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Abstract

Żółkoś K., Meissner W.: Influence of cormorant Phalacrocorax carbo colony on biometrical param-
eters of three-nerved sandwort Moehringia trinervia (Caryophyllaceae) leaves and seeds. Ekológia 
(Bratislava), Vol. 29, No. 1, p. 55–64, 2010. 

Investigation on the influence of fertilization on enlargement of leaf dimensions and seed production 
of Moehringia trinervia was carried out in July 2006 on Vistula spit, within the largest European breed-
ing colony of cormorant Phalacrocorax carbo, where multiple enhancement of NPK in the soil due to 
deposition of guano was noted. The control sample was taken from place located ca. 500 m away from 
the colony, where cormorants never nested. Leaves from the area within the colony were significantly 
larger and more rounded than leaves of plants growing outside the colony. Enlargement of leaf blade 
area allows plant to develop assimilation apparatus, which in turn affects on improvement of ability to 
absorb and transform greater amounts of nitrogen into organic compounds. It had probably an influence 
on extension of seed number, because plants within the colony area produced significantly more seeds 
than plants outside the colony. However seeds from the colony were twice lighter seed from the control 
sample, which may facilitate their dispersal and occupancy on larger area. Probably in this way Moehringia 
trinervia adapts to the unlimited availability of nutrients coming from bird excrements.

Key words: bird colonies, soil fertilization, nitrogen, nitrophilous species, leaf blade morphology, 
seed production

Introduction

Natural or anthropogenic changes, that take place in nature, lead to formation of new habitat 
conditions. A good example of such influence may be functioning of bird colonies. In that 
case habitat changes are mainly connected with deposition of guano as well as undigested 
and leftover bits of food, which at first affect soil enrichment, but further cause its over-
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fertilization. Long-term pressure of large colonies causes extremely high concentration of 
nutrients in soils (Abbot et al., 2000; Ligeza, Smal, 2003). 

Changes in habitat caused by bird colonies result in transformations of flora and vegetation 
within the whole occupied area. That phenomenon was observed and described mostly from 
maritime and oceanic islands as well as coastal areas of different parts of the world (Smith, 
1978; Paradis, Larenzoni, 1996; Norton et al., 1997; Vidal et al., 1998; Abbot et al., 2000; Garcia 
et al., 2002), less often from forest ecosystems (Maesako, 1991, 1999; Ishida, 1996; Mun, 1997; 
Żółkoś, Meissner, 2008). It was indicated that within bird colonies the indigenous flora is re-
placed by nitrophilous species (described by some authors as “ruderal” (Grime et al., 1988). 
Moehringia trinervia may be ranked to the group of such species, as it is a regular component 
of the undergrowth layer in colonies of grey heron Ardea cinerea and cormorant Phalacrocorax 
carbo in Poland (Żółkoś, Meissner, 2008, authors’ unpublished data). It is an annual, less often 
biennial dicotyledonous plant of Eurasiatic distribution range (Grime et al., 1988), connected 
with undergrowth layer of mesotrophic mixed and broadleaf forests. The species is frequently 
observed in changed places – in the surroundings sites of tree falls, rabbit scrapes and on tree 
plantations (Grime et al., 1988). Moehringia trinervia is thought to be a plastic species, resistant 
to environmental stress, or even a ruderal one (Grime et al., 1988). 

Most papers, concerning the impact of bird colonies on flora and vegetation, present 
changes in floristic composition (Hogg, Morton, 1983; Hogg et al., 1988; Vidal et al., 1998), 
also plant productivity, expressed usually by a total biomass, was analyzed (Smith, 1978; 
Mun, 1997; Anderson, Polis, 1999; Sanchez-Piñero, Polis, 2000). However, there is no 
information about the influence of colony on production, size and seed quality of plants 
growing within the colony. Only few papers demonstrate results of the investigations on 
impact of colony on germination and development of particular species (Sobey, Kenworthy, 
1979; Smith, 1978; Ishida, 1997; Garcia et al., 2002). It was also shown that overfertilization 
within the colony area causes changes in dimensions of the whole plants or their particular 
organs (Żółkoś, Meissner, 2008).

The main aim of presented work was an attempt to explain how the excess of nutrients, 
coming from the bird colony, may cause changes of leaf blade morphology as well as size 
and number of seeds in Moehringia trinervia.

Material and methods

Study area

The research was carried out on two plots, covered by a substitute, two-layer tree stand in the habitat of acidophil-
ous oak forest. The crown canopy layer covered ca. 50% and was mainly built by Scots pine, with admixture of 
Picea abies and Betula pendula. The subcanopy layer, with 30% cover, was built by Quercus robur, Picea abies and 
Sorbus aucuparia. In the shrub layer there were tree saplings of Quercus robur and Picea abies, altogether with 
Frangula alnus and Sorbus aucuparia, and the cover reached 20%. Additionally, in the area within the colony, 
there were few exemplars of Sambucus racemosa in shrub layer. Differences between two studied plots were noted 
mostly in species abundance of the undergrowth layer. In the control plot Vaccinium myrtillus was a dominant 
component, and among regular and relatively abundant species there were: Trientalis europaea, Vaccinium vitis-
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idaea, Deschampsia flexuosa, Moehtringia trinervia, Pteridium aquilinum and some mosses typical for coniferous 
forests. At the same time in the plot within colony the undergrowth was dominated by Moehtringia trinervia, 
with accompanying participation of Trientalis europaea and less frequent appearance of Vaccinium myrtillus and 
Calamagrostis epigeios. Also the moss cover in the second plot was significantly lower. 

Sampling methods

Material was collected in July 2006 on Vistula spit close to Kąty Rybackie village, within and outside the largest Eu-
ropean breeding colony of cormorant (Głaz et al., 2003). Within the colony, samples were collected in place, where 
cormorant had been nesting for four years. In that part of colony there was no visible changes of community structure, 
although strong enrichment in chemical composition of soil was already observed (Głaz et al., 2003). The control 
sample was taken from place located ca. 500 m away from the colony, where cormorants never nested. In the studied 
areas (within colony and control one) habitat conditions and vegetation were very similar. Both plots were situated on 
old, hilly, irregular coastal dunes covered by acidophilous oak forest, strongly deformed by Scots pine Pinus sylvestris 
and spruce Picea abies plantations. The main type of soils within the studied areas was Podzol (Głaz et al., 2003). 
The analyses of chemical composition of soils from the colony area were carried out and published by Głaz et al. 
(2003) and Ligeza, Smal (2003). They indicate a multiple 
enhancement of particular nutrient contents in the 
surface, mineral-organic soil horizons. The observed 
values were: total nitrogen   –  within colony 13850 mg/kg 
(NH4 943 mg/kg, NO3 533 mg/kg), outside 5100 mg/kg 
(NH4 93.7 mg/kg, NO3 5.7 mg/kg); phosphorus – within 
colony 641 mg/kg, outside 12.1 mg/kg; total potassium 
(exchangeable and available) within colony 1221 mg/kg, 
outside 59.9 mg/kg (Ligeza, Smal, 2003). 

Biometrical methods

In order to collect samples for biometrical research both 
plots (10x3 m each) were divided into 1 m2 square grid. 
From each square two undamaged, fruiting individuals 
of Moehringia trinervia were sampled. All samples from 
each plot were gathered and then a biggest leaf of 30 
randomly picked individuals was taken. Individuals 
with damaged biggest leaf were omitted. All leaves were 
immediately, in fresh condition, scanned with 300 dpi 
resolution. All measurements were made in CorelDraw 
9.0 (Corel Corporation), using its standard procedures 
to the nearest 0.1 mm.

Measurements of leaf blade were made according 
to the method of dividing leaf into 10 equal parts per-
pendicularly to the midrib (Meissner, Żółkoś, 2008). 
Along the division line the distances between midrib 
and the leaf blade edge were measured, separately for 
the left and right side (Fig. 1). 

The sum of all 18 measurements (9 per each side 
of leaf blade) was defined as a leaf blade roundness 
index. Due to a strict dependence of that index on 
leaf blade size, the values of leaf blade roundness index 
were standardized by dividing the index calculated for 
particular leaf by the leaf blade length:

L1

L2

L3

L4

L5

L6

L7

L8

L9

R1

R2

R3

R4

R5

R6

R7

R8

R9

 

Fig. 1. Notations of the leaf blade measurements. Sub-
sequent measurements of the left (L1−L9) and right 
(R1−R9) side were signed by arrows. 
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Abbreviations as on Fig. 1. 

The middle pair of leaf blade measurements was used for calculation of the fluctuating asymmetry index, ac-
cording Palmer’s (1994) formula:
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Furthermore, a total length of leaf blade, altogether with petiole, and the width of the blade in the half of its 
length were measured. 

Additionally, mature capsules of all collected individuals were gathered. Altogether 228 capsules from the within 
colony area and 226 from the control area were collected. All seeds were extracted from capsules and counted. In 
order to compare seed weight in both studied plots, all seeds from each plot were pulled together and then they 
were divided into groups of 10 specimens, rejecting immature ones. Seeds were dried for 6 hours in temperature 
of 70 °C and then 50 samples of 10 seeds, from each studied area, were weighted with an accuracy of 0.1 mg. 

Statistical analyses were based on statistical methods according to Zar (1996), using STATISTICA 6.0 (StatSoft, 
2001).

Results

Leaves from the area within the colony were significantly longer and wider than leaves of 
plants growing outside the colony (Table 1) and the difference was more distinct in case of 
width than length. Moreover, individuals from the cormorant colony had also more rounded 
blades (Table 1) and they were characterized by significantly lower variation of the roundness 
index values (F-test, F = 3.0, p = 0.004) than plants from the area outside the colony (Fig. 2). 
Considerable range of the roundness index values for leaves outside the colony points at 
high diversity of their shape: from very rounded leaves to slander, oval ones. 

Leaf blades in both studied plots of three-nerved sandwort show significant fluctuating 
asymmetry (values of the fluctuating asymmetry index significantly differed from 0: for 

T a b l e  1.  Differences between mean measurements of Moehringia trinervia leaves collected outside and within 
the cormorant breeding colony. 

Measurement
 Outside colony  Within colony t-test or Cochran-

Cox test (t’)
Relative

difference 
[%]Mean SD N Mean SD N t or t’  p

Leaf length 22.3 2.08 30 111.1 3.35 30 t =16.0 < 0.001 51.6
Leaf width 9.5 1.09 30 16.2 1.35 30 t = 21.1 < 0.001 70.5
Roundness index 2.9 0.47 30 3.3 0.27 30 t’ = 3.5 < 0.001 13.8
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the within colony area t-test, t = 6.22, p < 
0.001; for the outside colony area t-test, t = 
7.19, p < 0.001). However, mean values of 
the asymmetry index in both samples did 
not differ significantly (within the colony 
FA = 0.29, outside FA = 0.20, t-test, t = 
1.76, p = 0.08).

Plants within the colony area produced 
from 6 to 26, on average 14.2 seeds, (SD 
= 2.93, N = 228) in one capsule. That is 
significantly more than plants outside 
the colony, which had from 4 to 18 seeds 
in one capsule, with mean value 12.0 (SD 
= 2.83, N = 226) (t-test, t = 7.9, p < 0.001) 
(Fig. 3). The seed mass of plants growing 
within the colony was twice lower than 
seed mass of plants from the outside col-
ony area (t-test, t = 54.6, p < 0.001) (Fig. 
4). The heaviest seeds (10 specimens) col-
lected within the colony weighted 2.4 mg, 
while the lightest seeds from the outside 
area weighted 3.5 mg. Thus the difference 
was so big that mass ranges of weighted 
samples from the studied areas did not overlap (Fig. 4). 

Discussion

Significant enlargement of the leaf blade in plants growing within the cormorant colony 
was observed. Moehringia trinervia has two meristems that take part in the growth and 
development of leaves: an intercalary meristem, which is responsible for gain of leaf blade 
length and a plate one, responsible for the blade width (Bell, 1993). In case of three-nerved 
sandwort individuals that grew within the colony, the greatest relative extension concerned 
the leaf width, although its length also changed significantly. It was confirmed by the analysis 
of leaf blade shape, as leaves of plants growing within colony were more rounded comparing 
to those from the outside colony area. It indicates enlargement of assimilation apparatus not 
only due to improvement of linear dimensions, but also by tendency of rounding the ovate 
leaf blade. All leaves from the colony area were similarly rounded, which was confirmed by 
relatively high value and small diversity of the roundness index. That is probably a way in 
which the species adapts to the unlimited availability of nutrients coming from bird excre-
ments. Maximizing of leaf blade area, through its rounding, allows plant to develop assimi-
lation apparatus, which in turn affects on improvement of ability to absorb and transform 
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Fig. 2. Comparison of the roundness leaf blade index 
for individuals of three-nerved sandwort growing 
within and outside the cormorant breeding colony. 
Horizontal line – mean, rectangle – standard deviation, 
vertical line – range. 
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greater amounts of nitrogen into organic compounds (Mohr, Schopfer, 1995). Additionally, 
increased availability of nitrogen causes higher photosynthesis rate (Doescher et al., 1990). 
Cormorant guano is decomposed in soil into two forms of nitrogen: ammonium (NH4

+) and 
nitrate (NO3

-) (Ligeza, Smal, 2003). It is profitable for plants, which absorb nitrogen in both 
ionic [NO3

¯ and NH4
+] forms (Chapin, 1980; Mohr, Schopfer, 1995). The kind of absorbed 

ion depends on its concentration in soil as well as on environmental conditions, such as: 
temperature, moisture and soil pH (Mohr, Schopfer, 1995; Paul, Clark, 2000). In case of 
acidic soil, which was detected within the studied cormorant colony, plants absorb nitro-
gen mainly in NH4

+ form (Brady, 1984). Absorption of ammonium ions is more profitable 
for plants, as those ions are in cells transformed into amino acids in more energy-efficient 
way (von Wiren et al., 2001). The nitrate form requires energetically expensive reaction of 
reduction to be integrated into protein chains (Paul, Clark, 2000; Miller, Cramer, 2004). 
However, NO3

¯ ions are also absorbed, because nitrates are those, who regulate activity of 
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Fig. 3. Comparison of mean number of seeds in one 
capsule of the three-nerved sandwort at the studied 
areas within and outside the cormorant breeding 
colony. Horizontal line – mean, rectangle – standard 
deviation, vertical line – range. 
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Fig. 4. Comparison of seed mass of three-nerved sand-
wort from the within and outside cormorant breeding 
colony area. Each weighted sample consisted of 10 
seeds. Horizontal lines – mean, rectangle – standard 
deviation, vertical line – range. 
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metabolic processes in plants. They are essential, among others, for a proper photosynthesis 
run (Mohr, Schopfer, 1995). 

Improvement of the ability to absorb and transform large amounts of nitrogen into or-
ganic compounds, due to enlargement of linear dimensions and rounding of the leaf blade 
(resulted in enlargement of leaf area) had probably an influence on extension of seed number 
in Moehringia trinervia. In case of three-nerved sandwort growing within the colony the 
mean number of seeds in capsules was 14.2 and it was higher than the value known from 
literature – 12 (Grime et al., 1988). Also the maximum number of seeds in one capsule, 
noted in this study was 26, which highly exceeded the maximum value  of 17, referred to 
this species (data from http://www.york. ac.uk/res/ecoflora/cfm/ecofl/index.cfm). Greater 
seed production as a reaction on higher nitrogen concentration in soil has been reported 
for other plants (Stock et al., 1989; Greipsson, Davy, 1997; Drenovsky, Richards, 2005). 

Enlargement of seed number in capsules of plants growing within the cormorant colony 
probably resulted in reduction of their unit mass. Seeds from the colony area were twice 
lighter than seeds from the outside area. Similar negative correlation between the number 
and mean weight of seeds was observed also for Majanthemum bifolium (Kosiński, 2008). 
High diversity of seed size among individuals of the same population is commonly known 
(e.g. Schaal, 1980; Roach, Wulff, 1987; Ågren, 1989; Kosiński, 2008). Perhaps it is a result of 
varied fertility of soil or combination of environmental and genetic reasons (Roach, Wulff, 
1987). Still, the ability of inheritance of particular seed size is usually very low (Schaal, 1980; 
Silvertown, 1989), thus environmental conditions play the fundamental role. It is also worth 
to mention that N and P content in seeds (in mg/seed) increases linearly with the seed 
mass, which suggests higher production costs of large seed in case of limited availability 
of nutrients (Vaughton, Ramsey, 1998). For that reason it is thought that if environmental 
conditions are good, it is more profitable for the plant to product small seeds, while in situa-
tion of limited availability of nutrients – to produce large, better equipped seeds (McGinley 
et al., 1987). Venable, Brown (1988) indicate that variability of seed mass minimalizes the 
risk of failure in variable environments. Aditionally, small seeds provide to more effective 
dispersion (Hedge et al., 1991). The individuals of three-leaved sandwort that grew within 
the colony area produced twice lighter seeds, which facilitated their dispersal and occupancy 
on larger area. 

Investigation on the influence of fertilization on enlargement of leaf dimensions and seed 
production of Moehringia trinervia may be treated as an example of adaptation of this plant 
to changes in environmental conditions. Usually plants invest in enlargement of seed mass 
as it is important during first stage of plant development, especially in situation of limited 
resources of the environment (Roach, Wulff, 1987; Grubb, Burslem, 1998; Meyer, Carlson, 
2001). Positive influence of seed mass on germination ability was reported for many species 
(Schaal, 1980; Weis, 1982; Zimmerman, Weis, 1983). Seedlings germinating from large seeds 
are better equipped in available resources, which allow them to survive longer carbon deficit 
and consequences of various mechanical damages (Thompson, 1987) as well as they enlarge 
competition abilities (Turnbull et al., 1999). Within the species, heavier seeds demonstrate 
a tendency to a shorter time required to germination than the lighter seeds (Barik et al., 
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1996), and seedlings grown from larger seeds have a higher survival and growth rate than 
those developed from the small ones (Bonfil, 1998). However, plants growing within the 
studied colony used a strategy of investing in seed quantity instead of quality. For several 
species it was reported that small seeds germinated earlier than the larger ones, due to better 
proportion of seed area to its mass and quicker water absorption (Stamp, 1990; Zhang, 1993; 
Khan et al., 1999; Susko, Lovett-Doust, 2000). However seedlings, which grew from small 
seeds, form their leaves later and achieve smaller biomass than those developed from large 
seeds (Susko, Lovett-Doust, 2000). Intense fertilization of soil by nitrogen, phosphorus and 
potassium compounds, observed within bird colonies, probably compensate losses incurred 
in the earliest stages of individual development, and the increased supply of both nitrogen 
forms, especially the more easily to absorb ammonium form, affects enlargement of plant 
dimensions on its further life stages, particularly its assimilation organs. It seems to be 
a symptom of the species strategy leading to obtain a maximum leaf area, due to unlimited 
access to nutrients coming from cormorant excrements. 

Intense soil fertilization occurring within the cormorant colony is also a specific kind 
of environmental stress for plants existing there. Even short, few-years long influence of 
bird colonies affects both quantitative and qualitative changes in phytocoenoses (Żółkoś, 
Meissner, 2008). Only few forest species such as Moehringia trinervia have the ability of 
adaptation to habitat-phytocoenotical changes. The lack of significant differences between 
values of fluctuating asymmetry index, established for leaves from the within and outside 
colony area, suggests such adaptation. 

Translated by the authors

References

Abbot, I., Marchant, N., Cranfield, R., 2000: Long-term change in the floristic composition and vegetation structure 
of Carnac Island, Western Australia. J. Biogeogr., 27: 333−346.

Ågren, J., 1989: Seed size and number in Rubus chamaemorus: between habitat variation, and effects of defoliation 
and supplemental pollination. J. Ecol., 77: 1080–1092.  doi:10.2307/2260824

Anderson, W.B., Polis, G.A., 1999: Nutrient fluxes from water to land: seabirds affect plant nutrient status on Gulf 
of California islands. Oecologia, 118: 324–332.  doi:10.1007/s004420050733

Barik, S.K., Tripathi, R.S., Pandey, H.N., Rao, P., 1996: Tree regeneration in a subtropical humid forest: effect of 
cultural disturbance on seed production, dispersal and germination. J. Appl. Ecol., 33: 1551−1560.

Bell, A.D., 1993: Plant form. An illustrated guide to flowering plant morphology. Oxford University Press, Oxford, 
341 pp.

Bonfil, C., 1998: The effect of seed size, cotyledon reserves, and herbivory on seedling survival and growth in 
Quercus rugosa and Q. laurina (Fagaceae). Am. J. Bot., 85: 79−87.

Brady, N.C., 1984: The nature and properties of soils. 9th edition. Macmillan Publishing Company, New York, 
750 pp.

Chapin, F.S.I., 1980: Mineral nutrition of wild plants. Annual Reviews of Ecology and Evolution, 11: 233−260.
Doescher, P.S., Miller, R.F., Wang, J., Rose, J., 1990: Effects of nitrogen availability on growth and photosytesis of 

Artemiasia tridentata ssp. wyomingensis. Great Basin Naturalist, 50: 9−19.
Drenovsky, R.E., Richards, J.H., 2005: Nitrogen addition increases fecundity in the desert shrub Sarcobatus ver-

miculatus. Oecologia, 143: 349–356.  doi:10.1007/s00442-004-1821-y  
García, L.V., Marañón, T., Ojeda, F., Clemente, L., Redondo, R., 2002: Seagull influence on soil properties, chenopod 

shrub distribution, and leaf nutrient status in semi-arid Mediterranean islands. Oikos, 98: 75−86.



63

Głaz, J., Kliczkowska, A., Zachara, T., Hilszczański, J., Bystrowski, C., 2003: Consequences of black cormorant 
existence in forest of Vistula Spit (in Polish). Prace Inst. Bad. Leś., A, 2, 955: 79−102.

Greipsson, S., Davy, A.J., 1997: Responses of Leymus arenarius to nutrients: improvement of seed production and 
seedling establishment for land reclamation. J. Appl. Ecol., 34: 1165–1176.  doi:10.2307/2405229

Grime, J.P., Hodson, J.G., Hunt, R., 1988: Comparative plant ecology. A funcional approach to common British 
species. Udwin Hyman, London.

Grubb, P.J., Burslem, D.F.R.P., 1998: Mineral nutrient concentrations as a function of seed size within seed crop: 
implications for competition among seedlings and defence against herbivory. J. Trop Ecol., 14: 177−185.

Hegde, S.G., Ganeshaiah, K.N., Uma Shaanker, R., 1991: Fruit preference criteria by avian furgivores: their implica-
tions for the evolution of clutch-size in Solanum pubescence. Oikos, 60: 20−26.

Hogg, E.H., Morton, J.K., 1983: The effects of nesting gulls on the vegetation and soil of islands in the Great Lakes. 
Can. J. Bot., 61: 3240–3254.  doi:10.1139/b83-361

Hogg, E.H., Morton, J.K., Venn, J.M., 1988: Biogeography of island floras in the Great Lakes. I. Species richness 
and composition in relation to gull nesting activities. Can. J. Bot., 67: 961–969.

http://www.york.ac.uk/res/ecoflora/cfm/ecofl/index.cfm (accessed on 15.03.2009)
Ishida, A., 1996: Effects of the common cormorant, Phalacrocorax carbo, on evergreen forests in two nest sites at 

Lake Biwa, Japan. Ecol. Res., 11: 193–200.  doi:10.1007/BF02347685
Ishida, A., 1997: Seed germination and seedling survival in a colony of the common cormorant Phalacrocorax 

carbo. Ecol. Res.,12: 249−256.
Khan, M.L., Bhuyan, P., Uma Shankar, R., Singh N.D., Todaria, N.P., 1999: Seed germination and seedling fitness 

in Mesua ferra L. in relation to fruit size and seed number per fruit. Acta Oecol., 20: 599−606.
Kosiński, I., 2008: Long-term variability in seed size and seedling establishment of Maianthemum bifolium. Plant. 

Ecol. 194: 149−156.
Ligeza, S., Smal, H., 2003: Accumulation of nutrients in soils affected by perennial colonies of piscivorous birds with ref-

erence to biogeochemical cycles of elements. Chemosphere, 52: 595–602.  doi:10.1016/S0045-6535(03)00241-8
Maesako, Y., 1991: Effect of streaked shearwater (Calonectris leucomelas) on species composition of Persea thun-

bergii forest on Kanmurijima Island, Kyoto Prefecture, Japan. Ecol. Res., 6: 371−378.
Maesako, Y., 1999: Impact of streaked shearwater (Calonectris leucomelas) on tree seedling regeneration in a warm-

temperate evergreen forest on Kanmurijima Island, Japan. Plant Ecol., 145: 183−190.
McGinley, M.A., Temme, D.H., Geber, M.A., 1987: Parental investment in offspring in variable environments: 

Theoretical and empirical considerations. Am. Nat., 130: 370−398.
Meissner, W., Żółkoś, K., 2008: What to divide leaves into ten parts for? The proposition of shape indices of leaf 

blade. Dendrobiology, 60: 29−33.
Meyer, S.E., Carlson, S.L., 2001: Achene mass variation in Ericameria nauseosus (Asteraceae) in relation to dispersal 

ability and seedling fitness. Func. Ecol., 15: 274−281.
Miller, A.J., Cramer, M.D., 2004: Root nitrogen acquisition and assimilation. Plant and Soil, 274: 1–36.  doi:10.1007/

s11104-004-0965-1
Mohr, H., Schopfer, P., 1995: Plant physiology. Springer, Berlin-Heidelberg, 629 pp.
Mun, H.T., 1997: Effects of colony nesting of Ardea cinerea and Egretta alba modesta on soil properties and herbs 

layer composition in a Pinus densiflora forest. Plant Soil, 197: 55–59.  doi:10.1023/A:1004292103610
Norton, D.A., Delange, P.J., Garnock-Jones, P.J., Given, D.R., 1997: The role of seabirds and seals in the survival of 

coastal plants: lessons from New Zealand Lepidium (Brassicaceae). Biodivers. Conserv., 6: 765–785.  doi:10.1023/
B:BIOC.0000010401.93153.29

Palmer, A.R., 1994: Fluctuating asymmetry analyses: a primer. In Markow, T. A. (ed), Developmental instability: 
its origins and evolutionary implications. Kluwer, Dordrecht, p. 335−364.

Paradis G., Larenzoni C. 1996: Impact desoiseaux marins nicheurs sur la dynamique de la végétation de quelques 
îlots satellites de la Corse (France) – Colloq. Phytosoc. 23: 395–431.

Paul, E.A., Clark, F.E., 2000: Soil microbiology and biochemistry. Second edition. Academic Press., Inc., 340 pp.
Roach, D.A., Wulff R.D., 1987: Maternal effects in plants. Annu. Rev. Ecol. Syst., 18: 209−235.
Sanchez-Piñero, F., Polis, G.A., 2000: Bottom-up dynamics of allochthonous input: direct and indirect effects of 

seabirds on islands. Ecology, 81: 3117–3132.
Schaal, B.A., 1980: Reproductive capacity and seed size in Lupinus texensis. Am. J. Bot., 67: 703–709.  doi:10.2307/

2442663



64

Silvertown, J., 1989: The paradox of seed size and adaptation. Trends Ecol. Evol, 4: 24−26.
Smith, V.R., 1978: Animal-plant-soil nutrient relationships on Marion Island (Subantarctic). Oecologia, 32: 

239–253.  doi:10.1007/BF00366075
Sobey, D.G., Kenworthy, J.B., 1979: The relationship between herring gulls and the vegetation of their breeding 

colonies. J. Ecol., 67: 1128–1137.  doi:10.2307/2259108
Stamp, N.E., 1990: Production and effect of seed size in a grassland annual (Erodium brachycarpum, Geraniaceae). 

Am. J. Bot., 77: 874–882.  doi:10.2307/2444503
STATSOFT, INC. 2001. STATISTICA (data analysis software system), version 6. www.statsoft.com.
Stock, W.D., Pate, J.S., Kuo, J., Hansen, A.P., 1989: Resource control of seed set in Banksia laricina C. G a r d n e r 

(Proteaceae). Func. Ecol., 3: 453–460.  doi:10.2307/2389619
Susko, D.J., Lovett-Doust, L., 2000: Patterns of seed mass variation and their effects on seedling traits in Alliaria 

petiolata (Brassicaceae). Am. J. Bot., 87: 56–66.  doi:10.2307/2656685  PMid:10636830
Thompson, K., 1987: Seeds and seed banks. New Phytol., 106 (Suppl): 23−34.
Turnbull, L.A., Rees, M., Crawley, M.J., 1999: Seed mass and the competition/colonization trade-off: a sowing 

experiment. J. Ecol., 87: 899−912.
Vaughton, G., Ramsey, M., 1998: Sources and consequences of seed mass variation in Banksia marginata (Pro-

teaceae). J. Ecol., 86: 563−573.
Venable, D.L., Brown, J.S., 1988: The selective interactions of dispersal, dormancy and seed size as adaptations for 

reducing risk in variable environments. Am. Nat., 131: 360–384.  doi:10.1086/284795
Vidal, E., Médail, F., Tatoni, T., Roche, P., Vidal, P., 1998: Impact of gull colonies on the flora of the Riou ar-

chipelago (Medditerranean islands of south-east France). Biol. Conserv., 84: 235–243.  doi:10.1016/S0006-
3207(97)00130-4

Weis, I.M., 1982: The effects of propagule size on germination and seedling growth in Mirabilis hirsuta. Can. J. 
Bot., 60: 1868−1874.

von Wiren N., Gojon A., Chillou S., Raper D., 2001: Mechanisms and regulation of ammonium uptake in higher 
plants. In: Lea, P.J., Morot-Gudry, J-F. (eds), Plant nitrogen. Springer-Verlag, Berlin, p. 61−77.

Zar, J.H., 1996: Biostatistical analysis. 3rd edition. Prentice-Hall, London, 662 pp.
Zhang, J., 1993. Seed dimorphism in relation to germination and growth of Cakile edentula. Can. J. Bot., 71: 

1231−1235.
Zimmerman, J.K., Weis, I.M., 1983: Fruit size variation and its effect on germination and seedling growth in 

Xanthium strumarium. Can. J. Bot., 61: 2309−2315.
Żółkoś, K., Meissner, W., 2008: The effect of Grey Heron (Ardea cinerea L.) colony on the surrounding vegetation 

and the biometrical features of three undergrowth species. Pol. J. Ecol., 58: 65−74.


