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COMMUNITY AND ECOSYSTEM ECOLOGY

Arboreal Spiders in Eastern Hemlock

RACHAEL E. MALLIS1 AND LYNNE K. RIESKE1,2

Environ. Entomol. 40(6): 1378Ð1387 (2011); DOI: http://dx.doi.org/10.1603/EN10278

ABSTRACT Eastern hemlock [Tsuga canadensis (L.) Carrière] is a foundation species in forests of
eastern North America that plays a key role in ecosystem function. It is highly susceptible to the exotic
invasive hemlock woolly adelgid (Adelges tsugae Annand), which is causing widespread hemlock
mortality. We surveyed the spider communities of eastern hemlock and deciduous canopies over 2
yr, collecting over 4,000 spiders from 21 families. We found that eastern hemlock canopies harbored
a more abundant, rich, and diverse spider community than did deciduous canopies. Five spider families
were present in our hemlock collections that were absent from the deciduous collections, including
Mysmenidae, Theridiosomatidae, Mimetidae, Lycosidae, and Agelenidae. In hemlock canopies there
were 4� the number of web builders, consisting primarily of the Tetragnathidae and Araneidae, than
active hunters, consisting primarily of the Anyphaenidae and the Salticidae. Ours is the Þrst in depth
study of the spider community in eastern hemlock. Spider abundance in hemlock canopies suggest
that they may play a role regulating herbivore populations, and could possibly affect the invasive
hemlock woolly adelgid, either through direct consumption of the adelgids themselves or through
interactions with classical biological control agents.

KEY WORDS predators, Tsuga canadensis, web builders, active hunters, habitat structure

Predators are essential to the function and structure of
natural ecosystems (Hairston et al. 1960, Paine 1966,
Tergorgh et al. 2001), and can be important insect
population regulators (Nicholson 1958, Halaj et al.
1998,Toti et al. 2000). Spiders areubiquitouspredators
(Wise 1993) and the most prevalent arthropod group
in tropical and temperate forest canopy systems
(Halaj et al. 2000). In addition to their abundance,
spiders demonstrate remarkably broad within-habitat
taxonomic diversity, thus occupying an array of spatial
and temporal niches. For these reasons, spiders are
critical to food web dynamics (Uetz 1992, Wise 1993,
Uetz et al. 1999, Halaj et al. 2000, Hore and Uniyal
2008).

Spiders exhibit extraordinary behavioral elasticity.
Web-weaving spiders will readily emigrate from, re-
occupy, relocate to, or take over web sites, and even
form aggregations of webs (Higgins and McGuinness
1991). Some tetragnathids have evolved cryptic pos-
turing and prey ambush rather than web weaving
(Aiken and Coyle 2000). Although spiders are gener-
alist predators, some are prey specialists, favoring prey
of speciÞc taxa (Bradley 1993, Craig 1994, Nyffeler
1999). Besides being taxon speciÞc, prey preference
also is inßuenced by spider age and size, as well as the
ability to capture certain kinds of prey (Nyffeler
1999).

Spiders have been shown to exhibit an aggregative
response or within-habitat movement to areas of
higher prey density (Riechert 1974). Spider feeding
rates increase as prey density increases, to the point of
satiation. At high prey density, foraging spiders use
less searching and handling time, therefore consuming
more prey and reaching satiation levels more quickly,
than if prey density was lower (Riechert 1974,
Nentwig 1987, Foelix 1996). In various systems spiders
exert the most pressure on insect prey populations at
the beginning stages of population growth, suggesting
that spiders have the potential to act as a stabilizing
force on prey populations (Riechert 1974, Jennings et
al. 1990, Wise 1993). Spiders have been documented
exerting regulatory effects on populations of spruce
budworm, Choristoneura fumiferana Clemens, in
spruce-Þr forests of eastern North America. Linyphii-
dae, Theridiidae, and Salticidae were the most abun-
dant families; web weavers were slightly more prev-
alent than hunting spiders and juvenile spiders
comprised at least half of the spiders collected (Jen-
nings and Dimond 1988). Web weavers and juveniles
also were most abundant in a survey of arboreal spi-
ders in Swedish spruce forests (Pettersson 1996). Ar-
thropod predators in old growth stands of Douglas-Þr,
Pseudotsuga menziesii Franco, and western hemlock,
Tsuga heterophylla Sargent, are primarily spiders; the
majority of which are web spinners (Halaj et al. 2000).

In many habitats spider richness, diversity, and
abundance are correlated with prey abundance and
richness. In other cases, habitat heterogeneity on a
microspatial scale has a major inßuence on spider
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diversity; vegetative structural diversity has been cor-
related with web-weaving spider diversity in compa-
rable temperate and tropical meadow and scrub sites
(Greenstone 1984), as well as in riparian swamp for-
ests of sub-tropical India (Hore and Uniyal 2008).
Microhabitat characteristics, such as needle and twig
density, are important determinants of arthropod oc-
currence, including spiders, in some coniferous sys-
tems (Jennings et al. 1990, Halaj et al. 1998, Halaj et al.
2000). Within forest canopies, prey abundance and
habitat structure inßuence the composition of spider
communities (Mason et al. 1997, Halaj et al. 2000,
Horváth et al. 2005). As prey abundance and richness
increases in canopies of European black pine, Pinus
nigra Arnold, so does the abundance, richness, and
diversity of the associated spider community (Hor-
váth et al. 2005). Several web-weaving spider species,
including those found in canopies of eastern hemlock
T. canadensis (L.) Carrière, orient their webs in a
direction favorable for thermoregulation and prey
capture, depending on microhabitat and abundance of
prey (Biere and Uetz 1981, Caine and Hieber 1987,
Bishop and Connolly 1992, Ramirez et al. 2003, Justice
et al. 2005, Mallis and Rieske 2010).

Eastern hemlock is a keystone species responsible
for the unique and stable conditions of many eastern
North American forests (Ford and Vose 2006, Hadley
et al. 2008). Eastern hemlocks regulate air and soil
temperatures (Hadley 2000, Orwig et al. 2008), and
affect soil chemistry (Yorks et al. 2003, Lovett et al.
2004, Orwig et al. 2008) and stream characteristics
(Collins et al. 2007, Hadley et al. 2008). Eastern hem-
lock also acts as a cover species for a variety of song-
birds, game, and non-game wildlife (Dilling et al.
2007). In the northeastern United States, hemlocks
occur in broad contiguous stands, whereas in the
southern Appalachians, hemlocks occur in more frag-
mented patches that are frequently limited to riparian
zones, moist coves, north-facing slopes, and road cuts
(Godman and Lancaster 1990, Kincaid 2007, Kincaid
and Parker 2008, Clark et al., unpublished).

Eastern hemlock supports a diverse arthropod com-
munity, which is inßuenced by tree age and elevation
(Dilling et al. 2007). Hemlock associated arthropods
include over 200 insect and 33 mite species, including
26 additional arthropod predators (Wallace and Hain
2000, Buck et al. 2005, Dilling et al. 2007, Turcotte
2008), but spiders have not featured prominently in
these investigations. Because of the diverse arthropod
associates and its role as a foundation species, it is
likely that eastern hemlock also supports a rich and
unique spider community. In the Great Smoky Moun-
tains National Park, two Tetragnathidae species were
collected only on eastern hemlocks, with one species
found only on riparian hemlock (Aiken and Coyle
2000). This arthropod community is threatened in the
eastern United States by the decline of hemlock due
to an introduced invasive herbivore, the hemlock
woolly adelgid, Adelges tsugae Annand (Hemiptera:
Adelgidae). The impact of hemlock woolly adelgid
feeding on eastern hemlock is devastating, and adel-
gid-induced eastern hemlock mortality in the south-

ern Appalachians will impact soil and air temperatures
and soil and stream chemistry (Ford and Vose 2006),
and will cause major shifts in forest structure and
composition (Spaulding and Rieske 2010), and affect
arthropod food web dynamics (Turcotte 2008). Be-
cause of their abundance, mobility, and ubiquitous
habits, spiders are presumably an integral part of these
food webs.

We censused and characterized the spider commu-
nityassociatedwitheasternhemlocks ineasternNorth
America and compared it to the nonhemlock spider
community. We hypothesized spiders would be more
abundant in structurally diverse hemlock canopies
relative to deciduous canopies, and that web building
spiders would dominate over active hunters in these
hemlock spider communities. We assessed quantita-
tive and qualitative differences between these com-
munities in relation to spider community character-
istics (abundance, richness, diversity, evenness) and
habitat parameters (site elevation, slope, aspect, hem-
lock basal area, average tree height, average tree di-
ameter) to shed light on spider-dependent trophic
interactions in eastern hemlock forests of the southern
Appalachians.

Methods

Study Sites. Spider collections were conducted at
two locations in the Eastern CoalÞelds region of the
Cumberland Plateau in Kentucky, Natural Bridge
State Park (Powell Co.) and Pine Mountain State Park
(Bell Co.). Both are characterized by ravines and
steep slopes carved from Pennsylvanian age coal-
veined limestone, sandstone, and shale (McDowell
and Kentucky Geological Survey 1986). Natural
Bridge State Park is part of the Pottsville Escarpment
in the Eastern Knobs portion of the Eastern CoalÞelds
(McDowell and Kentucky Geological Survey 1986).
The mean monthly temperature is 12.6�C and the
mean monthly precipitation is 10.3 cm (University of
Kentucky College of Agriculture Weather Center, Ag
Weather Center 2009). At the time we initiated our
study there were no reported hemlock woolly adelgid
infestations, though as the study progressed an adelgid
infestation did establish (Table 1). Pine Mountain
State Park is situated on the south side of Pine Moun-
tain, the largest land area mountain in Kentucky (Mc-
Dowell and Kentucky Geological Survey 1986). The
mean monthly temperature and precipitation at Pine
Mountain are 12.7�C and 10.7 cm, respectively (Uni-
versity of Kentucky College of Agriculture Weather
Center, Ag Weather Center 2009). Adelgid infesta-
tions have been found at Pine Mountain since 2006
(Table 1).

Two plots were established at each site, each con-
taining clusters of �10 hemlocks suitable for canopy
sampling. At Natural Bridge both plots were located in
riparian zones; plot two was on a north-facing slope.
The plots at Pine Mountain were situated in the upper
elevation; one plot was located on a northwestern
slope, and the second on a south-facing slope. In Au-
gust 2007 sampling began at both locations, and ten
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hemlock trees (2Ð6 m in height, 3Ð8 cm in diameter
at 1.4 m) were designated for censusing (Table 1). In
June 2008, a second plot was established at each lo-
cation, and ten similarly sized hemlocks and Þve non-
hemlock trees were designated at each of the four
plots. The nonhemlock trees varied among plots, and
consisted of red maple (Acer rubrum L.), American
beech (Fagus grandifolia Ehrhart), sweet birch (Bet-
ula lenta L.), river birch (B. nigra L.) and umbrella
magnolia (Magnolia tripetala L.) (Table 1). Thus at
each site there were two clusters with ten hemlocks of
similar height and diameter (F(3,39) � 0.74, P � 0.53,
and F(3, 39) � 2.46, P � 0.08, respectively), and Þve
nonhemlocks (Table 1).
Spider Censusing. The arboreal spider community

was censused monthly over a 2-yr period (August 2007
through July 2009). Each designated tree and its major
branches were shaken vigorously for 30 s., and dis-
lodged arthropods were caught on a 1 m � 1 m nylon
mesh beating sheet (Bioquip Products, Rancho
Dominguez, CA). Spiders were aspirated from the
beatsheet for 2 min. Specimens were stored in ethanol,
brought back to the laboratory, sorted, counted, and
identiÞed (Kaston 1981, Ubick et al. 2005). Spiders
collected in the Þrst year were identiÞed to the species
level (Appendix 1), whereas specimens collected in
the second year were identiÞed to family level. Both
years were sorted by sex and age, and the statistical
analyses were performed on family level data. Spec-
imen and photo reference collections were created.
Analysis. Spider abundance and family level rich-

ness, ShannonÕs index of diversity (HÕ) (Shannon
1948) and PielouÕs evenness index (JÕ) (Pielou 1966)
were calculated at each location. To evaluate spider
population parameters we used a repeated measures
generalized linear model procedure (PROC GLM
MIXED), after transforming the data to normalize
(�y for abundance, richness and HÕ, y3 for JÕ). We
tested for the effects of year, season, study site, tree
type (hemlock versus deciduous), plot, and sample
tree, aswell as relevant interactions(year� site, site�

season, season � tree type, and site � tree type) on
spider abundance, richness, diversity and evenness.
We then grouped the eight most commonly encoun-
tered spider families into two feeding assemblages and
similarly evaluated each assemblage. The web spin-
ning assemblage included the Araneidae, Linyphiidae,
Tetragnathidae, Theridiidae, and Uloboridae, whereas
active hunters included the Anyphaenidae, Philodro-
midae, and Salticidae. Differences between least
squares means were used to evaluate means (� �
0.05). A �2 analysis was then used to assess differences
in spider sex ratio seasonally. All analyses used SAS 9.1
(SAS Institute 2006).

Results

We collected 4030 spiders in 20 families at both sites
over two years (August 2007 to August 2009) (see
Appendix 1). Immature spiders comprised 64% of the
total collected. The female: male sex ratio was �3:1;
this female-biased sex ratio was signiÞcant through
all seasons (spring: �2

(1) � 25.3, P � 0.001; summer:
�2

(1) � 89.9, P � 0.001; fall: �2
(1) � 60.8, P � 0.001;

winter: �2
(1) � 16.3, P � 0.001). Spider abundance,

richness, diversity and evenness were greater in 2008
than in 2009 (Table 2).
Spatial Effect. Spider abundance, richness, diver-

sity, and evenness were signiÞcantly affected by col-
lection site (Table 2), but there was a signiÞcant
year� site interaction for spiderabundance,drivenby
ßuctuations in spider populations at Pine Mountain.
There were no interactions for richness, diversity, or
evenness. Of the total spiders collected, 2,157 (58%)
werecollectedatNaturalBridgeand1,549(42%)were
collected at Pine Mountain. Plot did not affect spider
abundance or diversity, but did inßuence richness and
evenness. Sample tree had no affect on any population
parameter tested (Table 2).
Temporal Effect. Sample season signiÞcantly af-

fected each spider population parameter, with signif-
icant site � season interactions (Table 2). Spider

Table 1. Characteristics of spider collection sites at Natural Bridge and Pine Mountain State Parks, Kentucky

Site Plot Elevationa Slopeb Aspectb
Hemlock component Non-hemlock

Component
(no. stems)

Basal
areac

Hta,e Diamd,e
Adelgid
presence

Natural Bridge 1 271.9 5.5 38 1.26 5.02 (0.20) 5.49 (0.35) None River birch (1)
Sweet birch (2)
American beech (1)
Umbrella magnolia (1)

2 257.3 15.8 130 1.47 4.67 (0.40) 5.00 (0.50) None Sweet birch (1)
American beech (2)
Red maple (2)

Pine Mountain 1 609.9 14.4 270 1.09 4.60 (0.15) 5.15 (0.28) Mod-High Red maple (1)
Umbrella magnolia (4)

2 605.9 30.2 16 1.46 5.11 (0.34) 6.36 (0.39) Low Sweet birch (2)
American beech (2)
Red maple (1)

ameters.
b degrees.
cm2/ha.
d centimeters at 1.5 m.
emean (s.e.) of 10 trees.
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abundance and richness was greatest in fall and lowest
in winter, and no spiders were collected at some of the
plots during the winter months (Fig. 1). Diversity and
evenness were highest in summer and fall, interme-
diate in spring, and lowest in winter (Table 2).
Hemlock Versus Deciduous Canopies. Tree type

(hemlock versus deciduous) signiÞcantly inßuenced

the spider community; hemlock canopies had greater
spider abundance, richness, diversity, and evenness
than did deciduous canopies (Table 2). Overall, 92%
(3,706) of our specimens were collected from eastern
hemlock (see Appendix 1), and 8% (324) were col-
lected from deciduous canopies. There was a signiÞ-
cant interaction between tree type and season for
spider abundance and diversity (Table 2), but no
signiÞcant site � tree type interactions.

Spider abundance varied among the deciduous tree
species, but replication and sample sizes were low.
Beech harbored 37% of the deciduous canopy spider
total, followed by red maple (31%), sweet birch
(17%), umbrella magnolia (10%) and river birch (5%).
The 324 spiders collected from deciduous canopies
comprised 15 families that were also collected from
hemlock canopies (Appendix 1). An additional Þve
families were unique to hemlock, including the orb
weaving Mysmenidae and Theridiosomatidae, the pi-
rate spiders, Mimetidae, and the occasional Lycosidae
and Agelenidae.
Web Building Assemblage. Web building spiders

were numerically dominant, with four times the abun-
dance of active hunters (80% versus 20%). Tetrag-
nathidae was the most abundant web building family
collected (41% of 3206 web builders), followed by
Araneidae (19%), Linyphiidae (15%), Theridiidae
(11%), and Uloboridae (5%) (Table 3 and Appendix
1). The abundance of web builders, as an assemblage
and as individual families, was higher in 2008 than in
2009 (Table 3). With the exception of the Araneidae
and Linyphiidae, the web building assemblage and
family abundance was greater at Natural Bridge than
at Pine Mountain. Year, site, season, and tree type
were highly signiÞcant determinants of web builder
abundance, and there were signiÞcant year � site,
site � season, and season � type interactions. Neither
plot nor sample tree were signiÞcant factors affecting
web builder abundance (Table 3). Abundance varied

Table 2. Spatial and temporal variation in abundance, richness, diversity (H’) and evenness (J’) (mean (s.e.) per tree) of the spider
community in eastern hemlock forests of southern Appalachia (Kentucky)

Effect Level Fdf/P Abundance Richness HÕ JÕ

Year 2008 7.63 (0.51) a 3.33 (0.13) a 0.90 (0.03) a 0.69 (0.02) a
2009 2.99 (0.26) b 1.63 (0.10) b 0.41 (0.03) b 0.38 (0.03) b

F(1,18)/P 85.98/�0.0001 75.83/�0.0001 71.21/�0.0001 31.85/�0.0001
Site Natural Bridge 4.90 (0.41) a 2.32 (0.15) a 0.61 (0.04) a 0.53 (0.03) a

Pine Mountain 3.40 (0.48) b 1.79 (0.17) b 0.46 (0.05) b 0.40 (0.04) b
F(1,46)/P 10.30/0.002 13.78/0.0006 11.22/0.002 8.20/0.006

Year � site F(1,18)/P 6.27/0.02 3.43/0.08 3.30/0.09 3.20/0.09
Season Spring 2.74 (0.32) c 1.66 (0.13) c 0.46 (0.05) b 0.45 (0.04) b

Summer 5.12 (0.46) b 2.66 (0.15) b 0.69 (0.04) a 0.57 (0.03) a
Fall 6.96 (0.60) a 2.99 (0.18) a 0.79 (0.05) a 0.61 (0.03) a
Winter 1.93 (0.28) d 0.96 (0.11) d 0.21 (0.03) c 0.22 (0.03) c

F(3,171)/P 63.40/�0.0001 77.87/�0.0001 43.98/�0.0001 25.15/�0.0001
Site � season F(3,171)/P 12.24/�0.0001 9.14/�0.0001 5.72/0.0009 5.02/0.002
Tree type Hemlock 5.08 (2.73) a 2.43 (0.89) a 0.65 (0.25) a 0.54 (0.17)

Deciduous 1.35 (1.12) b 0.92 (0.56) b 0.19 (0.15) b 0.22 (0.15)
F(1,46)/P 38.35/�0.0001 45.12/�0.0001 54.10/�0.0001 52.54/�0.0001

Season � type F(3,171)/P 2.69/0.05 1.67/0.18 3.31/0.02 2.65/0.05
Site � tree type F(1,46)/P 0.14/0.71 0.23/0.63 0.09/0.77 1.79/0.19
Plot F(1,46)/P 2.98/0.09 3.91/0.05 2.83/0.10 4.33/0.04
Tree F(9,46)/P 0.47/0.89 0.60/0.79 0.81/0.61 1.51/0.17

Means within effects followed by the same letter are not signiÞcantly different (ls means � � 0.05).

Fig. 1. Temporalpatterns in theabundance(mean	SE)
of A) web builders and B) active hunters in hemlock (�) and
deciduous (‚) trees in central Appalachia. Asterisks (*)
indicate signiÞcant differences between canopy types.

December 2011 MALLIS AND RIESKE: SPIDERS IN EASTERN HEMLOCK 1381



seasonally for each web building family, and was great-
est in the fall and lowest in the winter (Table 3), with
a signiÞcant site � season interaction for all but the
Araneidae. Hemlock canopies consistently harbored a
greater abundance of web builders, and differences
were signiÞcant at all sample intervals except June,
July, November, and February (Fig. 1A). There were
signiÞcant season � type interactions for all but the
Tetragnathidae, but only the Tetragnathidae demon-
strated a signiÞcant site � type interaction.
Active Hunting Assemblage. As an assemblage ac-

tive hunters were more abundant in 2008 than in 2009

(Table 4), due primarily to the Anyphaenidae, which
was the most abundant active hunting family collected
(25% of 824), followed by Salticidae (20%), and Philo-
dromidae (16%). The active hunting assemblage we
collected did not differ by site, though individual fam-
ilies did vary, and there was a highly signiÞcant year �
site interaction for the Philodromidae. Active hunters
were most abundant in the summer and fall, and their
abundance in hemlock canopies was signiÞcantly
greater than in deciduous canopies in the spring
(March, April, and May) and late summer and early
fall (August and September) (Fig. 1B). Anyphaenids

Table 3. Spatial and temporal variation in abundance (mean (s.e.) per tree) of commonly encountered web building spider families
in eastern hemlock forests of central Appalachia (Kentucky)

Effect Level Fdf/P Araneidae Linyphiidae Tetragnathidae Theridiidae Uloboridae
Total web
builders

Year 2008 1.00 (0.10) a 1.04 (0.23) a 2.24 (0.17) a 0.72 (0.10) a 0.38 (0.07) a 6.46 (0.43) a

2009 0.49 (0.06) b 0.34 (0.07) b 1.04 (0.15) b 0.22 (0.03) b 0.10 (0.02) b 2.24 (0.24) b

F(1,18)/P 9.95/0.006 21.17/0.0002 45.53/�0.0001 57.13/�0.0001 20.90/0.0002 101.1/�0.0001

Site Natural bridge 0.69 (0.08) 0.30 (0.04) b 2.07 (0.16) a 0.51 (0.07) a 0.25 (0.04) a 4.18 (0.39) a

Pine Mountain 0.55 (0.08) 0.73 (0.16) a 0.61 (0.13) b 0.19 (0.03) b 0.08 (0.02) b 2.42 (0.40) b

F(1,46)/P 0.33/0.57 5.6/0.02 28.08/�0.0001 18.30/�0.0001 22.41/�0.0001 15.85/0.0002

Year � site F(1,18)/P 3.78/0.07 1.88/0.19 25.85/�0.0001 0.53/0.47 10.93/0.004 9.82/0.006

Season Spring 0.38 (0.06) c 0.48 (0.17) b 0.56 (0.08) c 0.44 (0.08) a 0.07 (0.02) b 2.10 (0.27) c

Summer 0.63 (0.07) b 0.94 (0.20) a 1.35 (0.16) b 0.30 (0.05) a 0.18 (0.03) ab 3.84 (0.37) b

Fall 1.14 (0.14) a 0.53 (0.06) a 2.48 (0.27) a 0.54 (0.08) a 0.38 (0.07) a 5.70 (0.58) a

Winter 0.35 (0.06) c 0.10 (0.03) b 1.04 (0.18) c 0.15 (0.04) b 0.05 (0.03) b 1.70 (0.25) c

F(3,171)/P 14.89/�0.0001 11.21/�0.0001 23.03/�0.0001 5.98/0.0007 6.71/0.0003 40.34/�0.0001

Site � season F(3,171)/P 1.67/0.18 11.73/�0.0001 3.35/0.02 3.20/0.02 8.88/�0.0001 11.57/�0.0001

Type Hemlock 0.77 (0.06) a 0.68 (0.11) a 1.62 (0.15) a 0.42 (0.05) a 0.21 (0.03) a 4.10 (0.32) a

Deciduous 0.19 (0.04) b 0.04 (0.01) b 0.50 (0.15) b 0.11 (0.03) b 0.03 (0.01) b 0.88 (0.19) b

F(1,46)/P 20.75/�0.0001 19.12/�0.0001 29.28/�0.0001 8.64/0.005 9.77/0.003 43.07/�0.0001

Season � type F(3,171)/P 3.26/0.02 8.42/�0.0001 4.15/0.0007 6.44/0.0004 3.31/0.02 4.84/0.003

Site � type F(1,46)/P 0.0/0.99 2.45/0.12 10.58/0.002 2.70/0.11 3.72/0.06 1.15/0.29

Plot F(1,46)/P 7.42/0.009 1.88/0.18 0.12/0.73 0.36/0.55 2.85/0.10 2.54/0.12

Tree F(9,46)/P 0.64/0.76 0.76/0.65 0.77/0.65 0.68/0.72 0.75/0.66 0.50/0.87

Means within effects followed by the same letter are not signiÞcantly different (ls means � � 0.05).

Table 4. Spatial and temporal variation in abundance (mean (s.e.) per tree) of commonly encountered active hunting spider families
in eastern hemlock forests of central Appalachia (Kentucky)

Effect Level F(df)/P Anyphaenidae Philodromidae Salticidae
Total active

hunters

Year 2008 0.31 (0.07) a 0.20 (0.06) 0.21 (0.05) 0.98 (0.11) a

2009 0.17 (0.02) b 0.12 (0.02) 0.15 (0.03) 0.63 (0.05) b

F(1,18)/P 6.14/0.02 0.63/0.44 0.03/0.85 4.62/0.05

Site Natural Bridge 0.24 (0.03) 0.10 (0.02) b 0.08 (0.01) b 0.63 (0.05)

Pine Mountain 0.17 (0.04) 0.18 (0.03) a 0.25 (0.03) a 0.79 (0.09)

F(1,46)/P 16.18/0.0002 5.84/0.02 10.20/0.003 0.01/0.92

Year � site F(1,46)/P 3.66/0.07 10.42/0.005 0.01/0.92 0.0/0.97

Season Spring 0.13 (0.03) bc 0.07 (0.02) b 0.27 (0.05) a 0.58 (0.08) b

Summer 0.40 (0.07) a 0.23 (0.04) a 0.18 (0.03) a 1.05 (0.10) a

Fall 0.23 (0.04) b 0.25 (0.04) a 0.21 (0.03) a 1.02 (0.09) a

Winter 0.08 (0.03) c 0.08 (0.01) b 0.02 (0.01) b 0.23 (0.05) c

F(3,171)/P 7.25/0.0001 13.75/�0.0001 8.93/�0.0001 24.81/�0.0001

Site � season F(3,171)/P 6.84/0.0002 3.89/0.01 6.29/0.0005 4.08/0.008

Tree type Hemlock 0.25 (0.03) a 0.16 (0.02) 0.19 (0.03) 0.83 (0.06) a

Deciduous 0.08 (0.04) b 0.09 (0.02) 0.10 (0.02) 0.38 (0.07) b

F(1,46)/P 4.96/0.03 0.61/0.44 2.83/0.10 9.38/0.004

Season � tree type F(3,171)/P 0.40/0.75 1.43/0.24 1.68/0.17 1.75/0.16

Site � tree type F(1,46)/P 1.25/0.27 4.81/0.03 4.58/0.04 2.25/0.14

Plot F(1,46)/P 1.47/0.23 0.08/0.77 0.61/0.44 1.20/0.28

Tree F(9,46)/P 1.01/0.44 0.56/0.82 1.70/0.12 1.12/0.37

Means within effects followed by the same letter are not signiÞcantly different (ls means � � 0.05).
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were most common in the summer, philodromids in
the summer and fall, and salticids were equally com-
monly encountered in the spring, summer and fall
(Table 4). The assemblage was more abundant in
hemlock canopies than deciduous canopies, again due
primarily to the anyphaenids, but there was a signif-
icant interaction between site and tree type for the
philodromids. Neither plot nor tree affected the abun-
dance of the assemblage or of individual families.

Discussion

This is the Þrst assessment of the arthropod com-
munity of eastern hemlock focusing solely on spiders,
and it provides a comprehensive assessment of the
spider community. We hypothesized spiders would be
more abundant in structurally diverse hemlock can-
opies relative to deciduous canopies, and that web
building spiders would dominate over active hunters
in these hemlock spider communities; our data sup-
port this. We collected over 4,000 individuals from 21
families. The numerical dominance of females that we
observed is commonplace in spider communities, and
ours (�3:1) did not differ from that found in similar
studies (Stratton et al. 1978, Jennings and Dimond
1988,Pettersson1996).Wealso incorporated juveniles
in our population assessments because identiÞcation
to the family level was fairly easy; juveniles are often
excluded from population evaluations because of the
difÞculty in identifying them to the genus or species
level (Kaston 1981).

Not surprisingly, the spider community varied tem-
porally, reßecting the somewhat synchronous devel-
opment of univoltine organisms. Many immatures
were collected in the fall or spring, as these are periods
when many species are reproducing and eggs are
hatching (Nentwig 1987, Wise 1993, Foelix 1996).
Most spiders overwinter in sheltered sites as juveniles
or penultimate instars with a reduced metabolic rate
(Nentwig 1987, Foelix 1996). Some become active
during warmer weather and return to an inactive state
when temperatures become colder (Foelix 1996).
The low numbers we collected in the winter months
reßects the reduced activity typical for colder tem-
peratures (Aitchison 1984). However, low numbers at
Pine Mountain in February 2009 could be attributed to
an extensive and dramatic ice storm that resulted in
structural damage, and snow that hindered sampling
efforts. Several of the sample trees at Natural Bridge
also sustained structural damage, but some spiders
were still recovered poststorm and subsequent
monthsÕ sampling was productive.

Habitat complexity is an important feature for both
activehunters andwebbuilders, inßuencingbothprey
abundance and richness (Jennings et al. 1990, Pet-
tersson 1996, Halaj et al. 1998, Jiménez-Valverde and
Lobo 2007). Spider abundance was greater in hemlock
canopies relative to deciduous canopies, and overall
family richness was also higher in hemlock canopies
(20 versus 15). Tree height and growth can also in-
ßuence spider community composition (Jennings and
Collins 1986). Mature Scots pine [P. sylvestris (L.)]

harbor more spider species than do younger pines
(Thunes et al. 2003). Spider richness and diversity is
higher in stands of Scots pine, which are structurally
more complex and ßoristically more diverse than plots
of lodgepole pine (P. contorta Douglas) in terms of
canopy cover and density, understory vegetation, and
soil moisture (Docherty and Leather 1997). Sticky
trap catches also indicated that Scots pine has a more
diverse prey complex available to the spider commu-
nity (Docherty and Leather 1997). The more struc-
turally complex red (Picea rubens Sargent) and white
spruce (Pi. glauca Voss) harbor higher densities of
spiders than do balsam Þr (Abies balsameaMiller (Jen-
nings and Dimond 1988, Jennings et al. 1990), and web
spinners, primarily Araneidae and Linyphiidae, were
more prevalent than active hunters, which consisted
of Salticidae, Philodromidae and Thomisidae (Jen-
nings et al. 1990), consistent with our Þndings. Simi-
larly, in boreal spruce forests the arboreal community
is overwhelmingly dominated by the web building
Araneidae, Linyphiidae, Tetragnathidae, and Theridi-
idae (Pettersson 1996), which are the same families
comprising the web building assemblage in our study
on eastern hemlock. Linyphiids and theridiids are
more dominant on white spruce than red pine (P.
resinosa Solander ex. Aiton) because of the density,
rigidity, and structural complexity of spruce in relation
to red pine (Stratton et al. 1978).

Vegetation structure is an important component of
habitat complexity (Stratton et al. 1978, Jiménez-
Valverde and Lobo 2007); the more complex the veg-
etation structure is, the higher spider species richness
is (Wise 1993, Jiménez-Valverde and Lobo 2007).
More complex vegetation provides increased choices
for microhabitat selection and prey capture, particu-
larly among web builders (Haddad et al. 2009). De-
ciduous and coniferous trees offer very different mi-
croclimatic conditions, and spider assemblages
typically differ between canopy types (Pearce et al.
2004). Eastern hemlock is more structurally complex
than the deciduous trees we sampled (Pearce et al.
2004), and we found signiÞcant differences in spider
communities between hemlocks and nonhemlocks.
But while coniferous systems may harbor unique spi-
der communities, considerable overlap has been re-
ported. Most of the 16 spider species found on red
spruce are also associated with other conifers, and
there is little difference between web-builders and
active hunters on each. Many spider species found on
red spruce also occurred on broad-leaf shrubs and
trees (Jennings and Collins 1986).

Spiders are sensitive to changes in habitat structure
(Wise 1993, Oxbrough et al. 2010), which is particu-
larly relevant in eastern hemlock. Because feeding by
the hemlock woolly adelgid causes needle drop and
dieback (Orwig et al. 2002), adelgid-induced damage
to eastern hemlock could devastate the spider com-
munity. The adelgid infestation at our Pine Mountain
site was detected three years before the completion of
our study (Forest Health Task Force 2006). Hemlock
canopies were beginning to thin, and the physical
effects of the adelgid infestation could be starting to
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impact the spider community. Adelgid-induced nee-
dle loss may manifest itself most noticeably as a loss of
abundance and diversity within the linyphiids, theri-
diids, tetragnathids, and other web builders that rely
on needles as supports for their webs (Jennings and
Dimond 1988, Halaj et al. 1998, Halaj et al. 2000). Of
the Þve spider families unique to hemlock, the orb
weaving Mysmenidae and Theridiosomatidae will
likely be lost from the arboreal habitat. These groups
are not likely to be maintained on alternate deciduous
hosts, because differences in habitat complexity and
structural requirements for web placement are more
suitable on hemlocks.

Information on the composition and structure of
spider communities is essential to gain a full under-
standing of food web dynamics and evolving trophic
linkages in coniferous forests and other systems (Jen-
nings and Collins 1986, Jennings et al. 1990, Aiken and
Coyle 2000, Buddle et al. 2000, Mallis and Hurd 2005).
Spider abundance in hemlock canopies suggest that
they may play a role regulating herbivore populations,
and could possibly inßuence adelgid population dy-
namics, either throughdirect consumptionof theadel-
gids themselves or through interactions with other
predators, including those employed in classical bio-
logical control efforts. Conservation of spider assem-
blages in natural systems, including eastern hemlock,
is crucial (Riechert and Lockley 1984). We describe a
previously uncharacterized spider community, and
our Þndings have important implications for under-
standing trophic linkages and for conservation of this
ecosystem.
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Jiménez-Valverde, A., and J. M. Lobo. 2007. Determinants
of local spider (Araneidae and Thomisidae) species rich-
ness on a regional scale: climate and altitude vs. habitat
structure. Ecol. Entomol. 32: 113Ð122.

Justice, M. J., T. C. Justice, and R. L. Vesci. 2005. Web
orientation, stabilimentum structure and predatory be-
havior of Argiope florida Chamberlin & Ivie 1944 (Ara-
neae, Araneidae, Argiopinae). J. Arachnol. 33: 82Ð92.

Kaston, B. J. 1981. Spiders of Connecticut. State Geological
and Natural History Survey of Connecticut, Hartford, CT.

Kincaid, J. A. 2007. Compositional and environmental char-
acteristics of Tsuga canadensis (L.) Carr. forests southern
Appalachian mountains, USA. J. Torrey Bot. Soc. 134:
479Ð488.

Kincaid, J. A., and A. J. Parker. 2008. Structure character-
istics and canopy dynamics of Tsuga canadensis in forests
of the southern Appalachian Mountains, USA. Plant Ecol.
199: 265Ð280.

Lovett,G.M.,K.C.Weathers,M.A.Arthur, and J.C. Schultz.
2004. Nitrogen cycling in a northern hardwood forest:
Do species matter? Biogeochemistry 67: 289Ð308.

Mallis,R.E., andL.E.Hurd. 2005. Diversity among ground-
dwelling spider assemblages: habitat generalists and spe-
cials. J. Arachnol. 33: 101Ð109.

Mallis, R. E., and L. K. Rieske. 2010. Web orientation and
prey resources for web-building spiders in eastern hem-
lock. Environ. Entomol. 39: 1466Ð1472. DOI: 10.163/
EN10039.

Mason, R. R., D. T. Jennings, H. G. Paul, and B. E.Wickman.
1997. Patterns of spider (Araneae) abundance during an
outbreak of western spruce budworm (Lepidoptera: Tor-
tricidae). Environ. Entomol. 26: 507Ð518.

McDowell, R. C., and Kentucky Geological Survey. 1986.
The Geology of Kentucky: a text to accompany the geo-
logic map of Kentucky. U.S. G.P.O., Washington, DC.

Nentwig, W. 1987. Ecophysiology of spiders. Springer-Ver-
glag, New York.

Nicholson, A. J. 1958. Dynamics of insect populations.
Annu. Rev. Entomol. 3: 107Ð136.

Nyffeler, M. 1999. Prey selection of spiders in the Þeld. J.
Arachnol. 27: 317Ð324.

Orwig, D. A., D. R. Foster, and D. L. Mausel. 2002. Land-
scape patterns of hemlock decline in New England due to
the introduced hemlock woolly adelgid. J. Biogeogr. 29:
1475Ð1487.

Orwig,D.A.,R.C.Cobb,A.W.D’Amato,M.L.Kizlinksi, and
D. R. Foster. 2008. Multi-year ecosystem response to
hemlock woolly adelgid infestation in southern New Eng-
land forests. Can. J. For. Res. 38: 834Ð843.

Oxbrough, A., S. Irwin, T. C. Kelly, and J. O’Halloran. 2010.
Ground-dwelling invertebrates in reforested conifer
plantations. For. Ecol. Manag. 259: 2111Ð2121.

Paine, R. T. 1966. Food web complexity and species diver-
sity. Am. Nat. 100: 65Ð75.

Pearce, J. J., L. A. Venier, G. Eccles, J. Pedlar, and D. Mc-
Kenney. 2004. Inßuence of habitat and microhabitat on
epigeal spider (Araneae) assemblages in four stand types.
Biodivers. Conserv. 13: 1305Ð1334.

Pettersson, R. B. 1996. Effect of forestry on the abundance
and diversity of arboreal spiders in the boreal spruce
forest. Ecography 19: 221Ð228.

Pielou, E. C. 1966. Species-diversity and pattern-diversity
in the study of ecological succession. J. Theor. Biol. 10:
370Ð383.

Ramirez, M. G., E. A. Wall, and M. Medina. 2003. Web
orientation of the banded garden spiderArgiope triasciata
(Araneae: Araneidae) in a California costal population. J.
Arachnol. 31: 405Ð411.

Riechert, S.E. 1974. Thoughtson theecological signiÞcance
of spiders. BioScience 24: 352Ð356.

Riechert, S. E., and T. Lockley. 1984. Spiders as biological
control agents. Annu. Rev. Entomol. 29: 299Ð320.

SAS Institute. 2006. PROC userÕs manual, version 9.1 ed.
SAS Institute, Cary NC.

Shannon, C. E. 1948. A mathematical theory of communi-
cation. Bell. Syst. Tech. J. 27:379-. 473: 623Ð656.

Spaulding,H.L., andL.K.Rieske. 2010. The aftermath of an
invasion: structure and composition of central Appala-
chian hemlock forests following establishment of the
hemlock woolly adelgid, Adelges tsugae. Biol. Invasions
DOI: 10.1007/s10530Ð010-9704Ð0.

Stratton, G. E., G. W. Uetz, and D. G. Dillery. 1978. A
comparison of the spiders of three coniferous tree spe-
cies. J. Arachnol. 6:219Ð226.

Thunes, K. H., J. Skarveit, and I. Gjerde. 2003. The canopy
arthropods of old and mature pine Pinus sylvestris in
Norway. Ecography 26:490Ð502.

Toti, D. S., F. A. Coyle, and J. A. Miller. 2000. A structured
inventory of Appalachian grass balde and heath bald
spider assemblages anda testof species richnessestimator
performance. J Arachnol. 28:329Ð345.

Turcotte, R. M. 2008. Arthropods associated with eastern
hemlock. p. 61. In B. Onken and R. Reardon (eds.),
Fourth Symposium on hemlock woolly adelgid in the
eastern United States. U.S. Dep. Agric. FS FHTET-2008Ð
01, Morgantown, WV.

Ubick, D., P. Paquin, P. E. Cushing, and V. Roth. 2005.
Spiders of North America: an identiÞcation manual. Am.
Arachnol. Soc. 377 pp.

Uetz, G. W. 1992. Foraging strategies of spiders. Trends
Ecol. Evol. 7: 155Ð159.

Uetz, G. W., J. Halaj, and A. B. Cady. 1999. Guild structure
of spiders in major crops. J. Arachnol. 27: 270Ð280.

Wallace, M. S., and F. P. Hain. 2000. Field surveys and
evaluation of native and established predators of the
hemlock woolly adelgid (Homoptera: Adelgidae) in the

December 2011 MALLIS AND RIESKE: SPIDERS IN EASTERN HEMLOCK 1385



southeastern United States. Environ. Entomol. 29:638Ð
644.

Wise, D. H. 1993. Spiders in ecological webs. Cambridge
University Press, New York.

Yorks, T. E., D. J. Leopold, and D. J. Raynal. 2003. Effects
of Tsuga canadensis mortality on soil water chemistry

and understory vegetation: possible consequences of
an invasive insect herbivore. Can. J. For. Res. 33: 1525Ð
1537.

Received 28 October 2010; accepted 26 August 2011.

1386 ENVIRONMENTAL ENTOMOLOGY Vol. 40, no. 6



Appendix 1. Spider species collected and identified from east-
ern hemlock at Pine Mountain State Park and Natural Bridge State
Park, Kentucky, during year 1 of the spider census

Pine Mountain
(
HWA)

Natural Bridge
(�HWA)

Acanthepiera stellata Acanthepiera stellata
Anyphaena fraternal Agelenidae sp. 1
Araneidae sp. 6 Anyphaena fraternal
Araneidae sp. 8 Anyphaena pectorosa
Araneidae sp. 9 Araneidae sp. 5
Araneidae sp. 10 Araneidae sp. 6
Araneidae sp. 12 Araneidae sp. 7
Araneus miniatus Araneus gemmoides

Araneus sp. 1 Araneus miniatus

Araneus sp. 2 Araniella displicata

Araneus sp. 3 Argyrodes elevate

Araniella displicata Argyrodes trigona

Argyrodes elevate Castianeira cingulata

Argyrodes trigona Ceraticelus fissiceps

Ceraticelus emertoni Ceratinopsis sp. 1
Ceraticelus sp. 1 Ceratinopsis sp. 3
Ceratinopsis interpres Ceratinopsis interpres
Ceratinopsis nigripalpus Clubionoides exceptus
Ceratinopsis sp. 1 Cryophoecinae sp. 1
Ceratinopsis sp. 3 Dictynidae sp. 1
Clubionoides exceptus Dictynidae sp. 2
Cryophoecinae sp. 1 Dolomedes tenebrosus
Dictynidae sp. 1 Elaver excepta
Dictyna sp. 1 Enoplognatha ovata
Dolomedes tenebrosus Episinus amoenus
Elaver excepta Eris pinea
Episinus amoenus Euryopsis funebris
Erigoninae sp. 4 Frontinella pyramitela
Erigoninae sp. 5 Gnaphosidae sp. 1
Eris pinea Hentzia sp. 1
Estrandia grandaeva Hibana gracilis
Eustala anastera Hyposinga sp. 1
Frontinella pyramitela Hyptiotes cavatus
Gnaphosidae sp. 1 Larinioides patagiatus
Hyposinga sp. 1 Leucage venusta
Hyptiotes cavatus Linyphia sp. 1
Leucage venusta Linyphiinae sp. 4
Linyphiinae sp. M Mallos sp. 1
Linyphiinae sp. 3 Mangora maculata
Maevia sp. 1 Mangora placida
Mallos sp. 1 Marpissa formosa
Mangora maculate Marpissa sp. 1
Mangora placida Mecynogea lemniscata

Appendix 1. Continued

Pine Mountain
(
HWA)

Natural Bridge
(�HWA)

Messua sp. 1 Metazygia sp. 1
Metazygia sp. 1 Micrathena mitrata
Micrathena mitrata Mimetus puritanis
Mimetus puritanis Mysmenidae sp. 2
Misumenops sp. 1 Mysmenidae sp. 3
Mysmenidae sp. 1 Neon nellii
Mysmenidae sp. 2 Ozyptila sp. 1
Neon nelii Pelegrina flaviceps
Nesticidae sp. 1 Pelegrina peckhamorum
Pelegrina flaviceps Philodromus marxi
Pelegrina peckhamorum Philodromus rufus
Pelegrina sp. 1 Phoroncidia americana
Phiddipus clarus Pisauridae sp. 2
Philodromus marxi Pityohyphantes costatus
Philodromus rufus Rabidosa rabida
Phoroncidia Americana Schizocosa sp. 1
Pityohyphantes costatus Tegenaria sp. 1
Salticidae sp. 1 Tetragnatha laboriosa
Salticidae sp. 2 Tetragnatha versicolor
Schizocosa ocreata Theridiidae sp. 1
Schizocosa sp. 1 Theridiidae sp. 5
Tegenaria sp. 1 Theridion differens
Tetragnatha laboriosa Theridion murarium
Tetragnatha versicolor Theridion sp. 1
Theridiidae sp. 2 Theridion frondeum
Theridiidae sp. 7 Theridiosoma gemmosum
Theridion differens Thymoites unimaculatum
Theridion murarium Trachelus tranquilus
Theridion frondeum Uloborus diversus
Theridiosoma gemmosum Uloborus glomosus
Thiodina sylvan Xysticus ferox
Thymoites unimaculatum Xysticus triguttatus
Trachelus tranquilus Xysticus sp. 1
Uloborus diversus Xysticus sp. 3
Uloborus glomosus Zora sp. 1
Verrucosa arenata
Xysticus ferox
Xysticus punctatus
Xysticus triguttatus
Xysticus sp. 1
Xysticus sp. 3
Zygiella x-notata

Taxa in italics are restricted to that site. Immatures which could not
be identiÞed to species are noted at the genus level with a species
number.
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