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INTRODUCTION


 Insects are among the most diverse and abundant animals. If the services insects provide everyday (for free) disappeared suddenly, humans would soon disappear. Insects keep us healthy and fed because they clean water, pollinate flowers that produce 1/3 of our food, breakdown waste and decompose plants and animals. Despite their importance, insects remain little appreciated and poorly understood primarily because of their small size. Most of the 1-20 million species (of which only 700,000 have names) are less than 1/3 inch long. This entire world of small creatures exists literally under your feet. The goals of the following activity are to introduce you to the incredible diversity of insects, to some basic methods of insect identification and classification, and to provide sorted and characterized insects to screen for Wolbachia and other insect bacterial symbionts by PCR (polymerase chain reaction), the next exercise in this series.

In this activity we assume that you have a batch of insects in ethanol that have been stored in the freezer, either you collected from a previous exercise or that were provided to you by a biological supply company or other source.  You will sort the collections into “morphospecies” (individuals that have similar morphology and are probably members of the same species), identify the common morphospecies to taxonomic order, and prepare vouchers and specimens that will be analyzed for microorganisms. Vouchers are “copies” of the insects you will test for microorganisms and represent the only way the insect hosts can be linked to the bacteria that inhabit them. 

Look carefully at the samples. Notice there are many species that range in size from so small you can barely see them to very large. Are some males and females of the same species, or are they different species in groups? That these samples were taken in the same location increases the chance that similar-looking specimens are the same species. However, determining the scientific name of insects is very difficult because there are so many species. By keeping those parts of the animal you do not use to search for microorganisms, as well as an individual that looks similar to the specimen you destroy, we can eventually determine the name of the host later yet continue to look for interesting microorganisms now. So, it is essential to maintain a voucher for each “morphospecies” that will be screened for Wolbachia.
By the end of this exercise we will 1) discover the variety of insects one can collect in one location, 2) sort the collection into “morphospecies”, 3) choose five species to test for microorganisms, and 4) prepare one sample that will be the specimen used to examine for microorganisms and another voucher of the specimens you believe are members of the same “morphospecies”.

MATERIALS
Bent probes
Micron pens

24-32 lb. Bond paper
Forceps
Petri dishes (35 x 10 mm, 100 x 15 mm, 150 x 20 mm – 4 per workstation)
Dissecting scopes

Small squirt bottles for ethanol

Gloves

Plastic eye drops
95% ethanol

sharpie permanent ink pens

EQUPMENT
Dissecting scope

Illuminator 
Digital Camera (optional but recommended).
PROCEDURE 
A. Basics:  The basic procedure is that we will be sorting insects into morphospecies using a microscope, while keeping the insects in ethanol.  The reason for the ethanol is that this preserves the DNA for future screening of the insects by PCR.  Insects in ethanol should always be stored in the freezer when not being used in the lab. We will then take a “voucher” for a set of insects and identify them to Order (or better) using a set of on-line identification keys and books. We will then select 1 or more specimens from a set of morphospecies for screening by PCR.

Figure 1. Flow chart of insect identification laboratory
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B: Procedure in Steps: 
1. Save all labels with locality and collection information in a safe place.

2. Slowly pour all or some of the contents of the collection bag through an aquarium net into the largest-sized petri dishes. The specimens are delicate so pour them out very carefully. Rinse small insects from the net with clean 95% ethanol using the squirt bottle. Use as many petri dishes as needed to hold the contents in the bag. Always cover the petri dishes when they are not in use to prevent the ethanol from evaporating away.

3. If needed, remove extra fluid in the dish with the transfer pipette (= eyedropper) taking care not to remove small insects at the same time. Look through the dissecting scope as you do this.

4. While maintaining the insects in ethanol in the Petri dish, sort specimens into the general groups, such as earwigs, butterflies, wasps, and flies. Using the forceps, place each of these groups into separate medium- or small-sized Petri dishes. 

5. Now pair up with a partner who has specimens from the same collection. Do not combine specimens from different collections! Select a group you would like to sample for microorganisms and then combine your sample of that group with the sample of the same group your partner sorted out. Your partner will then combine samples from you and him or her of a completely different group of insects. 

6. Now, sort similar looking specimens into morphospecies. Choose five morphospecies for the microorganism study. In general, it is best to use smaller species because these are easier to dissect and they preserve better so are more likely to have bacterial endosymbionts (big insects rot more quickly which degrades the DNA). 

7. Place two individuals of these morphospecies into glass vials filled halfway with clean ethanol. Use large vials for large specimens such as butterflies, and small vials for small specimens. Return the specimens you will not use to a large vial or the plastic bag they came in originally.

8. Make 2 labels for each vial and the original sample on bond paper with the micron pens. Record all the information on the original label on one of these labels. Record your name, the date, the Order you identified the species to, and the voucher number (see examples below). 
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9.  Identify specimens to Order. With computers, identification no longer requires an expert. The web site we will use is at the following address: http://pick4.pick.uga.edu/mp/20q?guide=Insect_orders  




Recall that insects have three main body regions, head, thorax and abdomen. On the head of most insects are conspicuous eyes, mouthparts, and antennae, on the thorax are the wings and legs, and on the abdomen are the reproductive organs (where many of the endosymbiotic bacteria live). Not surprising, however, it is common for there to be exceptions to the body plan. Many insects lack wings or legs, some are eyeless, etc. These features allow us to classify them as groups. Insect Orders are the large groups you are probably familiar with such as moths and butterflies (Order Lepidoptera), beetles (Order Coleoptera), bees, wasps and ants (Order Hymenoptera), and flies (Order Diptera). Notice that each of the Order names end the same way in –ptera. This word means wing and the wings are one of the most conspicuous ways Orders of insects differ. The key we are using allows you to look at the wings and several other features of the legs, mouths and abdomen. What is nice about these kinds of identification keys is that you can correctly identify your insect even if you cannot answer all of the questions. Answer those questions you understand. By clicking on the picture, an more detailed explanation appears that often helps those of us who are “insect challenged”. Anytime in the process of answering questions you can click on the identify button. On the left will be the groups that have the characteristic or characteristics you have chosen. Click on the simplify button and this will eliminate unimportant characteristics from the list and show only the characteristics that might help you identify your organism from others. 

List of the common, conspicuous Orders:

Coleoptera (= beetles; 370,000 species) Fore wing a hard protective cover, hind wing membranous

Collembola (=spring tails; 6,000 species) Tiny wingless creatures with a “spring” on the end of the abdomen

Dermaptera (=earwigs; 1,200 species) First pair of wings very short, abdomen exposed, “forcep-like” appendages at tip of abdomen

Dictypotera (=cockroaches and mantids; 6,000 species) Two pair of wings, the forewings thickened and the hindwings membranous

Diptera (=flies, 120,000 species) Single pair of membranous wings

Ephemeroptera (=mayflies; 2,000 species) Two pair of membranous wings which they can fold over their back

Hemiptera (=true bugs; 50,000 species) First pair of wings thickened at the base, sucking/ piercing mouthparts

Homoptera (=aphids, scale, whiteflies; 32,000 species) Often wingless, but the forewing is uniform (all membrane or all thickened) when wings present

Hymenoptera (=bees, wasps, ants; 108,000 species) Both pair of wings membranous and hooked together

Isoptera (termites; 1,900 species) When winged, both pair membranous and similar in size

Lepidoptera (= butterflies, moths, skippers; 140,000 species) 2 pair of wings covered with small scales 

Nueroptera (=dobsonflies, lacewings, antlion, owlflies; 4,700 species)

Odonata (=dragonflies, damselflies; 5,000 species) 2 pair of wings with many veins, aquatic larvae

Orthoptera (=grasshoppers, crickets, katydids; 17,000 species). Two pairs of wings, hindleg often enlarged

Siphonaptera (=fleas 2,300 species) Permanently wingless ectoparasites of vertebrates

Thysanura (=silverfish, firebrats; 350 species) Wingless with three long “tails” at the end of the abdomen

Trichoptera (caddisflies, 7,000 species) 2 pair of hairy wings

10. Optional: Take a voucher image with a digital camera
Microorganism course, Woods Hole, Mass., USA 1 April 2005


J. Carson, B. Daring


Voucher for specimens# 2005-0002





USA: Arizona, Cochise Co.


30km east of Douglas


26 March 2001, A. Romero


by Malaise traps 





Take voucher image





Label study specimens





Label voucher





Identify to Order





Individuals into separate vials





Select morphospecies





Combine samples with partner





Choose one major group





Sort to major groups by eye





Pour contents into large dish





3. Voucher Preparation





2. Morphospecies sort





1. Group sort





Biodiversity samples from freezer
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