder chicks.
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4)

5)

6)

Observetions on feeding bouts between parents and
chicke revealed that parents feeding young chicks
often re-ingested praey that were toc large for
their chicks to eat. These were sometines re-
-pragented after a period of digestion by the
parent. This indicates that parents were
catching large prey even when they were feeding

small chicks.

Regqurygltates from small chicks sometimes contained
prey that, had they not been broken up or
predigeatad by the parent, would have been too
large for the chicks to sat. The praedigestion of
large prey items by parents is an alternative
atrategy to the selection of small prey, that
allows parents to feed chicks with size classes of

prey that their chicks could not normally eat.

There were na marked changes in the range or
proportions of different pray species in prey lpads
fed to chicks at different tiwmes of day or to

chicks of different age.
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CHAPTER 5

PREY SELECTION AND SIBLIRG COMFETITION:

A FORAGING STBATEGY OF MESTLING GHEY HERONS
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5.1 INTRODUCTION.

The previous chapters dealt with the foraging patterns and
foraging declslons of adult breeding Grey Herons. This
chapter examines the foraging bkehaviour and foraging
"decisions" of nestling Grey Hercns when feseding on the food

brought kack to the nest by their parents.

The results from chanter 4 show that, when feeding chicks,
adult Grey Herons regurgitate a bolus of nmixed prey types
onto tha flcor of the nest. The holus may contaln different
nurbers, species and size clagsses of prey in variocus states
of digestion (see chapter 4 and also Owen 1955, Moser 1984,
Milatein et al. 1970). The distribution of these pray items,
which are simultanecusly presented to all the hrood, amongst
the chicks is controlled by the individoal abilities and
behaviour of the chicks themselves. Yet this distribution is
instrumental in determining which chicks will survive to

leave the neat as fledglings.

Fopd appears to be a major factor limiting the breeding
output of Grey Berons since it is common for =some of the
brood to die of starvation (Owen 1960, Moser 1984) or during
boute of 1ntersibling aggression. In the <Cattle Egret

(Bubulcue jbis) aggression is caused by a reduction in the
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rate of food delivery to the nest Fujloka (¢1985).

Previous studies on the diatribution of food amongst
siblings of nesting Ardelds have shown that larger chicks
have a competitive advantage over smaller chicks in gaining
access to tha parental regurgitate (Hafner 1978 & 1980, Mock
1984, Moser 1984, Fujicka 1985). The sane authars have also
shown that this freguently results in tha death, by
starvation, of smalier brood oembers. The =size differences
between Ardeld chicks is caused by asynchronous hatching of
tha eggs which results from asynchronous egg laying and
comnencenant cf incubation before the clutch is complaeta.
Asynchronous hatching i1s congidered o bhe a parentally-
regulated "brood reduction strategy" to maxinise the number
of chicks fledged when food resourcea are unpredictable at
tha tima of agg laying (lack 1947: Owen 1960; Ricklels 1965y

Q'Connor 1578) Maoser 1584).

The size differences caused by asynchronous hatching govern
the individual competlitiva abilities of chicks tao cbktain
food. If all the chickas on a nest have access to the food
delivered by their parents, than the rate of chick growth is
dependant on individual prey intake rate. A chick with a
foraging strategy which is superior to that of its siblings
will grow faster than i1ts nest mates and may thereby inprove

ites competitive ability relative to ite siblings. Buch a

174



chick would thereby improve 1te chance of surviving to

fledgling.

This competitive selection pressure could have led to the
evolution of a foraging strategy which enablas chicke to
maximise their prey intake rate, thus ensuring that they
gain the maxirum amcount of food during each meal. In some
circumstances, however, it may not be arn advantage for a
chick to attempt to maximise its growth rete. If for axample
the smallest chick in the nest develops a strategy to forage
more efficiently than ite siblings then it may grow guickly
until it is the same size as ite nest mates. This would
result in all brood memkers having similar competitive
abilities and, if food avallabillity is low at that time, may
result in the starvation of the whole brood (0'Connor 1978).
If, however, it grows to exceed the size of its nest mates
before food becomes limiting 1t could survive even if tha
rest of the brood dle. The evalution of a strategy to forage
more efficiently would not be restricted in this way if it
developed (in evolutiocnary time) before the asynchronous
hatching strategqy or 1f it arose in a larger member of the

brood.
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The Yoptimal foraging® behavicur regquired to maxinise prey
intake rate, when prey are simultaneously encountered by a
predator, has been shown by Waddington and Holden 1979 (see
alzo Krebs and McCleery 1984) to be the =selection, at each

choice, of the prey item which has the highest value of:

E/ht+t

where E

total energy value of food item.
ht

handling time.

t = travel time to the prey itenm.

It should be noted that unlike the classical sequential prey
encounter models (MacArthur amd Pianka 1966, Emlen 1966,
Schoener 1971 and Ereba £t al. 1977) the simultanecus
encounter nmodel predicts selection for a particular pray
item regardless of the abundance of other prey items of that
typa or of the abundance of prey items of other types. Under
most conditlons the simultanecus encounter »odels alao
predict partial preferences for different prey types
{Waddington and Heolden 197% and Waddington 1%82). This is=s
because the travel time to prey must be taken inteo account
whan calculating the benefit of eating any particular pray
item. Sometimes a small prey item of low profitability
{defined as E/ht) may be near enough to the predator to make

the wvalue of E/ht+t for that prey greater than Efht+t for
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any of the more profitable prey. When this occurs the
predator should eat the less profitable prey if it is to
maximise its prey intake rate. Howevaer when the difference
between the € values of all prey are small enough, such
that E/ht+t for the less profitable prey i= always smaller
than E/ht+t for the most profitable prey, partial

preferences are not predicted,

A Grey Heron chick *foraging®™ from a parental regurgitate on
the nest will always encounter prey very close together.
Since chicks ‘'travel! to prey using the darting stroke,
which iz a very rapid movement characteristic of most
foraging herons, travel time differences between prey will
be very small in comparison to prey handling times. Thus ht
will almost be equal to ht+t; this means that the optimal
behaviour for a Grey Heron chick selecting prey frem a bolus
within the nest will be selection for the prey item with the

greatest profitability (E/bt). Partial preferences are not
predicted.

A chick selecting and removing the most profitable prey from
the available food each time it makes a choice will have a
higher mean rate of intake (and will obtain more food) than
a randomly foraging chick when they are feeding from the
same food Dbolus. The randomly foraging chick somatines

wastes foraging time by eating sub-optimal prey which give
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it a lower reward rate than 1if it had chosen tha mnost

profitahle prey availlables.

This chapter examines the feeding behaviour of nestling Grey
Herons to determine whether they hehave in a way that nakes
then forage more efficiently. The study 1s based on
laboratory experinants which teat the predictions of the
Waddington and Holden simultaneocus prey encounter model. The
degree of prey selection made by the chicks is exaninad at
different lewvels of avallability of two prey types in
artificial regurgitates and at different degrees of
satlation of the bilrds.
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5.2 METHODS

Five broods of Grey Herons, each centalning 3 chicks from
the same neast, were taken, under licence, from Heronries in
the Rhone dalta S. France. The broods wers taken when tha
oldest chick in each nest was approximately 7 days old, and
were housed on artificial straw nests in the aviary
facilitias at the Statlon Biologicque de la Tour du valat,
Camargue. The chicks were kept warm using infra red lamps
untll thay could thermoragulate sfficlently at about 20 days
of age, When prey selection experiments were not in progreese
the chicks were fed ta satiation three times a day on a
mixture of chopped Eel (Anguilla anguilla), Carp (Cyprinue

carpio), BPBream (Abramis abramig) and other coarse fish
according to availabllity. The diet was suppleamented with

vitanin and calclum solutions several times a wesk.

The captive broods were separated intc two groups, broods

1,2 & 1 and broods 4 & 5. Different experiments were carried
out on the two groups. These are ocutlinad below:
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S.2.1 BROGODS 1,2 and 1.

Thase chicks were tested for their ability to select betwaen
two prey typee with different profitabilities. The prey
prezented to each brood were always comnpoged of two size
classes of fish pieces large and small (the same species of
fish, Bream, was used for both size classes so that both
prey types were identical in calerific value and nutrient
balanca) ., Piaces of mean weight 9.02 + 1.36 (S.D.) g. n = 50
{large) and i.14 + 0.23 (S.D.) g. n = 50 (small}, were used

in the experimental regurgitates.

The prey were placed randomly on a small piece of cardkhoard
(approx 10 cm. sguara) in front of the chicks which were
praventad, by means of a screen, from seeing the foocd until
the start of the experiment. Differences in trawvel time to
the prey were measured from video recordings mede while the
chicka were feeding and were found to ba always less than
0.25 secs. These dlffersnces for both pray sizes used in the
experiments, were small enough for a single optimal solution
to be predicted by the Waddington and Holden model, namely

aelection for the most profitable prey item available.

Video recordings were made of the six chicks from broods two
and three to mneasure the rate of prey iIntake of each

individual bird when they were fesding to satiation on the
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two differant types of prey. The mean prey intake of all the
chicks was calculated for each 10 sacond period until they
ware satlated. This was to test the basic assumption of the
optimality model, that the time taken to handle each prey
item is the factor which contrels thae prey intake rate of

each chick.

hz hirds remove prey Irom the requrgitate the abundance of
the available prey types changes. This makes it difficult to
distinguishk between changes in selection caused by changes
in availahility of each prey type, and changes in the state
aof satiation of the birda. To overcome this problem the
hirds were presented with small meals, all with the same
fixed iritial fregquencies of the twe prey types. The
experiment was then repeated until the chicks were satiated.
The degree of =selectjon for the most profitable prey type
can then ba determined within sach small meal. By comparing
the degrees of selection between the different meals it is
possible to determine if there are changes in the degree of

selection at diffearent stages of satiation.

The prey were presented at fixed 1initial freguencies of
[3L,28]), [3L,65]) and [€L,38]. Where [~ large prey type and
8= =small prey type. The order in which the two prey typses
were eaten wag recorded by the ovbsarver on a portable tape

recerder and meal duration was measured with a stopwatch.
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Chicks were colour marked with Cika Geigy acrylic paints on
the crown feathers, to facilitate individual recognition
doring the experinents. Each chick was tested for its
abjlity to select an optimal diet (1) when feeding with

another chick and (ii) when it was feeding alona.

The data from all birds were combined to determine the
mmber of the most profitable and least profitable prey that
ware eaten whilst there were =till prey of both types
available on the nest. From this it is possible to determine
the degree of selection for elther prey type. Changes in the
degree of selection cauesed by changes in the availability of
prey and the stata of satiation of the birdas were comparad

using the chi? test.

5.2.2 BROODS 4 & 5

Broods 4 & 5 were tested for tha abllity to select an
optimal diet (as for broods 1,2 k& 3), except that they were
given prey in a single fixed initial prey ratio [3L,68], and
chicks were tested only when feeding alone. Pieces of eel of
nean weight %.0% t 0.44 (5.D.} ¢g. and 1.18 + 0.32 (5.D.) 9.
{(n=72 large, n=48 swall) were used as prey in the
experimental regqurgitates. The profitability of the large

prey was then changed by inserting them inte slots on a
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wooden board, the smaller pray ware placed between the
glots. The handling time of the large prey was therafore
extended while that of the small prey remained unsffected.
This resulted in a change of the relative profitability of

the two prey types,

Avcording te the predictions of the optimality model the
chicka should eat the most profitable prey first, and
therefore we would expect that hefore axtending the handling
time of the large prey, the chicks would eat the large prey
before the small prey, but that afterwards they should

select the small prey first.

The data from all birds were combined to determine the
number of the most profitable and least profitable prey that
were eaten whilst <there were still prey of both types
avajlabla on the nast. Changes in the salection for large
and small pray, caused by changez 1n the relative
profitability of the two pray types were compared using the
chi? teat.

As a further test to see 1lf the bshaviour of the chicks was
influanced by prey miza, the =mix chicks from brocds 2 and 3
were individually given the c¢hoice bketween six small and a
single large plece of fish, just too large for them to eat
and af a size class that the chicks had net previously
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encountered. All prey used in the experiment were from the
aame specles of fish (Bream) and wara therefore identical in
quality. The time that each chick spent in attempting to eat
the large fish while there was stlll other food on the nest
was recorded on tape by an observer. The experiment was

repeated until the chicks were satiated.

The whola experimant wag then repeated for four further
neals. The data for each chick, within sach meal, were
corblined to calculate the mean time spent by chicks on the
large prey and the small prey. The mean time spent by the
chicks on the different prey types was compared, between
different meals, using a t test. Data were transformed using
the equation Log(t+l) where t= time spent on large prey, to

ensure a normal distribution for analysis using a £ test.
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5.3 RESULIS.

The remults are presented in two sactions relating to the

different experinents as cutlined in the methods.

5.3.1 EXPERTMENTE ON ERQODE 1,2 AND 3.

The handling timee, by chicks from brosds 1,2 & 3, of the
two different size clagees of prey (large and small pleces
of bream) are given in Table 5.1. This shows that the large
prey were over 5 times more profitable than the small prey.
Thus, according to the Waddington and Holden model the
¢hicks would be expectesd to eat the large prey bafora the
small prey regardless of the relative propertions of the two

8iza classea of prey in the artificial requrgitate.

The nean biomass intake of the six chicks from kreods 2 & 3,
calculated during the first six 10 second pericds, whilst
feading to satiation, on large and small prey {(at different
timas) iz showm in flg. 5.1. The figure clearly shows ti':at
the maximum rates achieved by each chick were very close to
the wvalue that would be expected for a prey intake rate
limited by the handling time of the prey. Thus, when the
chicks were hungry, the basic assumpticns of the Waddington
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TARIE 5.1 Mean Handling times (in secs. + S5.D.) and Mean
Biomass (in g. wet weight + 5.D.) of the two sizea of prey
presented to hroods 1,2 and 3.

Handling
Tine

Biomass

Hota:

The relative profitability
prey was 5.44.

[E/ht (L) ]/[E/ht(5)] of the



Bicuass intake in G. wet waight calculated for 10
second periods during meals of 1 minute duration.

CORE 5.1 The moan Biomass intake (+ B.E.) of chicks uunsuqi
Fr large and small prey items whilst feeding to satiation.

70 -

LARGE PREY

60 -

30 -

40 1

30 1

20 -

10 -

SMALL PREY

10 20 30 40 50 80

Time in seconds




and Holden optimality model were fulfilled. However, the
figqure shows that the intake of prey during subseguent 10
gecond periods fell. This arises because the chicks begin to
pause batween prey items as they become satiated. Thus their
prey intake rate is affected not only by the handling time
(a constraint imposed by the prey) but is also governed by
some othar factor. This suggests that hungry and partly
satiated chicks may select prey in different ways. Since
prey intake rate falls with satiation and since prey intake
rate is related to the time taken to eat a meal, I have used
the time taken to eat each small meal as an indication of

the level of satiation of the chicks during the experimentsa.

5.3.1.1 Selection for Pray Type:; Chicks Feeding Alone.

Tha degrea of selection made by chicke feeding alone on
fneals composed of diffarent proportiona of large and small

prey and at different stages of satlatlon are shown in table

5.2.

The table clearly shows that when the chicks were presented
with prey at an initial frequency of 3 Large and 3 small,
they ate significantly more large prey, at all stages of
satiation, than would be expected if they were choosing pray

at random (meal times 0-10 secs. ChiZ = 107.93 p< 0.001
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TABIE 5.2 The nunber of la {L} and samall ({5) prey saten
when both prey types were stlll available in the regurgitate.
Chicks feeding along.

naal time (seconds)

Initial Prey Pray
Avallabllitcy Typa 0~10 11=20 21=50 »50
3L, 38 L 124%%% E3kxk JGn 12gkn
s 5 10 12 78
L, &5 L - 47 kk 4202 1l5%kk
g2 - 19 21 117
6L, 38 L - TTRES G5k 6ins
s - & 10 20

Hote: The »50 secs. category includes all unfinighed meals.
Data from all chicks 1n broods 1,2 & 3 have been
combined for analysis.

*kwz pc 0,001, *%= p< 0.01, *= p< 0.05 ¢ChiZ2 test for the

cbserved frequency of Large k Small prey in the diet against
expected {(random) selection based upon relative abundance of
prey, d.f.= 1 in all tests Further detalls are given in the



d.f.= 1; meal time 11-20 secs., chiZ = 28,00 p< D.001 4d.f.=
1; meal times 21-50 secs. ChiZ = 11.02 p< 0.01 d.f.= 1: meal

times >50 seca. ChiZ = 11,66 p< 0.01 d.f.= 1).

Similarly at an initial prey presentation freguency of 3
Large prey and 6 Small prey, the chicke ate eignificantly
more large prey, at all stages of eatlation, than would ba
gxpected if they were cheesing prey at random (mpeal time l1-
20 msecs. Chi? = 40.93 pe D.00l d.f.= 1; meal times 21-50
secs. Chi2 = 30,02 p< 0.001 d.f.= 1; meal times >50 secs,

chi? = 26.85 p< 0.001 d.f.= 1).

However, when prey were presented at an initial prey
fregquency of 6 Large and 3 small, the chicks ate
aignificantly more large prey than would ba axpected fron
random, only during meale of 50 seconds duration or less
[peal time 11-20 secs. chi2 = 24.23 p< 0.001 d4.f£.= 1; neal
times 21-50 secs. Chi? = 12.62 p< 0.01 d4.f.= 1). During
meals of greater than 50 secs. duratlon the chlcks took
large and small prey in proportions not significantly
different from randem (meal times »>50 secs. Chi2 = 2.78 p»
0.05 d.f.= 1). This shews that at this initial pfey
prasentation frequency and when the chicks were approaching
satiation, they were tending to change from being selective
to being non selective,

Comparing between the shortest and longest meal durations,
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Cowparing between the shortezt and longeat meal durations,
at all initial presentation frequenciea, shows that there
was a significant reduction in selectivity for the Large
prey (3L,3S, chi? = 47.43 p<0.001 d.f.= 1; 3L,65 chi? = 8.83
p<0.01 A.f.= 1l: 6L,35 Chi? = 7.71 p< 0.01 d.f.= 1). This
conflrms the previocus fﬁﬂult and shows that at all initiasl
prey presentation frequencies, the chicks they were tending
to becone less selective as theay bacame zatiataed.

The degrea of selection for Large prey was also affected by
the initial prassntation frequencies of the two prey types.
A comparlson between tha i1nitial prasentation frecuencies
3L,68 and 6L,38 shows that at all stages of satiation the
birds were significantly more selective for the large prey
when the initial presentation fregquency of these prey was
higher than that of the Swall prey {(meal time 11-20 secs.
chi2 = 10.75 p< 0.0l d.f.= 1; meal times 21-50 secs. ChiZ =
6.75 p< 0.02 d.f.= 1; meal tilmes >50 =secs. chid = 15.B5 Pe
0.01 d.f.= 1). Thi=s contradicts the proposed model which
predicts that the selection for the most profitable prey
should not he affected by the relative abundance of sither

Prey type.
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5.3.1.1ii Belection for Prey Type:; Chicks Feeding Together

Takle 5.3 shows the degree of selaction made by chicks
foading with a competitor on meals composed of different
proportions of large and small prey and at different stages

of satiation.

When chicks were feeding together with a competiter at an
initial frequency of 31 Large and 3 =small, there was a
tendency for the chicks to select larger prey more often
than expected. However this trend was significant in only
three of the four groups af meal durations (meal times 0-10
secs. Chi2 = 38.19 pc 0.001 d.f.= 1; meal time 11-20 secs.
chi? = 21.75 p< 0.001 d.f.= 1; meal times >50 secs. chi? =
5.98 p< 0.02 4d.f.= 1). At meal times of between 21 and 50
EeceE. there was a similar trend for selection for large
prey, however this trend was not significant (Chi? = 3.06 p»

0.05 d.£f.= 1}.

At an initial prey presaentation frequency of 3 Large prey
and 6 Small prey, the chicks ate sgignificantly more large
prey, at all stages of satiation, than would be expected if
they were choosing prey at random (meal time 0-10 sacs. Chi?
= 25.52 p< D.0DL d.f.= 1; meal times 11-20 secs. Chi? =
33.12 p< 0.001 4.f.= 1; meal times 21-50 secs. Chi? = 19.59

p< 0.001 d.f.= 1; meal times »50 secs. Chi? = 29.26 p<
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TABRIE 5.3 The nuxber of large (L)} and small {3) prey wmaten

when both prey
Chicks feeding togather.

rey types were still availahle in the regurgitate.

meal time (secondsa)

Initial Prey Proy
Availability Type D-10 11-20 21-50 .14
jL,3s L 102%%% 67 hkk 12 n.5. 52
g a0 22 4 29
3L, 68 L J3RhR* BT WNh 24%k% BARRE
s 15 46 10 45
6L, 35 L 4gied GOk 17 n.s. S5k
5 0 9 5 G

Note: The >50 secs. catedory includes all unfinished meals.
Data from all chicks in broods 1,2 & 3 have bean

combined for analysis.

wkk= p< 0,001, **= p< 0.01, %= p< 0.05 Ch i2 test for
observed frequency of L & 5 in diet against randem axpected
selection based upon relative abundance of prey, d.f£.= 1 in
all tests.



0.00]1 4,.f,= 1). There was a similar trend when prey were
presented at an initial prey frequency of € Larga and 3
apall, however, the trend was significant only within the
firet two and the last groups of meal duration (meal time O-
11 secs. P = 0.00002 Fishers exact test; meal times 11=21
secs. Chi2 = 11.88 p< 0.001 d4.f.= 17 meal times >S50 secs.
¢hi? = 14.11 p< 0.001 d.f.= 1}. During meals of 21-50 secs.
duration the chicks took large and amall prey in
proportions not significantly different from random (Chi? =

0.69 p> 0.05 d.£.= 1]).

These results are very asimilar to those obtained when the
chicks wera feeding alone and show that, regardless of the
initlal presentation fregquency of the two types c¢f prey, the

chicks were tending to make a selection for the most

profiteble prey type.

However, comparing between the shortest and longest meal
durations, at all initial presantation frequencies, shows
that thara wams no significant reduction in selectivity for
the Large prey (3L,3S, chi? = 3.68 p>0.05 dA.f.= 1; 3L,68
¢hiZ2 = 1.11 p> 0.065 d.f.= 1; 6L,35 p = 0.055 frishers exact
test). This suggests that, when feeding together, chicks
remain selective for the nost prefitable prey type aven wvhen

they are approaching satiation.
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Comparing the degree of selection for large prey at
dirferent initial presentation frequencies of the twe prey
types (31L,68 and 6L,358) shows similar trends to those shown
by chicka feeding alone. However, thi= trend was significant
for only three of the four groups of meal Suration ([meal
time 0-10 secs. p = §.00002 Fishers Exact test; meal times
11-20 secs. ChiZ = 14.26 P 0.001 d.f.= 1; meal times »5D
secs. Chi2 = 17.27 p< 0.001 d.f.= 1). The non significant
result was associated with a small sanmple size {meal times

21~50 secs. Chi? = 0.059 p> 0.05 d.f.= 1}.

Again these results contradict the predictions of the model
and show that when feeding with a competiter, the degree of
gelection for the most profitable prey type was, to sone
extent, influenced by the relative abundance of the two prey

types.

5.3.1.iii Sumary of the results; broods 1, 2 & 3.

The chicks showed gignificant selection for the noat
profitahle prey type both when feeding alcone and Hﬁan
feeding with a competitor. The degree of selection, however,
was affected by the state of satlation of the chicks and by

the initial presantation frequencies of the prey even whan

the chicks were hungry.
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5.3.2 EXPERIMENTS ON BROODS 4 AND 5.

The results presented in the previous section do not
constitute a complete test of the model, because the strong
preference for the large (most profitable) prey type could
be interpreted as showing that the chicks have a preference
for larger pray regardlesa of the relative profitability of
the prey types. To investigate this hypothesis the
axperiment was repeated with broods 4 and 5. The selectivity
of the birds was tested with a fixed profitability far the
small prey and two different profitakilities for the large
prey. The largs preay wers the most profitable in the first
part af the experiment and the small prey were the most

profitable in the second.

The handling times of the two prey types befora and aftar
the changes 1n profitabllity, are shown in Table 5.4. This
shaws that, before the handling time of the large prey was
changed, large prey were over three and a half times more
profitable than emall prey and according to the Waddingteon
and Holden model the chicks would be expected tg aat the
large prey before the small prey,. After the handling time
of the large prey had been sxtended the small prey were over
two and a half times more profitable than the large prey
and according to the model the chicks would be expected to

eat the amall pray before the large pray.

192




TABLE 5.4 MHMean handling times (in Bece. + 8.D.) of the twp
prey types presanted to broods 4 and 5.

Prey Bandling Time Handling Time
Tvpa Hormal Extendad
Large 1.12 + 0.2 n = 7% 9.92 + 7. n = 52
Small .95 + 0.2 n = 60 unchangad

T rrrrrIr T — —— — — ———— i — — — sk e A o

Mote: Large prey weighed 5.09 + 0.44 (8.D.) 9. and amall prey
woighed 1.18 + 0.32 (8.D.) g. The relative
profitabilities (prof. Large / prof. small) of the two
pray types were 3.66 before and 0.4 after the change in

handling time of the large prey.




The degree of selection for the two prey types before and
after the changes in relative profitability of the prey wera
made, ara shown for different chicks in table 5.5. Becausas
of the way that the handling time of the large prey was
extended, there was conmiderable inter and intra chick
variation in the handling time of these prey. This resulted
in large varlations in the time taken to eat a neal which,
in turm made it impoesible to examine changes in zelecticn
with satiation., For this reason the results from each chick

wera analysed separately.

Table 5.5 shows that all chicks took elgnificantly meora
large prey than expected from a random cholce, but only when
thase prey were the most profitable (chick 1: chiZ = 142.9
p<0.001 d.€f.= 1. Chick 2: ChiZ = 61.5 p<0.601 d.f.= 1. Chick
3: Chi? = 231.4 p<0.001 d.f.= 1. Chick 4: Chi® = 117.97
p<0.001 d.£f.= 1). When the relative profitabilities of the
two prey types wers reversed so that the small prey becanme
relatively more profitable, three of the chicks (1,3 and 4)
took significantly more small prey than expacted Ifrom a
randen choice ((chick 1: Chi? = 73,98 p<¢.001 d.f.= 1. chick
3: chi? = 100.1 p<0.001 d.f.= 1. chick 4: Chi? = 107.6
p<d.001 4.£.= 1}. The other chick (2), however, continued to
show significant salaectivity for the large prey (chick 2:
chi2 = 12.66 p<0.001 d.f.= 1), although it took

sl¢nificantly more small prey in the =second part of the
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TABLE 5.5 The number of Large and Small prey aatan by the
chicks when hoth prey types were atill available in the
requrgitate, before and after changes in the relative
profitability of the prey.

Large Prey Mest Profitable

chick 1 chick 2 chick 3 chick 4

Relative 6.66 6.54 6.56 5.10
Profitabjlity

Prey L 129 Bldddk 147 hkd 137 ki
Type > 38 41 17 58

Small Prey Most Profitable

chick 1 chick 2 «c¢hick 3 chick ¢

Relative .69 0.83 0.23 0.16
Profitability

Pray L ESkkk 161 %k 12 kh4A RELT
Type s 355 222 258 2569

Nota: Relatlive profiltabllity is given as E/ht({Largye) /
E/ht({5mall). Prey availabllity was 31,65 in all
experiments. All meal durations combined except
unfiniehad meals. **+ = p< 0.001 chi 2 test obhserved
mmber of L and 5 prey against randem predicted choice.
@, f.= 1 in all cases.




experiment than in the first part (chi2 = 232,26 p<pd.001
d.f.= 1}.

An examination of the exact value of the relative
profitability of the two prey types when the small prey were
more prafitable zhows that, for chick 2z, the small pray were
only slightly more profitable than the large prey in this
part of the experiwent. If the degree cf selaction is
dependant on the benetfit to be derlived from selection, as
sugqgested by the results of Werner and Hall (1974}, we would
expect this chick to show the lowast degree of salection for
S prey in the latter part of the axperiment. This is in fact
the case. Howaver, chick 2 showed significant selection for
the less profitable pray instead of the more profitable prey
in the second part of the experiment. Therefore although the
changes in selection were in the predicted direction chick 2
did not kehave as predictad by the model.

5.3.3.1i Purther experiments on broods 4 and 3.

The mean time that the chicks spent in attempting to eat éhe
large rish while there was still other food on the nest, is
shown for the first and suhsegquent experimental repetiticns
during 5 different mesals in takle 5.6.
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TABLE 5.5 Mean time spent by the chicks bandling prey too
large toc eat, whilst thers was still edible food avnllahle on
the nest).

Firat Other

Presantation. Presentations.
w1 7 s 126 (ee 10 £ 055 (rerd
veaia. 57 ssor (e o6 oe (e
i 5. warsem ma aersos (s
wal 4 es3sas (e 0.7 £0us (i
vt 5. om0 som (mm  oursons (me

Note: Mean times are given in seconds + 5.E. The data within
the table are untransformed.



A comparieon betwgen the first preasentations of each meal
shows that the chicks spent a =significantly longer time
attampting to eat the large fish during the first meal than
during tha sacond neal (t=3.194 d.f=10 p<0.01). A similar
significant difference opccurred between »eals 4 and 5
{t=5.354 4.f.=-9 p<0.01) Dbut there were no significant

differences between meals 2 kK 3 or 3 & 4.

During the first encounter with the large prey (meal 1
pregantation 1) the c¢hicks spent significantly lenger on
the large prey tﬁan in any subsaequent presentation during
the Bame meal (t=9.299 d.f.=24 p<D.Ol). A similarly
significant trend cccurred within the three subsequant meals
( t=2.523 d.f£.=6 p<0.05, t=3.329 4.f,=6 p<0.02 and t=5.846

d,f.=7 p<D.0l, raspectively).

By the last meal the chicks had learnt that the large prey
could net be handled and almost completely ignored it in
favour of eating the small prey, during all presentations.
Thie behaviour appesars to he well adapted to maximising prey
intake rate, hecause a large fish (if it could be eaten)
will wusually reprasent the majority of food in the
regurgitate. On the first encounter with such a prey the
chicks have no evidence that it cannot be eaten and a chick
ignoring this prey could make a costly mistake (in terms of

losing food to other chicks in the brood) by not attempting
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to eat it. After previous experience of such prey, however,
chicks would do well to ignore them, since by attempting to
eat too large a fish they would he wasting valuable foraging
time, during which their sibling competitors could eat the

rest of the regurgitate.

The results from this experiment show that chlcks rapidly
learnt the handling time characteristics of the prey with
which they were confronted and that they altered their
behaviour in such a way that they ate their focd in a nore

efficient manner.
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5.4 DISCOSSION

The results presented in this chapter give qualitative
support to the Yoptimal diet" model outlined in the
intreduction, This shows that it 1s not only adult birds
which tend to follow foraging strategles that may improve
their efficiency whilst feeding (see chapter 2). The mast
likely explanation for such a behaviour, by chicks, is that
it has evolved to maximize individval prey intake rats,
probakly as a result of the gelectlon pressures lnduced by
inter-gibling competition. This is the first time that a
prey selection strategy of this type has Dbeen shown in
chicks, although other asatudies have shown the role of
alternativa strategqies, such as direct aggression, in the
apportiomment of tha parental regurgitate between sibling

neatlings (Mook 1984, Moser 1984, Fujioka 1985).

However, the chickz did not select prey as efficiently as
the nodel predicts. The main departure from the mcdel is
that the chicks showed only partial preferences for the mest
profitable prey type (see Tables 5.2, 5,2 & 5.5). 1In
addition one chick, in the experiment where the relative
profitability of the two prey types was reversed, renained
saelactive for the large prey even though thelr prefitability

had been changed such that they were less profitable than
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the small prey (see Tablae 5.5). Partial preferences which
are sSonetimes predicted by the rimultaneous presentation
nodel should not gccur with these experinents because, as
outlined earllier, the travel time differences hetween prey
were very small. There are, however, saveral reasons why the
bird2 may have shown only partial preferences for tha most
profitable pray type. These ara ocutlined below.

The efficiency of selection appeared to be influenced by the
internal state of the birds, since partially satiated birds
ware less selective for optimal prey than bungry birds (ses
Tables %.2 & 5.3). A similar decline in prey intake rate for
animals appreaching satlation was found by Sibly and
McFarland 1976 and McClaeary 1%77. As ocutlined in the results
the decline in prey intake as the chicks were approaching
satjation {see Figure 5.1) resulted beoause the chicks begin
to pause between prey items and thelr prey intake rate was
being affected by factors other than the handling time of
the pray. Since this contradicts the basic assumptions of
the Waddington and Holden model (that prey intake rate is
controlled only by the bandling time and the travel time to
pray), partly satiated chicks would not necessarily lhn
expectad to select only the most profitable prey type.
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This, however, doas not explain the ohservation that hungry
chicks (those which eat the meal in tha shoréest tima)
showaed partial preference for prey at all pragantation
frequenciee (except 6L,3S, chicks feeding together see table
5.3). It was not possible to starve tha chicks Ffor periods
longer than 12 houra because extended peariods of starvatiaon
inducad intersibling aggressicn, which on twe opccaeions
resulted in the near death cf amaller chicks. It is possible
that with longer periods of starvation the daegree of
selection shown for the wmore profitables prey type, during

the shortest meal times, may increase.

Discrimination errors may alsc account for partial
praferences and such errors may account for the unexpectad
result that the degres of selection was influesnced by prey
avallability. If the birds weras making discrimination errors
between prey one would expact that as the availability of
one prey type increases the birds would take that prey at
greater fregquencies than when itas availability was lower,
The increase in the number of leas profitable prey taken as
their availakility was increased (see tabkbles 5.2 & 5.3)
supports this hypothesis. Rechtan gt a1. 1982 have shown
that discrimination errors were at least partly respensible
for the partial preferences made by the Great tits (Parus
paior) in the optimwal foraging experiments of Krebs et al.
1977.
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In addition to discrimination errors partial prefersnces may
also occur for a variety of other reasons. Bnyderman ([1983)
found that experience was an important factor which
influenced the degrea of selectivity shown by pilgeons. The
rasults from the additional experimente on broods 4 & 5
suggest that the birds reguire a certain time period to
laarn tha handling time characteristics of the prey. This
may explain some of the partial praferances shown in the
earlier sxperiwents, since raesults from relatively naive and
experienced birds were combined within experinentz to give

sufficient data for analysis.

Other factors such as some reluctance of the birds to accept
that amaller pray arse of the same nutrient quality as larger
prey {Pyke 1584) may also account for partlal preferences. A
final consideration in the eaxplesnation of the partial
preferances ghown by the bhirds is thaelr aga. The chicks were
only betwean 10 and 3D days old and although ne attempt was
nade to explore the development of prey salection behaviour
with age it is wvery likely that younger bkirds are less
efficient in prey salection than older ones. This is because
motor and perception skills can change rapidly in young

birds (O'Connor 1984).
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Az outlined earlier, the reduction in prey intake rate with
satiation (see Figure 5.1) shows that hanﬁling time
constraints are not the only factor which governs the prey
intake rate of the chicks. It is ﬁnssible that a digestive
bottleneck similar to those found in humming birds (Diamend
at gl. 1986) was responsible for the chicks pausing between
pray as they became zatiated. Alternatively the motivational
stata of chicks approaching satiation may change, for
example they might divert time and energy normally spent on
feeding, intoe other activities (Sibly and McFarland 1976).
The greater degree of selection for the more profitahle prey
type shown by birds feeding with a competitor (compared with
birds feeding alone) supportas the hypothesis that

motivational state affects feeding behaviour.

Grey Heron chicks are involved in very few activities on the
nest at this age and most of their time ia aspent seither
faeding or rasting (pers obs). However predator avoidance
may be an important factor which conpetes with feeding
efficiency in determining feading behaviour. It is possible
that as they approach satiation, chicks switch from
cancentrating on prey type to more vigilant behaviour to
detect potential predators. MHarsh Harriers (Circus
asruginosuy) the moet common predator of Heron chicks in the
Cawargue, naver attack whilst an adult Heron is present, but

during socme feeding houts parents leave the nest immediately
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after regurglitation even during the chick guarding peried.
Although most young Heron chicks are unable to leave the
negt, they often attempt to avold datectlon by erouching low
or dater predators with diaplays of aggression. This may
result in differential seurvival of hungry and satiated
chicks during a predator attack and may explain the changes
in chick behavicur with satiation. It should ba possible to
teat this hypothesis by examining tha reactions of hungry
and =satlated chicke to a model predator whilest they are

feeding.

The current study concentrated on the abllity of chicks to
selact baetwean types of different profitablility in terms of
enaergy lintake rate. Howevar, 1t is pecesikle that, in the
wild, chicks may also select prey on criteriz other than
relative profitabllity. For example chicks counld select prey
on nutrient guality. Diet selection based on nutrient
quality has besn shown In Moose by Belovsky (1978),
Similarly adult birds have been shown to change the diat of
thelr nestlings in a response tc the changing nutrient

raquirenentas of the chicks (Yom-Tov 1975},

Optinal diast selection by Herom chicks mpay, when it first
appeared in the specles, have been an important factor in
detarmining individual survival of nestlings. However, once

all members of the population beshave in tha same way the
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behaviour will confer no relative advantage to any chick
although the behaviour must be maintained because of the
disadvantages of not being melective when other nest membars
are. It la alao possible that by malecting batwsen prey
types 1n the nest chicks learn Yoptimal foraging®
behaviours that allow them to forage more succassfully once

they bave fledged and start catching prey for thamsglves.
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5.5

1)

2)

#)

Gray Heron chicks were teatmd on their ahility to
Balact between two prey typex, large and small,
which differed only in their relative
profitabliities. In the first experiments the
large prey wera the mora profitable. When they
ware hungry the rate of biomass intake of the
chicks was controlled by the handling time of the
prey. However, whan the chicks were appreaching
gatlation their biomass intake rate fell. Thus,
factors other than the handling time of the prey,
muet have alsc been affecting the biomass intake

ratea of partly satiated chicks,

When feeding alone and at most initial
presentation frequencies of the two prey types,
the chicks showed a significant salection fer the

more profitakle prey type.

As the chicks approached satiation they became

less selective for the most profitable prey.
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4)

3)

)

Tha degrae of selection for the more profitable
pray type was dependant on the initial
presentation frequency of the two pray types. This
contradictas the proposed optimal diet model which
predicts saelection for the more profitable prey
regardlesa of the relative proportions of the prey
types.

When feeding together with a competitor, the
trends for prey selectlon were very sinllar to
those shown by the chicke fseding alone. Howaver,
the chicks tended to remain selective for the mora

prafitable prey svan az they approaached satiation.

In an expariment where the relative
profitabilities of the two pray types was
reversed, three of the four chicks tested,
reverged their selection for the two prey types asg
predicted by the wodel. The other chick, however,
daid not reverse its selection and teook the less
profitable prey after their relative
profitabilities had been reversad. This may ha;a
been because, for this chick, the change in
relative profitabilities of the two prey types was

ralatively small.
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7)

8}

When the chickes were presented with a prey type
which was just too large for them teo eat thay scon
learnt to ignore this prey in favour of consuming

uora profitable prey.

The results support the optimal diat model and
show that Grey Heron chicks tend to consuma prey
that maxinisa their bicmass intake rate when
foraging. This behavicur may be a response to

compatition, from aiblings, for food.
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CHAPTER & GERERAL DISCUSSION

THE FORAGING ECOLOGY OF THE GHEY HERON:

IMPLICATIONS FOR THE SUCCESE AND CONSERVATION OF THE SPECIES.
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The first pair of Gray Herons were recorded breeding in the
Comargue in 1965 by Blondel (1965). Since then 1ts numbers
have rigen, more or less steadily and in 1989 the breeding
population stood at 1122 pairs. The population is stjll
being reinforced by the southern migration of northern
european birds particularly from Germany and Switzerland,
This suggests that the habitats within the Camargue have npt
reached their carrying capacity for this specias and that
1ts numbers may continue to rise ovar the next few years.
There is no doubt that, 1n addition to other factore such aa
the abundance of suitable nesting habitat, the success of
the Grey Heron in the Camargue is partly due to the
abundance of suitable foocd and feeding sites both for over-
wintering and breeding birds. HNevertheless, scpme of the

wintering birds return to northern Europe to breed,

The material presented in earlier chapters addressed
gspecific issues and hypotheses related to the foraging
patterns, feeding behaviour and diet of Grey Herons in the
Camarguse. This disgcuesion chapter focuses on soma broader
issues and in particular exaniper how food and foraging
behaviour may influence the success and survival of herons

at different stages of their life cycle. Such factors will
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ultimately control the ability of the species to
successfully colonise new habitats such as the Camargue, I
conclude the chapter by discusaing the implication= of scoe
of these factors for the conservation of the species

throughout ita range.

Although the issues within this chapter are discussed in
relation to the Grey Heron they may alsoc be of relevance to
other heron species and, to some extent, other large species

of coleonial waterbird.

6.2 The influence of food and foraging behavicur on the

success and survival of Grey HBerons

Lack (1950} suggested that the time of hatching in bird
spacles was timed to colnclde with the period when their
food was most abundant. Owen (1955) confirmed thie for the
Grey Heron amd showad that the breeding success of the
apecies was related to the availability of food since, when
food was short, it was common for some of the brood to die
of starvation. He also showed that, through asynchronous
hatching, the youngest and smaller chicks, rather than the
whole of the brood, died at tinss of food shortage (Owen
1960) . However, in addition to the amount of food avallable

to the birds other Factors, such as the =ize and even
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specles of prey, may also affect the success and survival of

individuals at all stages of their life cycle,

In chapter 4, I discussed prey size constraints and showed
that parents sometimes caught prey that were too large for
their chicks to eat, This was alsc shown by Moser (1984). T
also showed that parents sometimes avoided the problems of
catching prey too large for their chicks, by pre-digesting
large prey and feeding them to thelr chicks in small pieces.
However, there is a time penalty incurred in pre-digesting
pray which, if all thae prey brought back to the nest had to
be pre-digested, could create a "hettle neck® in the normal
time budgets =such that parents were spending time pre-
digesting large prey rather than catching additional smaller
food items for their breod. In these circumstances the
dalivary rate of food to the brood would ke reduced and some
of the hrood could die, either directly through starvation

or indirectly from inter—-sibling aggression.

In the Camarque such a problem would be unlikely to occur
because of the wide range of prey size classes brought back
to the nest. However, in other areas this may not be Ehe
case. The breeding success of Arctic terns (Starna
paradisea) and indeed many other sea birds, in the north of
Scotland, has fallen dramatically in recent years, primarily

because of changsa in rood availability associated with
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cnmnrcial fishing of the Sand-eels (Ammodytes spp.) their
rrinciple prey (Avery & Green 198%). The reduction in the
avallability of prey seems %o have resulted from the
disappearance of the O-group fish (first year fish), which
ultimately caused a crash in the whole sand eel population.
In some areas Arctic tern chicke were observed dylng of
starvation because their parents could catch only l-group
fish {fish in the second year after hatching) which were too

large for the chicks to eat (Utley pers. com.).

Although terna are unable to predigest prey for their chicks
(they carry food in their bills not in the oescphagus or
stomach), the case of the Arctic Tern shows how lmportant it
iz for sone apecies to catch pray of oaertain size classes
for their young. It ieg peossible that, if small sized prey
wers completely absent from the herons diet, Grey Heron
parents might not be able to pre-digest large pray at a rate
sufficlent to satisfy the food demands of thelr breood and

chick deaths could result.

inother way in which prey slze can affect the survival of
chicks iR through inter-zibling competition. Mock (1984)
proposed that siblicidal aggression is facultative, with
prey gize (spaecifically, its "monopolisability") serving as
a key proximate cause. In an experiment Iinvolving cross-

fostering between two different species of Heron, Hock
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provided some evidence to support his hypothesiz. If prey
slza and monopoligakility elicit sibhling aggression, when
amall defendable prey are fed to chicks, aggression may
regult in the death of smaller brood members. When large,
non-defandable prey are fad teo chicks siblicidal aggression

nay not cccur.

In chapters 3 and 4, I suggested that factors such as the
nutrient quality of prey may alzo affect the survival of the
birds. Kluyver [1933]) found that starling {(Sturnys vulgaris)
chicks fed only on larval leatherjackets (Tipula paludosa)
produced watery faecal saca which burst before the parents
could remove them. The chicks becams fouled and wet and
could not thermoregulate properly. Kluyver concluded that
chickes fed on Leaatheriackets sufferesd higher mortality than
chicks fed on other prey. Herons do not normally eat
Laatherjackete, howevar, an Iimportant species within their
diet 18 Carp, which i known to contain an enzyme which can
cause vitamin deflelencies in piscivorocus animals (see
chapter 4). It therefore possible that, in soume areas, whara
the diversity of prey is low, the species of prey caught by
Herons may affect their own chances of survival eor, more

1ikely, in the breeding seascon that of their chicks,
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Thera is thersfore evidence to suggest that, in addition ta
the availability of prey, factorgs such as pray type
{epecifically prey speciea and pray size classes] could
affect the survival of both adults and chicks. Thus the
breeding success of herons in different areas could, to sone
extent, be dependant on prey type rather than the gquantity
of food thet the birds can catch.

The ability of herons to locate and exploit food resources
can also affect their success and survival. In chapter three
Some of the evidence that I presented suggests that bLoth
fledglings and adults wuse the breeding colony as an
information centre for the locatlon of unpredictable feod
resources. The evidence also suggests that the information
centre function of the colony way vary with the rate of
departures to the feeding grounda. This supports the Scott
Forkbes hypothesis which suggests that when the numbers of
departures from the ceclony are low, the time penalties
incurred by peotential feollowers may be sufficlent for them
to stop using the colony as an information centre. Scott
Forbes suggested that because of this, small colonles could

not functicn as information centres.
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In areas where breeding ooclanies are small, for exanpls
where nesting sites are limited, or where colonisation of
the area has just bagun, the abjlity of hoth adults and
fledglings to use tha colany as an infeormation centre will
be reduced. This could saveraly affect the ability pf birds
to locate feoed within unpredictable environments and could
result in reduced survival and breeding success, I have
insufficient information to test whathar breeding success in
Camargue Grey Heron colonies varied with colony size or age.
However, 1in an area where there are few other colony
memhers, competition hetween individuals for food, once the
faeding area has been located, ils likely to be low. Thus
individuals may achleve a higher foraging success which, in
some cases, could compen@ate for the reduced abllity to

lacata food patches.

The size of tha local heron population may also affect the
success of fledglings in a different way. Fledglings are
less efficient than adults in their foraging =skills (Recher
& Recher 1968) and thera is evidence that birda learn such
skille, and sonetimea the location of foraging sites, by
social obeservation on the foraging grounds (Kushlanm 19B1).
In areas where the local populations of herons are small,
fledglings may be severely disadvantaged and may take longer
to acgquire both foraging skills and information akout thelr

foraging environment. This would reduce their rate of food
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intake and could reduce their post fledgling survival.

Another way <Lhat the size of the local heron population
could affect the survival of hercne is through competition
on the feeding grounds. In Chapter 1, I provided some
evidence that suggeated that in the Camargue Grey Herons
show a range of social feraging strategies from permanent
territoriality to fleck foraging. Eowaever, regardless of the
type of social foraging strateqgqy shown by the birds, the
interactions between individuals may reduce their foraging
success and possibly their survival. Where individual birds
hold exclusive feeding territories the foraging sucoess of
competitors may be reduced since they cannot gain access to
the food patcheas defended by the territory ownar. In areas
where birds reed In rlocks Iinterferencae between individuals.
may depress the foraging succe=s of flock members. When the
population is well below the carrying cepacity {in terms of
feeding habitat) for that species, the effects of
competition between territory heldars and flock memkers, on
the foraging success of iIindividualzs ls likely te be small
and most individuals would be expected to forage
successfully and to raime chicks. However, if the population
was close to the carrying capacity of the habitat for that
species the effects of competition between individuals would
be expected to be much greater. At this stage the individual

competitive abilities of the birds wpould be expected to
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determnine which individuals had accese to ths bast
territories or which could dominate within the flock and
only the competitively superlior individuales would be
expected to forage mucceasfully and raise chicks.
Competitively inferior birds might be unable to breed or may

have to leave the area to breed elsewhera.

outeide the breading ssason factors such as tha leocal
population aize way ba expected to affect the foraging
auccass of indlviduals in much the same way as it doas
during the breeding s=season. However, when they are not
breeding, herens do not have to foous their attention within
easy foraging range of the breeding colony. They are
therafore free to move to areas whera their foraging
success may be highar. There are conslderable differences in
the patterns of movement amcngst camargue Grey Herons in
winter. Ons hird from the Carrelet colony in 1984 occupied
the same feeding territory that it had used throughout the
braeding season, during tha followlng winter and again at
the start of the next breeding seaseon. In contrast another
bird from a nearby colony was found in Senegal West Africa
the winter after it had been ringed in the Camargque. Such
differences in the eaxtent of novement batween summer and
winter feeding arsas are observed in Grey Heron populations
throughout Eurcpe (Hancock and Kushlan 1984). The choice of

over-wintering strategy by mn individual wmay be dependant on
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factors such as body conditien, competitive ability,
severity of the climate and local food availabllity. There

may also bae a genetlc component in such behavicurs,

The advantages of staying near the Dbreeding colony
throughout the winter may ba considerabla., Por instance
individuals may ohtain faniliarity with feeding sites such
that they can explolt patches more afficiently and have a
greater breeding success the fellowing breeding season.
Over—-wintering near the colaony may algc allow individunals tno
start breeding earlier than migratory birds and may also
give them tha firat cholce eof naest sgites and of mates.
Conversely migrating bafora tha winter may help individuals
avold competltion on the feeding grounds and to avoid harsh
weather conditions. It is posesible that, in areas where
wintera are mild, food is abundant and where there is little
competition between birds, that most of the population
overwinters in the vicinity of the breeding colony. Whereas
in areas where winters are zsevera, prey populations are low
and where competition hetween individuals is high, many

individuals way nigrate.
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€.3 The feadiny ecology of the Grey Heron; Implications for
the conservation of the spacies.

Over much of its range the Gray heron is not endangered, but
severe winters and to some extent persecution by fish
farmers have reduced the population in some areas (Hancock
and Kushlan 1984). Hancock and Fushlan consider that, in
Britain, bresding stocks of the spaciez are under pressure
and could be threatened 1f pollutlon, climatic factors and
persecution by fish farmers combine to reduce the population
further. Many of the factors discussed in this the=sis have

important implications for the conservation of the species.

The relationship between the abundance of appropriate food
and the size of Grey Heron populations is well known and it
is obviouasly important that, if the species is to be
conserved, the prey populations are managed. The nansgement
of prey populations should ensure that there is an abundance
of prey, particularly species such as Carp, Eels, Sunperch
and aquatic insects, in areas suitable for the birds to feed
in, at all times of year and especially during the breeding
season. This could be achisved through habitat manipulation,
the artiriclal introduction of =suitable prey or the removal

or control of potential predators of important prey species.
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However, it may not always be sufficlent to ensure that
thera is an abundance of prey for tha birdas to feed on. As
outlined in this discussion both the size and species of
prey within the feeding grounds may have Important
implications for the survival of the birds. At present we do
not know for certain if a diet consisting entirely of Carp,
or indeed any other single prey specles, could adversely
affect the success or survival of individuals. ¥Nor do we
know 1f parents can feed their small chicks exclusively on a
diet of pre-digested large prey. However, these may Dbe
important factaors controlling the survival of populations in
some armwas, If such factors are important, then it will be
necessary to manage the prey populations within potential
congarvation areas to ensure that there is a diversity of
Prey in tarms of beoth specier and prey size. Such management
oould include the nonitoring of prey populations, the
nanagewent of habitats to ensure that a diversity of prey
speclies can thrive and possibly even the controlled

introduction of new prey species.

A programme of further research is necessary to determine
just how important such factors are. This comld include the
captive rearing of chicks to determine how dilets composed of
different prey types affect chick survival and growth rates.
Further observations on colonies or even on captive fanilies

{including parents) will also be necessary to determine
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whether parents can swccessfully feed their chicks on pre-
digested large prey without suffering time budget problems.
If these factors are ldentifled as potential problems, then
additional research will ﬁe required on the prey populations
to see hew they can be successfully managed to increase

their abundance and diversity.

Additicnal research should be carried sut on the diet and
feeding behaviour of newly fledged chicks. It is probably
Just after fledging that many individuals begin to
experience problems through being unable to find encugh
food. If the diet of fledglings can be identified then it
may be possible to determine which prey species are casiest
for thewm te catch. Such species could then be sncouraged in
habitats near to the breeding colecniezs ta give fledglings a
better food supply thus improving their foraging success and
thely poat fladging survival.

In unpredictable rfeeding areas it 1ls likely that, whare the
populations of birds are small, birds may have difficulty in
locating good patches to feed in. To overcome this problewx
efforts could be made to attract birds toc good feadineg afgas
with the use of lures or models, Herons are known to be
attracted to such lures and attracting them to good feeding
areas mbay increase their foraging success sufficiently to

aensure thair survival or isprove their breeding success.
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Alternatively, measuraes could be undertaken to improve the
stability and predictabillity of food patches. This could
include management of habitats to increase or stabilise prey

populations.

Once a Heron peopulation has expanded individuals could use
the bresading colony as an information centre or they might
locate good feeding areas through social facilitation. At
such a time measures, to atabilize the prediectability eof
the hakitat or to attract birds to good feeding areas, may

not be necessary.

In the Camargue, wmany fesding arsams are temporary and
although these appear to provide good feeding conditions the
management of such habitats 1s important if a diversity aof
pray is to be encouraged. In particular, m»any temporary
marshes dry out completely during the sumner and unless they
ara re—-connacted to parmanent water bodies contalning stocks
of f£ish, the populations of parmanently aguatic prey could
ke lost c<completely. MHanagement of such habltate could
include the creation of permanent water reservoirs within
tha temporary marsh, to provide a refuge for fish and other
perpanently aquatic prey when the raest of the marsh dries
out. Alternatively the connecting together of parmanent and
temporary water bodles would ensure that, once the temporary

marsh has re-filled with water, the prey populations could
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mave back in.

In conclusion, to ensure the conservation of tha Grey Heron,
throughout its range, further detailed research is needed on
specific aspects of its feeding ecology. This i1nciudes
further research on the dietary requirements of the species
aespeclally of chicks and Ifledglinga and further research
inte tha wmanagemsnt and manipulation of prey populations.
Unle=sa this 1ie c¢arried out the conservation of Grey Beron
populaticne in some areas may be difficult or impossible to

achleve.
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Appendix 1 ILatin names of prey jitems in the diet of Grey
Horona Iin the Camargue.

Fish,

Roach ({Rutjlus rutjilyg)
Mullet {Mugil sp.)
Atherine (Atherina =p.)
Ganbuzia (Gambuaia affinis)
Btickleback (Gagterosteus aculeatus)
Catfish (Ictalurus nebulogus)

Pike (Esox luciue)

Flounder (Flesug flesus)

Pipe fish (Sygnathus abaster).

Insects.
Aquatic insect larvaa {(Coleoptera and Odonata)
Adult Insecte (Odonata + Mole cricket)

Amphiblans.
Frog (Rana sp.)
Amphibian Jarvaa (Rana sp.)

Crustaceans.
Crab (carcinus sp.)
Crayfish (Capbaris affinis)
Shrimp (Crangon & Palaeomon)

Reptiles.
Snake (Natrlx sp.)

Mammals.
Shrew (Sorex sp.)
Brown Rat (Rattus rattus)
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