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INTRODUCTION

The hemlock woolly adelgid (HWA), Adelges 

tsugae Annand,  is an exotic insect which causes 

widespread mortality of hemlocks in eastern North 

America.  Introduced to Richmond in1951, the range 

of HWA has spread to 18 eastern 

states.

The feeding behavior of HWA 

is poorly understood. They are 

thought to feed on xylem ray 

parenchyma cells (Fig. 3). They 

are stationary feeders that use 

sheath material to surround 

their stylets both on the surface 

of and in the interior of the plant. The sheath is 

produced from the salivary glands in a bead-like 

manner as the stylet bundle explores the host 

surface. It is thought to 1) seal stylets to increase 

sucking force, 2) give mechanical advantage for 

stylet maneuvering, 3) help in stylet reinsertion 

following molts, and/or 4) protect against host 

defenses. 

Of the nine hemlock species worldwide, the two 

species of hemlocks in eastern North America, Tsuga 

canadensis and T. caroliniana, are the only trees 

which succumb to the infestation (Table 1). Although 

literature indicates they are wholly susceptible, 

putative intraspecific resistance is probable, but 

sources of such resistance are unknown.
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OBJECTIVES
1) Investigate stylet bundle morphology and insertion

2) Study sheath material

3) Examine host surfaces and internal cell structure

4) Study variation in resistance and any relationships 

to feeding behavior
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Range of HWA near North Carolina
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Species Native Range Resistance 

(in literature)

Tsuga canadensis Eastern North America No resistance

T. caroliniana Southeastern North America No resistance

T. chinensis China Very resistant

T. diversifolia Japan Resistant

T. heterophylla Northwestern North America Moderate

T. mertensiana Northwestern North America Moderate

T. dumosa Himalayan Mountains Moderate

T. forrestii China Moderate

T. sieboldii Japan Moderate

Table 1.  Resistance of hemlock species to hemlock 

woolly adelgid.

Figure 1.  SEM images of a) settled HWA on 

hemlock; b) HWA adult, showing coiled stylet bundle.
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RESULTS AND DISCUSSION
Stylets are inserted on the adaxial side of the 

needle, basal to the abscission layer. The labial 

tip (Fig. 2b) has several setae, 

probably of sensory function. The 

groove in the mandibular stylet 

(Fig. 2c) indicates structure similar 

to aphid stylets. Sheath material 

on the host surface is seen in 

Fig. 2d. Better understanding of 

feeding mechanisms should help 

us understand which interspecific 

and intraspecific variations in host 

structures and chemistry are good candidates for 

selection and breeding of hemlocks that can thrive 

under HWA pressures.

Figure 3.  Internal structure of hemlock, showing xylem 

ray parenchyma cells, assumed internal feeding site of 

HWA; a) light microscope image, tangential sliver of stem, 

b) SEM image, cross-section of stem.
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VARIATION IN HOST RESISTANCE
Using a cut-branch infestation 

technique (right), branch tips were 

artificially infested with HWA crawlers, 

the host-seeking stage.  Levels of HWA 

infestation were measured for several 

hemlock species.  Both intra- and 

interspecific variation were demonstrated.

Table 2.  Infestation levels of hemlocks.

Figure 2.  SEM images of a) stylets revealed penetrating adaxial side of needle; b) mandibular and maxillary stylets 

stemming from labium; c) tip of mandibular stylet, showing groove where maxillary stylets lie; d) initiation of sheath 

production as stylets wander host surface; e) fracture in the sheath, revealing stylet bundle enclosed.

a

stylets

hemlock stem

hemlock needle

HWA

b labium

stylets

d

sheath

stylet bundle

e

stylet bundle

sheath

c
groove

tip

0

5

10

15

20

25

30

35

40

45

T. canadensis 
(Schenck)

T. canadensis 
(Morton)

T. caroliniana 
(Morton)

T. chinensis 
(Morton)

T. diversifolia 
(Morton)

T. heterophylla 
(seedling)

T. sieboldii 
(Morton)

N
u
m

b
e

r 
o
f 
liv

e
 H

W
A

 o
n

 h
o

s
t

Variation in infestation 

level occurs not only 

between species, but 

within species.

FUTURE WORK
Hemlock rooted cuttings 

(right) will be infested with 

HWA.  Literature attributes 

variation in resistance to 

many factors, including 

innate resistance and 

environmental factors.  This 

study will aim to eliminate 

environment as cause.  In 

addition, cuticular wax 

chemistry is currently being 

analyzed for presence of a 

feeding stimulant.
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