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Abstract. Many plants could respond to different nutrient content in soil in a change of their appearance and/or size. One of these
sensitive species is Saxifraga nivalis L. which biomass and leaf width change in specific conditions found between the cliff with
seabirds colony and seashore in Hornsund, Spitsbergen. The area is strongly influenced by birds, mainly because of guano deposition.
Both leaf width and body biomass are self-correlated and increase along the transect marked out between the colony and seashore with
declining distance from the colony. These individual parameters positively correlate with soil physicochemical features studied in this
area. There is also negative relationship between nutrients content in soil and distance from the colony. Thus, the main reason of the
stated variability among individuals seems to be nutrients availability in soil and some of its physical and chemical properties which

are differential in the gradient of manuring by birds.
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1. Introduction

Seabirds in Arctic foraging at sea and breeding on land,
introduce large amounts of marine-derived organic mat-
ter from resourceful sea to poor land and thus, enrich the
coastal ecosystem in nutrients (e.g. Tatur & Myrcha 1984;
Wainright et al. 1998; Vidal et al. 2000; Ellis 2005; Stemp-
niewicz 2005; Ellis et al. 2006). The impact of the birds
is mainly through guano deposition in the colony and its
vicinity (Tatur 1989; Vidal et al. 1998; Zelenskaya & Khor-
eva 2006) and also along the route from sea to land and
from land to sea (Stempniewicz 1990, 1992). The other
phenomens causing ornithogenic fertilization are: leaving
prey remains, carcasses, feathers, eggshells (Polis et al.
1997; Anderson & Polis 1999; Ellis 2005) and even volatil-
ization of ammonia produced during degradation of terres-
trially deposited guano (Wainright et al. 1998). The great-
est impact of these factors is observed near colony (Ryan

& Watkins 1989; Wainright et al. 1998) where the concen-
tration and activity of birds are in the highest level. Of less
importance is the direct coastal region where birds disperse
on bigger space.

The availability of nutrients caused by seabirds chang-
es along the gradient of the birds colony influence (Ryan
& Watkins 1989; Garcia et al. 2002). On the community
level, plants may response to these changes by variability
of cover, species richness or diversity (Theodose & Bos-
man 1997; Vidal et al. 2003; Pennings et al. 2005; Wait
et al. 2005; Zelenskaya & Khoreva 2006). On the indi-
viduals level, different biomass (Anderson & Polis 1999),
morphology (Zelenskaya & Khoreva 2006), biometric fea-
tures (Madan 2006), content of nutrients, like nitrogen or
phosphorus (Wainright et al. 1998) and thus physiological
properties i.e. photosynthetic abilities or productivity, may
characterize plant specimens of one species depending on
the quantity of guano deposition.
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The aim of this study was to describe the variability of
individuals of alpine saxifrage Saxifraga nivalis L. along the
transect from the common breeding colony of Brunnich’s
guillemots and kittiwakes and to the seashore with respect to
some physical and chemical properties of the soil.

2. Study area

This research was conducted in the influence area of
common breeding colony of Brunnich’s Guillemots Uria
lomvia and kittiwakes Rissa tridactyla at the foot of Gnél-
berget Mountain (77°01°N 15°52’E), on the north coast of
Hornsund fjord (South-West Spitsbergen, Svalbard). The
area of the study ranged between the cliff where the colony
nested and about 500 m distant seashore. The land slope
decreased alongside with the distance from the colony
(rs =—0.76; p<0.05; n = 10) beginning with 40—50° directly
under the cliff side and ending with the flat plain on the
seaside.

Plant communities occurring in this area are described
as fertilized (bird-cliff) vegetation (Renning 1996), excep-
tionally rich and lush. It is a luxuriant mixture of herbs,
grasses and mosses that form continuous and very thick
mats.

3. Materials and methods

Individuals variability

The study was conducted at the turn of July and August
2006. On the study area, there was a transect beginning un-
derneath the cliff with the colony and ending on the coast.
Along the transect 19 zones were ranged in ascending dis-
tances from the colony. Thus, there were more zones in the
in vicinity of the colony (region where the greatest varia-
tion in vegetation was observed), than in the coastal area,
more distant from the cliff. The basis to designate these
zones were 10 squares (160 cm x 160 cm) marked out ear-
lier for physicochemical analysis of the soil. Moreover,
for better representation of the individual variability one
square (=one zone) was added halfway between the ones
designed earlier (tab. 1).

Individuals of Saxifraga nivalis were found and col-
lected only in zones 8-18. In total N=334 non-flowering
individuals (without flowers or even flowering stems) were
picked up. About 30 specimens were taken from each zone
(tab. 1). At the beginning the plants were collected from the
square and if there were not enough also from its vicinity
within the zone.

Two parameters were used to characterize the individu-
al variability in the population. Those were: width of a leaf

and biomass of the whole individual because of its high
sensitivity to environmental factors (Traiser et al. 2005).
The width of a leaf, as it is a photosynthetically active part
of a plant, is recognized as a measure of its complete size
(Fonseca et al. 2000; Bragg & Westoby 2002) and thus of
the condition of the whole specimen. Similarly, biomass
shows the productivity of a particular species in changing
environmental conditions (Anderson & Polis 1999).

For each individual, there were measured the broadest
width of the three biggest leaves [mm] and wet mass of the
whole body [g]. Afterwards, the plants were dried up in 80°C
until the weight remained constant and weighed again.

Physicochemical analysis of the soil

Soil was prepared for analysis immediately after bring-
ing from the field. It was divided into 3 samples, each of 80
cm’®, weighed with an electronic scales exact to 0.1 g and
subjected to further procedures in order to assess:

1) proportion of soil dry mass

Soil samples were ground and put in open vessels into

a drier with a temperature of 40-60°C for at least 24

hours. After that, they were weighed again.
2) salinity and pH of soil solution

Soil samples were filled with 160 cm® of distilled wa-

ter. The solution was mixed and shaken out for about

20 minutes and then filtered through a sieve with 0.5

mm diameter mesh. The salinity and pH were quanti-

fied in this filtrate with pH/conductance/salinity meter

CPC-401 (Elmetron).

3) content of nitrogen (NO, i NH,"), potassium (K*) and

phosphorus (PO,**) in soil
Soil samples were filled with 200 cm® 0.03 N acetic
acid. Closed vessels were left for about 60 minutes
shaken out the from time to time. Afterwards the solu-
tion was filtered through a sieve and next through a pa-
per filter. The filtrate, diluted with distilled water alter-
natively, was analysed with photometer LF205 (Slandi)
after conducting standard procedure.

Physicochemical analysis of the soil was done in 10
squares but there were only 4: No. 9, 11, 13 and 17 in the
range of Saxifraga nivalis occurence.

4. Results

There was a decline in both: the leaf width and the body
mass of individuals observed as the distance from the col-
ony increased (fig. 1).

A significant difference in the leaf width occurred (with
some exceptions) between individuals of the upper and
the lower part of the transect (tab. 2). The leaf width in
zones 8-14 was significantly higher compared with zones
16-18, and zones 8-10 even with the zone 14. However,
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Table 1. Location of the squares in relation to the colony and the number of individuals of Saxifraga nivalis in every zone (+ individuals
occured but the material was losted during treatment); Hornsund, S-W Spitsbergen. Squares with the physicochemical analysis

of the soil made are bolded.

Squarc Distance from the Number of
number colony [m] individuals

1 0.0

2 3.0

3 6.0

4 10.5

5 15.0

6 214

7 28.5

8 38.6 35
9 48.8 36
10 63.9 31
11 79.1 34
12 101.9 34
13 124.7 35
14 158.9 32
15 193.0 +
16 2443 35
17 295.5 35
18 372.4 27
19 4493

there were no significant differences founded between
neighbouring zones except the two last ones.

Similar situation was observed regarding the whole body
biomass of an individual (tab. 3). There were significantly
higher values of this parameter (with some exceptions) in
the area located closer to the colony (represented by zones
8-14) than in zones located closer to the sea (zones 16—18).
There were no significant differences detected between

neighbouring zones.
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Strong significant positive correlation was found be-
tween the leaf width and the biomass of an individual
(1= 0.8; p<0.05) (fig. 2).

Furthermore, there was a significant negative correlation
with the distance from the colony both for the leaf width
(r, = —0.78; p<0.05; fig. 3) and the biomass (r, = —0.48;
p<0.05; fig. 4) of individuals.

There was a significant correlation in this area between
both the leaf width and the biomass and physicochemical

Figure 1. Leaf width [mm] and body biomass [g] of Saxifraga nivalis in each zone of the seabird colony impact gradient; Hornsund,

S-W Spitsbergen.
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Table 2. Differences in individual leaf width [mm] of Saxifraga nivalis among zones (Kruskal-Wallis’ test H,,,,=230.49; p<0.001;
post-hoc Dunn’s test — bolded the significance p<0.05, additionally underlined the significance p<0.001); Hornsund, S-W

Spitsbergen
8 9 10 11 12 13 14 16 17
9 0.85
10 0.08 1.00
11 1.47 2.35 1.40
12 3.01 3.89 2.94 1.54
13 1.86 273 1.79 0.41 1.10
14 4.62 553 4.54 3.10 1.52 2.67
16 829 215 821 6.84 5.32 6.42 3.87
17 6.64 71.50 6.56 5.18 3.67 4.7 2.22 1.65
18 10.89 11.87 10.80 9.24 7151 8.76 5.85 1.45 3.33

Table 3. Differences in individual body mass [g] of Saxifraga nivalis among zones (Kruskal-Wallis® test; H,,,,=100.16; p<0.001;
post-hoc Dunn’s test — bolded the significance p<0.05, additionally underlined the significance p<0.001); Hornsund, S-W

Spitsbergen
8 9 10 11 12 13 14 16 17
9 0.10
10 0.64 0.54
11 0.25 0.15 0.37
12 1.59 1.69 220 1.83
13 1.43 1.53 2.03 1.67 0.13
14 2.64 275 3.28 2.90 1.01 1.15
16 3.74 3.84 4.34 3.98 2.18 231 1.21
17 4.88 4.98 5.48 S.12 3.32 345 235 1.14
18 7.61 773 8.30 7.89 5.83 5.98 4.73 3.35 2.05

Table 4. Spearman’s correlation coefficient (p<0.05; underlined values p>0.05) among leaf width [mm], biomass [g] of Saxifraga
nivalis, distance from the colony [m] and physicochemical properties of the soil; Hornsund, S-W Spitsbergen. Ion content

shown as mg/1000 g of soil dry mass.

dry mass salinity . + + 3

n %] [mg NaCl/1] pH NO, NH, K PO,
Leaf width [mm] 0.71 0.39 0.62 0.58 -0.68 0.35 0.57
Biomass [g] 0.45 041 0.30 0.48 -0.35 0.31 0.46
Distance [m] 10 —0.80 -0.70 0.63 —0.88 =0.23 0.13 —0.95

features of the soil which were: proportion of soil dry mass,
pH, salinity and contents of ions: NO,’, NH,", K*and PO L
(tab. 4). Both individual parameters were positively cor-
related with all the soil characteristics except from the am-
monium ion content which was negatively correlated with
those parameters. Stronger relationship was always found
for the leaf width than for the biomass with exception of
soil salinity which correlated with both biomerical features
of almost the same strength.

Soil parameters were negatively correlated with the dis-
tance from the colony along the whole transect, except from

the soil reaction which was positively correlated. The am-
monium and potassium ion contents were not significant-
ly correlated with the distance from the colony (p>0.05)
(tab. 4).

5. Discussion

Many studies confirm the impact of various environ-
mental factors, such as nutrients availability (e.g. Fonseca

et al. 2000, Trubat et al. 2006, Rubio et al. 2003), altitude
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Figure 2. Relationship between leaf width [mm] and body biomass [g] of Saxifraga nivalis; Hornsund, S-W Spitsbergen
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Figure 3. Relationship between leaf width [mm)] of Saxifraga nivalis and distance from the colony [m]; Hornsund, S-W Spitsbergen

(Taguchi & Wada 2001), light (Bragg & Westoby 2002),
wind (Niklas 1996), hydrological regime (Meskauskaité &
Naujalis 2006; Trubat et al. 2006) or grazing (Semmartin &
Ghersa 2006) on morphology and biomass of a particular
plant species. The main source causing the variability of
Saxifraga nivalis individuals in the transect marked out be-
tween seabirds colony and the seashore seems to be nutrient
content in soil and associated soil features (Gillham 1956).
Presence of mineral compounds could be explained in two
ways: either as an effect of direct guano deposition by fly-
ing birds depending on their density in a particular part of
the transect or as a consequence of fertilizer flow from un-

der the colony (where it is most concentrated) down the
slope, where it is gradually absorbed by plants (Harding et
al. 2004; Stempniewicz 2005). However, irrespective of the
possible way of supplying with nutrients, there are higher
values of soil physicochemical parameters observed near
the colony and they decrease with the distance what means
with the slope inclination.

The another possible factor of individual changes of al-
pine saxifrage could be diverse soil moisture in the area. It
has been shown that proportion of dry mass significantly
decreases with the distance from the colony. However, to-
gether with increasing soil moisture there was a decrease
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Figure 4. Relationship between body biomass [g] of Saxifraga nivalis and distance from the colony [m]; Hornsund, S-W Spitsbergen

in values of individual parameters of the plant. Thus, we
could expect the optimal water conditions for Saxifraga
nivalis (recognized as a mesophyte, McJannet et al. 2000)
occurring near the upper border of distribution where the
plants were the highest. It is also known that higher con-
tent of nitrogen and phosphorus improves species root hy-
draulic conductance (Radin & Matthews 1989; Trubat et al.
2006) and too low content of the nutrients restricts efficient
water transport inside a plant and consequently its normal
growth. This situation could take place in the lower part
of the transect that is well watered but poor in nutrients.
Both the leaf width and the biomass of individuals were
significantly lower in comparison with specimens from the
upper zones. On the other hand, ecological stress caused by
too high moisture of soil can be sufficient in limiting body
size (Meskauskaité & Naujalis 2006) regardless of too less
content of nutrients. This diversity in moisture conditions
along the transect should not strongly change during the
growing season. Summer rainfall in the Arctic regions is
usually low and organisms normally rely throughout most
of the vegetative period on the available water released at
snow melt (Hodkinson et al. 1999).

Saxifraga nivalis was observed not far from the seashore
(about 100 m away) and its size was increasing with declin-
ing distance from the colony. The highest values of the stud-
ied parameters of the plant were noted in zone 8, located
38.6 m away from the cliff. No specimens were found in the
following zones up to the slope. It is possible that range of
tolerance to increasing content of one or more nutrients in
soil for this plant had its boundary there. Dominant vascu-
lar plant species observed above this place were Cochlearia

groenlandica and Poa alpina (unpubl. data) which could be

more resistant to guano impact than the saxifrage. As a re-
sult, the said plant species were more abundant there. (Vidal
etal. 1998; Wait et al. 2005). Another factor potentially oust-
ing Saxifraga nivalis from the part of the transect situated
under the colony could be mechanical disturbances caused
by stones tearing off the cliff and rolling down the slope.
These rocky debris, very often of a great size, can destroy
a relatively thin vegetation layer. To regenerate lost shoots
alpine saxifrage may need stable ground for longer time than
that intervals between sequential damaging. Contrary to the
remaining two species, there also could be a soil humidity
effect in the upper part of the transect, which is drier than the
lower one (see above). In this competition the winner-spe-
cies is the acido- and nitrophilous plant, Cochlearia groen-
landica (Aiken et al. 1999), not as sensitive to high level
of nutrients content as S. nivalis. It colonizes the uncovered
places as a first plant (unpubl. data, Ziaja 2006) and may oc-
cupy the habitat almost completely. It inhibits the growth of
potentially more sensitive species like alpine saxifrage.

Furthermore, Saxifraga nivalis was not observed in the
lowest, coastal zone where the dominant vascular plant was
Saxifraga oppositifolia (unpubl. data). The reason could be
too low content of nutrients in soil or sea salt spray oc-
curing periodically. However, salinity in this area was not
higher than in regions where the plant individual occured
(unpubl. data). On the other hand, a probable factor of this
absence seemed to be duration of snow cover which was
observed still in the beginning of June in zone 10 (unpubl.
data). It could be that snow cover shortened growing sea-
son preventing the saxifrage from flowering and normal
growth (Sonesson & Callaghan 1991; Scott & Rouse 1995;
Hodkinson et al. 1999).
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This phenomenon should not impact the rest of the
transect. There was no snow cover in the area above the
zone 10 in the mentioned time of observation. The snow

conditions were probably similar there and the growing pe-

riod lasted enough time for S. nivalis in the region where it
occurred because there were flowering individuals found in
every zone (unpubl. data).

There are more researches needed to precisely describe
the variability of Saxifraga nivalis size influenced by sea-
bird guano in the area. One of additional parameters which
is planned to study is foliar chlorophyll content as a mea-
sure of effective photosynthesis and productivity.
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