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Stratification ofthe spider fauna in a

Tanzanian forest

Line L. Sgrensen

ABSTR4CT

The vertical distribution of arthropods in the vegeta-
tion of tropical forests in Africa has rarely been ex-
amined. In the present study, the stratification of true
spiders (Araneae) was investigated in a montane for-
est in Tanzania. Spiders were chosen because they
are generally not host specific. Their distribution re-
lies mainly on the structure of the habitat and on
prey availability (only a few species are prey specific).
Sampling was carried out in a ! ha plot in a mature
and relativelo- homogeneous forest at the end of the
rainy season. Three strata were recognized and sampled:
the forest floor (the forest litter and vegetation be-
low 50 cm), the understorey (vegetation between 50 crn
and 3m) and the canopy (vegetation taller than
3m). The spider assemblage of the forest floor nas
most diverse (Simpson’s index), although the canopy
and the understorey were more species rich. Spider
composition of the understorey was more similar to
that of the canopy than to that of the forest floor. Of
the 175 species collected in total, 27 species were con-
fined to the canopy (15%), whereas 32 species (18))
were restricted to the forest floor. Even given that dif-
ferent sampling methods do not sample all taxa with
equal efficiency, specialization of spiders fron certain
families within a particular strata was evident. This was
even true for species that are regarded as being relatively
mobile, like linyphiids. The present study indicates that
the canopy should be included if a reasonably complete
inventory of spiders is to be obtained.

IYTRODUCTION

Tropical rainforests are reputed to support most ofthe
world’s biodiversity {(Wilson, 1988a) One possible rea-
son for this high diversity may be the richness of verti-
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cally distributed microhabitats in these forests, although
it is disputed ivhich strata may be the most important in
this regard. Based on Panamanian beetle data, Erwin
(1982) assumed that as many as 66% of the beetles
were confined to the forest canopy, 20% of which were
host-specific species. Stork (1988), by comparison, es-
timated that no more than 20% of the beetle species
within his plot on Borneo were unique to the canopy.
Similarly, Bruhl e al. (1998)in their study on Borneo
found that 25% of the ants were unique to the canopy,
and Mammond (1990) found oniy 10% of beetles to be
unique to the canopy in Sulawesi. This lack of consen-
sus, which precludes a precise estimate of global arthro-
pod species richness (1-80 million species), indicates
the need for studies of the distribution of taxa in strati-
Fred forests and of differences among forest types. The
resulting understanding of stratification will be irnpor-
tant for management and conservation of the arthropod
diversity of tropical forests.

Only a few tropical forest surveys have assessed
the relative importance of the canopy and ground
strata for the distribution of species within a particular
area. These studies have focussed on four groups of
invertebrates:

highly mobile communities of insects (e.g. Sutton
& Hudson, 1960; Sutton, 1983: Sutton et al,
1983a; Toda, 1992; DeVries ez al.,1997;Intachat &
Holloway, 2000) sampled by various kinds Of trap, at-
tractive or nonattractive, and targeting specific taxa:
baited traps have been used for beetles, butterflies
and Drosaphria (e g Deiries et al, 1997) and un-
baited traps, such as light traps and sticky traps
(eg Sutton, 1983, Sutton et al, 1983a; Intachat &
Holloway, 2000), for these and other taxa
herbivorous insects in the upper canopy layer (eg
Basset et al, 1992)
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e il arthropods (e g Stork 1988, Hammond, 1990,
Hammond ei al, 1997) sampled using techniques
such as flight-interception traps, litter samples,
pitfall traps and geilou pan traps (Hammond, 19901,
Malaise traps (Wammond, 1990, Hammond et al,
1997)and canopy fogging (Stork, 1988, Hammond,
1990)

© ground-living and canopy-duelling arthropods (e g
arthropods associated mith ground and arboreal
‘soil” in the canopy) (Longino & Nadkarni, 1990,
hadkarni Bi Longino, 1990, Paoietti et al, 1991,
Bruhl eral, 1998,Rodgers & Kitching 1998, baiter
ezai, 1998)

Despite differences in sampling methodology and
analytical approaches, the studies above show that fau-
nal stratification occurs in tropical forests and that
there is a gradual turnover of faunal composition from
the ground to the canopy Further, some studies re-
ported a strong shift in faunal composition (e.g. Bruhl
et si.,1998). There is, however, no consensus as to
the relative importance of the canopy for arthropods.
There is a weak tendency for the canopy, broadly
defined, to be richer in arthropod species, whereas
the abundance of individuais is generally higher at
ground level. Exceptions are the studies of butter-
flies by DeVries er al. (1997) and by Intachat and
Hollowa); (2000), of macro- and microarthropods by
Longino and Nadkarni (1990)nd ofants by Bruhl eral.
(1998).

The presentstudy focusses on spiders, a cosmopoli-
tan group, locally common and diverse. The group is
not host specific, their distribution depending rather
on the physical structure of the environment and on
the availability of prey (Greenstone, 1982; Cetz, 1991;
Halaj et al, 2000).

The objectives of the present study were to deter-
mine how the richnessand the composition of the spider
fauna change vertically between the forest floor and the
canopy within 1ha of montane forest in Tanzania. The
study- aimed to answer the following questions:

1. Are spider assemblages different among different
microhabitats and strata surveyed?

2. Does sprder abundance differ among strata:

3. Is spider species richness in the canopy different
from that in the lower strata of the forest (ground
lebel and understorey);

METHODS

Study area

Spiders were collected in a montane forest of the
Uzungwa Scarp Forest Reserve, Uzungwa Mountains,
Tanzania (campsite 08722°05"" S, 35™ 58’ 42" E) during
a 2-week period in May 1997 at the end of the rainy
season. Sampiing was performed on the forest floor, in
the understorey and in the canopy layer within a 1ha
plot on a ridge (1800 to 1900m abose sea level) next to
the campsite. The Uzungwa Mountains are part of the
Eastern Arc Mountains, which are known for their high
degree of floral and faunal endemism (Lovett Bi Wasser,
1993; Fjeldsd, 1999; see these sources for full biologi-
cal descriptions of the Uzungwa Mountains). The for-
est is primary and mature mixed forest, in uhich the
common trees are Allanblackia spp., Albzzia gummifera
(Gmelin) Smith, Parinara exceisa Sabine, Agaurza salzci-
folia (Lam.)Hook and Aphloza theifomss (Vahl) Benett. In
the samplingarea, the forest was undisturbed by humans
and was homogeneous. The understorey was fairly open
with some Tabernaemontana sp.,and the canopy did riot
exceed 30 m in height. Mosses and lichens were com-
mon on stems and branches in the canopy. The struc-
ture of the forest appeared rather similar to a mature
European beech forest, with emergent crees of rather
similar size and very few smaller trees (these srnalier
trees were avoided in the canopy sampling). The rain-
fail is approximately- 2000 rnm per year.

sampling methods
Spiders were collected by a team of 10 people within an
11-day period. Two collectors mainly sampled from the
canopy while the others collected from the lower strata of
the forest. The team Mas a mix ofexperienced and less-
experienced collectors (three professional arachnolo-
gists, six students and one parataxonomist). T he forest
was divided into three strata: the forest poor (includ-
ing ground, litter, low shrubs and herbs below 0.5m); a
higher herb, bush and shrub layer from 0.5m to 3m
(understorey); and an upper, closed canopy srratum
(nnciuding all foliage above 3 rn, which was in practice
almost exclusively above 15 mj.

1t was not feasible to access the canopy using cranes
or other technical devices. The canopy was, there-
fore, sampled using insecticidal knockdown sampling
(canopy fogging) using a PulsFog™ K-10 Standard
Thermal fogger (PulsFog, Germany) releasing a



94 E L SORENSEN

solution of 0.8% natural pyrethrum diluted in water.
Sampling took place early in the morning or late in
the afternoon, when there was no wind. The sampling
targeted vegetation higher than that which could be
reached by hand, beating or sweep net. There were few
smali trees and the sampling was, therefore, Eocussed
on the closed canopy (and the tree trunks). It was not
possible to ensure that the uppermost canopy was well
sampled, because both rising fog and falting arthropods
may hase become trapped by the lower portion of the
canopy. On 4 consecutive days, four areas of canopy
were sampled within the 1ha plot. Each sample con-
sisted of 90 subsamples of 1m?. The insecticide was
applied from the ground and each application (2 litres)
took 30 minutes. h 2-hour drop-time was allowed after
the applrcation of the insecticide.

Various semiquantitativeand quantitative sampling
methods (Coddington et ai.,1991, 1994) were used to
sample the lower strata: forest floor and understorey.
The forest floor was sampled by searching for spiders
living in “crgptic’ habitats (litter, logs and mosses) and
manual coflecting where spiders were collected from
the ground and vegetation up to knee-leve! (‘ground’).
Because the herb layer was relatively thin in the study
area it was given less attention than other habitats. It was
sampled mainly by sweep netting (‘sweeping’). Samples
obtained by sweeping were included as part of the foresc
floor sample in the analyses of differences across strata.

The understorey stratum (shrub layer) was sam-
pled by beating the vegetation and collecting the spi-
ders from a tray (‘beating’)and by manual collection of
spiders from shrubs and trunks from knee-lev-el to as
high as one can reach (‘aerial’ sensu Coddington et al.,
1996). Each sample of the methods - cryptic, ground,
sweeping, beating and aerial — wastimed, with only ac-
tise sampling time being measured. One hour of active
sampling represented one sample. Overall sampling to-
talled 200 hours, approximately one third during the day
and two thirds at night. In order to avoid bias by collect-
or, the eight collectors sampling forest floor and under-
storey applied al! methods both at night and during the
day. Summary statistics of the inventory by method are
given in Table 9.1

Coilected materiai was stored in 709°0 alcohol and
the spiders were subseqrently sorted to morphospecies
(distinctive, recognizable morphological units, hereafter
"species’jbecause knowiedge oithe spider faunaremains
incomplete. Juvenile spiders (representing~60% ofthe

specimens) here excluded because they could not be
identified to species level

Statistical methods

Species-accumulation curves (200random resamplings
of ail samples for each method and for each stya-
turn) nere generared using the software Estimates 5.¢.1
(Colwell, 1997b; Longino, 2000). To compare species
diversity among strata, Simpson’s indices (Magurran,
1988) were also calculated.

Complementarity values between pairs of strata
were calculated as the number of species unique to each
stratum divided by the combined number of species gf
the two strata (Colwell & Coddington, 1994). Analyses
were performed among ail three combinations of strata:
canopy, understorey and forest floor.

To investigate further the differences in spider z5-
semblages among strata, a chi-square test (adopting the
nul! hypothesis of no difference in overall distribution of
individuals within familiesamongstrata) was performed
on the number of individuals within the 13 most abun-
dant families. This included the families Thomisidae
and Salticidae, often abundant families in lowland trop-
ical fores: (Russell-Smith & Stork, 1994, 1995; Silva,
1996), which were only the 12th and 13th most abun-
dant families here These 13 families represented 9404
of the total specimens collected.

The number of spider species for each stratum angd
for the total plot was estimated with the Chao 1estima-
tor using the software Estimates 5.0.1(Colwell, 1997%).
Chao 1(Chao, 1981)wmes selected rather than other es-
timators because it can be used to estimate species rich-
ness based on the number of observed species, number
of singletons (species represented only by one speci-
men) and doubletons (species represented by two
specimens) in a single sample and is, therefore, widely
applicable The Chao 1 estimates gave intermediate
species-richness esrimaies when compared with the
other estimators included in the programme Estimates
(results not showr?).

The completeness of sampling by method and
by stratum was calculated by dividing the species-
richness estimate (Chao 1) by the observed number
of species (performance in Table 9.1). As the species-
accumuiation curves and curves of the species-richness
estimator did not tend to an asymptote, species richness
was estimated based on 200 resamplings of 500 aduit
specimens for comparison among sampling methods
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Thomisidae

%_'Salticidae

: (W)

Philodromidae

Fig 9 1 Therelative abundance of
rhe most abundant families of
spiders in the three defined strata
canopj, understorev and forest floor

& Forest floor
2 Understorey

Anapidae € Canopy
Araneidae
Hahnidae
Tetragnatidae
Cyatholipidae
Conopidae
Theridiidae
N, Linyohidae
Pholcidae // /
L] v v Al
50 25 0 25 50 75

Percentage individuals per family

and strata The number of species for 500 specimens
and estimated richness are given in Table 9 1

RESULTS

In total, the three strata sampled included 6316 adult
specimens representing 175speciesin 33 families Forty
{22%) ofthe species collected were represented by only
one specimen (singletons) and ~80% were species new
to science Overall. 1784 adult spiders were collected
on the forest floor, representing 96 species in 28 fami-
lies Thirty-one of these species were collected only on
the forest floor and IE (11%) of them were singletons
In the understore), 2924 adult spiders of 114 species
representing 29 families were collected, including 23
species unique to this stratum (21%) Fourteen (13%)
of these Mere singletons In the canopy, 1608 adults be-
longing t~ 95 species (including 24 families) were col-
lected Of these, 27 (29%) species were coilected only
in the canopq, including 15(16%) singletons (Table 9 i
summarises the data by method and strata) The data
at family level for the three strata within the plot are
summarised in Table 92

Dissimilarities between strata

The spider communities on Fhe forest floor and in she
canopy were the most different (complementarity 79.2)
whereas the faunain he understorey and in the canopy
shared more species (complementarity 53.8).The fauna

of the forest floor shared more species with the under-
storey (complementarity 58.1)than with the canopy.

The distribution of individuals in the 13 most
abundant families also showed considerable differ-
ences among the three strata (Table 9.2,Fig. 9.1), as
demonstrated by a chi-square test {chi-square; ;s =
5557, p < 0.0001). The same pattern was reflected at
species level (Fig.9.2). Pholcidae were common in all
strata, most noticeably in the understorey. The phol-
cid species collected from the forest floor were differ-
ent from those found in the higher strata. The family
Linyphiidae was very common in the canopy, along
with the family hnapidae, which is normally consid-
ered to be associated with the litter and low vegetation
(Dippenaar-Schoeman & Jocqiie, 1997).The families
Tetragnarhidae and Hahnidae were sampled almost
exclusively on the forest floor, whereas the family
Cyathoiipidae was most common on the high vegeta-
tion (Fig.9.1).One species that might be referred to the
family Qonopidae was found primarily in the canopy.
and although other species of Oonopidae were found on
the ground, very few individuais were collected in the
understorey. This family is normally considered to con-
sistof ground dwellers (Dippenaar-Schoeman & Jocqué,
1997).

Further examples of the stratification of species
within families are given in Fig. 9.2. Species of Linyphi-
idae, such as Mrcyntdir spp. and Callitrichia sellafion-
its Scharff 1990 were collected primarily in the under-
storey and low vegetation whereas Callirrtchin sp.n. was
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Leucauge sp 1

Pachygnatha sp 1

Araneid sp. 1
Mecynidis scufata
Anapid sp. 2

Clubionid sp. 1
Pho'cid sp 6
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Pholeid Z
/// ////////// /////////

7z Ophryrua sp. A
¥ /sicabu henriki

YA,

Fig.9.2. The relative abundance of

B Understorey the 19 most abundant of the 170
species of spiders in the three
@ Forest floor pecies 1 *p
defined strata canopy, understorey
Canopy and forest floor.

] P/ Pholcid sp.
20 0 20 40
Percentage individuals per species by strata
1001
saad? *
80 A
a))
4 60
a » Beating
v ’ = Cryptic
£ 101 Lasst » Ground
2 x Aerial
s Sweeping
20 4 P o Canopy fogging
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Fig 9.3. Species-accumulation curves for spiders collected with differect sampling methods within differen: habitats

collected in the canopy Species of Ophrynta were ob-
served mainly in the understore) and canopy. and
Ophrynta sp A (8% of the tota! number of adults in the
plot) was very common in both layers Lepthgphavtes
spp were found only on the forest floor

Speciesrichness

The species-accumulation curves for the different sam-
pling methods (Fig 9 3) show that species saturation
was not reached using any of the methods Sweeplng
samples yielded the lowest number of species, and the
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shallow slope of the sweeping curve indicates a low
within-sample diversity (Simpson’sindex 4.62). In con-
trast, ground sampling (in particular Simpson’s in-
dex 18.83)showed a steep slope, indicating that the
method detects many species in low numbers (high
within-sample diversity). The canopy fogging seems
to detect more species overall compared with beating
and ground samples. Alchough the same microhabitats
were surveyed by vegetation beating and by aerial man-
ual collecting in the understorey, the observed species
richness was lower using the latter method. Manual
collecting of [he understorey may miss some of the cur-
sorial hunting spiders and rare spiders that are collected
with beating. and sampling by beating is also likely to
access more habitat volume than manual collecring of
the different microhabitats. All methods contributed
unique species within each stratum, resulting in an in-
crease in species richness when samples were combined.

The results of the calculation of Simpson’s indices
for each stratum (Table 9.1) siipport the results of the
species-accumulation curves (Fig. 9.4).Pn particular,

175 9

All strata 1

(x) 175
150 o

the forest floor displays higher within-sample diversity
(Simpson index 14.66) than both the understorey and
the canopy, but the fact that its species-accumulation
curve intersects with the curves for both other strata
(Fig.9.4) indicates that its overail assemblage richness
is lower. The aithin-sample diversity is higher for
the canopy but close to that of the understorey; it is
not clear whether their curves would intersect upon
extrapolation

Overall, the rotal estimated species richness within
the lha plot was 215+ 17. The sample of the under-
storey seemed the richest in species whereas the canopy
sample gave the lowest estimated richness. Comparable
subsamples showed that the estimated richness of the
canopy, in fact, was highest, bui that the understorel
was almost as rich.

DISCUSSION

Spiders are adapted to a wide range ofhabitats and If 1s
difficult to use comparably efficient collecting methods

125
[/¢)
@
[S] 1 4«4 - > Forestflcor . L.ae="
g 100 o HERrTT TR A
° Understo
- nderstorey
Q
£ 75 .
£ (-)114 |
-
Z

50 -

25 4

0 250 500 750 1000 1250 1500 1750 2000

Number of adult individuals

Fig.9.4. Species-accumulation curve for spiders collected from :he

The total number of species obserbed is given for each area

forest floor, understorey and canopy, 2nd Fo. all strata combined
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to cover all the different microhabitats in which they
live (Turnbull, 1973). Because the original purpose of
the inventor). was in part to obtain data for the study
of species richness and to assess the importance of the
canopy, several methods were used, including manual
collecting methods. Longino and Colwell (1997) have
stressed the importance of using methods in ‘strict in-
ventories’ that sample complementary sets ofspecies. In
many tropical rainforests, arrhropod species richness is
so high an3 many species are so rare (Novotny & Basset,
2000) that it is nearly impossible to obtain sufficient
complete data to do actual comparisons across differ-
ent strata based on species lists or for species richness
(Longino, 2000). This incomplete sampling is reflected
in the accumulation curves (Figs 9.3and $.4) and em-
phasizes the difficulties of obtaining sufficient samples
for reliable estimates of species richness.

A high number ofrare species (singletonsand pairs)
were observed in the Tanzanian samples when consid-
ering either sampling methods or the strata sampled
(Table 9.2). Differences in patterns of diurnal activ-
ity were accounted for by sampling both at night and
during the day. However, the apparent rarity of some
species might be explained by seasonality. The present
knowledge ofthe biology of the Tanzanian spider fauna
is limited and it is, therefore, not possible to assess the
extent to which phenology can be used to explain the
occurrence of rare species. In the present samples, 80%
of the species were undescribed taxa There is clearly
a need for more studies on tropical invertebrates both
from the forest floor and the canopy.

This is one of the first studies that focusses specif-
ically on the vertical distribution olspiders in tropical
forests. This verticae distribution indicated complex as-
semblages with a strong stratification pattern acrossthe
defined strata (forest floor, understorey and canopy),
even though the understorey ivas more intensely sam-
pled than the other strata.

The canopy and understorey showed much simi-
larity in species composition whereas the canopy shared
fewer species with the forest floor. Since the understorey
included low vegetation (above 50cm) it was expected
that this stratum would have shown the highest species
diversity, with an influx of forest floor and canopy fauna.
However, the understorey appears to have a distinctive
fauna, with more species shared with the canopy than
with the forest floor. The forest floor, Furthermore, iias
anumber of distinctive species confined to it.

A larger sample size would undoubtedly have
yieided additional species in al! strata and also would
have included species that were previously considered
‘unique’in other strata. Nevertheless, the data still re-
flect a high degree of habitat specificity. The iinyphiids,
of which few species were unique to single strata, are 3
good example. They showed a high degree of special-
ization, with the majority of individuals of most species
collected in a single stratum, even though juvenile
linyphiids are known to disperse by ballooning Millidge
and Russell-Smith (1992) found that linyphiids col-
lected in the canopy of Brunei and Sulawesi rainforests
were clearly distinct species from those of the lower
Strata.

The uniqueness ofthe canopy fauna (approximately
20% unique species) was close to the data reported by
Stork (1988: 17%) and Bruhi ei al. (1998: 25%). Ai-
though considering the 19 most common species
revealed no unique species to the canopy, distinct dif-
ferences in species abundance were apparent (Fig.9.2).
Many species appeared to have their highest popula-
tions in the canopy, suggesting that the canopy supports
a distinctive fauna.

Further studies are needed in order to clarify
shether there is an exchange of species between the
canopy and the ground or whether species occurring in
high numbers in the canopy biit collected in lov num-
bers at ground-level should be considered as transient at
the lower levels. Because of their predatory nature, spi-
ders cannot be classified as ‘tourists’ (hloran si South-
wood, 1982) even though their biology indicates that
they do have certain habitat preferences. Species from
the canopy are more likely to occur as ‘transient’in lower
strata than vice versa.

Studies in temperate climates have shown that
the composition of spider assemblages are determined
by the structure of the habitat and its microclimate
(Duffey, 1966; Scheidler, 1990; Haiaj et al, 2000). Ver-
tical stratification has previously been shown for spi-
ders in temperate deciduous forests (e.g. Elliott, 1930;
Gibson, 1947; Turnbull, 1960) and in pine forests
(Docherty si Leather, 1997). Despite the fact that many
temperate species overwinter in the ground and migrate
in the spring to higher strata, stratification s stili appar-
ent although :he phenomenon of species tending to ex-
tend their ranges into adjacent strata has been observed
(Turnbull, 1960). Seasonal variation in the compo-
sirion of the spider assemblage in the temperate
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forests is high (Elliott, 1930; Gibson, 1947; Turnbull!
1960).

Turnbull (1960)found that the abundance of spi-
ders is much higher in the ground stratum (forest
floor) than in any of the other- strata, and that h e held
layer (understorey) uas richest in species. He attributed
these observations mainly to the large open non-
inhabitable spaces in the canopy. In lowland Cameroon,
Basser et /. (1992) aiso reported that, when beating
the vegetation, the understorey was richer in number
of families of spiders than the upper canopy. though no
significan: difference could be detected in number of
individuals.

In the present study, the forest floor turned out
to be the most diverse stratum though the canopy
was more species rich. In the' canopy and understorey,
many species occurred in low abundances, and a few
species of pholcids and a single species of linyphiid
dominated in terms of adult numbers (Ssrensen, 2000).
This might indicate that the fauna is less dense at
ground level, perhaps because of fewer available rnicro-
habitats, However, this could also be explained by the
choice of sampling methods. Canopy fogging. despite
the method's apparent inability to access cryptic living
species, might samplemore broadly than manual coilect-
ing methods, where the collector may be biased against
less-abundant species. This could be the reason why
more species are represenred in low numbers in rhe
canopy compared with those collected manually from
the ground and understorey.

Canopy fogging. as applied in the present study, will
not allow the same degree ofresolution of animai distri-
bution across microhabitats as the methods applied on
the forest floor and in the understorey. Since the method
was applied from the ground, the sampling probably fo-
cussed on the fauna of the lower parts of the canopy,
which may be more comparable with the understorey
with regard to microclimate. It is likely that the exposed
upper canopy would reveal a fauna that differs from
that of the lower canopy; for instance, it is likely that
active hunters will be more abundant in the former
location. T he high species richness in the canopy migh:
be explained by a high density and diversity of prey
(Sutton & Hudson, 1980; Surton et al., 1983a; Sutton,
1983, Sadkarni & Longino, 1990; DeVries et ai . ,1991).
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Spiders, then, differ from less-mobile organisms such as
mites, which exhibit greater diversity at the forest floor

The srratificarion pattern of the spiders and other
inkertebrate groups (Stork, 1988, Bruhl ei al, 1998)
seems similar If correct, this implies that a relatively
high proportron of the fauna is confined to the canopy
Theresuits of the present study indicate that for reason-
ably complete inbentories of the spider fama the rich
canopy fauna must be included Nexerrheless, a survey
of the understorey in the present study encountered a
high proportion of the species occurring in the canopy,
albeit in lower numbers
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