ABSTRACT
Stigmella multispicata was only recently described in 2014 in
Primorye Russia by Lithuanian specialists Agne Rociene and Jonas
Stonis. This species had been previously observed, in 2010 and
later but never named (Van Nieukerkin et al. 2018).
S.multispicata had only been observed in the leaves of the
Siberian Elm (Ulmus pumila). Recently at the University of
Massachusetts Amherst, Dr. Brewer discovered the presence of S.
multispicata in the leaves of the American Elm (Ulmus
americanus). With no information on how S. multispicata will
affect the already weakened U. americanus further research is
required. We propose to verify the presence of S. multispicata in
U. americanus or any other species of Ulmus genus. This study
will be conducted on the campus grounds of the University of
Massachusetts Amherst by randomly selecting trees from the Ulmus
genus based on species and location. Infested and uninfested
leaves will be collected for study and comparison, and larvae
that are found will be grown into their adult form by the field
expert Charles Eiseman in order to verify the leafminers
identity. If this is in-fact an example of host switching by S.

multispicata then we should monitor this in order to prevent the



loss of the U. americanus. The loss of a species can have
detrimental effects on the surrounding ecosystems.

SPECIFIC AIMS
The goal of this project is to sample Elm trees on campus and to
look for leafminer activity. Once we have found trees that appear
to have leaves affected by leafmines we will take a leaf and
identify the type of leafminer that potentially made the track by
using the dichotomous keys in Leafminers of North America
(Eiseman 2019) book.
See if we find evidence of ‘host switching’ of S.multiplicata
Take random leaf samples from elm trees on campus. There are
eighteen identified species of Elm trees on the University of
Massachusetts, Amherst campus. We will randomly collect leaf
specimens from the elm trees. We believe we will find evidence of
S.multiplicata leafmines.
Identify which leaves have leafminer activity evident on them.
After we randomly sampled the elm trees on the UMASS campus, we
will look for the leaves that show evidence of leafminer activity
and work to classify what kind of leafminer may have fed on the
leaf. There are several types of leafminers that we have found
evidence of on campus. We believe that the Elm trees will show

leafminer activity.



Use the dichotomous keys to identify the type of leafminer who
was feeding on the elm tree see if we find evidence of S.
multispicata leaf mines. We are going to classify and label the
type of leafminer that has been feeding on the mesophyll of the
elm tree leaves. We believe that there be might evidence of host
switching going on with the elm tree leaf that Dr. Brewer found.
Collect larval samples if possible to see if the larva grow to be
S.multiplicata.
Generally, the successful colonization of a novel host by an
herbivorous insect is affected by a number of factors, including
phylogenetic relatedness of the novel plant to its original host
plant (e.g., Odegaard et al., 2005; Ness et al., 2011; Karolewski
et al., 2014), t

BACKGROUND
Leafminers are an invasive species that have gone mostly
undetected for decades. Historically, leafminers have caused
plants and trees to have reduced growth and weakened them so that
they are less able to defend themselves from other invaders.
These leafminers have no known natural predators in this area to
help control their population growth. Without the help of another
species to help control the population of these leafminers, there

is concern that the trees affected by these leafminers could die.



Stigmella mulitspicata is a recently described species of
leafminer that has historically only been observed on Siberian
Elm trees. S. multispicata was first noticed in 2010 by a man
doing light collecting in his yard. Since then it has been linked
by DNA barcoding around North America and Asia and has been
identified by Stonis and Roecine in 2014.

Recently, Dr. Brewer found a leaf on an American Elm tree near
the bus stop. When Dr. Brewer took this leaf to Charles Eiseman,
a specialist in the field (Author of Leafminers of North America,
Master of Science in Botany) he was told it looked like the leaf
had been mined by S.multispicata. This was an unusual finding
because S.multispicata usually feed on siberian elm trees not
American elms.

This is a recently identified species and not much is known about
the impact these leafminers will have if they are feeding on
AMerican Elm trees.

In this proposal, we aim to discover whether or not there is
evidence of S.multispicata host switching from the Siberian Elm
to the American Elm.

RESEARCH DESIGN



We will collect leaf samples from the trees on campus by grouping
them together according to location and species in an Excel
Spreadsheet. Numbers will then be assigned to each tree on campus
and we will use a random number generator from excel to randomly
select the trees we will sample from. We will group the trees
according to species and generate 1 random number for every 5
trees of the same species, use baggies to collect specimens and
label with corresponding tree number. We expect to get a random
sampling that will represent the majority of trees on campus.

We will go out and collect leaf specimens from our randomly
selected trees. We will search for leafmines on the leaves we
collect. Once we find evidence of leafmines we will use the
dichotomous keys from The North American Guide to Leafminers to
identify what kind of leafminer activity that we are seeing. Some
of the categories we will look at include whether or not there is
frass. We are also looking at whether or not we can find a pupal
case within the leaf. Identifying the shape, width and length
(USE APPENDIX? APPEND dichotomous keys). Use microscope to look
better at specimen. We assume that we will find leafminer
activity from at least one type of leafminer. (Clustered in one

area?)



If we use the microscope and identify larva that appears to be
S.multispicata, we will attempt to raise the larva to adulthood
to see if it is in fact S.multispicata. If we are able to raise a
larva to maturity, we will ship the specimen to Charles Eiseman
to identify the species.

IMPACT AND SIGNIFICANCE
When a species is lost, it can have a detrimental effect on the
surrounding ecosystem. The discovery of S.multispicata on
American Elms would be unprecedented. There is little research
available for S. multispicata and its effects on nature. There 1is
no research to date on S.multispicata feeding on American Elm
trees. It i1s of utmost importance to study these newly identified
larvae and their effects on the ecosystem. If they are able to
host switch to an American Elm it raises the possibility of the
balance of nature being thrown off and creating a ripple effect
that could negatively impact other species and wildlife. Finding
evidence of S. multispicata could help us to be prepared and
educated on this species before it has a chance to get out of
control and throw off the balance of nature.
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Figure 1: Leafminer activity spotted on an U.americanus.

A. Leafmines from S.multispicata on an American Elm leaf.B.
Larval sample taken from U.americanus distance is marked with 1
mm between lines. C. U.americanus tree where leafminer activity

and S.multispicata larva were found.









We want to have something about host switching in the BACKGROUND of this paper. Because
host switching is a good part of why we want to do this research. There are concerns if these leaf
miners are host switching they could damage the EIm trees and they don’t have many natural
predators around.The physiological similarities between the preferred host and the new host are
likely to determine whether or not host switching occurs. The length of time that the insect and
the new source of food are in contact also can help determine whether or not host switching
occurs. If the two different food sources for the insect are phylogenetically related then there is a

greater chance for host switching.

Leafminer ID strategies



Is there frass?

Pupal Case? Cut from mine?

Origin of mine

Linear or linear blotch

Cocoon or not cocoon within the mine
(color of cocoon if there is one)
Location of slit

Shape of mine

Width of mine

Length of mine

Curvatures of mine

Depth or area of mine

Timing of change in width

Abrupt or gradual change in width
Where deposited upper or lower leaf surface
Color of larvae

Is there larvae

Appearance of frass

Can we see eggshell

Materials:

Microscope



Not going to sample from the spp elm pool since they are not identified.

Will take random samples from each species of elm. Computer generated (preferable).
Categorize with a 1 or 0 whether or not leafminer activity is observed.

Take a photograph of tree and photographs of observed leafminer activity

Remove a sample leaf from the tree. (Log tree location,and species surrounding activity)

Place the sample in a bag and label the bag with name of tree and coordinates of location.

Use the dichotomous keys to identify the type of leafminer activity we are seeing. Group similar

leafminer activity together.

We are sampling any leafminer activity that we see from a variety of EIm trees on campus and
then we are seeing which leafmines look like stigmella multispicata. Then when we find the
leafmines that look like stigmella multispicata. Then we will see which trees multispicata come
from. Characterize what the leafmines look like and come up with some statements on what the
galleries are like after looking at them and see if the leafminer tracks vary depending on the type

of tree it is.

Stigmella Multispicata is a newer species of leafminers in this area. Historically, they have been

found to feed on Siberian Elm trees.

A unique feature that sets the larva apart is the fact that the S.multispicata is green.

Background information




e Leafminers are an invasive species

e S. multispicata was first recognized in 2014

e Reduce growth in trees, can weaken trees (young trees are most susceptible) allowing for
fungal invaders to gain a foothold.

e Generally do not kill host plants; affects aesthetics

Kirichenko, N., Augustin, S. & Kenis, M. J Pest Sci (2019) 92: 93.

https://doi.org/10.1007/s10340-018-1009-6

e  Opening in the leaf can allow other forin invaders in.

e S. multispicata has no predators in the US that we know of so the potential for rapid
infestation is very possible.

e S. multispicata leafmines are characterized by the egg placement on the leaf underside in

vein axils, larval exit on leaf underside, and green to blue-green larval color.

Assign a random ID number to each tree. Use a random number generator to choose which

trees to sample from.

Characteristics of stigmella multispicata larva
e All mines start in the leaf vein alxils

e Green larve (blue/green)



e Exit from lower leaf epidermis

SPECIFIC AIMS

The goal of this project is to sample Elm trees on campus and to look for leafminer activity. Once
we have found trees that appear to have leaves affected by leafmines we will take a leaf and
identify the type of leafminer that potentially made the track by using the dichotomous keys in
Leafminers of North America (Eiseman 2019) book.

See if we find evidence of ‘host switching’ of S.multiplicata

Take random leaf samples from elm trees on campus. There are eighteen identified species
of EIm trees on the University of Massachusetts, Amherst campus. We will randomly collect leaf

specimens from the elm trees. We believe we will find evidence of S.multiplicata leafmines.

Identify which leaves have leafminer activity evident on them. After we randomly sampled
the elm trees on the UMASS campus, we will look for the leaves that show evidence of leafminer
activity and work to classify what kind of leafminer may have fed on the leaf. There are several
types of leafminers that we have found evidence of on campus. We believe that the EIm trees will

show leafminer activity.



Use the dichotomous keys to identify the type of leafminer who was feeding on the elm
tree see if we find evidence of S. multispicata leaf mines. We are going to classify and label
the type of leafminer that has been feeding on the mesophyll of the elm tree leaves. We believe
that there be might evidence of host switching going on with the elm tree leaf that Dr. Brewer

found.

Collect larval samples if possible to see if the larva grow to be S.multiplicata.
Generally, the successful colonization of a novel host by an herbivorous insect is affected by a
number of factors, including phylogenetic relatedness of the novel plant to its original host plant

(e.g., Odegaard et al., 2005; Ness et al., 2011; Karolewski et al., 2014), t

RESEARCH DESIGN

We will collect leaf samples from the trees on campus by grouping them together according to
location and species in an Excel Spreadsheet. Numbers will then be assigned to each tree on
campus and we will use a random number generator from excel to randomly select the trees we
will sample from. We will group the trees according to species and generate 1 random number
for every 5 trees of the same species. Use baggies to collect specimens and label with
corresponding tree number. We expect to get a random sampling that will represent the majority

of trees on campus.

We will go out and collect leaf specimens from our randomly selected trees. We will search for
leafmines on the leaves we collect. Once we find evidence of leafmines we will use the

dichotomous keys from The North American Guide to Leafminers to identify what kind of



leafminer activity that we are seeing. Some of the categories we will look at include whether or
not there is frass. We are also looking at whether or not we can find a pupal case within the leaf.
Identifying the shape, width and length (USE APPENDIX? APPEND dichotomous keys). Use
microscope to look better at specimen. We assume that we will find leafminer activity from at

least one type of leafminer. (Clustered in one area?)

If we use the microscope and identify larva that appears to be S.multispicata, we will attempt to

raise the larva to adulthood to see if it is in fact S.multispicata. If we are able to raise a larva to

maturity, we will ship the specimen to Charles Eiseman to identify the species.

s there frass?

Pupal Case? Cut from mine?Cocoon or not cocoon within the mine

Origin of mineLinear or linear blotch

Shape of mine Width of mine Length of mine Curvatures of mine



(color of cocoon if there is one)

Location of slit

Depth or area of mine

Timing of change in width

Abrupt or gradual change in width

Where deposited upper or lower leaf surface
Color of larvae

Is there larvae

Appearance of frass

Can we see eggshell



Insects are more able to feed on a new kind of plant if the new plant is genetically similar to their

preferred food source.

Leafminers are a taxonomically diverse group of endophagous insects. A number
of them are pests in forestry, horticulture and agriculture, and some of them have

become important invasive species (Krichenko, Augustin)

Leafminers are a unique group of plant eating insects that have the potential to
become pests and invasive species.

Leafminers can travel into other continents via goods being shipped around the
world.

Leafminers can cause significant damage to trees. (I don't know how accurate this
statement is. Everything that I have read suggests that it is very rare for leafminers

to kill the host plant. It can weaken the tree, and reduce its growth)

Kirichenko, N., Augustin, S. & Kenis, M. J Pest Sci (2019) 92: 93.

hhttps://doi.org/10.1007/s10340-018-1009-6
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Abstract (Outline)

Background Info:

e Leafminers are an invasive that can damage commercial crops: (Leaf miners do not normally Kill
the host plant. However, they can weaken the plant (speculated ? ), lowering its defences allowing
a pathway for other invaders to take hold of the tree). We suspect that trade of live plants
through nurseries played a role in the sudden spread of this invasive species (Nieukerken
et al. 2018)

e More from Europe than Asia in North America (Kirichenko et al. 2019)

e Ornamental trees with leafmines are not aesthetically pleasing
e Poorly studied ( Almost all of the articles that | have read mention this)
e S. multispicata only recently described (Rociene,Stonis, 2014) Collected in 2010 by James Vargo

in Indiana but never identified.

Statement of need

e Not much information on S. multispicata

e How many species of elm have this leafminer infected

Proposal objective

e Document S. multispicata feeding on elm's other than Siberian

e Add to the scientific community's knowledge base about this invasive

General Strategy

e Randomly select EIm trees to sample based on location and species
e ID Leaf miner activity (on tree and surrounding vegetation)

e Collect samples (Infected or not)


https://bcrc.bio.umass.edu/courses/summer2019/biol/natsci387/biblio?f%5Bauthor%5D=1358

e Determine the species of leafminer

e Correlation?

Significance

e Ourresearch may add to the data on this species of leafminer

e s this species becoming a generalist ( not feeding/breading on specific species)

What are the natural predators of stigmella multispicata? Wasp Diglyphus isaea ?

IMPACT AND SIGNIFICANCE

When a species is lost, it can have a detrimental effect on the surrounding ecosystem. The
discovery of S.multispicata on American Elms would be unprecedented. There is little research
available for S. multispicata and its effects on nature. There is no research to date on
S.multispicata feeding on American EIm trees. It is of utmost importance to study these newly
identified larvae and their effects on the ecosystem. If they are able to host switch to an
American Elm it raises the possibility of the balance of nature being thrown off and creating a
ripple effect that could negatively impact other species and wildlife. Finding evidence of S.
multispicata could help us to be prepared and educated on this species before it has a chance to

get out of control and throw off the balance of nature.



