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The Significance of the Elongate, Rectangular Mesh
Found in Capture Nets of Fine Particle Filter
Feeding Trichoptera Larvae
By J. BRUCE WALLACE and DIANE MALAS, Athens, Georgia
With 6 figures in the text
Abstract
Striking similarities exist in capture net mesh shapes of fine particle feeding
Trichoptera larvae, even among genera in families that are not closely related
phylogenetically. The capture nets of these fine particle feeders have elongate
rectangular mesh openings. There are several important consequences associated
with this type of mesh design.
The suborder Annulipalpia consists of some seven families of Trichoptera (Ross, 1967). With a few exceptions, their larvae are confined
to flowing waters. Larvae of most Annulipalpia use capture nets spun
with their silk glands for trapping drifting food particles.
Size and structure of capture nets of various species in the suborder
vary considerably. Some larvae such as Neureclipsis bimaculata L. (Psychomyiidae) have no distinct capture net mesh openings and the nets
consist of a number of layers of randomly arranged silk strands (BRICKENSTEIN, 1955). Chimarra spp. (Philopotamidae) spin sac-like nets with remarkably uniform mesh sizes (WILLIAMS & HYNES, 1973) while the meshes
of Wormaldia spp. are somewhat more variable (NIELSEN, 1942). Capture
nets of the Hydropsychidae have fairly regular mesh openings whose dimensions vary according to species and instar (SATTLER, 1958; KAISER,
1965; WILLIAMS & HYNES, 1973; and WALLACE, 1975 a).
The phylogenetic placements of Chimarra and Wormaldia (Philopotamidae) and Macronema (Hydropsychidae) are at opposite extremes of the
Annulipalpia (Ross, 1967). Yet when the shapes and sizes of individual
capture net mesh openings of various members of the Annulipalpia are
compared some striking similarities exist between members of the above
three genera. All three genera are small particle or microseston feeders
(WILLIAMS & HYNES, 1973; SATTLER, 1963; WALLACE &' SHERBERGER, 1974,
and 1975; WALLACE 1975 b and WALLACE Unpubl. data). In this paper
we discuss the biological significance of the narrow, elongate mesh com-
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mon to capture nets of fine particle feeders at opposite systematic extremes
of the Annulipalpia.
Materials and Methods
Larvae and their nets were preserved in 80 °/o ETOH solution. Nets were
mounted on slides in glycerine and mesh measurements made using a compound
microscope equipped with a drawing tube in conjunction with a stage micrometer. Portions of the smaller meshed nets were cut and floated on aluminum
studs. The studs were then removed from the alcohol and the nets spread flat
and allowed to dry. These nets were then vapor coated with a thin conductive
layer of palladium gold (40 : 60) alloy and examined with a Cambridge Stereoscan
scanning electron microscope. Photographs were obtained from both compound
and scanning electron microscopes with Polaroid P/'N Type 55 film.
The Width/Length Ratio (W/L R) referred to throughout this paper is
obtained by dividing the average width of a mesh opening by its average length.
It should be mentioned that there is some disagreement in the literature on
how the length and width of meshes in capture nets of the family Hydropsychidae are determined (KAISER, 1965; and SATTLER, 1965). We have used the
longer dimension of the mesh opening as the length and the shorter dimension
as the width throughout this article. The W/L R serves as a rapid means of
visualizing the shape of individual mesh openings. Those with higher values
approach a square shape while those with lower values have a very elongate
rectangular shape.
Results and Discussion
Some individual capture net meshes of larval Hydropsychidae are
shown in Fig. 1. Ross (1956) and FLINT (1974) recognized four subfamilies
of hydropsychids: Arctopsychinae, Diplectroninae, Hydropsychinae and
Macronematinae. The first three subfamilies have meshes of somewhat
similar shape but not size (Fig. 1 b—f). Studies of feeding habits of their
larvae have indicated that they are somewhat omnivorous (e.g., SATTLER,
1958; WILLIAMS & HYNES, 1973; and WALLACE, 1975 a and 1975 b). The
W/L R of individual meshes of these 3 subfamilies are generally between
0.5 and 0.79. But, in those belonging to the specialized group Macronematinae (Ross, 1956), Macronema spp. are microseston feeders (SATTLER,
1963; WALLACE & SHERBERGER, 1974; and WALLACE (1975 b) with a W/L
R of 0.125 or less.
In both Macronema Carolina BANKS and M. zebraium HAGEN (Figs.
1 a and 2 A) the individual mesh opening sizes are 5 X 40 //, or have an
opening of 200 fjf (WALLACE & SHERBERGER, 1974; and WALLACE 1975 b).
Their W/L R is 0.125. Using a W/L R of 0.6172, which is near the
middle range of that found in other hydropsychids, the hypothetical mesh
opening of a 200 // net is ca. 11.11 by 18// (Fig. rot, fig. 2 B). The smallest particle that could be expected to be retained by a capture net having
the above mesh size would be slightly larger than 11.11 microns. In the
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200 /r mesh net actually spun by Macronema (Figs. 1 a and 2 A) the minimum particle size that could be expected to be retained by the net would
be slightly larger than 5.0 //. Thus the narrow elongate meshes spun by
Macronema (Fig. 2 A) are capable of capturing particles about twice as
small as the mesh opening size shown in Fig. 2 B.
Again, assuming a hypothetical W/L R of 0.617 the mesh that would
be required to capture particles in the 5.0 // range is shown in Fig. 2 C,
having mesh dimensions of ca. 5 X 8.1,«. However, there are two definite
drawbacks associated with this design. First, the total length of silk strands
required to spin an equal sized area of net using the meshes shown in
Figs. 2 A and 2 C is less using the mesh size shown in Fig. 2 A. For
example, to spin a small net area of ca. 8,000 ft2 (50 X 160 //), using the
mesh shown in Fig. 2 C, would require 11 strands each 160// in length
and 19.75 strands of 50 fi in length or a total silk length of 2747.5//.
Conversely, using the mesh spun by Macronema (Fig. 2 A) a net area of
8,000/r could be spun using 11 strands, each 160// in length and 5
strands, each 50 // in length or a total silk length of 2010^. Thus the net
spun by Macronema (Figs. 2 A and 3) uses ca. 26.8°/o less silk than the
hypothetical net shown in Fig. 2 C.
The second drawback of the mesh shown in Fig. 2 C is that the
number of meshes that would be required to complete a net is much
more than that required for Fig. 2 A. In the hypothetical example given
above for silk strand length, 40 meshes would be required for spinning
8,000 ,w2 of net area using the meshes shown in Fig. 2 A; whereas, 197.5
meshes would be required for spinning an 8,000 ju2 net area using the
mesh size shown in Fig. 2 C. Therefore considerably fewer spinning movements would be required with the mesh design actually used by
Macronema (Fig. 2 A).
As mentioned in the introduction, the elongate rectangular mesh pattern is not restricted to Macronema in the Hydropsychidae. This mesh
pattern is also exhibited in fine particle feeders in philopotamid genera
that have been studied. For example, WILLIAMS & HYNES (1973) reported
the larval capture net mesh openings of Chimarra aterrima HAGEN as
being 6 X 70 /u. Thus C. aterrima has a W/L R of ca. 0.086. Portion of
a capture net of Chimarra socia HAGEN from Richmond County, Georgia,
is shown in Fig. 4. Most of the net meshes are between 0.8 and 1.0 /i in
width and 5 to 10,« in length. However, the majority of the meshes are
ca. 0.8 to 1.0 (i, in width and 9/n in length or with a W/L R of 0.088 to
0.111. There are a number of diagonal strands that apparently reinforce
the net (Fig. 4, D S). A small portion near the anterior end of this saclike net had meshes with openings of ca. 1 X 1 ju (Fig. 5). We do not now
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Figs. 1—3. 1, some typical capture net meshes
all drawn to the same scale; a, Macronema
orris Ross; c, Diplectrona metaque Ross;
e, Parapsyche cardis Ross; and f, Arctopsijche

of mature Hydropsychidae larvae,
Carolina BANKS; b, Hydropsyche
d, Diplectrona trwdesta BANKS;
irrorata BANKS. 2 A, mesh design
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have an explanation for these unusually small meshes in this area of the
C. soda capture net.
Nets of another philopotamid, Wormaldia spp. (Fig. 6), have rectangular meshes but they tend to be quite variable in size. Most of the mesh
opening sizes of Wormaldia are between 9 X 80,« and 9 X 40 // (VV/LR =
0.1125 and 0.225, respectively). However, meshes of both longer and
shorter length are present. The sac-like Wormaldia net is actually composed of several individual layers of variable, rectangular mesh, which
when fitted together, make a very fine meshed sieve.
Indeed the elongated rectangular meshes are not even restricted to
insects. SATTLER (1963) noted the striking resemblance of shapes between
the capture net of Macronema ulmeri BANKS and the netlike filter membrane collecting structure in "the house" of the marine tunicate
Oikopleura described by LOHMANN (1913). This outer "filter" has openings of about 19.8X141.6 ft according to the scale in Figure 28 of
SATTLER (1963) or a W/L R of 0.140. SATTLER reported that he did not
know if the similarity between net shapes in Oikopleura and Macronema
was accidental. It is interesting that JORGENSEN (1966) reports the inner
food collecting membrane of Oikopleura sp. to be a net-like structure with
meshes of ca. 0.1 X 0.8,« or a W/L R of 0.125. These mesh opening
designs of small particle feeders appear to be a remarkable case of convergent evolution.
In summary, since the elongate rectangular mesh appears in diverse
groups of fine particle feeders it must be assumed that this shape offers
some selective advantage. In Trichoptera, larval nets with mesh shapes as
shown in Figs, 2 A, 3, 4 and 6 would be advantageous from several
standpoints. With a given amount of silk expenditure the elongate
rectangular mesh is the simplest means of obtaining a mesh that will
capture minute particles. Trichopteran silk is quite similar to that from
the related order Lepidoptera which is proteinaceous (RUDALL & KENCHINGTON, 1971). Reducing silk expenditure would therefore reduce some
of the total protein requirements for larvae. The small diameter of the
silk strands of fine particle feeders vs. the larger diameters of those species
that feed on larger materials (cf. Figs. 1 a, vs. 1 b—f) would also be important in reducing the protein expenditure. Fewer spinning movements
are required to construct a net that captures minute particles when the
of Macronema Carolina and Macronema zebratum HAGEN, both have mesh
opening sizes of ca. 200 [i* arid a W/L R of 0.125; 2 B, hypothetical mesh of
a 200 u2 mesh opening having a W/L R of 0.617, similar, to that found in
most hydropsychids; 2 C, hypothetical mesh of a net with a mesh small enough
to catch 5,w 2 particles and having a W/L R of 0.617. 3, a portion of the capture
net of Macronema zebratum at ca. 1,000 X (SEM).
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Figs. 4—6. 4, a portion of the capture net of Chimarra soda from Richmond
County, Georgia, (SEM at 5,000 X). Note the elongate rectangular mesh with
some diagonal strands (D S); 5, another section of the same net at 5,000 X
(SEM); 6, a portion of the capture net of Wormaldia sp. (at 400 X). This photo
of the Wormaldia net shows only 1 of several layers of net.
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meshes are constructed as in Fig. 2 A, which would save on both time
and energy that larvae devote to net construction.
Summary
The elongate rectangular mesh is the simplest means of obtaining a mesh
that will capture small particles with a given amount of silk expenditure. Reduction in silk expenditure would result in lower protein requirements for the larvae.
In addition, fewer spinning movements are required to construct a net that
captures fine particles if the elongate rectangular mesh design is used. Evidence
is cited that this mesh pattern is not restricted to insects but also occurs in
marine tunicates. The mesh design appears to be a case of functional convergent
evolution.
Zusammenfassung
Das rechteckige Gewebe mit einer verlangerten Achse 1st die einfachste
Art, ein Gewebe zu erhalten, das kleine Teilchen mit einer bestimmten Menge
von Seidenfadenverbrauch fangen kanri. Eine Herabsetzung des Seidenfadenverbrauches bringt einen niederen EiweiBbedarf fur die Larven mit sich. Wenn
der verlangerte rechteckige Gewebeentwurf benutzt wird, sind aufierdem weniger Spinnbewegungen notig, um ein Gewebe zu konstruieren, das feine Teilchen
fangt. Beweise sind erbracht, da!3 diese Gewebemuster nielli nur bei Insekten,
sondem auch im Meer bei Tunicata bestehen. Der Gewebeentwurf scheint ein
Fall von funktionell konvergierender Entwicklung zu sein.
Acknowledgements
This work was supported by Grant No. GB-41938 from the National Science
Foundation. The senior author is indebted to Dr. W. R. WOODALL of Georgia
Power Company for pointing out the similarity in shape between the meshes of
Macronema and those meshes of intake screens for cooling water of a nuclear
power plant. This resulted in some stimulating discussion on mesh opening
shapes. SARA RICE SHERBERGER and BILL HENK assisted with the scanning electron
microscope. Dr. H. H. Ross critically read the manuscript.
Literature Cited
BRICKENSTEIN, C. (1955): Uber den Netzbau der Larve von Neureclipsis bimaculata (Trichopt, Polycentropidae). — Abh. bayer. Akad. Wiss. N. F. 69:
FLINT, O. (1974): Studies of neotropical caddisflies, XVII: the genus Smicridea
from North and Central America (Trichoptera: Hydropsychidae). —
Smithsonian Contr. Zool. 167: 1—65.
J0RGENSEN, C. B. (1966): Biology of suspension feeding. International series of
monographs in pure and applied biology. — (Pergamon Press, New York)
1—357.
KAISER, E. W. (1965): Uber Netzbau und Stromungssinn bei den Larven der
Gattung Hydropsyche PICT. (Ins., Trichoptera). — Int. Revue ges. Hydrobiol. Hydrogr. 50: 169—224.

212

J- Bruce Wallace and Diane Malas, Rectangular Mesh

LOHMANN, H. (1913): Die von Sekretfaden gebildeten Fangapparate im Tierreich und ihre Erbauer. — Mitt, naturh. Mus. Hamburg. 30: 255—299.
NIELSEN, A. (1942): Uber die Entwicklung und Biologie der Trichopteren. —
Arch. Hydrobiol. Suppl. 17: 255—631.
Ross, H. H. (1956): Evolution and classification of the mountain caddis flies. —
(University of Illinois Press, Urbana) 1—213.
— (1967): Evolution and past dispersal of the Trichoptera. — Annu. Rev.
Entomol. 12: 169—206.
RUDALL, K. M., & KENCHINGTON, W. (1971): Arthropod silks: the problem of
fibrous proteins in animal tissues. — Annu. Rev. Entomol. 16: 73—96.
SATTLEH, W. (1958): Beitrage zur Kenntnis von Lebensweise und Korperbau der
Larve und Puppe von Hydropsyche PICT. (Trichoptera) mit besonderer
Beriicksichtigung des Netzbaues. — Z. Morph. Okol. Tiere 47:115—92.
— (1963): Uber den Korperbau, die Okologie und Ethologie der Larve und
Puppe von MacronBmn PICT. (Hydropsychidae), ein als Larve sich von
Mikro-Drift ernahrendes Trichopter aus dem Amazonasgebiet. — Arch.
Hydrobiol. 59: 26—60.
— (1965): Uber MeBvorgange bei der Bautatigkeit von Trichopteren-Larven.
— Zool. Anz. 175: 378—86.
WALLACE, J. B. (1975 a): The larval retreat and food of Arctopsyche; with phylogenetic notes on feeding adaptations in Hydropsychidae larvae (Trichoptera). — Ann. Entomol. Soc. Am. 68: 167—173.
— (1975 b): Food partitioning in net spinning Trichoptera larvae I: Hydropsyche venularis BANKS, Cheumatopsyche etrona Ross and Macronema
zebratum HAGEN (Hydropsychidae). — Ann. Entomol. Soc. Am. 68: 463—
472.
WALLACE, J. B., & SHEHBERGEH, F. F. (1974): The larval retreat and feeding net
of Macronema Carolina BANKS (Trichoptera: Hydropsychidae). — Hydrobiologia. 45:177—184.
— — (1975): The larval retreat and feeding net of Macronema transversum HAGEN (Trichoptera: Hydropsychidae). — Anim. Behav. 23: 592—
597.
WILLIAMS, N. E., & HYNES, H. B. N. (1973): Microdistribution and feeding of
the net-spinning caddisflies (Trichoptera) of a Canadian stream. — Oikos.
24:73—84.
Address of the authors:
Prof. J. BRUCE WALLACE and DIANE MALAS, Department of Entomology
University of Georgia, Athens, 30602, USA.
Errata
Our recent study, using the scanning electron microscope, has shown that
the net in Fig. 6 contains many very regular elongate rectangular meshes not
visible at 400 X magnification. The large strands in the photograph provide a
frame over which these minute strands are laid. This correction does not change,
but rather supports, the interpretation presented in this paper.

