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LAB 4 Abdomen of
Larvae

In contrast to adult abdominal morphology, which is relatively conserved across the insect orders,
larval abdominal morphology can display some highly modified forms; especially within the orders with aquatic
juvenile stages (Ephemeroptera, Odonata, Plecoptera, Neuroptera, Trichoptera, etc.) and in the Holometabola
(Hymenoptera, Coleoptera, Neuroptera, Diptera, and related orders). In aquatic insects, tracheal (or cuticular) gills of various sorts have arisen numerous times as modifications, mostly of the abdomen (but also sometimes thorax and even head!).
In the Holometabola, larval and adult morphology is decoupled as a result of metamorphosis, thereby
allowing natural selection to act separately on the various life stages. Holometabolous insect larvae have acquired an array of unusual and specialized abdominal morphologies specifically tailored to their individual
environments.

First, we will examine abdominal morphology in some aquatic groups with gills. Insect gills are outgrowths of the body wall that increase the surface area over which gas exchange can take place (See reviews
by Mill 1984, 1998). Gills contain densely packed tracheoles just beneath the surface of thin cuticle. Such gills
may be ventilated, either by moving the gill around (as in those with exposed gills) or pumping water over the
gill (as in dragonflies). We will investigate dragonfly gills in some detail in a later lab.

1.

Examine the abdomen of a mayfly (Ephemeroptera) nymph (Fig. 4.1). Note especially the structure of
the gills and how they articulate with the abdomen. They are attached to the posterior-lateral corners of the
terga, not the sterna, and are more or less in line with the metathoracic wing pads. In some species the gills form
a single, lamellate or filamentous outgrowth of the body. In others (e.g., Ephemerellidae) the gills include a thin,
filamentous lamella covered by an anterior gill cover (operculum; Fig. 4.2). The beating of the gill cover helps
circulate water over the gill and also protects the gill from damage when burrowing. In the gill cover, note the
tracheae, which slightly resemble veins in a wing.

Figure 4.1

(Snodgrass 1935)

Larval mayfly gills are densely packed with tracheoles: each tracheole is less than 1 um in diameter, and
typically tracheoles are separated from each other by less than a tracheolar diameter. The cuticle of the gill is
likewise extraordinarily thin: 0.6 um in some Ephemeroptera.
Wigglesworth (1976) hypothesize that the gills are serially homologous with the wings, based on their
position, musculature, tracheation, and movement. This argument is supported by similarity in the neuronal
wiring of thoracic and abdominal segments (see Robertson, Pearson, & Reichert 1982) as well as studies of
gene expression patterns (Averoff & Cohen 1997). This hypothesis has recently been supported by research
on stoneflies (Plecoptera) that indicates that even vestigial wings may perform a useful function by allowing
surface-skimming early on in their evolution (Marden & Kramer 1994). This hypothesis remains highly
controversial (see Will 1995).

Figure 4.2

(McCafferty, 1981)

If available, examine living mayfly nymphs and observe the movements of the abdominal gills. Fig. 4.3 shows
some of the directions of flow in the abdominal gills of mayflies.

Figure 4.3

(Mill, 1984)

2.

Examine a damselfly (Zygoptera: Odonata) larva (Fig. 4.4). Closely examine the caudal lamellae,
respiratory structures located at the apex of the abdomen. How can you tell that these are respiratory structures? To which structures in the cricket abdomen do you think these are homologous? (Refer to Fig. 4.5 for
some help.)

Figure 4.4

(Snodgrass 1935, p271)

3.

Examine a dragonfly (Anisoptera: Odonata) larva. Dragonflies have a remarkably modified abdominal
morphology. Instead of external gills as in damselflies, dragonflies have developed an internal gill. Water is
pumped into an expanded, and well tracheated branchial chamber at the posterior end of the gut (actually the
modified hindgut) through the anus. We will examine this unique form of aquatic respiration in a later lab.
Externally, the apex of the dragonfly larval thorax bears three prong-like structures that enclose the
anus. To what structures in the cricket abdomen would you say these are homologous (and therefore to what
segment of the abdomen are they associated)? (Refer to Fig. 4.5 for some help.)

4.

Figure 4.5

(Snodgrass 1935, p271)

Obtain a stonefly (Plecoptera) larva and examine the abdominal gills (if present). In some families
(Pteronarcyidae) there are abdominal as well as thoracic gills. The abdominal gills are located on the anteriormost abdominal segments. Each gill filament contains a central trachea which gives rise to the numerous and
densely packed tracheoles.

5.

Dobsonflies (Corydalidae) exibit abdominal gills as well. If available, examine the lateral appendages
of the dobsonfly larval thorax (Fig. 4.6).

Figure 4.6

(McCafferty, 1981)

Among the Holometabola, larvae have been modified in various ways. We will take a close look at
two orders: Lepidoptera and Diptera.

6.

Obtain a live caterpillar and observe its mode of locomotion utilizing both its thoracic legs and abdominal prolegs. What is the function of the crochets?
Acquire a specimen of a cutworm, the larva of a noctuid moth (Lepidoptera: Noctuidae). Examine its
external morphology as to the following features:
head
dorsum
spiracles
abdomen
pleural areas

ventral and anal prolegs
thorax
venter
anus
thoracic legs

Examine with special care the prolegs (using Fig. 4.7 B,G,H). In what way do they resemble the
thoracic legs, and how do they differ? What portions are sclerotized, and why? Prolegs are a common attribute
of insect larvae (but have arisen multiple times; see Hinton, 1955). Identify the following features (using Fig. 4.7
F):
subcoxa (Scx)
basis (=coxa) (Cx)
planta (Vs)
crochets (d)

The prolegs have muscles which originate in the body and insert at the ends of the prolegs (Fig. 4.7 I).

Figure 4.7

(Snodgrass 1935)

7.

Examine the demonstration of prolegs in the rat-tail maggot (Diptera: Syrphidae). The strange elongate tail of this aquatic larva is an abdominal modification that serves as a breathing tube allowing the larvae
to remain submerged while it obtains oxygen from the surface.

Also examine the net-winged midge larva (Fig. 4.8; Diptera: Blepharoceridae). In what ways do the
prolegs of these aquatic larvae differ from those of a caterpillar?

Figure 4.8

(McCafferty, 1981)

If available, examine the creeping welts and prolegs of a horsefly larva (Diptera: Tabanidae).

