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Seed predators in south Swedish deciduous woods: a field experi-
ment
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Abstract Seeds from oak, horse chestnut, hawthorn, and sloe were exposed to seed predation during one week in au-
tumn and over winter (for 6 months) in two different years. Three different exposure treatments were used and designed
to exclude (1) small mammals and birds or (2 birds or (3) none. Insects and slugs had access to all exposures. 16 repli-
cate experiments were set up in different deciduous woods and small woodlots. The pattern of seed loss from the different
treatments suggest that small mammals were the quantitatively most important seed predators on chestnut, acorns and sloe
nuts. Invertebrates probably had some importance as predators on hawthorn nuts. Birds appeared to be of less importance.
This conclusion was valid for both woods and small woodlots. In one year; total predation rates were significantly higher
in small woodlots than in large woods [ Acta Zoologica Sinica 52 (3): 462 —468, 2006].
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Seed predation is an important process that may
govern the distribution pattern and population dy-
namics of many rodent (Jensen 1982; Diaz et al.
1993; Ostfeld et al. > 1996) and bird species (Enoks-
sons 1990) and is a major cause for bird irruptions
(Ulfstrand, 1963). Predation can also shape plant
communitiess both as a cause for mortality (Hay and
Fuller 1981; Ostfeld et al., 1997; Manson et al.
2001; Clarke and Kerrigan, 2002) and as part of the
plant’s dispersal strategy (O’ Dowd and Hay, 1980;
Herrera, 1995; Masaki et al., 1998; Fuentes,
2000; Andresen;2002). Seed predation can be either
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pre-or post-seedfall (Janzen, 1971). Pre-seedfall pre-
dation on trees and shrubs is mainly from birds
(Courtney and Manzur, 1985) and insects (DeSousa
et al.» 2003) although also some mice may climb to
take nuts in trees ( Hoffmeyer 1976; Ida et al.,
2004). After seedfall, seeds are more available to and
used by mammals, mainly rodents ( Watts, 1968;
Gurnell, 1993; Masaki et al.,» 1998) but also deer
and wild boar are locally important (Bosch 1997; Fo-
cardo et al.» 2000).

Although small mammals are usually named the
main post-seedfall seed predators in temperate decidu-
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ous forests, there are in this and similar habitat also
present several birds that feed on tree and shrub seeds
found on the ground (Bossemas 1969; Enoksson,
1988; Stapanian et al.» 1994; Hulme, 1997;
Walther and Goslers 2001). Over times seeds may
also decay or disappear due to the activities of inverte-
brates and fungi (Nilsson and Wastljung, 1987; Kel-
bel, 1996). Given this diversity of potential seed
predators and the importance for the plant communi-
ty, it is important to learn what groups of animals are
important seed predators in different habitats and re-
gions.

Seed predation rates may vary within a landscape
(Hulme and Kollmann, 2005); effects of patch area
(Nilsson and Wastljung, 1987; Wistljung, 1989;
Santos and Tellerias 1994) and distance to habitat
where potential seed predators can find cover ( Hay
and Fuller, 1981; McCormick and Meiners, 2000)
have been found. To evaluate studies on landscape ef-
fects, it is thus important to know what groups of
seed predators are potentially important in a region.

I here report on an experiment to evaluate the
relative importance of different groups of seed preda-
tors in south Swedish woodland habitats. Because
there may be landscape effects on the set of predators
that are quantitatively important in a habitat, I con-
duct the study at two ranges of wood sizes.

1 Materials and methods

Seeds were distributed on the forest floor in the
autumns of 1985 (October 14th to 16th) and 1986
(October 20th to 25th). The number of seeds re-
maining after one week and after six months was
counted. In both years, eight sites in the central and
southwestern part of the province Skanes in south
Sweden, were used (different sites in the two years,
for a total of 16). In each year, four of these sites
were in small woodlots Ceach 0.04 —0.30 ha in size)
and four sites were in larger woods. These were at
least 25 ha of forest or part of a larger area with pre-
dominantly forest. In each wood, one site was used.
At the sites, two or three sets of seeds were distribut-
ed.

The different sets at one site were subject to ei-
ther of two or three treatments. One set (open) was
uncovered, open to all forms of seed predation. One
set (partly covered) was covered by a metal wire net
with a mesh width of 10 mm, shaped like an up side
down 15 cm deep pan. Between the rim of the pan
and the ground, metal stands produced a space of
about 2 cm that was left clear. This treatment was
open to rodent predation but designed to keep birds
out. One set (full cover) was completely covered by a
metal wire net, also with a mesh width of 10 mm.
This surrounded the set and was dug down to a depth

of 25 em. The top of the set was also covered by a
net. This treatment was designed to keep birds and
rodents out but to allow invertebrate predation and
natural decay, including effects of fungi. This last
treatment was only successfully undertaken in the
second year. In the first year, the below ground part
of the net was more shallow and there were signs of
rodent penetration (tunnelling, earth heaps) at most
sites. This treatment was thus not analyzed for the
first year. Also, the number of seeds in the complete-
ly covered treatment was only counted after 6
months. Dismounting the cover after one week when
very little predation was to be expected (as the seeds
were accessible to invertebrates only) was not deemed
motivated.

Each set of seeds was evenly scattered within
0.5 m? and the sets were within a few meters from
each other. All seed were placed partly covered by
leaves which mimics the natural situation at this time
of the year. By placing the seeds thus, rather than
open on trays, and in moderate densities, I assured
that only animals naturally foraging in the forest litter
would find them. They could not be detected from a
distance, as might have been the case with a more
concentrated food source.

Each set contained 10 seeds from horse-chestnut
Aesculus hippocastanum and 20 seeds each from oak
Quercus robur, hawthorn Crataegus sp. and sloe
Prunus spinosa . The average size of these seeds was
20 mm, 12 mm, 5 mm, and 7 mm, respectively.
The first is a naturalized species while the other are
indigenous.

Predation, rather than exploitation(including re-
moval)s of seeds is the focus of this study. Thus, fol-
lowing some other seed predation studies ( Masaki et
al.» 1998; Kollmann et al.,» 1998, fruit pulp was
removed from fleshy-fruit seeds used.

The effects of seed species, cover treatment
(within plot factors), and habitat type (between
plot, random, factor) where analysed by a split plot
ANOVA, where each site comprised one “plot”. Pre-
dation rate (% seeds removed) were arcsine, square
root transformed before analysis to improve normali-

ty.
2 Results

2.1 Treatment and seed species effects

In both years and after one week of exposures
the proportion of seeds lost was independent of the
presence of cover treatment (Table 1, Figs.la and
¢). This response was true irrespective of seed
species; as manifest by the lack of an interaction.
However, there was a difference among species in the
general level of predation. In 1985, more acorns than
chestnuts and sloe nuts were lost ( Tukey test, P <
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Fig.1 Effect of cover type (treatment) on seed predation rate
Data points refer to different sites (8 in each of two years) and treatments. Symbols have been slightly relocated (“jitter”). This was done

to avoid complete overlap of some symbols. Mean values are given above each set of symbols, for each cover type separately.

0.001 and P = 0.013). In 1986, more hawthorn
nuts than chestnuts, sloe nuts and acorns were lost
(Tukey test: P<0.001, P=0.018 and P=0.021,
respectively).

Also over the first winter, there was no differ-
ence in loss between the two treatments (Fig.1b). In
this time perspective (in contrast to one week), there
was no difference among the four seed species. Over
the second winter, fewer seeds were lost when fully
covered than when open or partially covered ( Table
1, last row, Fig.1d) (Tukey tests both P<0.001).
The losses in the other two treatments were similar;
including only open and partly covered treatments in

the test, the effect of treatment was not significant
(df=1:6, F=0.02, P=0.88). In this winter
there was also a difference in the response of different
seed species to the treatment, as manifest by a signif-
icant interaction (Table 1). More specifically, there
were few losses of acorns and chestnuts from the fully
covered treatment (Fig.1d) but high and similar loss-
es from the other two treatments. For hawthorn Ces-
pecially) and sloe nutss the difference between the
losses from the fully covered seeds and those in the
other treatments were less clear. Also general level of
winter predation differed among seed species, though
this was not quite significant for the first winter. The
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Table 1  Tests of cover treatment (open, partially covered
and, for winter predation 1986 — 1987only, also fully cov-
erad), seed type Cacorn, chestnut, hawthorn and sloe) and
patch size (small woodlots and large woods) effects, analysed
as a split plot ANOVA

One week predation

Winter predation

1985 1986  1985—1986 1986 —1987

Treatment df  1:6 1:6 1:6 2:12
0.38 0.95 0.97 105.2
P 0.56 0.37 0.36 <0.001
Seed type df  3:18 3:18 3:18 3:18
F  5.66 3.90 2.65 5.87
P 0.007 0.026 0.080 0.006
Patch size df 1:6 1:6 1:6 1:6
0.001  70.9 0.004 4.62
0.98 <0.001 0.95 0.08
Treat. " Seed t. df  3:18 3:18 3:18 6:36
2.01 0.51 0.29 17.1
0.15 0.68 0.83 <0.001
Treat. “Patchs.  df 1:6 1:6 1:6 2:12
F 0.28 0.15 1.48 4.73
P 0.6l 0.71 0.27 0.031
Seed t. “Patchs.  df  3:18 3:18 3:18 3:18
F  3.30 5.71 1.67 0.73
P 0.044 0.0006 0.21 0.54
Treat. “S.t. "P.s. df 3:17  3:18 3:18 6:36
F 0.33 0.43 0.20 1.30
P 0.8 0.73 0.90 0.28

The tree way interaction (given in italics) was not significant and re-

moved before the final analyses of other effects.

highest predation was on hawthorn nuts, irrespective
of treatment.
2.2 Patch size effects: small woodlots vs. large
woods

In the first year, predation rates were similar in
small woodlots and large woods ( Figs.2a and b,
Table 1). Also, there was no significant interaction
between habitat type and treatment. In the second
years predation rates after one week were higher in
small woodlots than in large woods (Figs.2c). Also
over winter predation rates were higher in the small
woodlots; though this effect was numerically less
strong Ceffect size 0.064 vs. 0.30) in this long run
(Fig.2d) and the effect not quite significant ( Table
1). Only in the second winter was there an interac-
tion between habitat type and treatment (Fig.2).
This was because in small woodlots there was a clear
division between fully covered treatments and those
open and partly covered; predation rates being higher

in the latter. In large woods, however, predation
rates also in some open and partly covered treatments
were lower and in the range of those fully covered.
This interaction was not seen in the first year nor af-
ter one week in the second year. There were no three

way interactions between seed species, treatment and
habitat type (Table 1).

3 Discussion

3.1 The experiment

Two of the study seeds (sloe and hawthorne) are
fleshy-fruit seeds. The study investigates the fate of
these seeds after possible consumption of the fruits by
fruit-eating birds. These fruits are readily consumed
by birds and the seeds are passed, usually with little
loss of germination potential ( Guitian and Fuentes
1992, Masaki et al.,» 1994; Meyer and Witmer,
1998; Vander Wall et al.» 2004). Thus, the effects
of the many birds that may exploit these fruits are not
part of the present study. On the other hand, what is
scored probably to a large extent represents true pre-
dation in the sense that the seeds are lost from the
plant population. This is true for consumption by
birds that are able to exploit the seeds rather than
fruit pulp (Guitian and Fuentes, 1992), in the case
of sloe and hawthorne nuts, e. g., Hawfinches Coc-
cothraustes coccothraustes (Biljsma, 1998). This is
also true for those seeds that are removed by rodents.
Those that are not directly consumed by the rodents
are scatter-or larderhoarded. Although the signifi-
cance of those few that germinate in these situations
may be high for the plant population, most are proba-
bly permanently lost (Iida, 1996; Hulme and Borelli,
1999).

The absolute density of seeds could, by local en-
hancement, affect predation rates. The stress in this
study is not on actual predation rates but relative rates
among treatments, as a clue to identify groups of
predators. However, local enhancement may still be
factor of some importance. This is so if different
groups of predators react differently to seed density
variation. In the present case, the total density of
large tree and shrub seeds was 140/m?. Sun et al.
(2004) report a density of 130 acorns/m’ in a Chi-
nese oak forest and Maeto and Ozaki (2003) densities
up to 120 acorns/m? in mast years. Gardner (1977)
recorded> in the best of 5 years, up to 1 000 ash
seeds/m? in each of two areas. Because ash seed fall is
spread out over a full year, less seeds were probably
present simultaneously. However, typically, 25%
fell in November. Locally, the present experimental
setup should thus represent a natural but high seed
density, typically found right under a parent tree or
in a mast year.

3.2 Interpretation



466 | )

=2 £ 52 4%

A. One week predation 1985

B. Over winter predation 1985-1986

o 07300, 78 0.54/0. 0. 90/0 90 0 90/0.88
15/0.60 0 56/0 28 0/0.98 | 0.80/0.84
o O 75/0 66" 0.72/0.54 0.95/0, 89 0 96/0,9
13/0 30 0.59/0.28 09510958950 78
I ! i \ P T
10 o 8 9 10} % G 2o
09r g RPN & - 0o} & v o
. 08F B g 9 - . 08F W B 8 &
g 07r 0 g & £ 07 6 o
= 06 b ! © ! 8 = 061 | | i | N
2 05k C 9 8 £ 05k 1 1 P o A
g 04F ! ¢ oo ¢ . S 04 ; ‘ ! o
£ 03t o 4 % . g o3 1 9 0
oo BTG So2f 0oL
0.1 b J ' ’ 1 0.1} i | I ! 8
oo T 8 1 8 00 1L
1 1 |
i 1 i 1 1 1 i i
& £ § ¥ g @
§ & & g s & 0§ ¢
) > § k) o 3 9 o5
< O@ O %\0 o CQO ;\? &
& &
Seed Seed
C. One week predation 1986 D. Over winter predation 1986-1987
o 0.08/0.95 0.68/0.880 22/0.83 0.79/099 . 091096 0 o
° 0.22/0.(‘))'523/0'9%60/0 89" ’ 0.93/1. 00 8 65/1 0‘85/0960 75/0.96
. B 0:24/0.89 0.06/0. 10 080075
0.05/0.00 0.31/0.35
| i | 1 | I
1ol | ! : o | 10} ‘ 3 @ O% ]
09l @ lg :% 1% ] 0ol % s @ s ofp |
I | !
s 08F 1© i o B 2 08 l 8: .
=] 071 | : : : n ° 0.7 | ¢ \ 81 N
g 061 | ! %‘ o g 06 | o -
£ 05r | 3 © £ 83 o ; ; ole
(=] 041 1 1 | p 1s] 4 -
£ M 1 % 2 03[ 1 o8-
o2l 8 9% 1 og o o2k L e 1§
01} & | i . 0.1 ¢ ! s b
ool B @ Lo 00 0® & | .
- ‘ | i ; ! : i
% & ) &
s £ & ¢ S § & ¢
< & $§ & v & 5 &
Seed Seed

Symbol position:
large woods i small woodlots
i

Covertype: O Open @ Partialcove ® Full cover

Fig.2 Comparing predation effects between large woods and small woodlots
The set of symbols to the left of the dashed lines, for each seed species, show results for sites in large woods and those to the right re-
sults for small woodlots. Data points refer to different sites (8 in each year) and treatments. Symbols have been slightly relocated y-

wise. Mean values, for large/small woods and each cover type separately are given above each set of symbols.

In all plots, except the experiment with full cov-
er that was made in the second season, signs of ro-
dent presence were common. Small rodent species
common in this area are Apodemus flavicollis,
A . sylvaticus Crare in large forests) and Clethriono-
mys glareolus ( Loman, 1991a, b; pers. obs).
These all feed on seeds of various sizes (Watts, 1968;
Hoffmeyer, 1976: Jensen, 1984). Potentially seed
eating birds in these forests were tits (especially
Parus caeruleus and P.major s jay Garrulhus
glandarius, nuthatches Sitta europea (mainly in the
large woods) and various finches, in particular groups
of bramblings Fringilla montifringilla. Compared
to the rodentss these are unlikely to venture under a

net close to the ground to feed, except possibly under
exceptional circumstances ( Bodil Enokssons pers.
comm; Ake Lindstrém, pers comm. ). Such excep-
tional circumstances could be a rich artificial source of
seeds in a winter period when alternative food is cov-
ered by snow. However, the present seeds were dis-
tributed in approximately natural densities and were
not at all available to small birds in case of snow cover
(that would block the entry to the seeds). I therefore
interpret the fact that a partial net cover did not de-
crease seed predation as evidence that the dominating
source of predation was that from small rodents.

The fact that hawthorn nuts, that were the
smallest seeds in this study, were almost as much
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predated under the fully covered treatment as in the
other treatments in the second over winter experiment
suggests however that much predation on these seeds
was from insects or possibly slugs (that could enter
the fully covered sets as easily as those sets partially
or not at all covered).

3.3 Perspective

Also other studies have attempted to identify
seed predators by means of experiments. This has
usually involved comparing different methods of pre-
sentation, including enclosures, or comparing day and
night removal. In forest and shrub habitat on large
and medium seeds, small mammals emerge, like the
case is in the present study, as the dominating group
of predators ( Santos and Telleria, 1994; Hulme,
1997; Hulme and Hunt, 1999; Hulme and Borelli,
1999; Plucinski and Hunter, 2001; Donoso et al.
2003; DeMatta et al.» 2004). Howevers in one
study (Kjellson, 1985) insects were important, as is
suggested for over winter predation on hawthorn nuts
in one year of this study. Other similar studies in for-
est and shrub habitats mention large mammals (De-
Matta et al. » 2004) and birds as the most important
seed predators. The latter was the case in Zimbabwe
shrubland (Linzey and Washok, 2000) and in forest
fragments in Spain (Santos and Telleria, 1994) and
Brazil (Pizo and Vieria, 2004). Birds probably had at
least some impact in Spain (Hulme, 1997) and Eng-
land (Hulme and Borelli, 1999).

3.4 Landscape structure

At least in the second year of the study, there
was an effect of landscape structure on total preda-
tion; short term predation was heavier in the small
woods. This suggests higher rodent densities or less
alternative food in these woods. Indeed, an inverse
relation between woodland size and mouse
P.leucopus density has been found by Nupp and
Swihart ( 1996 ). A similar pattern exists for
A . sylvaticus and C. glareolus in the present study
area (pers. obs.). Donoso et al. (2003) also found
higher seed predation in small habitat fragments.
Furthermore, they found that this effect was
strongest for large seeds. I also found an interaction
between seed species and patch size for the one week
predation. In contrast, this was because predation
rates on the smallest seeds Chawthorn) in 1986 was
almost similar insmall and large woods, while for the
other three, predation was highest in the small wood-
lots. In another seed predator study in the same area,
no effect of patch size was found in any of three study
years (pers. obs. ).

If only open and partially covered treatments
were analysed, there was no interaction between
habitat type (small woodlot/large wood) and treat-
ment. This suggests that birds were invariably rare as

seed predators in this study. Including the fully cov-
ered treatment that was used in the second winter, an
interaction was found. This suggests a variation in
the relative importance of rodents and invertebrates;
possibly because rodents were, at least in this yearrel-
atively more important in small than in large forests.

In contrast, Santos and Telleria (1994) found
mice to be the dominating Juniperus post seed fall
seed predators in large forest fragments (150 — 270
ha) but in contrast, thrushes dominated as seed
predators in smaller (0.2 — 16 ha) fragments. Simi-
larly, birds were more important than rodent in small
forest fragments in Brazil while the opposite was con-
sidered the norm in large, unfragmented forests (Pizo
and Vieria, 2004).

Summarizing, patch size effects are potentially
affecting seed predation rates but there is much varia-
tion among sites> seed species and years. This is
probably related to what predator species are actually
present, something that is subject to much spatial and
temporalvariation.
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