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ABSTRACT 

Invasive pests can have disastrous effects on ecosystem structure and function. Aphids, a 
type of invasive pest, are phloem-feeding insects that drain their hosts of vital nutrients. 
This can decrease productivity in plants and sometimes result in death. Aphids are known 
for having detrimental effects on crops, but less is known about their impacts on native 
ecosystems. We conducted an observational and experimental study to investigate non-
native giant willow aphid (Tuberolachnus salignus) host preferences in the eastern Sierra 
Nevada, California. Giant willow aphids prefer Salix exigua over Salix lutea, both in the 
field and in experimental trials. Additionally, giant willow aphids prefer green leaves over 
yellow leaves in both the field and experimental trials.  These preferences are likely based 
on larger vascular bundle size in S. exigua and increased photosynthesis in green leaves 
contributing to greater sap flow. Given the aphids destructive nature, these preferences 
could have far-reaching effects on the composition of the riparian ecosystem.  
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INTRODUCTION  

Invasive pests can reshape ecosystems via 
direct and indirect effects. These effects 
include outcompeting native individuals, 
destroying habitats, and introducing disease 
(Fortuna et al. 2022). Phloem-feeding pests, 
such as aphids, are particularly destructive. 
Aphids, part of the superfamily Aphidoidea, 
use their stylet to pierce vascular bundles 
and drain vital sugars, amino acids, and 
lipids, directly resulting in decreased 
productivity in the plant and sometimes 
death (Sopow et al. 2017, Watanabe et al. 
2018, Kumar 2020). Vascular bundles are 
active regions of xylem and phloem that 

transport water and the products of 
photosynthesis throughout a plant. The 
larger the vascular bundle, the easier it is for 
aphids to access the phloem within them 
(Hewer et al. 2011). 

Despite being small, aphids can have large 
indirect impacts on ecosystems (National 
Research Council U.S. 2002, Kenis et al. 
2009). For example, aphids excrete excess 
sap as honeydew, a sticky sugar-filled 
substance. One study found that this 
honeydew greatly increased biomass of soil 
microbes which led to an increase in 
earthworms. In turn, the increased presence 
of earthworms caused the shoot-to-root 
ratio of trees to increase (Milcu et al. 2015).  
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Previous studies suggest that aphids do 
not make their host decisions randomly and 
chemical cues often play a role in host 
species selection (Aradottir, et al. 2009). One 
thing that has been previously shown to 
influence aphid host choice is leaf color 
(Ramirez et al. 2008). Yellow leaves contain 
less chlorophyll, and therefore, have a lower 
photosynthetic rate (Moore and Lovell 1970, 
Lin et al. 2020). It has been shown that 
aphids have higher fecundity and survival 
rates on plants with higher sap flow 
(Girousse and Bournoville 1994). Thus, 
aphids should prefer green leaves that 
would indicate higher sap flow in a plant.  

One particularly damaging aphid species is 
the giant willow aphid (Tuberolachnus 
salignus). Giant willow aphids have been 
shown to cause significant damage to 
willows. They reduced above-ground 
biomass by over 50% in cultivated willows 
and slowed willow recovery even after 
removal (Collins et al. 2001). In addition, 
they caused plants to shed lower leaves, 
reduced apical growth, and increased plant 
water consumption. Giant willow aphids 
have been calculated to individually drain 1–
4 mm3 of sugar per day, the equivalent of the 
photosynthetic products of 5–20 cm2 of leaf 
area (Mittler 1958).  

Few studies on giant willow aphid 
infestations have been carried out in wild 
willow populations. Most of the existing 
giant willow aphid literature focuses on 
cultivated populations of the genus Salix. 
One place to study the effects of giant willow 
aphids on a natural ecosystem is the Sierra 
Nevada Mountain range. In the 
Southeastern Sierra Nevada, the native 
willows, Salix exigua (narrow leaf willow) 
and Salix lutea (yellow willow), form a large 
portion of the riparian vegetation and are 

susceptible to infestation by giant willow 
aphids. (Howald and Orr 2000).  

In our study, we looked at the giant willow 
aphid (Tuberolachnus salignus) and its 
preferences for species and color within the 
native willow species Salix exigua and Salix 
lutea. We predicted that aphids would 
prefer the species of willow with larger 
vascular bundles in the wild and therefore be 
found on it more frequently, and that this 
pattern would remain true in experimental 
choice trials. Within S. exigua, we predicted 
giant willow aphids would prefer individuals 
with green leaves more than those with 
yellow leaves in both the observational and 
experimental study. 

METHODS 

2.1 Natural History 

Our study took place from October 29 
through November 2, 2022, at the Sierra 
Nevada Aquatic Research Laboratory 
(SNARL), which is located on the Eastern side 
of the Sierra Nevada Mountain range in Inyo 
County, California, USA (37.614515,  
-118.833999) at an elevation of 2,149 m. The 
first snow of the 2022 winter season fell on 
November 1, marking the switch between 
fall and winter. Convict Creek runs through 
the reserve and is a combination of man-
made diversions and natural streams. The 
creek hosts riparian woodland and riparian 
meadow habitats. Dominant species of the 
landscape include narrowleaf willow (Salix 
exigua), yellow willow (Salix lutea), quaking 
aspen (Populus tremuloides), water birch 
(Betula occidentalis), and wood’s rose (Rosa 
woodsia). S. exigua and S. lutea are winter 
deciduous shrubs that occasionally grow as 
small trees and bloom between the months 
of May and June (Howald and Orr 2000). 
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There is a third species of Salix in the 
herbarium at SNARL, but it is rare and only 
one individual has been identified in a 
portion of Convict Creek that our study did 
not sample.  

Giant willow aphids (Tuberolachnus 
salignus) are some of the largest aphids in 
the world measuring up to 5.8 mm long. 
They are thought to originate from Japan, 
but are now distributed throughout the 
world, wherever there are willows (Collins 
2014). They feed almost exclusively on the 
stems of willows, where they often 
aggregate, forming large colonies that can 
cover over 50% of the bark surface (Collins et 
al. 2001). 

2.2 Salix lutea vs. Salix exigua preference 

Our study consisted of an observational 
and experimental portion. In our 
observational study, we followed the 
diverted creek for 500 m from the 
coordinate point (37.614123, -118.835868) 
until (37.614519, -118.831177). We 
surveyed the creek one side at a time. On 
each side, we designated sampling plots by 
marking 3.75 m outwards from the creek 
and 7.5 m along the creek. We skipped 7.5 m 
between each sampling site. Within these 
plots, we counted the number of Salix exigua 
and Salix lutea. S. exigua and S. lutea were 
differentiated in the field by comparing their 
leaf shape and bark color. S. lutea has a 
lancelot shaped leaf with serrate leaf 
margins while S. exigua has a narrow smooth 
leaf. The barks of the two species also differ. 
S. lutea has a silvery bark while S. exigua 
tends to have a more greenish-brown bark. 
In addition to tree abundance, we noted if an 
aphid colony was present. Due to the bushy 
growth form of the genus Salix there is often 
no singular main trunk. Individuals were 

identified by where branches met at the 
ground. Larger patches were divided into 
individuals consisting of the stems within a 
60 cm diameter.  

As we carried out our observational study, 
aphids were collected from sampling sites 
along the creek. We observed that aphids 
dropped off their branches when we got in 
close proximity and through trial and error 
observed that the CO2 from our breath 
triggered their predator response to stop 
feeding and drop from a tree. We used this 
reaction as a collection method and aphids 
were either disturbed with warm breath or 
knocked off from branches with a paintbrush 
onto a piece of paper and placed in a vial. 
Every day, fresh willow stems were collected 
and stored in water for our choice trial. In 
each trial S. lutea and S. exigua stems with 
similar diameters, branch shape, and leaf 
density were placed 15 cm apart into plastic 
tubs. Plastic tubs were two different sizes, 38 
cm x 27 cm x 16 cm and 29 cm x 41 cm x 16 
cm (length x width x height). Cardboard 
dividers were placed in larger tubs to create 
a singular 38 cm x 27 cm 16 cm tub. To 
prevent willow cuttings from wilting, a 
generous amount of petroleum jelly was 
applied to all cut stems. Aphids collected 
that day were placed in the middle of the 
tub, equidistant from each stem. Trial runs 
were carried out from 2 p.m. to 10 p.m. 
When the sun was still out, trials were 
carried out in the shade due to aphid 
inactivity when it was too hot. After two 
hours, the stems were carefully taken out 
and aphids were shaken off to be counted.  

To count vascular bundles, cross sections 
were taken from branches with a diameter 
of 4 mm of S. lutea and S. exigua. Branches 
were collected in the early morning and 
stored in water until they were thinly sliced 
using a utility knife. We did not have the 
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precision to get cross sections that were 
complete disks, so we focused on slicing thin 
half cross sections. After they were sliced, 
cross sections were examined under a 
DIPLE® microscope using the 35x–200x 
magnification lens.  

2.3 Green vs. Yellow Salix exigua preference 

Due to the previously determined 
preference for S. exigua by the giant willow 
aphids, we only used that species for our 
color choice trials. During our observational 
study along the creek, we also categorized S. 
exigua individuals as having leaves that were 
green, yellow, or not present. To determine 
the color of leaves, we brought a color chart 
into the field. If 50% or more leaves were 
green, the tree was classified as green. The 
experimental methods listed above in the S. 
lutea vs S. exigua preference trials were 
replicated in a choice trial using yellow and 
green S. exigua branches.  

 Photosynthetic rate was determined by 
conducting a floating leaf disk assay in leaves 
from green S. exigua (N = 8) and yellow S. 
exigua (N = 8) (Steucek, Guy L. and Hill, 
Robert J. 1982). A hole puncher was used to 
cut leaves into identical sized disks with a 
diameter of 6.5 mm (N = 16). To decrease the 
buoyancy of the leaf disks enough to let 
them sink to the bottom of the water 
solution, air bubbles had to be removed via 
suction. To remove air bubbles, the leaf disks 
were placed in a plastic syringe of water with 
no air bubbles. The opening of the syringe 
was blocked with a finger, and the plunger 
was pulled back to create a vacuum. The 
vacuum was held for 10–15 seconds and 
repeated until the disks sunk to the bottom 
of the syringe. Once the gas had been 
removed from the leaf disks, they were 
placed into clear plastic cups containing a 

mixture of baking soda and water. The ratio 
of water to baking soda was 600 ml:1 g. Cups 
were placed in front of a window, and it was 
noted when a disk floated to the surface of 
the water. The experiment took place in the 
early afternoon and was cut off after 165 
minutes.  

2.4 Statistical Analysis 

We conducted all statistical analyses using 
JMP statistical software v16 (SAS Institute 
Inc.). To test whether giant willow aphids 
were proportionally more common on one 
willow species over another, we ran a 2x2 
contingency chi-square test on our 
observational data. For the experimental 
choice trials, we tested the measured 
preference of aphids for one willow species 
over another with the null hypothesis of no 
preference using a 2x2 contingency chi-
square test. Additionally, we tested whether 
giant willow aphids were relatively more 
common on green, yellow, or leafless S. 
exigua by running a 2x3 contingency chi-
square test on our observational data. Lastly, 
we tested the measured preference of 
aphids for green or yellow S. exigua with the 
null hypothesis of no preference using a 2x2 
contingency chi-square test. 

RESULTS 

3.1 Salix lutea vs. Salix exigua preference 

Of the 425 willows sampled, 257 willows 
were S. exigua and 168 willows were S. lutea. 
Fifty-seven percent (148/257) of S. exigua 
were found to have at least one aphid 
colony, and 33% (55/168) of S. lutxea were 
found to have at least one aphid colony (N S. 

exigua = 257, N S. lutea = 168, X2 = 9.278, p = 
0.0023, Fig. 1). Experimentally, of the 1333 
aphids that made a choice between S. lutea 
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and S. exigua, 65% (873/1333) of aphids 
chose S. exigua and 35% (460/1333) of 
aphids chose S. lutea (N = 1333, X2 = 65.24, 
p<0.0001, Fig. 2).  

 

Figure 1: Observational preference of giant willow 
aphids for Salix exigua over Salix lutea. A total of 257 
Salix exigua and 168 Salix lutea were surveyed along 
a stream at SNARL in the Southern Sierra Nevada from 
Oct 29 to Nov 2, 2022. Presence and absence of giant 
willow aphid colonies was recorded. Aphids were 
more prevalent on S. exigua. Fifty-seven percent of S. 
exigua had at least one giant willow aphid colony and 
33% of S. lutea had a colony (X2 = 9.278, p = 0.0023). 

 
Figure 2: Giant willow aphid preference for Salix 
exigua over Salix lutea in choice trials. Throughout 
12 choice trials a total of 1333 giant willow aphids 
chose a species of willow when presented with a Salix 
exigua and a Salix lutea branch. A majority (65%) 
chose Salix exigua and 35% chose S. lutea. (X2 = 65.24, 
p<0.0001)  

When cross sections were placed under a 
microscope, S. exigua had visible vascular 
bundles while no vascular bundles were 
visible in S. lutea cross sections.  

3.2 Green vs. Yellow Salix exigua preference 

Of the 257 S. exigua, 127 were green, 68 
were yellow, and 62 were leafless. Eighty-
one percent (103/127) of green S. exigua 
had at least one aphid colony. Fifty-nine 
percent (40/68) of yellow S. exigua had at 
least one aphid colony. Eight percent (5/62) 
of leafless S. exigua had at least one aphid 
colony (N green S. exigua = 127, N yellow S. exigua = 
68, N leafless S. exigua = 62, X2 = 31.18, p<0.0001, 
Fig. 3). Experimentally, for the 1632 aphids 
that made a choice between green or yellow 
S. exigua, 56% (928/1632) of aphids chose 
green S. exigua and 44% (704/1632) of 
aphids chose yellow S. exigua (N = 1632, X2 = 
15.44, p<0.0001, Fig. 4).  

 

Figure 3: Observational preference of giant willow 
aphids for green Salix exigua over yellow and 
leafless Salix exigua. A total of 257 Salix exigua were 
surveyed along a stream at SNARL in the Southern 
Sierra Nevada from Oct. 29 to Nov. 2, 2022. The color 
of leaves (green, yellow, or none) was recorded as 
was the presence or absence of giant willow aphid 
colonies. Eighty-one percent of green S. exigua had at 
least one colony of giant willow aphids, 59% of yellow 
S. exigua had aphids, and eight percent of leafless S. 
exigua had aphids.  (N green S. exigua =  127, N yellow S. exigua 
=  68, N leafless S. exigua =  62, X2 = 31.18, p<0.0001)  
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Figure 4: Giant willow aphid preference for green 
Salix exigua over yellow Salix exigua in choice trials. 
In 15 choice trials, 1632 giant willow aphids chose a 
branch when presented with two S. exigua branches, 
one with green leaves and one with yellow leaves. 
Fifty-six percent chose green S. exigua and 44% chose 
yellow S. exigua. (X2 = 15.44, p<0.0001)  

In the floating leaf disk assay, the only 
disks that produced enough oxygen to float 
were from green S. exigua. The time it took 
for the green S. exigua leaves to rise ranged 
from 20 minutes to 165 minutes. Air bubbles 
appeared on the surfaces of other disks but 
did not increase the buoyancy enough to 
bring the leaf disks to the surface in 165 
minutes.  

DISCUSSION 

In our observational sampling of S. exigua 
and S. lutea, we found that giant willow 
aphids were observed proportionally more 
on S. exigua than S. lutea. They also chose 
the S. exigua more frequently in our choice 
trial. Given that S. exigua has larger vascular 
bundles, these findings support our 
hypotheses that the willow species with the 
larger vascular bundles would be the 
preferred host both in nature and in choice 
trials. Increased vascular bundle size has 
been shown to increase phloem-feeding in 
English grain aphids (Simon et al. 2017). 
Accessing vascular bundles is vital for aphid 

feeding and larger vascular bundles would 
most likely be easier to find (Hewer et al. 
2011).   

An additional factor affecting host 
selection is leaf color. Observationally, our 
findings aligned with our hypothesis that 
giant willow aphids prefer green S. exigua 
over yellow S. exigua. In the experimental 
trials with green and yellow S. exigua, aphids 
also preferred green S. exigua. Ramírez et al. 
(2008) found a similar preference of the 
aphid Neuquenaphis staryi for green leaves 
on its host, the Southern beech (Nothofagus 
alessandrii). Differing sap content and flow 
rates in green S. exigua may explain the 
preference that giant willow aphids have for 
it. Aphids have higher survival and fecundity 
on plants with higher sap flow rates 
(Girousse and Bournoville 1994). Green 
leaves have more chlorophyll (Moore and 
Lovell 1970), and as shown in our study, 
photosynthesize at a faster rate. Higher 
photosynthetic rate is linked to higher sap 
flow rate within the phloem (Escalona et al. 
2002).  

Sap nitrogen content is another factor that 
may cause the preference for green leaves. 
Aphid populations often positively correlate 
with the amount of available nitrogen in a 
plant (Riedell et al. 2013). In a previous 
study, sap collected from giant willow aphid 
stylets had increased nitrogen content 
during leaf senescence (Mittler 1958). 
Yellow leaves on S. exigua often readily fell 
off, indicating they already died. Green 
leaves were likely in the process of senescing 
and releasing nitrogen into the sap, due to 
the oncoming winter. Future studies on sap 
flow rate, nitrogen, and sugar content in the 
phloem of yellow and green S. exigua could 
give supporting information on why giant 
willow aphids make the selection they 
do. Additionally, monitoring Salix spp. sap 
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content and giant willow aphid presence 
throughout the year could give us a better 
idea of the effects that leaf phenology has on 
aphid choice.  

Previous studies have highlighted the 
detrimental direct effects of giant willow 
aphids. Thus, the preference of the giant 
willow aphids for S. exigua could cause 
major changes in the riparian ecosystem at 
SNARL. For example, S. exigua may be 
outcompeted by S. lutea, decreasing its 
abundance. Along with species preference, 
the leaf color preference of giant willow 
aphids could also have significant effects on 
the ecosystem. The preference for green 
leaves could potentially lead to a significant 
selective pressure to lose leaves earlier. A 
future study, comparing the leaf drop timing 
of willows in areas with differing amounts of 
giant willow aphids could show if giant 
willow aphids are causing a change in 
phenology.  

Many non-native aphids and other pests 
have already been introduced to the United 
States. While we cannot completely 
eradicate them, being able to predict the 
preferences of an invasive species like the 
giant willow aphid gives us a clearer idea of 
what species, trophic interactions, and 
ecosystem processes are at risk. 
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