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Foraging and diving patterns of the Great Crested Grebe Podiceps

cristatusin a fishpond

MILAN VOGRIN

Diving and foraging patterns of the Great Crested Grebe
Podiceps cristatus were studied on Vrbje fishpond in
Central Slovenia. Three pairs and their 10 young were
studied. The duration of 348 dives of the six adults before
hatching, 295 divesof thethree pairsof adultswith young,
and 185 dives of theimmature birds were recorded during
the breeding season in 1998 (from June through October).
Mean dive duration was 31 sec for adults before hatching,
41 sec for adults with young, and 25 sec for immatures.

Abstract

Diving success varied significantly between groups, the
most successful were grebes with young. Adult grebes
without young caught ahigher proportion of largefishthan
the other groups did. Fish size was negatively correlated
with duration of divesinadult grebeswithout youngandin
adults with young but not in immatures.
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Introduction

Considerable interest has been shown in the diving
andforaging patternsof divingbirds(seee.g. Cooper
1986, Trivelpieceeta. 1986, Burger & Wilson 1988,
Croxall et a. 1988, Wanless et al. 1991). However,
most of these studies have focused on marine birds,
e.g. penguins and cormorants while data from
freshwater birds, e.g. grebes are more scarce.

The Great Crested Grebe Podiceps cristatusis a
predator that occurs in most freshwatersin Europe.
The behaviour and ecology of the Great Crested
Grebe have been studied extensively in severa
countries (e.g. Cramp & Simmons 1977, Glutz von
Blotzheimetal. 1987 and referencestherein), but the
feeding habits and foraging patterns were poorly
known at the onset of this study (but see Gwiazda
1997 and references therein).

In this paper, | report on the foraging pattern of
adult andimmature Great Crested Grebesduring the
breeding season. | show that swallowing the prey
under the water by Great Crested Grebe depends on
the experience and breeding status.

Study area

Vrbje pond is situated in the Lower SavinjaValley
near the town Zalec (aproximatelly 46°14' 15°09').

The pond areais 13.5 ha and the average depth is
about 1.2m (0.5-2m). Immersed (Typhalatifolia, T.
angustifolia) and floating (Potamogeton crispus, P.
natans, P. spicatum, Myriophyllumspicatum, Elodea
canadensis) vegetation covers between 40% and
60% of the surface of the pond (Vogrin 1999). The
pond is managed for fish rearing and it is usualy
discharged once ayear (autumn/spring) for about 1
to 5 months. Culturing of carp has always been
carried out there and has been done with
supplementary feeding. During the whole study
period the conditions of the pond (e.g. vegetation,
fish stock) were the same; however, we should take
into account that fish also grow up during the study
period as well as vegetation. For more information
about thestudy areaseeVogrin (1996, 1997). Because
of the empty pond during early spring, waterfowl
start to breed in June.

M ethods

All observationswere made from acar on the banks
with most observations being made with naked eye,
sinceduring adivethebirdsfreguently moved out of
the field of view of the binoculars. However,
binoculars and tel escope were used to estimate the
size of prey.

85


https://doi.org/10.34080/os.v13.22811

In 1998, three pairs of Great Crested Grebe bred.
No other birds than these six adults and their young
were present in the pond. All three pairs produced
young which survived to fledging. The number of
young andimmaturesthat wereinvolvedinthestudy
was 3, 3, 4 young per pair respectively; no young
died. Sincetheadult birdswerethe samethroughout
thestudy, | could compare*“ foraging success’ before
and after hatching of the young.

“Foragning success’ was measured by recording
the number of dives when the birds appeared at the
surface with and without a fish. Continuous
observations, for as long as possible, of individual
birds were arbitrarily selected to cover different
hours of the early part of the day and with the days
distributed over thewhol e season from Junethrough
October and watched for 5 to 23 min. When two
birds of the same age started to feed close to each
other thewatch was abandoned. Datawere coll ected
only for birdswhich did not show any obvioussigns
of disturbance or courtship behaviour. All timing
was done with a stopwatch and the observations
were mainly dictated to a tape recorder. The
observationswere made between June (at the start of
breeding season) and October (whentheyoungwere
independent) in 1998. Up to ten observation daysin
the morning (ranging from 4 to 10 hours) per month
weremade. During theseobservationsthenumber of
dives, the number of prey, and the duration of the
dives were recorded.

Thesizeof theprey wasestimatedinrelationtothe
size of the Great Crested Grebe beak (around 5 cm;

Cramp & Simmons 1977, Glutzvon Blotzheimet al.
1987). In this way, three size classes of fish were
established: small (<5 cm), medium (5-15cm) and
large (>15 cm). Altogether the length of 232 prey
was estimated (73 for adultswithout young, 112 for
adults with young and 47 for immatures).

Datafor adults (only before hatching), adultswith
young, and immatures that were feeding
independently were collected separately. For all
groups | collected more than 180 dives (295 for
adults before hatching, 348 for adults with young
and 185 for immatures).

Diving success was normalized for parametric
analysesby Vv arc-sinetransformation. Fish sizeand
duration of dives were log transformed. Tests (one-
way ANOVA, Kruskal-Wallis test) were performed
with SPSS 8.0 statistical packages. Since the data
come from only three pairs and their young, the
sampleissmall. We should be awarethat | pool data
from the sameindividuals. This meansthat the data
are not strictly independent, and the statistical tests
may not be fully valid.

Results

Both immatures and adults without young (before
hatching) dived | essoftenthan did grebesassociated
with young (Table 1). The difference remains
significant whenimmaturebirdswereexcluded (F =
4.7,P<0.01).

Themeandivetimediffered significantly between
groups. Grebes without young dived for less time

Table 1. Frequencies, duration of dives, fish brought to the surface (fish per min) and diving success (measured as
the proportion of occasions when grebes brought fish to the surface) by adults without young, adults with young
and immature Great Crested Grebes Podiceps cristatus during June-October 1998 on Vrbje fishpond.
Frekvenser, dyktider, fiskar per minut somtogstill ytan och dykframgang (métt somandel dykningar med fangst)
for adulta med ungar, adulta utan ungar och ungfaglar av skaggdopping under juni—oktober i Vrbje fiskdamm.

Adults without young Adults with young Immatures

Gamla utan ungar Gamla med ungar Ungfaglar

mean SD N mean SD N mean SD n F P<
Dives per min 071 031 348 095 043 295 030 060 18 203 0.001
Dykningar per min.
Duration of dives(s) 31 6.3 253 41 9.8 190 25 111 105 134 0.005
Dyktid (sekunder)
Fish per min 009 28 348 021 13 295 011 31 185 159 0.01
Fiskar per min.
Diving success (%) 21 54 348 38 41 295 25 7.8 185 739 0.01
Dykframgang (%)
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Table 2. Number (n) and percentage of fishes in relation to their size taken by Great Crested Grebe Podiceps

cristatus according to groups.

Antal (n) och procent fiskar i forhallande till storleken som togs av skaggdoppingarna, fordelade pa de tre

grupperna.
Fishsize Adults without young Adults with youngs Immatures
Fiskstorlek Gamla utan ungar Gamla med ungar Ungfaglar
n % n % n %
<5cm 18 25 39 35 21 45
5-15cm 19 26 42 38 16 34
>15cm 36 49 31 27 10 21
Total 73 100 112 100 47 100

than did adults with young (F = 20.2, P < 0.01).
Significant differences were also found between
adults and immature grebes (F = 12.4, P < 0.001).

INn62—79% of 828 dives, grebesbrought nothingto
the surface, either no prey was caught, or the prey
wasswallowed under water. However, diving success
(measured as proportion of occasions when grebes
brought fish to the surface) varied significantly
between groups, the most “ successful” group being
grebes with young (Table 1). Interestingly, the
immature grebes brought prey to the surface more
frequently then adults without young (F = 3.15, P<
0.05).

Both adults and immature grebes were feeding
exclusively on fish (all 232 prey items were fish).
The mean fish length captured by Great Crested
Grebe, divided into three length categories, varied
during the breeding season (Table 2). Thetota fish
sizes varied between 3 cm and 22 cm. Average size

of fish caught by adults without young, adults with
young and immatures measured 13, 10, and 8 cm,
respectively. The differences between the groups
were significant (F = 2.15, 4.07, and 2.80,
respectively, inall cases: P<0.05). Theaveragefish
caught by adults with young differed significantly
between months (Kruskal-Wallistest, Chi-square =
18.3, df = 2, P < 0.001). The smallest fish were
caught in July when the chicks were still very small
(Figure 3).

The fish size was negatively correlated with
duration of divesin adult grebes without young (r =
—0.48,P<0.05,n=23; Figure 1) and in adultswith
young (r = —-0.35, P < 0.05, n = 38, Figure 2).
However, no significant relationship was found for
immatures grebes (r = -0.15, n.s.). In the case of
adultswithout young, thenegativerel ationship seems
to be particularly clear for longer dives (16-32
seconds), and therel ationship may not belinear over
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Figurel. Relationshipsbetween duration of divesandfishsize
for adult great Crested Grebes Podiceps cristatus without
young. Note that the axes show the logarithms of size and
duration.

Forhallandet mellan dyktid och fiskstorlek for gamla skagg-
doppingar utan ungar. Noteraatt axlarnavisar logaritmerade
varden for storlek och dyktid.

Figure?2. Relationshipsbetweenduration of divesandfishsize
for adult great Crested Grebes Podiceps cristatuswith young.
Note that the axes show the logarithms of size and duration.

Forhallandet mellan dyktid och fiskstorlek for adulta skagg-
doppingar med ungar. Notera att axlarna visar logaritmeade
varden for storlek och dyktid.
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Figur 3. Size of fish captured by adult Great Crested Grebes
Podiceps cristatus feeding young in different months. Mean
values are shown as thick lines, boxes represent SD and the
thin lines minimum and maximum values.

Storleken hosfiskar somfangades av adulta skaggdoppingar
sommatade ungar under olika ménader. Medelvardena visas
medtjocklinje, standardavvikel sen med en grabox och minsta
och stérsta varde med tunna linjer.

thewholerangeof dives(seethefittedlinein Figure
1).

Discussion

This study showed that adult Great Crested Grebes
had a markedly higher diving frequency than
immatures and that prey “capture rate” was much
lower inimmaturegrebes. Moreover immaturegrebes
in avarage dived for less time than adults.

Diving frequency wassignificantly higher in birds
feeding their young, and the same holds true aso
for fish caught per minute. In comparisons with
previous studies both measurements were much
higher (seee.g. Winfield 1990, Ulenaerset al. 1992,
Gwiazda 1997). Aswas already previously stressed
by Gwiazda (1997), such high diving frequency
and high capture rate are probably connected with
small depth of the pond and high density of fish.
However, in my study area thisis only partly true,
since the pond is realy shallow (see also study
area) but fish density was not so high (pers. obs.).

Since divetimeincreases with depth (e.g. Wilson
& Wilson 1988, Hustler 1992, Leaet al. 1996), ina
more shallow pond the diving frequency should be
higher and the duration of dives should be shorter.
However, in my study area in comparisons with
other studies (e.g. Winfield 1990, Gwiazda 1997)
both measurementswere much higher but limited to
only three pairs.

Cooper (1986) who studied diving patterns in
cormorants Phalacrocoridae stressed that larger
animals could dive for longer time. However,
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according to our results, the body size could not be
the only determinant of divetime (seealso Leaet al.
1996 for cormorants). Experience and better
condition in adults must also be involved.

Dive time was significantly longer in adults with
young than in adults without young. It could be that
adult grebes who are feeding young sometimes
during diving time catch more than onefish, onefor
themselves (and swallow it under water) and onefor
their young (bring to the surface).

Observationsof prey brought tothesurfaceindicate
that adults grebes with young took fish more often
than did adults without young or immature grebes.
The same result was obtained also by Gwiazda
(1997) who explained that such differences between
groupsare observed because adultswho arefeeding
young bring more prey to the surface to passit over
to their young. On the other hand immature grebes
have higher diving success (bring afish more often
tothesurface) thenadults. Presumably adultsgrebes
aremore skilled than immatures and could eat more
fish under water, particularly smaller ones (see aso
Leaeta. 1996, Gwiazdal1997 andreferencestherein).
In line with these observations, we must take into
account that foraging context must be identified as
provisioningandfeeding. Thesearedistinctforaging
processes (Y denberg et a. 1994). The differenceis
that feeders consume prey (in our example adult
grebesandimmatures), but provisionersdeliver food
to their young (in our example adults birds with
young). Sinceprovisionersmust obtainthemetabolic
power for delivery by consuming some of the prey
captured (Kacelnik 1984) or by searching for and
consumingdifferent foods(Waite& Y denberg 1994),
aprocess termed self feeding, we could reasonably
assume that adult grebes with young eat some fish
under the water (see also above).

Among birds, the time to learn foraging skills
seems to be a common cause for differences in
feeding between juveniles and adults (Marchetti &
Price 1989). Thesamewas probably truealsofor the
durationof divingtime. Neverthel ess, diving success
wasmuch higher inall groupsthanthoseobtained by
e.g. Lammi & Ulfvens (1988) on alake in Finland
Ulenaers et al. (1992) working on fishponds in the
Netherlands, and Gwiazda (1997) on areservoir in
southern Poland.

Adult grebes with young captured smaller and
medium sized fish than adults. Inthe areal studied,
| found aseasonal variationinthesize of prey items.
The grebes captured more small prey itemsin July
(when most of youngs were still small) and larger
prey in September (when chicksbecameindependent;



pers. obs.). Thisvariation may well be due to small
chicks being unable to swallow large prey items,
whilst the older chickswere ableto swallow prey of
thesamesizeasthat adults (pers. obs.). Thefact that
in July they selected small fish would seem to
confirm this. However, we should take into account
that fishes also grow. But the difference between
average fish size captured by adult grebes between
July and August wastoo large (see Figure 3) for fish
growth to have any magjor influence. Fish grow with
the same rate during the season and the “jump” in
fishsizefrom July toAugust (but not fromAugust to
September) should not be so high. The reasonable
explanation is that adults grebes prefer smaller fish
in July due to the feeding of the young.

IncomparisonwithdatafromWinfield (1990) and
Gwiazda (1997), grebes in my study area captured
bigger fish. However this is connected with the
abundance of different prey size. In general the prey
size caught by grebesobservedin my study areawas
essentially thesameasel sewherein Europe(Madsen
1957, Cramp & Simmons 1977, Buttiker 1985,
Renevey 1989, Winfield 1990, Gwiazda 1997).
However the span of prey sizewaseven greater then
in previous studies.

It seems paradoxical that grebes could capture
bigger fishin shorter time. A possibleexplanation of
this is that smaller fishes move faster than bigger
ones, especially betweenwater vegetation. However
the negative relationships between prey size and
duration of dives did not exist in immature grebes.
Some other parameters may also be involved here,
such as a seasonal effect and growing vegetation.

Theforaging habits of the Great Crested Grebe at
theVrbje pond differed markedly from those found
elsewhere (Winfield 1990, Ulenaers et a. 1992,
Gwiazda 1997). Diving times were longer, dive
frequency and diving success were higher, and the
fishcaught wereconsiderably longer. However, many
data from the other sites were collected from birds
divingin much deeper water than wasthe caseinmy
study (see e.g. Winfield 1990, Gwiazda 1997). It
could be that the apparent differences were caused
by differencesin feeding habitat. Nevertheless, the
differenceswere till great if we compare datafrom
similar habitats, i.e. fishponds (see Ulenaers et al.
1992).

In connection with this, hatching success appears
alsoimportant, thisbeing highin my study area (3.3
chicks/per pairs, pers. obs.). AsL ack (1966) pointed
out, the main factor regulating brood size is the
mortality of chicksfrom starvation, which could be
highintheGreat Crested Grebe(Glutzvon Blotzheim

1989). Therefore, to be successful in rearing large
broods, the adults must bring sufficient food to the
chicks to avoid their starvation and mortality. This
can be achieved either by taking alarge fish to the
young and/or by taking a small fish to young more
frequently. My data on the high diving frequency,
diving success and number of fish caught seem to
support this hypothesis. Morover, high breeding
success and low young mortality (Vogrin 2002)
aditionally confirm this hypothesis.
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Sammanfattning

Skaggdoppingens Podiceps cristatus fiske- och
dykmonster i en fiskdamm.

Dykning och fodosok har framst studerats hos mari-
na féglar, medan det finns mindre information for
arter somlever i sttvatten. | dennauppsatsrapporte-
rar jag om dyktider och fiskelycka hos skéggdop-
pingen, som vid starten av min studie var relativt
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okéand i dessa avseenden.

Undersokningen utférdesi en fiskdamm i nedre
Savinjadalen néra staden Zalec i Slovenien. Dam-
men &r 13,5 hastor och mellan 0,5 och 2 meter djup.
Béade flytande och uppstickande vegetation tacker
40-60% av ytan. Dammen anvands for karpodling
och téms var och host. Sedan dammen fyllts med
vatten blir den tillgénglig for doppingarna att borja
hackai juni.

Undersoknignen utférdes 1998 under hela s&-
songen fran juni till oktober. D& héackade tre par,
vilkafick fram 3, 3, resp. 4 ungar, vilkaalladverlev-
de sommaren tills de blev savstandiga. Det fanns
inga andra skéggdoppingar i dammen an dessa tre
par och deras tio ungar. Alla observationer gjordes
frén vallarna i bil. Observationerna gjordes under
morgon och férmiddag, upp till tio dagar och under
4 till 10 timmar per manad. Enskildaindivider folj-
dessalangesommdjligt, vilketinnebar mellan5och
23 minuter.

Dyktiderna méttes med ett stoppur och for varje
dykning registrerades om doppingen kom upp med
nagon fisk eller g. Fiskens storlek bedomdesi rela-
tion till n&bbens langd (ungefér 5 cm). Langderna
beddmdesi tre kategorier, mindre&n 5 cm, 5-15cm
och stérreén 15 cm. Observationernadeladesini tre
grupper som analyserades separat, namligen for
adulta faglar fore klackningen (d.v.s. adulter utan
ungar), adulta faglar med ungar samt ungfaglar.
Totalt registrerades 348 dykningar for adulta utan
ungar, 295 for adultamed ungar och 185 for ungfag-
lar. Langden kunde uppskattas for 232 fangade fis-
kar, 73 for adulta utan ungar, 112 for adulta med
ungar och 47 for ungfaglar.

Inga andra byten an fiskar noterades och resulta-
ten blev féljande (Tabell 1). Bade gamlafaglar fore
klackningen och ungfaglar dok mindre oftadn adul -
ter med ungar. Dyktiden skilde sig ocksa mellan
grupperna. Adulter utan ungar gjorde kortare dyk-
ningar &n adulter med ungar, och det var ocksa
skillnad mellan gamla och unga doppingar. | 62—79
% av dykningarna kom faglarna upp utan att ha
nagon fisk med sig. Dykningsframgangen varierade
mellan gruppernaoch det var adulter med ungar som
var mest framgangsrika. Daremot tog intressant nog
ungféglarna oftare fiskar till ytan.

Bytenas storlek varierade under sdsongen (Tabell
2). Storleken av de fiskar som fangades av adulter
med ungar var betydligt mindrei juni diungarnavar
sma (Figur 3). Fiskstorleken var negativt korrelerad
med dyktidens langd for adulta, bade utan och med
ungar (Figur 1 och 2). Nagot sddant samband fanns
daremot inte for ungfaglarna.



Hog dyk- och fangstfrekvens har tidigare pdpe-
kats bero pa grunt vatten och tétt fiskbestand. Detta
kan dock bara delvis gélla min studie. FOrvisso &
dammen grund, men daremot &r fiskbestandet inte
sarskilt tatt. Att dyktiderna var langre for adulter
med ungar kan bero pa att de fangade en fisk &t sig
gélva, somdesvaldeunder vatten, ochytterligareen
fisk som togs till ytan och gavs till ungarna. Att
ungféglarnahade hogre fiskeframgang an adulterna
kan bero pa att de forra & skickligare pa att svélja
sinabyten under vattenytan och att alltsa skillnaden
bara & skenbar. Skicklighet i att fanga byten &
generellt en orsak till sddanaskillnader mellan unga
och gamla bland faglar. Den stora forandringen av
bytenas storlek mellan juni och augusti (Figur 3)

skulle kunnabero paatt fiskarnai dammen tillvaxte
i storlek. Forvisso skedde en sidan tillvaxt, men
fiskar vaxer kontinuerligt och inte sa mycket i ett
spréng. Darfor & orsaken till fangsten av smafiskar
i juni troligen orsakad av att ungarna maste matas
med sma fiskar.

Jamfort med andrastudier i liknande biotoper dok
minadoppingar langretider, dok oftare och fangade
storre fiskar. En forklaring, i varjefall i relation till
vissaav de andrastudierna, & att de senare utfortsi
djuparevatten. Under allaomsténdigheter visar min
understkning att det var en framgangsrik
kombination av dykningar och fiskelyckasomdetre
paren i Vrbje-dammen uppvisade eftersom alatio
ungarna Overlevdetill flygg ader.
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