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a  b  s  t  r  a  c  t

To  investigate  how  depth  and bottom  color  affect  prey selectivity  in  Common  kingfisher  (Alcedo atthis),
we  developed  several  experimental  procedures  using  captive  birds.  We  used  20  young  kingfishers  to
test  depth  (25 or 50 cm)  and  color  (natural  gravel  or white)  effects  on  foraging  behavior.  Live freshwater
fish  were  used  as  target  prey.  To  assess  differences  resulting  from  the  natural  behavior  of  different  fish,
we  chose  bottom-dwelling  [Ebro  barbel  (Barbus  graellsii)]  and  open-water  benthopelagic  species  [Ebro
nase  (Parachondrostoma  miegii)  and  Pyrenean  minnow  (Phoxinus  bigerri)].  The  number  of  attempts  and
captures,  as  well  as  the  effects  of  hunger  and  experience,  were  assessed  relative  to  feeding  behavior.  The
effect  of fish  behavior,  as  observed  in  grouped  vs. isolated  fish,  on  the  kingfisher’s  performance  was  also

tested.  The  results  showed  a significant  effect  of  depth,  with  more  attacks  and  greater  success  in  shallow
waters.  No  significant  differences  in catch  success  between  natural-  and  white-colored  bottoms  were
observed.  Hunger  had  no effect  on  fishing  success,  but experience  had  a positive  effect  in  shallow  waters
and on  white  bottoms.  Both  bottom-  and  open-water  species  were  consumed  equally.  Kingfishers  preyed
more often  upon  grouped  prey  than upon  isolated  prey,  although  capture  success  did  not  vary  between
the  two  cases.  Our  results  suggest  that  kingfishers  prey  upon  the  most  accessible  types  of prey.
. Introduction

Foraging strategy constitutes a fundamental chapter in the biol-
gy and ecology of species because it allows us to determine the
cological niche precisely and may  often have direct conservation
mplications (Galarza and Tellería, 2003; Terraube et al., 2011).
iven these considerations, it is highly relevant to know whether a
articular species is a generalized forager or has evolved a partic-
lar foraging strategy (Bertellotti and Yorio, 2000; Grémillet et al.,
998; Sherry, 1990; Warburton and Thomson, 2006).

The Common kingfisher (Alcedo atthis) is a fish-eating preda-
or that preys primarily on small fish using a plunge-and-dive
echnique. The diet of the species has been analyzed in a descrip-
ive manner. Several studies have suggested that prey selection
ccurs (Campos et al., 2000; Hallet, 1982), whereas others have

ot addressed this question explicitly (Iribarren and Nevado, 1982;

sotti and Consiglio, 2002; Raven, 1986; Reynolds and Hinge, 1996).
he evidence used to support the hypothesis of prey selection has
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been that the prey types consumed differed from the prey that were
found in the river or water body where the species was present.

Previous field studies have shown that Common kingfishers
typically tend to prey on more accessible fish species, i.e., on ben-
thopelagic fish rather than on other species that swim near or close
to the river bed (Vilches et al., 2012a). These results suggest the
hypothesis that Common kingfishers are opportunistic and there-
fore do not fish for bottom-living prey because these species are
much less accessible than benthopelagic fish. In this case, the depth
of the water column is expected to be the principal factor affecting
the type of prey consumed. In particular, it can be predicted that,
under equal conditions, Common kingfishers would prey equally
upon upper- or middle-water column and benthic fish, as has been
found in other kingfisher species (Kelly, 1996; Laudelout and Libois,
2003; Remsen, 1990; Reyer, 1984; Reyer et al., 1988).

Another factor potentially affecting the apparent prey catchabil-
ity is the ability of the fish prey to remain undetected by a predator.
Prey detection may  be affected by the ability to differentiate the
prey from its background. In this case, the probability of detection
would be proportional to the difference between the prey color
and the color of the background (Endler, 1988). Thus, certain dor-

sal color designs might allow fish to be less detectable by predators
such as kingfishers.

Prey densities have also been reported to be a factor affect-
ing foraging behavior in other fish-eating birds (Draulans, 1987
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Table 1
Characteristics (mean; range) of the fish prey used in the study. Body weight esti-
mation (fresh weight, g) according to Miranda et al. (2006).

Species Body length (mm)  Body weight (g)

Ebro barbel 60.2 (40–70) 2.5 (0.6–3.4)
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Fig. 1. Design of the aviary and experimental area. This diagram indicates the three
resting rooms above and the experimental room below. Barred square: perching
zone with vegetation. Open square: tank with food (live fish) ad libitum. Circle:
tank with water for bathing and drinking. Transversal lines over tanks: perches.
Pyrenean minnow 55.1 (40–70) 2.5 (0.6–3.5)
Ebro nase 57.3 (50–70) 2.1 (0.9–2.7)

n herons; Stewart et al., 2005 in cormorants). Grouping behavior
n potential prey could make them more attractive to young, less
ompetent predators (Lekuona, 2002). The degree of aggregation
f prey could have an effect in the Common kingfisher, as in other
ingfisher species (Reyer et al., 1988).

We conducted several experiments using captive birds to avoid
ossible confounding factors that occur under natural conditions.

n this way, we assessed the influence of water depth and river bed
haracteristics (bottom color) on the Common kingfisher’s foraging
erformance. The purpose of this study is to investigate how these
haracteristics of the river environment (depth and bottom color)
etermine or affect prey selection by the kingfisher. To our knowl-
dge, this is the first study of this type involving captive Common
ingfishers because of the difficulty of obtaining and maintaining
pecimens.

. Materials and methods

.1. Sampling area and capture protocol

Kingfishers were captured with mist nets at Jaizubia (municipal-
ty of Hondarribia, Gipuzkoa, Northern Iberia; 43◦21′N, 01◦49′W;

 m above sea level), a stream surrounded by mudflats colonized
y reed beds (Phragmites spp.) and lower-marsh associated veg-
tation in a tidal marsh close to the mouth of the Bidasoa River.
aizubia is used as a stopover site by non-breeding Common king-
shers in the summer and autumn (Arizaga et al., 2010). Sampling
as carried out from 10 July to 5 September 2009. In all, 204 linear
eters of mist nets were placed across the marsh. The nets were

pened for 4 h beginning at dawn.
Overall, we captured 20 juvenile kingfishers (i.e., birds hatched

n 2009). After capture, the birds were placed in individual cotton
ags for transport and released in an aviary 6 km from the capture
ite.

The fish preys used in this study were obtained by elec-
rofishing (for methodological details see Beaumont, 2011) in
earby rivers in Gipuzkoa (Leitzaran, Oiartzun, Oria). After cap-
ure, the fish were kept in a tank containing freshwater and
nesthetic (2-phenoxyethanol, 0.2 mg  l−1). From the fish caught
species: Pyrenean minnow (Phoxinus bigerri), Ebro nase (Para-
hondrostoma miegii),  or Ebro barbel (Barbus graellsi)], we  selected
hose of adequate size for consumption by Common kingfish-
rs (40–70 mm body length; Cramp, 1985; Vilches et al., 2012a)
Table 1). The remaining fish were released. The selected individ-
als were introduced into a tank supplied with freshwater and
n air pump and then transported to the aviary. These captured
sh were used both as daily food and as prey in the experimental
ettings.

.2. Housing conditions

The aviary consisted of a fenced room subdivided into (1) three
ndividual resting rooms (3 m × 2 m × 2 m,  length × width × height)

nd (2) an experimental room of 3 m × 6 m × 2 m (Fig. 1). Both the
xperimental room and the individual resting rooms were cov-
red with an opaque synthetic fabric that prevented the birds from
bserving either each other or the surrounding area.
Four additional tanks outside the aviary were used to hold a stock of live fish.

In each resting room, a bird was  kept separately and provided
with food ad libitum. Live food (Pyrenean minnow, Ebro nase, or
Ebro barbel) of 40–70 mm body length was  offered inside a 40 l
glass tank. According to Tjomlid (1973), the Pied Kingfisher (Ceryle
rudis) has a daily food intake rate equivalent to ca. 25% of its body
mass. Assuming this rule, with a mean body mass of 35 g, Common
kingfishers would need approximately 9 g of food per day. The king-
fishers were fed with a mixture of the same fish prey provided in
the experimental settings. The mean body mass of our fish prey
was 2.4 g (Table 1). Accordingly, we  needed a minimum of 4 fish
per bird per day.

Applying the exponential relation between energy metabolism
and body weight described in Lasiewski and Dawson (1967),
6.93 kcal/day would meet the energetic needs of a kingfisher.
Assuming average energetic values of 1.35, 1.36, and 1.14 kcal (for
Ebro barbel, Pyrenean minnow, and Ebro nase, respectively; Vilches
et al., unpublished data), 5.5 daily prey would be enough to meet
energetic needs. More current studies propose an energy intake
of up to 16.45 kcal/day for 35 g non-passerine birds (Nagy, 1987).
According to that calculation, 13 daily preys would be sufficient to
meet the energy demands of the kingfisher.

To ensure food ad libitum during a period of seven days, we
provided each bird with 20 fish prey. The amount of fish prey in the
tank was reviewed daily to ensure that sufficient food was  always
available.

The water in the tanks was  kept in good condition using an
oxygen pump and periodic water changes. Each room was also
equipped with two  perches, one placed over the tank containing the
fish prey and another located in a zone that contained vegetation
(branches with abundant leaves) to offer the kingfishers a hidden
roosting site. Birds were provided with an additional 10 l tank for
drinking and bathing. The kingfishers were kept isolated in these

resting rooms for one complete day before the experiments started
and also during the remainder of the next six days, apart from the
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ime they spent in the experimental room. Thus, the experiment
as performed twice with each specimen for each setting.

After the adaptation day, food access in the non-experimental
oom was prevented from dusk until the time when the kingfishers
egan the experiment the next morning. This was  to motivate the
ingfishers to feed in the experimental room. Water access was
llowed at all times.

The three resting rooms were connected with the experimental
oom with a door that could be opened and closed from the outside
sing a pulley system. The experimental room was equipped with a
00 l glass tank (size: 1 m × 0.5 m × 0.6 m).  A perch was sited 50 cm
bove the water surface to ensure that the kingfishers had no dif-
culties in accessing the fish prey. This tank was  equipped with a
obile bottom tray so that the water column depth could be mod-

fied. A video camera (Panasonic SDR-H40) was installed behind
he experimental tank to record both fish and bird behavior dur-
ng the experimental periods. The filming axis of the camera was
erpendicular to the front glass of the experimental tank, with its
eld of view including only the tank section that contained the fish.
he observer was located in a hide behind the experimental room.

 small window allowed confirmation of the successful attempts
nd observation of the condition of the bird.

.3. Experimental design

We  utilized three different experimental settings to test forag-
ng efficiency and prey selection according to (1) water column
epth and (2) bottom color. All experiments were carried out
etween 09:00 and 14:00 h.

In setting 1, kingfishers were allowed to fish during a 1 h period
n a tank with a water column depth of 50 cm and a bottom tray
ontaining natural gravel to imitate the river bed. Overall, we
ntroduced 20 fish into the tank: 10 bottom fish (Ebro barbel) and
0 open-water species (Pyrenean minnow or Ebro nase).

Setting 2 was similar to setting 1 but had a water column depth
f 25 cm.  Settings 1 and 2 were used to test the effect of water
olumn depth on foraging rate and efficiency and the potential
electivity between different prey species. The proportion of open-
ater fish intake was expected to increase with increasing water

olumn depth because in this situation, fish typically found on the
iver bed would be expected to become less accessible to the birds.

Setting 3 was similar to setting 2, but in this case the tray on
he bottom of the tank was covered with white PVC foil. Settings

 and 3 were used to test the effect of the bottom color (and thus
rey detectability) on the foraging rate and the potential selectivity
etween fish species with different color patterns. The Ebro barbel
note that we used juvenile fish) had dark mottling across the dorsal
art of its body. In contrast, the Pyrenean minnow and the Ebro nase
oth had uniform dorsal color patterns. Based on this information,
e considered that the Ebro barbel was better camouflaged than

he other two species if observed against a gravel bottom (Cox et al.,
009; Kottelat and Freyhof, 2007).

Overall, we used 20 kingfishers. A total of 18 birds were used
o compare settings 1 and 2, and 18 birds were used to compare
ettings 2 and 3. Sixteen of the birds were used in both of these
omparisons, and the remaining two birds were different in each
ase.

In all the settings, we noted a total of six variables: the num-
er of attempts to fish, number of fish captured, depth at which
he attack was produced (depth reached by the bill tip with 1 cm
ccuracy), depth at which the attacked prey was  situated, num-
er of captures of each fish prey species, and number of captures

f fish prey that were swimming solitarily or grouped in a shoal.
xcept for the number of captures of each fish prey species (which
as determined by counting the number of each that remained

fter the experiment), all the variables were recorded during the
rocesses 98 (2013) 25– 30 27

experiment using a video camera. Additionally, the capture success
was calculated as the ratio between the number of captures and the
number of attempts. Fish that showed an erratic swimming pattern
or any other atypical behavior were removed before testing.

2.4. Statistical analyses

To test for the effect of water column depth on foraging behav-
ior, we compared the number of attempts, prey captured, and
capture success between settings 1 and 2 and between settings
2 and 3. These variables obeyed a normal distribution but were
highly overdispersed (SD/mean > 0.93). Therefore, they were all
log-transformed. We then conducted an ANOVA for each log-
transformed variable with water column depth (25 cm vs. 50 cm,
settings 1 and 2) or river bed color (settings 2 and 3) as a factor.

When comparing both settings 1–2 and 2–3, we  also controlled
for two additional covariates: experience and hunger. As reported
in earlier studies (e.g., Gendron, 1986), experience could have a
positive effect on foraging behavior. To control for this effect, we
assigned each experiment a number (from 1 to 6 according to the
chronological order of the experimental presentation). Not all birds
were used in the experiments at the same time in the morning.
For this reason, and because all birds were prevented from acces-
sing food before the experiments, the birds used in an experiment
later in the morning were expected to be hungrier and therefore
potentially more highly motivated to use the experimental tank.
Accordingly, hunger was  also controlled in the statistical models
by adding the time elapsed since dawn as a covariate.

Additionally, we also calculated the effect size (Arizaga
and Barba, 2009) as d = (meana − meanb)/SDpooled and the
SDpooled = [[(na − 1) SD2

a + (nb − 1) SD2
b]/(na + nb)]0.5, where a

and b are the two groups compared and n is the sample size. An
effect size > 0.5 (difference between means explains > 50% of the
pooled SD) was  considered to indicate a significant difference
between samples (Cohen, 1969).

To test whether the kingfishers preyed more often on isolated
prey or groups, we  conducted a contingency test on the type of
prey (swimming isolated or within a shoal) by the number of prey
caught.

The assumptions of normality of distributions and homogeneity
of variances were verified with a Shapiro–Wilk and a Levene’s test,
respectively. All statistical analyses were performed with SPSS v.
17 (SPSS Inc., Chicago, IL, USA). The significance level was set at

 ̨ = 0.05.

2.5. Ethical note

We received authorizations (from the Gipuzkoa and Navarra
Administration) to both catch and keep Common kingfishers in cap-
tivity, as well as to collect fish as food for them. No bird suffered
any noticeable damage during the time they were housed. Releases
were performed at the same site where the birds were caught. Bird
and fish captures were performed by trained personnel (profes-
sional bander number A0145) who had already conducted animal
collections in the same study area in previous studies (e.g., Vilches
et al., 2012a,b). Thus, the wildlife experienced no adverse effects. All
fish recovered fully from the anesthetic. Moreover, all field, trans-
portation, and housing procedures complied with the animal use
and care regulations of Europe and Spain.

3. Results
Eighteen kingfishers were used in each experiment (compari-
son of settings 1 and 2 and comparison of settings 2 and 3); 16
of the birds were used in both experiments, whereas four individ-
uals were used only in one experiment (two in the first experiment
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Table 2
ANOVAs used to test the effect of water depth and river bed color (settings 1 and 2, and 2 and 3, respectively) on capture attempts (attacks/h), number of fish prey captured
(captures/h) and capture success (captures/attack). Experience and time since dawn are covariates. We show the F and P-associated values as well as the standardized (Sd.)
B-parameters of each factor/covariate.

Experimental design Tested variable Factor/covariates F P Sd. B-parameters

Setting 1 vs. 2 Attacks/h Water depth 19.88 0.000 −0.42
Time since dawn 4.18 0.049 −0.15
Experience 0.76 0.394 −0.02

Captures/h Water depth 79.14 0.000 −0.34
Time since dawn 2.43 0.129 −0.05
Experience 5.93 0.024 +0.03

Captures/attack Water depth 83.03 0.000 −1.11
Time since dawn 0.98 0.335 −0.10
Experience 13.24 0.002 +0.15

Setting 2 vs. 3 Attacks/h Color 1.13 0.295 −0.09
Time since dawn 0.04 0.833 −0.01
Experience 0.88 0.354 −0.02

Captures/h Color 3.60 0.067 −0.12
Time since dawn 0.65 0.425 −0.03
Experience 4.07 0.052 +0.03

 dawn
 

a
r
(

3

t
(
m
(
c
fi

b
s
d
h
c
b
(

3

d
o
F
w

T
D
(
2

Captures/attack Color 

Time since
Experience

nd two in the second). In total, 134 h of experimentation were
ecorded, and 825 attacks on fish prey were detected and analyzed
Table 3).

.1. Effect of water column depth (settings 1–2)

The number of capture attempts, fish prey capture rate and cap-
ure success were significantly higher at the lower water depth
Fig. 2). In addition, the time since dawn was observed to have a

arginal and positive effect on the number of capture attempts
Table 2), but not on the fish prey capture rate and capture suc-
ess. Experience, however, did have a positive effect on both the
sh capture rate and capture success (Table 2).

Fish prey tended to swim near the tank base (i.e., all of them
ehaved as if they were bottom-living fish). For this reason, their
wimming depth differed when we used a 25- and 50-cm tank
epth (t = 5.65, P < 0.001; Fig. 3). When we used the deeper tank,
owever, the kingfishers were unable to fish at a depth below
a. 25 cm (t = 1.69, P = 0.104; Fig. 3). The kingfishers preyed upon
oth bottom fish and open-water fish independently of the depth
�2 = 0.000, P = 1.000).

.2. Effect of bottom color (settings 2–3)

The number of capture attempts and capture success did not

iffer significantly between the white-colored bottom and the bed
f gravel used to imitate the natural color of a river bed (Table 2 and
ig. 2). Only experience had a significant effect on capture success,
hich was higher over the white-colored bottom than over the

able 3
ifferences in capture success between isolated and grouped fish at different depths

setting 1: 50 cm, setting 2: 25 cm) and against differently colored bottoms (setting
:  natural gravel, setting 3: white foil).

Prey state Failed attempts Successful attempts �2 P

Setting 1
Isolated 33 3 6.76 0.009
Group 79 0

Setting 2
Isolated 117 38 1.93 0.164
Group 228 53

Setting 3
Isolated 76 34 0.26 0.610
Group 118 46
1.08 0.306 −0.16
 2.36 0.134 −0.13

12.22 0.001 +0.15

natural-colored one (Table 2). The kingfishers preyed upon both
bottom and open-water fish independently of the bottom color
(�2 = 0.565, P = 0.588).

3.3. Additional analyses: shoaling vs isolated

Overall, kingfishers preyed more often upon shoals than upon
isolated prey. However, the capture success did not vary between
these prey types (Table 3). Only in setting 1 (where we used a water
column depth of 50 cm)  did we  observe that the capture success
was significantly higher for isolated prey than for shoals, but this
result must be considered with caution because of the small sample
sizes (very few fish were captured in this setting).

4. Discussion

4.1. Effect of water column depth

We  observed that the water column depth had a remarkable
effect on the foraging behavior of the kingfishers. In particular,
the kingfishers showed a higher number of capture attempts and
greater capture success when they were exposed to shallow water,
where their prey was  much more accessible.

As all prey tended to swim near the bottom, the open-water
fish (Pyrenean minnow and Ebro nase) did not behave as expected.
In contrast, they behaved normally in a previous study conducted
with exactly the same fish species. In this previous study, they
occupied their natural position within the water column shortly
after their release into the tank. The reason for the behavior of the
open-water fish in the current study may  be that the kingfishers
were highly visible when they perched over the tank. Under natu-
ral conditions, kingfishers’ fishing activities originate from perches
in zones with good vegetation cover (Boag, 1986; Cramp, 1985).
It is probable that in these conditions, their outline does not con-
trast with the sky. As a result, few perched kingfishers are visible,
and the fish occupy a position in the water column correspond-
ing to their ecological niche. Both bottom- and open-water fish
moved toward the bottom as a defense response and were equally
accessible to the kingfishers. This outcome did not prevent us from
testing our hypothesis that kingfishers are opportunistic and prey

on the most accessible fish. We  observed that the kingfishers did
not show a particular preference for any prey species (bottom- vs.
open-water fish). These observations indicated that the kingfishers
behaved opportunistically if fish were equally accessible.
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Fig. 2. Comparison of foraging behavior of kingfishers for settings 1 (depth of 50 cm,
natural gravel) vs. 2 (depth of 25 cm,  white foil) and 2 vs. 3 (depth of 25 cm,  natural
gravel). The results are log-transformed mean values ± 95% CI. Asterisks indicate
significant differences between settings according to the ANOVAs shown in Table 2
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Fig. 3. Depths (mean values ± 95% CI) of fish and depths of attack reached by diving
kingfishers in settings 1 and 2 (i.e., when the depth of the water in the tank was
P < 0.05). We used a total of 18 birds in both cases. However, we  did not use exactly
he  same birds in the comparison of setting 2 with setting 1 and in the comparison
f  setting 2 with setting 3.

We  found that capture success was lower if the kingfishers were
orced to fish in deep water. However, several factors not investi-
ated in the study could have affected our results. Light refraction
ould affect capture success because the difference between the
erceived position and the real position is greater if prey are located
eeper in the water column (Reyer et al., 1988). Antipredator escape
ehaviors, such as the initiation of movements when predators con-
act the water or immediately before that moment (Reyer et al.,
988), could also benefit fish swimming in deeper water, where
hey could be more likely to escape from predators that catch their
rey using a plunge-diving strategy. The perch height from which
ingfishers begin their attack could also have a significant effect on
shing depth (Borah, 2011; Reyer et al., 1988).

Interestingly, we observed that kingfishers avoided fishing in
eep water, most likely because their capture rates were low under

uch conditions. This observation shows that the kingfishers can
valuate whether the effort of fishing is energetically justified. The
egative effect of deep water on foraging rate and success may
e the ultimate reason for the preference of kingfishers to fish in
50  cm and 25 cm,  respectively). The asterisk shows significant differences according
to  a t-test (P < 0.05). Values were calculated from a sample of 18 attacks in setting 1
and 27 attacks in setting 2.

shallow water (Labinger et al., 1991; Reyer et al., 1988; Wanink and
Kees, 1994).

Our results show a tendency for the kingfishers to fish preferen-
tially in shallow water. The number of attacks and capture success
were both greater at a depth of approximately 25 cm,  the usual
depth limit in nature (Cramp, 1985; Chandler and Llewellyn, 2010).
The kingfishers do not perform hovering attacks, although this tac-
tic might allow them to feed at greater depths. Therefore, it appears
that the depths achieved in diving plunges are determined by the
height of the perches used.

4.2. Effect of bottom color

Because kingfishers base their fishing strategy on visual per-
ception (Cramp, 1985; Gendron, 1986; Moroney and Pettigrew,
1986) prey visibility is a fundamental aspect of the fishing pro-
cess. We  observed that kingfishers tended to take more fish (we
did not obtain significant differences, but we  found an effect size
>0.5) when fishing over a white bottom rather than a natural gravel
bed. We can conclude that clear or sandy river beds offer the best
conditions for fishing; hence, kingfishers can fish more successfully
over relatively homogeneous beds. This result is consistent with the
findings of other studies on similar kingfisher species (Kelly, 1996).

4.3. Grouped or isolated fish prey

Although isolated prey have been reported to be more vulnera-
ble to capture than those forming shoals (Rountree and Sedberry,
2009), we observed that the kingfishers focused their attacks more
often on shoals than on isolated fish, although the capture success
did not differ between these two types of prey. This tendency to
attack groups of fish was common to all experiments and is con-
sistent with previous studies in which the prey density was an
important determinant of fishing site selection in kingfishers (Reyer
et al., 1988).

4.4. Capture success
The fishing success rate, 24.9%, differed greatly from the suc-
cess rates found with other kingfishers reared in captivity (100%,
Labinger et al., 1991; Reyer et al., 1988). In these previous stud-
ies, however, the birds used in the experiments had much longer
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ccommodation periods (hand-reared birds). Nevertheless, our
esults more closely resembled those obtained for other fish-eating
irds (Greig et al., 1983; Lotem et al., 1991) and also agree with stud-

es where lower capture rates were reported in young herons than
n adult birds (Draulans, 1987; Quinney and Smith, 1980; Recher
nd Recher, 1969).

. Conclusions

Although the number of attacks and captures were higher over
he gravel bottom, the size effect test showed that the fishing skills
f the kingfishers improved over light (white) backgrounds. The
ack of significant differences in our findings could be explained if
he gravel bottom used in the experiments was not sufficiently nat-
ral. Our results agree with the findings of previous studies carried
ut with similar kingfishers, where better foraging success appears
o be related to clearer river beds (Kelly, 1996).

Our investigations of foraging strategy show that the Common
ingfisher behaved as an opportunistic predator, preying upon the
ost accessible types of fish, and that the depth of the river bed

nd the bottom color were two factors that affected the success of
aptures.
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