Substrate induced respiration and microbial growth in soil
during the primary succession on Surtsey, Iceland

HELLE B. FREDERIKSEN', ANNETTE L. PEDERSEN & SOREN CHRISTENSEN
Zoological Institute, Tervestrial Ecology, University of Copenhagen,
Universitetsparken 15, DK-2100 Copenhagen, Denmark.

#Corresponding author — e-mail: hbirederiksen@ziku.dk

ABSTRACT

The accumulation of organic matter and nutrients within the soil system is essential for the plant succes-
sion on Surtsey, and the soil microbial community plays a key role in this process. Microbial biomasses and
activity have increased markedly during the succession from bare soil to the complex plant community estab-
lished in the bird colonies, Parallel to the changes in plant cover, fungi have gained increasing importance in
the soil microbial community. Today about 250 pairs of gulls nest on the southern part of the island, and the
single main event stimulating succession at present probably is the nutrients deposited by these birds as drop-
pings ete. The microbes in the soil from the bird colony inhabit an unusually nutrient vich environment where
a carbon addition without supplementary nutrients will stimulate growth and thereby aid the conservation of
nutrients within the system. There are still areas on the island where no plants grow, and here the microbial
biomass is very low. The microbial growth in these bare soils takes place at a high rate when nutrients are avail-
able, and this could be an adaptive mechanism to retain nutrients in the soil for subsequent plant growth and

thereby to mediate the primary succession from bare soil to plant cover.

INTRODUCTION

The island of Surtsey was created by a series
of volcanic eruptions in the period from Nov-
ember 1963 until 1967 (Fridriksson 1994), and
during the following decades life became estab-
lished on the bare volcanic surface. Some of the
first colonisers on Surtsey were bacteria and
blue-green algae (Schwabe 1970), and already in
1965 the first plants were observed (Fridriksson

1966). The question arises why some areas of

the island at present have dense vegetation
while others are still mostly without vegetation.

Nitrogen available for the establishment of

plant growth on Surtsey may have originated
from atmospheric deposition, sea spray and
nitrogen fixing microorganisms, but nitrogen
from organic matter washed unto the shore and
bird droppings is probably more important (Frid-
riksson 1987). In 1985, seagulls, primarily Larus

Surtsey Research 11:29-35, Reykjavik 2000

Juscus and Larus argentatus, began nesting on the

lava-fields of the southern part of the island
(Fridriksson 1994). As a consequence, nutrients
such as nitrogen and phosphorus from the bird
droppings, fish debris and dead gull chicks dra-
matically increased soil fertility near the nesting
sites (Frederiksen et al. 2000).

Today the numbers of plant species are much
higher and the average plant cover much denser
in the bird colony than in the areas under lim-
ited influence of birds. Vegetation analyses from
1994 to 1995 (Magnuisson e al. 1996) showed
that plants covered approximately 4% of the
area in the surveyed plots outside the colony.
Inside the bird colony 30% of the area was cov-
ered by plants.

Many of the plants on Surtsey have produced
seeds which have spread over most of the island,
but in some areas they have been unable to ger-
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minate and become established as plants (Frid-
riksson 1992), The low success ol the seeds is
probably due to a combination ol the sandy tep-
hra being unstable, of the low water retention
capacity and low nutrient status of the soil (Frid-
riksson 1992). Nitrogen and phosphorus were low
in these areas due to a small and/or infrequent
input, but the soil may also have a low capacity to
retain nutrients from the few occasional bird
droppings that actually occur in these areas. The
microbial community established in these soils
must be tolerant to severe food limitations. But
when nutrients are  introduced  into  the  soil
through bird droppings, the microbial biomass
must be able to assimilate the nutrients extremely
fast in ovder efficiently to prevent the nitrogen
and phosphorus input from leaching. Magmisson
(1992) measured the soil respiration, and differ-
ent microbial activities were found within the dif-
ferent types of plant cover. Soil respiration was low
in the bare soil and only slightly higher in soil with
Honkenya peploides cover, but 50-200% higher in
soil with Llymus arenarius cover.

The aim of this study was to stucy which nutri-
ent deficits limited the microorganisms in soil
during the primary succession on Surtsey, in
three areas that differed in quantity and quality
of plant cover, and hence illustrate three stages
in the succession. We wanted to study the ability
of the microbes in the bare soil to retain and
utilise a sudden nutrient input, and thereby to
improve the nutrient status of the soil for plant
growth. Moreover we wanted to clarify whether
the functional differences in the soil microbial
communities occurred in parallel to dilferences
in plant cover,

MATERIALS AND METHODS

Study area

In the summer of 1995, six plots (3x5 m) were
established for survey of the soil fauna. The sites
were chosen in order to obtain a succession gra-
dient of plant communities ol increasing com-
plexity. In July 1996, soil samples were collected
in the bare soil plot (J4), in the Honkenya plot
(J3) and in the bird colony (J5) (Fig. 1).

The positions of the plots are noted in refer-
ence to the co-ordinate system which divides the
island into quadrants of 100x100 m (Fridriksson
1992), and to plots established for botanical su-
veys by Magnusson e al. (1996) who investigated
the plant-cover in the reference plots during
1994-1995,
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Figure 1o Map ol Surtsey, which show the position ol the three
experimental plots. |50 Honkenye plot, 4 bave soil and [5: Bivd
Colony, No soil samples were colleted e the three other plots,
Map from Jukobsson of al. (1992), with permission from S, Frid-
riksson, North is apoin the figore,

The Honkenya patch (]3) was established in
1974, and positioned in quadrant L13; 36%12 m
south of plot 12 which had a plant cover of 19%.
The smallest coastal distance was 550 m to the
castern beach, and the plot was located on a
south facing slope (15%). The soil was tephra
sand with Honkenya peploides, and some Fulmarus
glacialis were nesting nearby.,

The control with bare soil (J4) was positioned in
quacrant O10 approximately 200 m northwest of
plot 11 which had a plant cover of 4%. The small-
est coastal distance was 300 m to the southern cliff.
The soil was unvegetated tephra sand, but some
root material was found in the soil samples.

The vegetation in the bird colony (J5) was
established in 1983, and since 1986 gulls have
been nesting, The plot was positioned in quad-
rant Q12; 318°-22 m south of plot 1 which had
a plant cover of 70%. The smallest coastal dis-
tance was 250 m to the southern cliff. The soil
was tephra sand with a dense vegetation cover
primavily consisting ol Honkenya peploides, Poa
ratensis, Puccinellia vetroflexa, Cochlearia officinalis
and Stellavia media, Larus Juscus and Larus argen-
latus were nesting.

Sampling

On July 23" 1996, bulk samples each consist-
ing of five subsamples (36 cm?, 0-5 cm) were ran-
domly collected from each plot. The samples





















