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JOHEN R. EREBS

ability of any one individual to find 2 clump will be enhanced if it can take”

advantage of the searching power of a whole group of individuals (see also

FIsHER, 1954; Horn, 1068). The suggestion is that individuals that have beesr

unsuccessful in searching for food follow successful individuals out o7 the

colony on foraging trips. Thus the advantage to an individual of being in the .
colony is that there is more opportunity to observe other birds and if necessary -

to follow them to good feeding areas. The same sort of argument has been

applied to communal roosts by Zamavi (1971), Warp (1965) and Sikc- -
FRIED {1971), and the phenomenon of unsuccessful birds ‘copying’ successful
individuals has been shown to occur on a finer scale in winter flocks of ﬂ& ]

(KrEBs ef al., 1972) and pigeons (Murtox, 19712, b).

Evidence for the ‘information centre’ hypothesis is either anecdotal or

indirect. Warp (1965), and S1eGrFrIED (1¢71) have observed that when

birds leave the colony in the morning, some individuals hang back and wait .
until other, more ‘purposeful’ individuals fly out, and then they follow these:

individuals. Hor~ (1968) found that the one of the major food times of

occurs in large but ephemeral clumps that are unpredictable in time, then the

Gow ™ dmiten

[

nesting Brewer’s Blackbirds, newly emerged damsel flies, were spatially un-

predictable in their distribution (depending on where the wind carried them)

and that the blackbirds were highly efficient at capitalising on temporary local -

concentrations of food. He interpreted this as being a consequence of the birds
following each other to food sources, and observed directly instances of fol-

lowing in the field. Less direct evidence for the hypothesis comes from com-
paring the ability of birds in the center and at the edge of a colony to raise

young, the argument being that center birds have more possibilities for fol-
lowing neighbours to feeding grounds and should therefore be able to collect

more food for the young (similar arguments could be applied to colonies of :
different sizes). Horxy (1968) found that young of central nests grew faster

than young from peripheral nests, and Exrexn (1971} showed that in Bank

Swallows central nesters had a higher reproductive success than edge birds.:
In these instances differential predation did not seem to be an important
factor (cf. PaTTERSON, 1665 and TENaza, 1971). However, simply showing
a difference between edge and centre birds may not tell us anything about .

the use of the colony as an information centre, since the differences may
reflect differences in the age or quality of birds (Coursox, 1g71; TENazZA,
1971; Barpa & Bartemaw, 1972). Hory (1968) discusses this point and

.

IR VN SREE Y A ST SRS

argues that since the clutch sizes are the same for edge and centre birds, only -

the growth rate of young being different, there are no @Hmnmﬂannmm in @c@:@.

between the birds.

In order to gmﬁommﬁmwm convineingly that the colony acts as an information -
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102 . JOHN R. KREBS

model predicts colonial nesting in a species which exploits ephemeral, clumped
food, even without the considerations of an information centre, just because -
it minimises travel distance. Whilst T agree with HorN's theoretical anatysis, -
I did not try to collect data to test his hypothesis, firstly because it is difficult |

to devise a simple empirical test, and secondly because the colony that I
studied was clearly not in the centre of the utilised foraging patches (Fig. 1),.

an assurnption of Horn's model: of course it can be argued that the colony’
was at some stege in the past in the centre of the utilised foraging areas.
Lack (1968) among others, has argued that colonial nesting in many species.”
may be primarily an antipredator device, KruTrx (1964) and PATTERSON -

Fig. 1. A map showing the relationship between the colony and the main feeding grounds.

The feeding areas, shown cross-hatched, are numbered according to the divisions used -
in Tables 1 and 2. The feeding areas shown on the map are not the only ones used by the .

“ herons, but are the most important ones, at least in the breeding season.

(1965) have shown how in the Blackheaded Gull (Larus ridibundus) the k
communal mobbing of aerial predators by the parents gives protection to the -
young. As 2 result, nests in the middle of the colony have a lower rate of
predation than nests at the edge. Even in species which do not have com-.
munal antipredator displays, colonial nesting could reduce predation of any

individual due to a swamping effect. Further, if safe nesting sites are in

short supply, densely packed colonies may arise in the few highly protected
places which are available (CroOX, 1964). Although heron colonies do sufier .
considerable nest predation (e.g. JENNI, 1969), the striking feature of this -
is that the adults have virtually no antipredator behaviour (MiLstTeIN ef al, -
1970 review this extemsively). In several instances of egg predation by ..
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were collected at Iona Island (Fig. 3)  from a man-made stone jetty some 2.2 miles
long. The intertidal area to the north of this jetty is largely sandy, and to the south
. extremely soft mud. The outfall channel of the Ioms Island Mmﬁ‘maa M.H.mpﬂﬁﬁ.n wu“.m.nﬁ
- is immediately to the south of the jetty.

shservatien
platiorm

of the colony into different ‘nest areas’ for the analyses in Tables 2 and 3. ?mﬂm are
shown by black circles; open circles represent tall trees used a3 land marks.

Fig. 3. A map of Point Grey and Iona Island to show the positions of the cbservers
who were recording flights from the heronry to the feeding grounds, The positions of
the observers are shown by open squares. The long jetty on which the third observer
stood was also the place wherce most of the feediny data were collected.

Fig. 2. A map of the colony showing the position of the owunﬁm.ﬂoa hide and the division
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106 . JOHN R. KREBS

these data is presented in Pamve (rg7r); here I only deal with departures from the
colony and not arrivals, In total the data were successfully correlated for 10 days giving
a total of over 400 flights. Obscrvations were made throughout the nestling pertod of &
about 50 days, but only on 10 of these days were the observations considered good enough
to warrant detziled anzlysis. The days were not all successive. o T

RESULTS S

A. Treating thecolony asa whole: . L

(i) Utilisation of different feeding areas: Tt

Table 1 shows that the birds do utilise different feeding areas on different
days, and that there is a tendency for the colony to switch from one area to
another in unison on different days. For example, on days 3 and 4, area 3
was the most popular, and on days 5 and 7, area 5 was used most. On some

days, several areas seemed to be equally popular. One possible interpretation

TABLE 1

Data showing that the herons tended io use different feeding areas
on different days . o .

Days : .
x z 3 4 5 6 7 8 9 . g
@ 1 z 2 I 2 7 3 3 6 10 b4
& 2 1 I 4 3 8 1 o s 7 I
< 3 1 i3 20 - 24 & 4 3 1 2 z
& 4 o 7 2 5 9 5 6 17 I3 5
"w 5 2 3 I 3 27 8 15 II 20 4!
o X2, 4y = 11201 {p<C0.00I).

The numbers in the matrix of the Table refer to the numbers of departures o different
feeding areas observed om various days. A chi-square analysis of the Table shows
that days are heterogeneous with respect to feeding areas.

of these data is that the birds are showing a seasonal trend to move from
one area to another, and that they are behaving quite independently of one -
another but all responding to some environmental cue. Table 1 does not .
suggest an obvious systematic trend with time, and the data on timing of
departures which I present below suggests that the birds are not behaving
independently. : _ . -
(i) Intervals between successive departures: _ .

The amalysis of clumping of departure times was complicated by the fact
that the birds show a tidal rhythm of departure frequency (Fig. 4), which
would in itself introduce an element of clumping if one anelysed the data
for 2 whole day. To get around this, I analysed just the departures occurring
during the peak of activity at low tide. The cut-off points for this analysis |
are shown in Figure 4. To analyse for clumping, I compared the distribution

COLOXNIAL
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108 JOHN R. EREBS

Summarising, Emmm two bits of evidence suggest Emﬂ Em birds mozo.% one
another out of the colony and that ﬁr@ switch from one mmmmBm area 8
another on different days.

B. Subdividing the colony into m:mmoﬂan; nest manmm._.
(i) The use of different feeding areas:

To test whether birds from neighbouring nests tended to use the same:
feeding areas, I divided the data according to the nest areas described above. -
I then calculated for each area separately the proportion of birds using @b .
feeding grounds most favoured by that nest area described. For example if -
from nest area A, more birds went to feeding ground 3 than to any other,-

and 8 out of 16 observed ilights were to this area, the proportion going fo
the most favoured feeding ground would be 50%%. I compared this proportion

with a similar percentage calculated by treating thé colony as a whole; the

proportion of birds going to the feeding area most used by the colony for
each day. The rationale of this is that if within a nest area, birds have a

stronger tendency to use the same feeding ground than does the colony as a °
whole, the within area proportion should be larger than the proportion

calculated for the colony as a group. Because the number of observations for
any one day was quite small, I had to combine days for the analysis. This

TABLE =z

A test to see whether or not birds from within one nesting area show a
stronger tendency to go to some feeding area than do birds from the
colowy as a whole

Number of birds going to:

“best” 1) feeding Other feeding - Percent going to
Nest Area "~ area for that %.% . areas o “best” arca -
A 335 <45 : 43
B 31 T3 N 44
C 25 21 ' i 54
D 24 18 . 57
E 38 o 38 30
F 43 41 )
Combined 2) *within areas” 188 202 4895
Colony total 160 230 TG

*k X2 = 407, D < 0.05. - .
1) The “best” feeding area for a day is defined as the area to which most birds

departed from a nest area (or from the colony 2s a whole in the last row of the Table).
2) Heterogeneity X2 ., = 5.23 (p > 0.30).

Data for the separate nest areas and for areas combined are shown. \When the data

for different nest areas are combined there is a significant effect (p < 0.03), different

arcas all show the same ﬂ.mﬁm.
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110 . JOHN R. KREBS

geneity from scanning the data, but the number of observations on each day.-
was not large enough to test this statistically. The results (Table 3) show that

four of the six areas show a significant tendency for departures to occur in
groups (i.e. there is a greater likelihood of two departures from the same area

following one ancther than expected). If the data for the six areas are

combined (heterogeneity X2 not significant), the effect is highly significan

Thus the analysis of departures from different parts of the colony sup-
ports the idea that birds terd to follow their near neighbours. Birds from

neighbouring nests show both a stronger tendency to use the same feeding

areas, and fo leave the colony at the same time, than expected by chance.
As I mentioned in the introduction, the informaticon centre hypothesis postu-
lates that successful birds are followed by unsuccessful birds. I have only

shown that birds respond to their neighbours, and have no information on

the roles of move and less successful individuals. These data could in theory -
be collected by weighing the food regurtitated to chicks and noting the actual .

sequence op departures of individuals. Some birds left the colony immediately
after delivering food to the chicks while others flew to the edge of the colony
and waited for a few minutes. It is tempting to speculate that the latter were
unsuccessful birds. . . :

. In addition to following neighbours, the herons used at least two other
methods of selecting feeding places. One was to ily over the feeding grounds
and search for flocks (see below) and the other was to return to places where
success had been high on previous trips. The advantage of following neigh-
bours as opposed to seeking out feeding flocks is presumably that it saves
searching time. :

THE BEHAVIOUR OF BIRDS ON THE HHMMUHZQ GROUNDS

The analysis of the flight paths of the parents on foraging trips from

the colony demonstrated that birds follow each other, presumnably unsuccess-
ful -individuals following successful ones. In this section I describe the
behaviour of the birds on the feeding grounds, and in particular I examine
whether or not the rate of food intake of a bird in a flock is higher than
that of a solitary individual, which would be predicted by the hypothesis.

1. THE ATTRACTION OF HERONS TO FEEDING FLOCKS

INTRODUCTION .

Not all aggregations of individuals are social groups, sometimes the mem-
bers of a group are responding independently to some outside stimulus, I
thought it necessary to test therefore, whether groups of feeding herons
are true social aggregations in the sense that birds are attracied to one another

P
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11z JOHN R. EREBS

when it apparently “saw” the models. In other words it was quite obvious
that birds were actually cueing in to the models. Sometimes a bird that had
been attracted into the area caught a fish, and this presumably affected its

length of stay. This is why I did not use the length-of-stay data in B%

analysis. Usually the birds stayed a matter of one or two minutes.

The fact that more birds flew over the pool with five models than with
the single model may be a function of greater conspicuousness of the group.
However, the proportion of birds landing was probably not related to con-

spicuousness of the models, as all birds flying over were very close to the .

models. The tests contain an inherent weakness in that once one bird has

landed in the area, the stimulus properties of the pool automatically change. .

Since most birds left the area soon after landing, this type of bias only

oceurred during a small proportion of the total observation time, and I ignored -
it in the analysis. I did not try to investigate how accurate the resemblance -
of the models to a real bird has to be in order to draw in birds. I did note

from casual observations, that herons were never attracted in an obvious way

to land near logs, sticks pointing out of the mud or cormorants roosting on :

logs in the mud, 2ll of which were common stimuli, and ones which confused
human observers. It did seem on occasions that herons cued in to gulls,
which often fed on the same types of fish, and it was very clear that gulls

cued in to both real herons and our models. T did try some preliminary’
tests using models of herons in different postures. The results indicated thata

model in a “hunched neck” roosting posture was less attractive than an
“upright” model.

2. FEEDING BEHAVIOUR, ESPECIALLY IN RELATION TC FLOCK SIZE

INTRODUCTION
In the following paragraphs, I describe how I measured the rate of moca
intake of foraging adults in groups of different sizes in order to see if feeding
rate is a function of group size, and if so, why. As mentioned in the In-
troduction, if the colony acts as an information centre helping individuals
to locate good food sources, the prediction is that birds feeding in flocks will
have a higher rate of food intake than solitary individuals.

METHODS

The data were virtually all collected at Iona Island (Fig.
because it was one of the most often used feeding areas; there was a 2.5 mile long
jetty leading out to sea so that it was casy to follow the birds as they moved in and
out with the tide, and finally because as the tide retreated, it left large pools of water
on the mudflats which were convenient for sampling fish, Usually two observers at 2
time collected feeding rate data, each watching 2 particuler heron through a telescope

3). This area was chosen

for a standard observation period of about 15 minutes (mean length 13.56 mins), The
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I14 JCHN R. KREES

(ix) Short flight: A bird flew = short distance but without leaving the area or
group in which it wes feeding. A short flight is by definition less than 100 m. .

(x): Long flight: a flight of more than 1co m, in which a bird left the zarea E..

group in which it was feeding.

We tested the inter-observer reliability of these behaviours by having two observers

watch the same bird and record independently on the organs. Agreement between
observers was good, the only points of confusion being occasionally between ‘orient’
and ‘lool’, ‘small’ and ‘hedinm’ fish of all types, and ‘small flatfish’

identified fish. It was usually straightforward to define a flock, since the birds in a

group mostly fed within 3-10 m of each other. Under some conditions, however, the

flock spread out so that the birds were so-100 m from their nearest neighbour, but

s4ill clumped in relation to the total feeding area of about 8 squarc miles, For the sake
of consistency, we decided that if a bird was less than 100 m from its nearest neighbout,
the two individuals were in the same flock. = - . T

For each 15 minute ohservation, the observers noted down the time, tide, wind speed, '
cloud cover, precipitation (if any), depth of water in which the birds were feeding, date
and initial group size. These environmental factors were incorporated as independent

dummy variates in the multiple regression analyses discussed below. :

In August 1072, I took standard seine samples to try and estimate the abundance of
fish in relation to feeding rate. The seine samples were taken by hauling a two man
30’ beach seine (1/2" mesk, 6 deep) through 20 m of water in a pool in which herons
had just been feeding. The catch was weighed on a beam balance and the fish returned
to the pool. Care was taken never to seine in water too deep for herons to feed in

Water turbidity was measured by toking a sample of water from in a glass vial
and measuring the absorbance relative to distilled water in a spectrophotometer. Ab-
sorbance was measured at four different wavelengths, showing little or no variation.
In Figure 2 measurements arc expressed as absorbance at 500 millimicrons.

RESULTS
(i) Social structure of the flocks:

Only juvenile birds were colour banded, so I cannot give detailed data on
the social structure of flocks of adults, However, even casual observations
show that the flock does not have a rigid social hierarchy, no birds tended
to win or loose encounters systematically during an cbservation period.
There was also no tendency for some birds to feed at the edge and others
at the centre of flocks (in contrast to Woodpigeons — MuRroN ef al., 1971,
1972). The data on marked juveniles show that flock composition is not
stable from day to day, although in the short term (over a few hours) the
members of a group do move around together, If, say, three individuals from
2 flock of 10 moved, the other seven were highly likely to follow. The average
group size observed was 6.41 == 0.37 (S.E.), with 2 maximum of 46 and
minimum of one. Although there was apparently no hierarchy amongst
adults, juveniles were on the whole subordinate to adults.

(ii) Feeding tactics:
_ The basic methods of feeding in Great Blue FHerons have been thoroughly
described by Meverrercks (1960, 1962). My data add little that is new. The
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116 JOHN R. KREBS

the success of birds appears to decrease in very Jarge flocks, perhaps as a Figure 8 1
‘ result of interference between individuals (Goss-CusTarp, 1970). This in. !  with increasiz
crease in percent success of flocking birds is difficult to explain; it seems of a bird.doir
to imply that either the fish are less wary when being hunted by a flock _
(because the flock stirs up fish — see below) or that herons strike in response

to less appropriate stimuli when their feeding rate is low. L intake, becar:
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Fig. 6. Rate of food intake of adult herons as a function of flock size. The regression e obvious

, equation describing the relationship was arrived at by step-wise multiple regression. The do better? S=

o data are grouped into blocks according to £lock size purely to make the figure look neater; :

the analysis was done on the original points. The vertical bars represent standard errors
: of the means of grouped data. - :
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118 S JOHN R. EREBS

rendering them easier to catch (RAKXD, 1954; SWYNNERTON, 1915, BROSSET,
1668) and this explanation has been proposed to account for flocking in
some herons (see Introduction). In some cases, this disturbance of the prey o
has evolved into complex flock herding maneuvers to prevent prey from
escaping (e.g. BARTHOLOMEW, 1042). The best quantitative data on hunting’
success of groups and single individuals in cases involving this type of .
cooperation comes from the studies of Kruux (1972) and Scuarier (1972) |
on mammalian predators. (¢) A final possibility is that flock birds do better _
because flocks only occur in places where the feeding conditions are good
{e.g. MurTtox et al., 1066). . o
Figure g shows that flock birds do not orient to prey significantly more

N

CRIENTATIONS PER MiH.

<2 25 610 15 1620 2145 »25
GROUP SIZE

Fig. 0. The number of orientation movements made per minute per bird by birds in flocks
of different sizes. i '

83 -

L3
<3
t

LQOKS /100 MINUTES
5
[

rd
&
1
LOKG FLIGHTS 750 MINUTES

n.rm. B WS 1520 275 25 20 7 .

GROUP  SIZE GROUP  SIZE
Fig. 10. The frequency (per individual) with which birds in floclks of different sizes |
(a) looked up and (b) flew further than 100 m. Both these behaviours are significantly
negatively correlated with flock size, but a partial regression shows that the true
correlation is with feeding rate and not flock size.

COLONIA,

often than sing]
searching morée
and change feed

Both of these b
more ‘nervous’ (
that the only pot
quite intensiveély
moving from on
antipredator res
‘long flight’ fre
feeding rate 1s
Thus both behas
As mentioned e:
flying over, and"
it watches other
19771 reached a |
tries in another
exceeded (see be
long flights, Sun
‘nervous’ about |
In order to fin
somehow stir up
feeding rate anc
for flock membe
single birds. If
creased as a res
feeding rate an:
bird for two 13
diately sampled -
above (Methods'
the turbidity (s
were feeding in
escaping, and so
11 and 12 show
dance and feedn
there must even
negative relation
significant). Thi
that turbidity an
together to influ




Surpssz ‘mo papented st AJIPIQINI USYAY PYer SUIPIdT 2DUINJIUT 03 IYIRE0)
SUIDR DIT OM) B} JBIR PUR PIIB[AII0D DUt 20UBDPUNGE USIE PUR AQIpIqang jey;
‘Juaysisuod ABmISUI Sre €I pue I saanSiy I ‘sysaddns sty c(ueorpufis
a3mb 30u ST yYOIYM ) Syey SuIpasy pue £prginy usamgeq drysuoneRI saneSiu
e st 231 3 (q) pue ‘((S96I ‘ONITIOR) 9u0 3¢ ABniussd ISTUI I
mg ‘foydwdse ou st 2rayy porpmis 28url P I24a0) o3RI SUIPI9] PUE 20U
-unqe £214 uoemiaq dwysuonies aanisod € s1 erat) 1By () MOUS £1 PUB I
saoxndg pereauliep Aes sem pojdures aq o3 eele oul jei) os pue ‘Burdeass
usiy 30 Auiqissod ou sea au9yj ey os ‘sjood |epn pelejost i SUIpasy aIom
SUOISY UG PaOe[[ed AJUO 2I9M B3RD 25Ul “(SPOURIN 995) AIprqiny &
SUTLLISISP 0} UaNel 1o sojdures J9JeM QW SwEs 313 3y *(SPOPdTY) 240qe
PIQLIDSIP ST [NEBY SUS PIBPUEIS B YILM TAIER 3 Ul ysiy o1 pajdures Lxjemp
-aunurr uay) pue (ST Ueyy ss9] ssumpawos) spourad smurw SI oag I0Y DI
o[8uis ® Jo 9jux Surpsei syl paproses I ‘souepunde Asxd pue aer Surper
usomiaq difsUONERI B YSIQRIS? O OO B Wi Suleq JO 1[NS3I B §B DPISTRL
-ut §1 oo} 3o Ligqoyinan jwyl 15eS8NS PIMOM 3 ‘PIp A3 I CSpiq [Suls
ey 19139q pIp 493 ‘souepunge £3id UdAIS € JOF J1 995 0} SISQUIDUI NOO[F J0]
2JEQ PAI09M[00 TRyl pue ‘spiiq I[Suls oy sourpunge La1d pue ajer Sumpsay
waamiaq drysuoneas Iy} PIUTIIPRD | ‘IS0 Yo'S 10J YsH 4 INS MOyses
£o1py esmedeq SALSUIS UEY) 13732Q OP SPI1q N2O[ ISUIRyM N0 PuIj 0} 19pIo ujf
-s107epsId JnOqe SNOAINU,
§597 21' 491} 98NBIIq 19)113q OP J0U OP $pIIq ool ‘Sursueurung ‘syysiy Suo)
sz0ut 93EUI 9)EI SUIPAS] MO] B I SPIIG AUa S UDIIM ‘(41019 935 Papasox?
usaq sey (0461 ‘Azoyn) Huwm dn Suald, §11 uaym 20B[d Iewjour UI $911]
pue eole we seaee] piiq v o(suoaSid 107 uonpuUod Iepnms v paypess 1461
“1p j2 XOLEATN ) Peaf 01 Suio8 aze 4ay) 2331M 295 0] SUOISY ILGI0 SIYDIEL I
‘55900118 BUIPSI] MG B SUTARY SI PIIq B uaum Jeyl 15938ns | pue ‘eao Suid]l
uoIay ISYROUE 01 9suodsar Ul UAlS Ajjensn ST NoO[, ® ‘I3IIE3 pIUOHUSW SV

*$5200ns SUIpaay mof o) asuodsar € aq 0] wees swieped anolariEq Yioq syl

z1s dnois 0] PIE[RI $1 JNOlABYSq ISITAU ‘JUBISUOD PRY, ST a1er Surpssl
USYM JBI) PI[ERAar 2jer Surpad) pue ozis dnord uo Aousnbaiy jyduy Suol,
pue Aousnbaiy oo, §0q jo wvossaxSsr jenred v ocsesuodsar zojyepardniue
By} SRS SINOIARYSG SUNDIEIS POOT BB ISIROUE 0] BAIR SUO OIT FUIAcW
pue SUNOC] JBY} (93] ] ‘IeAdmOF] ‘(BRIR IANQOUEA OUF UL ApPAsusiur sjmnb
STOI] JUNTY $907 OUM “UEl §1 $UQIY npe Jo J03epaxd Tenuajed AJuo o j=m
sumsaxd 1) (€461 ‘mvrizng) yoene iojeperd Tenusiod Jo SNOAIDU, BICW
21B SPIIq R[SWIS 1BY] 27BIIPUI O} UINEB] 3q DINOD SINOMEURG 2§ JO IOY
“(0I 21nS1y) WOO[F ® m spiiq uewyy usyoe siow seoed Suipaey aSueyy pue
Aool, Mioq spaq 28uls ISasmol] "sofduls werR A[9AISUSIUT SI0W SUTRIES
3q 01 Jeadde 10U Op SPIIQ IPOJ SPIOAN IO UL ‘SPIIq 9]8UIS Ueyy U0

611 NOYIH d07d IVIYD NI ONIJITL TYIDOS ANV ONIISEN IVINGCIOD

i
andl MY FEYY Sauoy
.mﬁﬂﬂomwmﬁm.mm DB EIIn
sozis JUAIDIID 10

. -

Ele S34T 238

Spojy ur spag 43 ¢

sxomr SpPUEdIIILE

poo3 2re SUOUT
I3p9q Op spuq !
(e4b1) WATIVE
10 2df3 snp &
Jununi e B
woiy Aaxd ua:
As1d a1 10 22U
ur Surya0ir 101
‘zassowg ‘C161



120 JOHN R. KREBS oo
rate is no longer significantly dependent on prey abundance. One possible
explanation of why Fish should be more abundant in clearer water is that the
fish are thernselves visual predators, and need clear water to feed successfully.
The important conclusion irom the point of view of the present study
is that in Figure 11 the few data points for flock birds do not tend to fall .
above the regression line for single individuals. In other words, flock birds
are not doing any better for a given abundance of food than single birds.

Since this conclusion is based on a small sample, it should certainly be = '

tested further. However, other observations suggest that it is probably
correct to conclude that flocks do not stir up the fisk and increase prey
availability. Firstly, members of a flock tend to. feed rather far apart (at.
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iz. 11. The relationship between feeding rate and weight of fish caught in 2 standard -
seine haul. The solid circles represent data for single birds only, grouped into four

blocks, each point being based on about five observations. The vertical bars are standard
errors. The open circles are points for flock birds, Of the eight open circles, 4 fall -
above the line for single birds and four below; thus there is no trend apparent in this .
small sample for flock birds to do better for a given zbundance of fish. .
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Fiz. 12. The relationship between rate of food intake and turbidity of the water. When .
turbidity is partialled out, the relationship in Figure 11 is no longer significant.
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122 JOHN R. KREES

size up to flock size of about 20 birds. Beyond this, capture rate appears
to remain constant, while success goes down slightly. The coefficient of

variation of feeding rate goes down with increasing flock size. (vi) The -
flock birds do better because flocks only occur when food is abundant -

and the water is clear, two factors which enhance feeding efficiency. There
1s no evidence that flock birds search harder, spend less time looking around
for predators or benefit from stirring up of fish by the group.

The mechanism. cammld;m the wad\.msﬁmqm of
flocking:

‘Several workers have shown that flocking enhances feeding mmmnmmmauo :

the most direct field evidence with birds coming from the work of MurTON -
Qow& who showed that pigeons in a flock peck at a greater rate than
solitary birds (he did not have direct data on grams of food eaten per
minute). KRUUK (1972) and ScHArrsr (1972) have good field evidence
for predatory mammals that groups are more effective in prey catching -
than single individuals. Kress ef ol, (1972) and KrEss (1973) demon-
strated in aviary experiments that flocking enhances feeding efficiency in
Great tits and chickadees. In herons; T have argued that the advantage of -

flocking is purely because a flock signals a good feeding area, and not
because of interactions between the birds once they are in the flock.

The explanation of why flocks only occur in areas of good feeding can
be best understood by means of a simple graphical modsl (Fig. 13). The
flock size 2t any instant in time in an area is a result of the rate at which

birds join a flock, and the rate at which they leave. These two ».nnnmommm

are shown in Figure 13, and the point at which they intersect is the equi-
librium flock mﬁm (E). 4<m know that the rate of joining a flock i isa mchnnon

RATE OF JOINiNG (N
RATE OF LEAVIRG(L}

E mn
FLOGK SI1ZE

>

Fig. 13. A simple graphical model to show how flock size is adjusted to the feeding
conditions, for explanation see text. -
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121 : - JOHN R. KREES

intersect, and this is a function of the siope of the line representing the
rate of leaving the flock; when the slope is steep, the flock will be small,
if the slope is shallow, the flock will be Jarge. Now the slope of the line
is directly related to p(g) - the probability that a bird will exceed its giving
up time — and p(g) increases as the catching rate goes down. Thus when

the catching rate is low, p(g) is large and the flock size is small (E;). The

steepest line is when the bird catches nothing and stays in the area only for g
minutes (the giving up time);

flocks to build up moﬂzaﬁa? in areas where the feeding is not good. \When

catching rate is high, p(g) is low and the slope is shaliow, giving 2 large ..

equilibrium flock size (Eq). These two possibilities are shown in Figure 13.

Colonial nesting as a foraging mamwﬂmfoa and
theevolutionofcoloniality.

I have presented evidence to show that in the nowon% of herons that I .

studied, the nesting colony acts as an information centre as proposed by
Warp & Zamavi (1973) among others, and that individuals do benefit
in terms of a higher rate of food intake by joining other birds on the feeding
grounds. S1EGFRIED (1971) has proposed a similar explanation of com-

“munal roosts and breeding colonies in another ardeid, the cattle egret and

a variety of studies in other animals seem to show that the social structure
of a species is closely related to feeding behaviour and food distribution.
So far, however, 1 have not discussed the question of whether or not the

information centre hypothesis can provide a sufficient explanation for the

evolution of colonial nesting in herons. In addition to demonstrating that -

colonial nesting has survival value in terms of food exploitation, it is neces-

sary to consider whether the hypothesis can account for (a) intraspecific

variations in sociality and (b) interspecific differences in sociality. Since

more information is available on the former question, I will deal with it
in more detail. . _ .

The Great Blue Heron shows variations in moﬂmrdm both in feeding
behavicur and in nesting, giving rise to two questions: firstly, whether
the variations in feeding are related to variations in the distribution of food
and secondly whether the variations in nesting are related to variations in
feeding, ‘

Tt has been shown in a variety of descriptive field studies that the social

organization of 2 species is not rigidly fixed, but can be adapted to local .

conditions of, for example, food supply and predators (Crook, 1¢70;

-

if g were very short in relation to the rate
of joining, then flocks will virtually never build up in places where there
is no food. In fact g is long enough in relation to the rate ¢f joining, for

i i
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iz JOHN R. KREBS

in the intertidzl catch about 3 times as much food per minuie as the territorial
£ield birds. However, the available daylight foraging time for field birds
is about 3 times that of the intertidal birds. Thus the two strategies are
(at least from this brief study) equally profiteble alternatives, further .
suggesting that territorial and flocking behaviour are adaptations fo the 7
local food conditions. (No birds were observed to commute between the
fields and the intertidal, whichk one would suppose to be the best strategy -
of all). The relationship betweern flocking and food distribution may be to
some extent obscured in some cases by the effect of cover {(PINowsKi,
1939). Pixowssl, studying winter §flocks of corvids, argued that even when
the food distribution favours flocking, flocks will tend not to form in’
habitats with a great deal of cover, because the birds cannot easily see and
follow others to rich patches of food.’ . _ -

The other question which has to be considered is the relationship between :
territoriality) and .-

the variations in foraging behaviour (flocking versus
coloniat nesting. If colonial nesting is an adaptation for exploitation of food .
resources, one might expect it to show the same type of phenotypic adap- :
tafion as the behaviour of birds on the feeding grounds; the expectation
being that birds would tend to be solitary nesters in areas where :
the food supply is scattered and more colonial where there is a clumped :
shifting food supply. Data for the Grey Heron (Ardea cinerea) in Pritain
and Holland suggest a trend in this direction {(BurTOX, 1936; BRAARSMA &
Bruyns, 1930; LACK, 1934; GARDEN, 1958). In areas near large bodies
of water, where flock feeding would be of benefit, colonies are larger.

However, this evidence is certainly not totally convincing, since it could

simply mean that there is more total food in large bodies of water, so more .
the interpretation favoured by LACK (1954). For -
o would have to show that the total

herons live there. This is
a really convincing piece of evidence, on

available food in the different areas was not different in quantity, but only -
Nevertheless, the bit of evidence that'is available goes in .

in distribution.

the predicted direction. In order to explain why herons do not always nest

solitarily when they are solitary feeders, one would have to postulate that -

they have 2 basic tendency towards colonial nesting (which evolved in

conditions where social feeding was advantageous) and that the phenotypic

modification of this tendency is only partial, perhaps because there is no dis-
advantage in colonial nesting.

The question of whether or not interspecific varations n soctality of
ardeids (for full account see MEYERREICKS 1960) are related to variations
in feeding habits cannot be answered till more is known about the behaviour
and distribution of food of solitary species. Lack (1968) argued that
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ZUSAMMENFASSUNG

Die in dieserm Artikel mitgeteiiten Daten sammelte ich um bestimmte Annshmen 2G
priifen, die von der Hypothese abgeleitet sind, dass Kolonienbildung und Nahrungssuche
in Gruppen bel Végeln Anpassungen 20 Unweltbedingungen sind, die sie nicht vorherzu-
sehender Nahrungsmengen effizienter ausbeuten lassen. Angenommen wurde dass indivi-
duelle Tiere von der Kolonienbildung dadurch profitieren, dass sie gute Truttergrinds
kennenlernen indem sie anderen Végeln der Kolonie auf dexr Futtersuche folgen. Wenn

ein Vogel auf einem Erlundungsflug keinen Erfolg hat, wird er demnach erfolgreichere
Fligen folgen; auf diese Weise wird die

Tiere beobachten, und ihmen auf welterern
Kolonie zum Informationszentrums.

Um dicse Hypothese in Beaug auf den Blanreiher {Ardee herodias) zu fberprifen,
habe ich zwei Arten von Daten gesammelt: (i) Iek heobachtete Flige von Elterntieren.
(i) Ich bestimmte die Rate der Nahrungseinnahme von Végeln, die in wnferschiedlich

grossen Scharen auf Futtersuche gingen.

Die Auswertung der von der Kolonie ansgehenden Erindungsfliige ergab folgendes:
{2) Die Tiere benutzen an verscheidenen Tagen verschiedenc Futtergriinde. Dies deutet
darauf hin, dass das Nahrungsangebot von Tag za Tag schwankt. (b) Die Vogel verliessen
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. APPENDIX. .

, A MODEL OF EQUILIBRIUM FLOCK SIZE IN HERONS .
{(written in collaboration with Dr J. 3L CuLLew)

"The equilibrium tlock model presented in Figure 13 can be developed as follows,
Suppose that the catching of fish by a bird constitutes a Poisson process with a rate .
of catching p {Fizure A 1 shows that this is in fact a reasomable assumption). The
] chance of a bird having caught o, 1, 2, efc. fish after a time 1 is given by the Poisson
Lo series. The chance of having caught no fish is: = , .

o
NE FREGUENCY :  Nv1335 3¢G385 ses 3.058 4L0% Near
. .
_ L~ 4250
: S0 LGG FREOVENGY: yr262-027x(r=0880  log0
700; .
- L 4150
Elshie . 1 3
X 4100
kg 1
- ~ 4950 .
. e - .
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Fie. A1, The frequency distribution of inter-catch intervals. The intervals are combined

fnto 0.5 mimute groups. The open circles show the logio of the frequency distribution.

These points fall close to a straight line, indicating that catching of fish by the herons
approximates a Poisson process.

Consider a flock of size N in o steady state, d.e. the arrival rate is equal to the departure
= rate. The birds departing in the interval t to t -+ dt will consist of two groups, birds who
artived and caught no fish by the time their giving up time (GU.T.) expired (un-
successful new birds) and birds -who caught their last fish some time 2go and whose
G.U.T. has expired (unsuccessful old birds). N
If we assume the giving up time to be a constant G, the number of new birds arriving
in the interval t- G, to t- G + dt is F(N). at, where F{X) is the rate of joining a flock
of N, as shown in figure 14 Of these birds, a fraction ePG will fail to catch a fish by

the time their G.U.T. has elapsed. Thereiore the number of new birds still unsuccessful
at the end of G minutes is:
FOD. epG dt oovieiciennienen (2)

The number of old birds that caught a fish in the interval t-G to t-G + dt will be
(N - F(N)). p. de. A fraction PG of these il £ail to catch another fish by the end of
G minutes. Therefore the number of unsuccessful old birds is: i

(N -F(N)). 1 e06, d wovvrenrrecericrenneren (3
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134 KREBS & CULLEN, APPENDIX

work in the variance version. (i} The model assumes a normal distribution of the G.UT.,

which is clearly not the real situation (Fig. Az2). However, even allowing for this, the
vartance would clearly have to be extremely small to fit any variance model. (i} The
inodel assumes that the G.U.T. is independent of both flock size and feeding rate, because
a regression analysis failed to show any cuch relationships. 1¢ these relationships, which
seem intuitively reasonable, did exist, then the model would have to be more complicated.
(i) The G.U.T. may vary according to the type of fish last caught, for example a
longer G.U.T. after a large capture. Aguin this seems intuitively reasonable, but without
further evidence we do not know if it is true. Tn summary, the model works well in its
simple form, but not in the more detailed version. - e :
We thank Richard Srscey for checking the maths.
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