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Week 1: Introduction to Collection and Curation
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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).

  
    [image: Figure 2-1: Lifecycle of ephemeroptera.]
    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 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).

  
    [image: ]
    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 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.

  




  
  





Week 3: Reading


  
  Coleoptera & Lepidoptera

  
    [image: ]
    Figure 3-1: Larvae of the ponderous or prions borer, a root borer. Image source: https://commons.wikimedia.org/w/index.php?title=File:1935._The_ponderous_borer._Cerambycidae._Ergates_spiculatus_larvae._(26445184219).jpg&oldid=302453315

  

  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 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).

  
    [image: ]
    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

  

  Beetles are found in almost every known habitat and take advantage of a wide range of resources. The first insects to develop pollination symbioses with Angiosperms were beetles first feeding on the fleshy petals of the first flowering plants. The beetles are abundant on vegetation, feeding on all parts of the plants in different life stages, and the Rosalia 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.

  
    [image: ]
    Figure 3-3: Weevils belong to the family Curculionidae and are identified by their extended rostrum as seen in this Radish Seed Weevil. Image source: https://commons.wikimedia.org/w/index.php?title=File:Cabbage_Seedpod_Weevil_-_Ceutorhynchus_obstrictus_(22876817109).jpg&oldid=228311769

  

  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).

  In addition to pest species, there are also predatory beetles the can provide pest suppression in production systems. Predatory Ground Beetles (Family Carabidae, figure 3-5) are active at night, searching the ground for 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.

  
    [image: ]
    Figure 3-4: The Black Vine Weevil is considered to be a generalist. Image source: https://www.flickr.com/photos/14583963@N00/5771039710

  

  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).

  
    [image: ]
    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

  

  
    [image: ]
    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=315651391

  

  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 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.biol.wwu.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)

  

  




  
  





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).

  
    [image: ]
    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 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).

  
    [image: ]
    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

  

  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.

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

  

  
    [image: ]
    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)_(15091394153).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).

  
    [image: ]
    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

  

  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.

  

  




  
  





Pre-Lab 4: Pest Monitering


  
  Name: ________________________________

   

  Basic overview of IPM Programs and benefits, UC IPM: http://www2.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:

  □      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

  □      Provide feedback about pest management program efficacy

  □      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.
  

  
    [image: ]
  

  
    What important biological information can a grower or researcher learn about pests by examining distribution patterns?
  

   

   

   

   

   

  




  
  





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 (150×25) 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.

  

   

  	Species No. 	Species Name 	Total No. Sampled (cumulative) 	Relative Abundance (%) 	Extrapolated Abundance (x30) 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
 	 	 	 	 	 
  

  
    Table 2.
  

  Now add the data from the next 5 samples (samples 6-10), adding to your counts, in the table below.

  	Sample No. 	# Species in Sample 	Total NEW Species (including prev. samples) 	Total Cumulative Species 
 	6 	 	 	 
 	7 	 	 	 
 	8 	 	 	 
 	9 	 	 	 
 	10 	 	 	 
  

  
    Table 3.
  

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

   

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

  
    [image: ]
  

  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 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) 
 	1 	 	 	 	 
 	2 	 	 	 	 
 	3 	 	 	 	 
 	4 	 	 	 	 
 	5 	 	 	 	 
 	6 	 	 	 	 
 	7 	 	 	 	 
 	 8 	 	 	 	 
 	 9 	 	 	 	 
 	 10 	 	 	 	 
 	 11 	 	 	 	 
 	 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?

  
     
  

  
     
  

   

   

  
     
  

  
     II. 
    Fixed Random Sample Card[image: ]
  

  Look at your plot and mentally overlay a 3×3 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”. 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 	YOUR TALLY 	Treat 
 	1 	 	— 	 	— 
 	2 	 	— 	 	— 
 	3 	 	2 	 	3 
 	4 	 	2 	 	3 
 	5 	 	2 	 	4 
 	6 	 	3 	 	4 
 	7 	 	3 	 	5 
 	8 	 	3 	 	6 
 	9 	 	4 	 	6 
 	10 	 	4 	 	7 
  

  For your nine plants, what is the recommendation for pest management?

   

   

  Perform the sequential sampling a few times using different sampling patterns – one whole row, every other plant, ALL plants, etc. Did you consistently get the same pest management recommendation? Why/Why not?

   

   

   

   

   

   

   

   

   

  What are the benefits and drawbacks of sequential sampling? When (in a production year/cycle) would this be the most useful means of sampling pests?

   

   

   

   

   

   

   

   

  
    Wrap-Up Analysis
  

  Insect identification is an important part of scouting for pests, especially when it comes to determining the difference between pests and similar-looking beneficial insects. However, training in identification for scouting jobs varies widely, which means there may not always be consistency in pest recognition and identification.

   

  How do inconsistencies in identification change the precision and accuracy of each sampling type and analysis we’ve considered in this exercise?

   

   

   

   

  




  
  





Week 5: Hemiptera


  
  
    [image: ]
  

  Week 5 Materials

  Reading

  Week 5: Reading ….. [ WEB ]

  Pre-lab 5 Download

  Pre-lab 5 …………….. [ WEB ][ PDF ][ WORD ]

  Lab 5 Download

  Lab 5 Assignment … [ WEB ][ PDF ][ WORD ]

  






Week 6: Pests, Predators, and Parasitoids, Pt. II


  
  
    [image: ]
  

  Week 6 Materials

  Reading

  Week 6: Reading ….. [ WEB ]

  Pre-lab 6 Download

  Pre-lab 6 …………….. [ WEB ][ PDF ][ WORD ]

  Lab 6 Download

  Lab 6 Assignment … [ WEB ][ PDF ][ WORD ]

  






Lab 7 Assignment: Soil Arthropods


  
  
    Guide to Common Soil Arthropods                                           Name: __________________________
  

  PART I. Identification

  Mites (Class Arachnida, Order Acari):                               Round Worms (Phylum Nematoda):

  [image: Mite]                                                   [image: Round Worm]

   

  Segmented Worms                                                               Leeches (Phylum Annelida, Class Hirundinea):

  (Phylum Annelida, Class Oligochaeta):

  [image: Segmented Wrom]                                                                        [image: Leech]

   

  Snails, Slugs (Phylum Mollusca, Class Gastropoda):           Isopod (Phylum Crustacea, Order Isopoda):

  [image: Snail]                                       [image: Isopod]

   

   

  Centipedes (Phylum Uniramia, Class Chilopoda):                 Millipedes (Phylum Uniramia, Class Diplopoda):

  [image: ]                     [image: ]

   

  Insects (Phylum Arthropoda, Class Insecta)

  Hymenoptera: Formicidae                                                                  Collembola

  Ants                                                                                                          Springtails

   

  [image: ]                            [image: ]

   

   

  Coleoptera                                                                                                   Coleoptera

  Beetles (grubs)                                                                                           Beetles (adults)

  [image: ]                                          [image: ]

   

  Additional, Morpho-species (draw and describe each of the “artificial” designations used in your data reporting):

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

  Data Collection

  	Collection Site Name 	TAXA/Morpho-species 	TALLY 	TOTALS 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
 	 	 	 	 
  

   

  Part II. Soil Arthropods Study

  
    	Report your results – major trends, morphological differences in guilds between samples, etc.

  

  LINEAR TRANSECT:

   

   

   

   

   

   

   

   

   

   

  DEPTH PROFILE:

   

   

   

   

   

   

   

   

   

  
    	Discuss your results – why did the arthropod assemblages vary as they did in your samples?

  

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

  Part III. Identification

  Create a Dichotomous Key for the organisms identified in your group samples: these are set up as couplets of two choices that are opposite. For example:

   

   

   

   

  1A. Shape does not have discernible “sides” …                                                  …CIRCLE

  1B. Shape has discernible sides …                                                                           … 2

   

  2A. Sides of shape are all of equal length…                                                           …3

  2B. Sides of shape are not all of equal length…                                                   …RECTANGLE

   

  3A. Shape has three sides …                                                                                     …TRIANGLE

  3B. Shape has four sides …                                                                                       …SQUARE

   

   

  Select SIX of the soil organisms you identified in this lab and create a dichotomous key that can be used to identify them.

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

  Key approved by: ___________________________________________________________

  




  
  





Lab 8 Assignment: Identification Workshop


  
  Name: _________________________________

  Family Identification: List three insects you were able to identify to family, get them checked as you go:

   

   

  Order: ______________________________     Family: _______________________________ Check:

   

   

  Order: ______________________________     Family: _______________________________ Check:

   

   

  Order: ______________________________     Family: _______________________________ Check:

   

   

  




  
  





Week 9: Reading


  
  The Human Body Biome

  Arguably, the most dangerous organism to mankind is a tiny Dipteran: the tiny mosquito (of which there are several species globally), are responsible for vectoring many diseases. One of the diseases vectored by mosquitoes, the protist that causes Malaria, is responsible for approximately one million human deaths each year, and infecting around 10% of the total human population each year. The mosquito is not alone: there are many other Diptera species that will feed on the blood of other organisms, and more insects in other orders as well (a few common ones listed at the end of this section).

  The Diptera are divided into three sub-orders: the Nematocera (long-horned flies), the Brachycera (short-horned flies), and the Cyclorrhapha (the aristate flies). The “horn” refers to the length of the antennae, though it’s important to note that both the Brachycera and Cyclorrhapha have short antennae – the Brachycera have stylate antennae instead of aristate (this might be a good time to review antennal structures and shapes).

   

  Sub-Order Nematocera

  
    [image: ]
    Figure 9-1: Only female mosquitos feed on blood. Males lack a proboscis capable of penetrating skin. Image source: https://pixabay.com/photos/mosquito-female-aedes-albopictus-1332382/

  

  Mosquitoes belong to the family Culicidae (figure 9-1). Females of mosquito species are the blood-feeders, seeking out prey by following CO2 plumes from exhaled breath, the scent of lactic acid and other cues. Females can feed on several different hosts of different species, and once engorged, stretch receptors in the abdomen trigger egg maturation using the nutrients gained. As a result, a well-fed female can experience more frequent reproductive events, laying a few hundred eggs each event. The eggs are usually laid in wet or moist conditions, and can survive drying regimes as long as 8 months until water returns, triggering hatch (the larvae and pupae cannot survive without water). In general, male mosquitos do not blood feed (in nature) because they lack the proboscis structure capable of penetrating the skin to blood-feed, thus consuming mostly nectar for sustenance.

  
    [image: ]
    Figure 9-2: Commonly known as “mosquito eaters” or “mosquito hawks,” the Crane Fly (Tipulidae) does not feed on mosquitos at all. Image source: https://www.flickr.com/photos/livenature/4374686048

  

  Though mosquitoes are prey for many predatory species, there is no evidence that they are vital to any one ecological system for nutrient and energy transfer – most predatory species feeding on mosquitos have a wide range of prey species available. In addition, the “mosquito eater” or “mosquito hawk” as it commonly called (figure 9-2) does not feed on mosquitoes at all. Another Nematoceran, these crane flies belong to the family Tipulidae, and as adults have atrophied gut parts. They do not feed as adults at all.

  
    [image: ]
    Figure 9-3: Insects in the family Chironomidae does not pose a health risk to humans as they are not a “biting” insect. Image source: Image source: https://www.flickr.com/photos/livenature/4374686048

  

  There are several families that can be folded into the general designation “midges” (common name), and of these there are a few that will feed on human blood, animal blood, and the hemolymph of other arthropods and insects. The exceptional family in this regard are the Chironomidae (figure 9-3), which although can be a pestilence due to sheer number in areas of synchronized emergence, do not pose a human health risk as biting insects. The common name “no-see-ums” usually refers to midges in the family Ceratopogonidae, insects known for causing several itchy bites that don’t rise or becoming irritating for hours following the actual bite. The salivary elements of these insects and the number of bites accumulated have caused reactions that persist for weeks on end, headaches and even symptoms of vertigo that persists for days on end. Because of their small size, black flies (family Simuliidae) are sometimes confused as midges; though these are in the sub-order Nematocera, they are more robust in appearance and not part of the general group of midges.

   

  Sub-Order Brachycera

  
    [image: ]
    Figure 9-4: A member of the family Hippoboscidae, also known as “keds.” Image source: https://commons.wikimedia.org/wiki/File:Hippoboscidae_(17155055946).jpg

  

  Hippoboscidae are a family of blood-feeding parasites that usually plague only livestock in high numbers, but can be detrimental to milk production and vitality so much so that young can die of the induced stress. There are species both winged and wingless in this family, generally referred to as “keds” (figure 9-4), and each species is host-specific. A deer ked may bite a human and feed on blood, causing and irritating rash at the site, but deer keds cannot complete their lifecycle on human blood – they require blood from a deer.

  There are several additional species in the Tabanidae family, generally referred to as “Horse Flies” or “Deer Flies” (figure 9-5) that are less specific to the species. These flies can deliver a very painful bite – not nearly as subtle as the delicate proboscis of the Nematocera, but instead using a saw-like mouthpart to penetrate the skin. In many species, the saliva contains an enzyme that behaves as an anti-coagulant, causing the host to bleed freely while the secondary mouthpart, the labellum, is used as a sponge to ingest the blood.

  
    [image: ]
    Figure 9-5: Members of the family Tibanidae, also referred to as “Horse Flies” or “Deer Flies” produce a painful bite in order to feed. Image source:  Image source: https://commons.wikimedia.org/wiki/File:The_Amazing_Eyes_of_a_Horse_Fly.jpg

  

   

  Sub-Order Cyclorrhapha

  Members of this sub-order also have a simplified labellular mouthpart, but though few are biting/feeding on humans as adults, they can cause discomfort through the spread of waste and disease, like the common house fly in the family Muscidae. Not only are these notorious for the spread of diphtheria, dysentery and even plague, but their affinity for decay can be problematic for other reasons. For example, forensic scientists attempting to determine cause of death based on blood spray patterns can find confusing traces of blood where flies have waded through wet material and spread it to other locations.

  
    [image: ]
    Figure 9-6: The Calliphoridae flies are the first to arrive on a decomposing carcass, laying their eggs within minutes of death. Forensic scientists can observe the stage of development of these flies to determine a time of death. Image source: https://commons.wikimedia.org/wiki/File:Calliphora_sp_(larvae).jpg

  

  Also notorious for their affinity for decomposing meat, the larger Calliphoridae flies are typically the first visitors to a carcass, the adults flying in to lay eggs in the meat within minutes (figure 9-6). These are the most common flies used to establish time of death in forensic science, though they aren’t only about dead food materials. Calliphorid maggots have enjoyed somewhat of a resurgence for use in medical debridement procedures, as they can rapidly remove dead and dying tissue thus stimulating new growth and healing. The saliva of these species contains natural antimicrobials to protect the feeding maggots, and thus, medical maggot debridement tends to keep wounds clean.

  A closely related family, the Phoridae,include one species commonly referred to as the “coffin fly”. Like the Muscids, Megaselia scalaris is often found where refuse and decay abound. There are many practical uses for this species: first, they are used a indicators of neglect or abuse, unsanitary care conditions in places like orphanages and nursing homes; second, these insects can help forensic scientists locate crude burial sites, even in cases where the inhabitant of the “grave” has been buried for several months. These flies are so adept at finding resources that they can find sites where carrion has been buried several feet below the ground and actually prefers carrion in advanced stages of decay.

  Common Non-Dipteran Feeders:  Siphonaptera (Fleas), Bed Bugs (Heteroptera: Cimicidae), Kissing Bugs (Heteroptera: Reduviidae), Anoplura (Sucking Lice)

   

  Insect Stress

  There are other ways for insects to behave as a human stress factor besides feeding on blood and tissues – there are a multitude of biting, stinging insects that often surprise and disrupt typical human activities. This has not escaped the attention of especially enterprising humans over the ages, and as a result the tendency for unpleasantness with these types of insects has been capitalized upon for reasons of war and retribution.

  One of the first methods of waging war involved the hurling of bee hives at the enemy, and our technology utilizing insects are tools of war has evolved greatly. For example, during World War II the notorious commander Shiro Ishii was responsible for the deaths of over 3,000 Chinese captives, lost to his insane “experiments” attempting to harness insects as vectors of disease that could be mass reared and released on enemy forces – specifically, fleas carrying bubonic plague.

  Unfortunately, Ishii hasn’t been alone in history in his endeavors, and indeed the US has a medical command installation at Fort Detrick, where a great deal of research concerning potential bio-warfare agents are studied and developed. These agents included diseases caused and vectored by everything from bacteria to insects and rodents.

  Not all of the work involving these pesky species is meant for the offensive, however; there is also ongoing research and rapidly-advancing technology that could stay the effects of one such biological attack on the U.S. One of the more prevalent programs has developed Sterile Insect Techniques (SIT) with applications that are broadly meaningful. SIT programs create massive numbers of sterile male insects, like male mosquitos, that are released into local breeding populations to compete for the females as mates. Females mating with the sterile males produce no young, and in areas where these programs have been utilized over the last 10 years, we’ve seen drastic reductions in populations. With the decrease in mosquito populations, there is a much better chance of containing the spread of mosquito-borne diseases. With advances in this field, it may become possible to harness this technology to also better manage agricultural pests.

  
    For further reading on this subject:
  

  Jeffrey A Lockwood. Six-legged soldiers: using insects as weapons of warfare. 2009. Oxford University Press Inc; New York.

  

  




  
  





Insect Collection


  
  ENT 311: Collection Requirements

  [ DOWNLOAD PDF ][ DOWNLOAD WORD ]

  General Instructions

  Over the 10-week progression of the term, you will collect and preserve specimens to create a collection that will be turned in at the end of the term for a significant portion of your lab grade. You will be given the tools to complete the collection, and we will have at least one day in class to collect as a group, and several days where time will be permitted for you to work on your collection with the aid of the lab instructor.

  As you collect, you must take notes on the location, date, time, and ecological system in which you catch each specimen.

  At the start of each week, you will be expected to bring in three new specimens and the associated field notes. It may be helpful to collect your notes in a single pocket-sized notebook; this information will be used to create the labels for your specimens.

   

  Collection Requirements

  
    	25 individual families must be collected and correctly identified

    	Field notes on each specimen will be recorded at time of collection

    	Each specimen is to be properly curated with correct labeling

  

   

  Grading

  For each specimen in the collection, one point each will be awarded for correct Order ID and correct Family ID. One point will be awarded for each correct label as well, for a total of 4 points possible per specimen. Total points possible for the collection is 100 points.

  Students may earn extra points per specimen by including a third “Applied” label noting ecological/life history information. This can denote gender (ONLY if externally discernible), separate life stages (up to three), parasitoid/prey relationships, caste (Hymenoptera and Isoptera only), and mimicry (must have mimic and model). For example, a collection may receive credit for two Dermaptera: Forficulidae specimens if they are labeled correctly as male/female, even though both specimens are the same family. At least TWO specimens with differing applied labels must be presented for the extra points.

   

  Accepted Applied Labels

  Gender: Male/Female

  Life Stage: Eggs/Immature larvae/Mature Larvae/Pupae/Adult

  Trophism: Prey/Parasitoid (must identify counterpart, i.e. Prey (of Braconidae); Parasitoid (of

       Aphididae))

  Caste: Worker/Reproductive/Soldier

  Mimcry: Mimic/Model (must identify counterpart, i.e. Mimic (of Apidae); Model (for Syrphidae)).

  

  Correct Labeling

  The applied label should be placed below the other two required labels (refer to Week 1 Reading). You will not be awarded extra points without the third label.
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