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HYDROPSYCHIDAE): FORM AND PUTATIVE FUNCTION
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Larval net-spinning caddisflies of the genus Macrostemum Kolenati (Trichoptera:
Hydropsychidae) construct their catchnets within protective retreats. This genus is
composed of 88 species and is distributed worldwide (Morse 1999). However, the re-
treat architecture has only been described for three North American species (Wallace
& Sherberger 1974, 1975, Wallace 1975) and one South American species (Sattler
1963). The described retreats share a general, rather elaborate architecture (Fig. 1a)
with the following characteristics: (i) two chambers, one housing the catchnet and one
housing the insect, and (ii) the water entrance hole is at the end of a silken or sand
grain tube that leads into the two-chamber area. Here we report an alternate retreat
design constructed by some Macrostemum carolina (Banks) individuals in the Savan-
nah River, Georgia and South Carolina.

Macrostemum carolina is widely distributed throughout the southeastern United
States, and has been recorded west to Texas (Moulton & Stewart 1997) and north to
New York (Ross 1944). In coastal plain streams with shifting sand streambeds, M.
carolina primarily inhabits submerged snags (i.e. fallen trees or branches), gouging
the base of their retreats out of the wood and covering the top of the structure with
silk. In their original description, Wallace & Sherberger (1974) noted that some M.
carolina individuals in the Apalachicola River construct a second, slightly different
retreat than the one described above. This alternate retreat lacks a silken tube and
simply has the entrance hole open into the chamber area (Fig. 1b) (some Macroste-
mum zebratum (Hagen) individuals construct a similar, alternate retreat (see Wallace
1975)). In the Savannah River, M. carolina individuals construct the two retreats de-
scribed above as well as a third type with yet a different entrance hole configuration.
The entrance hole of this third retreat also lacks a silken tube and instead has a ~180°
silken backstop, with the other ~180° essentially flush with the top of the retreat (Fig.
1c). These backstops vary in size, from 3-8 mm in height, though some of this variation
is positively correlated with instar (G. R. P., personal observation). Macrostemum
carolina is common in the Savannah River (Cudney & Wallace 1980), and each retreat
morph is regularly encountered. Individuals of a single morph are often clustered on
snags, although the “flush” phenotype is generally the most prevalent (G. R. P., per-
sonal observation).

Although these three retreat morphs are discrete behaviors (though see below),
the individuals in the Savannah River represent a single, panmictic population
(Plague et al., in press). Therefore, retreat construction in M. carolina is either: (i)
phenotypically plastic, with environmental cues influencing retreat design (e.g.
Emlen 1994), (ii) genetically polymorphic, with alternative alleles at a retreat gene (or
genes) controlling the design (e.g. Hori 1993), or (iii) partially heritable, i.e., a combi-
nation of genetic and plastic control (e.g. Roff 1986). Whichever is the case, natural se-
lection probably plays a role in maintaining the alternative phenotypes (Hartl &
Clark 1997, Futuyma 1998). The adaptive value of each design is likely related to the
maintenance of adequate water flow through the retreat, and specifically the net.
Therefore, each morph may be adapted to a particular microhabitat on the snag. For
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Fig. 1. The larval retreat morphs of Macrostemum carolina: (a) “tube retreat”, (b)
“flush retreat”, and (c) “backstop retreat”. Abbreviations used in figure: A = water en-
trance hole; B = net; C = larval chamber; D = net chamber water exit hole; E = larval
chamber water exit hole; F = snag; G = silken tube; H = silken backstop. [This figure
is modeled after Figure 6 of Wallace (1975).]

example, “flush” retreats may be located primarily on upstream snag locations and
therefore receive direct water flow into the retreat; “backstop” retreats may be located
on the tops and bottoms of snags (relative to water flow), with the backstop helping to
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divert water into the retreat; and “tube” retreats may occur on the downstream side
of snags, reaching over the top or bottom of the snag to face into the current. Unfor-
tunately, because snags are generally flexible and often 50 cm or more under water,
assessing a retreat’s exact in situ location and orientation is often difficult. Also, water
flow over a snag is undoubtedly extremely complex (Hart et al. 1996), thereby expos-
ing different microhabitats on the snag to similar water flow regimes. Therefore, mi-
croflow location, and not simply microhabitat location, is likely a more important
selective force in maintaining these alternative morphs.

Sattler & Kracht (1963) and Wallace & Sherberger (1975) proposed that the tube
retreats in Macrostemum ulmeri (Banks) and Macrostemum transversum (Walker),
respectively, function as Pitot tubes (L-shaped open tubes used to measure fluid ve-
locity), essentially pulling more water (and therefore more food) through the retreat
than would flow through passively. This pulling action results from equalizing the
pressure differential between the vertical entrance hole (relatively high pressure) and
the horizontal exit hole (relatively low pressure). The tube and backstop retreats of M.
carolina may similarly function as Pitot tubes. If so, these two retreat designs may
represent a phenotypic continuum within a single behavior, with the primary fitness
differences between them being correlated with the amount of time (which equates to
lost feeding time and increased exposure to predators) and energy expended to con-
struct each design; the tube retreat type is presumably more costly on both counts.
Therefore, M. carolina may actually exhibit only two discrete retreat morphologies: (i)
flush entrance hole and (ii) structured entrance hole, with the latter expressing a
range of phenotypes.

We thank Gabe Novak for an insightful discussion about the physics of net-spinner
retreats, Juanita Blocker and Angela Lindell for helping produce Figure 1, and two
anonymous reviewers for improving the manuscript. Manuscript preparation was
supported by Financial Assistance Award Number DE-FC09-96SR18546 from the
U.S. Department of Energy to the University of Georgia Research Foundation.

SUMMARY

In the Savannah River, larval Macrostemum carolina caddisflies make three dif-
ferent retreats, each with a distinct water entrance hole: (i) flush with the top of the
retreat, (ii) at the end of a silken tube, and (iii) with a ~180° silken backstop. Herein
we describe the “backstop” retreat (the others have been described previously), and
discuss possible selective advantages of each retreat phenotype.
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