
111Roosting colony of cormorants (Phalacrocorax carbo sinensis L.) as a source of nutrients for the lakeLimnol. Rev. (2014) 14,3: 111-119
DOI 10.1515/limre-2015-0001

Introduction

Since the 1980s a rapid growth in the popula-
tion of the great cormorant (Phalacrocorax carbo sin-
ensis L.) has been observed around Europe (Saks 2012; 
van Eerden et al. 2012). The reasons explaining this 
phenomenon include: i) the protection of the great 
cormorant in numerous countries; ii) increase in food 
availability due to cultural eutrophication; iii) a global 
increase in both the inland temperature and that of 
coastal marine waters (van Erden and Gregersen 1995; 
White et al. 2011). In Poland, since the beginning of 
the 20th century, the number of great cormorants has 
increased from only 15 to over 25,000 breeding pairs 
(Bzoma et al. 2003). The growing population of these 
birds has raised concerns as to the consequences of 
their presence in the environment. The greatest threats 
posed by great cormorants include their potential im-
pact on fish fauna and fishery. However, it is worth 

noticing that waterfowls such as great cormorants are 
a very important intermediate link in food webs and 
a factor that facilitates the dislocation of matter be-
tween aquatic and terrestrial ecosystems (Marion et 
al. 1994). Great cormorants may have an impact on the 
process of eutrophication of water reservoirs either 
positively or negatively. When they feed in water but 
excrete on land, they can remove loads of nutrients 
(together with fish) from the water ecosystem and 
delay the process of eutrophication. However, while 
great cormorants prey on fish on many aquatic eco-
systems simultaneously, within a radius of 30 km from 
the colony (Cramp and Simmons 1977), they deposit 
their droppings on a relatively small area under the 
colony (Kameda et al. 2006) and near the lake. In turn, 
increased concentrations of nitrogen (N), phosphorus 
(P) and other chemical elements provided by the birds 
within the area of the colony may then be transferred 
together with groundwater or surface runoff to near-
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by lakes, thereby inducing significant chemical and 
biological changes (Gere and Andrikovics 1992, Na-
kamura et al. 2010; Klimaszyk 2012; Klimaszyk et al. 
2014). Moreover, microbial pollution of littoral zones 
can be observed within the area of bird colonies (Kli-
maszyk 2012, Klimaszyk and Rzymski 2013a).

Since 2005, we have observed the appearance of 
great cormorants on the shores of Lake Góreckie. The 
birds occupy Castle Island located in the central part 
of the lake. In recent years the number of cormorants 
has periodically reached 250. Lake Góreckie is located 
in the Wielkopolski National Park. Despite the strict 
protection of its area, the chemical and biological 
quality of the water in the lake is unsatisfactory and is 
gradually deteriorating (Sobczyński and Joniak 2009).

In this paper the hypothesis has been put for-
ward that the great cormorants constituting the lake-
shore roosting colony deposit considerable quantities 
of nutrients and other chemical substances onto the 
soil beneath the colony. We have studied the accumu-
lation of nutrients in the soil and evaluated whether 
surface runoff and groundwater play any relevant role 
in the transfer of nutrients from the colony area to the 
lake. Our study demonstrates that the roosting colony 
of great cormorants can have a significant impact on 
the quality of water and contribute to the eutrophica-
tion of the lake, in spite of its being situated within a 
protected area with limited human pressure. 

Material and Methods

The Lake
Lake Góreckie is located in Wielkopolski Na-

tional Park (North-West Poland) with a latitude and 
longitude of 52°26.7’ N and 16°79.4’ E, respectively. It 
is a postglacial ribbon lake with a relatively large area 
of 103 ha and great depth (average of 9 m, maximum 
17 m). It has no outflows and is almost entirely sur-
rounded by hilly forested banks. The lake is naturally 
divided into two sub-basins: a deeper southern one 
and a shallower (maximum depth of 10 m) north-
western one. The catchment area of the lake is over 
650 ha and about 70% of it is covered by forest while 
the remaining 30% consists of agricultural fields and 
rural areas. Lake Góreckie has been classified into the 
2nd category of susceptibility to degradation (Szyper 
and Gołdyn 2002). It reveals some signs of advanced 
degradation (Sobczyński and Joniak 2009). The main 
reason for this is that for many years the lake received 
untreated waste from a nearby sanatorium. Despite 

the waste inflows being cut off at the end of the 1990s, 
the lake remains eutrophic (Szyper and Gołdyn 2002). 
Intensive phytoplankton blooms and deoxygenation 
of meta and hypolimnion are observed during every 
vegetative season. In order to protect the lake from 
further degradation a number of treatments aimed 
at reducing human impact within the catchment area 
have been implemented including a decrease in fer-
tilizer use and improvement in sewage management. 
Other restorative approaches have also been adopted 
such as aeration of the hypolimnion zone, P inactiva-
tion by ferric coagulant and the removal of 3 tons of 
fish (Sobczyński and Joniak 2013). 

The roosting colony of great cormorants
Since 2005, great cormorants have been ob-

served on the lake shoreline. Due to insignificant hu-
man pressure, the birds generally occupy Castle Island 
located in the middle of the lake. Initially only single 
individuals were observed although the population of 
great cormorants occurring within the lake area has 
gradually increased. In autumn 2008, more than 100 
individuals were observed. In the period 2009-2012 
the number of birds occupying the island periodi-
cally exceeded 250 individuals (October 2011). Great 
cormorants were distributed unevenly on the island 
and concentrated on its northern shore. They roost 
on edge alder (Alnus glutinosa) trees. During dry peri-
ods, tree leaves were covered by bird guano; however, 
significant damage to trees was not found. Herbs un-
der the roost were as dense as at a control station but 
included numerous specimens of nitrophilous nettle 
(Urtica dioica). The number of individuals forming the 
roosting colony varied over seasons. With the excep-
tion of winter months (December-March), great cor-
morants almost always occupied the area of the island 
but the maximum number of birds was observed in 
the summer and autumn months. So far, no breeding 
colony has been formed but the birds have managed 
to establish a roosting colony. 

Sampling sites and sample collection
The main investigations were conducted be-

tween 2009 and 2012. Samples were taken in the vege-
tative season from April to October from sites located 
beneath the roosting colony and from control sites sit-
uated on the lake shore (Fig. 1). Sites were comparable 
according to soils, morphology and vegetation. 

Soil samples were taken bimonthly at three ge-
netic soil horizons: organic – the ectohumic soil ho-
rizon, at a depth of 0-5 cm; the eluvial horizon at a 
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depth of 5-20 cm; the mineral horizon, at a depth of 
>20 cm. Air-dried soil samples were sieved using a 
1 mm sieve to separate gravel (particle size >1 mm) 
and non-soil components. Surface runoff water sam-
ples were taken using samplers made of PVC gutters 
(3 m long and 0.15 m wide) and sealed plastic col-
lectors buried at the lower end at an angle that pre-
vented the direct inflow of rainwater. The gutters were 
placed under the forest litter and covered with a 0.25 
mm mesh. Runoff water was collected after each pre-
cipitation event and during melting of the snowpack. 
Water samples from the littoral zone of Lake Góreckie 
were taken: i) at the edge of the island; ii) 10 m from 
the shore; iii) 50 m from the shore, all immediately 
after heavy rainfall. Samples of shallow groundwater 
were collected bimonthly from piezometers installed 
near the lake adjacent to the surface runoff samplers. 
Collected groundwater samples were filtered through 
a cellulose membrane GF-C.

Analyses and calculations
Electric conductivity and pH of water were 

measured in the field using a YSI 556 Multiparameter 
Instrument. In the collected samples of water the fol-
lowing parameters were analysed in the laboratory: 
ammonium (N-NH4

+, using the Nessler method), 

nitrites (NO2
-, using the sulphonic acid method), ni-

trates (N-NO3
-, using the sodium salicylate method), 

organic nitrogen (Norg, using the Kjeldahl method), 
and orthophosphates (TRP, using the molybdate 
method) (APHA 2005). In soil samples, total Kjeldahl 
nitrogen (NtK) was determined using the Kjeldahl 
method (van Reeuwiijk 2002), nitrates (NNO3) were 
determined colorimetrically after extraction in 0.03 
mol CH3COOH dm–3, ammonium ions (NNH4) were 
determined colorimetrically using Nessler’s method, 
and NNO3 was determined using phenoldisulphonic 
acid (Prince 1995). Soil total phosphorus (TP) was de-
termined at 850 nm using a Shimadzu UV-1610 spec-
trophotometer (molybdate method) after the samples 
were burned at 550°C and mineralized in HNO3 and 
H2SO4 (Sobczyński and Joniak 2009).

Statistical analyses were determined using Sta-
tistica 8.0 (StatSoft, USA). Gaussian distribution was 
tested with the Shapiro-Wilk’s test and if the data 
did meet this assumption, evaluation of differences 
between the studied sites was assessed using the T-
Student test while correlations were defined using 
the Pearson coefficient. If the data did not meet the 
Gaussian distribution assumption we used the Mann-
Whitney U test. In all statistical analyses, a p value of 
<0.05 was considered as statistically significant.

Fig. 1. Lake Góreckie with the indication of the roosting colony and location of sampling stations 
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Results

Loads of nutrients delivered by great cormorants  
versus loads from other sources

Without accurate data on the density of the col-
ony, with the dynamically changing number of birds it 
is impossible to estimate the annual load of nutrients 
supplied by them. Therefore, we present a comparison 
of the daily loads imported by great cormorants at the 
maximum observed abundance, with daily inflow of 
nutrients from other sources.

According to Szyper and Gołdyn (2002) the 
annual load of nutrients inflowing to Lake Góreckie 
from diffused and dispersed sources is 9884 kg and 
373 kg of N and P, respectively. Thus, the daily load 
of nutrients is approximately 27 kg of N and 1 kg of 
P. Assuming from Marion et al. (1994) that one cor-
morant spent (roosted) 20 hours at the lake daily and 
produced 27 g of faeces (dry weight) containing 0.89 
g of N and 3.86 g of P, the maximal daily load of nu-
trients delivered by great cormorants to the area of 
the roost and lake was over 0.2 kg of N and nearly 1 
kg of P.

Impact of great cormorants on soil fertility
Soil analyses demonstrated the significant im-

pact exerted by great cormorants on the terrestrial 
ecosystem beneath the roosting colony. Compared 
to the control, considerably increased concentrations 
of N forms and P were found in soils beneath the 
colony (Table 1). It is worth noting that the greatest 
impact of the colony of great cormorants on fertil-
ity was observed in the top soil layer. In the case of 
all investigated forms of N and P, the concentrations 
found beneath the roost were statistically significantly 
higher compared to the control (T test p< 0.001). Norg 
dominated the N pool (almost 1 000 mg kg–1), with 
N-NH4 and N-NO3 present in the surface layer in con-
siderably lower concentrations, approximately 200 mg 
kg–1 and 30 mg kg–1, respectively. Significantly lower 
quantities of nutrients were found in deeper-lying soil 
layers (10-20 cm depth) under the colony. However, 
when compared with similar soil levels from control 
sites, the concentration of these chemical elements 
was always higher (Table 1). Statistically, concentra-
tions of chemical elements in soil profiles located at 
sites beneath the colony differed significantly from 
those at the control stations. However, no statistically 
significant differences were found in the chemistry of 
any soil zone deeper than 20 cm.

Impact of great cormorants on surface runoff chemistry
Surface runoff occurring on the forested catch-

ment beneath the roosting colony contained a rela-
tively high content of N and P and high electrical con-
ductivity (Table 2). Compared to the site unaffected by 
great cormorants, the concentration of TP and total N 
in runoff under the roosting area was nearly 20-fold 
and over 50-fold higher, respectively. Norg prevailed 
amongst the various N forms. Among the mineral 
forms, N-NH4 was predominant (with mean content 
reaching nearly 400 mg dm–3), N-NO3 were present at 
a much lower level (30 mg dm–3) while N-NO2 were 
found only in trace amounts (Table 2). The TRP repre-
sented more than 60% in the P pool.

The concentrations of the studied parameters 
were largely affected by the number of roosting great 
cormorants. The highest concentrations of all chemi-
cal elements were found in October 2011 when almost 
250 birds were occupying the island.

For all the investigated parameters of surface 
runoff, a statistical significant difference between the 
roost area and control station was noted (Table 2).

Impact of great cormorants on groundwater chemistry
Within the area of the island (roosting colony), 

groundwater was found approximately 1 m below the 
surface. The groundwater table was similar to the level 
of the lake water. The chemical properties of shallow 
groundwater beneath the colony were different com-
pared to the surface runoff. Concentrations of total 
N and total P were several times lower compared to 
those noted in runoff. Similarly, the content of soluble 
mineral salts in groundwater (manifested by electri-
cal conductivity values) was almost four times lower 
(Table 3). Despite the relatively low content of the in-
vestigated chemical substances in groundwater, that 
found beneath the roosting colony was significantly 
more fertile compared to the groundwater observed at 
the control site, unaffected by birds (Table 3).

Impact of great cormorants on lake water chemistry
During the investigated period changes in the 

chemical properties of Lake Góreckie water were ob-
served. The water collected from the littoral in close 
proximity to the colony revealed higher mean values 
of the investigated parameters compared to water col-
lected 10 to 50 m from the edge and in the central part 
of the lake. Increased values of electrical conductivity 
and concentrations of N and P were found in the lit-
toral zone located in close proximity to the roosting 
colony, especially in October 2011 (when the birds 
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Table 3. Physical and chemical properties of ground water beneath cormorant roosting colony and at control station (n=10)

Mean Max Min SD Mann Whitney U test

N-NH4

colony
mgN dm–3 4.19 9.2 2.4 2.12 Z= 3.84

p<0.001control 1.51 2.3 0.7 0.48

N-NO3

colony
mgN dm–3 2.31 4.6 0.9 0.99 Z= 3.48

p<0.001control 0.7 1.7 0.2 0.45

N-NO2

colony
mgN dm–3 0.01 0.04 0 0.01 Z= 1.22

p>0.05control 0.008 0.04 0 0.01

N org.
colony 

mgN dm–3 7.18 12.4 3.1 2.9 Z= 3.84
p<0.001control 1.92 2.9 0.9 0.55

N tot.
colony

mgN dm–3 13.7 25 7.9 4.9 Z=3.83
p<0.001control 4.1 5.2 2.3 0.9

P tot.
colony

mgP dm–3 0.84 1.9 0.25 0.48 Z= 3.76
p<0.001control 0.17 0.26 0.1 0.05

TRP
colony 

mgP dm–3 0.42 0.8 0.1 0.25 Z= 3.79
p<0.001control 0.08 0.1 0.06 0.01

pH
colony – 7.1 5.8 0.38 Z= 0.035

p>0.05control – 6.9 6.2 0.25

Cond.
colony

µS cm–1 805.9 1124 650 126.3 Z= 3.83
p<0.001control 191.2 261 93 56.9

Table 1. Content of forms of nutrients in soils (± Standard Error) beneath cormorant colony (n=10)

layer
N-NH4 [mg kg–1] N-NO3 [mg kg–1] N organic [mg kg–1] N total [mg kg–1] P total [mg kg–1]

colony control colony control colony control colony control colony control

Organic 197.7
±16.1

51.1 
±7.8

30.89
±4.03

12.3
±1.08

974.2
±91.9

211.3
±31.21

1205.5
±72.1

294.1
±10.9

1276.4
±122.82

67.2
±4.49

Minero-organic 87.1
±4.8

43.6
±4.08

9.64
±0.88

7.51
±0.71

193.2
±19.19

87.4
±15.62

289.3
±10.5

138.2
±6.2

155.5
±14.22

24.2
±11.69

Mineral 38.5
±3.8

32.2
±1.93

5.7
±0.64

3.9
±0.37

37.2
±2.08

25.9
±1.32

81.2
±3.7

62.4
±2.2

25.4
±2.8

20.4
±1.71

Table 2. Physical and chemical properties of surface runoff water beneath cormorant roosting colony and at control station (n=10)

Mean Min Max SD Mann Whitney U test

N-NH4

colony
mgN dm–3 137.4 33 475 122.6 Z= 3.74

p<0.001control 2.2 0.6 3.5 0.7

N-NO3

colony
mgN dm–3 26.1 9.1 55 13.2 Z= 3.74

p<0.001control 1.5 0.5 2.4 0.59

N-NO2

colony
mgN dm–3 0.35 0.02 0.9 0.29 Z= 3.77

p<0.001control 0.001 0 0.004 0.002

N org.
colony 

mgN dm–3 379.1 68 610 197 Z= 3.74
p<0.001control 4.3 2.2 11 2.5

N tot.
colony 

mgN dm–3 542.9 202.6 1021 260.5 Z=3.74
p<0.001control 8.1 5.4 15.5 3.2

P tot.
colony

mgP dm–3 9.7 3.2 17.2 4.3 Z= 3.74
p<0.001control 0.4 0.09 1.1 0.3

TRP
colony 

mgP dm–3 6.2 1.1 11.1 3.1 Z= 3.75
p<0.001control 0.11 0.006 0.25 0.07

pH
colony 5.8 5.3 6.5 0.41 Z= 2.63

p<0.05control 4.8 3.52 6.2 0.9

Cond.
colony

µS cm–1 2971 1020 6100 1458.4 Z= 3.74
p<0.001control 107.3 72 185 33.4
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were most abundant). During this month, the mean 
concentration of TP was 20 times higher (2.1 vs 0.11 
mg dm–3) compared to the pelagic zone. TRP con-
centration reached 1.01 mg dm–3 in the littoral zone 
while in other parts of the lake (10 and 50m from the 
colony), it was found only in trace concentrations. At 
the same time, the concentration of the mineral N in 
the littoral zone near the colony was three-fold higher 
(3.1 vs. 0.9 mg dm–3) while Norg was four times higher 
(8.1 vs. 1.98 mg dm–3) than in the pelagial. Electri-
cal conductivity of the littoral zone near the colony 
was twice as high (990 µS cm–1) as that noted in the 
pelagic zone. However, when the entire investigated 
period was analysed, significant differences between 
sampling sites were only found for electrical conduc-
tivity (ANOVA Kruskal Wallis H=10.23 p<0.05) while 
for the other studied parameters the median values 
were similar (Fig. 2). 

Discussion

Great cormorants gather at roosts, both during 
the day and at night. After foraging they tend to form 
day roosts, close to their feeding areas. Usually, day 
roosts contain only a few dozen birds but some may 
be used by hundreds of individuals (Bregnballe et al. 
2012). Cormorants have a rapid metabolism, therefore 
they are responsible for the turnover of matter and 
energy in and between ecosystems (Mukherejee and 
Board 2001). They produce significant amounts of 
faeces that may influence geochemical cycles, both on 
land and in water (Gwiazda et al. 2010). Roosting cor-
morants can deliver significant loads of nutrients with 
their droppings, directly into the lake or onto land in 
the proximity of the lake, and accelerate eutrophica-
tion of freshwater (Kameda et al. 2000; Goc et al. 2005; 
Andrikovics et al. 2006). McCann et al. (1997) calculat-
ed that a roosting colony of great cormorants supplies 
Lake Aldair – a small and shallow reservoir – with 70 
% and 36% of its total P and N content, respectively. 
Removal of the birds and the elimination of the great 
cormorant colony led to an increase in lake water qual-
ity (McCann et al. 2000). Our calculations suggested 
that the daily load of nutrients delivered by cormorants 
to Lake Góreckie (at maximal colony abundance) in the 
case of P is equal to the load of P inflowing from other 
sources from the entire catchment area. In the case of 
N, great cormorants deliver only 1% of the total load. 
The estimations of the N load delivered by birds were 
given according to Marion et al. (1994), who calculated 

Fig. 2. Median (box) and range (whisker) of TP (A), TRP (B), 
Nmin. (C), Norg. (D) and electrical conductivity (E) of the sur-
face water in transect: 1– at edge of the colony, 2 – 10 m from the 
colony, 3 – 50 m from the colony, 4 – central part of the lake
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that N constitutes about 3.3% of dry mass of drop-
pings. Other studies show, however, that the content of 
N in great cormorant faeces can be equal to the con-
tent of P and exceed 10% (Kameda et al. 2000; Goc et 
al. 2005; Gwiazda et al. 2010). A significant quantity of 
droppings is delivered directly into the water because 
Cormorants prefer to gather on the edge part of the 
island, and occupy tree branches over the water table. 
Some loads are also delivered onto the land.

Loads of N and P found in the top soil layer 
beneath the great cormorant roost at Lake Góreckie 
are only slightly lower than those noted in soils under 
perennial colonies (Ligęza and Smal 2003; Hobara et 
al. 2005). It is highly plausible that the large quantities 
of nutrients observed in soils beneath a developing 
roosting colony are brought about by the greater den-
sity of great cormorants in comparison to perennial 
nesting colonies. Compared to other colonies (Ligęza 
et al. 2001; Hobara et al. 2001, 2005), the deeper soil 
layers under the roosting colony at Lake Góreckie 
contain smaller quantities of N and P. The impact of 
the great cormorants on soil chemistry is only trace-
able to the depth of 20 cm. 

The results of our work demonstrate that nu-
trients and other chemical elements deposited within 
the area of the colony are easily transferred into the 
neighbouring lake and only partially find their way 
to the soil. The main path of transfer of chemicals 
from the area of the roost to the lake is surface run-
off. Some literature data suggested that the transfer of 
N and P from soils under great cormorant colonies 
into groundwater is minimal. In forest pressured by 
cormorants, volatilization of ammonia into the at-
mosphere is predominant whereas P is effectively ac-
cumulated in soils (Mulder and Keall 2001; Hobara 
et al. 2005; Osono et al. 2006). We found that surface 
runoff promotes the elution of N, P and other chemi-
cals from soils beneath the colony. The concentration 
of N and P noted in surface runoff occurring in the 
area colonized by birds was significantly higher com-
pared to the control, as well as to those concentrations 
observed in other natural ecosystems (Klimaszyk and 
Rzymski 2011; 2013b). 

Despite the fact that the groundwater table be-
neath the colony is at an insignificant depth below the 
ground surface (approximately 0.7 m), the penetration 
of nutrients of bird origin is limited. Compared to sur-
face runoff, concentrations of all chemical elements 
in groundwater were significantly lower. In turn, this 
suggests that loads of nutrients delivered by great 

cormorants are mainly accumulated in the top layer 
of soils or washed out by surface runoff. This is due 
to the short duration of the colony and relatively low 
loads deposited by birds. At perennial great cormorant 
colonies ground waters are usually much more fertile 
(Klimaszyk 2012).

Lake water chemistry was demonstrated to be 
significantly affected only during the time the birds 
were most abundant (October 2011). These differenc-
es, demonstrated by increased nutrient concentrations 
and electrical conductivity, were only found for the 
zone narrower than 10m from the colony. Intensive 
water circulation in the lake (caused by wave motion) 
promotes the dilution of nutrient loads delivered by 
birds. Moreover, N and P, particularly in the inor-
ganic form, can be easily and rapidly utilized by phy-
toplankton. As shown, during summer stratification, 
the epilimnion of Lake Góreckie is characterized by a 
high rate of primary production and an abundance of 
filamentous cyanobacteria (Szeląg-Wasielewska and 
Fyda 2006). This results in decreased water transpar-
ency and limited growth of submerged macrophytes. 
It has already been shown that a colony of great cor-
morants can induce significant biological changes in 
lakes and decrease the abundance of macrophyte spe-
cies, particularly those susceptible to nutrient enrich-
ments (Klimaszyk et al. 2014). As can be postulated 
from the present study, the roosting colony of great 
cormorants represents one of the important sources of 
eutrophication-inducing factors for the studied lake. 

Conclusions 

Our study demonstrates that the roosting colony 
of great cormorants can significantly affect the chem-
istry of the lake. The birds that gather at roosts deposit 
considerable loads of nutrients and other chemical 
elements on the land ecosystem beneath the colony. 
As found, some of this load accumulates in soils and 
pollutes them while the remainder is transported with 
surface runoff and groundwater into the neighbour-
ing lake ecosystem. Even in the case of small roosts, 
the loads of chemical elements (particularly P) deliv-
ered by birds are comparable to those from the natural 
catchment area and may accelerate the eutrophication 
of freshwater. Therefore, great cormorants may play 
a significant role in chemical and biological changes 
in surface waters, particularly if one considers the 
observed increase in the population growth of these 
birds in many world regions.
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