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A b s t r a c t . The feeding ecology of cormorants and grey herons were investigated at

a fish farm in Arcachon Bay (southwest France) during both breeding and non-breeding

season. Cormorants were mainly recorded during winter and grey herons during both

breeding and wintering seasons. Adult cormorants and herons were the most abundant age

clas at the fish farm. Adult cormorants and herons were more successful at feeding than

first-years and although younger birds spent more time feeding and their biomass intake

rates remained lower than those of adults birds. Cormorants and herons took the same

biomass intake per feeding session at the fish farm during the non-breeding season, about

200 g. The impact of the two ichthyophagous birds (cormorant and grey heron) was

estimated as 53.0% (average predation of cormorant per year) and 10.8% (mean predation

of heron per year) of the annual yield of the fish farm. This imposed a significant economic

loss due to low productivity of the farm.
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Introduction

In French coastal and inland waters the cormorant (Phalacrocorax carbo) and the grey heron

(Ardea cinerea) are commonly perceived as two great predator of fish stocks at fish farms

(H a f n e r & M o s e r 1980, I m & H a f n e r 1984, M a r i o n 1983, 1990, M a r i o n

& M a r i o n 1983, 1987, P e r e n n o u 1987, T r o l l i e t 1993a, 1993b). 

In other countries of Europe most studies with these two fish-eating birds have focused

on extensive aquacultures (D r a u l a n s et al. 1985, C a r s s & M a r q u i s s 1991,

J a n d a 1993, C a r s s 1994, D i r k s e n et al. 1995, K e l l e r 1995, S u t e r 1995,

V a n E e r d e n & G r e g e r s e n 1995, D e k k e r 1997) rather than intensive systems

(C a r s s 1990, C a r s s 1993a,1993b, L e k u o n a 1998) where fish stocks area reared at

high densities.

Their feeding activities had been often considered to result in important economic losses

(M e y e r 1981, M a r i o n 1983,1990, U t s c h i c k 1983, D r a u l a n s & V a n

Ve s s e m 1985, C a r s s 1991, O s i e c k 1991, D i r k s e n et al. 1995, K e l l e r 1995,

W a r k e & D a y 1995, P é r e z - H u r t a d o et al. 1997, L e k u o n a 1998). Recently,

C a r s s (1993a) found that these losses are small compared with other forms of fish mortality.

A wide variety of deterrent techniques (acoustic, visual and biological) has been tried in

attempts to reduce cormorant and heron impact (B a r l o w & B o c k 1984, D r a u l a n s
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1987, M o e r b e e k et al. 1987, F e a r e 1988, O s i e c k 1991, T r o l l i e t 1993a,

1993b, K i r b y et al. 1996, V a n D a m & A s b i r k 1997, L e k u o n a 1998).

The present study gives some data on heron and cormorant predation at a fish farm in

terms of piscivorous bird numbers during breeding and non-breeding seasons, food, feeding

parameters and stock losses.

The study had several aims: 1) to know heron and cormorant abundance and age

structure of their population in Arcachon bay and at a fish farm, 2) to determine the food and

some feeding parameters of two species of piscivorous birds and 3) to quantify their impact

on fish stocks.

Study Area, Material and Methods

The study was carried out in Arcachon Bay (Fig. 1), southwest France (44°40’N, 1°10’W),

a coastal lagoon with variations in water level due to tides, triangular in shape, approximately

20 km wide and 161.3 km2 in area (106.6 km2 of mud and 54.7 km2 of deep channels,

L e k u o n a 1997). A colony of Ardeids breed there (L e k u o n a 1993, L e k u o n a &

C a m p o s 1995, L e k u o n a 1997). 

The farm was located in the oriental extreme of Arcachon bay. The fisf farm of Certes

had an area of 142 ha, with two kind of fish ponds: deep ponds (1.5-2 m of depth and 3-4 m

of width) and shallow ponds (0.2-0.5 m of depth and 1000-32000 m2 of area, L e k u o n a

1993). Fish stocks (eel Anguilla anguilla, mullets Quelon labrosus and Liza ramada,

gilthead Sparus aurata and bass Dicentrarcus labrax) were mainly reared at low densities in

shallow ponds. The total yield per year of the fish farm was 9.1 Tm (35 kg.ha-1 for eel, for

mullets 100 kg.ha-1, for gilthead 5 kg.ha-1 and for bass 30 kg.ha-1).
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Fig. 1. Arcachon bay study area showing location of grey heron colony (• ), winter roosts of cormorants (♦ ) and
the study fish farm (Certes).



The observations on the both cormorant and grey heron’s activities were carried out

between February 1992 and December 1993, using a 20-60 x telescope. One day a week,

between 07.30 h and 19.30 h the bay and the fish farm were visited to obtain an index of

abundance of two piscivorous birds by transect counts on a standard route of land. The

cormorant’s and heron’s indeces of abundance were each the maximum of four counts made

each month throughout the study period. During non-breeding season cormorant and heron

roosts were censused fortnightly at dusk. Two age-classes were taken into account both for

cormorants and herons (adult and first-year birds). Birds were categorized on their plumage

characteristics (C r a m p & S i m m o n s 1977). Most of birds could not be recognized

individually (only few cormorants had coloured rings) and some of observations on different

study days could have been of the same individuals. However, the data were recorded over

several months (February 1992 to December 1993) and the foraging sessions were assumed

to be independent. Cormorants and herons were always observed at a distance <100 m.

Each day the following data were noted for each bird in both natural feeding areas

(Arcachon bay) and at fish farm (Certes): 1) Total time spent (Tt) in a feeding site, as the

time elapsed from a bird’s arrival to its departure (defined as a foraging session). 2)

Foraging time (Ff), as the time used only for foraging within Tt by the two piscivorous bird

species. 3) The number of feeding attempts during Ft and their results (successful and

unsuccessful). 4) Dive time, only for cormorants, as the average of all dives made during

each foraging bout in seconds. 5) Number, type and size of the captured prey. For herons

four broad taxonomic groups of prey were used: amphibians, fish, insects, and crustaceans.

The size of the prey was calculated only for fish (which were the most abundant prey, see

below) in relation to the size of the both cormorant and grey heron’s beak (8 cm and 12 cm,

respectively, C r a m p & S i m m o n s 1977, Vo i s i n 1991). In this way, for grey heron

five size classes of fish were established: very small (<12 cm), small (12-18 cm), medium

(19-25 cm), large (26-32 cm) and very large (>32 cm), and for cormorant five size classes

were also established: very small (<8 cm), small (8-14 cm), medium (15-21 cm), large (22-

28 cm) and very large (>28 cm). 

The biomass (g wet weight) of fish was calculated according to the formulae of

R i c h n e r (1986) for eel and flounder Pleuronectes flesus. For mullets, Thick-lipped grey

mullet and thin-lipped grey mullet the equation W = 6.86 10-6L3.0796 (W = wet weight in g, 

L = total length in mm) was calculated according to the data of A r n e (1938). The

biomasses (g wet weight) of gilthead and bass taken were calculated according to the average

weight of similar-sized specimens captured in the study area. 

Cormorant and heron predation (the estimated biomass of fish removed, in kg) was

calculated on monthly and per species bases as:

Σ Yij = Nj x C x Pij (S u t e r 1995)

where Nj is the number of cormorant days during the month j, C is the daily food

consumption (g/day) and Pij is the proportion of the species i in the diet (% in biomass)

recorded in the month j.
Two averages were compared using the Student’s t-test (parametric data) and Mann-

Whitney Z-test (non-parametric data) and frequencies were compared using the χ2 test, with

Yates correction as necessary (S o k a l & R o h l f 1979, F o w l e r & C o h e n 1992).

The Bonferroni sequential correction test was made in multiple comparisons to avoid
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making the Type I error (reject the null hypothesis when, in fact, it is true) and for keeping

the overall error of the test set below 5%. C h a n d l e r (1995) showed that sometimes this

kind of correction was extremely conservative. Thus, our statistical results have been

explained basically without correction, when their biological meaning was very evident.

Results

H e r o n  a n d  c o r m o r a n t  c o u n t s a n d  a g e  r a t i o

Grey heron numbers increased in spring (Fig. 2) due to start of the breeding season in the near

ardeid colony located in a riparian wood near the fish farm (<10 km) and rose during the

summer (post-fledgling period of juvenile grey herons). During the breeding season adult

herons were the most important age class in the study area. During summer juvenile numbers

were more abundant in Arcachon bay, falling during autumn when adults showed a high level.

Cormorant roost numbers increased in autumn, remained relatively high during the

winter, before falling during the spring to a low level in summer (Fig. 3). Adult birds were

more abundant during autumn and winter than during spring and summer, when first-year

birds had a high level.

Seasonal changes were found in the abundance index of two species of fish-eating birds

at the fish farm during the present study (Fig. 4): for herons due to management desiccation

of extensive ponds (second week of March 1922 and first week of may 1993) and for

cormorants due to a change in the feeding behaviour at the farm: very often cormorants

foraged solitarily but in November 1993 social fishing (>300 birds) was observed in several

shallow ponds, increasing the predation on fish stock (see below).

D i e t ,  f e e d i n g  b e h a v i o u r  a n d  f i s h  s t o c k l o s s e s

The eel was the main fish species captured by both herons and cormorants in Arcachon bay

and at the fish farm (Table 1). Flounders were also taken by two species of piscivorous birds

but only in natural habitat. Gilthead and bass were taken by cormorants at low numbers at the

fish farm. Other prey species taken by herons were not important (crustaceans, amphibians

and insects). The main amphibian and invertebrate taxa identified as a heron food were: frogs

Rana perezi, insects (mainly beetles, Coleoptera) and shrimp, Crangon spp. and shore crab,

Carcinus maenas.

During the breeding season, grey heron spent less total time at the fish farm (t=13.6,

p<0.001), more foraging time (t=18.4, p<0.001) and had a higher biomass intake (t=3.2,

0<0.01) than in Arcachon bay (Table 2). During winter some feeding parameters showed the

same pattern as the breeding period: grey heron spent less total time at fish farm (t=4.44,

p<0.001) and took more biomass (t=1.94, p<0.05) with less feeding time (t=2.79, p<0.01).

The Bonferroni sequential test gave the same statistical results.

The agression rate observed at the fish farm was higher than in the bay during the

breeding season (Z=9.2, p<0,01). In the area under study agressions were not found during

winter season.

During winter cormorant (Table 3) spent more time fishing in the bay than at the fish

farm (t=7.2, p<0.001) and the dive time was also greater in bay than at fish farm (t=16.2,

p<0.001). No differences were found between feeding habitats in the biomass intake of
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Fig. 2. Number of grey herons (upper) and age-structure population (lower) during the study period in Arcachon
Bay (southwest France). Data are percentage numbers, black: adult birds, white: of first-year birds. 

Table 1. Food of cormorants and grey herons in natural feeding habitats and at the Certes fish farm in Arcachon
Bay (southwest France) during the breeding (B) and non-breeding season (NB).

Piscivorous bird                                             Grey heron                                                  Cormorant

Feeding habitat Bay            Fish farm                       Bay            Fish farm

Prey B NB B NB NB NB

Eel 2251 341 615 284 1833 885
Mullet 66 50 108 46 1256 250
Flounder 34 24 0 0 166 0
Gilthead 0 0 0 0 67 20
Bass 0 0 0 0 0 16
Unidentified fish 128 92 34 47 1034 57
Other prey species 537 162 67 34 0 0

Total 3016 669 824 411 4356 1228

F-92   A      J      A      O      D     F      A      J      A      O      D



wintering cormorants (t=0.35, NS). Cormorants and herons had the same biomass intake per

feeding session at the fish farm during non-breeding period (t=0.47, NS).

Both adult grey heron and cormorants (Table 4) were more successful at feeding than

first-year birds and younger birds (χ2=41.7, 1df, p<0.001 and χ2=26.4, 1df, p<0.001,

respectively), spent less time feeding (t=16.3, p<0.001 and t=11.7, p<0.001, respectively)

and their biomass intake remained higher (t=9.6, p<0.001 and t=10.8, p<0.001, respectively)

than those of juveniles at fish farm.

Great differences were found in the length of fishes captured by both cormorants and

herons in the bay and at the fish farm (χ2=32.1, 4df, p<0.001 and χ2=27.9, 4df, p<0.001,

respectively, Fig. 5). At the fish farm cormorants caught very large fishes whereas grey

heron captured large and very large fishes. In Arcachon bay grey heron took significantly

more small and medium size fishes than at the fish farm.

During breeding season fish losses by grey herons were 12.7% in 1992 and 8.9% in

1993 of the total fish farm yield (the average impact per year was 10.8%). During the study
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Fig. 3. Number of cormorants (upper) and age-structure population (lower) during the study period in Arcachon
Bay (southwest France). Data are percentage numbers, black: adult birds, white: first-year birds. 
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period cormorant losses were 38.4% in 1992 and 67.6% in 1993 (the average predation per

year was 53.0%). The habit of mass fishing by cormorants observed in winter 1993

significantly increased the annual impact.
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Fig. 4. Census of grey herons at the fish farm during the breeding season in 1992 and 1993 (upper) and number
of cormorants during the study period (lower).
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Table 2. Foraging studied parameters in feeding bouts made by grey herons in Arcachon bay and at Certes fish
farm during breeding and non-breeding season. N: number of foraging bouts, Tt: total time spent in the habitat
(min), %: percentage of success, Ft: foraging time (min), B: biomass intake (g wet weight) and A (aggression rate,
Ag min-1). Tt, Ft, B and A as average±standard deviation.

Habitat Bay Fish farm Bay Fish farm

Season                                        Breeding                 Non-breeding

N 192 68 96 47 
Tt 136.4±21.5 83.2±23.0 193.8±23.3 175.8±23.0
% 72.9 73.1 56.0 61.7
Ft 27.7±7.9 51.4±15.4 42.8±10.3 36.8±10.3
B 197.7±44.9 214.3±41.9 172.7±61.7 197.7±61.7
A 0.086±0.05 0.43±0.32 0.00±0.00 0.00±0.00
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Table 3. Foraging studied parameters in feeding bouts made by cormorants in Arcachon bay and at fish farm
during non-breeding season. N: number of foraging bouts, %: percentage of success, Ft: foraging time (min), D:
dive time (s) and B: biomass intake (g wet weight). Ft, D and B as average±standard deviation.

Feeding habitat Bay Fish farm

N 100 78
% 14.7 34.1
Ft 27.9±5.7 8.9±2.6
D 24.3±4.4 10.7±3.3
B 195.8±51.4 208.8±58.9

Table 4. Foraging parameters of cormorants and grey herons at a fish farm in southwest France taking into account
the age classes. N: number of foraging bouts, %: percentage of success, Tt: total time spent in the feeding habitat,
Ft: feeding time (min), D: dive time (s), B: biomass taken (g wet weight). Tt, Ft, D and B are given as
average±standard deviation. 

Species N % Tt Ft D B

Grey Heron
Adult 129 72.3 066.5±12.1 31.7±6.7 - 200.4±46.2
First-year 053 39.6 143.2±38.4 50.6±19.4 - 159.2±34.7

Cormorant 
Adult 22 44.0 10.5±2.3 7.3±1.5 8.3±2.3 228.9±41.4
First-year 16 15.1 17.5±1.9 13.5±2.9 13.2±1.6 141.6±19.9

Fig. 5. Length of prey (cm) captured by cormorants (upper) and grey herons (lower) at Certes fish farm (black)
and in Arcachon bay (white). Data are percentages.



Discussion

As a consequence of the rapid increase of both cormorant (V a n E e r d e n & G r e g e r s e n

1995) and heron populations (Vo i s i n 1991) in Europe, interference with fisheries has risen

(M a r i o n & M a r i o n 1983, 1987, M o e r b e e k et al. 1987, M a r i o n 1990, C a r s s

1994, V a n D a m & A s b i r k 1997, C a l l a g h a n et al. 1998, L e o p o l d et al. 1998).

Arcachon bay area was located within a region with high heron and cormorant density

(C a m p o s & L e k u o n a 1994, L e k u o n a 1999), where adult birds were the most

abundant age class in coastal and inland waters (L e k u o n a 1997). In the present study

cormorant numbers increased at the fish farm during winter and the heron number increased

during breeding season due to some management techniques. Both adults and juveniles

birds visited the fish farm during all the study period, but they showed significant age-

related differences in feeding performance (C a r s s 1993b). Young birds were able to

compensate their lower success by attempting more feeding strikes or dives

(D e s g r a n g e s 1981, L e k u o n a 1997). In this study both age classes took fish of

a similar size as did those studied by D r a u l a n s (1987) and C a r s s (1993b), but

juvenile birds fed for more time at the fish farm than did adults. D r a u l a n s (1987) also

found that first-year herons were less successful at foraging thatn adults at low prey

densities; similar data were found in the present study.

Cormorants and herons could not be recognized individually and some observations

could have been made on the same bird, and this fact may affect the comparisons between

two age classes. However, the data were recorded over 24 months with great differences

always between age classes so that the foraging sessions were assumed to be independent

and representative of the impact made by cormorants and herons at the fish farm.

An adult (heron and cormorant) needs a biomass intake per day of 300-500 g of fish

(C r a m p & S i m m o n s 1977, M a r i o n 1990, C a r s s 1993b, S u t e r 1995,

L e k u o n a & C a m p o s 1997, V a n D a m & A s b i r k 1997). The biomass intake

rates at the farm in relation to the feeding time of the two species were considerably higher

than other published rates (C o o k 1978, R i c h n e r 1986), but similar data were found

for grey heron at cage fish farms in Argyll (C a r s s 1993b). Thus, the daily requirements of

food could be met at the fish farm making a second foraging session and many of the

cormorants and herons probably caught all their prey there. At the fish farm, food

requirements of the two ichthyophagous species were satisfied within a shorter foraging

time than in Arcachon bay.

Foraging activity of breeding grey herons and wintering cormorants in Arcachon bay

was strongly influenced by variations in sea water level due to tides (L e k u o n a 1997,

1999), but no significant differences were found in their feeding activity at the fish farm

during tides (L e k u o n a 1997) because the water level was constant during most of the

study period.

At the study fish farm the cormorant predation on fish stocks was higher than heron

impact, but these rates represented a considerable economic loss. Similar date were found in

other regions of Europe (I m & H a f n e r 1984, P e r e n n o u 1987, M a r i o n 1990,

O s i e c k 1991, L e k u o n a 1998).

Most studies on fish-eating birds have been focused in estimate direct loss of fish stocks

(M a r i o n 1990, O s i e c k 1991), but some other factors must be taken into account

(parasites, physiological poor condition, blindness, wounded fish...) (C a r s s 1990, 1993b).

Also in some regions of Europe available data at fish farms are anecdotal or based on
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second-hand information (C a r s s 1993b), also this author found that not all of the fishes

taken by grey heron were healthy. Parasited trouts moved slowly just below the surface and

they formed a high proportion of the prey caught by herons. Thus, such predation did not

represent a direct loss. It is obvious that very often it is extremely complicated to quantify

the interaction between piscivorous birds and fisheries. 

A c k n o w l e d g e m e n t s

I would like to thank to the Asociación de Amigos de la Universidad de Navarra (1992) and to the Caja de Ahorros
Municipal de Pamplona (1993) for their grants awarded to me for the completion of this study. My thanks go to all
those who helped with the fieldwork, especially Alain F l e u r y , Claude F e i g n é and Veronique H i d a l g o
(Parc Ornithologique du Teich), Alberto A r t a z c o z and Itziar G a s t ó n . I am very grateful to the Certes’s fish
managers and their staff who kindly allowed me free access to the fish farm during the study period. Dr. P. B l a h á k ,
Professor R.H.K M a n n and an anonymous reviewer gave useful comments on a earlier draft of this paper.

L I T E R A T U R E

ARNE, P., 1938: Contribution à l’étude de la biologie des muges du Golfe de Gascogne. P.V. Reun. Com. Explor.
Scient. Mer Mediterranée, 11: 77–113.

BARLOW, C. G. & BOCK, K., 1994: Predatioin of fish in farm dams by cormorants, Phalacrocorax spp.

Australian Wildl. Res., 11: 559–566.
CAMPOS, F. & LEKUONA, J. M., 1994: La población invernante de Cormorán Grande (Phalacrocorax carbo)

en el Norte de España y Suroeste de Francia. Ardeola, 41: 13–18.
CALLAGHAN, D. A., KIRBY, J. S., BELL, M. C. & SPRAY, C. J., 1998. Cormorant Phalacrocorax carbo

occupancy and impact at stillwater game fisheries in England and Wales. Bird Study, 45: 1–17.
CARSS, D. N., 1990: ˝Beak-prints˝ help in war againts aerial invaders. Fish Farmer, 13: 46–47.
CARSS, D. N., 1991: Avian predation at farmed and natural fisheries. Proceedings of the Institute of Fisheries

Management. September 1991, University of Aberdeen.
CARSS, D. N., 1993a: Cormorants Phalacrocorax carbo at cage fish farms in Argyll, western Scotland. Seabirds,

15: 38–44.
CARSS, D. N., 1993b: Grey Heron, Ardea cinerea L., predation at cage fish farms in Argyll, western Scotland.

Aquaculture and Fisheries Management, 24: 29–45.
CARSS, D. N., 1994: Killing of piscivorous birds at Scottish fin fish farms, 1984-87. Biol. Conserv., 68: 181-188.
CARSS, D. N. & MARQUISS, M., 1991: Avian predation at farmed and natural fisheries. In: Lucas, M. C., Diak,

I. & Laird, L. (eds.), Interaction between fisheries and environment. Proc. Institute of Fisheries Management,
22nd Annual Study Course, University of Aberdeen.

CHANDLER, C. R., 1995: Practical considerations in the use of simultaneous inference for multiple test. Anim.
Behav., 49: 524–527.

COOK, D. C., 1978: Foraging behaviour and food of grey herons on the Ythan Estuary. Bird Study, 54: 17-22.
CRAMP, S. & SIMMONS, K. E. L., 1977: The birds of the Western Palearctic. Vol. I. Oxford University Press,

Oxford, U.K.
DEKKER, W., 1997: The impact of cormorants and fykenet discards on the fish yield from Lake Ijsselmeer, The

Netherlands. In: Van Dam, Ch. & Asbirk, S. (eds.), Proceedings of the Workshop an International

Conservation and Management Plan for the Great Cormorant (Phalacarcrocorax carbo). October 1996,
Lelystad, The Netherlands: 45-52.

DESGRANGES, J. L., 1981: Observations sur l’alimentation du grand heron (Ardea herodias) en Quebec

(Canada). Alauda, 49: 25–34.
DIRKSEN, S., BOUDEWIJN, T.J., NOORDHUIS, R. & MAERTEIJN, E. C. L., 1995: Cormorants

Phalacrocorax carbo sinensis in shallow eutrophic freshwater lakes: prey choice and fish consumption in the

non-breeding period and effects of large-scale fish removal. Ardea, 83: 167–184.
DRAULANS, D., 1987: The effectiveness of attempts to reduce predation by fish-eating birds: a review.

Biological Conservation, 41: 219–232.

32



DRAULANS, D. & VAN VESSEM, J., 1985: The effect of disturbance on nocturnal abundance and behaviour of

Grey Herons (Ardea cinerea) at a fish farm in winter. Journal of Applied Ecology, 22: 19-27.
DRAULANS, D. & VAN VESSEM, J. & DE BONT, A. F., 1985: The effects of killing and removal on the

abundance of Grey Heron at fish farms. XVIIth Congress of the International Union of Game Biologists,
337–393 pp.

FEARE, C. J., 1988: Cormorants as predators at freshwater fisheries. Inst. Fisheries Management Ann. Stud.
Course, 18: 18–42.

FOWLER, J. & COHEN, L., 1992: Statistics for Ornithologists. BTO Guide 22.
HAFNER, H. & MOSER, M., 1980: Les hérons et la pisciculture en Camargue. Colloque sur les zones humides

et littorales, l’aquaculture et la faune sauvage. France. Bull. de l’office National de la Chasse, p. 255–260.
IM, B. H. & HAFNER, H., 1984: Impact des oisesaux piscivores et plus particulièrement du grand cormoran

Phalacrocorax carbo sinensis sur les exploitations piscicoles en Camargue, France. Le Sambuc, Station
Biologique de la Tour du Valat.

JANDA, J., 1993: La situation en Tchécoslovaquie. Bulletin Mensuel Office National de la Chasse, 178: 26–29.
KELLER, T., 1995: Food of Cormorants Phalacrocorax carbo sinensis wintering in Bavaria, southern Germany.

Ardea, 83: 185–192.
KIRBY, J. S., HOLMES, J. S. & SELLERS, R. M., 1996: Cormorants Phalacrocorax carbo as fish predators:

a appraisal of their conservation and management in Great Britain. Biol. Conserv., 75: 191–199.
LEKUONA, J. M., 1993: Uso de hábitat, alimentación y reproducción de la Garza Real (Ardea cinerea) en la

Bahía de Arcachon (Francia). Tesis de Licenciatura, Universidad de Navarra.
LEKUONA, J. M., 1997: Importancia de las aves ictiófagas: Cormorán Grande (Phalacrocorax carbo) y Garza

Real (Ardea cinerea) en el norte de España y suroeste de Francia. Tesis Doctoral, Universidad de Navarra.
LEKUONA, J. M., 1998: Impacto del Cormorán Grande Phalacrocorax carbo sinensis, la Gaviota Reidora Larus

ridibundus y la Garza Real Ardea cinerea en un piscifactoría de Navarra durante la época invernal. Ardeola,
45: 171–182.

LEKUONA, J. M., 1999: Food and foraging activity of grey herons, Ardea cinerea, in a coastal area during the

breeding season. Folia Zool., 48: 123–130.
LEKUONA, J. M. & CAMPOS, F., 1995: Le succès de reproduction du Héron cendré (Ardea cinerea) dans le

Bassin d’Arcachon. Alauda, 63: 179–183.
LEKUONA, J. M. & CAMPOS, F., 1997: Foraging ecology of cormorants (Phalacrocorax carbo) wintering in

northern Spain. Folia Zool., 46: 243–252.
LEOPOLD, M. F., VAN DAMME, C. J. G. & VAN DER VEER, H. W., 1998: Diet of cormorants and the impact

of cormorant predation on juvenile flatfish in the Ducht Wadden Sea. Journal of Sea Research, 40: 93–107. 
MARION, L., 1983: Etat de nos connaissances sur les relations oiseaux piscivores et populations piscicole

naturelles et artificielles et propositions de recherches prioritaires pour la période 1984–1988. Rapport du
Groupe de Travail sur les oiseaux piscivores, Ministère de l’Environnement, Paris.

MARION, L., 1990: Les oiseaux piscivores et les activités piscicoles: impact et protection. Secrétariat d’Etat
chargé de l’environnement & Ministère de l’agriculture et de la forêt, Paris.

MARION, P. & MARION, L., 1983: Etude de la predation par le Héron cendré sur les piscicultures intensives et

sur le milieu naturel. Rapport Laboratoire d’Evolution des Systèmes Naturels et Modifiés. Ministère de
l’Environnement, Paris.

MARION, P. & MARION, L., 1987: Impact de la predation exercée par le Héron cendré sur une pisciculture.

Revue d’Ecologie (Terre et Vie), 4: 115–116.
MEYER, J., 1981: Room for birds and fish. Fish Farmer, 4: 23–26.
MOERBEEK, D. J., VAN DOBBEN, W. H., OSIECK, E. R., BOERE, G. C. & BUNGENBERG DE JONG,

C. M., 1987: Cormorant damage prevention at a fish farm in the Netherlands. Biol. Conserv., 39: 23–38. 
OSIECK, E. R., 1991: Prevention of Cormorant damage at the Lelystad fish farm. In: Van Eerden, M. R. &

Ziljstra, M. (eds.), Proceedings Workshop 1989 on Cormorants (Phalacrocorax carbo). Rijkswaterstaat
Directorate Flevoland, Lelystad: 205–211.

PERENNOU, C., 1987: L’impact de Héron cendré Ardea cinerea en bassin d’alevinage. L’Oiseau et R. F. O., 57:
262–265.

PÉREZ-HURTADO, A., MASERO, J. A., ARROYO, G., PIZARRRO, S R., HORTAS, F. & CASTRO, M., 1997:

Estudio de la incidencia de la Avifauna Ictiófaga en los cultivos marinos y otras especies orníticas en el Parque

Natural de la Bahía de Cádiz. Consejería de Medio Ambiente de la Junta de Andalucía, Cádiz.
RICHNER, H., 1986: Winter feeding strategies of individually marked herons. Anim. Behav., 34: 881–886.
SOKAL, R. R. & ROHLF, F. J., 1979: Biometría. Blume, Madrid, Spain.

33



34

SUTER, W., 1995: The effect of predation by wintering cormorants Phalacrocorax carbo on grayling Thymallus
thymallus and trout (Salmonidae) populations: two case studies from Swiss rivers. J. of Applied Ecology, 32:
29–46.

TROLLIET, B., 1993a: Moyens préventifs de limitation dl’impact du grand cormoran sur la pisciculture extensive.

Bulletin mensuel Office National de la Chasse, 178: 41–49.
TROLLIET, B., 1993b: Un nouveau moyen d’effarouchement: le fusil laser. Bulletin mensuel Office National de

la Chasse, 178: 50–54.
UTSCHICK, H., 1983: Abwehrstrategie und Abwehrmassnahmen gegen den Graureiher (Ardea cinerea) und

Fischgewässern. Garm. Vogelk. Ber., 12: 18–58.
VAN EERDEN, M. R. & GREGERSEN, J., 1995: Long-term changes in the northwest European population of

Cormorants Phalacrocorax carbo sinensis. Ardea, 83: 61–80.
VAN DAM, C. & ASBIRK, S., 1997: Cormorants and human interests. Proceedings of the Workshop towards an

International Conservation and Management Plan for the Great Cormorant (Phalacrocorax carbo), 3–4 October
1996, Lelystad, The Netherlands.

VOISIN, C., 1991: The Herons of Europe. T & DA Poyser, London.
WARKE, G.M.A. & DAY, K. R., 1995: Changes in abundance of cyprinid and percid prey affect rate of predation by

Cormorants Phalacrocorax carbo carbo on Salmon Salmo salar smolt in Nothern Ireland. Ardea, 83: 157-166.


