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  To the creatures we accidentally harmed in the making of this book:
Our intention was never to harm you, but to better understand you, to share your stories with our readers, and thereby win you respect.
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  Introduction
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  We were on a tight schedule: 15,000 miles in forty days. We had just driven the first 1,600 miles from our starting point in New England—with stops including the Delaware Water Gap, Virginia’s Great Dismal Swamp, coastal North Carolina, and the Great Smoky Mountains—and were hoping to make the most of our short time in a new ecoregion, the Inner Plateau of Tennessee, where Noah grew up. In the morning, we packed up our cameras and headed outside, bound to fully explore the surrounding wilderness. Five hours later, Noah’s mom poked her head out the front door. “Why are you two still standing around in the driveway?”




  The work of invertebrates is all around us. Pausing to examine the miniature worlds we habitually overlook reveals a remarkable diversity of stunningly complex patterns. Perhaps you have already pondered the intricate scratch marks in the algae on your picnic table, wondered what creature is responsible for the papery red discs you find stuck to logs in your woodpile, or wanted to know who has been cutting those clean circular holes out of the leaves in your rosebush. While working on this book, we sought out sign of invertebrates in the depths of pristine wildernesses from all the major ecotypes in North America. Yet the phenomena we found most compelling were the ubiquitous ones that probably can be found right around your house, if not in your house, such as green lacewing eggs, slug tooth marks, leafcutter bee sign, and pirate spider egg sacs. Indeed, when we set out on walks to search for invertebrate sign, we usually found it difficult even to make it to the end of the driveway. There were too many subjects to photograph on the leaves of every shrub and tree we encountered.




  When you encounter one of these mystery signs, it’s hard to know where to begin in identifying it. Although you may stumble by chance on the answers to some such riddles in the fine print of a conventional field guide, this book is devoted entirely to them. We have brought a large amount of widely scattered, and sometimes obscure, information together in one place in an effort to make these answers more accessible.
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  A distinctive but ephemeral insect sign: the shadow of a water strider (Gerridae) on the bed of a stream. (MA)




  We have attempted to organize this book by what we see, not what we know. Our goal is to provide a tool for when you have no clue what something is, but you can describe what it looks like. You will not find a section describing all the things beetles do. Instead, the life of a beetle is spread across the chapters on eggs, pupae, droppings, and so on. In this way, many of our chapters loosely correspond to the major ethological classes used by ichnologists.


  

 


 

  What Is Covered in This Book?




  The title of this book, Tracks and Sign of Insects and Other Invertebrates, probably requires some explanation. Tracking, at its most basic level, is learning to identify animals by the evidence they leave behind. Tracks are the animals’ actual footprints; everything else is considered sign: droppings, feeding traces, nests, remains, burrows, and so on.




  Typically, tracking is thought of in terms of studying vertebrates, in particular mammals. But vertebrates—animals with backbones—represent just one phylum out of more than thirty that make up the animal kingdom. In fact, they—or rather, we—don’t even get a whole phylum, but must share Chordata with the sea squirts. Invertebrates are all the members of the animal kingdom that are not vertebrates; that is, everything except mammals, birds, reptiles, amphibians, and fishes. Take a look at the cladogram (“family tree”) on the inside of the covers, and you will see that this means much more than just insects. The groups depicted in this tree are only those that are mentioned in this book, and they represent fewer than half of the animal phyla.




  Broadening the idea of tracking to include invertebrates introduces a number of interesting types of sign that are not produced by vertebrates. These include webs, cocoons, galls (plant deformities), and evidence of parasitism. Also included in this book are eggs and pupae, which arguably are not true sign but are cryptic life stages of the animals themselves, although certainly hatched eggs and empty pupal skins fall into this category. Regardless of where you draw the line, eggs and pupae are largely neglected in field guides, so they fall within our general mission of shedding light on invertebrate-related mystery objects.




  Invertebrates present a formidable challenge in their numbers; there are more species of North American invertebrates than there are words in this book. In order to be as thorough as possible, we provide descriptions that generalize across groups of related species, and then note the most common species representative of these groups and the species with particularly distinctive sign.




  As with any field guide, this book aims to help you identify discrete things, and in so doing, it separates its subjects from their natural context. We have tried to include enough about the life histories of the animals involved to give some meaning to the sign we describe. Nevertheless, this book is largely focused on minutiae, and it is easy to lose sight of the major role invertebrates play in the world. With a size-biased perspective, the earth seems to be dominated by vertebrate animals and vascular plants.
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  A more persistent insect sign: forked trunks on white pines are often the result of white pine weevils (Curculionidae: Pissodes strobi) killing the terminal leader many years before. (MA)




  A broad interpretation of invertebrate sign includes phenomena that span many spatial and temporal scales, as illustrated by the images scattered through this introductory chapter. At one extreme is the fleeting shadow of a water strider on the bottom of a stream. A much more persistent sign is the forked trunk of a white pine where white pine weevil larvae killed the terminal leader decades ago. At a larger spatial scale, a whole stand of pines may be decimated by a dense population of bark beetles. You may also consider the feeding activities of vertebrate predators as conspicuous evidence of the presence of insects. A series of deep holes in a pine made by a feeding pileated woodpecker is a sure sign that the tree is inhabited by a colony of carpenter ants. For the most part, this book adopts a more conservative interpretation of invertebrate sign, focusing on the moderately persistent marks that invertebrates directly produce.




   


   

  What Is Not Included?




  Images of the actual animals responsible for the sign are conspicuously absent from this book, except incidentally. More than two thousand species are mentioned, and there is not room for pictures of them all. Another desirable but missing feature is range maps. This is partly for the same reason, but also because the ranges of most species are incompletely known, and those of many are continually expanding or shifting as a result of accidental or intentional transportation by humans, as well as climate change. Many insects are linked to particular plant species, however, and their ranges can be inferred by the ranges of their host plants. Additionally, in many cases we discuss sign not in terms of individual species, but of larger groups that are distributed across much of North America. Where possible, for those insects that have more limited ranges, these have been indicated parenthetically, sometimes with abbreviations of states and provinces, but more often by general regions, using somewhere near Nebraska as the center point of reference. For instance, “NE” indicates the northeastern United States and eastern Canada; “SW” indicates the southwestern United States and adjacent Mexico.




  This book does not include sign of members of other kingdoms, such as bacteria and protozoa. These are not animals and therefore are not categorized as invertebrates, even though they lack vertebrae. We do, however, discuss sign of some fungi, viruses, and bacteria that are pathogens of invertebrates.




   


   

  Taxonomy and Terminology




  A guide to insects and other invertebrates cannot avoid using scientific names. This is partly to be clear about what animal is being referred to and partly because many simply do not have common names. We have included common names wherever possible, although we have omitted some that are misleading and in most cases are not likely to be recognized anyway. An example is the maple leafminer. To use this name implies that it is the only insect that mines maple leaves, when in fact many do so, and it is completely arbitrary to designate one species as the maple leafminer.
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  Insect sign on a landscape scale: pines killed by extensive tunneling of the mountain pine beetle (Curculionidae: Dendroctonus ponderosae). (MT)




  Whether or not a common name is used, we have included the Latin binomial name (genus and species) and the family to which the species belongs. For example, the grape flea beetle is Altica chalybea (Chrysomelidae). Altica is the genus, which includes more than fifty other North American species. When several species in the same genus are mentioned in the same paragraph, the genus is abbreviated; for example, the elm flea beetle, Altica carinata, may appear as A. carinata.




  The Linnaean classification system has seven basic ranks: kingdom, phylum, class, order, family, genus, and species. The leaf beetles (Chryso-melidae) are one family within Coleoptera, the beetles, which is one order within Insecta, the insects, which is one class within the phylum Arthropoda, the arthropods. Within these ranks are many subdivisions. For instance, the genus Altica is one of many genera that form the tribe Alticini, the flea beetles, which in turn is one of several tribes in the subfamily Galerucinae, the skeletonizing leaf beetles. The names in these divisions all have consistent endings: tribes end in “-ini,” subfamilies in “-inae,” families in “-idae,” and superfamilies in “-oidea.” Instead of using common names, one may refer to the groups by modifying these endings to form nouns or adjectives: the galerucines are the skeletonizing leaf beetles; chrysomelid beetles are the leaf beetles.




  It’s a great system, in theory. The problem is that names are constantly changing, for a variety of reasons. It may be found that two names have been used to describe the same species, so the newer one is discontinued, or what was thought to be one species may actually be two or more species, all but one of which then get new names. Although changes of this sort are clearly necessary, others may seem more arbitrary, such as when one genus is split into several genera or several genera are lumped into one. Ranks also may be changed, such as suborders promoted to orders or families demoted to subfamilies. These changes are ongoing, even at the kingdom level. As a result of all this, common names often turn out to be more stable than the scientific names, to the extent that they may be your only way of knowing what species older literature is referring to if you don’t have access to databases of scientific names and their synonyms.




  In this book, every effort has been made to use the currently accepted names for all groups, from species on up to phylum. This means that the names used may often differ from those in many, or even most, other books. One would hope that names are beginning to stabilize after more than three hundred years of sorting them out, but it’s likely that some will already be out of date by the time this is printed.




   


   

  Ichnology as a Discipline of Geology




  Geologists will recognize this book as an exercise in ichnology, the study of tracks and traces. More specifically, this book focuses on neoichnology, the study of modern traces made during the Holocene (present) era. Geologists have long been fascinated by paleo-ichnology, the study of fossilized tracks and sign. Beyond dinosaur footprints, remarkably abundant invertebrate tracks and sign have been preserved in sedimentary rocks: 30-million-year-old spider webs, 50-million-year-old dung beetle nests, 80-million-year-old leaf mines, 150-million-year-old caddisfly cases, 250-million-year-old scorpion tracks, and 300-million-year-old galls.
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  Insect sign by association: the feeding sign of vertebrate predators is sometimes the most conspicuous evidence of an insect’s presence. In this case, a pileated woodpecker has been hunting carpenter ants (Formicidae: Camponotus). (MA)




  For geologists, identifying the trace makers not only tells about the history of the organisms but also provides insight into the ancient environment. If you know the habitat preferences of a suite of fauna and find the tracks of these animals in a plane of sedimentary rock, then you can infer the presence of that habitat when the original sediments were deposited.




  To describe trace fossils, ichnologists have developed classification systems akin to the Linnaean system used to name biological species. The names describe the traces themselves, not the organisms that created them. The ethological system describes traces based on what the animal was doing (ethology is the study of animal behavior). For example, Repichnia is the class of traces that are formed when organisms walk across surfaces (what we think of as classic tracks). In the 1920s, a geologist found a type of Repichnia fossilized in sandstone and described it using the ichno-taxonomic system, with the ichnogenus name Paleohelcura and the ichnospecies name tridactyla. In the 1940s, another geologist experimenting with live invertebrates hypothesized that Paleohelcura tridactyla could have been made by a walking scorpion. But scorpions can make other types of traces, and other types of organisms could potentially make Paleohelcura tridactyla tracks. Matching a biological species to an ichnospecies is extremely difficult and rarely achieved. Including the ichnological classifications of the traces we present is beyond the scope of this book, though we hope our efforts are nonetheless helpful to paleoichnologists.




   




  Tip of the Iceberg




  Each of the following eighteen chapters could and should be expanded to a whole book of its own. Some of these books already exist, but much more is waiting to be discovered and written about. The choice of which invertebrate sign to represent by images in this book was determined largely by which sign we happened to encounter. We felt it a reasonable assumption that two trained naturalists versed in minutiae examining the natural world over the course of two years would find the most common invertebrate sign. To the extent that this holds true, we have provided representative photographs of the things you are likely to find while wandering the landscape. We no doubt missed many things and probably misidentified a few. This is a book that begs for someone to write another volume. We invite you to visit our websites, www.charleyeiseman.com, www.noahcharney.org, and www.NorthernNaturalists.com, to offer your photos, comments, and corrections. Go out and explore the world and see what you find.



















	
Eggs and Egg Cases
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  Given that there are almost as many kinds of invertebrate eggs as there are invertebrates, it might seem hopeless to try to identify them. In fact, though, there is a tremendous amount of variation in egg morphology, and species within a given taxonomic group tend to produce eggs that share distinctive features. So although identification to species level may not be possible, determining the order or family often is straightforward. As with all track and sign interpretation, knowing the natural history of the animals involved is key to identifying a list of possible suspects and then whittling it down.




  A number of things may be confused with eggs or egg cases, including scale insects, whitefly pupae, small cocoons, and galls. Masses of round fruiting bodies of slime molds, which may be bright pink or other colors, could be mistaken for insect eggs, but they are on short stalks and bear no resemblance to the few kinds of insect eggs that have stalks.




   




  Eggs Absent or Carried or Guarded by Parents




  First, it should be noted that you will never see eggs for some species. Scorpions, for instance, all give birth to live young, as do giant cockroaches (Blaberidae). Several types of parasitic insects give birth to live larvae, including the twisted-winged parasites (Strepsiptera), louse flies (Hippoboscidae, which in some cases even give birth to pupae), bot flies (Oestridae) in the subfamily Oestrinae, many tachinid flies, and some blow flies (Calliphoridae) and flesh flies (Sarcophagidae). This is also the case with some parasitic mites.




  Aphids give birth to live young throughout the growing season, although they lay eggs that overwinter. Certain other Sternorrhyncha, such as the California red scale (Diaspididae: Aonidiella aurantii) and some mealybug species, either give birth to live young or lay fully incubated eggs that hatch almost immediately. Some thrips species also give birth to live young.




  Parents in some invertebrate groups lay eggs but carry them until they hatch, so you would not normally find these eggs unattended. This is true of virtually all crustaceans, including crayfish, shrimp, amphipods, copepods, crabs, and isopods (including woodlice). Freshwater bivalves hold their eggs in their gills until the eggs develop into young larvae, with the sole exception of the introduced zebra mussel (Dreissenidae: Dreissena polymorpha), whose eggs develop quickly into larvae on being released into the water. Water scavenger beetles (Hydrophilidae) in the subfamily Sphaeridiinae carry their eggs attached to their hind legs, and Helochares maculicollis carries her eggs under her abdomen, as do beetles in the related family Epimetopidae. By far the most conspicuous of the egg carriers are giant water bugs of the genera Abedus and Belostoma, in which the males carry large clusters of the pale, brown, elongated eggs cemented on their backs.




  Several other terrestrial arthropods in addition to woodlice carry their eggs. Female two-pronged bristletails (Diplura) in the family Japygidae carry their eggs beneath them until after they hatch. Eggs of whipscorpions (Uropygi) and tailless whipscorpions (Amblypygi) are carried in a transparent sac under the female’s abdomen, and a female short-tailed whipscorpion (Schizomida) waits underground with her eggs attached to her abdomen in a spherical mass. A female pseudoscorpion carries her eggs in a raspberry-shaped mass surrounding a sac that is attached to her abdomen. Several types of spiders carry their egg sacs.




  Other invertebrates guard their eggs until they hatch, often protecting their hatchlings for some time as well. In many cases, you would not come across these without flipping over logs or looking in other hidden places. Female earwigs excavate cup-shaped cavities in the soil under rocks, boards, or debris, where they stay with their clusters of 2-mm-long, white, cylindrical eggs. Webspinners (Embiidina) guard small clusters of curved, elongated eggs with sloping “lids” in their silk-lined tunnels, and zorapterans guard eggs in their small colonies under logs. Female scolopendromorph centipedes coil around their eggs in excavated chambers under rocks or in rotting wood. Some female geophilomorph centipedes guard their eggs as well, as do male platydesmid millipedes. Mole crickets (Gryllotalpidae) guard eggs in special chambers in their underground tunnels. Bess beetles (Passalidae) live in family groups in decaying logs, where they not only guard their eggs and young, but also help them construct their pupal cells. At least some toad bugs (Gelastocoridae) and acanthosomatid shield bugs guard their eggs until they hatch, as do many treehoppers (Membracidae) and the horse fly Goniops chrysocoma (Tabanidae). Termites, ants, and social bees and wasps all protect their eggs and young in their nests.




   




  Eggs Inserted in Terrestrial Vegetation




  Many insects have specialized ovipositors that they use to insert eggs into plant tissue. In some cases, no visible trace remains to indicate that they have done so, but in others, you can see obvious marks or bulges. In woody plants, oviposition scars may be evident for years afterward; these are discussed in chapter 13, along with the more conspicuous wounds in herbaceous stems. Some examples of oviposition wounds in other plant tissue are discussed in chapter 9. Gall-making wasps and flies insert their eggs, and the galls that develop are soon more conspicuous than any oviposition mark that might have been there. Within a given insect species, the oviposition sites may be more or less evident, depending on where the eggs are inserted. The eggs tend to be white or sometimes pale yellow or green.




  Katydids (Tettigoniidae) have distinctive, flattened, oval eggs, which can be up to about 5 mm long. Some species attach them to the surface of vegetation, but others insert them into various plant tissues. Scudder’s bush katydids (Scudderia) insert their eggs in the edges of leaves, from which the tips of the eggs may be seen jutting out. The narrow-beaked katydid (Turpilia rostrata; FL) neatly inserts its eggs in the edges of palm leaves, giving the leaves a studded appearance.




  Sawflies get their name from the sawlike ovipositor that females of most species use to cut a slit into plant tissue before laying each egg. Their eggs may be oval, oblong, or kidney-shaped, and up to about 2 mm long. They absorb plant moisture and increase in size after they are laid, so they can produce conspicuous bulges in leaves and stems. They are often inserted end to end in rows along major leaf veins, or at regular intervals along the edge of a leaf. The larch sawfly (Tenthredinidae: Pristiphora erichsonii) inserts its translucent eggs in closely packed slits under the bark of terminal larch twigs, causing the twigs to curl slightly. In some cases, such as with diprionid eggs in conifer needles, the plant tissue may burst open and expose the eggs.




  As far as is known, all leafhoppers (Cicadellidae) insert their elongate eggs (generally 0.5 to 1.5 mm long) in plant tissues. They are usually laid singly or a few at a time. When many eggs are inserted parallel to one another under the epidermis of a leaf (e.g., by Cuerna species), the epidermis may become separated, appearing as a whitened area. On close inspection, the eggs are clearly visible. Other leafhopper eggs may be visible only as tiny punctures in stems, petioles, or larger leaf veins, sometimes in rows. When in leaves, they are usually inserted in the undersides.




  Plant bugs (Miridae) insert their eggs into plant tissue, generally the petioles or stems. The eggs of many have two filaments at one end, which project from the tissue in which they are laid. At least some eggs are described as being tiny, pale green, elongate, and slightly curved. The four-lined plant bug (Poecilocapsus lineatus) cuts lengthwise slits in stems, each containing six or more eggs inserted perpendicularly.




  Many leaf-mining insects insert their eggs in leaves. In addition to sawflies, this is typical of agromyzid flies. The leaf-mining weevils lay oval, flattened eggs singly in holes chewed in leaves. They swell like sawfly eggs, often causing conspicuous discoloration in the leaf. A few leaf-mining moths have ovipositors equipped to insert eggs into leaves. Dyseriocrania auricyanea (Eriocraniidae) inserts its eggs singly near the edges of opening oak and chestnut leaves. They are capsule-shaped and also swell substantially. The maple leafcutter (Incurvariidae: Paraclemensia acerifoliella) inserts many tiny, elliptical eggs in the underside of a single maple leaf, often in chainlike rows of six or more. The scars are obvious on the leaf underside and appear as yellow stippling on the upper side.




  Trigonalid wasps insert tiny eggs in slits near the margins of leaves. You probably never will see these, but we couldn’t resist mentioning the bizarre strategy of these wasps. The eggs do not hatch until swallowed by a caterpillar (or sawfly larva) feeding on the leaf. The trigonalid larvae then need an ichneumon wasp or tachinid fly to parasitize the caterpillar, so they can parasitize the parasitoid. Alternatively, a vespid wasp may abduct the caterpillar and feed it to one of its own larvae, which then becomes the host.




  Various other terrestrial insects insert eggs into plant tissues, including thrips (Thysanoptera), fruit flies (Tephritidae; at least some of their eggs have fine, reticulated patterns), spittlebugs (Cercopidae), planthoppers (Fulgoroidea), and seed bugs (Lygaeidae). Harvestmen (Opiliones) also sometimes insert their tiny, spherical white eggs into plant stems or under tree bark.




  Pine needle weevils (Curculionidae: Pachyrhinus; W) do not exactly insert their eggs but fit in with the general theme of concealing them with vegetation. The female P. californicus creates an egg chamber by gluing together three adjacent needles of Monterey or bishop pine, with many oval, white eggs laid along the inside of the chamber. Oviposition holes chewed by other weevils in stems and fruits are discussed in later chapters.




   




  Eggs Inserted in Aquatic Vegetation




  A number of aquatic insects also insert their eggs in vegetation. Whereas many of the terrestrial species with this habit are plant feeders that oviposit exclusively in living tissues of their host plants, most of the aquatic species are predators, and the plants are simply secure places for them to deposit their eggs. Therefore, they will oviposit in whatever plants happen to be around and may sometimes use dead plants or rotting wood.




  The inserted aquatic eggs you are most likely to notice are those of damselflies (Zygoptera), provided they are inserted in thin plant tissue. We once watched an aurora damsel (Coenagrionidae: Chromagrion conditum) insert a series of eggs in the stem of an aquatic plant and were unable to detect any sign of them on close inspection after she was done. A few minutes later, however, we saw another female of the same species inserting eggs in a fern frond, and the location of each egg was revealed by a dark bruise, 1.5 mm long, in the shape of the elongate egg. Damselflies may lay eggs above the waterline, especially spreadwings (Lestidae) that breed in temporary pools; in these species, the eggs are dormant for several months until the water returns. Typically, though, damselflies use floating or submerged leaves and stems. Sometimes a female simply curves her abdomen into the water to oviposit, but often she will completely submerge, backing down a stem and pausing frequently to insert another egg. Although most dragonflies (Anisoptera) deposit their eggs directly in water, darners (Aeshnidae) generally insert elongate eggs in plant tissues just as damselflies do.
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  A fern, just below the water surface, with markings (1.5 mm long) showing where eggs were inserted by an aurora damsel (Coenagrionidae: Chromagrion conditum). (MA)




  The inserted eggs of waterscorpions (Nepidae) have filaments that project from the plant tissue, reminiscent of those in plant bug eggs. These may be seen sticking out of the tops of waterlilies and other floating leaves. Ranatra eggs, which are about three times as long as wide, have just two filaments, longer than the body of the egg. Nepa apiculata eggs each have a whorl of seven filaments. The number ranges from twelve to seventeen on Curicta eggs, which are usually deposited in mud.




  Eggs of water treaders (Mesoveliidae) are shaped something like a bottle with a curved neck. A flat surface at the end of the neck is the only portion that is exposed when the egg is inserted in plant tissue. Eggs of backswimmers (Notonectidae) in the genus Buenoa are similarly embedded in stems with one surface exposed. It is a smooth, oval area that contrasts with the texture of the inserted portion.




  Some predaceous diving beetles (Dytiscidae) lay eggs in underwater stems and leaves, either by first biting a hole or with a piercing ovipositor. Haliplus crawling water beetles (Haliplidae) have been observed to bite holes in filaments of Nitella algae and insert their white eggs into the empty cells. Some water mites (Hydrachnidae: Hydrachna) insert their tiny, reddish eggs in plant tissue.




   




  Egg Cases and Coverings




  Many invertebrates cover their eggs with various materials to protect them from desiccation and predation. Those that use excrement are discussed in chapter 5, and those that use mud in chapter 8. The egg cases and coverings described here are those that are made of silk, wax, and other nonexcrement products of the mother’s body. In many scale insects, the female’s body itself (with or without a waxy covering) becomes the egg covering; see the section on scale insects in chapter 5 for more about these. All spiders encase their eggs in more or less substantial silken sacs; these are discussed in a separate section following this one.




  Gelatinous Egg Coverings (Fresh Water)




  Many aquatic invertebrates lay eggs in a mass or string with a transparent, gelatinous covering, like a miniature version of the egg masses of some frogs and salamanders. Only eggs that are suspended in a clearly visible matrix are included here. Eggs of certain true bugs have indistinct coatings, noted in the section on that order (page 53).
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  Egg mass of a limnephilid caddisfly on a cattail leaf. (MA)
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  A 6-mm caddisfly egg mass, tethered to a submerged plant by a gelatinous string. (MA)
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  A 4-mm caddisfly egg mass, attached to the case of a caddisfly larva (removed from the water to take the photo). (CA)




  Caddisflies




  Caddisfly eggs are spherical or nearly so, and they are opaque and often bright green or yellow-orange. They are enclosed in clear, gelatinous masses, usually attached to submerged objects, but some limnephilids attach their masses to objects above the water or deposit them in dry vernal pools. Eggs of others may be found stuck to structures such as flagpoles and gas pumps, because the artificial lights cause confusion in the adults. When first laid, the masses are relatively small and compact, but they swell considerably as they absorb water. The gelatin is still intact when the larvae hatch and emerge.




  Egg masses of many species are oval or spherical blobs. Phryganea species (Phryganeidae) lay their eggs in donut-shaped masses, which may hang from a branch just below the water level or be attached to the upper side of a lily pad. A few species deposit eggs in long strings or flat spirals. The number of eggs in a mass ranges from just a few up to several hundred; Grammotaulius bettenii (Limnephilidae) deposits its eggs singly.
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  Physid snail egg masses (5 to 9 mm) on a submerged stem. (MA)
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  Freshwater snail egg masses (1 cm) on the underside of a floating leaf. (TN)
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  Detail of eggs (1 mm each, in a mass 1.3 inches [3.3 cm] long) of a freshwater snail (Lymnaeidae: Lymnaea). (MA)




  Snails




  Freshwater snails (e.g., Physidae and Lymnaeidae) attach stiff, oval or elongate gelatinous egg masses to various objects in the water. They can appear similar to those of some caddisflies, but the individual eggs tend to be oval rather than spherical and are clear, with the embryo taking up only a small portion. One snail may deposit several masses, each containing a few dozen eggs. Freshwater limpets (Planorbidae: Ferrissia) lay their eggs on the undersides of waterlilies and other aquatic plants. The gelatinous masses are shaped like a pie cut into as many as nine wedges, each slice with one egg in it. The whole flattened mass is enveloped by a thin, firm membrane above and below. The similarly shaped, flattened egg masses of other planorbid snails, with more numerous eggs, are sometimes found in abundance on dead leaves at the bottoms of ponds.




  Midges




  Chironomid midges also lay eggs in gelatinous strings or masses. The eggs are distinctly elongate, easily distinguishing them from those of caddisflies and snails. The masses often float (or sink) freely rather than being attached to objects. Glyptotendipes meridionalis suspends its small egg mass from a disc of silk that floats on the water surface. Egg strings are in the form of long, skinny tubes, with the eggs aligned more or less lengthwise. Several such strings may be twisted together, or coiled around inside a larger gelatinous tube. Tubular masses of this sort may measure up to 25 mm long by 5 mm wide, containing 1,000 or so eggs. At least one species attaches flattened oval masses, about 1 cm across, to rocks and logs in streams; a string of white eggs broadly meanders back and forth across the width of each mass.
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  Egg mass (11 mm) of a midge (Chironomidae). (MA)




  Eggs of other midges (Culicomorpha) are also regularly arranged in gelatinous masses. Those of Chaoborus phantom midges (Chaoboridae) are deposited on the water surface and sink to the bottom. Mochlonyx cinctipes deposits its eggs among debris at the edges of pools. The gelatinous egg masses of Dixa dixid midges are attached to a solid substrate rather than left floating in the water. Many species of biting midges (Ceratopogonidae) likewise lay their eggs in a small, gelatinous clump or string in the water or at its edge.
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  Egg mass (2 mm) of a biting midge (Ceratopogonidae), close to hatching, in a shallow dish of rainwater. The larger ones are mosquito eggs. (MA)




  Dragonflies




  Some dragonflies lay eggs in ropy, gelatinous strings that are draped over aquatic vegetation; others lay theirs in loose, gelatinous masses. The matrix may be colorless or milky white, and at least in some cases, it dissolves within a few days. The eggs are elliptical, about 0.5 mm long, and are at first whitish, becoming brown. In a large mass, they may number over 100,000.
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  A loose, gelatinous string (1.4 inches [3.5 cm] long) of dragonfly eggs, caught on aquatic vegetation. (MA)




  Beetles




  Water penny beetles (Psephenidae) deposit bright yellow eggs in compact, jelly-covered, single-layered patches of 400 to 600, about 6 mm across, on submerged stones and vegetation. They live in fast-flowing streams.




  Some Donacia leaf beetles (Chrysomelidae) deposit eggs on the undersides of waterlily leaves by sticking their abdomens through holes they have chewed. The eggs are laid in concentric arcs and covered with a gelatinous material. They are white or yellow and about 1 mm long.




  Other Gelatinous Masses




  Horsehair worms (Nematomorpha: Gordioidea) lay their eggs in long, gelatinous strings or broken cords that wrap around aquatic plants. The eggs are said to number in the millions.




  Most water mites (Hydrachnidae: Hydrachna) have red eggs. Females deposit them in groups of 20 to 400 on various submerged objects, with a jellylike covering over individual eggs or groups of eggs.




  Although they are not eggs, freshwater bryozoans (Phylactolaemata) deserve mention here, because they could easily be mistaken for them. These sedentary little animals live in colonies on submerged objects such as twigs and logs, exuding a protective jelly and forming a slimy but firm, gelatinous blob anywhere from just a few centimeters to more than 2 feet across. The individual animals (zooids) are only around 1 mm long. Some colonies give the impression of a disembodied brain.




  Gelatinous Egg Coverings (Marine)




  Eggs with gelatinous coverings can also be found in marine habitats. Some of these belong to snails, as in fresh water, but others are produced by squids, polychaete worms, and sea slugs.




  Snails




  Marine snails in several different families produce gelatinous egg masses. Chink shell snails (Littorinidae: Lacuna) deposit 5-mm donut-shaped masses on eelgrass. They are pale blue or green at first, eventually turning yellow. Striped barrel snails (Acteonidae: Rictaxis punctocaelatus; W) attach white egg masses in the shape of thick coils, about 2 cm long, to the sediment by a thread. Salt marsh snails (Ellobiidae: Melampus bidentatus) deposit gelatinous masses of about 850 yolky eggs near the high-tide level. They rely on high spring tides to wash debris over the eggs and keep them moist until the next tide, when they hatch and are carried away.
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  A dried “sand collar” (2.6 inches [6.5 cm]) of a moon snail (Naticidae).




  The elegant, funnel-shaped structures known as “sand collars” are the eggs of a moon snail (Naticidae) sandwiched between two thin layers of sand, cemented together with mucus. The collar can be up to 3.5 inches (9 cm) in diameter, its form being determined by the size and shape of the female’s shell. It is still flexible and rubbery when it shows up on the beach, becoming hard and fragile when it dries.




  Squids




  In shallow waters of the North Atlantic, longfin inshore squids (Loliginidae: Loligo pealeii) communally deposit large numbers of clear, banana-shaped, gelatinous egg masses about 2 inches (5 cm) long. Each mass contains up to 200 eggs.




  Polychaete Worms




  Polychaete eggs are also surrounded with masses of jelly. Lugworms (Arenicolidae: Arenicola), for example, make brownish, translucent, flattened, teardrop-shaped masses, which are several inches long and attached to the sediment by a string at one end. A Clymenella bamboo worm (Maldanidae) produces a 1.2-inch (3-cm) oval, transparent, gelatinous egg case, said to resemble a small jellyfish stuck to the top end of the worm’s sandy tube.




  Sea Slugs




  Nudibranch sea slugs generally produce long, thin strings of eggs that are tightly coiled into ribbonlike masses. They are often brightly colored. The red sponge doris (Rostangidae: Rostanga pulchra) lays reddish orange eggs on a similarly colored sponge. Sea whip slug (Tritoniidae: Tritonia wellsi) eggs are yellow. Rainbow slug (Goniodorididae: Okenia sapelona) eggs are white. Doridella steinbergae (Corambidae) lays its eggs in a little, crescent-shaped lump of jelly on a bryozoan.




  The albatross aglaja (Aglajidae: Melanochlamys diomedea), a sea slug but not a nudibranch, attaches oval, gelatinous egg masses to sediment by a short stalk.




  Egg Masses Coated with a Resinlike Substance




  Insects in a few unrelated groups cover their eggs with a translucent secretion that hardens when it dries. Assassin bugs and tortricid moths deposit their compact egg masses on foliage and bark. Those of tent caterpillar moths surround twigs. Grasshopper eggs are less likely to be seen, since they are laid in soil or in crevices near the ground.
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  Egg masses of the eastern tent caterpillar moth (Lasiocampidae: Malacosoma americana) surrounding black cherry twigs. The mass at left contains viable overwintering eggs; the eggs in the mass at right hatched the previous spring, and their varnish has mostly weathered away. (MA)
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  Egg mass of a forest tent caterpillar moth (Malacosoma disstria) surrounding a sugar maple twig. (VT)




  Tent Caterpillar Moths




  Tent caterpillar moths (Lasiocampidae: Malacosoma) encircle small twigs with single-layer masses of 200 to 400 eggs. These are covered with a foamy, brown substance that hardens to form a shiny, varnishlike covering.
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  Egg mass (2 cm) of a wheel bug (Reduviidae: Arilus cristatus). (MD) Photo by Arlene Ripley.




  Assassin Bugs




  Some assassin bugs (Reduviidae) cover their masses of upright, bottle-shaped eggs with a firm but sticky secretion. Wheel bug (Arilus cristatus) egg masses can be particularly large, around 2 cm across, with a brown resinous matrix that fills the spaces between the whitish caps of the eggs. Zelus egg masses are smaller, and the eggs lean into one another so that there is no space between the white caps. The translucent secretion is evident around the edge of the mass. The spined assassin bug (Sinea diadema) is said to lay white eggs (those of Arilus and Zelus are brown except for the caps) in small groups, covered with a reddish yellow secretion.
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  Egg mass (5 mm) of an assassin bug (Reduviidae), probably Zelus. (OK) Photo by Sam Houston.




  Tortricid Moths




  The rose leafroller (Tortricidae: Archips rosana) deposits on smooth bark an imbricate mass of up to 100 or more flattened eggs. Coated with a shiny, translucent, protective substance, the mass is up to 7 mm across. The eggs start out greenish and turn brownish gray. The fruit tree leafroller (A. argyrospila) and uglynest caterpillar (A. cerasivorana) make similar overwintering egg masses, as do many other tortricids.
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  Egg mass (9 mm long) of a tortricid moth on a saguaro. (AZ)




  Grasshoppers




  Most short-horned grasshoppers (Acrididae) lay their elongate (up to about 6 mm) eggs underground, or sometimes on the ground surface, in a “pod” containing from 2 to more than 100 eggs. The female makes a hole by extending her abdomen into the soil, then secretes from the tip of her abdomen a frothy substance in which her eggs are suspended. The material fills the hole and hardens to form a plug. The resulting pod is said to be distinctive for each species, but generally it is an elongate cylinder, an inch or so long, and more or less curved. Buried masses are coated in soil, but if broken open, the dried substance is typically a translucent yellowish brown. The dried secretion often makes up a very small portion of the volume of the mass; BugGuide.net contributor David Ferguson describes an egg pod as “sort of like a tubular glob of dirty rice.” The eggs are whitish when first laid, generally turning brown as they age. The sprinkled broad-winged grasshopper (Chloealtis conspersa) usually deposits its eggs in soft wood on the ground through a round hole about 3 mm in diameter. The inch-long pod is parallel with the grain of the wood. Other species may oviposit in animal droppings or between rocks.




  If you happen to come across a grasshopper egg pod, you may see signs of parasitism or predation. Some checkered beetle (Cleridae) and blister beetle (Meloidae) larvae develop exclusively in grasshopper egg pods, feeding on the eggs. A single larva of the blow fly Stomorhina lunata (Calliphoridae) generally consumes all of the eggs in a pod. Some bombyliid (bee fly) and anthomyiid fly larvae also prey on grasshopper eggs. Scelio platygastrid wasps dig into soil to deposit eggs in freshly laid grasshopper egg pods, and their larvae develop within individual eggs.




  Eggs with Opaque, Solid, or Frothy Coverings (Terrestrial)




  The egg coverings described in this section vary considerably in form and consistency. Cockroaches and earthworms produce smooth, tough, brown egg cases. Dobsonflies and beech splendor beetles apply a smooth, white or whitish coating to flat egg masses. Eggs of mantises and some robber flies and tussock moths are completely concealed in a frothy material, whereas ambush bug eggs are easily seen through the bubbly substance that surrounds them. Certain treehoppers produce sticky white egg coverings, and certain leafhoppers add a white, waxy powder after inserting their eggs in vegetation.




  Cockroaches




  Cockroaches (Blattaria) enclose their eggs in distinctive hard, purselike cases, called oothecae. Depending on the species, they may be pale tan or dark reddish brown and range from about 4 to 12 mm long. Along the serrated crest of the ootheca is a series of little air ducts, with a pair of these connecting each of the 12 to 48 eggs to the outside air. The ootheca is formed inside the female’s body, and she may carry it around attached to the tip of her abdomen for some time before depositing it in a sheltered place. The German cockroach (Blattella germanica) carries her 7-mm ootheca until the young hatch, as do a few other wood cockroaches (Blattellidae). Most cockroaches, however, deposit their oothecae, often gluing them to a substrate with secretions. Many conceal them with bits of debris or excrement.
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  A tiny cockroach (Dictyoptera: Blattaria) ootheca (4 mm) attached to a pine needle. (NC) Photo by Lynette Schimming.
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  A cockroach ootheca like the one on page 14, cleaned to show its structure; visible is the exit hole of a parasitoid wasp. (FL)




  When cockroach nymphs hatch, they swallow air, causing the case to split open along the crest as they force their way out together. The case then snaps shut behind them. Round holes in the side of an ootheca are the emergence holes of parasitoid wasps. If a parasitized ootheca has a single pupal skin inside, it probably is from an ensign wasp (Evaniidae; this family is specific to cockroach eggs, with just one wasp developing per ootheca). Multiple pupal skins indicate chalcid parasitoids such as Aprostocetus hagenowii (Eulophidae) or Systellogaster ovivora (Pteromalidae).




 
[image: chpt_fig_020]





  The ootheca (12 mm) of a cockroach stuck to the side of a palm tree, covered with debris by the female. (FL)




  Mantises




  Mantises (Mantodea) also deposit their eggs in oothecae, but theirs contain up to several hundred eggs and are made of a light, frothy substance, which the female shapes as she deposits it (not internally, as is the case with cockroaches). These are attached to vegetation and other surfaces, where they overwinter. A mantis ootheca is more or less oval, and down the center is a series of overlapping scales concealing tiny corridors that lead to a central chamber. The young emerge through these corridors all at once in the spring, and because of the scales, the external change to the ootheca after emergence can be very subtle. A small tassel of white silk may dangle from the central strip, made up of threads from which the nymphs hung when they first emerged. An ootheca with obvious small, round holes indicates emergence of Podagrion torymids or other chalcids (e.g., Eupelmidae: Anastatus mantis or Eupelmus neococcidis). Thaumaglossa dermestid beetles (AZ, TX) develop exclusively in mantid oothecae; Orphinus fulvipes (FL) sometimes does as well.
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  A mantis (Mantidae: Stagmomantis) ootheca (22 mm) with exit holes of chalcid wasps. (AZ)




  Mantis oothecae come in various shades of brown. Those of the four common eastern species can be distinguished by their shapes. The ootheca of the Chinese mantis (Tenodera aridifolia sinensis) is squat and rounded, about 25 mm long and 20 mm wide. That of the European mantis (Mantis religiosa) is broadly rounded but more elongate, about 1.6 inches (4 cm) long. The Carolina mantis’s (Stagmomantis carolina) ootheca is also elongate, but closer to 2 cm long and somewhat flattened on the sides and face. That of the narrow-winged mantis (T. angustipennis) is more than three times as long as wide. The ootheca of the Mediterranean mantis (Iris oratoria), introduced in California, is very narrow with somewhat concave sides. The one pictured measures 18 mm long, 7 mm high, and 5 mm thick.
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  Ootheca (22 mm) of the Carolina mantis (Mantidae: Stagmomantis carolina). (GA)
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  Ootheca (18 mm) of the Mediterranean mantis (Mantidae: Iris oratoria). (NV)
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  Ootheca of the Chinese mantis (Mantidae: Tenodera aridifolia sinensis). (TN) Photo by Kris Light.
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  Ootheca (1.5 inches [3.8 cm]) of the European mantis (Mantidae: Mantis religiosa). (VT)




  Dobsonflies




  Dobsonflies (Corydalidae: Corydalus) deposit their eggs in conspicuous masses, covered with a white, waxy secretion, on various objects overhanging large streams. The individual eggs are gray and cylindrical, about 1.5 mm long and 0.5 mm wide. A female lays up to 1,000 or more eggs, arranged in one to five layers, in a flat, round mass about 2 cm across. She covers them with a clear fluid that turns white as it dries. The ring of white material that extends beyond the eggs often remains long after they have hatched.
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  Egg mass (17 mm; 23 mm including ring) of the eastern dobsonfly (Corydalidae: Corydalus cornutus). (TN)
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  Residual rings (about 2 cm each) from dobsonfly egg masses. (UT)




  Ambush Bugs




  The eggs of ambush bugs (Reduviidae: Phymatinae) look like shiny black barrels with flat, whitish tops that are etched with bull’s-eyes. They are deposited standing upright in a small, loose cluster, glued to the underside of a leaf with a bubbly secretion. This light froth does not quite cover the tops of the eggs, and it is not thick enough to conceal them, but it is still conspicuous after it dries.




  Tussock Moths




  Some tussock moths (Lymantriidae) cover their masses of spherical eggs with a white, frothy substance that hardens. The satin moth (Leucoma salicis) deposits 50 to 200 eggs in such masses on twigs and other objects. The female white-marked tussock moth (Orgyia leucostigma) is wingless and deposits her 400 or so eggs onto her cocoon, covering them with a similar substance.
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  The froth-covered egg mass of a white-marked tussock moth (Lymantriidae: Orgyia leucostigma), deposited on the female’s cocoon. The dark speck toward the bottom is an encyrtid wasp egg parasitoid. (NY)




  Robber Flies




  A few robber flies (Asilidae) are known to deposit egg masses on twigs and stems, covered with a white froth. The masses can have a ribbed appearance, from being applied in a spiralling motion, but this is more or less obscured by irregular lumps. The air bubbles in the covering are smaller and more regular than in a mantis ootheca, giving it a much smoother appearance, like very fine Styrofoam. Mallophora leschenaulti, a large “bee killer” found in Texas and Mexico, makes a mass 15 to 20 mm long. Megaphorus minutus (SE) makes smaller masses, about 1 cm or somewhat less. Other robber flies in these genera occur throughout the southern United States and may produce similar egg masses.
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  Egg mass (about 15 to 20 mm) of Mallophora leschenaulti (Asilidae), a large robber fly. (TX) Photo courtesy of larvalbug.com.
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  Marshmallowy egg masses (about 4 mm each) of the two-spotted treehopper (Membracidae: Enchenopa binotata) on bittersweet vines. (MA)




  Treehoppers




  Still smaller white egg coverings are made by Enchenopa treehoppers (Membracidae). Like other treehoppers, they insert their eggs in slits in woody twigs. The female then covers each slit with a white, sticky, marshmallowy substance in a mass about 4 mm long. The covering has a more or less corrugated look because it is applied in layers. There are usually several masses close together on a twig. E. binotata oviposits in bittersweet; E. brevis in leatherwood; and other, as yet unnamed species lay eggs in hoptree, viburnum, redbud, tuliptree, black locust, and walnut. Other treehoppers in the tribe Membracini, mainly with unknown hosts, produce similar egg masses.




  Leafhoppers




  Certain leafhoppers (Cicadellidae) in the tribe Proconiini (e.g., Oncometopia, Homalodisca, and some Cuerna species) apply a dusting of white, waxy powder to the egg slits they make in plant tissues. The covering consists of tiny secreted proteinaceous particles called brochosomes, which females store in conspicuous white patches on their forewings. After inserting her eggs, the female uses her hind legs to scrape brochosomes off of her forewings and onto the oviposition site.
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  Brochosome-covered egg nest (about 12 mm long) of Oncometopia orbona, a leafhopper (Cicadellidae), on the underside of a goldenrod leaf. (IL) Photo by Roman Rakitov.




  Metallic Wood-boring Beetles




  The beech splendor beetle (Buprestidae: Agrilus viridis) deposits small, round, flat egg masses on beech bark. They are covered with a substance that is whitish with a brownish tinge.




  Earthworms




  Earthworm (Lumbricidae) eggs are contained in smooth, round, brownish cases, which are deposited in the soil. The covering originates at the swollen band possessed by adult earthworms, called the clitellum (Latin for “saddle”). After a worm mates, it produces a sheet of mucus that covers its body from the clitellum forward. Next, the clitellum produces a leathery, proteinaceous sleeve, which the worm then works forward. As the sleeve moves along the worm’s body, it collects first the worm’s eggs and then the sperm its mate has deposited, finally sliding off the worm’s “nose.” As it does so, the open ends of the sleeve contract and seal, resulting in an oval case up to a few millimeters long, with a point at either end (size and shape vary among species). The eggs are fertilized by the sperm inside the case.
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  Egg cases (4 mm each) of the “red wiggler” compost worm (Lumbricidae: Eisenia foetida). (MA)




  
Freshwater Egg Cases




  In fresh water, relatively few types of eggs have coverings other than the transparent gelatinous ones described previously. Those that do come in firm cases belong to aquatic earthworms, leeches, flatworms, and water scavenger beetles. The silken larval cases of some microcaddisflies could be mistaken for egg cases (see chapter 8).
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  Leech (Hirudinea) egg cases (4 mm each). (ND)




  Annelids




  Aquatic earthworms and other oligochaete worms form egg cases similar to those of terrestrial earthworms, but not as tough and leathery. They are deposited among benthic debris or on various objects in the water. Egg cases of leeches (Hirudinea) are soft, flexible, and formed similarly to those of oligochaetes but tend to be flattened because of the shape of the leech’s body. Some leeches carry their egg cases until the eggs hatch, but most deposit them in mud or on objects along the shoreline. A few attach them to their host animals.




  Flatworms




  Flatworms (Platyhelminthes) lay their eggs in spherical or oval capsules, up to a few millimeters wide, which may be attached by stalks to the underside of a stone or leaf. Each capsule contains one to several eggs.




  Water Scavenger Beetles




  Water scavenger beetles (Hydrophilidae) are found in calm waters. Most species enclose their eggs, which may be in a mass of 100 or more, in a case of hardened silk that is secreted from abdominal glands. The case may be attached to vegetation or other objects or left floating free. Some cases have a hornlike respiratory tube that protrudes above the water. These include the cases of Hydrochara and Hydrophilus, which are brownish, 22 to 24 mm long, and 15 mm tall. Other cases have a long ribbon that extends down into the water. Cymbiodyta and Paracymus embed their eggs in a loose web. The female Helochares carries her egg mass beneath her abdomen in a nearly transparent, bag-shaped case, as do the related hydrophiloids Epimetopus (Epimetopidae) and Spercheus (Spercheidae).




  Marine Egg Cases




  A variety of invertebrate egg cases commonly wash up on beaches. The vast majority of these belong to various kinds of snails. Note that the black, four-pronged pouches known as “mermaids’ purses” are the egg cases of skates, which are vertebrates.
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  Fragment of a “mermaid’s necklace” (1 inch [2.5 cm]) wide), the egg case string of a channeled whelk (Melongenidae: Busycotypus canaliculatus). (MA)




  Whelks




  Whelks (Melongenidae) produce tough, parchmentlike egg cases. Those of Busycon and Busycotypus species are flattened, disc-shaped pouches that are stacked and connected in a long, yellowish string. Although they are initially planted out in the ocean bottom, they often break loose and drift ashore. A whole string (sometimes called a “mermaid’s necklace”) may be 3 feet long, and each capsule along the string may be 1.4 inches (3.5 cm) across and contain 25 to 50 baby whelks like seeds in a pod. The shape of the individual capsules can be used to identify the species. For instance, a knobbed whelk (Busycon carica) capsule is circular with squared edges, like a thick coin. A channeled whelk (Busycotypus canaliculatus) capsule is more clam-shaped, with a concave bottom, a convex top, and ridges on top radiating from the middle to the thinly sharpened edge.




  In waved whelk eggs (Buccinidae: Buccinum undatum), the capsules form a ball-shaped mass, which when scrubbed with water produces lather like soap, hence the name “sailor’s wash ball.” The individual translucent egg capsules of tulip and horse conchs (Fasciolariidae) look something like flattened ice cream cones, about 2 cm or longer.
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  Eastern mud snail (Nassariidae: Nassarius obsoletus) egg cases (3 mm each) on sea lettuce. (MA)




  Tritons




  The Oregon hairy triton (Ranellidae: Fusitriton oregonensis; NW) produces big sheets of translucent egg capsules packed in a spiral.




  Nassa Mud Snails and Rock Snails




  Spiky, irregular, 3-mm egg cases sometimes completely coating sticks, rocks, seaweed, and other submerged objects belong to eastern mud snails (Nassariidae: Nassarius obsoletus). They are native to the Atlantic but introduced on the Pacific coast. If you peer closely into the transluscent cases, you can make out the tiny, white dots of individual eggs inside. Egg capsules of the three-lined basketsnail (N. trivittatus) are similar but somewhat smaller and on short stalks.
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  A cluster of frilled dogwinkle (Muricidae: Nucella lamellosa) egg capsules (each 6 mm long). (WA)




  Rock snails (Muricidae), including the dogwinkles (Nucella) and oyster drills (Urosalpinx), deposit their eggs in leathery, yellow, stalked, vase-shaped capsules. These are glued in clusters to rocks, shells, and other substrates. They can be quite abundant in the spring and summer. The bruised nassa (Nassariidae: Nassarius vibex) has similar-looking stalked capsules, but they are less than 2 mm long, whereas rock snail capsules are 6 to 8 mm.




  Periwinkles




  Some periwinkles (Littorinidae) deposit free-floating, lens-shaped egg capsules, each containing just one or a few eggs. These may be up to a centimeter or so in diameter.




  Octopuses




  The greater argonaut (Argonautidae: Argonauta argo) belongs to a family of octopuses that are sometimes called “paper nautiluses” because their egg cases, up to a foot (30 cm) across, are laterally compressed spirals that look something like nautilus shells. These can occasionally be found washed up on beaches as far north as Cape Cod. Although the female wears it like a shell, she secretes this ridged, white, parchmentlike structure just for the purpose of holding her eggs.




  Egg Masses Covered with Hairs




  Some moths cover their eggs with hairs from their abdomen, and many others leave incidental small tufts of hairs on or near the eggs. Some, on emerging from their cocoons, use their anal tufts to pick up urticating hairs (hairs that cause irritation when contacted by other animals) from their larval skins and deposit these on their eggs.




  Tussock Moths




  Female tussock moths (Lymantriidae) often deposit their eggs in masses and usually cover them with hairs from the tips of their abdomens. Gypsy moth (Lymantria dispar) females are poor fliers and often deposit their overwintering mass of 100 to 600 eggs just a few centimeters from their pupal skin, generally on tree trunks or man-made structures. The roughly spherical eggs are completely covered with the female’s buff-colored hairs. Egg masses of the browntail moth (Euproctis chrysorrhoea; now virtually extirpated from North America) are similar, but are deposited on the undersides of leaves and hatch in late summer. The flightless female Douglas-fir tussock moth (Orgyia pseudotsugata) lays her white eggs on top of her own cocoon and adds a covering of woolly, gray hairs, not thick enough to conceal them. The western tussock moth (O. vetusta) does the same.
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  Egg mass (1 inch [2.5 cm]) of a gypsy moth (Lymantriidae: Lymantria dispar), covered with hairs from the female’s abdomen. (MN)




  Tiger Moths




  Tiger moths (Arctiidae) also often cover their eggs with body hairs. The eggs of the milkweed tussock moth (Euchaetes egle) are well concealed beneath a buff-colored, woolly mass on the underside of a leaf of the host plant. Fall webworm (Hyphantria cunea) eggs are deposited in a tight, single-layered mass on the underside of a leaf, with a thin, flat covering of white hairs.
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  Milkweed tussock moth (Arctiidae: Euchaetes egle) egg mass (12 mm across) and hatchlings. (TN)




  Owlet Moths




  Armyworms (Noctuidae: Spodoptera) deposit their eggs on the undersides of leaves in irregular heaps, which are more or less thickly covered with white hairs. The cattail borer moth (Bellura obliqua) deposits her eggs within 15 inches (38 cm) of the tip of a cattail leaf and covers them with a thick layer of froth and hairs. The oval mass is dirty yellowish white, up to 15 mm long by 10 mm wide, and 3 to 4 mm thick.




  Tortricid Moths




  Oak leafrollers (Tortricidae: Archips semiferana) thoroughly cover their small, oval egg masses with whitish hairs. An egg mass is usually located near the crotch of an oak twig, where it overwinters. The eggs hidden beneath are unlike other tortricid eggs; they are barrel-shaped and placed standing upright, side by side.




  Woolly Wax Coverings




  Some scales and mealybugs (Coccoidea) produce white, fluffy sacs for their eggs. These may appear to be made of silk, but under magnification, they are revealed to have thick coils of waxy filaments. Two whitefly species (Aleyrodidae) deposit white, waxy material on top of their eggs.




  
[image: chpt_fig_039]





  Egg sac (5 mm) of a felt scale (Eriococcidae). (VT)
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  Egg sac (3.5 mm) of the cottony maple scale (Coccidae: Pulvinaria innumerabilis), with the female’s scale still attached. (TN)




  Scale Insects




  Felt scales (Eriococcidae) get their name from the white, feltlike egg sacs the females produce. These sacs are oval and at a glance look something like the silken cocoons of some braconid wasps, but they are very soft and have an opening at one end. At least in some species, the eggs inside are bright red.
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  Cottony cushion scales (Margarodidae: Icerya purchasi) with egg sacs (7 mm each). (CA)




  Cottony scale insects (Coccidae: Pulvinaria) produce cottony, white egg sacs, up to about a centimeter long, to which the female’s round, brown body often remains attached at one end, propped up at an angle. The egg sac may be a featureless mass, a bit longer than wide, as in the cottony maple scale (P. innumerabilis), or long and narrow with a few longitudinal ridges, as in the cottony camellia scale (P. floccifera). Each sac has a few thousand eggs inside.




  The cottony cushion scale (Margarodidae: Icerya purchasi), introduced from the tropics, also has a white egg sac, about a centimeter long, but it is distinctly fluted with about a dozen longitudinal ridges. It contains 600 to 1,000 bright red eggs. (The fluted egg sac of Crypticerya genistae, a similar species that arrived in Florida very recently, is up to 2 cm long and often stands erect from the host plant.) The vedalia (Coccinellidae: Rodolia cardinalis) is a ladybug that lays oval, red eggs singly or in small clusters on the cottony cushion scale’s egg sac. Each larva spends its entire life beneath a single scale.




  Mealybugs




  Females of many mealybug species (Pseudococcidae) create elongate, cottony egg sacs, substantially larger than their bodies, each of which may contain several hundred oval, lemon yellow eggs. The egg sac of some species, such as the grape mealybug (Pseudococcus maritimus), is a loose cottony mass. Other species, such as the apple mealybug (Phenacoccus aceris), make a well-defined cottony cylinder. The egg sac of this species is 4 to 9 mm long and 1 to 3 mm wide. Egg sacs are deposited on vegetation or in leaf litter, sometimes with several clustered together. Often the dead female can be found at one end of the sac. The mealybug destroyer (Coccinellidae: Cryptolaemus montrouzieri), another introduced ladybug, lays oval, yellow eggs singly in the egg sacs of mealybugs.




  Whiteflies




  The spiralling whitefly (Aleurodicus dispersus) and giant whitefly (A. dugesii) deposit their tiny eggs on the undersides of leaves in distinctive spirals, covering them with a white, fluffy wax secretion.
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  Freshly laid eggs (2-mm cluster) of the barklouse Graphopsocus cruciatus (Stenopsocidae) on the underside of a leaf, covered with fine webbing. (TN)




  Silk Coverings




  In addition to spiders, a few types of insects use silk to cover their eggs. In most cases, these are sparse coverings that conceal the eggs little if at all. The eggs of these insects are elongate, easily distinguishing them from those of spiders, which are spherical.
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  Silk-covered eggs (4-mm cluster) of an unknown barklouse (Psocoptera). (MA)
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  Silken egg coverings (3 mm each) of Aaroniella (Philotarsidae), a barklouse. (MA)




  Barklice




  Barklice (Psocoptera) deposit their eggs in small clusters on leaves and bark, covering them in a mesh of silk threads spun from the female’s mouth. Graphopsocus cruciatus (Stenopsocidae) is a common introduced species that lays clusters of about a dozen eggs on the undersides of leaves. The eggs are white, about twice as long as wide, and the whole cluster is only about 2 mm across. The silken mesh overlaying the eggs is very fine. We have found eggs of an unknown species, on tree bark, that were brown but otherwise similar. Aaroniella (Philotarsidae), which we have found several times covering the bark of highbush blueberry with loose, conspicuous webbing, covers its eggs with enough silk to completely conceal them. The coverings appear as white patches, about 3 mm across, with no definite shape, the edges dissipating into finer and less visible crisscrossing threads.




  Spongillaflies




  Spongillaflies (Sisyridae) lay their eggs on objects overhanging water; as with dobsonflies, the larvae are aquatic and must drop into water when they hatch. The eggs are usually deposited in crevices or depressions, such as the crotches of veins on the undersides of leaves. Eggs are about 0.3 mm long and half as wide. Like those of other neuropterans (and unlike those of barklice), the egg has a small knob at one end. Eggs are glistening white when first laid, becoming yellowish after a few days. They are laid singly or in clusters of up to 20 or so and are covered with a flat, white sheet composed of crosshatching silk threads applied in a zigzag pattern.




  Beetles




  The terrestrial hydrophilid beetles Cercyon and Sphaeridium lay their eggs in damp or wet places, embedded in loose webs. The singly laid eggs of minute moss beetles (Hydraenidae) are often also covered with silk and may be in or out of water. Hydraena eggs have a blanketlike covering of closely applied silk. Those of Limnebius and Ochthebius have loosely applied silk or sometimes none at all.




   




  Spider Egg Sacs




  Spider eggs are always covered with silk, although in some cases this covering is scant and the eggs inside are clearly visible. The eggs are spherical and typically about 1 mm wide, plus or minus 0.5 mm or so. The tiniest spiders may deposit only one or a few eggs in a sac; a few dozen to a few hundred is more typical, and an egg sac of a large orbweaver may contain more than 2,500 eggs. When first laid, spider eggs are generally surrounded by a clear, viscous liquid, which soon dries, cementing the eggs together. In some egg sacs we have opened, however, the eggs were loose, rolling around freely.




  Egg sacs are often spherical or lenticular, resembling little balls, biscuits, or discs. Though many are whitish, some are yellow, red, green, or other colors. Each species makes a characteristic egg sac, and it is often as easy to recognize the species by looking at this as by studying the spider itself. Some generalizations can be made about the egg sacs of various taxonomic groups, but different types may be made by members of the same family of spiders.




  A number of types of spiders carry their egg sacs until they hatch, or shortly before. These egg sacs are described in more detail below, as some of them may be found dissociated from their mothers after the spiderlings have emerged, but we will summarize them here, because knowing this natural history information is useful in identifying the spiders. Cellar spiders (Pholcidae) carry their egg sacs in front of them in their chelicerae (though a female may temporarily hang it in her web to catch an insect, clean herself, or mate), as do Microhexura funnel-web mygalomorphs (Dipluridae). Nursery web and fishing spiders (Pisauridae) carry their egg sacs under their bodies, held in their jaws and secured from behind by threads from their spinnerets. Spitting spiders (Scytodidae) and huntsman spiders (Sparassidae: Heteropoda venatoria) do the same. Wolf spiders (Lycosidae) carry their egg sacs behind them, attached to their spinnerets, as do Nesticus cave spiders (Nesticidae).




  Many spiders suspend their egg sacs in their webs, and the web characteristics can help in narrowing down the identification. This is the case with many theridiids. Note, however, that pirate spiders (Mimetidae) and kleptoparasitic cobweb spiders (Theridiidae: Argyrodinae) may deposit their egg sacs in the webs of other spiders.




  A typical basic spider egg sac consists of a basal plate and a cover plate, each being a thin layer of tightly woven threads molded into a disc. The basal plate is the first sheet of silk spun; the spider lays eggs on this and then spins the cover plate over them, or in some cases she simply wraps the basal plate around the egg mass. She may then pick up the sac and finish it by turning it around with her legs while her spinnerets cover it with more silk. Some spiders add a padding of downy silk, which is often yellow or brown, before finishing the egg sac. The outer covering of silk may be thin and meshy or tough and papery. Generally, spiders that guard their eggs, hide them in a burrow, or hang them protected in a web do not make their sacs as tough as those that abandon them to the elements.




  Hidden in a Burrow or Retreat




  The egg sacs of burrowing mygalomorphs are hidden within the female’s burrow. Those of tarantulas (Theraphosidae) in the Southwest are large, flabby bags, often 2 or 3 inches (5 to 7.5 cm) in diameter. The female occasionally brings it to the burrow entrance to warm it in the sunlight. Among the folding-door spiders (Antrodiaetidae), Antrodiaetus species create a lens-shaped egg sac that is broadly attached to the burrow wall, between two-fifths and four-fifths of the distance down the burrow. The Aliatypus egg sac, on the other hand, is a pendulous bag, as long as or longer than wide, attached to the wall in the bottom part of the burrow by many fine silk lines on all sides. The top of this egg sac is a concave lid of silk spanning the width of the burrow. The trapdoor spiders (Ctenizidae) make loose, delicate silken bags that often hang from the side of the burrow.




  Several families of hunting spiders make flattened, tubelike retreats of white silk, which they use as a shelter during the day, a molting and mating chamber, and a place to deposit their eggs. Some construct these under stones or among debris; others make them in shelters they create by bending or folding leaves. Within the retreat, the eggs are usually enclosed in a flat, circular sac, and the mother often stays in the sac until she dies or the spiderlings disperse. Female sac spiders (Clubionidae and others) guard their egg sacs (or sometimes uncovered masses of yellow eggs) inside thick, white, closed cells. The long-legged sac spider Cheiracanthium inclusum (Miturgidae) female makes a tube of white silk in which she stays with her eggs, which are covered with a very thin sheet of silk. Ghost spiders (Anyphaenidae) stand guard over thin, flattened, white egg sacs within a silk cell, which in turn is often within a folded leaf. The ground spiders Drassodes saccatus and D. neglectus (Gnaphosidae) fashion large, transparent bags of silk under stones, in which the female makes her egg sac and stays until the spiderlings emerge. Micaria females also deposit egg sacs within baglike retreats but usually do not stay with the eggs. A single retreat may contain as many as three egg sacs, which are stiff and resemble rimmed pots. The tiny Oonops (Oonopidae) lays a pair of pink eggs that are visible through the white silk of her egg sac, which is constructed inside her cell. The woodlouse hunter (Dysderidae: Dysdera crocata) lays about 60 yellow eggs inside her retreat, which is an oval cell of closely woven silk, and gives them a light wrapping of additional silk.
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  A ghost spider (Anyphaenidae) and her egg sac, found inside a curled leaf. The clearly visible mass of eggs is 7 mm across. (OR)
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  A hammerjawed jumper (Salticidae: Zygoballus rufipes) and her 6-mm egg sac, found inside a folded leaf. (PA)
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  The screen of silk surrounding this leaf conceals the egg sac (2 cm) of an orbweaver (Araneidae). (MT)




  Most female jumping spiders (Salticidae) construct distinctive saclike nests, composed of several envelopes, usually with two openings. The eggs are laid within these nests and enclosed in a delicate, lens-shaped sac, which is either affixed to the substrate or suspended from the walls of the nest. There is usually just one egg sac; one exception is Marpissa, which stacks 2 to 5 flat egg sacs inside her open silk chamber. In some species (e.g., Lyssomanes), the nest is reduced to sparse, light webbing. Females generally guard the eggs until the spiderlings disperse.




  Some orbweavers (Araneidae) deposit their egg sacs beneath a covering of silk that the mother does not actually use as a retreat. This is the case with the gray cross spider (Larinioides sclopetarius), which commonly attaches its large, round, white egg sacs in sheltered places on the walls of houses and covers them with a sheet of silk.




  Tube web spiders (Segestriidae) make no egg sac, depositing spherical masses of 15 or so relatively large eggs inside their tubular retreats. A female southern house spider (Filistatidae: Kukulcania hibernalis) lays about 200 eggs and loosely swathes them in a silken ball, about 15 mm across, which she keeps with her in her retreat. A purseweb spider (Atypidae) hangs an elongate egg sac inside her tube-shaped web. Some hacklemesh weavers (Amaurobiidae) create disc-shaped egg sacs within their tubular retreats.




  A female desertshrub spider (Diguetidae; SW) spins a series of flattened disc-shaped egg sacs, overlaid on one another like shingles, and along one side of this series she spins a silken retreat for herself. The series of egg sacs may be more than 3 inches (7.5 cm) long, and it is covered with leaves and other debris. The whole affair is suspended within a maze of threads and is attached above to a strong thread. The labyrinth spider and other Metepeira species (Araneidae) construct a similar stack of disc-shaped egg sacs in their retreats, which may incorporate only a few bits of debris or resemble a diguetid retreat.




  Many spiders hide their eggs in retreats made by folding leaves. See chapter 11 for some examples.




  Scant or No Covering, Eggs Clearly Visible




  The silk in some spider egg sacs is scant or loose enough that the eggs within are clearly visible. The extreme example is the cellar spiders, which carry their eggs glued together in a spherical ball with just a few threads surrounding them. The egg sac is invisible except on close examination, until the spiderlings hatch and the thin silk case can be seen. Spitting spider egg sacs are globular, just under 4 mm across, pale cream in color, and thin enough that the individual eggs are visible. When the eggs are ready to hatch, the female hangs the sac in a network of threads, loosening the threads of the sac to help the spiderlings emerge.




  Flattened/Lenticular, Attached to Substrate




  Many spiders make round, flat egg sacs that they attach firmly to rocks, bark, leaves, or other substrates. Some are tough and thin-walled, whereas others have a looser mesh of silk. Flattened egg sacs are made by virtually all of the Dionycha—the group of hunting (non–snare-building) spiders that includes the sac spiders, ground spiders, jumping spiders, and crab spiders—as well as certain members of other groups.




  Antmimic Spiders




  Some shiny, tough, flattened, disc-shaped egg sacs, usually found attached to the undersides of stones, are made by antmimic spiders (Corinnidae). Those of Phrurotimpus range from brown to bright red. Castianeira egg sacs often have a metallic luster and can be found attached to the surfaces of stones in pastures. Usually the eggs are visible as round bulges in the surfaces of these smooth sacs.
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  A Phrurotimpus antmimic spider (Corinnidae) egg sac (7 mm), attached to the under-side of a rock. (MA)
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  The shiny metallic egg sac of a Castianeira antmimic spider (Corinnidae). (MA)




  
Ground Spiders





  Egg sacs of ground spiders (Gnaphosidae) may be shiny, pink or white, papery, lens-shaped discs attached tightly to the undersides of stones. Some species spin irregular retreats or sacs in which they live and make their egg sacs. Zelotes species make tough, white, pinkish, or brown nipple-shaped egg sacs, either covered with debris or lacquered with saliva and excrement to form a smooth, hard covering that deters predators. Callilepis egg sacs resemble those of Zelotes but are always white; those of C. pluto are deposited within the female’s small, irregular web. Drassyllus rufulus makes a typical flat gnaphosid egg sac, consisting of two circular sheets of silk with the eggs in between, attached to the underside of a stone; the outer sheet is often covered with dirt or mud for camouflage.




  Other gnaphosids make egg sacs that are not so tightly attached to the substrate. Cesonia bilineata makes a snowy white egg sac, which she loosely fastens to the lower side of a stone. Gnaphosa muscorum makes a snowy white, flat, round egg sac, 12 mm or so in diameter. The female is often found resting on it with some of her legs wrapped around it, in a shallow hole partly lined with silk. The parson spider (Herpyllus ecclesiasticus) makes an egg sac similar to this, but within a silk retreat. Scotophaeus blackwalli deposits 100 or so eggs in a thick, white egg sac, enclosed in a spacious silken chamber shared with the female.




  Sheetweb Spiders




  Many of the smaller sheetweb spiders (Linyphiidae) produce small, flat egg sacs, attached to stones or the bark of trees, away from the web. Those of dwarf spiders (Erigoninae) are often papery, containing just a few unusually large eggs, and found on the undersides of stones. The egg sacs of a British species of Erigone are nipple-shaped and covered with a waterproof papery layer of silk that may be pinkish or yellow-tinged, resembling the egg sacs of Zelotes but much smaller. One female may plaster four or five of these to the underside of a stone close to her web.
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  A meshweb weaver (Dictynidae) with her 2- to 3-mm egg sacs on the underside of a leaf. (MA)




  
Meshweb Weavers





  Meshweb weavers (Dictynidae; e.g., Dictyna and Emblyna) make snowy white, relatively thick, lens-shaped egg sacs, usually in or near the web. A single female produces several of these, placing them side by side in an overlapping series.




  Zorids




  Female zorids (Zora) guard their egg sacs without any kind of silken retreat. Z. pumila lays about 24 yellow eggs in a loose bundle, surrounds them with a small amount of loose silk, and then covers them with a white sheet through which the eggs can still be seen indistinctly. This sheet extends well beyond the bundle of eggs, giving the egg sac a particularly flattened appearance. The sac may be on the underside of a rock or on vegetation, and depending on the substrate, it may be irregular in shape or a neat oval with smooth edges.




  Crab Spiders and Others




  Probably the largest of the flat, disc-shaped egg sacs are made by the selenopid crab spiders. They are white, smooth, very flat (without bumps indicating the positions of individual eggs), about 1.2 inches (3 cm) across, and concealed in crevices, where they are tightly sealed to the substrate and left unattended.




  Egg sacs of philodromid crab spiders are very flat like those of selenopids but smaller, ranging from a few millimeters to about 2 cm across. Many are guarded by the mother. In some, the individual threads are visible; others are densely woven and stretched taut so that they are smooth and almost look like some sort of fungus. Some of this latter type are often made in the forks of twigs; others are made on leaves or stones.




  Some Xysticus crab spiders (Thomisidae) make smooth, white, dome-shaped egg sacs, about 2 cm across, with the margins tightly fused to the substrate. Oxyopes lynx spiders make similar ones, but closer to 1 cm across (or smaller), and sometimes with a covering of looser, straight threads that extends well beyond the margins. Egg sacs of some thomisid crab spiders are also about 1 cm, with a similar covering, but the sac itself has a more cottony texture. Recluse spiders (Sicariidae) make soft, white, disc-shaped egg sacs among their characteristic webbing, with a diameter longer than the spider’s body. A brown recluse (Loxosceles reclusa) egg sac is about an inch across. A grass spider (Agelenidae: Agelenopsis) deposits a small, disc-shaped egg sac and covers it with a planoconvex (sometimes elliptical) mass of white silk, 8 to 25 mm
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  Egg sac (7 mm) of Philodromus, a philodromid crab spider. (MA)
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  Oxyopes tridens (Oxyopidae), a lynx spider, with her 1-cm egg sac. (AZ)
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  A western lynx spider (Oxyopidae: Oxyopes scalaris) with her 7-mm egg sac. (ID)
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  A thomisid crab spider with her 1-cm egg sac. (MA)
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  Egg sac (1 inch [2.5 cm]) of a brown recluse (Sicariidae: Loxosceles reclusa). (TN)
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  A funnel-web spider (Agelenidae) guarding her 1.2-inch (3-cm) egg sac. (MA)




  in diameter, and often the female dies still clinging to it. It may be attached to vegetation, or in a protected place such as under loose bark, and it may be partly covered with bits of rotten wood or other debris. Several sacs may be made close together.




  Triangle Spider




  The egg sac of a triangle spider (Uloboridae: Hyptiotes) is flat, more or less elongated, and closely applied to a twig. It is about 6 mm long, covered with a somewhat larger sheet of dirty gray or olive green parchmentlike silk, and always has several pimply bumps.




  Dwarf Sheet Spiders




  At least some dwarf sheet spiders (Hahniidae: Hahniinae) produce small, lens-shaped egg sacs that are attached to a surface rather than suspended in a web. Those that have been described had fewer than 10, relatively large eggs.




  Fluffy, without a Papery Covering




  Members of several spider familes make more or less spherical, fluffy egg sacs without a papery outer covering. Some are suspended by silk threads, in a web or otherwise; others are loosely or broadly attached directly to a substrate.
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  Egg sac (4 mm wide) of a pirate spider, Ero (Mimetidae). (MA)




  Pirate Spiders




  Pirate spiders (Mimetidae) suspend fuzzy egg sacs from rocks, twigs, and other objects, or sometimes from the web or retreat of another spider they have preyed on. Ero makes a somewhat pear-shaped, pale brown bag, about 3.5 mm in diameter, covered with an irregular, loose network of coarse, curly, reddish brown silk. This loose covering is twisted together at the top to form a 5- to 25-mm pedicel from which the sac is hung in a cavity, such as beneath a stone or under boards. The egg sacs of Mimetus hesperus and M. puritanus are of similar construction but larger and bright orange. Those of the latter are oblong, tapering equally at both ends. The egg sac of M. notius is about 6 mm across and similar to others in its genus, but the dense central section is white, and the 1 mm thick, curly outer layer is brown. The distinctive feature of this egg sac is a thin, subspherical to elliptical net of silk, 20 to 25 mm across, that completely surrounds it. The sole member of the remaining North American pirate spider genus, Reo eutypus, makes loosely woven egg sacs that are pale yellowish white.
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  Egg sac of another pirate spider, Mimetus (Mimetidae). (MA)




  Cobweb Spiders




  Many cobweb spiders (Theridiidae) make soft, white or tan, fluffy, spherical egg sacs, generally slightly larger than the body length of the spider, which are often suspended in the web. Theridion frondeum, a common species in eastern fields and forests, makes a dense, opaque, pure white sac, 4 mm across, and the female may be found with it in a partly folded leaf. The triangulate cobweb spider (Steatoda triangulosa), commonly found in basements, creates several loosely woven, spherical, white egg sacs, about 6 mm across, which may be suspended in the web or attached to the ceiling. The eggs inside are plainly visible when present.
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  Egg sac (6 mm) of the triangulate cobweb spider (Theridiidae: Steatoda triangulosa). (MA)
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  An example of a denser cobweb spider (Theridiidae) egg sac (6 mm). (MA)




  Orbweavers




  Many orbweavers (Araneidae) enclose their eggs in fluffy masses of silk with no definite outline. Since their webs are usually temporary, the egg sacs are generally attached to vegetation or other surfaces. The delicate egg sac of the shamrock orbweaver (Araneus trifolium) is whitish, about an inch in diameter, and contains several hundred eggs, which can be seen through the silk. A. miniatus guards 2 or 3 white, woolly, spherical egg sacs in folded leaf retreats enveloped in strands of silk. Araniella displicata similarly makes a fluffy, entangled mass of yellow silken threads, about 8 mm across, within a rolled-up leaf. The spinybacked orbweaver (Gasteracantha cancriformis) makes loose, fluffy egg sacs with distinctive green silk. The starbellied orbweaver (Acanthepeira stellata) deposits its eggs on a leaf and encloses them in a mass of loose, brown silk.
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  The yellow, fluffy egg sac of an orbweaver (Araneidae). (MA)
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  Greenish egg sac of the spinybacked orbweaver (Araneidae: Gasteracantha cancriformis). (FL) Photo by Jeff Hollenbeck.
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  Egg sacs of Tetragnatha elongata (Tetragnathidae), a long-jawed orbweaver. The egg sac of a ray spider (Theridiosomatidae: Theridiosoma gemmosum) is visible in the background. (PA)




  Long-jawed Orbweavers




  Long-jawed orbweavers (Tetragnathidae) also generally make soft, fluffy egg sacs. Tetragnatha egg sacs have characteristic tufts of silk, which in at least some species are a distinctly different color from the rest of the sac, giving the appearance of a coating of foreign matter. They are attached to twigs and other objects. The oval to elongate, planoconvex, closely fused egg sacs of T. elongata are sparsely covered with threads of beadlike, greenish silk. The egg sac of the orchard spider (Leucauge venusta) is loose and fluffy, made of orange-white silk, 8 to 9 mm in diameter, and contains several hundred eggs. Meta ovalis suspends large, loosely textured, snowy white, oval sacs by several short threads—or sometimes one long string—from the walls of caves. The sac is translucent and the ball of eggs can be seen within.




  
Sheetweb Spiders





  At least some of the larger sheetweb spiders (Linyphiidae: Linyphiinae) make white, fluffy egg sacs. The filmy dome spider (Neriene radiata) makes loosely woven masses of white silk surrounding 80 or so nonagglutinated yellow eggs. These egg sacs are about 7 mm across and 4 mm high and are hidden in leaf litter. Egg sacs of a hammock spider (Pityohyphantes costatus) have been found toward the tips of spruce twigs, between the bases of the needles, protected externally by a loose network of threads. The egg sac itself is white and globular, about 6 mm in diameter, and composed of crinkled flocculent silk. As with the filmy dome spider, the pale whitish eggs within roll about freely.




  Hacklemesh Weavers




  The egg sac of the hacklemesh weaver Callobius bennetti (Amaurobiidae) is a flat and loosely woven bag, attached near the web to a stone or other object, and covered with an irregular mesh of threads. Arachnologist Darrell Ubick describes Callobius egg sacs from the Sierras as being quite fluffy, covered with and surrounded by cribellate silk (see chapter 6), and located inside the female’s retreat.
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  A wolf spider (Lycosidae) carrying her spherical egg sac (5 mm), attached to her spinnerets. (AR)




  Relatively Firm, Spherical or Flattened, Free (Not Associated with Web)




  In certain spiders, the female spins a single, tightly woven egg sac in the form of a ball or pouch, which she then either carries around with her or loosely attaches to a substrate and guards. With the exception of those of nursery web spiders, none of these egg sacs is ever associated with a web.




  Wolf Spiders




  Wolf spiders (Lycosidae) make more or less spherical egg sacs, which the female carries attached to her back end. They are composed of two halves, usually joined by a suture of more delicate tissue, which the female tears open to let the spiderlings emerge. This seam is sometimes obvious but often not. Depending on the species, the sac ranges from a few to 10 mm across and may be white, gray, or tan. Pirata and Schizocosa egg sacs are spherical and white, with little or no seam visible. The egg sac of Geolycosa missouriensis is bluish; in Pardosa, it is somewhat flattened and usually yellowish or greenish, sometimes a deep blue, but becoming a dirty gray as it ages.




  Cave Spiders




  Cave spiders (Nesticidae) carry spherical white or pale yellow egg sacs around with them in the same way wolf spiders do.




  Nursery Web Spiders




  Nursery web spiders (Pisauridae) construct more or less spherical egg sacs that the female carries beneath her, held by her jaws, until hanging in a nursery web shortly before the spiderlings emerge. In contrast to a wolf spider’s egg sac, it is composed of a single piece. Those of Pisaurina are bright white, a bit more than 1 cm across, and may be very smooth or somewhat rough in texture. The egg sacs of fishing spiders (Dolomedes) are about 2 cm across. They tend to be coarse in texture and more grayish or brownish, sometimes becoming mottled with brown as the outer layer stretches shortly before the spiderlings emerge. Pisaurid egg sacs lose their shape when they are torn open as the spiderlings emerge.




  Giant Crab Spiders




  The huntsman spider (Sparassidae: Heteropoda venatoria) is a tropical species that has been introduced into southern California, Texas, and Florida. Its egg sac is a large (about 15 to 20 mm across and 6 mm thick), slightly pink-tinged, flattened, disc-shaped, cushionlike bag, containing more than 200 eggs, carried beneath the female’s body. Spiderlings emerge through a slit made in the margin of the egg sac. Species of Olios, the native giant crab spiders, make large, white, cushion-shaped egg sacs similar to the huntsman spider’s. Some guard their egg sacs in place, whereas others, such as the golden huntsman spider (O. fasciculatus), carry them as Heteropoda does. Trechalea gertschi (Trechaleidae; Mexico, small portions of NM and AZ) females carry flattened, bivalved egg sacs with their spinnerets.
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  Egg sac (6 mm) of a thomisid crab spider with the female hiding beneath. (AZ)




  Thomisid Crab Spiders




  Egg sacs of many thomisid crab spiders are white and lens-shaped, formed of two equal valves joined at their edges. They may be a fairly regular, round, cushion shape, free or barely attached to the substrate, or they may be attached along one straight edge. The diameter of the sac may be 6 to 10 mm or more; it is greater than the body length of the female, which generally guards the sac in some hidden place (such as inside a folded leaf or under a log) until she dies. Some Oxyopes lynx spider egg sacs may be similar, but they are usually more firmly attached to the substrate and in an exposed location on a leaf or twig.




  Papery, Suspended Bag




  Other spiders make egg sacs with a closely woven exterior as with the ones described above but do not carry them around or fasten them directly to a substrate. They instead suspend their egg sacs either in a web (as is ultimately done by nursery web spiders) or by a strong silken cord (as with the loosely woven sacs of pirate spiders). Egg sacs in this category may be simple spheres or bags but also come in a variety of distinctive shapes.




  Garden Spiders




  The garden spiders (Araneidae: Argiope) make very large, tan, papery egg sacs that are suspended from vegetation by meshworks of tough threads. The black and yellow garden spider’s (A. aurantia) is roughly spherical, narrowed at the top, and up to 1 inch (2.5 cm) long. Inside the firm, brown covering (which is whitish or yellowish when first made) is a thick layer of fluffy silk, and inside this is a silken cup containing the eggs. The banded garden spider (A. trifasciata) makes a hemispherical or kettledrum-shaped egg sac with a distinctly flattened top. The egg sac of the silver garden spider (A. argentata) is somewhat flattened from side to side and drawn out to several points along its edges. The silk may have a greenish tinge.
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  Egg sac of the black and yellow garden spider (Araneidae: Argiope aurantia). (FL) Photo by David Almquist.
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  Egg sac of the silver garden spider (Araneidae: Argiope argentata). (FL) Photo by Jeff Hollenbeck.
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  Egg sacs of a bolas spider (Araneidae: Mastophora). (GA) Photo by Carmen Champagne.




  Bolas Spiders




  The bolas spiders (Araneidae: Mastophora spp.) make globular egg sacs, about 15 mm wide, that each hang from a thick rope as long as or longer than the main body of the sac. The rope is broadly attached to the silk lines or vegetation from which it hangs. The egg sac of M. bisaccata is uniformly brown, with several pointed appendages in a ring around the base. Others may lack these projections and may be mottled light and dark. A single female may hang as many as a dozen egg sacs in close proximity.




  Ray Spiders




  Ray spiders (Theridiosomatidae: Theridiosoma) make distinctive, golden brown, somewhat pear-shaped bags, 3 mm long, each of which is suspended by a single thread, up to 1.6 inches (4 cm) long, that is often forked at the top. The top of the sac is a separable cap, which is partly pushed off when the spiderlings emerge. The egg sacs of T. gemmosum are especially common in damp areas, and there are often many in close proximity.
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  Egg sac (3 mm long) of a ray spider (Theridiosomatidae: Theridiosoma gemmosum). (PA)




  Cobweb Spiders




  Other tan, papery-textured egg sacs are likely the work of cobweb spiders (Theridiidae). Theirs are usually rounded and lack any sign of a seam, because they are rotated while the outer layer of silk is spun, and they are often suspended in the web. Most often seen are those of the common house spider (Parasteatoda tepidariorum). They are pear-shaped, ovoid, or roughly spherical, generally a bit lumpy and irregular, measuring 6 to 9 mm. One female often makes many egg sacs. Achaearanea globosa egg sacs are cream-colored and diamond-shaped, pointed at both ends. Those of the three black widow species (Latrodectus) are large (10 to 12 mm in diameter), very smooth, and nearly spherical or somewhat pear-shaped (up to about 14 mm long); they are whitish to light brown, and may have a grayish tinge. Southern black widow (L. mactans) egg sacs are usually nearly spherical and generally have a conspicuous nipple at the top; those of northern black widows (L. variolus) tend to be more pear-shaped and spread at the top. The red widow (L. bishopi), found in dry habitats in Florida, makes a similar smooth, globular egg sac that is whitish. Many smaller cobweb spiders make egg sacs that look more or less like miniature versions of those made by house spiders and black widows.
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  The common house spider (Theridiidae: Parasteatoda tepidariorum) with two egg sacs (each about 8 mm long). (NY)
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  A southern black widow spider (Theridiidae: Latrodectus mactans) and her egg sacs (each about 1 cm). (TN)
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  Egg sac (5 mm) of Neospintharus trigonum, a kleptoparasitic cobweb spider (Theridiidae: Argyrodinae). (MA)




  Acanthepeira orbweavers (Araneidae) make papery brown egg sacs that are nearly spherical like those of black widows, but somewhat crinkly like those of the common house spider. They are about 6 mm long.




  The kleptoparasitic cobweb spiders (Theridiidae: Argyrodinae) make a distinctive smooth, lantern-shaped egg sac suspended by a thick cord. The one made by Neospintharus trigonum is 6 mm long, with a conical top portion and a lower part contracted into a narrow neck. It is white when first made, later turning brown, and the cord from which it is suspended is about twice as long as the sac. Other species of Neospintharus, Argyrodes, and Faiditus produce variations on this shape, with or without a thick cord. Rhomphaea fictilium’s egg sac is yellowish and shaped like a slender vase, about the same size as the spider (6 to 12 mm).




  Lampshade Weavers and Barn Funnel Weaver




  Each female lampshade weaver (Hypochilidae: Hypochilus) spins several small, roughly spherical egg sacs, which are suspended in messy-looking clusters on silk threads near her web under a rock ledge. Those of H. bonneti, at least, are covered with bits of detritus. The barn funnel weaver (Agelenidae: Tegenaria domestica) hangs messy-looking dirty-white egg sacs from ceilings of man-made structures using a few strands of silk.




  Hackled Orbweavers




  The hackled orbweaver Zosis geniculata (Uloboridae; S) makes a pale pinkish brown sac, about 6 mm in diameter, that is flattened with a starlike outline and suspended in the web. The egg sac of Uloborus diversus is similar. Gea heptagon, an araneid orbweaver, makes a similarly shaped egg sac that is about 13 mm across and white with streaks of dark silk. It is flattened with a bulging center and drawn out in several straight-edged, pointed lobes, suspended in a sparse tangle web (away from the orb web) by silk strands emanating from the corners.
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  Egg sac of Zosis geniculata (Uloboridae), a hackled orbweaver. (FL) Photo by Jeff Hollenbeck.
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  Philoponella oweni (Uloboridae) and her 12-mm egg sac. (AZ)




  Uloborus glomosus places a few light brown, elongate sacs, somewhat larger than her body and decorated with irregular bumps or spikes, in a line along a radius of her web and aligns her long body with them. Philoponella oweni (SW) constructs brown egg sacs covered with similar spikes; the sacs, 5 to 6 mm long and 3 to 5 mm wide, are more or less flat on one side and domed on the other, something like a tiny green lynx spider egg sac. Two may be combined into one elongate sac about 12 mm long. The egg sac is hung under a rock or log near the web, and like the green lynx, the female stays with the egg sac until the young emerge. P. arizonica (SW) females make pale, whitish, spindle-shaped egg sacs, usually smooth but occasionally decorated with spikes, each 5 to 9 mm long and about 3 mm wide. The first is suspended from the center of the web, and a new one is added every few days, until a long, slender stick of up to 8 sacs has been formed—something like what U. glomosus does, except oriented perpendicularly.




  Orbweavers with Egg Sac Chains




  Like the uloborids mentioned above, several different araneid orbweavers also have the habit of arranging several egg sacs in a string or chain. The trashline orbweavers (Cyclosa) add series of egg sacs to the “trashline” stabilimenta in their webs (see chapter 6). The egg sac chains of Allocyclosa bifurca, containing up to 8 or so elliptical, somewhat bumpy sacs, may persist long after the web is gone; Comstock (1940) described them hanging from the ceiling of a Florida cottage’s veranda “by the hundred.” A female Metepeira (such as the labyrinth spider, M. labyrinthea) makes a string of lenticular egg sacs near the entrance to her retreat in the labyrinth. The basilica spider (Mecynogea lemniscata) suspends a chain of 2 to 6 egg sacs from a strong, horizontal cord above her web. They are spherical and brown, covered with a thin layer of white silk. The string of egg sacs can often be found still held in place the following spring, long after the web is gone.
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  A 23-mm-long string of old basilica spider (Araneidae: Mecynogea lemniscata) egg sacs. (NC)




  A Mystery




  A very common egg sac in the northeastern United States (and perhaps elsewhere) hangs from a horizontal “clothesline” as does the egg sac chain of the basilica spider. It is a single, rounded bag, about 8 mm long, with upper edges that taper out to the horizontal thread, forming two points. If it has ever been described before, it has been ignored by all of the literature on spiders we have scoured for clues. Based on the spiderlings that emerged from one we collected, we are convinced it is made by a long-jawed orbweaver (Tetragnathidae) of some sort.
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  A mysterious and very common egg sac (8 mm), almost certainly of a long-jawed orbweaver (Tetragnathidae). (MA)




  Tough and Brown with Distinct Tufts




  The brown widow (Latrodectus geometricus) makes tough, perfectly spherical egg sacs, about 1 cm in diameter, covered with regularly spaced tufts of silk. These are often found on or near buildings. The green lynx spider (Oxyopidae: Peucetia viridans) makes a tough, brown egg sac that is more or less hemispherical, 12 to 25 mm across, with many small, projecting tufts or bumps (these may be on only the more rounded portion or the whole surface). She anchors it firmly to low vegetation with a maze of threads and guards it tenaciously until the spiderlings emerge. The much smaller Hamataliwa lynx spiders make a miniature version of this, 4 mm or so across, and suspend it from a branch by several threads.
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  Egg sac (about 1 cm) of a brown widow spider, Latrodectus geometricus (Theridiidae). (GA)
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  A female green lynx spider (Oxyopidae: Peucetia viridans) guarding her egg sac (about 15 mm) between two prickly pear pads. (AZ)




  Debris-Covered




  Some spider egg sacs are plastered with layers of mud or decorated with bits of wood, leaves, stones, or other debris, which provide camouflage and further protection from predation and parasitism. This has been noted above in the descriptions of Zelotes, Drassyllus rufulus, Agelenopsis, and Hypochilus. Cicurina species (Dictynidae) enclose their eggs in little white sacs, which are covered with bits of earth. The disc-shaped egg sac of the hobo spider (Agelenidae: Tegenaria agrestis) is surrounded by a thick layer of small stones and sand or mineral soil, depending on the habitat, and has a thin outer layer of white silk. The finished product is globular, and the egg sac is entirely concealed. Various other funnel-web spiders cover their egg sacs with some amount of debris. We found a Coras female (Amaurobiidae) in a woodpile guarding a fluffy, white egg sac that was heavily decorated with bits of debris. Calymmaria (Hahniidae) egg sacs are suspended from the underside of the web and are “flattened, angular to somewhat rounded, and covered with a stiff coating of earth” (Ubick et al. 2005). The tiny, obscure leptonetids (S, W) cover their egg sacs with debris and either suspend them from the web or attach them to a substrate.




 
[image: chpt_fig_079]





  Debris-covered egg sac of Tegenaria, a funnel-web spider (Agelenidae), opened to reveal the eggs and internal structure. The unopened 1-inch (2.5-cm) sac was hemispherical with a uniform outer covering of silk. (MI)
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  Fluffy egg sac of Coras (Amaurobiidae), concealed with bits of debris. (MA)




  McCook (1884) described a globular egg sac “about the size of a grape,” completely coated in mud, and often found attached by a slender cord of silk to the undersides of boards and other objects on the ground. The spiderlings emerge through the point at the top where the cord is embedded in the mud, and a hole in the side indicates parasitism by an ichneumon wasp. He identified the makers as ground spiders (Gnaphosidae), which he provisionally named Micaria limnicunae, while suggesting that they might better be placed in the genus Herpyllus. The spider he described has not been linked to a currently valid scientific name. He noted that some egg sacs, apparently made by the same species, had the external case composed of bits of old wood, bark, leaves, flowers, insect parts, and only a thin veneer of soil.
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  A mud-covered spider egg sac (5 mm wide) evidently belonging to the enigmatic ground spider “Micaria limnicunae“ (Gnaphosidae). (PA)




  Hatching




  Spider eggs generally hatch shortly after they are laid, but the spiderlings may stay in the sac long afterward; for instance, in many northern species, the spiderlings hatch in the fall but do not emerge until the spring. In weaker egg sacs, they create a large tear when they emerge, whereas in tough sacs, a few of the spiderlings cut a small, neat, round hole at some point in the sac, and they all emerge one by one through this opening. In a few cases, such as wolf and spitting spiders, the female tears or loosens the sac to help them emerge.




  Spiderlings of almost every species molt once before emerging; therefore, opening an egg sac and looking for their tiny exoskeletons under magnification is a good way to confirm that it is in fact a spider egg sac. Cellar spiders and spitting spiders emerge before molting, but in both cases, the spiderlings hang motionless in nearby webbing for several days immediately after hatching until they molt.




  Spider Egg Predators and Parasitoids




  Spider egg parasitoids include certain frit flies (Chloropidae), such as Oscinisoma alienum, Siphonella oscinina, and Pseudogaurax. A female lays eggs in a partially completed egg sac, and the larvae hatch and feed on the spider eggs after it is finished. Upon emerging from their puparia, the larvae escape the egg sac through an exit hole made by spiderlings that hatch from the eggs they have spared.




  Parasitoid wasps, with their long ovipositors, can lay eggs inside the sac after it is finished. Because they have chewing mouthparts, they do not need the help of spiderlings to emerge, and they tend to consume most or all of the eggs. Arachnopteromalus dasys (Pteromalidae) larvae develop in the eggs of various uloborids, leaving the egg sacs full of empty spider eggshells and their own pupal skins. Other chalcid and platygastrid wasps leave similar evidence. The solitary larva of many Gelis species (Ichneumon idae) develops inside a spider egg sac; transforms in a stiff, white, elongate cocoon; and then chews a hole in the egg sac about 1 mm in diameter through which it emerges. Some other ichneumon wasps have similar habits.
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  Egg sac of the jumping spider Phidippus clarus (Salticidae), opened to reveal the puparia of parasitoid frit flies (Chloropidae: Pseudogaurax). (FL) Photo by Jeff Hollenbeck.
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  Egg sac of a nursery web spider (Pisauridae: Pisaurina mira), opened to reveal the cocoon of a mantidfly, Dicromantispa (Mantispidae). (FL) Photo by Jeff Hollenbeck.




  Several mantidfly species (Mantispidae) also develop in spider egg sacs, sucking the eggs dry and making whitish, subspherical cocoons inside. Mantidfly females do not lay their eggs among spider eggs, so the tiny young larvae must actively seek out and bore into egg sacs.




  Pirate spiders have been observed eating the egg sacs of their prey spiders.


  

   




  Naked Eggs


   

  At last we come to the plain, unadorned eggs, which are neither inserted in vegetation nor provided with some kind of case or covering. Almost all of the ones you are likely to notice belong to insects. Given how many thousands of species fall into this category, the best we can do here is to give an overview of the characteristics of the eggs of each major group, with a few examples to give a sense of the variation. Most conspicuous eggs will be straightforward to identify to insect order; often it will be possible to determine the family. Pinning down the genus or species is usually not a realistic expectation, although there are exceptions.




  First, some general notes on egg location. The context in which you find an egg is an extremely important clue to its identity. Eggs laid on the side of a building are likely from nocturnal insects attracted to the lights at night. They will usually be moth eggs, but you may find eggs of lacewings or certain true bugs in this context; bright lights near a river can also induce stoneflies, mayflies, and caddisflies to attach eggs to flagpoles, gas pumps, and similar lit structures. Eggs laid on leaves may be from either insects with leaf-feeding immature forms, such as butterflies, moths, and leaf beetles, or predators such as lacewings, ladybugs, and syrphid flies. If the former, the plant species can help identify the insect, since most are fairly specific about what plants they eat, and they lay eggs where their young will be able to start feeding as soon as they hatch. If the latter, the plant species is usually of little significance, and the eggs may be just as likely to be laid on bark or some nonliving object. This is not to say that predators always lay their eggs at random; eggs laid among groups of aphids, for instance, are likely to belong to an insect with aphid-eating larvae.




  Most conspicuous eggs attached to underwater objects belong to aquatic true bugs, or possibly beetles. The Megaloptera and certain flies deposit their eggs on leaves and other objects over water; dragonflies, mayflies, and stoneflies generally drop or deposit their eggs directly into the water and let them disperse. Eggs of the latter are unlikely to be noticed, except where dragonflies deposit large numbers of eggs that come to rest on vegetation just below the surface.




  The eggs most commonly noticed under logs and in similar places are those of slugs and snails, because they tend to be in clusters and are substantially larger than most insect eggs. Many beetles also lay their eggs on or in soil and rotting wood. Dung, carrion, fungus, and rotting fruit are typical places for many flies and certain beetles to lay their eggs. In short, knowing what an insect does as a nymph or larva will usually tell you where its eggs will be found.




  Egg size and arrangement can also be important clues to consider. Most insect eggs are in the vicinity of 1 mm long, or perhaps smaller. Nonsnail eggs that approach or exceed 3 mm are likely to be from giant silkmoths, Orthoptera, very large beetles or true bugs, or, if you’re lucky, walking-sticks. Laying elongate eggs end to end in a line is a habit peculiar to certain sawflies, leaf-footed bugs, and whirligig beetles. Some true flies, psyllids, and water striders characteristically deposit eggs lying side by side. Certain whiteflies and green lacewings lay their eggs in spirals.




  Lacewings, Dobsonflies, Snakeflies, and Relatives (Neuropterida)




  Eggs of the Neuropterida are all basically similar: smooth, oblong, and in most cases white or whitish, except for alderfly eggs, which are dark brown. Others may darken before they hatch. Some have stalks or other accessories, but those without can be recognized by the distinctive white knob at one end. This knob marks the location of the micropyle, the opening through which sperm reach the actual egg cell within the egg.




  Stalked Eggs (Lacewings and Mantidflies)




  While working on this book, as we traveled the continent with an eye to tiny details, we encountered the eggs of green lacewings (Chrysopidae) more frequently than any other type of egg, in every region that we visited. If you’re looking for a fun road trip game, every time you get out of the car, see who can find the lacewing eggs first!
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  The egg of Chrysopa oculata, a green lacewing (Chrysopidae). The egg is about 1.5 mm long, and the stalk about 5 mm. (MA)
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  A tight cluster of green lacewing eggs, with the 13-mm stalks twisted together. (MA)
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  Short-stalked eggs (0.5 mm) of Climaciella brunnea, a mantidfly (Mantispidae). (LA) Photo by Mark S. Fox.




  Each egg is deposited at the end of a thin, 5- to 13-mm stalk, which the female creates by depositing a drop of fluid on the substrate from the tip of her abdomen, then quickly lifting her abdomen to stretch this drop into a thread. It is often said that the eggs are laid among aphid colonies, but of the dozens of eggs we have found, we saw only one clear instance of this. They may be on plants or just about any other object, and may be single or in clusters. The stalks are said to dissuade ants, and perhaps the other lacewing larvae, from preying on the eggs. Ceraeochrysa smithi egg stalks have beadlike droplets of an oily fluid along their length, which the newly hatched larvae consume as they climb down the stalks. The fluid contains irritants that further deter ants from approaching the egg. The stalks of Leucochrysa floridana eggs have similar droplets, but they have a pasty consistency rather than oily, and the larvae do not eat them. L. floridana eggs are laid in irregular clusters, whereas C. smithi eggs are arranged in a neat spiral. Some other species lay multiple eggs at the end of a single stalk or a number of fused stalks.




  The relatively rare beaded lacewings (Berothidae: Lomamyia) similarly lay their eggs on stalks, at least sometimes with a cluster of several at the end of a single stalk as is the case with some green lacewings. Beaded lacewing larvae are predators of termites, and the eggs accordingly are laid on rotting wood rather than on foliage. Within twenty-four hours, the eggs develop dark, horizontal stripes from the banded larvae developing inside. Mantidflies (Mantispidae) also lay stalked eggs, but the stalks are much shorter (0.5 to 2 mm or so), and they are deposited in large clusters, often of several hundred.




  Owlflies




  Owlflies (Ascalaphidae) lay their eggs along twigs, standing upright. Those of Ululodes are in two rows on the underside of the twig and are white or light gray, turning slate gray before hatching. They are easily recognized by the series of reddish brown stalks that the female places around the stem a little farther down the twig from the eggs. The stalks, called repagula, are actually abortive eggs, and again they function as a physical barrier against ants and are coated with an ant-repellent substance. Ascaloptynx appendiculatus lays yellow eggs, turning brown, in a dense clump completely surrounding the twig. Its repagula are contiguous with the viable eggs and look like smaller versions of them. In both genera, the larva hatches by pushing open a neat cap at the top of the egg.
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  Owlfly (Ascalaphidae: Ululodes) eggs and repagula (ant barrier). The egg rows are 1.02 inches (2.6 cm) long. (AZ)




  Alderflies and Fishflies




  Of the unembellished neuropterid eggs, the most conspicuous are those of the Megaloptera, which are laid on objects overhanging the water bodies where the larvae develop. Alderfly eggs (Sialidae: Sialis) are off-white, turning dark brown. They are deposited in a compact mass containing 300 to 900 eggs, most often on the underside of a leaf, and may either stand upright or lie horizontally. Larvae make a jagged tear in the eggshell when they emerge, and a round hole likely indicates the emergence of Trichogramma semblidis (Trichogrammatidae), a chalcid egg parasitoid. Fishflies (Corydalidae: Chauliodinae) lay their eggs in one to five layers. See page 15 for a description of the conspicuous covered eggs of dobsonflies.
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  Eggs of an alderfly (Sialidae: Sialis). The dark ones are parasitized by chalcid wasps (Trichogrammatidae: Trichogramma semblidis). The mass is 17 mm across. (MA)




  Snakeflies




  Snakeflies (Raphidioptera; W) deposit clusters of up to 100 yellowish white eggs under loose tree bark and in bark crevices.




  Brown Lacewings, Dustywings, and Antlions




  Neuropteran eggs other than the ones already mentioned are unlikely to be noticed. Brown lacewings (Hemerobiidae) lay white eggs, turning cream-colored, gray, pink, or brown, singly or in groups, usually attaching them on their sides to the undersides of leaves. They may also be deposited on buds or in bark crevices. Under magnification, the chorion (eggshell) is densely studded with glossy bumps. Dustywings (Coniopterygidae) lay tiny, flattened, oblong eggs singly on leaves or bark of trees and shrubs. They may be placed among colonies of mites or small insects. Antlions (Myrmeleontidae) deposit rows of 5 to 12 elliptical white eggs, stuck together, in sand.




  True Bugs (Heteroptera), Terrestrial




  Eggs of true bugs are often distinctively shaped. Many have circular perforations or caps that the nymphs push open when they hatch. Several also have characteristic spines or projections at the top.




  Stink Bugs




  Stink bug eggs (Pentatomidae) are more or less barrel-shaped and are deposited in compact clusters of a dozen or so (up to about 40 eggs per cluster in some cases), standing upright, on vegetation and other exposed surfaces. The circular lid at the top often has a ring of spines around the edge. These may be too tiny to see with the naked eye, but they are large and prominent in the bronze-colored eggs of Podisus species, such as the spined soldier bug (P. maculiventris). The eggs are hard-shelled and can be found intact long after they hatch, with the lids neatly pushed open. An irregular hole chewed in the top indicates the emergence of a chalcid or platygastrid wasp parasitoid. Eggs of some are pale green at first, later turning reddish or gray. These include the green stink bug (Acrosternum hilare), rice stink bug (Oebalus pugnax), and conchuela (Chlorochroa ligata). Eggs of the tree stink bugs (Brochymena) are pearly white. The harlequin bug (Murgantia histrionica), on plants in the mustard family, lays striking white eggs with two black bands around the circumference.
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  Hatched eggs (5 mm cluster) of a stink bug (Pentatomidae). (CA)
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  Eggs (1 mm each) of a spined soldier bug (Pentatomidae: Podisus). (NC)
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  Pearly white eggs (6 mm cluster) of a tree stink bug (Pentatomidae: Brochymena). (PA)




  Assassin Bugs




  Eggs of assassin bugs (Reduviidae) come in a variety of forms, but they are generally elongate-cylindrical, tapering somewhat toward the top, and deposited standing upright. They always have a definite cap at the top, often with a whorl of raylike projections, giving the appearance of a tiny flower. Generally, as in Sinea species, the body of the egg is brown and the “flower” is a light tan. Eggs of wheel bugs, among others, are basically similar but are encased in a resinlike substance (see page 10).
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  Eggs of an assassin bug (Reduviidae) laid on a screen door. (TN) Photo by Kris Light.
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  An Acanthocephala-style egg (2 mm) of a leaf-footed bug (Coreidae). (OK) Photo by Sam Houston.




  Leaf-Footed Bugs




  Eggs of leaf-footed bugs (Coreidae) come in a variety of shapes and arrangements, but they are always deposited on their sides. Some are more than 3 mm long. Acanthocephala eggs are large, oval, and somewhat three-sided in cross section. They are laid singly or in small groups. Rather than a distinct cap, the egg has a perforated ring at one end, forming a line of weakness where the chorion is torn when the nymph emerges. Squash bug (Anasa) eggs are similarly shaped but smaller, laid singly or in loose groups of 15 to 50 on leaves or stems of cucurbits. They are shiny and range from pale yellow to brown.
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  Leaf-footed bug (Coreidae) eggs (about 1.3 mm each) on a cholla spine, similar to those of Leptoglossus. (AZ)
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  Eggs (1 mm each) of Chelinidea, a leaf-footed bug (Coreidae), one of which has hatched. (AZ)




  Other leaf-footed bug eggs have a definite circular lid, which is off-center relative to the axis of the egg. Chelinidea eggs are oval and brown with whitish blotches. They are laid several in a row along a prickly pear spine, with the lids facing up at an angle from the spine. The western conifer seed bug (Leptoglossus occidentalis) lays brown, truncated, cylindrical eggs end to end in a long chain on a pine needle. The circular cap is immediately adjacent to one end of the egg, facing straight up from the needle.
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  Eggs (1 mm each) of a scentless plant bug (Rhopalidae). (MA)




  Scentless Plant Bugs




  The eastern boxelder bug (Rhopalidae: Boisea trivittata) egg is oval with an off-center cap like those of some leaf-footed bugs. It has a round depression on either side, giving it a distinctive shape. The eggs are laid in loose, irregular clusters on a variety of substrates. Freshly laid eggs are red, and the empty shells are golden brown. Eggs of other scentless plant bugs are similar.




  Seed Bugs




  The large milkweed bug (Lygaeidae: Oncopeltus fasciatus) lays loose clusters of about 15 small, red eggs on its host plant. They are elongate and have three downcurved projections near the tip.




  Lace Bugs




  Lace bugs (Tingidae) lay their eggs in loose groups on the undersides of leaves, often along the midrib or prominent veins. The eggs are extremely tiny, shaped like kegs with tapered ends. The bottom tip is inserted in a slit in the leaf, and the top has a distinct flip-top lid. Often plant juices ooze from the slits and cover the eggs, drying to form small stalactitelike projections from the leaf.




  True Bugs (Heteroptera), Aquatic




  All aquatic true bugs attach their eggs to solid objects, usually underwater but sometimes just above the surface. They range from oval to spindle-shaped, and some are on short stalks. On a microscopic level, they often have a hexagonally reticulate pattern on the surface and a prominent micropylar knob.




  Giant Water Bugs




  The eggs of giant water bugs (Belostomatidae) are the largest aquatic insect eggs, usually around 5 mm long, in some cases swelling to about 7 mm. They are pale brown and capsule-shaped, about twice as long as wide. Eggs found attached to plants or other objects above the water belong to Lethocerus. They stand upright, tightly packed, and may be in masses of 100 or more. The eggs of Abedus and Belostoma are similarly arranged but are carried by the males on their backs, and in the smallest species they are only 2 mm long. You might find them after they have hatched and sloughed off the male’s back, still firmly fused in a single mass.
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  Giant water bug (Belostomatidae: Abedus) eggs, attached to the back of the male, whose face is visible peeking out of the sediment in the stream bottom. The bug on top of the 1.1-inch (28-mm) mass is a hatchling. (CA)
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  A 23-mm mass of hatched giant water bug eggs found at the bottom of a stream, having sloughed off the male’s back. (CA)




  Water Measurers




  Water measurers (Hydrometridae) attach their eggs to objects at or just above the surface of the water. They are spindle-shaped, about six times as long as wide, brown, and attached to the substrate by slender stalks.




  Water Striders




  Water striders (Gerridae) lay elongate brown eggs, usually longer than 1 mm, on their sides, on objects just below the water surface. Several are often placed side by side, parallel but not touching. Eggs of broad-shouldered water striders (Veliidae) are laid in similar locations, but they are oval, white, less than 1 mm, and are laid singly or in irregular clusters. Eggs in both families have a thin, gelatinous coating.
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  Eggs (1 mm each) of Trepobates, a water strider (Gerridae). (MA)




  Backswimmers




  Notonecta backswimmers (Notonectidae) deposit 2-mm elongate (a little over two and a half times as long as wide), white eggs on their sides, along plant stems and on other underwater surfaces. They turn brown before hatching. Although they are not tightly packed, many may be laid close together, covering several inches of a stem. Eggs of creeping water bugs (Naucoridae) are also deposited horizontally on submerged objects. They are twice as long as wide, with a buttonlike micropyle, and they change from cream-colored to gray. Eggs in both families develop red eyespots as the embryos mature.
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  Eggs (2 mm each) of Notonecta, a backswimmer (Notonectidae). (MA)




  Water Boatmen




  The eggs of water boatmen (Corixidae) are small, but they can be conspicuous because they are laid in very large numbers, sometimes forming a dense crust on plants and other submerged objects. The individual eggs are ovoid and somewhat asymmetrical, with a conspicuous micropylar knob at the tip, and attached to the substrate by a very short stalk at the base.




  [image: chpt_fig_101]




  Eggs (0.5 mm each) of water boatmen (Corixidae) covering a rock at the edge of a lake. (ND)




  Other Aquatic True Bugs




  Several aquatic true bugs lay their eggs out of water, at the bases of clumps of grass or moss. Those of the velvet water bugs (Hebridae) are elongate with rounded ends, surrounded by a gelatinous mass. Eggs of shore bugs (Saldidae) are elongate, tapering and slightly bent toward the tip. Velvety shore bug eggs (Ochteridae) are white, broadly oval, and deposited singly.




  True Flies (Diptera), Terrestrial




  Eggs of true flies range from oval to long and skinny, often somewhat curved. They are almost always either white or black; a few are yellow or orange. They usually look featureless to the naked eye, but some show beautiful textures when magnified. The tiny spaces in the surface of the eggs trap air and help them breathe when they get wet. Many flies lay eggs on decaying matter, but some deposit them on vegetation or other surfaces where they are easily noticed.
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  The egg (1 mm) of a syrphid fly (Syrphinae), deposited on the underside of a willow leaf beside a cluster of aphids. (TN)
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  A highly magnified egg (1 mm) of a syrphid fly (possibly Syrphus rectus). (MA)




  Hover Flies




  A fun egg to look for, though certainly not the most conspicuous, is that of a hover fly (Syrphidae: Syrphinae) with aphid-eating larvae. These white eggs, about three times as long as wide, are laid singly (rarely two side by side) on their sides, near clusters of aphids, mealybugs, or scale insects. They are distinctively patterned under magnification, and Short and Bergh (2005) illustrate how three species can be separated by the eggs alone: Heringia calcarata has longitudinal ribs extending along its whole length; Eupeodes americanus is covered with very short longitudinal ribs; and Syrphus rectus is covered with blunt, tubular projections. There are at least ten aphid-eating syrphine genera, with others including Baccha, Paragus, Pipiza, and Toxomerus.




  A non–aphid-eating genus of syrphid flies, Helophilus, has aquatic larvae and a distinctive way of laying its eggs. Helophilus eggs are similar to those of other syrphids but are laid in neat clusters of several dozen, standing on end, on the undersides of leaves overhanging water.
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  Two deer fly (Tabanidae: Chrysops) egg masses on the undersides of leaves overhanging a pond: freshly laid (left) and somewhat older. (MA)




  Horse and Deer Flies




  Horse flies and deer flies (Tabanidae), like Helophilus, lay their eggs in masses on the undersides of leaves and other objects over water, or over damp ground, to which the larvae drop down when they hatch. A mass contains 100 to 1,000 eggs, 1 to 2.5 mm long and about one-fifth as wide. The eggs are at first creamy white but darken to brown and finally jet black. The eggs often stand on end (sometimes bent at the base) in a flat-topped compact mass, and typically additional layers are added to this, forming a rounded mound of stacked eggs. Some deer fly (Chrysops) eggs are laid nearly horizontally, overlapping each other like shingles.
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  A deer fly egg mass of the more spread-out variety. (MA)
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  An older egg mass (about 8 mm) of the species shown on page 56. (MA)
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  A hatched, single-layer mass (3 mm) of deer fly eggs. (TN)




  Aquatic Soldier Flies




  Eggs of aquatic soldier flies (Stratiomyidae) are also deposited over water in masses of several hundred. They are elongate, about 1 mm long, pale yellow or cream-colored at first but darkening as they develop. They can appear similar to deer and horse fly eggs but often have a distinct yellow tinge. In the examples we have seen, they are somewhat less elongate (about four times as long as wide) and are always deposited horizontally, though they may overlap or be piled in a mound.
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  Aquatic soldier fly (Stratiomyidae) eggs, deposited just above the edge of a stagnant pool. The largest mass is 15 mm. (AZ)




  Anthomyiid Flies




  Anthomyiid fly eggs are often reticulated like those of some syrphids. The leaf-mining species oviposit on the undersides of the leaves of their host plants, sometimes singly but often in clusters of up to 8 or so, side by side like sardines. The larvae bore directly from the eggs into the leaf, and the chalky white eggshells remain, providing an easy way to verify the identity of the miner. The spinach leafminer (Pegomya hyoscyami) is common in gardens; several other Pegomya species lay eggs on Rumex (dock) leaves. Eggs of the seed and root maggots (Delia) can be found on decaying organic matter and on soil at the base of plants, laid one at a time or in masses. They have distinctive lateral flanges.
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  Eggs (1 mm each) of a root maggot (Anthomyiidae: Delia) deposited in the charred bottom of a jack-o’-lantern. (MA)




  [image: chpt_fig_110]




  Eggs (1 mm each) of Pegomya (Anthomyiidae), a leaf-mining fly, on the underside of a bitter dock leaf. (MA)
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  Pegomya eggs greatly magnified to show the reticulations. (MA)




  Bot Flies




  Rodent and rabbit bot flies (Oestridae: Cuterebra) lay elongate, white eggs, about 1.5 mm long, in irregular aggregations on twigs and other objects, often near the nests and burrows of their hosts. The eggs stick to the animal’s fur when it brushes against them, and the larvae either bore in or are ingested when the animal licks itself. Other bot flies lay their eggs directly on the host animal. See chapter 4 for details.




  Small-headed Flies




  Small-headed flies (Acroceridae) are internal parasitoids of spiders. Rather than locating a host, the female leaves this to the larvae and instead deposits her minute black eggs on stumps, fence posts, and especially the tips of twigs. They may be in small clusters or rows, or in extensive masses, with several females congregating at one site. Dead sagebrush twigs have been found covered with as many as 20,000 Ogcodes adaptatus eggs per linear foot.




  Tachinid Flies




  Some tachinid flies lay eggs directly on their hosts (see chapter 3 for details), but others deposit them on foliage. As with the small-headed flies, these are tiny (usally less than 0.2 mm long) and black, but they are not laid in large groups: they are meant to be inconspicuous. Like the eggs of trigonalid wasps, they do not hatch until they happen to be swallowed by a leaf-feeding caterpillar. Species with this habit include Blepharipa pratensis and Hyphantrophaga virilis.




  Gall Midges




  Although most gall midges (Cecidomyiidae) insert eggs into the tissues of their host plants, some lay elongate orange eggs on the surface of vegetation. Larvae of Aphidoletes species are predators of aphids, and as with syrphid flies, their eggs are laid singly among aphids. Eggs of the clover seed midge (Dasineura leguminicola) are laid singly or in clusters on or near clover heads, and those of the Hessian fly (Mayetiola destructor) are laid in grooves on the upper side of grass leaves.




  Other Terrestrial Flies




  Certain robber flies (Asilidae: Asilini) usually lay eggs in flowers and other plant crevices. The vast majority of the remaining flies with terrestrial larvae lay their eggs on soil, excrement, or decaying matter. The eggs of some fruit flies (Drosophilidae), although tiny, are distinctive. They have one or two respiratory “horns” that project above the moist food in which they are deposited. The house fly (Muscidae: Musca domestica) lays batches of about 100 elongate white eggs on garbage. The march fly Bibio albipennis (Bibionidae) digs into loose soil to deposit a mass of 200 to 300 eggs. A female bee fly (Bombyliidae) lays an egg near the entrance of a solitary bee or wasp burrow, where the larva will develop.




  True Flies (Diptera), Aquatic




  The most commonly noticed fly eggs in water are the gelatinous masses of midges already mentioned (see page 8). Deer and horse flies, soldier flies, and hover flies with aquatic larvae all lay their eggs on objects overhanging water, and they are discussed in the previous section.
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  The egg (0.5 mm) of a fruit fly (Drosophilidae: Drosophila melanogaster), with its characteristic respiratory “horns,” on a rotten apple. (MA)
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  Mosquito (Culicidae) eggs (0.5 mm each) deposited in a dish of rainwater. (MA)




  Mosquitoes




  Some mosquitoes (Culicidae: Culex, Culiseta, and Uranotaenia) lay their spindle-shaped eggs in floating masses called “rafts,” made up of 100 to 300 or more vertically oriented eggs packed together. They start out white, becoming darker as deer fly eggs do. Anopheles eggs float singly, equipped with air sacs on the sides. Other mosquito eggs, such as those of Aedes, are laid at or above the waterline, where they remain dormant until they become submerged. Look closely at the edges of rainwater-filled saucers neglected on your porch, and you will likely see a dense coating of small, black, pointy mosquito eggs.




  Black Flies




  Black flies (Simuliidae) lay clusters of tiny (less than 0.5 mm), oval eggs on rocks and vegetation in fast-moving streams. They may lay them at or above the water level, or they may dart in and out of the water to lay eggs on shallowly submerged rocks. Their eggs, too, start out whitish and darken as they develop.


  

  Net-winged Midges




  Net-winged midges (Blephariceridae), like black flies, develop in fast-moving streams. Females lay small clusters of eggs on rocks exposed when the water level is lowered or, in some species, crawl into the water and oviposit on submerged rocks. In aquatic entomologist Gregory Courtney’s experience, the eggs are dark in color and are usually found in crevices and depressions.
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  Tiny eggs of black flies (Simuliidae) attached to a rock behind a small waterfall in a stream. (CA)




  
Brine Flies





  Two species of brine flies (Ephydridae) breed only in the hot springs of Yellowstone National Park. Ephydra bruesi lays masses of elongate, bright pinkish orange eggs in neutral and alkaline springs, and E. thermophila does the same in acidic springs. The eggs are deposited on stones and other objects projecting from the microbial mats; they are most conspicuous in the winter when the mats fade from orange to dark green.




  Beetles (Coleoptera)




  Beetle eggs range from spherical to elongate, and a few are disc-shaped. They are usually plain-looking in shape and texture, although a few are brightly colored or have appendages. Case-bearing leaf beetle eggs are intricately patterned, but this is because a layer of excrement is packed around them. They are illustrated in chapter 5.




  Ladybugs




  Ladybugs (Coccinellidae) lay tight clusters of 5 to 50 elongate, bright yellow or orange eggs that stand upright. They tend to be more pointed than the leaf beetle eggs of similar color and size. Eggs of the predatory species may be on tree bark or near an aphid or scale insect colony. The herbivorous species lay eggs on their host plants: the Mexican bean beetle (Epilachna varivestis) on legumes, and the squash beetle (E. borealis) on cucurbits.
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  Eggs (7-mm cluster) of a ladybug (Coccinellidae) on a tree trunk. (MA)
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  Eggs (cluster about 5 mm) of a three-lined potato beetle (Chrysomelidae: Lema daturaphila) on the underside of a jimsonweed leaf. (NV)




  Leaf Beetles




  The eggs of leaf beetles (Chrysomelidae) are the other beetle eggs commonly seen attached to vegetation. They are attached to foliage of the host plant (usually the undersides of leaves) and are often accompanied by feeding sign of the adults, which are unusual among beetles (but similar to Epilachna ladybugs) in having the same feeding habits as their larvae. They are usually elongate and tend to be in tight, upright clusters similar to those of ladybugs. Many species have yellow or yellow-orange eggs, including the swamp milkweed leaf beetle (Labidomera clivicollis); three-lined potato beetle (Lema daturaphila) and Colorado potato beetle (Leptinotarsa decemlineata), both on various nightshades; dogbane leaf beetle (Chrysochus auratus); elm leaf beetle (Xanthogaleruca luteola); larger elm leaf beetle (Monocesta coryli; SE); cottonwood leaf beetle (Chrysomela scripta), in clusters of about 50; and spotted cucumber beetle (Diabrotica undecimpunctata), in soil near the food plant. The pea weevil (Bruchinae: Bruchus pisorum) glues oval, orange eggs, singly or paired, to the outsides of pea pods.
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  Eggs (8-mm cluster) of Calligrapha serpentina (Chrysomelidae) on a globe mallow leaf, partially predated. (AZ)
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  Eggs (1.2 mm each) of the common asparagus beetle (Chrysomelidae: Crioceris asparagi). (TN)




  Some leaf beetle eggs are markedly different. Calligrapha serpentina (SW) deposits masses of striking reddish orange eggs on globe mallows. The common asparagus beetle (Crioceris asparagi) lays dark brown, upright eggs in spaced-out rows, whereas the spotted asparagus beetle (Crioceris duodecimpunctata) lays greenish eggs singly on their sides. Eggs of the argus tortoise beetle (Chelymorpha cassidea) are laid on morning glory leaves in clusters of 15 to 30, each attached by a pedicel. Golden tortoise beetle eggs (Charidotella sexpunctata), also on morning glories, have three spiny prongs. The waterlily leaf beetle (Galerucella nymphaeae) lays roughly spherical, whitish eggs in clusters on the upper surface of waterlily leaves. Eggs of the related purple loosestrife–feeding species (Neogalerucella) are similar. Sumitrosis rosea, whose larvae mine apple leaves, deposits rough, blackish, little eggs in clusters of 1 to 5.
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  Eggs (3-mm cluster) of the waterlily leaf beetle (Chrysomelidae: Galerucella nymphaeae). (MA)


  

  Blister Beetles




  Some blister beetles (Meloidae) deposit egg masses on various parts of flowering plants. Their larvae climb onto flowers and ride solitary bees back to their nests, where they complete their development. The eggs of at least some species are elongate with rounded ends, yellow-orange, and deposited sideways in a pile rather than in erect clusters.




  
Buprestids





  The leaf-mining buprestids lay soft, disc-shaped eggs singly on the undersides of leaves of their host plants (see chapter 10 for examples). They are covered with a glistening transparent secretion that spreads over them and gives them the shape of a flattened dome. The hickory spiral borer (Agrilus arcuatus) lays similar eggs, about 1 mm long and pale yellowish green, on hickory twigs.




  Other Eggs on Vegetation




  Various other beetle eggs may be found on vegetation. Holobus oviformis (Staphylinidae), a rove beetle that preys on spider mites, deposits minute orange eggs singly on leaves. The clover weevil (Curculionidae: Sitona hispidulus) lays tiny, oval eggs on clover leaves and flowers. They start out yellowish and gradually turn black. The red-blue checkered beetle (Cleridae: Trichodes nutalli) lays eggs on flowers.




  Eggs on Wood




  Numerous beetles lay eggs in crevices of bark and wood. Many metallic wood-boring beetles (Buprestidae) and long-horned beetles (Cerambycidae) have elongate, white eggs, some of which are exceptionally large. Those of the introduced Asian long-horned beetle (Anoplophora glabripennis) are more than 5 mm. In addition to other wood-boring beetles, eggs on wood and bark may belong to stag beetles (Lucanidae; white and spherical), net-winged beetles (Lycidae), checkered beetles, fire-colored beetles (Pyrochroidae), flat bark beetles (Cucujidae; under bark), pleasing fungus beetles (Erotylidae), and wedge-shaped beetles (Rhipiphoridae).
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  Eggs (5.5 mm each) of the Asian long-horned beetle (Cerambycidae: Anoplophora glabripennis). (MA)




  Eggs on or in the Ground




  Other beetles lay eggs on or in the ground. Some blister beetles dig holes a few centimeters deep to bury clusters of 100 to 200 white, 2-mm elongate eggs with rounded ends. Soldier beetles (Cantharidae) deposit masses of pale yellow, oblong eggs in soil or among ground litter. Scarab beetles lay spherical or elongate eggs in soil, singly or in groups, in some cases several inches deep. Also deposited in soil are the eggs of click beetles (Elateridae), most ground beetles (Carabidae; usually singly), some carrion beetles (Silphidae), darkling beetles (Tenebrionidae), and root-feeding weevils, leaf beetles, and long-horned beetles. The eggs of Pyrophorus click beetles (SW) are luminous, as are those of some fireflies (Lampyridae; in damp places) and possibly Metophthalmus minute brown scavenger beetles (Latridiidae; S).




  Aquatic Beetles




  Some aquatic beetles with gelatin-covered eggs have already been noted (see page 9). Perhaps the most distinctive aquatic beetle eggs are those of whirligigs (Gyrinidae). They deposit elongate, cylindrical eggs end to end in parallel rows (or sometimes in clusters) on submerged aquatic vegetation. Predaceous diving beetles (Dytiscidae) that do not insert their eggs may lay them singly on the surface of floating vegetation, in masses at the water’s edge, or on various underwater objects. Peltodytes crawling water beetles (Haliplidae) lay yellow eggs on submerged vegetation. Some long-toed water beetles (Dryopidae) lay eggs on stems of aquatic plants. Skiff beetles (Hydroscaphidae) lay eggs one at a time on algae in streams. The 1-by-2-mm eggs of trout stream beetles (Amphizoidae; W) have been found loosely fastened in cracks on the underside of a piece of floating driftwood.




  Bees, Wasps, Ants, and Sawflies (Hymenoptera)




  Hymenopteran eggs are generally capsule- or kidney-shaped. A very small percentage of them are laid in exposed places. Those of social and solitary bees, wasps, and ants are laid in their nests. You can often see the oblong, white eggs of paper wasps (Vespidae: Polistinae) if you peek into their open nest cells. The tiny eggs of ants can be seen when their nests are exposed but should not be confused with their larvae and cocoons, which can appear egglike but are much larger. Most sawflies insert their eggs in vegetation, and most parasitoid wasps insert theirs into their hosts (or sometimes on or near the host, if it is concealed within a cocoon or plant tissue). There are, however, a few exceptions.




  Sawflies




  The pine false webworm (Pamphiliidae: Acantholyda erythrocephala) lays chains of straight, brown, elongate, capsule-shaped eggs, nearly 3 mm long, end to end along pine needles. Several other web-spinning sawflies lay straight or slightly curved elongate eggs, singly or in rows, on conifer needles. They are often white. The plum web-spinning sawfly (Neurotoma inconspicua) lays its eggs in a chain along the midrib on the underside of a plum or cherry leaf. The gooseberry sawfly (Tenthredinidae: Nematus ribesii) deposits elongate, flattened, cylindrical, whitish eggs end to end along veins on the undersides of currant and gooseberry leaves. Many other tenthredinid sawflies lay exposed eggs singly, such as the cherry fruit sawfly (Hoplocampa cookei; W), which deposits white, kidney-shaped eggs on developing cherry and plum blossoms.




  Chalcids




  Two families of parasitoid chalcid wasps lay their eggs on vegetation, accessing their hosts in roundabout ways reminiscent of the trigonalids. The eggs are whitish, elongate ovals with somewhat tapered, curved tips, about 0.25 mm long. Perilampus chrysopae (Perilampidae) lays its eggs on aphid-infested foliage, where, with any luck, a green lacewing has also oviposited. The young larva attaches to a lacewing larva and eats it after the lacewing larva has spun a cocoon. P. hyalinus and others deposit their eggs on foliage near caterpillars. When the wasp larva encounters a caterpillar, it bores in and looks for the desired host: a braconid, ichneumonid, or tachinid parasitoid. Eucharitids deposit large numbers of tiny eggs on flower buds or the undersides of leaves (some insert them into the outer skin of fruits or other plant tissue). A successful hatchling attaches itself to either an ant or some small insect that is subsequently captured by an ant and gets a ride back to the nest, where the hatchling burrows into an ant larva and devours it after the larva pupates.
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  Five tiny eggs (0.25 mm each) of Perilampus chrysopae (Perilampidae), deposited on an aphid-ridden leaf that also had two hover fly eggs. (MA)
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  Egg (4 mm) of a clear-winged grasshopper (Acrididae: Camnula pellucida), deposited on the hood of a car following a fatal collision. (MT)
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  Eggs (2 mm each) of a house cricket (Gryllidae: Acheta domesticus). (MA)




  Grasshoppers, Crickets, and Katydids (Orthoptera)




  Eggs of many orthopterans resemble grains of rice. The brown eggs of Mormon crickets (Anabrus simplex; W; actually in the katydid family, Tettigoniidae), about 7 mm long, are deposited in masses of up to 250 in sandy soil or grass clumps. The eggs of short-horned grasshoppers (Acrididae) encased in their “pods” are similarly shaped, though they may be substantially smaller. Carolina leaf-rolling crickets (Gryllacrididae: Camptonotus carolinensis; SE) lay their 4-mm eggs in bark crevices. Most true crickets (Gryllidae) lay roughly 2-mm eggs singly in soil or crevices. Jerusalem crickets (Stenopelmatidae) and mole crickets (Gryllotalpidae) both excavate chambers several inches underground and deposit masses of eggs that are oval, not elongate.




  Pygmy Grasshoppers




  Probably the most distinctively shaped eggs that are buried in soil are those of pygmy grasshoppers (Tetrigidae). The eggs of Tetrix species have been described as wine bottle–shaped, with each egg consisting of a 2-mm-long elliptical portion and a narrower, 0.6- to 0.8-mm horn. They are laid in clumps, covered with a secretion that at first gums them together but cracks as they take up water and expand, allowing them to be separated easily. Sometimes the eggs are laid in patches of moss or lichens and are not covered with soil. Being semiaquatic, pygmy grasshoppers also sometimes lay eggs underwater.




  Katydids




  The eggs of katydids (Tettigoniidae) are large (5 mm or so), flat ovals, very unlike the eggs of any other insect. The slate gray eggs of angle-wing katydids (Microcentrum) are especially distinctive because they are deposited in a line, overlapping each other like shingles, along a stem or the edge of a leaf. Often there are two rows side by side. Other katydids insert their eggs into the edges of leaves or in bark crevices.




 [image: chpt_fig_124]




  Eggs (5 mm each) of an angle-wing katydid (Tettigoniidae: Microcentrum). (WI)




  Aphids and Their Relatives (Sternorrhyncha)




  Eggs of scale insects and their relatives (Coccoidea) are generally hidden under their mother’s remains or in an egg sac. That leaves aphids, psyllids, and whiteflies as the main members of this group whose unprotected eggs you might come across.
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