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ABSTRACT. We studied the seasonal occurrence of forest-floor spiders by collecting samples with 100 pitfall
traps operated throughout the growing season of 1985 in a mature coniferous stand in southern Finland. Samples
were collected at five-day intervals in May-August and at longer intervals in September-November. The
entire sample from the 26 trapping periods consisted of 6753 adult spiders of 100 species. The overall abundance
and species richness was highest in the early season, May and June. Seasonal spider catch was not correlated
with fluctuations in temperature, but was negatively correlated with rainfall. Nine of the ten abundant species
(=2% of the sample each) belonged to the family Linyphiidae (sensu /ato) and one to the family Agelenidae.
Macrargus rufus (Wider) was the most abundant species comprising approximately % of the sample followed
by Lepthyphantes alacris (Blackwall) (17% of the sample). The activity peaks of the ten abundant species were
usually short, only a few weeks, and occurred in the early and mid-season, May-July. Only L. alacris was
collected every trapping period. Although numbers of males clearly exceeded that of females in most species,
the seasonal occurrence of the sexes coincided. Our results differ somewhat from earlier observations about

spider phenology in Finland. It is possible that this discrepancy depends to a great extent on different sampling
methods used.

Conservation issues in boreal forests have
drawn growing attention in ecological discus-
sions since the 1980°s (e. g., Bonan & Shugart
1989; Mikkola 1991; Hansson 1992; Niemeli et
al. 1993, 1994a). This concern arises from the
observation that in many parts of the world nat-
ural boreal forests are threatened by the expand-
ing forestry activities (Korsmo 1991; Boyle 1992;
Haila 1994). Consequently, there is a burning METHODS
need for ecological information about species in Study area.—The spiders were collected from
boreal forests to serve as baseline data in as- the Musturi State Forest Reserve (area about 19
sessment of their response to forestry practices ha) in northern Hiame, ca. 8 km SW of the Hyyt-
(Haila et al. 1987, 1994; Niemela et al. 1988, il Forestry Station (ca. 62°N, 24°E). The study
1994b; Esseen et al. 1992). area is located on the border between the south-

In spite of its apparent monotony, the boreal ern boreal and middle boreal phytogeographical
forest includes several *subsystems’ of which the  zones (Ahti et al. 1968). In Musturi, the domi-
litter layer with its decomposer arthropods is an nant tree is Norway spruce (Picea abies), with
important one. On the forest floor, spiders (Ara- some interspersed Scots pine (Pinus silvestris),
neae) are an ecologically significant group (Jen- aspen (Populus tremula), birch (Betula spp.) and
nings et al. 1988) because of their role in regu- mountain ash (Sorbus aucuparia). The canopy
lating decomposer populations (Clarke & Grant  spruces are mostly over 140 years old, and their
1968). Therefore, possible changes in spider as- mean height is 24 m, mean basal area 37 m*/ha,
semblages following forestry practices are of im- and canopy cover 90%. Abundant herbaceous
portance to the whole arthropod fauna of the plantsinclude Vaccinium myrtillus, V. vitis-idae,
forest floor (Mclver et al. 1992). The estimation  Deschampsia flexuosa, Linnea borealis, Maian-
of these effects is hampered, however, by the themum bifolium, and mosses Dicranum spp.,
insufficient knowledge of many basic life-history  Pleurozium schreberi, Polytrichum spp. The study
features of boreal forest spiders. In this study we site is described in more detail by Niemel4 et al.
focus on one such feature of these spiders: their (1989, 1992).

seasonal activity pattern. Adult activity period Sampling design.—To collect the spiders we
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is an important life stage and thus merits de-
scription. Qur phenology description is based on
pitfall samples collected continuously through-
out the growing season in a mature coniferous
forest in Finland. We also compare our findings
with results of previous, more heterogeneous data.
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Table 1.—Spider catch, number of species and the
value of Hurlbert’s (1971) diversity index A, during
the 26 sampling periods in the Musturi forest in 1985.
Catches and species number from September through
November are standardized to 5 trapping days which
was the length of the trapping period earlier in the
season. Sampling was started on 11 May.
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used 100 pitfall traps (plastic cups, diameter 65
mm and volume 170 ml) placed ca. 5 m apart
in a grid of 4 x 25 traps. They were partially
filled with water and NaOH during the 5-day
trapping periods in the summer, and with eth-
ylene glycol during the longer trapping periods
in the autumn. To keep out rainwater, and to

Sample Spider  Species keep avian and mammalian predators from the
collected catch  number A, traps, we placed small metal roofs (10 x 10 cm)
a few centimeters above the traps.
May 16 962 24 0.52 Trapping started on 11 May and ended on 23
May 21 483 18 0.63 :
May 26 74 10 0.74 November 1985. It covered the whole growing
May 31 867 33 0:8 5 season (permanent daily mean temperature >5
June 5 327 32 0.86 °C) which lasted in the st}ldy area from .6 May
June 10 374 28 0.86 through 26 October (Finnish Meteorological In-
June 15 280 29 0.87 stitute 1985). The traps were serviced every 5
June 20 205 34 0.85 days until 29 August, and thereafter on 8 Sep-
June 25 397 37 0.79 tember, 23 September, 23 October and 23 No-
June 30 273 27 0.73 vember. We used temperature and rainfall data
July 5 434 37 0.80 from the meteorological station at the Hyytidld
iuiy ig jgz 2(5) 828 Forestry Station 8 km from Musturi (Finnish
ng 20 156 20 0'72 Meteorological Institute 1991) to study the re-
July 25 9 17 0'_7 3 lat.ionship between temperature and rainfall, and
July 30 119 12 0.67 spider catch. .
August 4 24 5 0.66 Pitfall trapping is a widely used method for
August 9 45 9 0.68 sampling ground-living spiders (e. g., Tretzel
August 14 36 11 0.84 1954; Duffey 1962; Koponen 1972, 1976; Gran-
August 19 68 17 0.85 strdm 1973; Westerberg 1977; Curtis 1980; Hauge
August 24 88 20 0.82 & Wiger 1980; Niemel et al. 1986; It@imies and
August 29 97 21 0.82 Jarva-Karenlampi 1987, 1989; Jennings et al.
September 8 27 10.3 0.86 1988; Mclver et al. 1992; Topping 1993). As
September 23 24 9.1 0.86 . i .
pitfall-trap catches may better indicate spider ac-
October 23 32 12.5 0.90 .. . . land 1992
November 23 19 77 0.79 tivity than density (Topping & Sundqr and 199 ),
we make no statements about density variation
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Figure 1.—Number of spiders (black squares) collected, the five-day mean temperatures (open circles), and
the total rainfall (bars) during the 26 trapping periods in Musturi in 1985. In September-November the figures
are standardized to five trapping days, which was the length of the trapping period earlier in the season.
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Table 2. —Spearman rank correlation (R,) and its statistical significance (P) between the seasonal catches of
males and females for the ten most abundant species. In addition, total catches of the species in May 1985,
from September through November 1985, and from December 1985 through early May 1986 are given.

May Sept-Nov. Dec.-May
R, P 1985 1985 1985-86

Linyphiidae

Agyneta conigera 0.80 <0.001 0 1 0

A. ramosa 0.69 <0.001 0 0 0

Centromerus arcanus 0.42 0.034 17 5 15

Lepthyphantes alacris 0.75 <0.001 589 88 245

L. antroniensis 0.46 0.019 71 0 17

L. tenebricola 0.82 <0.001 0 42 2

Macrargus rufus 0.24 0.243 1018 72 282
Erigonidae

Diplocentria bidentata 0.54 0.005 36 1 9

Tapinocyba pallens 0.81 <0.001 61 2 14
Agelenidae

Cryphoeca silvicola 0.66 <0.001 280 3 38

but focus on species-specific seasonal activity
patterns. Although species are expected to vary
intheir tendency to be trapped (e. g., Heydemann
1961, Huhta 1971), we assume that the species-
specific trappabilities remain stable enough
throughout the season to warrant comparisons
within species.

We used Hurlbert’s (1971) index A, to study
species diversity during the trapping season:

A = (N/N - 1)(1 - é H§>

where N = total number of individuals in the
sample, N, = the number of individuals of the
ith species in the sample, IT, = N/N, S = the
number of species in the sample. Index values
range from 0 (low diversity) to 1 (high diversity).

RESULTS

The spider assemblage.—The total spider
sample from Musturi comprised 6753 adult in-
dividuals of 100 species. The catches were high-
est in May and decreased thereafter towards au-
tumn (Table 1, Fig. 1). From mid-July onwards
the catches decreased rapidly and in August were
only about %, of the peak abundance in the early
season. Species richness showed a slightly dif-
ferent pattern with a low in May, and high from
late May through mid-July (Table 1). In addition,
there was a smaller peak in late August. Species
diversity, Hurlbert’s (1971) index A,, was lowest
in May, increasing rapidly thereafter. The index

value remained high through the rest of the sea-
son except for a low in late July and early August
(Table 1).

During May the spider catch appeared to fol-
low fluctuations in the five-day mean tempera-
tures at the nearby Hyytiéld Forestry Station (Fig.
1). Very low catch in the third trapping period
in May was caused by cold weather. However,
later on the close correlation between spider catch
and temperature disappeared; and there was no
correlation between the spider catch and the tem-
perature across the season (Spearman rank cor-
relation R, = 0.20, ns, n = 26). We calculated
Spearman rank correlations separately for early
part of the season (May 11-July 15) and for the
late season (July 20-November 23) to examine
whether the response of spiders to temperature
changes during the summer, but there were no
statistically significant correlations (R, = 0.25, P
=0.410,n=13,and R, =047, P=0.104, n =
13 for early and late season, respectively). How-
ever, a significantly negative correlation was de-
tected between spider catches and rainfall across
the season (Spearman rank correlation R, =
-0.57, P = 0.002, n = 26). There was no cor-
relation between temperature and rainfall (R, =
—-0.02, P=0917, n = 26).

Forest floor spiders can be roughly divided
into two ’guilds’ based on their foraging behav-
ior: visual-pursuit hunting species, and microw-
eb-building species (e. g., Huhta 1971; Pajunen
1988; Mclver et al. 1992). In our data, species
richness of web-spinning species was much high-
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Figure 2.—Number of females (triangles) and males (circles) of each of the ten most abundant spider species
(each = 2% of the catch) collected during the 26 trapping periods in Musturi in 1985. Samples from September
through November are standardized to five trapping days which was the length of the trapping period earlier in

the season. Note the different scales of the vertical axes.

er (73 species) than that of hunting spiders (27
species). Of the 10 abundant species treated sep-
arately below, only one (Cryphoeca silvicola (C.
L. Koch)) was probably a hunting spider; all oth-
ers being web-builders. These two ’guilds’ had
similar seasonal activity patterns.

Activity patterns of the species.—Ten species
dominated the sample (=2% of the catch each)
and made up 77% of the total catch. Lepthy-
phantes alacris (Blackwall) and Macrargus rufus
(Wider) constituted almost half (48%) of the catch
and they were 4.7 and 2.5 times more numerous,
respectively, than the third most abundant spe-

cies Lepthyphantes tenebricola (Wider). In ad-
dition to these ten species, another 17 species
were fairly numerous (=26 individuals, 1. e., on
average =1 specimens per trapping period) and
accounted for 17% of the catch (species are listed
in Table 3). The great majority of the species (73
species) were occasional, being represented by a
total of 435 individuals (6% of the catch).
Most of the abundant spider species showed a
short activity peak of only a few weeks during
the season (Fig. 2). Many species peaked early
in the season (May-June), some in the middle
(July), but none in the later part of the growing
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Table 3.—Catches of the 17 less abundant species (=26 individuals in total) by month in Musturi. The catches

are standardized to 20 trapping-days and rounded to closest integer; 0 < 0.5, — = not collected.
May June July August  Sept. Oct-Nov. Total

Linyphiidae

Microneta viaria 18 21 11 1 - 0 51

Agyneta subtilis 1 25 41 - - - 67

Oreonetides vaginatus 8 15 3 - — 0 26

Allomengea scopigera - _ - 43 26 7 76

Drapetisca socialis - - - 1 7 6 14

Helophora insignis — — — 3 2 9 14

Porrhomma pallidum 7 3 9 3 1 4 27
Erigonidae

Trichopterna mengei 78 8 15 3 2 1 107

Walckenaeria cucullata 31 35 2 - - - 68

W. cuspidata 42 10 1 1 1 1 55

W. dysderoides - 17 6 — - 0 23

W. obtusa 13 31 3 - 1 0 48

W. antica 13 9 1 1 — 0 24

Dicymbium tibiale 22 25 12 — - — 59
Lycosidae

Pardosa lugubris 1 37 29 3 - - 70
Therididae

Robertus lividus - 15 17 — 1 2 35
Gnaphosidae

Haplodrassus soerenseni - 32 25 - — - 57

Total 233 283 175 59 41 30 821

season (August onwards). For most species the
activity is almost entirely due to males, and num-
bers of males clearly exceeded that of females in
all species except L. alacris (Fig. 2). The seasonal
occurrence of the sexes coincided for all species
except M. rufus, which was very abundant the
first trapping period but disappeared rapidly from
the samples thereafter (Table 2).

Lepthyphantes alacris was the only species col-
lected every trapping period, whereas its con-
gener, Lepthyphantes tenebricola (Wider) did not
appear until in June (Fig. 2). Similarly, Agyneta
conigera (O. P.-Cambridge) and Agyneta ramosa
Jackson did not appear until mid-June, and
peaked shortly from late June through mid-July.

C. arcanus, L. alacris, L. antroniensis, M. ru-
fus, T. pallens, and C. silvicola that peaked in
the early season had fairly high catches the fol-
lowing May in traps that were operated through-
out the winter and collected right after snow-melt
(Table 2). This observation confirms our finding
that these species indeed are active in the early
season. Species peaking later in the season (4.
ramosa, A. conigera, D. bidentata, L. tenebri-

cola) did not have especially high catches in the
sample collected the following spring.

Due to small catches, it was necessary to pool
the catch of each of the 17 less abundant species
by month. Thirteen of these species occurred pre-
dominantly in the early and mid-season, May-
July (Table 3). Three species occurred in the late
season (August onwards) and one occurred
throughout the season. Some congeneric species
tended to have similar seasonal occurrence. For
instance, all Walckenaeria species occurred pre-
dominantly in the early season and Agyneta spe-
cies in the mid-season (Table 3, Fig. 2). However,
each of the three abundant Lepthyphantes-spe-
cies showed quite a different activity pattern.

The results presented above were based on a
one-year study, but we have collected additional
data from the same site in the years 1986-1989,
and we can thus estimate the reliability of our
observations in 1985. As the samples were col-
lected less frequently in 1986-1989 (every four
weeks) and using fewer traps (64) the resulting
pattern of seasonal occurrence is not as detailed
as in 1985. However, a comparison among the
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Table 4.—Monthly catches of the ten most abundant spider species in 1985-1989.

May June July August Total

Macrargus rufus 1985 1018 21 9 12 1060
1986 3 16 15 2 36

1987 416 14 2 3 435

1988 252 24 11 4 291

1989 67 11 15 7 100

Cryphoeca silvicola 1985 280 117 3 4 404
1986 4 0 0 0 4

1987 147 29 0 1 177

1988 39 3 0 1 43

1989 21 1 0 0 22

Lephthyphantes antroniensis 1985 71 52 6 1 130
1986 3 1 0 0 4

1987 10 6 0 0 16

1988 1 0 0 0 1

1989 1 i 1 0 3

Centromerus arcanus 1985 17 199 21 0 237
1986 57 10 0 0 67

1987 12 88 2 1 103

1988 33 8 0 0 41

1989 73 42 3 4 122

Tapinocyba pallens 1985 61 133 7 0 201
1986 2 0 0 0 2

1987 2 6 0 0 8

1988 1 0 0 0 1

1989 4 2 0 0 6

Diplocentria bidentata 1985 36 101 34 3 174
1986 4 1 1 0 6

1987 5 17 2 1 25

1988 0 1 0 1 2

1989 15 3 5 4 27

Lephthyphantes alacris 1985 589 604 698 109 2000
1986 52 122 134 1 319

1987 125 99 96 9 329

1988 39 70 22 26 157

1989 327 329 227 19 902

Lepthyphantes tenebricola 1985 0 31 284 87 402
1986 0 7 18 1 26

1987 0 15 24 7 43

1988 0 40 29 47 116

1989 0 12 21 22 55

Agyneta conigera 1985 0 12 198 3 213
1986 0 23 12 0 35

1987 0 1 14 0 15

1988 0 3 0 0 3

1989 0 15 8 0 23

Agyneta ramosa 1985 0 44 90 0 134
1986 11 52 1 0 64

1987 1 49 12 0 62

1988 0 18 0 0 18

1989 0 32 2 0 34
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Table 5.—The time of highest catch of the ten most abundant species in our data and according to Palmgren
(1972) and Huhta (1965, 1971). Early season includes April-May, mid-season June and July, and late season
August-November. However, Palmgren (1972) does not define the seasons using months. (—) indicates that the
species was not collected or was so rare that no inferences about phenological occurrence can be made.

Present study

Palmgren (1972) Huhta (1965, 1971)

Linyphiidae
Macrargus rufus early season

L. alacris

L. antroniensis

L. tenebricola

Centromerus arcanus

early to mid-season
early season

mid to late season
early season

Agyneta conigera mid-season

A. ramosa mid-season
Agelenidae

Cryphoeca silvicola early season
Erigonidae

Tapinocyba pallens early season

Diplocentria bidentata early season

increasing toward late
season
early and mid-season —

increasing toward late
season

early to mid-season —
early and late season throughout the season,

low in July and August
early and mid-season —

mid-season -
throughout the season -

early and late season throughout the season,

low in June and July
throughout the season,
low in August

late season

years indicated that the seasonal activities of the
species were similarin 1985 and in the later years

despite great variation in catches among the years
(Table 4).

DISCUSSION

The sample from Musturi was quite similar to
a pitfall sample from a survey of 24 mature forest
fragments in northern Hime in 1984 (Pajunen
1988). The short trapping period (five days in
early June) in the fragment survey may at least
partly explain their low species richness (70 spe-
cies) as compared to Musturi (100 species). Most
of the 22 species collected in Musturi but not in
the survey occurred after June. Only 11 species
collected in the survey were not found in Mus-
turi. The most numerous species in both data
sets was L. alacris, and a majority of the abun-
dant species were common to Musturi and the
survey. Thus, the spider assemblage in Musturi
is representative of the spider fauna of southern
and central Finnish boreal forest. Furthermore,
in the Musturi assemblage, the clear numerical
dominance of web-building spiders (ca. 90% of
the catch) over hunting spiders is typical in ma-
ture boreal forest (. g., Huhta 1965, 1971; Palm-
gren & Bistrom 1979; Viisdnen and Bistrdm
1990), and also in subarctic pine and birch forest
in (Koponen 1975, 1976).

In our study, the maximum of spider activity
and species richness occurred from May through
early July. A similar pattern of high activity in
the early season was reported for carabids in
Musturi (Niemel4 et al. 1989). It has been shown
that carabids are most active during the repro-
ductive period (Loreau 1985), and this has been
suggested for spiders as well (Huhta 1965). For
carabids, Niemeld et al. (1989) hypothesized that
perhaps the short growing season of the north
drives species into early reproduction, resulting
in concomitant high adult activity, thus giving
the larvae enough time to complete their devel-
opment or reach the right larval stage for over-
wintering. A similar explanation may apply to
spiders and is strongly suggested by the preva-
lence of male spiders in the traps.

Palmgren (1972) divided spider species from
different habitats in southern Finland into 13
types by seasonal occurrence. The most predom-
inant type in Palmgren’s (1972) classification was
species peaking in early season: such species con-
stituted about one third of his 227 classified spe-
cies. The seasonal occurrence of some species
was also analyzed by Huhta (1965, 1971).

Our findings of seasonal occurrence corre-
sponded fairly well to those reported by Huhta
(1965, 1971) and Palmgren (1972) for L. alacris,
C. arcanus, T. pallens, A. conigera and A. ra-



30

mosa. However, for M. rufus, C. silvicola, D.
bidentata and L. tenebricola our results differed
from those reported by Palmgren and Huhta (Ta-
ble 5). L. antroniensis was not reported by Huhta
(1965, 1967) or Palmgren (1972). These discrep-~
ancies in seasonal occurrence may in part be ex-
plained by the different sampling methods used.
Pitfall trapping is based both on activity and
abundance of the spiders (Topping & Sunderland
1992), whereas litter extraction used by Huhta
(1965, 1971) and sieving of litter by Palmgren
(1972) record specimens present in the litter at
the time of sampling. As time of highest activity
and highest density may not coincide, these two
methods may give different results in terms of
seasonal occurrence (Huhta 1971; Topping &
Sunderland 1992). In addition, litter sampling
may underestimate spider densities during the
activity peaks because mobile and large speci-
mens are not easily captured by these methods
(Heydemann 1961). On the other hand, the sea-
sonal occurrence of the four species (4. conigera,
D. bidentata, L. tenebricola, L. alacris) trapped
by pitfalls in our study and by Koponen (1976)
in Lapland was similar. Furthermore, high spider
activity and species richness in the early season
was reported from pitfall samples from spruce
forests in Maine (Jennings et al. 1988), and from
grasslands in England (Duffey 1962; Topping &
Sunderland 1992).

It is worth noting that the seasonal patterns of
the same species in Palmgren’s (1972) study from
the southern coast of Finland and in Huhta’s
(1965, 1971) studies from forests in central Fin-
land were fairly similar (Table 5) indicating that
species phenology remains constant in different
geographical areas. This observation also implies
that the dissimilarity of our results with Huhta’s
and Palmgren’s observations was indeed due to
different sampling methods.

To conclude, there was a great deal of variation
in the seasonal occurrence of spiders and in spe-
cies richness over the growing season in our study
forest. However, the seasonal activity patterns
remained similar through several years indicat-
ing that our observations are representative of

mature, spruce-dominated taiga of the southern
boreal zone.
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