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ENT 311 - Integrated Pest Management

Lab Manual - Revised 2019

Introduction

Labs in this book supplement the information gained in lecture, as well as providing some perspective and
experience with hands-on applications of ideas in pest management. The labs are presented in week-by-week
order, so the pre-labs and reading for week 1 are labeled “Pre-Lab 1” and “Week 1 Reading”.

Pre-Labs are assignments to be done before lab meets, and will be due at the beginning of Lab. Complete
the labs using your textbook, web resources, or the reading assigned for the week.

Readings are short 1-3 page “chapters” covering background topics pertinent to the upcoming lab,
particular groups of insects/arthropods, or methods used in Pest Management. This should be read before
coming to Lab each week.

Lab Assignments need to be printed and brought to class so that they can be completed as a group in Lab.
It is sometimes helpful to read through the assignment ahead of time to get an idea of the subject matter for
the week.

Expectations

Pre-labs are meant to be done before lab, helping you with the background information you'll need in order to
understand and complete the Lab Assignment. You may do the Pre-labs as far in advance as you wish, though there
may be information provided during class and lab that may help complete the assignments before hand - they are
meant to follow the course progression of topics. Pre-labs are due in the first 5 minutes of Lab.

Do not do the Lab assignments in advance - there may be changes to the lab due to weather, availability of
facilities and other factors that are difficult to predict from term to term. For example, we can’t expect to collect
insects as a class every year in week 5 because springtime in Oregon rarely allows for outdoor labs on a schedule.
As a result, we'll move some of the activities around to accommodate any changes that need to be made.

You must be in lab to get credit for your work. You may not give your pre-lab to a classmate to turn in, nor will
pre-labs OR lab work be accepted after the due date. We meet once a week, you should have sufficient time in
that week to complete assignments. If you must miss lab for personal or school-related activities, you must let me
know and arrange a time to turn in your pre-lab. Lab assignments cannot be made up, as we only have one day in
the classroom per week for lab time.

Bring your materials to class with you as instructed each week. If you are unprepared and cannot complete lab
assignments, that will be reflected in your grade for the week.
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Week 1: Reading

Introduction to Collection and Curation

Part 1. Collection Techniques

There are many ways to collect insects, many of which do not require specialized or high-tech equipment;
however, the ability to specialize in the type of insect desired by varying your collection technique. There are two
main categories of insect collection techniques: active and passive collection. Active collection requires energy
from the collector in order to be the most effective - that is, the collection must provide the impetus for collection.
In passive collection, usually requiring a trap of some sort, there is no action needed other than simply placing
the trap in an ideal position and waiting an appropriate amount of time. Read the following descriptions of active
and passive trapping techniques, paying special attention to the types of insects that can be targeted with each
method.

A. Sweep Net

Sweep netting is one of the easiest ways to survey
the insects and arthropods in a particular area while
also enabling the collector to focus on a particular
habitat type. A sweep net can be used to sample
ground vegetation or to selectively target aerial
insects, like wasps and butterflies (figure 1-1).

When used to sample vegetation, a collector can
gain information on plant pest densities, diversity of
insects using the vegetation as a host, and presence
or absence of certain parasitoids of plant pests. In
general, sweep netting is most effective when the

collector uses a slightly slower-than-normal pace,

moving forward continuously while sweeping the net Figure 1-1: Sweep nets can sample from ground vegetation
and aerial insects. Image source: https: //www.flickr.com/

from left to right in front of them, making sure to photos /107640324@N05,/ 35183817325

rotate the open mouth to strike the vegetation both

ways with the bell extending behind. Often, the collector will alternate different vertical strata of the
vegetation as well to collect insects that prefer the leaves as well as those that may gather on flowers or seed
heads - as the net moves left to right, the collector will change the angle of the net to sweep the upper and
lower parts of the vegetation evenly. When sweeping, it is important to strike the vegetation with enough
force that insects will be dislodged, but no so hard that the vegetation is destroyed. Once the sample is
complete, the bell of the net can be flipped over the mouth, or rim, preventing escape of collected insects
until the net can be emptied.
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B. Kick Net

Kick nets are used for aquatic sampling: the net is
shaped like a “D”, or often triangular, so that there is
one flat side of the net that can be placed flush
against the substrate at the bottom of a river or lake
(figure 1-2).

Kick nets work most easily in flowing water. The
sample site is approached from downstream, so as
not to disrupt the sample site before the sample can
be taken. The net is placed flush against the
substrate with the mouth of the net facing upstream.

It is best if the sample location has sufficient flow to &

hold the bell of the net open with the current; the  Figure 1-2: Kick nets can sample from aquatic environments.

current must be sufficiently strong that it can flow Image source: https://commons.wikimedia.org/wiki/

through the net without creating backflow, as this ggg?gg&%@gs-_use_a_kiCk_net_tO_Couea_s”eam_msem_(
’ JpPg

will rinse captured invertebrates out of the net as the

sample is collected. Immediately in front of the net, large stones can be lifted (still in front of the net) and

scrubbed by hand to dislodge any invertebrates into the current, carrying them into the bell of the net. Once

all larger stones are scrubbed and moved out of the way, the collector can use the toe of a boot to agitate the

smaller gravel or sediment substrate to dislodge the invertebrates preferring this type of habitat. This “kick-

sample” can be timed to regulate sample efforts in several sites to compare results.

C. Beat Sheet

Beat sheets are used to collect insects in trees or hard-to-reach vegetation
(figure 1-3). The idea is simple: a sheet is extended below the vegetation to be
sampled, and the stems or branches with the desired arthropods are gently

beaten, causing the vegetation to shake clinging arthropods loose. The
Figure 1-3: Beat sheets are

arthropods should fall from the vegetation onto the beat sheet placed below, . <o to collect insects in trees
usually of a bright color to make the arthropods more visible, where they can be and hard to reach vegetation.
Image
source: https: //commons.wiki
important to use the correct amount of force with this technique to collect the media.org/w/
index.php?title=File:Students_
use_a_kick_net_to_collect_s
vegetation. tream_insects_(9895261295).j
pg&oldid=305961611

easily collected with forceps or an aspirator. As with the sweep net, it is

highest number of arthropods possible while avoiding undue damage to the
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D. Leaf Search

It is very often that the search and collection of
insects is for use in identifying pest or beneficial
insects in crop systems, in which case methods that
damage the vegetation in any way may not be the
ideal method for sampling. These insects may also be
quite small and easy to damage with a sweep net
sample. With delicate or small plants and insects, a
simple leaf search is an easy way to collect and count
insects, as well as establish plant-insect
relationships and life cycle information. Many plant-

feeding insects lay their eggs directly onto host

plants, where there will be readily-available food  Figure 1-4: Leaf searching with forceps or an aspiration is

resources for newly hatched larvae or nymphs. For ideal when observing and sampling delicate species on leafs.
Image source: https: //commons.wikimedia.org /wiki/
File:Fred_Coyle_searching_for_spruce-fir_moss_spiders_(8
especially if the collector is careful to inspect plant 125776694)jpg

many species, the eggs are easy to find as well,

crevices and the soil just beneath host plants (figure
1-4).

For this technique, gently inspect the upper surface of the leaf, disturbing it as little as possible. Then gently
rotate the leaf at the stem, taking care not to dislodge any insects that may be on the underside of the leaf.
Forceps or an aspiration can be used to collect, or if the insects are very small and fragile, a paint brush can
be used to transfer insects into vials without damaging the specimens.
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E. Picfall Trap

There are many nocturnal arthropods that are difficult to spot
and capture either because they aren't out during daytime
sampling activities or because they are difficult to see in the dark
when they are active. Additionally, many ground-crawling
arthropods are difficult to sample in general without devoting a
great deal of time to searching. For these, pitfall traps are useful
for sustained sampling without a great deal of effort (figure 1-5).

Pitfall traps are simple to construct: a cup is placed into a hole
dug in the ground, with the top edge of the cup level and in
contact with the soil surface (not above - this may act as a barrier
and discourage insects from walking into the trap). Insects that
wander into the trap fall into the cup where they are trapped until
the pitfall is recovered by the collector. For live catch, a deep, dry
cup is ideal to prevent escape. If the arthropods need not be live,
then 1-2” of water in the bottom of the cup with a few drops of
soap to break the surface tension will ensure none escape. If water

and soap is used, it is important that the trap be out no longer than

. . Figure 1-5: Pitfall traps are ideal for collection
24 hours before recovery to prevent the insect bodies from . ;cryrmal and ground crawling species. Image

breaking down in the solution. If the trap needs to be out for a Soéﬂ" Ce-'[llttps-‘l// 007{1"10“}3)~Wikime<%lia-01”g/ w/
. . . i .php?title=File:B it] trap.jpg&
longer period, a preservative should be used to prevent this from 121552%91())25528 ile:Barber_pitfall_trapjpg&o

happening. Recreational Vehicle (RV) antifreeze containing

propylene glycol evaporates slowly, can be reused and is reasonably environmentally safe for such needs. To
protect captured insects and arthropods from birds, rodents and rain, it is also suggested to place some kind
of cover over the pitfall trap, leaving at least 2” of space between the ground and the cover.
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F. Berlese Funnel

Many soil and leaf litter ~dwelling arthropods avoid light and heat, as
they require damp soil conditions to prevent their own desiccation.
Many of these arthropods are also quite small, making soil samples
difficult to process when searching for soil-dwelling pests and their
natural enemies. Berlese funnels take advantage of the natural instinct
of these organisms to avoid heat and light: a soil sample is collected
and placed into the inverted funnel. A light is turned on above the
funnel and left, slowly heating and drying the soil sample from the top
down. As the sample dries, the arthropods move down in the soil
profile until reaching the bottom of the funnel, falling through a screen
into a collection jar or vial. The collection vial should have a few inches
of ethanol or other preservative to prevent drying of specimens, and
checked regularly to prevent evaporation. Berlese funnels are easily

modified for use in a variety of sizes - a Berlese funnel can be

constructed of nothing more than a desk lamp and 2-liter soda bottle Figure 1-6: Berlese funnels are ideal for
collecting soil dwelling insects that like

(figure 1-6). to avoid heat and light by shining a light
on the top and directing them down into
a sample container. Image source:
https: //www.flickr.com/photos/
briangratwicke /4358465441

G. Light Trap

Many nocturnal insects are attracted to light;
many that are not specifically attracted to light may
move toward light in expectation of finding prey
among those that are attracted to light. Light traps
are an easy way to sample nocturnal insects -
especially flying nocturnal insects - depending on
the type of light used and the length of time the light
is provided (figure 1-7).

Black lights are well known and often used to
collect night flying moths. The most effective way to
use this method is to shine a black light onto a

hanging white sheet in an area where there is little Figure 1-7: Light traps are used to collect nocturnal insects

to no competing light (including the moon - this that are attracted to light and their predators. Image source:
ks b in th ks eith ide of https: //commons.wikimedia.org/w/
works best in the two weeks either side of a New oy pnp2title=File:Light_trap_(2145141346) jpg&oldid=27338

moon). The most mobile night fliers will arrive first, 5510

followed by those less mobile and the predators and
parasitoids of night flyers. Trying different light types may yield more diversity in sampling. As insects come
toward the light and land on the sheet, they can be collected with a net, aspirator or forceps.
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H. Pan Trap/Bait Trap

Attracting insects active during the day requires
knowledge of specific biology. For example, bees and
butterflies are attracted to certain colors, and thus
colored bowls with water and soap solution can be
used to attract and trap these insects. In
greenhouses, thrips and other small plant parasites
that are attracted to bright colors can be trapped
using yellow sticky cards, an effective sampling
technique used widely for monitoring populations.
For pest insects more reliant on chemoreception to
locate food or mating resources, there is a wide
variety of pheromone traps commercially available.

Many of these traps will kill the insects upon capture

Figure 1-8: Pan and bait traps can be used to attract specific
insects if you are knowledgable of their specific biology. Image

eventually (those stuck to the sticky glue in a ;ZugEEG ggtgls5//wwwﬂ1'0k1’-00m/l’h0t03/ 93467196@N02/
7

(drowning in solution), if not immediately then

pheromone trap will not live long). Using different
trap types in different locations may receive
different results, and can even be improvised using common materials - a strip of duct tape upside down on
a card left out overnight is an effective general indoor trapping method for capturing spiders and other
infrequently-encountered inhabitants of human structures (figure 1-8).

Traps can be modified to specify arthropods attracted - for example, placing carrion will attract a
completely different assemblage of arthropods than pan traps.

Part I1. Preservation

Once insects are collected, there are short-term and long-term methods for preserving specimens for curation.
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If insects are caught alive, it is best to have an ethyl acetate-
charged kill jar available, as well as escape-proof vials, cups, or
other storage containers (figure 1-9). Often, removing insects from
a sweep net or live trap into a kill jar is the most difficult part of
preserving specimens. The end of most nets are mesh and can be
placed directly into a kill jar (provided the kill jar is large enough),
and the lid screwed lightly down as far as possible should keep
enough ethyl acetate around the specimen to cause temporary
knock-down. At this point (usually 1-2 minutes), the specimen can
be quickly removed from the net and placed into the kill jar, firmly
closing the jar.

Once collection is complete, all specimens should be frozen
within 12 hours to prevent fungal growth that will ruin the
specimen, and to make sure the specimen is dead. Some beetle and
spiders require a full 24 hours frozen to ensure death. Large, wet-
bodied insects, i.e. Praying Mantis, should be frozen outside of a
container to begin the drying process.

Ao < \\
Figure 1-9: An ethyl acetate-charged kill jar for
pinned or placed into ethanol. Non-insect arthropods are always dispatching insects that are caught alive.

Specimens may remain in a freezer as long as needed, and

following a freezing period most arthropods can be immediately

preserved in vials of ethanol, as well as soft-bodied, larval, or very
small insects like aphids and midges. If the body of the arthropod is soft and fluid filled, it most likely will require
preservation in ethanol. If the insect body has hardened cuticle, it will be preserved on a pin. General Rule: If you
were to step on it, would it squish (ethanol) or crunch (pin)? Some larger insects (Large grasshoppers, mantids,
large bot flies and horse flies) have enough oil and body water that they should be allowed to dry out for a few days
before pinning. To prevent fungal growth, alternate 12-hr periods in and out of the freezer until sufficiently dry.
Materials: Preservative Ethanol should be diluted to a 70% for specimen preservation. If ethyl acetate is not
available for kill jar charging, acetone-based fingernail polish remover is an inexpensive alternative, though it does
not work as fast and will require more frequent re-charging. Kill jars can be purchased, but they can also be easily
made with a jar and plaster of Paris. Once mixed, layer an inch of plaster into the bottom of the jar and allow to dry
- having several kill jars available for use makes prolonged collecting easier.

Parc I11. Curation

Pinning: In general, the pin is inserted into the second section of the thorax, though there are few exceptions.
Insertion will be into the right side of the insect (from above) to make sure that at least one complete half of the
thorax will be undamaged, preventing loss of structures used in identification. Pin position is indicated on the
diagram below for the different insect body types (figure 1-10).
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Figure 1-10: Diagram of ideal location to pin insects by type.

The height of the insect on the pin is easily spaced using a pinning block. Once the pin is in the correct position in
the thorax and through the body, insert the point of the pin into the highest step of the pinning block and gently
press. Make sure the insect is level on the pin, as shown below (figure 1-11) For larger insects, turn the pin upside-

down into the bottom step of the block to make sure the body of the insect isn’t too close to the head of the pin at
the top (figure 1-12).

Right

Figure 1-11 (Left): Keep insect level on the pin. Figure 1-12 (Right): Pinning block use

For insects that are too small to be pinned through the thorax without ruining the specimen, a pointed elongate
triangle of paper is used. The wide end of the triangle is pinned, and the thin point is glued to the right side of
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the underneath of the second thoracic segment. Cardstock works best for durability, and there are specially made
point punches for creating standard points (figure 1-13).

View from above

Figure 1-13: Using Elmer’s glue for pointing is fine as this glue usually dries clear. However, it is viscous out of the container, and allowing
it to dry and become more sticky before use is advised. Alternatively, clear nail polish works well.

Insects with large wings are mounted with the aid of a spreader board, which allows the curator to gently spread
the wings and secure them for the drying process. The body of the insect is inserted (on the pin) into the lateral
groove in the board, and strips of paper are used to gently pull the wings to the board. Using the blunt end of a pin
(to prevent tearing) to gently manipulate wing joints may be helpful. Once the wing is in the ideal position, pins are
inserted into the strips of paper rather than the wings themselves to avoid damage (figure 1-14).

Figure 1-14: Once pinned or pointed, the second and third step on the pinning block can be used to adjust the correct height for the two
labels that will accompany the specimen.

Week 1: Reading | 17



Ethanol storage: Non-insect arthropods, very small (too small to point), and soft-bodied insects are preserved
in 70% ethanol. Only ONE kind of specimen should be placed in each vial. For large arthropods, such as large
spiders, ethanol may need to be changed 2-3 times as materials leach from inside the body, causing the ethanol to
cloud. For suspended or posed specimens, hand sanitizer can be used in the place of ethanol. In the case of large
specimens where leaching is expected, hand sanitizer should not be used until ethanol storage ceases to cloud the
fluid.

Labels

Upper Label:

Order

Family

Identified by:

Figure 1-15: Upper label

Lower Label:

Location Collected (County/Habitat)

Date Collected

Collected by:

Figure 1-16: Lower label

For pinned specimens, these labels can be created in a spreadsheet and printed for display. For ethanol
specimens, the labels should be written in PENCIL on two sides of the same label rather than placing two
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separate labels into the vial. Labels should be INSIDE the vial with the specimen, not taped to the outside or
otherwise displayed.
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Pre-Lab 1: Arthropod Collection

Name:

Collection and Curation

Select TWO active and TWO passive techniques from the reading. For each: 1. Describe the technique; 2. Identify the
types of arthropods are targeted by the collection technique.

Active #1: __

Description:

Targeted arthropods:

Active #2:
Description:

Targeted arthropods:

Passive #1:

Description:

Targeted arthropods:

Passive #2: _

Description:

Targeted arthropods:
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Lab 1 Assignment: Arthropod Classification

Name:

Hierarchical Classification System

Classification systems enable us to impart order to a complex environment. In biology, organisms may be grouped
according to their overall similarity (a classification method known as phenetics) or according to their evolutionary
relationships (a classification system known as cladistics). Most modern scientists tend to adopt a cladistic approach
when classifying organisms.

In biology, organisms are given a generic name (reflecting the genus of the organisms), and a specific name (reflecting
the species of the organism). A genus is a group of closely related organisms. Genera which are closely related are
grouped into a higher (less specific) category known as a family. Families are grouped into orders, and orders into
classes. Classes of organisms are grouped into phyla, and phyla are grouped into kingdoms. Domains are the highest
taxonomic rank of organisms.

Domain | Bacteria, Eubacteria, Eukarya
Kingdom | Plants, Animals, Fungus, Protists
Phylum | Cnidaria, Annelida, Arthropoda
Class | Insecta, Arachnida, Crustacea
Order | Coleoptera, Lepidoptera, Diptera
Family | Tipulidae, Apidae, Scarabeidae
Genus | Scaptia, Euglossa, Anastrangalia
Species | beyonceae, bazinga, laetifica

Glossary of Phylogenetic Terms

Phylogeny: interrelationships of organisms based on evolution

Systematics: the study of the diversity of organisms, which attempts to organize or rationalize diversity in terms of
phylogeny

Taxonomy: the technical aspects of systematics, dealing with the formal description of species, establishing rankings
of groups, and general principles of classification and naming

Phylogenetic Tree (cladogram): a diagrammatic representation of the presumed line of descent of a group of

organisms. Thus, a phylogenetic tree is actually a hypothesis regarding the evolutionary history of a group of organisms.
Monophyletic Group (Natural Group, or Clade): a group of taxa which share a derived character. This is the only

grouping which is considered relevant to phylogenetic classification.
Paraphyletic Group: a group of taxa which share a primitive character, thus an artificial group.

Polyphyletic Group: a group of taxa which share a convergent similarity, thus an artificial group.

The Arthropod Phylum

Phyla a major groups of organisms. Insects are a Class in the Phylum Arthropoda. Characteristics of arthropods include:
1. Segmented bodies 2. Jointed legs 3. Exoskeleton

4. Open circulatory system 5. Invertebrate 6. Bilateral Symmetry
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Observe the live and preserved specimens on display in the laboratory. Compare and contrast the major Arthropod
classes in the table:

Eyes

Antennae (#) Compound,/Simple Legs (#) Segmentation (#) (l\cﬂl?::vl}gz?;)
Arachnida
Malacostraca
Diplopoda
Chilopoda
Insecta

Create a Phylogenetic Tree illustrating the taxonomic relationships for the following Arthropod groups: Chilopoda,
Diplopoda, Arachnida, Insecta, Araneae, Acari, Opiliones, Coleoptera, Odonata, and Collembola.

There are roughly 32 Orders in the Class Insecta. We will go through a brief overview of the major orders as a group.
As we go through, identify each of the photos below with the correct Order, Order common name, and at least 2 physical
characteristics that separates that Order from the others.
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ORDER

ORDER
COMMON NAME

DISTINGUISHING CHARACTERISTICS

EQUIPMENT CHECK-OUT

Net Number:

Lab 1 Assignment: Arthropod Classification | 23




Kit Number:
Check each item after making sure it is included in your kit:

Forceps (20)
Paintbrush (5)
Styrofoam (5)

Pinning Block (20)

5 vials (25)

100 pack of insect pins
Schmitt Box (20)

You are responsible for the maintenance and return of all materials at the end of the term. If items are lost or damaged,
points will be taken away from your overall lab score. Point values have been assigned to each item in parenthesis above.
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WEEK 2: PALEOPTERA AND THE PRIMITIVE
INSECTS
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Week 2 Materials

Reading

Week 2: Reading ..... [ WEB ]

Pre-lab 2 Download

Pre-labz2 ................. [ WEB |[ PDF ][ WORD |

Lab 2 Download

Lab 2 Assignment ... [ WEB |[ PDF || WORD |
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Week 2: Reading

Paleoptera & the Primitive Insects

There are two main groups of insect orders: the Paleoptera and the Neoptera. Just as it sounds, the Paleoptera
are the more ancient of the insect orders, and only two remain extant: the Ephemeroptera and the Odonata.
Members of these orders are hemimetabolous, meaning that they develop in stages with no pupal stage, and that
the life stages are divided by habitat: the larvae develop in aquatic habitats while the adults are terrestrial. The
Ephememeroptera (Mayflies) and Odonata (Damsel and Dragonflies) both have chewing mouthparts and two pairs
of wings that cannot be folded over the insect’s back (no flexion), but beyond that there are few similarities (figure
2-1).

Lifecycle of Ephemeroptera

e Dun molts into spinner

e Spinner deposits egg
inriver
e Dun
\%\ e Spent spinner

Q Emerg
7“"@\ v

er
\_‘ s ~ — & L] = T e

Figure 2-1: Lifecycle of ephemeroptera.

The Ephemeroptera are relatively small, delicate insects with 2-3 long terminal cerci. The majority of their life is
spent developing and feeding as nymphs in aquatic habitat, and they represent a significant contribution to the
food web and in nutrient cycling services. Once the nymphs are mature, they crawl from the water, shed their
juvenile exoskeleton and enter the “dun” life stage - they are the ONLY insect order to have a winged stage that is
not fully mature, requiring another life stage to reach full maturity. All other insects have completed development
once the wings are fully formed. The dun life stage is usually drab in color and does not last long before the mayfly
molts into the mature adult, or “spinner”. This life stage will reproduce, mate, and females will lay eggs in the water.
Many species will not feed as adults, having atrophied mouthparts or guts. Few species have been identified as at
least partially parthenogenic. In one peculiar case,the species Eurylophella oviruptis, about 60% of the population
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emerges and follows the typically understood life cycle, mating and lating eggs, but the other 40% of the population
are markedly different. This remaining group will reach a mature nymph stage, but instead of emerging the nymphs
float to the surface of the water and rupture their abdominal wall, spreading viable eggs across the water.

In application, the Ephemeroptera can be used as Bio-indicators in aquatic habitats, as we examined with the
Plecoptera in the first lab. The known tolerances to a range of environmental factors in aquatic systems are well
known and can be used to identify potential sites of disturbance, as well as monitor the efficacy of ecological
restoration.

Odonata represents two sub-Orders of insects, the Anisoptera (the dragonflies) and the Zygoptera (the
damselflies). These two orders are represented by relatively large insects with elongate wings. They are aerial
predators, and thus have evolved excellent visual perception with large compound eyes with smaller, simple
ocelli - used for discerning light and dark to orient in flight. The antennae are reduced to short, bristle like
protrusions that do not interfere with aerodynamics. Adult damselflies are somewhat smaller and more delicate
that dragonflies, especially in the Willamette Valley.

Juveniles for both Odonate orders are aquatic, and predatory in this stage as well. They are large bodied nymphs
with large, hinged mouthparts used for ambush predation. Zygoptera nymphs are easily distinguished by the long,
fealther-like gills at the terminal end of the insect, while Anisoptera juveniles absorb oxygen from the water using

gills held internally in the rectal chambers, pumping their abdomen to increase flow over the structures (figure
2-2).

Zygoptera Anisoptera
(Damselflies) (True Dragonflies)

Larvae

Figure 2-2: Zygoptera (damselflies) and anisoptera (true dragonflies) can be identified in their larvae state by their gills. Image
source: https: //projects.ncsu.edu/cals/course/ent425/library/compendium/odonata.html

Of the Neoptera, one of the most primitive orders is the Blattodea (cockroaches and termites). Termites may seem
very different from cockroaches outwardly, but genetic evidence has revealed how closely related these insects
are, even sharing some similar behaviors.

The cockroaches are very simple insects, most well-known for the species that will densely aggregate in urban
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settings. Adults are alive for the development of their offspring, and familial colonies can become quite large
rapidly. Because of the varied food resources exploited by cockroaches, they are reliant on symbiotic gut microbes
for digestion. They are not born with the gut microbes required, they must be supplied by the adults in the colony.
The cockroaches will engage in trophallixis,vomiting into the mouths of the other individuals in the colony to
spread the gut microbes. Additionally, the young will eat feces and engage in anal trophallaxis to gain microbe
cultures. This behavior is also seen in the termites, which require gut microbes to digest tough woody fibers.

The termites, but comparison, exhibit complex social structure which may have evolved from the close familial
colonies in the cockroaches. Termites are primarily underground or in well-sheltered substrate, and are wingless
and soft-bodied (unsclerotized) until the time comes for the colony to reproduce. The reproductive “king” and
“queen” in the colony will then allow new reproductive to develop, maturing to relative large, sclerotized, winged
adults that will leave the colony and disperse to new areas (usually annually in temperate climes). The two pairs of
wings, when present, are long and attached to the thorax with flexible bases, making it easy for them to break off
once the flighted termites have found a new habitat.

The social structure is known as a “caste system”. Each individual termite develops as a pseudergate, or a non-
differentiated termite caste, helping with nest work throughout the juvenile stages. The termite will either remain
a worker, become a soldier, or even develop into a reproductive. The castes are determined by the presence of
oppressive pheromones secreted by the others in each caste. As the older insects die, the relative amounts of
their pheromone decreases, allowing more pseudergates to develop into the caste. For example, if the queen dies
she can no longer emit Queen Pheromone, which suppresses the sexual development of all other females. The
pheromone’s level in the colony drops, and female pseudergates begin to sexually mature until a reproductive
replacement is in place.
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Pre-Lab 2: External Anatomy

Name:

General Anatomy
Label the body axes on the following diagrams with the most appropriate of the the following terms: anterior,
posterior, dorsal, ventral, medial, and lateral.

External Morphology: On the cockroach below, label the Antennae, head, T1, T2, T3, Abdomen segments 1 to
terminus (9), cerci, legs, forewing, hindwing, lateral margin, anterior, posterior, costal wing margin, jugal lobe, and
the prothoracic shield.

Beyond the general arthropod bauplan, there are many adaptations that allow the organisms to enhance its survival
strategy by specific exploitation of habitat conditions, resources or even social interactions. Many of the physiological
adaptations are easily seen externally, and allow a viewer to hypothesize ecological roles, life history, etc. Two of the
simplest examples are modifications to the antennae and the legs.

What is the function of antennae?

Find two examples of modifications to antennae for a specific purpose. In the space provided, draw the antennal
structure, give the name for the antennae type, an example of an insect with this antennal type, and describe the need
for the adaptation based on the insect life history.
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1. Antennal Type:

2. Example Insect:

3. Function:

1. Antennal Type:

2. Example Insect:

3. Function:

Draw (and label) the Coxa, Trochanter, Femur, Tibia, Tarsus, and Pre-Tarsus (claw) leg segments on an unmodified,
typical insect leg (i.e. a cockroach or grasshopper foreleg).

As with the antennae above, find two examples of modifications to leg structures for a specific purpose. In the space
provided on the next page, draw the leg structure for each, naming for the leg type and showing the segment modified,
then give an example of an insect with this leg type, and describe the need for the adaptation based on the insect life
history.

1. Leg Type/Segment Modified:

2. Example Insect:

3. Function:
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1. Leg Type/Segment Modified:

2. Example Insect:

3. Function:
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Lab 2 Assignment: Internal Anatomy

Name:

I. Closely examine the HEAD of your cockroach. As best as you can, draw the face, noting the Compound eyes, ocelli,
antennal scales, hairs, and mouthparts.

What is the difference between the ocelli and the compound eyes? When might an insect have ocelli, but not
compound eyes? What kinds of insects need both? Why?

Mouthparts

There are two main kinds of arthropod mouthparts: mandibulate (chewing) and haustellate (piercing /sucking; insects
only). They are both made of the same basic components, but can be highly modified to exploit a variety of food
resources. In the diagram to the right, draw a circle around the insects with haustellate mouthparts.

Lab 2 Assignment: Internal Anatomy | 33



A. Chewing Mouthparts (Mandibulate)

Orthoptera
1. Biting/Chewing (Primitive)

Labrum

Mandible
Maxilla
Labial palps Maxillary palp

Labium

2. Honey Bee (glossae): modified chewing

Ocelli

Labrum

Mandible

Mentumn Maxillae

Prementum

Galea

Labial palps Glossal (ugula)
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1. Piercing/Sucking Mouthparts (Haustellate)

(D) Butterfly (galea): P/S simplified () Plant Bug: P/S primitive

Compound eye Compound eye

Labrum Antennae

Labrum
Food channel
. Cross-section:
Labial palps
Cross-section: Labi Maxilla -
apium Mandible Food
Mandible: Channel
Galea/proboscis Maxillae Labium
\ :) Salivary Channel

@Horseﬂy: modified P/S (sponging)

Antennae

Compound eye Cross-section:

Labium

. Hypopharynx
Salivary canal

\ Labrum (epipharynx)
\ Hypopharynx
Food groove Labium

Labellum

Food channel

Labium

Pseudotracheal

Dissection

Looking closely at your specimen, not there is a thin, flexible plate-like sclerite (scale) that extends above the
mouthparts like an upper lip. This is the labrum. The role of the labrum is to contain the food in the oral cavity while
the mandibles and maxilla shred the food item. Gripping the head of the cockroach firmly, gently lift the labrum with
a pair of dissection scissors and cut it from the front (the frontal plate of the head) as close to the attachment point as
possible.

Below the labrum are two large, durable mandibles. They will be large enough to cover all the underlying mouth parts,
their size an indication of their importance for crushing, tearing and grinding food. They open from side to side, not up
and down. They are tough, rigid structures and will be difficult to open and remove to see the maxillae beneath. Using
a pair of rigid forceps, grip one mandible and pull gently to open and separate it from the other. Wiggling the mandible
gently from side to side, remove it, tearing through the muscle attachments.

Once the mandibles are removed or opened, the other pair of mouthparts that will be evident are the maxillae. The
maxillae also meet on a vertical axis, but have only one dark sclerotic projection while the mandibles have an entire
margin of dark, serrated teeth. The mandibles also have a pair of long, finger-like palps projecting from the outside
margin. These palps assist in shoving food into the alimentary canal as the insect feeds. Grip one maxillae gently from
the base (do NOT pull on the palp) to remove.
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The remaining mouthpart hanging down should be the labium, or “lower lip” as it is sometimes called. This is the floor
of the oral cavity, the right and left parts fused into one with a pair of labial palps projecting forward. Grip the labium
from the base and pull to remove.

5. Following removal of all previous mouthparts, a fleshy, tongue-like projection can be seen protruding from the
alimentary canal. This is the hypopharynx, the structure involved with taste perception, and more importantly with
suction. In haustellate insects, the hypopharynx is well-developed and responsible for withdrawing fluid from the host
for consumption.

Draw (and label) the individual parts, the labrum, mandible, maxillae (with palp), hypopharynx and labium (with
palp) below.

Examine the mouthpart modifications diagram on the next page. In the upper left corner, you should recognize
mandibulate mouthparts from the dissection you completed. Moving right are examples of honey bee mouthparts, also
mandibulate but with a modified “glossae” which operates as a long tongue.

In the second row, the haustellate mouthparts of a mosquito are shown on the left, and a cross section of the proboscis
on the right. In haustellate insects, the same mouthpart components are present, though elongated and modified
into bristles. These bristles are pressed together to form a stylet, a structure with separate channels for injection of
saliva (salivary groove) and removal of food item (food channel). Note the size of the hypopharynx in the examples of
haustellate mouthparts - this is the organ responsible for drawing the fluid out of the host and up through the food
canal.

The mosquito is a primitive example of haustellate mouthparts; from there, oral modifications become even more
specified to food resource by fusing structures to create new appendages (the labellular organ of a house fly) or
reducing /losing structures completely (the simple proboscis of a butterfly).

What is the function of the labellum and pseudotracheae (housefly)?

In many holometabolous (we'll get into this next week) insects - insects with a pupal stage - the larvae frequently
have different mouthparts than the mature adults. Why do you suppose this has occurred? (Example: mandibulate
caterpillar, haustellate butterfly/moth)

Internal Organ Systems of the Insects
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food canal

hypopharynx
pesophagus

proventriculus

Digestive System

The digestive system of insects is composed of the mouth parts and the alimentary canal, both of which can be
specialized in structure and function to correlate with specific diets. When the food supply of a particular insect group is
readily available (such as insects that feed on plant parts), the gut is usually short and without storage capacity. However,
if an insect is predacious, the gut is modified for storage to compensate for the long time periods a predator may go
without a prey item.

There are three main regions of the alimentary canal: the foregut, the midgut, and the hindgut. Each section is
separated from the other by valves which control the movement of food between regions. The foregut functions to
ingest, store (crop) and grind (Proventriculus) the food before it is passed to the midgut. The majority of digestive
enzyme production occurs in the midgut region (from the gastric cacao and midgut wall), as does the absorption of the
products of digestion (proteins, carbohydrates, minerals, salts, water, lipids). The hindgut functions in final absorption
of salts and water prior to the elimination of the feces through the anus.

The exoskeleton lines the foregut and the hindgut and thus is shed with each ecdysis event. The midgut is the only
section with a lining that is not shed.

Excretory System

Insects eliminate wastes in a variety of ways they often absorb some waste products in specialized cells alongside
the heart. These cells are called pericardial cells and this form of excretion is termed storage excretion. Other cells
and organs may be involved in storage excretion. For example, the fat body and certain reproductive organs may store
massive amounts of uric acid (one of the main waste products protein metabolism) and thus often appears in varying
shades of yellow depending on concentration.

The primary urinary vessels in insects are the Malpighian tubules. These tubes empty into the pylorus. They vary in
number from very few to hundreds depending upon the insect. One part of the tubule often absorbs water and salts
from the hemolymph and some of these are again reabsorbed at another part of the same tubule. Urine flow in insects
is controlled by potassium ions; then the amount of this salt is high, there is an increase in urine flow. Then the amount
of potassium, urine flow ceases. Uric acid is often excreted by way of the Malpighian tubules.
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Respiratory System

Most insects breathe through a system of special branching tubes called tracheae. The openings into these tracheal
tubes are along the body wall, usually at the lateral margin, and are called spiracles. Spiracles play a role in water
retention, and are therefore usually kept tightly closed. Tracheal tubes are lined with a fine, tightly-wound spiral of
chitin called the taenidia. The taenidia acts to strengthen the tracheal tubes against collapse while still allowing the
tubes to be flexible. As the tracheal tubes approach an organ, they tend to get finer. The finest tracheal branches are
termed tracheoles.

In insects where the tracheae open to the exterior via the spiracles, respiration is said to occur through an open
tracheal system. However, in some insects and insect larvae, spiracles are absent. In this case, the tracheae form a
subcutaneous network that covers the body surface. In this case, gas exchange occurs directly through the integument
in what is termed a closed tracheal system. The trachea lead directly into the muscle cells, providing direct oxygenation
without using blood or capillary transfer.
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Insects have an open circulatory system. A dorsal blood vessel serves as the main as the main blood vessel in insects.
Outside of this dorsal vessel, the blood circulates freely within the insect body cavity. The posterior (rear) portion of the
vessel, which is known as the heart, is subdivide into a series of chambers, each with an ostia through which blood may
enter. The anterior (front) portion of the dorsal blood vessel is known as the aorta. Rather than pumping to circulate
blood, the dorsal vessel uses a peristaltic wave, much like swallowing in humans, to create a current of flow in the body
of the insect. There may be additional accessory pumping organs in some insects to prevent pooling - for example, in
the insect foot or base of the wings.

Because it differs so much from the circulatory fluid of humans, the “blood” of an insect is called hemolymph. The
hemolymph of insects transports nutrients, hormones, and waste products. The cells which circulate in the hemolymph
are called hemocytes. Hemocytes vary in size, shape, and function. Some hemoctyes are capable of phagocytosis and
encapsulation, while others function in coagulation and wound healing.

Reproductive System

The internal reproductive system of female insects consists of pair of ovaries, the lateral and median oviducts (through
which the eggs pass to the outside), a spermatheca (which stores sperm until they are needed for fertilization), a genital
chamber (which is where fertilization generally occurs), and the accessory glands. Each ovary consists of a cluster of
ovarian tubes, known as the ovarioles. The ovarioles contain a series of developing eggs, which will be passed into the
lateral oviduct upon maturation.

The male reproductive system consists of a pair of testes, each of which contained a series of sperm tubes in which
the spermatozoa are produced. Mature sperm are passed through the seminal vesicles, and out of the insect through
the ejaculatory duct. The paired accessory glands may serve a variety of functions in male insects. Secretions from these
gland may surround the spermatozoa to form a spermatophore or may nourish the spermatozoa during sperm transport
into the female.
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Female reproductive tract (left) and male reproductive tract (right)

Internal Anatomy: Carefully cut through the exoskeleton as instructed. DRAW the internal structures on the following
page. Label the esophagus, salivary gland, crop, proventriculus (gizzard), gastric (hepatic) caeca, foregut, mesenteron
(midgut), intestine (ilium), colon (hindgut), trachea, anal cercus, and Malpighian tubules.
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Week 3 Reading

Coleoptera & Lepidoptera

The Coleoptera are one of the most primitive insects of the Neoptera, and are
characterized by the hardened forewings appearing as a hard shell, the elytra,
protecting the membranous wings (used for flight) beneath (Coleo = sheath; ptera
= wings). This group includes the beetles and weevils, which are often confused
with members of Hemiptera. A few key characteristics separate the initial
appearance of these two orders: 1) the Hemiptera have only piercing/sucking
mouthparts and Coleoptera have only chewing mouthparts (in all stages); 2) the
wings of the Heteroptera cross over each other on the dorsum of the insect, and
the elytra of the Coleoptera met medially on the dorsum creating a visible suture
down the dorsal medial line of the abdomen.

There are over 350,000 known beetle species, and until recently was consider the -

most abundant of the insect orders (replaced recently by the Hymenoptera). They Figure 3-1: Larvae of the
ponderous or prions borer, a root
borer. Image

source: https: //commons.wikime
dia.org/w/
index.php?title=File:1935._The_p
onderous_borer._Cerambycidae.
_Ergates_spiculatus_larvae._(2
6445184219).jpg&oldid=302453315

are holometabolous, with a larvae frequently referred to as “grubs” Some of the
species in Oregon are quite large and long-lived in the larval stage: the family
Cerambycidae - the long-horned beetles - have representative detritivore species
with larval stages that can last 2-5 years and grow several inches in length as
mature larvae (figure 3-1).
Beetles are found in
almost  every  known
habitat and take advantage
of a wide range of
resources. The first insects
to develop pollination
with
Angiosperms were beetles
first feeding on the fleshy

petals of the first flowering

symbioses

plants. The beetles are

abundant on vegetation,
feeding on all parts of the
life
and the Rosalia

plants in different

stages,

Figure 3-2: The Rosalia Beetle, which lives out its entire life
cycle on decaying wood. Image

source: https: //en.wikipedia.org/wiki/
File:Rosalia_funebris_resting.jpg

Beetle (figure 3-1) completes its life cycle completely on dead and decaying wood. Many beetles behave as pests in

production systems, feeding on all parts of a wide variety of plants. For example, the weevils belong to the family

Curculionidae, and are identified generally by the extended rostrom (figure 3-3). Weevil larvae live in the soil and

feed on the roots of many different kinds of plants, causing damage to newly established plants and seedlings. The

adults are foliage feeders above the soil line and can cause significant damage to plant tissues.
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There are many beetle species that are generalists, such
as the Black Vine Weevil, but there are also many
specialists (figure 3-4). The Carrion Beetle (Family
Silphidae; image right) requires carrion to complete its
lifecycle, and as a result is specialized to find and feed on
decaying animals, often locating food at a distance of
several miles. The lamellate antennae provide a broad
surface area for enhanced chemoreception, making this
specialism possible. Other specialist feed on fungi or are
parasitic, and there are several species with aquatic life
stages (either the larvae only or both the larvae and
adults). Figure 3-3: Weevils belong to the family Curculionidae and

In addition to pest species, there are also predatory are identified by their extended rostrum as seen in this Radish
Seed Weevil. Image source: https: //commons.wikimedia.org/

w/
systems. Predatory Ground Beetles (Family Carabidae, index.php?title=File:Cabbage_Seedpod_Weevil_-_Ceutorhyn

figure 3-5) are active at night, searching the ground for ¢hus_obstrictus_(22876817109)jpg&oldid=228311769

beetles the can provide pest suppression in production

other nocturnal arthropods. There are many species
found in Oregon, and they are easily captured and monitored using pit fall traps left over night (dry; these are
beneficial insects desired alive). Some are quite large, and some species have impressive mandibles for crushing
and consuming prey. During the day they are typically hidden under stones and bark, compost and other sheltered
locations.

The Lepidoptera include the moths and butterflies and are named
for the scales that make up the coloration pattern on the wings
(Lepido = scale, ptera = wing). All of the Lepidoptera are
holometabolous, though in this case the mouthparts are different
between the larval and adult stages. Caterpillars are equipped with
chewing mouthparts, and have large modified salivary glands that
can produce silk, and adult butterflies and moths have piercing/
sucking mouthparts, generally called the “proboscis” (figure 3-6).

Figure 3-4: The Black Vine Weevil is considered
to be a generalist. Image

source: https: //www.flickr.com/photos/
14583963@N00,/5771039710
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Figure 3-5: The Ground Beetle, Genus Pterostichus, are active
at night and search the ground for arthropods. Image
source: https: //www.flickr.com/photos/pcoin /4633697299

. /

// 3 / ’A:’ ”
. 20Pymalidactextr o ) 1/6/0 REMF
Figure 3-6: SEM image of Lepidoptera Proboscis found on moths and butterflies. Image
source: https: //commons.wikimedia.org/w/
index.php?title=File:Gemeiner_Totengr%C3%A4ber_(Nicrophorus_vespillo)_(14752225310).jpg&oldid=3
15651391

Recent genetic studies have shown that there is no indication of a true divergence separating the moths (Sub-
Order Heterocera)from the butterflies (Sub-Order Rhopalocera), and indeed some species of moths are more
closely related to species considered butterflies than they are to species considered moths. That said, the
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difference between these two groups is an artificial separation that may be attributed to behaviors: in general,
moths are night-flying and are generally more cryptic in their habitat, while butterflies fly during the day and rely
less on camouflage for predator evasion.

There are over 150,000 species known in the Lepidoptera. Identifying this order is relatively easy, as only one
other Order has flighted insects with scales on the wings, the Trichoptera, and the adults of the Trichoptera are
distinguished by their chewing mouthparts. Lepidoptera have two pairs of scaled wings, the forewings obviously
larger than the hind wings. Body size is extremely variable, ranging from the 4 mm micro-moths to the 100 mm
charismatic macrofauna that make the Lepidoptera a common favorite with hobbyists. The body and legs are also
usually covered with scales, and the labial palps are almost always well-developed and obvious, held extended in
front of the insect head.

The larvae of the Lepidoptera are frequently the most relevant to agricultural production, as many behave as
pests and consume a wide range of host plants. However, many of these species will be targeted by wasp and fly
parasitoids naturally. Identification of larvae to family can be difficult, but there are a few local resources that will
be very helpful:

http: //pnwmoths.biolwwu.edu/

https: //www.fs.fed.us/foresthealth /technology/pdfs/FHTET _03_11.pdf

https: //cfs.nrcan.gc.ca/publications?id=26133 (This resource will help separate caterpillars from other
grub-like larvae in other orders)
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Pre-Lab 3: Insect Development

Name:

The rigid exoskeleton, also called the “cuticle”, of insects enables them to do many things, but is an obstacle to growth.
In order to grow, an insect must periodically shed its exoskeleton and grow a new one that is larger. The process
whereby a new cuticle is formed and the old one is shed is called molting. Molting is a complex process which is
controlled by hormones.

Insect Cuticle: Draw the layers of the insect cuticle, labeling the following components: epidermis, endocuticle,
exocuticle, inner epicuticle, outer epicuticle, wax layer and cement layer.

During insect growth and molting, each successive stage may appear similar to the preceding stage, or the appearance
may change from stage to stage. This change in form from molt to molt is called metamorphosis. There are four types
of metamorphosis:

* Ametaboly — No marked change in form between a newly hatched nymph and the adult. The adult differs from the
nymph only in size and in having reproductive structures. (Ex. Collembola)

» Paurometaboly — The nymph does not closely resemble the adult because it lives in the water, breathes through
gills, and has gradually enlarging external wings. (Ex. Odonata)

* Hemimetaboly — The nymph resembles the adult, except in size and the absence of wings and reproductive
structures. Wing buds develop externally. (Ex. Orthoptera)

* Holometaboly — The larva does not resemble the adult form and frequently differs in feeding habits and habitat
(where it lives). There is a pupal stage intermediate between the last larval stage and the adult. Wing development
is internal.
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As the insect develops, an interaction between three hormones regulates development in time with ecdysis events in
Brain

=== Neurosecretory cells

_.—Corpus cardiacum

— Corpus allatum

response to environmental and physiological cues.

When the brain receives the appropriate cue, which may be soil temperature for an overwintering insect, day length,
or any number of factors, it causes the brain to release Prothoracicotropic Hormone, also called PTTH or simply “brain
hormone”. PTTH acts on the prothoracic gland(hence the long name), stimulating the gland to release the hormone
Ecdysone. When released, ecdysone triggers an ecdysis event.

The final hormone in the interaction regulates the degree of maturity of the stages between ecdysis events, called
“instars” Juveniles and larvae may go through several immature instars, molting between each and maturing slightly
with each stage before becoming a mature adult. As they develop, a special section of the brain called the corpus allatum
secretes Juvenile Hormone, known simply as “JH”. The more JH present in the insect, the more immature the tissues
remain. JH levels are high in early instar immature insects, and tapers off as the insect matures: less Juvenile Hormone
means a less juvenile insect. Juvenile Hormone is in the lowest concentration in the last stage of immaturity: the last
juvenile instar or the pupal stage for holometabolous insects. The absence of juvenile hormone at the last ecdysis event
allows mature adult tissues to form, including functional wings and mature reproductive systems.

There are a few further conditions that may vary development. Define the following, and give an insect example.

1. Diapause

2. Hypermetabola

3. Sub-imago
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The more recently derived (evolved) insect orders are the holometabolous orders, while ametabola, then hemi- and
paurometabola are considered more primitive conditions. With the energetic expenditure of metamorphosis and the
extended time spent in a vulnerable pupal stage, why do you supposed was favored as a life history strategy and
preserved evolutionarily? What are the benefits or reasons for metamorphosis? Defend your answer.
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Lab 3 Assignment: Degree Day Models

Name:

Apple codling moth (Cydia pomonella) is a major pest of apples and pears in the Pacific Northwest. If left unchecked,
complete crop loss is likely. Research on the biology and development of codling moth in different climes has advanced
management practices for growers. The websites and tools used in this exercise are the tools used by apple and pear
growers to time pest management to be most effective with the least amount of non-target impact on beneficial
predators and the environment.

Instructions: Use the websites listed to answer questions about the biology and development of the codling moth.

Part I. Biology

WSU codling moth website: http: //jenny.tfrec.wsu.edu/opm/displayspecies.php?pn=5

1. What are the four life stages of codling moth? Describe each.

2. In which stage does the codling moth overwinter in the Pacific Northwest?

3. How long does it take for newly emerged female adults to begin laying eggs?

4. How many days does it take for egg hatch/larval emergence?

5. In general, how long will the larvae be in the feeding stage?

6. How many generations per year are typical in Oregon in a warm year vs. a cold year?

7. Which life stage is most susceptible to control with pesticides? Why?

Part II. Using a Degree Day Model - Regional Comparison
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Apples are grown in many regions of the United States. Two major growing areas in the Pacific Northwest are Milton-
Freewater (north of Pendleton) and Medford (southern Oregon). Use the links below to answer the following questions:

WSU codling moth website: http: //jenny.tfrec.wsu.edu/opm/displayspecies.php?pn=5

OSU IPPC Degree Day Model website: http: //uspest.org/cgi-bin/ddmodel.us

1. What does the term “biofix” mean, with regard to degree day models in general?

2. What is the upper and lower developmental threshold for apple codling moth? What does this mean (at either
end?)

3. What is a pheromone trap, and how are they used to manage codling moth?

Management Strategies
In Washington and Oregon, what stage of development for the codling moth should applications of insecticides be
made to the orchards for reliable control at a susceptible life stage? How many degree days have accumulated at time of
most effective spray?
a. First generation:

b. Second generation:

Degree-day Calculations: Milton-Freewater

Using the IPPC website, calculate the degree day model for January 1 - August 31 of last year, using model “Codling
Moth WSU revised 06 (Knight)” Select a weather station in Milton Freewater and record the station Identification
Number/Name here: _

Press “Calc/Run”.

Open a second tab and do the same for a weather station in Medford, Oregon. Record the station Identification

number/Name here:

Fill in the table of comparison on the following page and answer the questions.
Station ID: M-F: Medford: _
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Date of estimated first catch:

Critical Date Range for 1**
generation spray:

Critical Date range for 2"
generation spray:

4. What would be the difficulty in managing codling moth if growers did not have knowledge of moth phenology?

5. How does degree-day model information change decision-making in pest management for the benefit of the
grower?
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WEEK 4: ORTHOPTEROID ORDERS
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Week 4: Reading

Orthopteroid Orders

The Orthopteroid Orders is a general grouping of the more primitive neoptera groups that share characteristics
similar to the order containing the grasshoppers, crickets and katydids, the Orthoptera. These orders are
paurometabolous, meaning they complete development in successional stages with no pupal stage; sexual
development and adult tissue development advances with each molting event until the insect has reached full
maturity (for winged members, the wings are fully developed). All members of this group have chewing mouthparts,
and many species have massive mandibles and maxilla. All members of this group are phytophygous except the
Dermaptera (earwigs).
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Figure 4-1: Hatching Mantid ootheca. Image source: https: //www.flickr.com/photos/grahamenz /2120451737

Usually for the Orthopteroids, eggs are laid in clutches, grouped together and held with some kind of material
from the mother ranging from a wet, slightly viscous mucous to a toughed, styrofoam-like case. However, there
are members of the Orthopteroids that do not do this - for example, stick insects (Order Phasmatodea) lay eggs
one at a time, dropping them to the ground as they are produced (figure 4-1).

The Orthopteroid Orders

The Orthopteroid Orders include the extant orders of the Paleoptera, and the Blattodea/Isoptera Orders
examined in Week 2 reading.

The Orthoptera are considered “primitive” because of the paurometabolous life cycle and the simplified body
plan. They are relatively large insects in general, with two pairs of wings when present (several species have
secondarily lost wing structures). The forewing is thicker in texture, parchment-like, and is referred to as the
“tegmina”. This is a common term in other orders with similarly thickened wings. The wings may also be modified
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to create sound, and the calls of the Orthoptera will be specific to species and reason for the call: defense, mating
calls, territorial calls, etc. In addition to the wings and sound production, the true Orthoptera can also be identified
by the enlarged hind femora, modified for jumping (a saltatorial leg structure; figure 4-2).

TS & x *,g‘i’.@.ﬁ:‘»\i’i: Vi
Figure 4-2: Orthoptera, identified by the enlarged hind femora, modified for jumping. Image
source: https: //www.maxpixel.net/Insect-Grasshoppers-Flight-Insect-Orthoptera-2289708
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Orthoptera are most often noticed in crop and production systems because of the rapid amount of destruction
caused with large, chewing mouthparts. Within the order, however, there are only a few families that will become
problem pests (like the Short-horned Grasshoppers in the family Acrididae), mostly because they will be multi-
generational in the same season. Adult females will use the large, obvious ovipositors (figure 4-3) to dig holes at
the base of host plants, depositing eggs into the hole where the newly-hatched offspring will have ready access to
food.

Figure 4-3: Female Tettigoniidae (Katydid) with obvious
ovipositor. Image source: https: //www.flickr.com/photos/
pcoin,/1490416130/

56 | Week 4: Reading



Figure 4-4: Phasmatedea which includes walking sticks and
leaf bugs, including one species of stick bug in reported in
Oregon, the Northern Stick Bug. Image

source: https: //commons.wikimedia.org/w/
index.php?title=File:Stick_Insect_(Phasmatodea)_ (1509139415
3).jpg&oldid=281913735

Stoneflies, order Plecoptera, are also considered
Orthopteroid, but have little importance to production systems.
Though they are important contributors to aquatic and riverine
trophic systems, they do not feed on crops or cause damage.
Occasionally they will feed on pollen to gain sufficient protein
for mating, but they do not feed with high enough intensity to
be considered pollinators.

The Phasmatodea includes the walking sticks and leaf bugs.
There is one species of stick bug, the Northern Stick Bug, that
has been reported in Oregon but sightings are extremely rare
(figure 4-4). Other species of this Order have been restricted for
transport as pets or for husbandry in the last few years due to
their ability to feed heavily on members of the Roseaceae family,
particularly within the genus Rubus. These insects are a
potential invasive pest due, especially since many of the females
are parthenogenic, producing viable eggs without male
fertilization, allowing colonies to grow rapidly.

The order Dermaptera is more commonly referred to as the

“Earwig” order, and there is only one family in Oregon: Forficulidae, the family for the invasive European Earwig.

The tegmina of the earwig is extremely short, covering only a few of the most anterior abdominal segments leaving

the rest exposed dorsally. The hindwings are surprisingly large, and are folded fan-like beneath the tegmina when

not in use. Another readily assessed characteristic of this group are the large, forcep-like terminal appendages.

Males will use these to fight and remove other, competing males when there is a female present. The shape of

these appendages make it easy to distinguish male from female: a recurved inner margin indicates male, while a

relatively straight inner margin indicates female (figure 4-5).

Figure 4-5: Order Dermaptera, or commonly referred to as the “Earwig.” Image

source: https: //commons.wikimedia.org/w/

index.php?title=File:Dermaptera_(Earwig)_7718.jpg&oldid=327190826
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The Dermaptera are cosmetic pests: not only can they be startling, but they may defecate on the surface of fruit
and flowers of ornamental plants. However, these insects are not necessarily economically damaging, as this is the
only Orthopteroid group that may predate on other pests present.
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Pre-Lab 4: Pest Monitering

Name:

Basic overview of IPM Programs and benefits, UC IPM: http: //wwwZ2.ipm.ucanr.edu/WhatIsIPM/

Monitoring insects involves many techniques and methods for observing and measuring population growth, changes,
damage to hosts, and other relevant activities over long periods of time, in response to changing environmental factors.
From the options below, check the boxes that can be benefits of utilizing a well-planned monitoring schedule:

o Develop a historical record of pest outbreaks and beneficial insect presence for use in decision-making
Help to identify potential future outbreaks, non-target impacts, and resurgence events
Justify pest management recommendations to farm managers, owners or clients of pest management consultants
Provide information to simplify future monitoring efforts

O o o o

Provide feedback about pest management program efficacy
o  Determine economic cost/benefit of a pest management recommendation to avoid unnecessary pest control
treatment and expenditure while avoiding crop losses

When monitoring a field crop site for pest damage, there are many non-insect/arthropod observations that should
be made. Michigan State Extention has created a brief, helpful guide to monitoring pests in field crops:
http: //msue.anr.msu.edu/resources/pest_scouting_in_field_crops_e3294

Give an example of THREE field observations (IN ADDITION to the pest data) that should be made each time field
monitoring events occur, explaining why each is important to note.

Understanding basic population dynamics is important for monitoring pest populations: this can include isolating
specific demographies, tracking the relationship between population size and population density on-site, and
understand the way these metrics change with time. Here is a link to a good primer on population biology:
https: //courses.lumenlearning.com/boundless-biology/chapter/population-demography/

When sampling for pest presence or damage, it is impossible to completely check ALL potential host plants. As a
result, field agents rely on sampling units that will minimize time and effort. Types of sample units vary from square-
meter area monitoring to a single plant per area, or even a certain number of leaves per plant depending on the needs of
the study, the host plant, or pest pressure thresholds. Identifying the appropriate sampling unit and number of samples
is vital for understanding the way pest insects are interacting with the crop. For example, misunderstanding the typical
distribution pattern of a pest in a space may cause populations of the pest to be overestimated (resulting in unnecessary
expenditure in control methods) or underestimated (resulting in crop loss).

There are three main distribution pattern types: clumped, random and uniform. Research these distribution
patterns and describe each, drawing an example for each in the space to the right of each.
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UNIFORM:

RANDOM:

CLUMPED:

What important biological information can a grower or researcher learn about pests by examining distribution
patterns?
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Lab Assignment 4: Population Monitoring and Field
Sampling

Name:

Sampling for pests only provides useful estimates of population size when two important aspects are addressed:
accuracy and precision. Accuracy is how close your sampling is able to reflect actual population size. Precision is when
the data collected in each sampling event are relatively equal, with little or no variation. When precision is poor, more
samples are required to generate more accurate data.

Determining sample size: Rarefaction Curves

With each sampling event, we gain more information about our ecosystem. In the example below, you'll be filling in
Table 1 with the values given using Appendix A, which is a data set built on number of insects recorded during scouting.

Sample No. # Species in Sample Total NEW Species TOTAL SPECIES (Cumulative)
1

2
3
4
5

Table 1.

Using your data, extrapolate the results to reflect a hypothetical organic garden that when considered as a whole, is
comprised of 150 plots of the same size.

For example:

» If there were a total of 40 individuals sampled, and 10 are pest species A, then species A is 25% of the population
(10/40 = .25). This percentage is the relative abundance.

* 25% of 150 (150x25) is 37.5, so we assume that in the entire production area, there should be about 38 (rounding to
the whole insect) species A individuals.

Total No.
Sampled (cumulative)

Extrapolated

Relative Abundance (%) Abundance (x30)

Species No. Species Name

Table 2.
Now add the data from the next 5 samples (samples 6-10), adding to your counts, in the table below.
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Sample No. # Species in Sample Total NEW Species (including

Total Cumulative Species
prev. samples)

© o 9 O

Table 3.

With the new data, you'll need to recalculate the relative and total abundance for each species identified over 10
sampling events.

. . Total No. . o Extrapolated
Species No. Species Name Sampled (cumulative) Relative Abundance (%) Abundance (x15)

Table 4.

Was there a difference in the number of the species between table 1 and table 3? Is the changing number of species
an indication of changing accuracy or precision?

Was there a difference in the overall relative abundances for each species? Why/Why not?

Plot your data on the graph below, showing the total number of species found as a response to the number of samples

taken by highlighting the cells in the table at each data point. Because we are tracking cumulative data, connect the data
points with a line of highlighted cells
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Total Cumulative Species

1 2 3 4 5 6 7 8 9 10
Number of Sampling Events

The plot you have just created above is what is known as a rarefaction curve. This helps consultants and scientists
monitoring populations of organisms select the correct sampling effort (number of sampling events or number of units
sampled) that will cost the least amount of resources while still gaining accurate data for estimating population sizes.
This point happens when there is little NEW information gained by additional sampling. Indicate where this occurs on

your graph by adding a STAR at this point.

According to the graph you made, what is the ideal number of samples that should be taken to both minimize
sampling effort while gaining the most information to accurately estimate populations?

Application.
In production systems, we don’t have the actual pest population sizes to compare with our samples, thus ensuring
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accuracy. Instead, we rely on repeated sampling efforts and a variety of sampling techniques to get information about
the pest populations present.

Next, you will use a hypothetical sampling plot where you will conduct THREE different types of samples. Each
sampling method is commonly used, but each gives very different types of information. For each sampling method,
assume you know nothing about the data found by the two other techniques: complete each technique one at a
time, ignoring previous sampling results. Using the Practice Plot PDF (separate file), fill in the sampling card for each
technique.

I. Presence/Absence Sample Card

Sample every plant in the row to fill out the table below. Only mark if the pest is present by placing an “X” in the
column if the species appears.

Species: Species: Species: Species:

PLANT No. (describe) (describe) (describe) (describe)

a1 o~ W

»

10
1

12
13
14
15
16
17

18
19
20
21

With P/A sampling, the intent is to get an idea of the pests present in the system by searching every without making
hourly cost of scouts increase by requiring a count of each population. When do you think this kind of sampling is the
most useful and economical for growers?
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I1. Fixed Random Sample Card

Look at your plot and mentally overlay a 3x3 grid that covers the entire plot of available plants (see diagram on the
right). Determine which end of the practice plot contains units 1-3 and which has 7-9. Determine which plant is the
closest to the center of each sample unit in your plot. Examine these nine plants closely and fill out the sample card
below, adding a new row in each plot when there are more than one “species” of pest found.

Grid Unit No. Pest(s) Description Number Total Cumulative
Example Light Green Light green + 9 9
Dark green Large, round circle 1 10
1
2
3
4
5
6
7
8
9

As you experienced, this type of sampling takes more time per plant, hence the need to reduce the number of plants
sampled. Think about the first part of this activity, accuracy and precision and give one benefit and one drawback of

using this type of sampling compared to the simpler Presence/Absence sampling event used for the previous sample
card.

III. Sequential Sampling Card
Use the same nine plants identified in Sample Type II above. Check each plant for the light green “+”; if present, that
plant is added to the tally as “1”. Each positive result adds to the running tally in the vertical column titled “your tally”
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This column is additive- if the first three plants are all positive for the pest, then by the 3rdplant, there should be a “3”
in the tally column. If plants 1 and 2 are positive, but 3 is negative, then there will still be a “2” in the tally column at the
third plant.

Example:
Plant No. Pest Present? Don't Treat YOUR TALLY Treat
1 Yes - 1 -
2 Yes - 2 -
3 No 2 2 3
4 Yes 2 3 3
5 No 2 3 4

Compare your count to the “Treat” and “Don’t Treat” recommendation columns to determine if pesticide management

is necessary.

Plant No. Pest Present? Don't Treat 