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Abstract:
Body size and shape impacts biological processes—from metabolic rates to the outcome of
interspecific interactions. At least since Darwin, researchers have noticed that males and females of a
single species can be different sizes or shapes. These morphological differences are called sexual
dimorphism, or, in the case of body size, sexual size dimorphism (SSD). Sexual dimorphism often
reflects mating and reproductive behaviors. Anecdotal reports of adult hydropsychid caddisflies
(Hydropsychidae: Trichoptera) indicate some species may be sexually dimorphic.

Reports indicate sexual dimorphism in a variety of characters and that species show wide variability in
patterns (females larger; males larger; no dimorphism). However, sexual dimorphism has not been
quantified within the Hydropsychidae. I used the comparative method to examine how phylogenetic
constraints and allometry influence body size, SSD, and sexual dimorphism in the adults of 29 species
of Hydropsychidae and 12 species of closely related families (outgroups). I examined the distribution
of body size and SSD, and the correlation between these two variables (Rensch’s rule) within the
Hydropsychidae and among the outgroups. I also used allometry to quantify sexual dimorphism in
seven morphological characters: wing length and width; antennal length; eye width; and mesotibial
length and width. Relatively closely related genera had very different body sizes suggesting that body
size among genera was not constrained by phylogenetic history. However, SSD did not vary among
genera and may have been constrained. Most of the variation in SSD was attributable to differences
among species within genera (nested ANOVA, 41%) and among families within the suborder
Annulipalpia (59%), indicating that SSD was not constrained among these groups. There was no
correlation between SSD and body size within the hydropsychids. Among the outgroups, SSD declined
with increasing body size. Allometric regressions revealed that, in general, females had longer or wider
wings, and wider mesotibiae, whereas, males had longer antennae. The exception to this pattern was M.
zebratum, where males had longer and wider wings than females. These results support currently
accepted hypotheses about the evolution of the Hydropsychidae and can be used to develop testable
hypotheses about selective pressures operating on adult hydropsychids. 
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ABSTRACT

Body size and shape impacts biological processes-from metabolic rates to the 
outcome of interspecific interactions. At least since Darwin, researchers have noticed that 
males and females of a single species can be different sizes or shapes. These 
morphological differences are called sexual dimorphism, or, in the case of body size, 
sexual size dimorphism (SSD). Sexual dimorphism often reflects mating and 
reproductive behaviors. Anecdotal reports of adult hydropsychid caddisflies 
(Hydropsychidae: Trichoptera) indicate some species may be sexually dimorphic.
Reports indicate sexual dimorphism in a variety of characters and that species show wide 
variability in patterns (females larger; males larger; no dimorphism). However, sexual 
dimorphism has not been quantified within the Hydropsychidae. I used the comparative 
method to examine how phylogenetic constraints and allometry influence body size, SSD, 
and sexual dimorphism in the adults of 29 species of Hydropsychidae and 12 species of 
closely related families (outgroups). I examined the distribution of body size and SSD, 
and the correlation between these two variables (Rensch’s rule) within the 
Hydropsychidae and among the outgroups. I also used allometry to quantify sexual 
dimorphism in seven morphological characters: wing length and width; antennal length; 
eye width; and mesotibial length and width. Relatively closely related genera had very ’ 
different body sizes suggesting that body size among genera was not constrained by 
phylogenetic history. However, SSD did not vary among genera and may have been 
constrained.. Most of the variation in SSD was attributable to differences among species 
within genera (nested ANOVA, 41%) and among families within the suborder 
Annulipalpia (59%), indicating that SSD was not constrained among these groups. There 
was no correlation between SSD and body size within the hydropsychids. Among the 
outgroups, SSD declined with increasing body size. Allometric regressions revealed that, 
in general, females had longer or wider wings, and wider mesotibiae, whereas, males had 
longer antennae. The exception to this pattern was M zebratum, where males had longer 
and wider wings than females. These results support currently accepted hypotheses about 
the evolution of the Hydropsychidae and can be used to develop testable hypotheses about 
selective pressures operating on adult hydropsychids.
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INTRODUCTION

Body size and shape have important ramifications on an organism’s ability to 

function and survive. Both size and shape can determine critical processes at all levels of 

biological organization- from metabolic rates to the outcome of interspecific interactions 

(Schmidt-Nielsen 1984). Calder (1984) claims that “...any biological study must first 

consider size as the most significant characteristic of an animal...” (p. ix) and the 

literature across many disciplines attests to this fact (e.g., Flecker et al. 1988, Berrigan 

and Locke 1991, Chamov 1992, Alroy 1998). However, in concluding his. book on 

scaling, Schmidt-Nielsen (1984) says that “...[the] answers are not simple, and animal 

size is a complex subject that is of fundamental importance...”(p. 214). Furthermore, at 

present there is no complete and coherent theory of body size and scaling, although 

several attempts have been forwarded (Gould 1966, Calder 1984, Schmidt-Nielsen 1984).

It has long been recognized that females and males of a number oftaxa exhibit 

size and shape differences (Darwin 1859). Of particular interest is the phenomenon of 

sexual size dimorphism (SSD), where females and males of a species display different 

body sizes. SSD is relatively common among a wide range of organisms including 

insects (Alcock 1993, McLain et al. 1993), crustaceans (Shuster 1992) and mammals 

(Owen-Smith 1993). Morphological differences are often reflected in behavioral 

differences between the sexes. For example, females of the butterfly Euphydryas 

phaeton, are twice the size of males, causing the sexes to differ in flight and 

thermoregulatory behavior (Gilchrist 1990). Considering the different reproductive roles
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of males and females, it is not surprising that SSD  is ubiquitous among sexually 

reproducing organisms (Shine 1989)’. '

In addition, organisms maybe sexually dimorphic in other characters besides body 

size. For example, appendages (Moore and Wilson 1993, Roff and Fairbaim 1993), 

internal organs (Calder 1984), physiology (Gilchrist 1990, Bailey and Romer 1991, 

Radhika et al. 1998), development and growth (Reiss 1989, Ernst and Wilgenbusch

1998), behavior (Gilchrist 1990, Roelke and Sogard 1993, Svensson 1997), and even 

mortality (Shuster 1990, Owen-Smith 1.993) may all be sexually dimorphic.

SSD and other forms of sexual dimorphism have been the subject of recent review 

papers (Slatkin 1984, Shine 1989, Fairbaim 1990, 1997 #543, Nylin and Wendell 1994, 

Andersson and Iwasa 1996), and a number of hypotheses, both non-adaptive and 

adaptive, have emerged (see Background section below). The most widely invoked non- 

adaptive hypothesis for SSD and sexual dimorphism is phylogenetic history (Fairbaim 

1990, Nylin and Wendell 1994). In this scenario, sexual dimorphism may be the result of 

the history of the organism(s), that is, ancestral species were dimorphic and therefore 

extant species are dimorphic via shared characteristics (body size is usually highly 

heritable). More typically, SSD and sexual dimorphism have been explained by adaptive 

mechanisms. Sexual selection, fecundity selection, and ecological selection, either 

singly, or in combination, have all been implicated in the production of sexual 

dimorphism (Slatkin 1984, Shine 1988, 1989, Fairbaim 1990, Anderssori and Iwasa 

1996, Preziosi et al. 1996).
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One fruitful method of examining sexual dimorphism is by using allometric 

relationships, that is, how two traits vary with respect to each other (Webster 1992, Shine 

et al. 1998, Tseng and Rowe 1999). For example, SSD, when compared among taxa, 

sometimes varies as body size changes (Abouheif 1995, Fairbaim 1997). Alternatively, 

within species, morphological characters often scale with body size, a common aspect of 

SSD. Therefore, within species comparisons can provide information about how 

morphological traits differ between the sexes (Fairbaim 1990). Allometric methods are 

particularly amenable to developing hypotheses about selective pressures acting on 

growth, development, and behavior,' both within and between taxa (Reiss 1989, 

Klingenberg 1996, Tseng and Rowe 1999).

The frequency and taxonomic distribution of sexual dimorphism in the caddisfly 

family Hydropsychidae (Order Trichoptera) has not been explored. Anecdotal, 

information about several species suggests that hydropsychids can be sexually dimorphic, 

in terms of body size (both males larger than females and females larger than males), and 

other characters (Betten 1934, Ross 1944). Morphological differences could reflect 

behavioral differences between the sexes. These behavioral differences could be 

manifested in both larval and adult stages. For example, the dispersal behavior of 

Ceratopsyche slossonae larvae varies depending upon both size and sex (Kerans 1992; 

Kerans and Genito in prep; Jannot unpublished data). In the adults of other Caddisflies 

(Family Leptoceridae), morphological differences between the sexes echo behavioral 

differences (Gullefors and Peterssbn 1993). Gullefors and Petersson (1993) found that 

male leptocerids that fly in copula with females have longer !brewings than the females
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and these larger wings enhance the male’s ability to carry her during copulation. Not 

much is known about the reproductive behavior and ecology of adult hydropsychids 

(Badcock 1953, Mori and Matubani 1953, Fremling 1960, Deutsch 1984, 1985, Lofstedt 

et al. 1994), and to my knowledge, no hypotheses have yet been posed about mating 

strategies in adult Hydropsychidae.

This study examines patterns of body size,' SSD, and sexual dimorphism of the 

adults within the caddisfly family Hydropsychidae. This study does not test any selective 

mechanisms, rather the purpose of this work is three-fold:

I) to determine the role of phytogeny in producing body size and sexual size 

dimorphism in the hydropsychids and compare the pattern with closely 

related groups;

. 2) through analysis of allometry, quantify the distribution and extent of sexual 

dimorphism in size and morphological characters and;

3) to acquire background data on multiple species of Hydropsychids that can be 

used to propose testable hypotheses about adult dispersal, mating 

strategies', and reproductive behaviors.

Background

Sexual Size Dimorphism Among Taxa

Although any number of characters of an organism can be sexually dimorphic, 

recently much attention has been devoted to sexual dimorphism in general body size, 

often referred to as sexual size dimorphism or SSD (Leimar et al. 1994, Nylin and



5

Wendell 1994, Abouheif 1995, Maly and Maly 1998, Zamudio 1998, Smith 1999, Stoks

1999). I use a strict definition of SSD which is, a ratio of the body sizes, measured as 

body length, of the two sexes. .

A considerable number of hypotheses have arisen to explain the occurrence of 

SSD.' Most have focused on adaptive mechanisms (see below). However, non-adaptive 

hypotheses, such as phylogenetic history, may also be responsible for patterns of SSD 

across taxa (Fairbaim 1990). SSD may merely be a historical artifact and reflect the 

. evolutionary history of the organism(s). Phylogenetic history has been implicated to a 

high degree in many cases of body size and SSD (Abouheif 1995, Andersen 1997). 

Rather than the result of selection, differences among, and similarities between taxa may 

only indicate patterns of descent (Fairbaim 1990). By placing sexual size dimorphism in 

the context of phytogeny, this study highlights the patterns of selection versus 

evolutionary history in hydropsychid caddisflies.

Allometry is a conspicuous component of patterns of SSD among species, and as 

such, requires an explanation (Fairbaim 1997). Allometry for SSD simply means that if 

body sizes increase across taxa, the degree of SSD across taxa also becomes larger. 

Presently, there are multiple, non-exclusive hypotheses about the functional mechanism 

for the relationship between SSD and size (see Fairbaim 1997, for review). Most 

functional hypotheses either have no empirical basis, provide explanations only for 

limited cases, or cannot atone account for allomehy for SSD (Fairbaim 1997).

Rensch (1960) proposed a general, descriptive rule for the relationship between 

body size and SSD. This rule was proposed from empirical observations in numerous



6

taxa that SSD generally increases with body size in species where males are the larger sex 

(Reiss 1.989, Webster 1992, Fairbaim and Preziosi 1994, Abouheif and Fairbaim 1997).. 

Formally stated, if males are the larger sex, SSD will increase as body size increases; if 

females are the larger sex, SSD will decrease with increasing body size (Rensch 1960, 

Abouheif 1995). Alternatively, if for every increase in body size there is an equivalent 

increase in SSD (at the same scale), then there is no overall change in SSD across taxa. 

This represents the null hypothesis in tests of allometry for SSD (Fairbaim 1990, 1997 

#543, Abouheif 1995). There is no known mechanism describing why this pattern is so 

prevalent (Abouheif and Fairbaim 1997, Fairbaim 1997). One goal of this study is to 

document the presence (or absence) and the nature of allometry for SSD within this clade 

and determine if adult hydropsychids follow Rensch’s rule.

Sexual Dimorohism and Selection

Sexual dimorphism, whether for body size or other characters, is most often 

attributed to adaptive selective pressures. Adaptive hypotheses include both natural and 

sexual selection. These two influences are very, often difficult to tease apart. Sexual 

selection acts on individuals, so that the sex with larger (or smaller) character(s) have 

increased mating success. The offspring of successful individuals will have, on average, 

larger (or smaller) character(s) and therefore increased mating success. The process will 

continue (until balanced by opposing selection) to select for larger and larger (or smaller 

and smaller) character(s), creating sexual dimorphism. In species where sexual 

dimorphism is selected for by natural selection, it is some dimension of the niche that
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determines sexual dimorphism. Presumably, natural selection acts differentially on the 

sexes. For example, sexual size dimorphism may become established if larger individuals 

of one sex have an advantage over smaller ones when exploiting their niche, whereas, in 

the other sex, there is an advantage to remaining small (Futuyma 1986, Shine 1989).

The sexual selection hypothesis has historically been the most popular mainly 

because of its (presumed) testable and parsimonious nature (Shine 1989). But as 

Fairbaim (1990) and others have pointed out, sexual selection could occur in conjunction 

with natural selection (Arak 1988), and in some cases could be relatively less important 

than natural selection (Fairbaim 1990). Moreover, sexual selection may be no more 

testable than natural selection (Shine 1989).

• The idea that sexual dimorphism may have arisen through pressures from natural 

selection has only recently been seriously entertained (Shine 1989, Fairbaim 1990). Any 

ecological difference displayed between sexes could set the stage for selection for sexual 

dimorphism. For instance, niche partitioning between the sexes could be caused by 

competition between the sexes for resources (Slatkin 1984). In this situation the sexual 

dimorphism would be amplified. Alternatively, slightly different habitat requirements 

between the sexes could be a passive consequence of sexual dimorphism. Any adaptation 

to similar local environments would act to reduce the effects of sexual dimorphism (Shine 

1989).

The evolution and maintenance of sexual dimorphism by natural selection is 

often difficult to demonstrate. Nonetheless, several alternative hypotheses have been 

proposed. These hypotheses are not exclusive, and any or all may be at work alone or in
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combination in any given taxon. There are at least three major adaptive hypotheses that 

recur throughout the literature. These are the "Developmental Constraints Hypothesis", 

the "Loading Constraints Hypothesis", and the "Migration by Flight Hypothesis".

The Developmental Constraints Hypothesis was proposed by Thornhill and 

Alcock (1983, p. 103). This hypothesis assumes that body size is positively correlated 

with fecundity and development time in females. It follows that females, in order to 

maximize their fecundity, would be under selective pressure to have long development' 

times. A longer development time allows females to acquire more resources for growth 

and presumably a larger body. In males, reproductive success does not directly correlate 

with body size, implying that males are under selective pressures to mature quickly so 

that they can enter the breeding population and maximize fitness by copulating as many 

times as possible. Ifjuvenile mortality is high, selection would strongly favor quick male 

development. This mechanism seems to account for protandrous males (males maturing 

prior to females) and sexual size dimorphism biased toward larger females (Thornhill and 

Alcock 1983, Fairbaim 1990). This process may be particularly important in insects 

where growth and reproduction occur in separate life stages (Thornhill and Alcock 1983, 

Honek 1993).

A second hypothesis often invoked as a mechanism of selection for sexual 

dimorphism is the Loading Constraints Hypothesis.. This hypothesis predicts that one 

sex is under a "load" which the other sex does not experience. For example, in water 

striders of the family Gerridae, the females must carry males on their backs during' 

reproduction. The cost to females while carrying males is increased-risk of predation and
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increased energy expenditure (Amqvist 1989). Risks are proportionally higher for 

smaller females, and therefore selection produces larger females, and a female-biased 

sexual size dimorphism (Fairbaim 1990).

Another possible hypothesis is the Migration by Flight Hypothesis. This 

hypothesis suggests that increasing body size is positively correlated with the velocity, 

duration and distance an organism could fly. Consequently, males who actively fly to 

search for mates may be selected to increase body size, whereas females who disperse to 

oviposit or search for mates would also be. selected to have large body sizes. Depending 

upon the system this could promote or maintain sexual dimorphism, or it could reduce the 

effect of sexual dimorphism (Fairbaim 1990).

Sexual dimorphism could be produced by selective pressures acting on different 

stages (other than the sexual stage) of an organism with a complex life history. For 

example, selection acting on the larval stage of an organism might affect the adult stage 

in various ways. In some aquatic insects, including most Trichoptera, females do not feed 

significantly in the adult stage (Merritt and Cummins 1995). This means that all the 

resources necessary for egg production (selective force in the adult stage) must be 

acquired in the larval stage. In this case, female larvae would be under selective pressure 

to delay development and increase the growth period as long as possible.

Sexual Dimorphism and Allometrv Within Taxa

As stated previously, SSD can correlate with increases in body size across taxa. 

However, allometric relationships can also provide information on sexual dimorphism
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within taxa, that is the relationship between body size and other morphological characters 

(Ernst and Wilgenbusch 1998, Tseng and Rowe. 1999).

Allometrie relationships are defined as variations in shape as a correlated response 

to a change in size (Gould 1966, Klingenberg 1996). These correlated changes can occur 

at any, or all of several organizational levels of the organism (e.g., chemical, 

physiological, morphological). Growth is the most obvious period in an organism’s life . 

when allometry plays an important role. Studies of allometry as an organism grows, or 

ontogenetic allometry, requires that character measurements be taken on the same 

individuals over time (Gould 1966, Klingenberg 1996).

In this study, I have concentrated on two other types of allometry. Static 

allometry, sometimes known as size allometry, is the variation among individuals of the 

same population and age group (Gould 1966, refers to this as intraspecific allometry;, 

Klingenberg 1996). This is the type of allometry that provides information about sexual 

dimorphism within species (this study, Chapter 3; Tseng and Rowe 1999). Most studies 

have found that one variable is adequate for predicting character size or shape and that a 

model of simple static allometry is appropriate (Klingenberg 1996). This model is often 

given by the relationship:

Y  = CtXp

which when log transformed becomes: 

log Y = log cc + P log X

where X and Y are trait measurements and a and P are constants. Log a is the intercept. 

and the constant P is the slope in log-log plots of X and Y (Gould 1966, Klingenberg
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1996). Typically, the null hypothesis is isometry, that is for every change in X there is an 

equivalent change in Y and P ~ 1.0.

This equation has a long history and is a good description of various size-, 

mediated biological processes across all levels of organization (Huxley 1932, Thompson 

1942, Gould 1966, Reiss 1989). Recently, researchers have begun to question this model 

as a universal descriptor (see discussion in Reiss 1989, and references therein). In many 

cases, exact, proximate mechanisms responsible for allometry are unknown (Klingenberg 

1996), although, some headway has been made in recent years to describe the underlying 

developmental processes that give rise to static allometry (Emlen 1996, Nijhout and 

Wheeler 1996, 1998).

The final type of allometry (arid the other type this study addresses) is 

evolutionary allometry. This type of allometry reflects covariation among changes in 

different traits along branches of a phytogeny (Gould 1966, refers to this as interspecific 

allometry’, Klingenberg 1996). The data collected on evolutionary allometry may take ' 

two forms: a) comparisons may be made between extant, closely related species (non- 

directional data, Harvey and Pagel 1991); or b) comparisons may be made along a single 

evolutionary branch to infer changes in character states from ancestral to extant species 

(directional data, Harvey and Pagel 1991). In this study, I have gathered information on 

present-day species only (non- directional data). This method requires that all specimens 

be in the same developmental stage. This is relatively easy to accomplish in organisms 

with determinate growth such as insects (Klingenberg 1996; this study). Another 

problem with comparative studies of evolutionary allometry is that species, because they
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are related, do not form independent data points (Harvey and Pagel 1991, Klingenberg 

1996). Comparative methods require special statistical analyses to circumvent this 

problem (Harvey and Pagel 1991, Nylin and Wendell 1994).

Allometry at different levels (ontogenetic, static and evolutionary) are often 

correlated and interdependent. Variation in developmental processes (ontogeny) creates 

variation.in terminal characters (static). Variation in terminal structures determines the 

behavioral abilities and constraints (and ultimately, success) of individuals within a 

population, and is thereby the raw material upon which selection can act (McPeek 1995). 

Comparisons among different levels of allometry often reveal that patterns are similar 

among levels but not identical (Klingenberg 1996). Comparing several levels of 

allometry gives a broader picture of the selective forces operating within populations and. 

among species. This observational-comparative approach is employed in this study to 

emphasize areas where experimental tests of selection could be carried 

out in the future.

Caddisflies

Caddisflies (Order: Trichoptera) are close relatives to Lepidoptera (Merritt and 

Cummins 1995). They are holometabolous insects, passing through egg, larvae, pupae
I

and adult stages (Ross 1944, Merritt and Cummins 1995). The larvae of most species are 

aquatic and relatively long-lived, surviving anywhere from a few months to a few years 

(Ross 1944, Merritt and Cummins 1995). The adults are terrestrial, with shorter life 

spans (from a few days up to a month) and feed very little (Ross 1944). Thus, almost all
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resources needed for reproduction are gained through the aquatic larval stages.

The Hydropsychidae are widespread throughout stream systems and larval biology 

is relatively well known (Alstad 1978, Cuffney and Minshall 1981, Hauer and Stanford 

1981, Miller 1984, Georgian and Thorp 1992, Kerans 1992, Merritt and Cummins 1995,

Wiggins 1996, England et al. 1997). Larval hydropsychids build silken nets that they use
V

to filter particles from the water column (Merritt and Cummins 1995, Wiggins 1996). 

Filtered particles range from fine bacteria and phytoplanktonic particles to detritus and 

invertebrates (Morse 1993, Merritt and Cummins 1995, Wiggins 1996).

Much less is known about the behavior and habits of adult Hydropsychidae.

Some adult hydropsychids form swarming aggregations, most likely for the purposes of 

mating (Mori and Matubani 1953, Fremling 1960). Pheromones, probably for mating and 

aggregation, have been isolated from adults of one European species (Lofstedt et al,

1994). Observations of females suggest that a number of species swim underwater to 

oviposit (Badcock 1953, Deutsch 1984, 1985). However, most of these records are 

observational or anecdotal. To my knowledge, there are no observations or hypotheses 

about mating strategies in adult Hydropsychidae.

There are five currently recognized subfamilies of the monophyletic 

Hydropsychidae family: Arctopsychinae, Diplectroninae, Hydropsychinae, Smicrideinae 

and Macronematinae (Figure 1.1; Flint et al. 1987, Schefter 1996; J. Morse, Clemson 

University, pers. com.). The North American Arctopsychinae contains 11 species in two 

genera (Wiggins 1996). The North American Diplectroninae contains 14 species in four 

genera (Wiggins and Mackay 1978, Morse 1993, Wiggins 1996). The subfamily 

Hydropsychinae is the largest group in the Hydropsychidae with 114 North American
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Weaver and Malicky 1994).
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species in six genera (Morse 1993, Wiggins 1996). The relatively newly erected 

subfamily Smicrideinae includes four North American species in a single genus (Merritt 

and Cummins 1995, Schefter 1996). In the subfamily Macronematihae, only four species 

from 2 genera occur in the United States (Betten 1934, Morse 1993, Wiggins 1996).

The five subfamilies contain characters that separate them into distinct groups 

(Flint et ah 1987). Distinctive characters in the larval stage include: the number of spines 

on the anterior margin of each foreleg in the fifth instar, the shape of the mandibles, the 

shape and number of abdominal gills, and the shape of the submental gular area under the 

head (Flint 1974, Wallace 1975, Flint et al. 1987). Adult characteristics that separate 

subfamilies are variations in: the shape of the wings and antennae; the post-costal cell 

(cu2) in the forewing; the form of the wing coupling mechanism; and the type of male 

genitalia (Flint 1974, 1987; J. Morse, pers. comm.).

At this point in time, the relationship between the Arctopsychinae and 

Diplectroninae remains unresolved, although the evidence suggests that one of these two 

subfamilies is the most basal group within the Hydropsychidae (Flint et al. 1987, Schefter 

1996). The three derived (and demonstrably monophyletic) subfamilies could have 

evolved from a common Diplectroninae ancestor. There are two genera of 

Diplectroninae, Oropsyche Ross, and Homoplectra Ross, that are very similar to 

Arctopsychinae in most respects, although, there are a few important differences. Species 

of Oropsyche and Homoplectra have more complete wing venation and the apices of the 

subcostal and radial veins in the hind wings curve slightly forward. This curvature 

becomes much more pronounced in other genera of the subfamilies. The !brewings are
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narrower and the tips of the apical veins are fused in the hind wings of both the 

Hydropsychinae and the Macronematinae (Flint et al. 1987). This evidence led 

researchers to suggest that Hydropsychinae (including Smicrideinae) and 

Macronematinae probably rose from a common ancestor (Flint et al. 1987, Schefter 

1996). Schefter’s analysis (1996) of the subfamilies, using modem phylogenetic 

techniques, supported monophyly for the Arctbpsychinae and a more restricted 

Hydropsychinae. Her analysis placed the Smicrideinae as a sister group of the 

Macronematinae.. However, monophyly of the Diplectroninae was not supported by her 

analysis (Schefter 1996). .

The hydropsychid caddisflies are an interesting group in which to examine sexual 

dimorphism and SSD. The taxonomic literature suggests that species show a wide variety 

of patterns: females larger than males; males larger than females; and neither, sex larger 

(Betten 1934, Ross 1944; Jannot unpub. data). This plasticity suggests that selection acts 

on morphology in various ways. For example, natural selection probably plays a 

relatively larger role in the larval feeding stage, whereas sexual selection may be more 

important in the adult sexual stage. If one sex is larger in the adult stage (because of 

selective pressures in the adult stage), selection may act in the larval stage to increase 

food consumption or quality. In other words, morphological adaptations in the adult 

stage may be produced by behavioral adaptations in the larval stage, or vice versa. By 

placing SSD in a phylogenetic context, I hope to highlight evolutionary pathways where 

selection might be acting to produce sexual dimorphism.
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Very little is known about the specific ecology of adult hydropsychids, although 

selective pressures in the adult stage could have impacts on the larval stage. For example, 

wing shape could play a role in determining distribution, colonization, and succession in 

aquatic invertebrate assemblages, since females fly to disperse and oviposit (Jackson 

1988) and in many aquatic insects, including caddisflies, adults form mating swarms
I

(Allan and Flecker 1989, Petersson 1989, McLachlan and. Neems 1995). Studies of other 

organisms have shown that morphology is important in structuring communities,

: particularly aquatic communities (Cadle and Greene 1993, Allan 1995).

The relationship between adult morphology and behavior in caddisflies has rarely 

been studied, and it has been completely overlooked in hydropsychids. In other caddisfly 

species sexual selection operates on the adults. Adult behavior correlates with 

morphological characters and differs between sexes and among species in the caddisfly 

family Leptoceridae. For example, in the species Mystacides azurea, females fly towards 

a group of swarming males. The males quickly spot the female and race towards her.

She turns and begins to fly away rapidly. The first male to catch the female, flies with her 

to vegetation to copulate. Two morphological characters, eye size and wing length, were 

found to be correlated with spotting the female and catching her in flight. The males had 

larger eyes for spotting females and longer wings for faster, flight to catch the females 

(Gullefors and Petersson 1993). In effect, the females were "choosing" males with larger 

eyes and longer wings (Solem and Solem 1991). In another species, Athripsodes 

commutatus, females and males copulate while flying and the male must carry the
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female. If the male cannot carry the female, reproduction is not achieved and the female 

searches for a mate that can carry her (Solem 1978). Moreover, ecological selection may 

be acting on hydropsychid females to produce sex-specific characters. For example, it 

has been noted that within several species of hydropsychid caddisflies, females, crawl or 

swim underwater to deposit their eggs (Badcock 1953, Deutsch 1984, 1985). Ross (1967) 

and Deutsch (1985) observed that females in several families of caddisflies, including 

hydropsychids, have expanded, flattened legs. Both authors suggest that this aided the 

female during the underwater egg-laying.

The results of this study are organized into two chapters, each of which is self- 

contained and written in a format suitable for peer-reviewed publication. In chapter two I 

examine the role of non-adaptive hypotheses in the evolution of body size and sexual size 

dimorphism across species within the caddisfly family Hydropsychidae. I outline the 

relationship between phytogeny and body size and between phytogeny and sexual size ' 

dimorphism. In addition, I test for allometry for sexual size dimorphism across species. ' 

In chapter three I examine static and evolutionary allometry within adult hydropsychids. 

Static allometric relationships of characters other than size are examined between sexes, 

within species, to determine what structures, if any, are sexually dimorphic.

, broader wings (Ross 1967). Flight differences in varying environments may be reflected 

in behavioral differences. For example, narrower, longer wings might have developed in 

conjunction with sexual behavior where males must “chase” females in flight prior to 

copulation. By placing sexual dimorphism in the context of phytogeny, I hope to show 

species that might be interesting models to test some of these proposed hypotheses.
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contained and written in a format suitable for peer-reviewed publication. In chapter two I 

examine the role of non-adaptive hypotheses in the evolution of body size and sexual size 

dimorphism across species within the caddisfly family Hydropsychidae. I outline the 

relationship between phylogeny and body size and between phytogeny and sexual size 

dimorphism. In addition, I test for allometry for sexual size dimorphism across species.
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BODY SIZE AND SEXUAL DIMORPHISM IN HYDROPSY CHID CADDISFLIES 
(TRICHOPTERA: HYDROPSYCHIDAE): PHYLOGENY AND ALLOMETRY

FOR SEXUAL SIZE DIMORPHISM

Introduction

The goal of evolutionary biology is to interpret patterns of present day biological. 

diversity and phenomena that are the result of largely historical processes. Since these 

processes are historical, they cannot be observed in extant species (Futuyma 1986, Harvey 

and Pagel 1991, Gittleman and Decker 1994). However, current patterns of diversity in 

extant species can be used to infer the evolutionary history of organisms and to provide 

insight into how selection operates (Futuyma 1986, Harvey and Pagel 1991, Gittleman 

and Decker 1994). One of the most powerful methods used to study adaptation and 

selection is the comparative method, where characteristics of groups of closely related 

organisms are contrasted (Harvey and Pagel 1991).

Comparative analyses typically begin with the observation of a pattern of 

biological variation in extant organisms (e.g. physiology, morphology, behavior). Other 

variables (e.g. environment) are identified and correlated to the observed pattern to 

determine whether they contribute to the pattern. Comparative methods are then 

employed to cautiously infer adaptation (Harvey and Pagel 1991). The evidence for 

adaptive evolution revealed by these studies is merely correlative, but nonetheless, can be 

informative and even compelling (Harvey and Pagel 1991). This process automatically 

assumes that the pattem(s) observed are adaptive and, in many cases, this assumption 

may be justified.' However, an adaptive presupposition is not always necessary, may
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cloud the issues, and may not lead to any new insights (Gould and Lewontin 1979). This 

may be especially true among speciose groups like the insects, where the choice of 

species to use in a comparative study may be ambiguous simply because of the 

overwhelming number of possible comparisons.

An alternative to this approach is to use the comparative method to first test non- 

adaptive hypotheses before assuming an adaptive role for the trait or pattern observed. 

Non-adaptive explanations for character states simply acknowledge that the pattern may 

not have been produced by natural selection currently operating on the trait. Non- 

adaptive hypotheses for character states presently observed in species include genetic 

drift, pleiotropy, allometry, as well as others (Gould and Lewontin 1979). One frequently 

studied non-adaptive hypothesis is phylogenetic constraint (Gould and Lewontin 1979, 

Cheverud et al. 1985, Fairbaim 1990, Webster 1992). This hypothesis predicts that 

closely related groups should have similar character states because of common patterns of 

descent. Thus, variation in characters in extant species could exist because of selective 

pressures acting on related ancestral species and may not necessarily be the result of 

present day selective pressure. Not all evolutionary pathways are open to any group of 

organisms at any one time because: a) developmental pathways are conservative and may 

be difficult to alter; b) closely related taxa tend to evolve in similar niches; c) closely 

related taxa have similar genetic variance for selection to act upon; and d) closely related 

taxa have similar phenotypes that tend to respond to environmental change in a like 

manner (Gould and Lewontin 1979, Futuyma 1986, Flarvey and Pagel 1991, Slater and
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Halliday 1994). Therefore, in the absence of other information, the null hypothesis is that 

closely related taxa should exhibit similar character states.

Using the comparative method combined with information on the phylogenetic 

history, traits in extant species can be placed in the context of closely related taxa that 

share a common ancestry and test the prediction that all groups are alike (Harvey and 

Pagel 1991). The closely related taxa that have very different character states (contrary to 

the null prediction), are the taxa used to develop and experimentally test adaptive 

hypotheses. This approach achieves three goals. First, in the spirit of objective science, 

consideration of non-adaptive hypotheses helps avoid Panglossian adaptive story-telling 

(Gould and Lewontin 1979). Second, non-adaptive hypotheses provide valuable 

information about the limits on natural selection and adaptation. Finally, non-adaptive 

hypotheses can be viewed as null hypotheses against which adaptive hypotheses can be 

intelligently posed and thus, avoids the problems mentioned above (Gould and Lewontin 

1979). This approach can provide a sound basis for testing evolutionary theories without 

wasting time on comparisons that might provide little or no new information.

I used the comparative method to examine phylogenetic constraints on body size 

and SSD in caddisflies of the family Hydropsychidae (Trichoptera). Hydropsychid 

caddisflies are a ubiquitous component of the insect communities in streams. There is a 

considerable amount of information available on the ecology and behavior of the aquatic 

larval stage (Wallace 1975, Alstad 1978, Mackay 1979, Miller 1984, Thorp et al. 1986, 

Downes and Jordan 1993, Merritt and Cummins 1995, Englund et al. 1997). However, 

much less is known about the reproductive behavior and ecology of adult hydropsychids
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CBadcock 1953, Mori and Matubani 1953, Fremling 1960, Deutsch 1984, 1985, Lofstedt 

et al. 1994), and to my knowledge, no hypotheses have yet been posed about mating 

strategies in adult Hydropsychidae.

Three pieces of information led me to examine body size and SSD in the 

Hydropsychidae. First, body size is a critical component of reproductive biology and 

mating systems in many types of insects and the importance of body size can be different 

for the two sexes (Flecker et al. 1988, Berrigan and Locke 1991, Alcock 1993b, 

McLachlan and Neems 1995, Preziosi and Fairbaim 1996, Hernandez and Benson 1998, 

Robertson 1998, Savalli and Fox 1998, Cueva Del Castillo et al. 1999). For example, 

male body size can be critical in male-male competitive interactions that determine access 

to mates (Zeh et al. 1992, Hanks et al. 1996, Savalli and Fox 1999), whereas female body 

size is often correlated with fecundity in insects (Honek 1993, Leather 1995).

Second, within a clade, there is often a correlation between SSD and body size 

(Fairbaim 1997). Rensch (1960) proposed a general, descriptive rule for this correlation 

(Abouheif 1995, Abouheif and Fairbaim 1997, Fairbaim 1997). The mle states that, in 

clades where females are the larger sex, there is a negative correlation between SSD and 

body size and in clades where males are the larger sex, SSD and body size are positively 

correlated (Abouheif 1995, Fairbaim 1997). This mle was proposed from empirical 

observations of a variety of taxa including, birds, mammals, and insects (Reiss 1989, 

Webster 1992, Fairbaim and Preziosi 1994, Abouheif and Fairbaim 1997). The 

mechanism that produces these patterns is unclear (see Fairbaim 1997 for review of 

hypotheses). Even so, Rensclfs rale has had wide acceptance and been applied to many
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taxa (Leutenegger 1978, Webster 1992, Abouheif 1995, Abouheifand Fairbaim 1997, 

Fairbaim 1997). Fairbaim (1997) concluded that, because SSD was correlated with body 

size in such a wide variety of taxa (primates to waterstriders), Rensch’s rule deserves 

further study.

Finally, qualitative information from the taxonomic literature on Hydropsychidae 

suggests that species from this family may show either one of two patterns of SSD 

(females larger; males larger) or no SSD (Jannot unpub. data, Betten 1934, Ross 1944). 

Variability in SSD suggests that the reproductive biology and mating systems might also 

differ among species. Since SSD is a measure of the ratio of male to female size, then 

this ratio is probably important during mating when the two sexes are interacting most. 

The qualitative nature of this information is often conflicting, based on small sample 

sizes (a few individuals from each species) and, more often than not, anecdotal (Betten 

1934, Ross 1944, Smith 1968, Flint 1974,1982,1987). Therefore, it is unclear which 

hydropsychid species would be the best candidates for comparative studies of 

reproductive behavior.

My goal was to determine the importance of phylogenetic constraint as a 

mechanism producing patterns of adult body size and SSD in extant North American 

caddisfly species of the family Hydropsychidae. The study had two objectives. First, I 

used the comparative method to examine how body size and SSD were distributed among 

the genera within this family. Second, I used the comparative method to examine the 

correlation between body size and sexual size dimorphism within the family. The 

quantitative results of this study will provide a sound basis for developing and
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experimentally testing hypotheses about the selective pressures operating on body 

size, mating systems, and reproductive ecology of hydropsychid caddisflies.

Methods

In North America, the family Hydropsychidae contains 11 genera with 144 species 

(Wiggins 1996). I examined a total of 29 species within 10 genera, representing about 

20% of the described North American species (see Results section, Table 2.2). 

Hydropsychid species were randomly chosen within genera (as far as possible by 

■ availability) and in proportion to the number of species in each genus. I chose I to 3 

species from each of the seven genera with between one and seven species ( Arctopsyche, 

Parapsyche, Diplectrona, Potamyia, Smicridea, Macrostemum). The other three, genera 

{Cheumatopsyche, Ceratopsyche, Hydropsyche) each contain more than 25 species and 

represent 76% of the total North American hydropsychid species (Wiggins 1996). Six 

species were examined from each of these larger genera (62% of the species examined).

Caddisfly species in the families Polycentropodidae (4 species), Dipseudopsidae 

(2 species), Philopotamidae (4 species) and Psychomyiidae (2 species) served as 

outgroups and were chosen in the same manner as described for the hydropsychids. 

Outgroups are taxa that are not considered to be among, the clade of interest 

(Hydropsychidae)i but are closely related to this group (Futuyma 1986, Campbell 1996).

It is important to use an outgroup for comparison because, if we observed the same 

pattern (e.g., for body size) for all the taxa within the Hydropsychidae, we would not 

know if this pattern was unique to the Hydropsychidae (and therefore due to selection on
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the hydropsychid ancestor), or if this pattern was shared by close relatives and therefore 

. had evolved before the Hydropsychidae (Alcock 1993a). These outgroup families are the . 

closest relatives of the Hydropsychidae. The ancestor to these families (including 

Hydropsychidae) diverged from ancestral Trichoptera before they diverged from each 

other (Merritt and Cummins 1995, Schefter 1996, Wiggins 1996; J. Morse pers. comm.). 

Therefore, species from these families were the best choice for outgroups (Futuyma 

1986). Figure 1.1, adapted from the literature, provides a phylogenetic hypothesis for the 

relationships of the families, subfamilies, and genera of the caddisfly suborder 

Annulipalpia (caddisflies whose larvae spin silk to make a fixed retreat) from North 

America (Weaver 1984, 1994, Scheffer 1996, Wiggins 1996). All specimens used in this 

study were obtained from museums and collections in the United States and Canada 

(Appendix B).

Body length (BL) was used as an estimator of overall body size. Body length was 

measured from the center of the head between the eyes to the posterior margin of the 8th 

stemite to exclude genitalia. Body length measurements and sex determinations were 

made with a zoom stereoscopic microscope (Leica MZ6 mag.=8x) with a high powered 

fiber-optic light source (Volpi Cold Light Source NCL 150). Length measurements were 

made using an ocular micrometer (Leica) calibrated with a 5.000 mm stage micrometer 

(Leica). In most cases I measured 20 individuals of each sex; however, this was not 

always possible because some specimens were damaged and some species were not 

widely available (see Table 2.2 for sample sizes).

I used two indices of sexual size dimorphism (SSDI) recommended by Smith
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(1999). Both indices use ratios of the body length of one sex on the other. Ratios have 

been widely criticized on.statistical grounds (Fairbaim and Preziosi 1994, Abouheif and 

Fairbaim 1997). However, ratios are easy to compute, provide a simple means for 

comparing the relative size of males and females, and give a single value for each species 

which can be. compared to other species. Smith (1999) examined 25 data sets to 

determine the statistical properties of five different SSD ratios. He concluded that ratios 

were statistically robust and that two ratios, one on a linear scale and one on a logarithmic 

scale, were the most statistically acceptable. Moreover, the two ratios sometimes give 

different results, leading to different biological insights (Smith 1999, R.J. Smith pers. 

comm.). The linear ratio was first developed and proposed by Lovich and Gibbons 

(1992) and subsequently simplified and modified by Smith (1999) into the “two-step 

ratio”. The two-step ratio is calculated differently depending on which sex is larger most 

frequently in the data set. For example, in most insects (including hydropsychids), 

females are the larger sex, so the two-step ratio can be calculated, for each taxon as:

(1) If ?BL > oTBL, dimorphism ratio = 9BL/cfBL, or

(2) If cfBL > ¥BL, dimorphism ratio = 2 -  <fBL/¥BL;

where BL is the mean body length (body size indicator) of each sex. The ratio is linear, 

intuitive, and greater than I when females are larger (the most frequent pattern among 

invertebrate species). Values are linear and less than I when males are the larger sex. A 

value equal to I indicates no SSD (Smith 1999).

The logarithmic ratio of SSD is defined as: In (larger sex/smaller sex). The 

results using the logarithmic ratio can differ from the linear form when the magnitude of
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dimorphism is large. The mean of the male and female BL for each species was used to 

calculate both indices. I examined both indices, but since the results from both were 

almost identical, I only present results from the two-step ratio.

To determine whether body size is constrained by phytogeny within the 

Hydropsychidae, I calculated the mean BL of each sex of each species. Species means 

were used to visually.compare mean BL among genera, within higher taxonomic levels of 

the Hydropsychidae, and among the outgroups, fused nested analysis of variance to 

calculate the amount of variation in BL attributable to each taxonomic level. Each sex 

was run separately, and every individual measured from each sex was included in the 

analysis. The variance in BL was calculated among individuals within species (error; 

term); among species within genera; among genera within subfamilies; among 

subfamilies within families; and among families in the suborder. The percent of the total 

variation represents the amount of variation that can be attributed to differences among 

groups within a level. For example, the percent of the total variation at the genus level 

represents the variation attributed to differences among species within genera and 

therefore represents the degree to which genera constrain species; larger amounts of 

variation indicate less constraint (Bell 1989). The analyses were conducted using SAS 

version .7.0 for Windows® (SAS Institute 1998)

To determine whether SSD is constrained by phytogeny, I used the mean BL of 

each sex to calculate the two-step ratio (sexual size dimorphism index or SSDI) for each 

species. Values greater than I indicate species where females are larger than the males, 

values less than I are species whose males are larger. I used the species SSDI values to
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calculate and visually compare the mean and range of SSDI among genera, within higher 

taxonomic levels of the Hydropsychidae, and among the outgroups. A two sided t-test 

(Bonferroni correction for a) was used to indicate if SSDI values for each genus differed 

from I. In addition, species SSDI values were used in a nested analysis of variance to 

calculate the variance in SSDI among species within genera; among genera within 

subfamilies; among subfamilies within families; and among families within the suborder. 

The interpretation of the percent of the total variation is the same as that described above.

Finally, to determine if and how SSD correlates with body size, I regressed the 

SSDI for each species against mean male BL for each species. Regressing a ratio against 

it’s numerator (in this case mean female BL) can produce very odd results (R.J. Smith 

pers. comm.). Therefore, the independent variable in the regression is mean male BL, 

since the SSDI is calculated as mean female BL / mean male BL. Regression statistics 

were obtained using ordinary least squares regression (OLS). Smith (1999) found that the 

OLS better reflects the distribution of the error when regressing a ratio of SSD against 

size. For regressions of a SSD ratio against body size, a slope of zero indicates no change 

in dimorphism with change in size (Fairbaim 1997, Smith 1999). I compared the slopes 

and intercepts obtained from the regression of species within the Hydropsychidae to the 

slopes and intercepts obtained from the regression among the outgroup species.

Results

Phvlogenv and Body Size

Variation in body length among species within a genus was relatively low (Table
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2.2) and species within a genus had similar body lengths (Figure 2.1; Table 2.2). 

Therefore, a species body size may be relatively constrained.

Table 2.1 Nested analysis of variance for body length in female hydropsychid
caddisflies. Results were similar for males and thus, are not shown.
Level df Sums of 

Squares
. Mean 
Squares

Variance
Component

%
Total

sub-order 0
among families 4 603.99 151.00 -2.03 0

among sub-families 5 1690.13 338.03 3.89 . 4 1 7
among genera . 7 936.97 13185 2.62. 32.8
among species 26 361.50 13.90 0.87 10.9

among individuals 652 395.81 0.61 0.61 7.60
Total 694 3988.39 5.75 7.99

Contrary to phylogenetic constraints, relatively closely related genera and 

subfamilies had very different body sizes (Figure 2.1): For example, body sizes ranged 

from 3.8 to 6.3 mm for the genus Cheumatdpsyche. The values for Ceratopsyche, a 

genus in the same subfamily, ranged from 6.4 to 8.3, indicating that genera can have very 

different body sizes (Figure 2.1; Table 2.2). In support of this, the majority of the 

variation in body size was accounted for by differences among genera within subfamilies 

(33%) and among subfamilies within families (49%), suggesting that body size among 

genera and among sub-families was not constrained by phylogenetic history (Table 2.1).

At the family level, the largest hydropsychids had body sizes beyond the range of 

any of the outgroup families examined (Hydropsychidae: 3.8 to 14.4 mm; outgroup range: 

2.5 to 9.1 mm; Table 2.2; Figure 2.1). However, none of the variation in body length was
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Figure 2.1 Body size range for each genus. Symbol is generic mean (filled = Hydropsychidae,

open = outgroups), lines represent ranges. See Figure 1.1 for relationships.
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Table 2.2 Sample sizes, mean body sizes of males and females, linear SSD index. See
Figure 1.1 for hypothesized relationships.

Family
Subfamily

Genus species

Sample
Size

■' M F

Male
Body

Length
mm(±SE)

Female
Body

Length
mm(±SE)

Linear 
• SSD 
Index

PhiIopotamidae
Philopotaminae 

, Dolophilodes aequalis 12 16 7.02
(0.20)

8.10
(0.27)

1.15

Dolophilodes distinctus 23 9 4.51
(0.06)

5.49
(0.23)

1.22

Chimarrinae
Chimarra aterrima 20 20 4.74

(0.07)
5.69

(0.07)
1.20

Chimarra texana ■ 5 16 4.79
(0.11)

5.13
(0.15)

1.07

Psychomyiidae 
Psychomyiinae 

Lype diversa . 20 20 2.93
(0.12)

3.67
(0.11)

1.25

Psychomyia flavidaO 10 10 2.89
(0-11)

4.43
(0.06)

1.53

Hydropsychidae
Arctopsychinae

Arctopsyche grandis 20 20 9.63
(0.24)

■ 12.55 
(0.22)

.1.30

Arctdpsyche irrorata 20 6 12.63
(0.15)

14.43
(0.41)

1.14

Parapsyche elsis 20 15 9.82
(013)

12.15
(0.25)

1.24

Dipleotroninae 
. Diplectronamodesta 20 20 7.16

(0.13)
8.43 .

(0.19)
1.18
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Table 2.2 Continued.

Family
Subfamily

Genus species

Sample
Size

M F

Male
Body

Length
nxm(±SE)

Female
Body

Length
mm(±SE)

Linear
SSD

Index

Hydropsychinae
Cheumatopsyche aphonia

19 15 3.84
(0.09)

4.11
(0.08)

1.07

Cheumatopsyche gracilis 26 20 4.35
(0.09)

4.33
(0.06)

0.996

Cheumatopsyche harwoodi 14 12 4.85
(0.13)

5.54
(0.29)

1.14

Cheumatopsyche minuscula 12 21 ■ 4.73
(0.10)

5.38
(0.10)

• 1.14

Cheumatopsyche pettiti 20 21 5.80. 
(OTl) .

6.26
(0.14)

1.08

Cheumatopsyche speciosa 9 4 3.98
(0.29)

4.57
(0.33)

" 1.15

Cerdtopsyche alternans ' 20 20 6.40
(0.17)

6.98
(0.13)

1.09

Ceratopsyche cockerelli 20 15 7.55
(0.27)

8.29 
(0.34) .

1.10

Ceratopsyche morosa 20 20 6.51
(0.29)

7.55
(0.14).

1.16

Ceratopsyche oslari 17 18 6.57
(0,15)

8.31 
(0.19)

1.27

Ceratopsyche slossonae 18 19 7.73 -
(0.24)

8.26
(0T9)

1.07

Ceratopsyche sparna 20 20 6.78
(0.09)

7.00
(0.11)

1.03 .

Hydropsyche betteni 21 20 8.41
(0.14)

9.56 .
(OTl)

1.14

Hydropsyche confusa 20 20 187
(0.18)

8.14
(OTT)

1.39
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Table 2.2 Continued.
Family

Subfamily
Genus species

Sample
Size

M F

Male
Body

Length
mm(±SE)

Female
Body

Length
mm(±SE)

Linear
SSD

Index

Hydropsychinae
Hydropsyche elissomq

21 . 20 7.90
(0.08)

7.79
(0.13)

0.986

Hydropsyche hageni 18 6 7.33
(0.15)

8.50
• (0.54)

1.16

Hydropsyche occidentalis 21 20 6.01
(0.11)

6.43
(0.10)

1.07

Hydropsyche scalaris 20 5 8.32
(0.16)

8.65
(0.39)

1.04

Potamyia flava 20 18 5.31
(0.10)

■ 5.77
(0.13)

1.09

Smicrideinae
Smicridea dispar 20 12 3.82

(0.05)
4.31

(0.12)
1.13

Smicridea dithyra 20 20 4.45
(0.05)

4.65
(0.08)

1.04

Smicridea fasciatella 20 20 4.87
(0.10)

5.41
(0.13)

1.11

Macronematinae
Leptonema albovirens 10 14 ' 9.56

(0.14)
11.60
(0.36)

1.21

Macrostemum Carolina 20 '20 8.76
(0.11)

9.66.
(0.23)

1.10

Macrostemum zebratum 40 31 8.94
(0.14)

9.86.
(0.17)

1.10

Polycentropodidae
Polycentropodinae

Neureclipsis bimaculata 20 19 4.67 
(0.12).

6.92
(0.24)

1.48
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Table 2.2 Continued.
Family

Subfamily
Genus-species

Sample
Size

M F

Male
Body

Length
mm(±SE)

Female , 
Body 

Length 
mm(±SE)

Linear
SSD

Index

PoIycentropodidae
Polycentropodinae

Neureclipsis crepuscularis . 20 18
4.39

(0.09)
5.63

(0.14)
1.29

Polycentropus cinereus 20 20 5.45
(0.08)

5.94
(0.08)

1.09

Polycentropus crassicornis ' 12 21 7.01
(0.19)

6.12
(0.10) .

0.85

Dipseudopsidae
Phylocentropus lucidus 14 8 4.70

(0.12)
5.46

(0.07)
1.16

Phylocentropus placidus 23 19. 6.34
(0.11) ■

9.07.
, (0.43)

1.43

accounted for by differences among the families, suggesting that body length 

may be constrained within the suborder. Ahnulipalpia (Table 2.1).

Phvlogenv and SSD -

Contrary to the prediction of phylogenetic constraint, almost half (41%) of the 

variation in SSDI was attributable to differences among species within genera, indicating 

that SSD was not phylogenetically constrained among closely related species (Table 2.3). 

Most species (93%) had SSDI values greater than one, indicating that the females were 

generally the larger sex... However, the SSDI range among these species was very wide: 

females ranged from 3% larger than males (SSDI=I.03) to 53% larger than males 

(SSDI=I.53; Table 2.2; Figure 2.2). In addition, three species- two hydropsychids (Ch.
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gracilis, H  elissomd) and one outgroup (Polycentropus crassicornis)- had values less 

than one indicating that males were the larger sex (Table 2.2).

In contrast, SSD did not vary among genera or subfamilies and may have been 

constrained at these two levels. In only two. genera (from different subfamilies), did the 

SSDI values differ significantly from one, indicating that females from these two genera 

were significantly larger than males {Macrostemum, Cheumatopsyche-, p<0.005; Figure 

2.2). None of the variation in SSDI was accounted for by differences among genera 

within subfamilies or by differences among subfamilies within families (Table 2.3; 

Figure 2.2).

Table 2.3 Nested analysis of variance for SSD in hydropsychid caddisflies.
Level df Sums of 

Squares
Mean

Squares
Variance

Component
%

Total

sub-order 0
among families. ' 5 0.35 ■ 0.07 0.02 58.6

among sub-families 6 0.05 0.008 -0.02 ' 0.00
among genera 6 ' 0.05 0.009 , -0.0008 0.00
among species 25 0.28 0.01 0.01 41.4

Total 42 0.73 0.02 0.03

Differences among families within the suborder Annulipalpia described more than 

50% of the variation in SSDI and therefore the linages have probably not been subject to 

phylogenetic constraints on SSD since the time of divergence (Table 2.3).
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SSD and Body Size

Among genera within subfamilies, body size was highly variable, yet SSD 

remained relatively constant (Figure 2.3). For example, Arctopsyche were 61% larger 

than Smicridea, but the difference in SSD between the two genera was only 11% (Figure 

' 2.3). The outgroups exhibited higher variation in SSDI and smaller variation in body 

sizes than the hydropsychids (Figure 2.3).

There was no correlation between SSDI and body size within the hydropsychids, 

which was in direct contrast to both RensclTs rule and the outgroups (Figure 2.4). The 

SSDI remained constant with increasing body size for the hydropsychids (p= 0.4, Figure 

2.4). For every unit change in body size, SSDI did not change thus, male size stayed the 

same relative to female size.across taxa within the family. Rensch’s rule predicts a

negative correlation between SSD and body size in groups where females are generally
* . ■

the larger sex (i.e. Hydropsychidae). Thus, the hydropsychids did not conform to 

Rensch’s rule.'

Among the outgroups, SSDI declined with body size in accordance with Rensch’s 

rule and in contrast to the Hydropsychidae (Figure 2.4). The slope of the outgroup line 

was different from the slope of the line for the hydropsychids (p= 0.04). When 

Polycentropus crassicornis (only outgroup species where males> females) was excluded 

from the analysis, the pattern remained the same, but the relationship was not significant 

(outgroup slope = - 0.04).
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Discussion

This study has contributed two pieces of information to our understanding of the 

evolution of hydropsychid caddisflies. First, patterns of variation in body size and SSD 

have been described for a range of North American species in this family and this 

variation has been partitioned among different levels in the currently accepted phytogeny. 

Second, it appears that these two variables are uncorrelated within the Hydropsychidae. 

The largest amount of variation in body size was attributed to differences among genera 

and among subfamilies, levels in the taxonomy that contributed no variation to the pattern 

of SSI). In addition, the regression of SSD against body size also showed that the two 

variables were independent .within the Hydropsychidae. These two pieces of information, 

combined with our current knowledge of the phytogeny of these organisms (Figure 1.1; 

Schefter 1996), can be used to develop testable hypotheses about selective pressures 

operating on hydropsychids.

In general, variability in body size was attributed to differences among genera and 

among subfamilies. Body size was relatively more constrained within and among 

species, and among families within the suborder. However, the pattern observed for SSD 

was exactly opposite to that observed for body length. Variability in SSD was attributed 

to differences among species and among families. Sexual size dimorphism was 

relatively more constrained among genera and subfamilies. Finally, RensclTs rule 

predicts that, in clades where females are the larger sex (i.e. Hydropsychidae), as body 

size increases, SSD should decrease. Contrary to RensclTs rule, body size and SSD were
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not correlated in the Hydropsychidae, although they were correlated in the predicted 

direction among the outgroups.

The fact that the pattern of variation for the two characters differed both among 

taxonomic levels and between characters at the same taxonomic level, suggests that the 

relative importance of the selective pressures acting on these two characters also differed. 

In addition, the selective pressures operating on body size and SSD may be fundamentally 

different from each other since the two characters appear to be uncorrelated in the 

Hydropsychidae. For example, the variance in body size generated since the divergence 

of genera within subfamilies (33%) was much greater than the variance generated since 

the divergence of species within genera (11%). However, the opposite was true of sexual 

size dimorphism. The variance in SSD produced since divergence of genera was 

negligible compared to the variance generated since the divergence of species (41%).

This suggests that the selective pressures on these two characters were different and the 

importance and strength of these pressures has varied through time.

This pattern (differences in body sizes at the generic level, differences in SSD at 

the species level) lends support to two proposed hypotheses about evolution of the 

Hydropsychidae (Wiggins and Mackay 1978, Plague 1998,1999). The first hypothesis is 

that, among North American hydropsychids, diversification of Hydropsychidae 

caddisflies may have been caused (or maintained) by ecological selection operating on the 

larvae (Thorp 1983, Miller 1984,1984, Thorp et al. 1986, Georgian and Thorp 1992). In 

addition, these ecological differences are recognized as generic differences in the 

currently accepted hydropsychid phylogeny (Wiggins and Mackay 1978, Mackay and

/
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Wiggins 1979). The second hypothesis is that reproductive isolation of adult 

conspecifics, via assortative mating, must have occurred in order for sympatric speciation 

to be completed (Plague 1998, Plague 1999). This hypothesis predicts that selective 

pressures in the adults would favor some type of mate choice (Plague 1998, Plague 1999). 

Below I examine how the patterns of body size and SSD from this study supports this 

combined view of hydropsychid evolution.

Since body size is so critical to ecological processes in many organisms, 

including hydropsychids (Mackay 1979, Calder 1984, Schmidt-Nielsen 1984, Muotka 

1990, Kerans 1992), body size variation may represent ecological variation within the 

Hydropsychidae. As stated above, a large portion of the variation in body size was 

attributed to differences between genera. These data are consistent with the theory that 

Trichoptera genera represent riot only monophyletic morphological types, but also 

ecological types (Wiggins and Mackay 1978). For example, many authors have provided 

evidence to suggest that most North American hydropsychid genera have restricted 

distributions along the longitudinal stream continuum (Ross 1967, Wallace 1975, Alstad 

1978, Wiggins and Mackay 1978). Larval distribution of each genus is based on the net 

mesh size, which determines the type of food resources exploited, and abiotic factors such 

as temperature, stream flow and oxygen content (Wiggins and Mackay 1978). Since 

body size is important for ecological processes, it comes as no surprise that ecological 

units (genera) should have different body sizes to exploit different resources and habitats 

(Calder 1984, Schmidt-Nielsen 1984).
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The most dramatic example of body size differences between comparatively 

closely related genera in this study were the two genera, Smicridea and Macrostemum. 

Larvae in both of these genera inhabit large, warm rivers in the southern United States 

(Flint 1974, Wallace and Sherberger 1974,1975, Wallace 1975). Smicridea are found 

mostly in the desert and intermountain southwest, whereas Macrostemum are found in the 

warm, wet regions of the southeast (Flint 1974, Wallace and Sherberger 1974, 1975, 

Wallace 1975). One hypothesis for the body size differences between these two genera is 

that the larvae of Smicridea may be more dictated by hydroperiod or temperature (or ' 

both) than Macrostemum and may have adapted a life history strategy consistent with 

southwest streams that are subject to annual drying (Jackson 1988). For example, 

Smicridea larvae may have higher metabolic, developmental, and maturation rates than 

Macrostemum larvae. Increased developmental rates in Smicridea may be the result of 

selective pressure to rapidly progress through larval instars to avoid dessication, or 

alternatively, a by-product of higher developmental temperatures found in desert streams 

of the southwest United States. In either case, the result would be Smicridea emerging at 

smaller body sizes than Macrostemum. Little is known about the specific distribution, 

life history, and developmental processes of Smicridea or Macrostemum larvae (Flint 

1974, Wallace and Sherberger 1974,1975, 1975, Parker and Voshell 1982). However, 

the body size differences between these genera may reflect environmental differences. A 

comparison of the developmental processes and life history strategies of these two 

relatively closely related genera could provide insight into the selective pressures 

operating to produce hydropsychid caddisfly diversity.



Within the hydropsychids, SSD was similar among the genera and was more 

variable among species within genera. In addition, Rensch’s rule was violated, and male 

size stayed the same relative to female size regardless of the species size. In sum, species 

differed in the amount of SSD, however, SSD was not dictated by the size of the species. 

This makes intuitive sense because body size variation at the species level was small 

relative to size differences at the generic level. So, it appears that body size variation may 

be dictated by ecological selective pressures (described above) that produced different 

genera with similar sized species; however, the species within a genus, regardless of size, 

have different levels of sexual size dimorphism.

One hypothesis for this pattern of SSD among species is that the different species

within a genus are responding to selective pressures acting in the adult stage. Within the

Hydropsychidae, mating behaviors or positions may require a strict ratio of male to

female body size in order to achieve copulation. In this scenario, the size of the two sexes

may be. correlated so that selection on body size in one sex produces a change in mean

body size of both sexes (Fairbaim 1997). For example, if one sex carries the other during

mating or courtship, or if mating pairs remained joined for long periods during copulation

(common among invertebrates), then mating success may depend upon the relative size of 
• ' '  ' .u-

the sexes to each other (DeFrenza et al. 1986, Adams and Greenwood 1987, Marden

1989, Fairbaim 1990). One way that closely related, sympatric species keep from

interbreeding is by. altering mating behaviors (Tauber and Tauber 1982). Behavioral

mechanisms operating to reproductively isolate sympatric species have been identified in

insects (e.g. lacewings, Tauber and Tauber 1982;, fireflies, Futuyma 1986, p. 112). Size
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is important in insect mating systems and assortative mating based on size (big mates 
-■ . ,■ 

with big and small mates with small) is not uncommon among insects (Burley 1983,

McLain 1985, Gage 1998, Hernandez and Benson 1998, Neems et al. 1998, Thornhill and

Moller 1998, Cueva Del Castillo et al. 1999, Harari et al. 1999, Savalli and Fox 1999).

Interestingly, recent models have shown that sympatic speciation based on assortative

mating and heritable mate choice can occur (Dieckmann and Doebeli 1999, Kondrashov

and Kondrashov 1999, Tregenza and Butlin 1999). Sympatic speciation has been

proposed in the caddisfly families Hydroptilidae (Botosaneanu 1997) and

Hydropsychidae (Plague 1999). However, currently no empirical evidence exists for this

mechanism of sympatic speciation within the Hydropsychidae. Hydropsychid caddisflies

could be a good group to examine how assortative mating and mate choice based on size

and SSD may contribute to sympatic speciation.

In conclusion, if body size is a good indicator of ecological diversity within the 

Hydropsychidae, then generic level diversity may be, in large part, a result of ecological 

processes operating in the larval stage (net mesh differentiation, selection for abiotic 

conditions). However, body size differences of congeneric species were relatively minor. 

Therefore, species level diversity may be more dependent upon the selective pressures of 

assortative mating and mate choice operating to maintain a strict male/female size ratio 

(SSD) in the adult stage. Hydropsychid mating systems are virtually unknown and a 

comparative study of mating behaviors may provide insight into the evolution of species 

within this family. By placing this study in the context of phylogeny, I hoped to show 

which, species might be useful for these, and other, adaptive comparisons.
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ALLOMETRY AND SEXUAL DIMORPHISM FOR WING, LEG, AND 
SENSORY STRUCTURES IN ADULT HYDROPSYCfflD CADDISFLIES 

(TRICHOPTERA: HYDROPSYCHIDAE)

Introduction

Sexual dimorphism, phenotypic differences between females and males, has long 

been recognized in a number of taxa and species (Darwin 1859). Sexual dimorphism is 

relatively common, among a wide range of organisms including (but not limited to) 

insects (Alcock 1993, McLain 1993), nematodes (Poulin 1997), crustaceans (Shuster 

1992), amphibians and reptiles (St. Clair 1998, Malmgren and Thollesson 1999) and 

mammals (Owen-Smith 1993). A multitude of characters maybe sexually dimorphic ■ 

including: general body size (Bjorklund 1990, Preziosi and Fairbaim 1996), appendages 

(Moore and Wilson 1993, Roff and Fairbaim 1993), internal organs (Calder 1984), 

physiology (Bailey and Romer 1991, Radhika et al. 1998), development and growth 

(Reiss 1989, Ernst and Wilgenbusch 1998), behavior (Roelke and Sogard 1993, Svensson 

1997), and even mortality (Owen-Smith 1993). . .

Sexual dimorphism has been the subject of several recent reviews (Slatkin 1984, 

Hedrick and Temeles 1989, Shine .1989, Andersson 1994), and a number of hypotheses 

concerning the mechanisms producing sexual dimorphism have emerged. These 

hypotheses fall into two broad categories: non-adaptive and adaptive. Non-adaptive ' 

hypotheses, such as phylogenetic history, are beginning to be examined as possible causes 

of sexual dimorphism (Fairbaim 1990, Andersen 1994). For example, in water striders 

phylogenetic ‘constraints’ may have shaped patterns of sexual dimorphism (Andersen
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1997). More often, attempts have been made to explain sexual dimorphism in terms of 

adaptive mechanisms (Slatkin 1984, Shine 1989, Andersson 1994). Recent work has 

divided these adaptive mechanisms into three broad categories: I) ecological selection; 2) 

fecundity selection; and 3) sexual selection (Hedrick and Temeles 1989).

Under ecological selection, the morphology of the sexes differ because they have 

adapted to use resources differently (Slatkin 1984, Shine 1989, Malmgren and Thollesson 

1999). This model predicts (among other things) that if two sexes experience different 

environments during the same life stage, then selection may operate differently on them. 

For example, in many aquatic insects (Ephemeroptera, Trichoptera, Diptera, aquatic 

Hymenoptera) the terrestrial adult females crawl or swim underwater to oviposit 

(Badcock 1953, Merritt and Cummins 1995). Presumably adult males are not required to 

enter the water after emergence. Thus, females may have leg or wing structures that aid 

them in oviposition, that are absent or reduced in the males (Deutsch 1984,1985).

Under fecundity selection, one sex (often females) benefits more (in terms of 

reproductive output) from a larger body size (Shine 1988, Malmgren and Thollesson 

1999). For example, in female insects, abdomen size often determines how many eggs 

can be carried, and therefore, the abdomen is much larger than in males of the same 

species (Wickman and Karlsson 1989).

Finally, sexual dimorphism is sometimes attributed to sexual selection (Andersson 

1994,1996). In this scenario, the dimorphic character confers a mating advantage to 

individuals of one sex, often the males. Typically, individuals with more extreme 

character development have higher fitness because the character enables better access to '
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the opposite sex (Hedrick and Temeles 1989, Andersson 1994). For example, in the. 

caddisfly species, Mystacides azurea (family Leptoceridae), females fly towards a group 

' of swarming males. Males visually recognize the female and race towards her as she 

turns and flies away. The first male to catch the female, flies with her to the vegetation 

and succeeds in copulation. Males had larger eyes for detecting females before 

competitors and longer wings to race other males (Gullefors and Petersson 1993). In 

effect, the females were "choosing" males with larger eyes and longer wings, and 

therefore these males had increased mating opportunities (Solem and Solem 1991).

The hydropsychid caddisflies (Trichoptera: Hydropsychidae) are an interesting 

group in which to examine sexual dimorphism. Qualitative information from the 

taxonomic literature suggests that different species show either one of two possible 

patterns of sexual dimorphism: females larger than males and males larger than females; 

or alternatively, no dimorphism (Betten 1934, Ross 1944; Jannot unpub. data). Several 

characters, including antennal length, middle tibial width and length, and eye width, have 

been reported to be sexually dimorphic in a number of caddisfly species, including , 

hydropsychids (Betten 1934, Ross 1967, Solem 1976, Malicky 1977, Deutsch 1985, 

Solem and Solem 1991). These differences among species in characters that are 

dimorphic and direction of dimorphism suggest that different types of selection may be 

operating concurrently. In the example above, ecological selection may be responsible 

for sexually dimorphic leg characters, whereas sexual selection may be responsible for 

sexually dimorphic eyes. In addition, flight differences between the sexes (male
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swarming vs. female oviposition flights) may select for different wing shape in the two 

sexes (Ross 1967).

One way to examine sexual dimorphism within a species is to simply compare the 

mean character size of males and females. This method is appropriate when the overall 

body size of males and females is similar (Figure 3.1 A). However, if one sex is larger 

than the other, the interpretation can become obscured. Morphological characters 

typically scale with body size. Therefore, if one sex has a larger body, it may also have 

larger morphological characters (Figure 3.1 B). The question is then: is selection 

operating on body size or on character size? By simply comparing the mean character 

size of the sexes, the data would suggest that there is sexual dimorphism in character size 

when, in fact, selection may be only operating on overall body size and character 

differences between the sexes are not important. One useful way around this problem is 

to use allometry- that is, how a trait(s) changes with body size (Shine 1988, Ernst and . 

Wilgenbusch 1998, Tseng and Rowe 199.9). By examining allometric relationships for 

the two sexes we can determine the true nature of the character dimorphism, while, in 

effect, controlling for the confounding factor of body size.

In this study, I examined sexual dimorphism in antennae, mesotibiae, eyes, and 

wings in adult Hydropsychidae. The purpose of this study was to:

1) use allometric relationships to quantify sexual dimorphism in adult

hydropsychid caddisflies and;

2) to provide a framework for posing hypotheses about adult hydropsychid

behavior.
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Methods

In North America, the family Hydropsychidae contains 11 genera with 144 species 

(Wiggins 1996). I examined a total of 27 species within 10 genera, representing almost 

20% of the described North American species (Appendix B).

Species were randomly chosen (within the constraints of availability) within 

genera in proportion to the number of species each contained. I chose one or two species 

from each of the seven genera that have relatively few species (between one and seven). 

The other three genera, Cheumatopsyche, Ceratopsyche, and Hydropsyche have 109 

species combined, and represent 76% of the total North American species (Wiggins 

1996). Ofthe 27 species examined, 16 were from these genera.(60%). Specimens were 

borrowed from various museums and collections in the United States and Canada 

(Appendix B).

Body length was used as an estimator of overall body size. Body length (BL) was 

measured from the center of the head between the eyes to the posterior margin of the 8 th 

stemite to exclude genitalia. Body length was measured along the organism’s left side.

In addition, I measured the following morphological characters on each individual: wing 

length (WL), wing width (WW), antennal length (AL), ocular width (EW), mesotibial 

length (MTL) and width (MTW). I measured WL as a straight line from the base to the 

apex of the fore wing. I measured WW as a straight line at the widest point on the fore 

wing, perpendicular to WL. Antennal length was measured from the base of the scape to 

the antennal tip. The apical antennal segment has a distinctive shape, and antennae were

x
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not measured if this segment was missing. I measured the straight line distance between 

the outer edge of the eye and where the eye joined the head when the specimen was ' 

viewed dorsally. Both eyes were measured and EW was the average of the two values. I 

measured MTL from the femur-tibia joint to the tibia- tarsus joint on the mesothoracic 

leg. I measured the width of the tibia of the mesothoracic leg just dorsal to the 1st pair of 

tibial spurs and just dorsal to the 2nd pair of tibial spurs.. The two measurements were 

averaged together to obtain MTW.

Whenever possible, I measured 20 individuals of each sex, limited occasionally 

by damaged specimens and availability (Appendix B). With two exceptions (Diplectrona 

.modesta, Leptdnema albovirens), only specimens that could be scored for all characters 

were used.

All measurements and sex determinations were made with a zoom stereoscopic 

microscope (Leica MZ6; BL, BW, WL, WW, AL mag.=8x; EW, MTL, MTW mag = 

12.5x) with a high powered fiber-optic light source (Volpi Cold Light Source NCL 150). 

Length and width measurements were made using an ocular micrometer (Leica) 

calibrated with a 5.000 mm stage micrometer (Leica).

Each character was regressed against BL. The relationship between a 

morphological character and body size can be described by an allometric equation of the 

form:

Y=Ct Xp

where X is a measure of body size, and Y is the structure of interest. The natural log 

yields:
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In Y= In a + p In X,
I

where a is a constant and represents the y-intercept.when X = O3 and p is the slope of the
; 4

line. Differences between the sexes in the slopes and intercepts suggests sexual

dimorphism in the structure. The regression equations were solved simultaneously for 

both males and females using analysis of covariance and the slopes and intercepts were 

compared. Since the equations for each sex were solved simultaneously, there is only one 

i2 value for each character-species regression. Regression statistics were obtained from 

SAS version 7.0 for Windows®, using Ordinary Least Squares (OLS) regression on 

natural log transformed data (SAS Institute 1998).

For each character, each species was categorized based on three criteria: visual 

. inspection of the graphs, the p-value for the scaling relationship for each sex (i.e. does 

character size change systematically with body size, slope of line p<0.05), and the p-value 

for the differences in slopes, intercepts or both between the sexes (p<0.05). In other 

words, character size, body size, the scaling relationship, and the positions of the lines 

were all taken into account when placing a species into one of the two categories in 

Figure 3.1. The first category, sexual dimorphism, occurs when either slopes, intercepts, 

or both differ between the sexes (Figure 3.1 A). In this case, species are clearly sexually 

dimorphic for the character. Size-mediated sexual dimorphism, the second category, 

occurred when one. sex had a larger body size and a larger character size than the other 

and I detected no differences in the scaling relationships (slopes) between the sexes 

(Figure 3.IB). In this case, it is not clear if the sexual dimorphism is a result of selection 

on the character, or simply selection on body size producing a correlated increase in
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character size. In the absence of other information, I assume that, because of correlations 

between size and morphology, the sexual dimorphism is caused by the size differences. 

Therefore, the term size-mediated sexual dimorphism is coined. Any species not 

conforming to either of the above categories was not included in the results or discussion.

Results

Of the 27 species examined, 13 different species (48%) exhibited clear sexual 

dimorphism for at least one character (Table 3.1). Ofthose 13 species, five species (Ch. 

gracilis, Ce. alternans, Ce. morosa, H  scalaris, M. zebratum) were sexually dimorphic 

for more than one character, with M. zebratum sexually dimorphic for four of the six 

characters studied. The other four species were all sexually dimorphic for only two of the 

six characters. Seven other species (A grandis, A. irrorata, Pa. elsis, D. modesta, Ch. 

harwoodi, Ch. minuscula, S. dispar) exhibited size mediated sexual dimorphism. Four of 

these species (A. grandis, A. irrorata, Pa. elsis, D. modesta) exhibited size-mediated 

dimorphism in three or four of the six characters examined. In all other species 

examined, there was no sexual dimorphism.

Wing Length

There were four species that exhibited true sexual dimorphism for WL (Figure 

3.2). In Ce. alternans, H  betteni, and H. elissoma, the female WL was greater than the 

males (slopes and intercepts p<0.05; Table 3.1; Figure 3.3). In contrast, M. zebratum 

male WL was greater than females (slope and intercept p<0.05; Table 3.1; Figure 3.3).



71

Table 3.1 Regression statistics for species and characters that were sexually dimorphic. 
Values are for intercepts and slopes for each sex and species, int = intercept, sip = slope.
I = the two values (above and below) are not significantly different (p<0.05)._______ __

Subfamily S Wing Wing Antennal MesotibiaI Mesotibial
G enu s e Length Width Length Length Width
sp e c ie s X int sip int sip int sip int sip int sip

Hydropsychinae
C h eu m a to p sych e M 1,8 .21 -.11 .29
g ra c il is F .95 .64 -1.1 .85

C e ra to p sy c h e M 2.1 .04 1.9 .16
a ltern a n s F .98 .65 .76 .69

C e ra to p sy c h e M 2.5 -.09
c o c k e re lli F 1.6 .27'

C e ra to p sy c h e M .002 .51 .04 .32
m o ro sa F .91 .008 -.63 . .65

C era to p sych e M -1.1 -.20
o s la r i F -2.3. .55

C era to p sych e M 1.6 .36
sp a rn a F .64 .80

H y d ro p sy c h e ' M 1.1 .53
b e tte n i F 2.9 -.23

H y d ro p sy c h e M .25 .15
con fu sa F -.42 .53

H y d ro p sy c h e M 1.0 .60
e lisso m a F 1.9 .16

H y d ro p sy c h e M 3.7 -.48 -3.1 .78
sc a la r is F 1.2 .55 -.33 -.38

Macronematinae
M a cro stem u m M -.64 -.35
C arolina F -2.0 .50

M a cro stem u m M ■ 2.0 .31 .84 .23 3.0 .35 .18 .42
zeb ra tu m F 1.0 .65 -.37 .72 1.6 .53 O bo 4^

L ep to n em a M -7.1 2.6
a lb o v ire n s F -.99 -.07
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In nine other species (A. grandis, A. irrorata, Pa. elsis, D. modesta, Ch 

minuscula, Ce. oslari, H  confusa, S. dispar, L. albovirens), females had longer wings 

than males. However, females had larger bodies than males and both sexes followed 

similar scaling relationships (cf intercept range: 0.46 to 2.3, slope range: 0.14 to 0.96; ? 

intercept range: 0.71 to 2.2, slope range: 0.31 to 0.88; slopes and intercepts, p>0.05).

'• Wing dimorphism cannot be separated from body size dimorphism in these nine species.

' Wine Width

Two species were clearly sexually dimorphic for WW (Figure 3.2). Ce. morosa 

females had wider wings than males (slope and intercept, p< 0.05; Table 3.1; Figure 3.4), 

whereas M. zebratuni males had wider wings than females (slope and intercept p<0.05; 

Table 3.1; Figure 3.4).

InA. grandis, A. irrorata, Pa. elsis, Ch minuscula, Ce. oslari, H  betteni, H  

confusa, and L. albovirens, females had wider wings than males. However, females had 

larger bodies than males and the relationship between WW and BL was similar for both 

sexes (cf intercept range: -0.49 to 1.6, slope range: 0.05 to 0.93; ? intercept range: -0.36 

to 1.9, slope range: 0.04 to 0.82; slopes and intercepts, p>0.05). Wing dimorphism 

cannot be separated.from size dimorphism in these eight species.

Antennal Length

Six species (Ch gracilis, Ce. alfernans, Ce. cockerelli, Ce. sparna, H  scalaris,

M. zebratuni) were sexually dimorphic for antennae length. In all cases, males had longer, 

antennae than females (slopes and intercepts p<0.05; Table 3.1; Figure 3.2, 3.5).
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In four other species {Pa. elsis, D. modesta, H. betteni, H  confusd) female AL 

was greater than male AL. However, females had larger bodies than males and the 

relationship between AL and BL was the same in both sexes (cf intercept range: 1.0 to 

2.0, slope range: 0.21 to 0.54; ? intercept range: 1.2 to 2.8, slope range: -0.16 to 0.52; 

slopes and intercepts, p>0.05). Antennal length dimorphism cannot be separated from 

size dimorphism in these four species.

Eve Width

There was no true EW sexual dimorphism in any species (Figure 3.2). However, 

in Ce. oslari and H. confusa, EW and body length were larger in females. Both sexes had 

similar slopes relating EW to BL (^.intercepts: -2.4, -1.3; slopes: 0.69, 0.14 respectively; 

? intercepts: -2.6, -1.7; slopes 0.80, 0.35 respectively; slopes and intercepts, p>0.05).

In these species, EW dimorphism could not be separated from size 

dimorphism.

Mesotibial Length

There were four species sexually dimorphic for MTL (Table 3.1; Figure 3.2). In 

Ce. morosa and H. confusa, females had longer middle tibiae than the males (slopes and 

intercepts p<0.05; Table 3.1; Figure 3.6). In Ch gracilis and M. zebratum males had 

longer middle tibiae than the females (slope and intercept or intercept only p<0.05; Table 

3.1; Figure 3.6).

In six other species {A. grandis,A. irrorata, Pa. elsis, D. modesta, Ch harwoodi,. 

Ce. oslari), females had longer middle tibiae than the males, but female body size was
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also larger (cf intercept range: -0.42 to LI, slope range: 0.05 to 0.59; ¥ intercept range: - 

0.78 to 1.5, slope range: -0.05 to 0.78; slopes and intercepts, p>0.05). Therefore, in these 

species, overall size dimorphism cannot be separated from MTL dimorphism.

Mesotibial Width

Four species were sexually dimorphic for MTW (Table 3.1; Figure 3.2). In Ce. 

oslari, H  scalaris, L  albovirens, and M. Carolina, females had wider tibiae than males (cf 

intercept range: -3.4 to -2.1, slope range: 0.36 to 0.77; ¥ intercept range: -3.3 to -1.2, 

slope range: -0.02 to 0.96; slopes and intercepts, p<0.05; Table 3.1; Figure 3.7).

A. grandis, D. modesta, Ch. harwoodi, H  betteni, and Ti. confusa females had 

wider tibiae than the males, but were also generally larger than the males (slopes and 

intercepts, p>0.05). Therefore, in these species, size dimorphism cannot be separated 

from MTW dimoiphism.

Overall, for all species that were sexually dimorphic for WL, WW and AL, the 

general pattern was for females to have longer or wider wings, whereas, males had longer 

antennae. The exception to this pattern was M. zebratum, where males, in addition to 

having longer antennae, also had longer and wider wings than females. In all species • 

sexually dimorphic for MTW, females had wider mesotibiae than males. However, in 

species where MTL was sexually dimorphic, there were two species where females had 

longer mesotibiae. and two species where males had longer mesotibiae.
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Discussion

Qualitative information from the taxonomic literature suggests that species of 

Hydropsychidae have a wide variety of characters that are sexually dimorphic and that the 

patterns of dimorphism (males larger than females and vice versa) are variable among 

species (Betten 1934, Ross 1944). The qualitative nature of this information is such that 

it is often conflicting, based on small sample sizes (a few individuals from each species), 

does not control for body size and, more often than riot, is anecdotal (Betten 1934, Ross 

1944, Smith 1968, Flint 1974, 1982, 1987). This study has contributed two pieces of 

information to our understanding of sexual dimorphism in adult hydropsychid caddisflies 

of North America. First, by using allometric relationships to explicitly quantify sexual 

dimorphism, the confounding effects of body size have been removed and cases where 

males and females differ only in character size have been identified. Second, this study 

points to the variable nature of sexual dimorphism within the hydropsychids. Differences 

in characters and patterns of sexual dimorphism among species suggests, that the 

reproductive biology and mating systems might also differ among species. Even though 

there is a considerable amount of information available about the ecology and behavior of 

larval hydropsychids (Wallace 1975, Alstad 1978, Mackay 1979, Miller 1984, Thorp et 

al. 1986, Downes and Jordan 1993, Merritt and Cummins 1995, Englund et al. 1997), 

much less is known about the reproductive behavior and ecology of the adults (Badcock 

1953, Mori and Matubani 1953, Fremling 1960, Deutsch 1984,1985, Lofstedt et al.

1994). These variable patterns can be used to pose testable hypotheses about adult



8 2

behaviors, especially reproductive behavior and mating strategies, in adult 

Hydropsychidae.

The patterns of sexual dimorphism in this study were highly variable, in terms of 

the characters, direction (male biased vs. female biased), and species involved. This 

study reaffirms antennal length and mesotibial length and width as characters that are 

sexually dimorphic in some hydropsychids. In addition, wing length and width were 

added to the list of characters that are sexually dimorphic in some species of 

. Hydropsychidae. Contrary to previous reports on eye size in hydropsychids both in the 

U.S. (Ross 1944) and in Europe (Malicky 1977), none of the species in this study were 

sexually dimorphic for eye size. Below I discuss the patterns of sexual dimorphism for 

each character and pose some hypotheses concerning the selective pressures that 

produced these dimorphisms. .

Females generally had longer and wider wings than the males. There are several

hypotheses that could account for larger wing size in female hydropsychids. These
.

hypotheses could be studied independently, however, a stronger case could be made for 

the adaptive function of female wings if these hypotheses are examined in conjunction 

with each other, as alternative hypotheses.

First, fecundity selection is. one hypothesis for species whose females had larger 

wings. The reproductive output (number of eggs) of females is often positively correlated 

with body size in insects (usually abdominal size) (Shine 1988, Wickman and Karlsson 

1989, Honek 1993, Leather 1995). Selection on female body size to increase fecundity 

could produce an increase in wing size to preserve the function of carrying the female
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during flight. This hypothesis predicts direct correlations between wing size, body size, 

and fecundity.

An alternative hypothesis is that, female wing size may respond to selection on 

the type of flight that is important to females. For example, long, narrow fore wings, 

such as those seen in female Ce. alternans, H  betteni, and H  elissoma, are associated 

with rapid flight (Ross 1967). Females that must fly long distances to find oviposition 

sites or mates may be under selective pressure to develop longer wings for rapid, long 

distance flights. This hypothesis would predict that female wing size is correlated with 

either flight time and distance, sex ratio, or both. In contrast, Ross (1967) has suggested 

that wider front wings are associated with hovering flight. Hovering flight is often 

associated with mate searching and swarming (Svensson 1997). Some species of 

hydropsyehid caddisflies are known to form swarms, although, these are thought to 

consist primarily of males (Mori and Matubani 1953, Ffemling 1960). However, sex- 

role reversed insects have been documented (belostomatid waterbugs; Alcock and 

Gwynne 1991, Right and Kruse 1992), and some females insects form swarms (Svensson 

and Petersson 1992, Svensson 1997, Funk and Tallamy 2000). Therefore, one hypothesis 

for the wider wings in female Ce. morosa is that they provide some advantage during 

swarming to attract males. This hypothesis predicts that females with wider wings have 

greater access to matings or resources that the male might provide. Behavioral 

observations of female Ce. morosa, coupled with studies on the relationship between 

wing size and frequency of mating, could be useful in determining if sex-role reversal 

occurs in hydropsyehid caddisflies.
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M. zebratum was the only species where males had longer and wider wings than 

the females. Sexual selection is one hypothesis for larger wings in this species 

(Andersson 1994, Andersson and Iwasa 1996). This hypothesis predicts that male access 

to females (and therefore mating opportunity) is dependent on wing size. In other insects, 

including other caddisflies, there is a high correlation between swarming, flight ability, 

and wing size in males. Males with larger wings in are more agile fliers in swarms and 

therefore, intercept more females during swarming leading to increased mating 

opportunities (Sullivan 1981, Petersson 1989, Neems et al. 1992, Gullefors and Petersson 

1993, McLachlan and Neems 1995, Takamura 1999). Since swarming male 

hydropsychids have been documented in the literature (Mori and Matubani 1953,

Fremling 1960, Sullivan 1981), it seems likely that these processes may also be operating 

in M. zebratum. If male M. zebratum are subject to sexual selection on wing size, then 

males with larger wings should have more frequent matings than males'with smaller 

wings. Mating behavior in the North American hydropsychids is virtually unknown. 

Macrostemum zebratum is predicted to be an interesting species to examine the 

relationship between male swarming (if present), wing size, and sexual selection.

An alternative hypothesis for males with larger wings is that some component of 

male behavior, other than direct mate acquisition, is selecting for wing size. For example, 

large wing size may be necessary for foraging flights or flights that gather resources that 

are passed on to females during or prior to copulation (Boggs 1995, Karlsson 1-99.8, 

Rooney and Lewis 1999). Foraging flights seem unlikely in M zebratum since it is 

thought that most caddisflies, including hydropsychids, are relatively short lived and feed
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very little as adults (Hoffman, Jackson and Resh, Nozaki, Betten 1934, Ross 1944, Ross 

1967, Burti et al. 1986, Merritt and Cummins 1995). However, the males of many 

insects, including butterflies, collect nutritionally rich resources which are then presented 

to the female just prior to copulation, or introduced into the reproductive tract during 

mating (Boggs 1995, Karlsson 1998, Rooney and Lewis 1999). Often these nuptial gifts 

require the adult male to go search for and collect these gifts (Boggs 1995). Although I 

have never seen this hypothesis suggested in the literature, it seems possible that long or 

complex search flights for these gifts, especially those that may require special aerial 

abilities (i.e. capture of flying prey) could select for larger wings in males.

In all species examined that were sexually dimorphic for antennal length, males 

always had longer antennae than females. One hypothesis for this is sexual selection, 

which predicts that males with longer antennae have access to more females or more 

matings (Andersson 1994, Andersson and Iwasa 1996). Since mating success is directly 

dependent on the ability of one sex to find the other, sexual selection should act on 

sensory structures, such as antennae, in the abundant sex (often males) to maximize the 

probability of locating the less abundant sex (often females) (Andersson 1994, Andersson 

and Iwasa 1996, Endler and Basolo 1998). I hypothesize that males of these species had 

longer antennae because: a) antennae are used to chemically detect conspecifics during 

mating; b) antennae are used in male-male contests for access to females; or c) females 

prefer to mate with males that have longer antennae (Thornhill and Alcock 1983, 

McLachlan and Neems 1995, Andersson and Iwasa 1996).

Male location of females prior to mating is aided in many insects, including
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butterflies (close relatives of caddisflies), by elaborate antennae that detect sex 

pheromones (Rutowski 1991, Rutowski 1997). If antennae are used by male 

hydropsychids to chemically detect sex pheromones, then females must produce 

pheromones that are attractive to males. Interestingly, in this study, M. zebratum males 

had longer antennae and both sexes had a gland on the V abdominal stemite (Jannot, 

unpub. data). Glands on the IV and V abdominal stemite have been suggested as sites of 

pheromone production in North American Hydropsychidae (Flint 1974) and are known to 

contain volatile compounds that elicit electrical responses in the male antennae of one 

European species (H. augustipennis) (Lofstedt et al, 1994), as well as caddisfly species 

from other families (Cummings 1914, Solem 1985, Solem and Petersson 1987). Longer 

antennae might have more sensilla and therefore be better equipped to rapidly detect 

pheromones produced by abdominal glands of female M. zebratum.

Besides M. zebratum, there were five other species whose males had longer 

antennae than the females. The females of these species did not have abdominal glands 

(Jannot, unpub. data). However, the “sensilla maximization” hypothesis may still be in 

operation in these species. Females of these species may have other, undetected 

pheromone production sites (Riek 1970). Pheromone production and the chemical, 

ecology of caddisflies is in it’s infancy but studies in this field could provide valuable 

information about the mating behavior of these organisms.

An alternative to the “sensilla maximization” hypothesis is the hypothesis that 

males of these caddisfly species use their long antennae as “weapons” during male-male 

competition. In other insects it is known that males use their antennae during male-male
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competitive interactions (Hanks et al. 199.6). Antennae in these species could be used in 

male-male competitive interactions for access to females. Alternatively, females may 

choose to mate with males with longer antennae because long antennae are an external 

signal of “good genes” (Krebs and Davies 1993, Blackenhom et al. 1998) or of male 

ability to provide resources (McLain 1998). For example, in the stink bug Nezara 

viridula L., females choose males with longer antennae because antennae length is an 

indicator of a male’s ability to transfer nutritive sperm produced by special glands in the 

male’s reproductive tract (McLain 1998). To my knowledge, there is only one study on 

spermatophore production in Trichoptera. This study suggests that there is a protein mass 

that is transferred with the sperm during copulation, and that this mass may be a nutritive 

contribution to the female (Khalifa 1949). Khalifa (1949) did not include hydropsychids 

in this study, however, males of closely related families (Polycentropodidae, 

Psychomyiidae) in this study delivered free sperm, not enclosed in any spermatophore. ■ 

An investigation into hydropsychid spermatophore production, quality, and the 

relationship to external morphological characters such as antennae, could provide insight 

into sexual dimorphism in these species.

Females had longer mesotibiae in Ce. morosa and H  confusa, whereas male Ch 

gracilis and M. zebratum had.longer mesotibiae than females. One hypothesis for longer 

mesotibiae in these species is that one sex may use their legs to carry the other during 

mating flights (Gullefbrs and Petersson 1993). Male caddisflies of the genera and 

Ceraclea (family Leptoceridae), carry the female during copulation (Gullefbrs and 

Petersson 1993). It is unknown if these species have sexually dimorphic leg characters,
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however, this behavior could select for modified legs, creating sexual dimorphism. 

Observations of pre-copulatory behavior in Ch gracilis and M. zebratum axQ necessary to 

shed light on MTL dimorphism.

Sexual dimorphism in leg width has been previously examined in several species. 

of adult hydropsychid caddisflies (Deutsch 1985). This study confirms wider female 

tibiae in Ce. oslari, as reported earlier by Deutsch (1985; Table 3,3). Deutsch (1985) also 

reported females had larger tibiae in A. grandis, Ce. cockerelli, Ce. morosa, H  

occidentalis, and M. zebratum, findings this study does not support. Deutsch and others 

have proposed that wider tibiae in females aids swimming during underwater oviposition 

(Badcock 1953, Deutsch 1984, Deutsch 1985). Since females always had wider tibiae 

than males in this study, I predict that underwater oviposition occurs in Ce. oslari, H  

scalaris, L  albovirens and M. Carolina. Direct observation is necessary to confirm 

underwater oviposition in these species.

In conclusion, the patterns of sexual dimorphism in caddisflies of the family 

Hydropsychidae appear to be consistent with patterns of sexual dimorphism in other 

caddisflies that have been previously examined (i.e. Leptoceridae; Petersson 1989, 

Gullefors and Petersson 1993) as well as other insects such as Lepidoptera (Rutowski 

1991, Rutowski 1997), Coledptera (Goldsmith et al. 1996, Hanks et al. 1996, Kawano

2000) Hemiptera (Weigensberg and Fairbaim 1996, McLain 1998). However, a better 

understanding of sexual dimorphism in adult hydropsychid caddisflies will only be 

possible when behavioral observations and experiments are undertaken. Information on 

swarming, mate locating, mate choice, pre-Copulatory behavior, male-male competition.
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and ovipositibn behavior will provide a clearer understanding of the mechanisms that' 

shape patterns of sexual dimorphism in this family. The adult portion of the life cycle in 

most aquatic insects has been severely neglected in most studies (dragonflies are the 

exception). An understanding of the role of aquatic insects in ecosystem function and the 

connections between aquatic and terrestrial systems cannot be attained until the adult 

stages are better understood. Since adult aquatic insects spend the majority of their time 

dispersing, in reproductive activity, and ovipositing (Merritt and Cummins 1995), it 

seems that an understanding of reproductive behavior is critical to achieving a better 

understanding of aquatic systems. The information in this study and the hypotheses 

presented above provide a jumping off point for such investigations.
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SUMMARY

Body size and shape impacts biological processes-from metabolic rates to the 

outcome of interspecific interactions. At least since Darwin, researchers have noticed that 

males and females of a single species can be different sizes or shapes. These 

morphological differences are called sexual dimorphism, or, in the case of body size, 

sexual size dimorphism (SSD). Sexual dimorphism often reflects mating and 

reproductive behaviors. Anecdotal reports of adult hydropsychid caddisflies 

(Hydropsychidae: Trichoptera) indicate some species may be sexually dimorphic.

Reports indicate sexual dimorphism in a variety of characters and that species show wide 

variability in patterns (females larger; males larger; ho dimorphism). However, sexual 

dimorphism has not been quantified within the Hydropsychidae. I used the comparative 

method to examine how phylogenetic constraints and allometry influence body size, SSD, 

and sexual dimorphism in the adults of 29 species of Hydropsychidae and 12 species of 

closely related families (outgroups). I examined the distribution of body size and SSD, 

and the correlation between these two variables (Rensch’s rule) within the 

Hydropsychidae and among the outgroups. I also used allometry to quantify sexual 

dimorphism in seven morphological characters: wing length and width; antennal length; 

eye width; and mesotibial length and width. Relatively closely related genera had very 

different body sizes suggesting that body size among genera was not constrained by 

phylogenetic history. However, SSD did not vary among genera and may have been 

constrained. Most of the variation in SSD was attributable to differences among species



98

within genera (nested ANOVA, 41%) and among families within the suborder 

Annulipalpia (59%), indicating that SSD was. not constrained among these groups. There 

was no correlation between SSD and body size within the hydropsychids. Among the 

outgroups, SSD declined with increasing body size. Allometric regressions revealed that, 

in general, females had longer or wider wings, and wider mesotibiae, whereas' males had 

longer antennae. The exception to this pattern was M. zebratum, where males had longer 

and wider wings than females. These results support currently accepted hypotheses about 

the evolution of the Hydropsychidae and can be used to develop testable hypotheses about 

selective pressures operating on adult hydropsychids.

;

'  : \



Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Dipseudopsidae Phylocentropus lucidus 5.56
Phylocentropus lucidus 5.68
Phylocentropus lucidus 5.19
Phylocentropus lucidus 5.56
Phylocentropus lucidus 5.43
Phylocentropus lucidus 168
Phylocentropus lucidus 5.43
Phylocentropus lucidus 5.19
Phylocentropus lucidus 4.20
Phylocentropus lucidus 5.31
Phylocentropus lucidus 4.69
Phylocentropus lucidus 4.94
Phylocentropus lucidus 4.82
Phylocentropus lucidus 4.69
Phylocentropus lucidus 4.69
Phylocentropus lucidus 4.57
Phylocentropus lucidus 4.94
Phylocentropus lucidus 4.69
Phylocentropus lucidus 4.32
Phylocentropus lucidus 3.71
Phylocentropus lucidus 5.43
Phylocentropus lucidus 4.82
Phylocentropus placidus 10.13
Phylocentropus placidus 11.61
Phylocentropus placidus 10.25
Phylocentropus placidus 12.10
Phylocentropus placidus 10.00
Phylocentropus placidus 889
Phylocentropus placidus 11.49
Phylocentropus placidus 9.02
Phylocentropus placidus 11.98
Phylocentropus placidus 7.53
Phylocentropus placidus 8 03
Phylocentropus placidus 9.88
Phylocentropus placidus 7.04
Phylocentropus placidus 9.14
Phylocentropus placidus 6.67
Phylocentropus placidus 6.42

Dipseudopsidae Phylocentropus placidus 8.27
Phylocentropus placidus 6.92
Phylocentropus placidus 7.04
Phylocentropus placidus 5.80

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

6.79 1.98 6.92 0.20 1.95 0.16 F MA
7.41 2.59 7.53 0.27 1.95 0 16 F VA
6.55 2.22 6.79 0.22 1.72 0.10 F VA
6.55 2.35 7.04 0.23 1.79 0.16 F VA
6.05 2.22 7.16 0.23 1.79 0.16 F VA
7.78 2.47 7.78 0.23 2.03 0.16 F VA
8.03 2.59 7.16 0.25 1.95 0.16 F NC
6.42 2.22 7.04 0.23 1.79 0.16 F VA
5.56 2.10 6.79 0.27 1.56 0.14 M NY
6.18 2.22 7.16 0.27 1.64 0.16 M NY
6.42 2.10 6.67 0.23 1.79 0.09 M MA
6.30 1.98 7.78 0.23 1.56 0.12 M MA
6.79 2.22 7.04 0.23 1.79 0.16 M MA
7.16 2.47 8.27 0.31 1.95 0.14 M MA
6.92 2.35 7.90 0.31 1.95 0.14 M MA
6.42 2.35 7.04 0.27 1.79 0.09 M MA
6.79 2.47 8.40 0.34 1.95 0.14 M VA
6.05 2.10 7.29 0.23 1.64 0.16 M VA
6.18 2.22 7.41 0.23 1.72 0.13 M VA
5.06 1.85 6.30 0.23 - 1.72 0.12 M VA
7.78 2.84 8.89 0.31 1.95 0.14 M NC
6.55 2.47 8.03 0.27 1.72 008 M NC
11.49 3.09 8.15 0.35 2.96 0.27 F ON
10.87 3.09 7.53 0.43 2.50 0.30 F ON
10.87 3 33 7.53 0.35 2.81 0.31 F ON
11.73 3.46 8.40 0.43 3.04 0.37 F ON
11.24 3.58 9.02 0.41 2.89 0.31 F ON
11.61 3.09 8,15 0.39 2.65 0.31 F ON
11.24 9.02 0.35 2.96 0.31 F ON
11.73 3.21 8.77 0 35 2.89 0.27 F ON
10.74 3.09 7.41 0.35 2.73 0.27 F ON
9.76 3.33 7.53 0.34 2.57 0.31 F AR
9.51 3.33 8.52 0.35 2 50 0.23 F AR
8.15 3.21 9.02 0.39 2.57 0.23 F AR
9.26 3.09 8.03 0.35 2.18 0.27 F AR
10.13 3.09 865 0 39 3.04 0.27 F QB
10.50 2.47 7.41 0.31 2.73 0.26 F QB
926 2.47 6.42 0.34 2.50 0.22 F QB
11.73 3.46 889 0.39 2.73 0.31 F VA
9.63 2.47 7.41 0.35 2.65 0.23 F OH
8.77 2.47 7.41 0.31 2.42 0.23 F OH
8.40 2.72 10.87 0.31 2.34 0.20 M ON
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Phylocentropus placidus 5.80
Phylocentropus placidus 6.42
Phylocentropus placidus 6.79
Phylocentropus placidus 6.18
Phylocentropus placidus 6.18
Phylocentropus placidus 7.16
Phylocentropus placidus 7.04
Phylocentropus placidus 7.41
Phylocentropus placidus 6.42
Phylocentropus placidus 5 80
Phylocentropus placidus 5.93
Phylocentropus placidus 6.55
Phylocentropus placidus 5.43
Phylocentropus placidus 6.18
Phylocentropus placidus 6.05
Phylocentropus placidus 5.80
Phylocentropus placidus 6.55
Phylocentropus placidus 6.67
Phylocentropus placidus 6.05
Phylocentropus placidus 6.79
Phylocentropus placidus 6.79
Phylocentropus placidus 5 93

Hydropsychidae Arctopsychinae Arctopsyche grandis 11.61
Arctopsyche grandis 11.98
Arctopsyche grandis 12.35
Arctopsyche grandis 12.60
Arctopsyche grandis 13.21
Arctopsyche grandis 14.20
Arctopsyche grandis 11.73
Arctopsyche grandis 12.10
Arctopsyche grandis 12.47
Arctopsyche grandis 13.34
Arctopsyche grandis 11.36
Arctopsyche grandis 13.09

Hydropsychidae Arctopsychinae Arctopsyche grandis 12.35
Arctopsyche grandis 13.34
Arctopsyche grandis 11.98
Arctopsyehe grandis 11.86
Arctopsyche grandis 11.61
Arctopsyche grandis 15.44
Arctopsyche grandis 11.98
Arctopsyche grandis 12.35

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

8.03 2.72 10.87 0.31 2.34 0.18 M ON
8.77 2.96 11.73 0.39 2.34 0.23 M ON
8.65 2.96 10.50 0.35 2.42 0.20 M ON
8.40 2.59 10.37 0.31 2.26 0.16 M ON
8.40 2.59 9.76 0.35 2.18 0.16 M ON
9.63 2.96 10.87 0.35 2.65 0.23 M ON
8.89 2.72 9.76 0.31 2.57 0.16 M ON
9.76 2.72 10.25 0.39 M ON
9.14 2.59 10.50 0.39 2.50 0.16 M ON
7.66 2.59 8.77 0.35 2.26 0.18 M ON
7.41 2.47 8.89 0.31 2.26 0.18 M ON
7.53 2.35 8.89 0.39 1.95 .0.23 M ON
6.42 2.47 9.14 0.39 1.95 0.16 M AR
9.02 2.59 9.51 0.31 2.50 0.23 M QB
7.90 2.22 8.89 0.35 2.89 0.16 M QB
7.29 2.22 7.53 0.35 2.34 0.16 M QB
9.26 2.35 803 0.34 2.73 0.17 M QB
9.39 2.72 10.13 0.35 2.73 0.23 M QB
8.89 2.22 10.25 0.35 2.73 0.20 M QB
8.03 2.59 10.00 0.31 2.34 0.16 M QB
7.78 2.35 8.27 0.39 2.42 0.16 M QB
8.15 2.47 9.26 0.35 2.50 0.16 M QB
16.43 6.18 11.86 0.47 3.28 0.55 F MT
21.00 6.92 13.21 0.39 3.35 0.62 F MT
17.91 6.79 11.61 0.55 3.35 0.55 F MT
18.40 6.42 11.36 0.47 3.35 0.62 F MT
20.38 6.67 12.60 0.51 3.67 0.62 F MT
20.50 6.42 12.23 0.47 3.51 0.59 F MT
16.18 5.43 10.74 0.44 2 96 0.47 F MT
16.92 6.05 12.35 0.47 3.35 0.62 F MT
19.27 5.93 10.87 0.43 3.20 0.62 F MT
18.28 5.68 10.74 0.49 3.35 0.62 F MT
15.81 5.19 9.14 0.44 Z89 0.55 F MT
18.65 6.30 11.36 0.55 3.43 0.62 F MT
19.27 6.42 12.47 0.51 128 0.70 F MT
17.78 5.93 10.25 0.39 3.04 0.66 F MT
18.77 5.80 11.61 0.55 3.28 0.55 F MT
20.01 6.79 12.97 0.55 128 0.62 F MT
17.41 5.68 11.86 0.47 3.20 0.55 F MT
18.53 6.18 10.74 0.47 3.35 0.70 F MT
18.65 6.79 11.98 0.47 3.12 0.55 F MT
19.76 6.30 11.73 0.43 3.43 0.70 F MT
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Arctopsyche grandis 9.88
Arctopsyche grandis 9.14
Arctopsyche grandis 8.15
Aretopsyche grandis 9.02
Arctopsyche grandis 8.40
Arctopsyche grandis 11.98
Arctopsyehe grandis 11.49
Arctopsyche grandis 8.03
Arctopsyche grandis 10.37
Arctopsyche grandis 10.50
Arctopsyche grandis 939
Arctopsyche grandis 9.14
Arctopsyche grandis 8.40
Arctopsyche grandis 9.39
Arctopsyche grandis 9.88
Arctopsyche grandis 9.51
Arctopsyehe grandis 9.51
Aretopsyehe grandis 11.24
Arctopsyche grandis 9.02
Arctopsyche grandis 10.13
Arctopsyehe irrorata 15.80
Arctopsyche irrorata 13.50
Arctopsyche irrorata 13.50
Arctopsyche irrorata 13.70
Arctopsyche irrorata 14.80
Arctopsyche irrorata 15.30
Arctopsyche irrorata 12.40
Arctopsyehe irrorata 12.00
Arctopsyche irrorata 13.80
Arctopsyche irrorata 12.00

Hydropsychidae Arctopsychinae Arctopsyche irrorata 12.50
Arctopsyche irrorata 14.40
Aretopsyehe irrorata 12.80
Arctopsyche irrorata 12.30
Arctopsyche irrorata 12.30
Arctopsyche irrorata 12.50
Arctopsyche irrorata 13.50
Arctopsyche irrorata 12.60
Arctopsyche irrorata 11.70
Arctopsyche irrorata 12.60
Arctopsyche irrorata 12.20
Arctopsyche irrorata 11.90

Wing Wing Antenna Eye Mesntibial Mesotibial Sex State
Length Width Length Width Length Width

14.20 5.19 14.20 0.51 3.12 0.31 M MT
14.33 5.56 12.97 0.55 3.12 0.23 M MT
14.33 5.43 12.35 0.51 3.20 0.27 M MT
14.08 5.06 13.09 0.59 3.20 0.26 M MT
13.09 5.06 12.60 0.51 2.81 0.26 M MT
13.71 5.19 14.94 0.47 3.28 0.35 M MT
15.93 4.94 14.94 0.55 3.82 0.31 M MT
16.06 5.56 14.94 0.59 3.35 0.31 M MT
14.45 5.68 14.82 0.51 3.28 . 0.27 M MT
14.57 5.43 14.20 0.51 3.35 0.31 M MT
13.21 4.94 13.09 0.39 3.04 0.29 M MT
13.83 4.69 13.21 0.39 3.12 0.23 M MT
13.34 4.94 13.83 0.47 3.04 0.31 M MT
13.96 4.94 13.96 0.51 3.04 0.27 M MT
14.20 4.94 13.59 0.55 3.35 0.27 M MT
13.83 5.56 11.86 0.51 3.04 0.27 M MT
14.57 5.31 13.34 0.55 3.12 0.35 M MT
15.44 5.56 14.82 0.55 3.20 0.26 M MT
13.96 5.31 13.59 0.59 3.12 0.23 M MT
15.07 5.93 14.57 0.45 3.67 0.30 M MT
20.50 7.20 12.80 0.62 3.70 0.68 F SC
20.00 7.30 13.00 0.55 3.80 0.63 F SC
21.00 7.30 13.00 0.66 3.80 0.66 F SC
20.50 7.10 14.20 0.45 3.80 0.62 F SC
21.00 7.30 14.20 0.59 4.00 0.61 F SC
22.90 7.40 14.60 0.66 3.80 0.63 F SC
13.30 5.90 15.10 0.62 3.20 0.42 M SC
15.60 5.40 13.80 0.66 3.20 0 37 M SC
15.10 5.60 14.40 0.66 3.30 0.38 M SC
13.80 5.10 13.30 0.59 2.90 0.37 M SC
15.00 5.50 14.70 0.62 3.20 0.42 M SC
14.70 5.80 14.60 0.62 3.20 0.39 M SC
16.00 5.80 13.70 0.66 3.20 0.45 M SC
15.70 5.80 14.20 0.45 3.20 0.39 M SC
14.00 5.80 14.80 0.55 3.30 0.37 M SC
14.20 5.70 14.10 0.51 3.00 0.42 M SC
15.60 6.00 15.70 0.41 3.60 0.47 M SC
14.50 5.90 13.60 0.55 3.20 0.37 M SC
15.40 6.00 14.30 0.51 3.10 0.45 M SC
13.90 5.70 14.60 0.41 3.10 0.43 M SC
16.00 6.00 13.70 0.55 3.20 0.42 M SC
14.30 6.00 14.30 0.62 3.20 0.43 M SC
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Length Width Length Width Length Width

Arctopsyche irrorata 12.90 17.00 6.00 15.70 0.48 3.50 0.43 M SC
Arctopsyche irrorata 13.40 15.70 6.00 14.70 0.51 3.50 0.49 M SC
Arctopsyche irrorata 12.00 14.70 5.60 14.30 0.66 2.90 0.41 M SC
Arctopsyche irrorata 12.80 15.60 6.10 15.60 0.55 3.60 0.39 M SC

Hydropsychidae Arctopsychinae Parapsyche elsis 10.25 17.04 6.30 13.83 0.51 3.98 0.39 F OR
Parapsyehe elsis 11.98 18.53 6.55 14.57 0.51 4.13 0.39 F OR
Parapsyche elsis 12.35 16.43 6.55 14.33 0.43 3.90 0.31 F OR
Parapsyche elsis 11.98 17.91 6.18 13.34 0.43 4.13 0.39 F OR
Parapsyche elsis 10.74 14.45 5.06 10.87 0.47 3.35 0.31 F UT
Parapsyche elsis 12.10 17.91 5.93 12.60 0.45 4.06 0.31 F MT
Parapsyche elsis 11.73 20.01 6.55 12.84 0.62 4.13 0.39 F MT
Parapsyche elsis 13.34 20.13 7.04 16.18 0.43 4.13 0.31 F OR
Parapsyche elsis 11.36 16.67 6.05 11.24 0.43 3.51 0.27 F UT
Parapsyche elsis 11.98 18.53 6.55 15.19 0.51 4.29 0.35 F OR
Parapsyche elsis 13.71 20.75 6.79 13.96 0.47 4.52 0.39 F WY
Parapsyche elsis 13.71 19.88 6.79 12.84 0.51 4.21 0.39 F WY
Parapsyche elsis 12.60 18.03 5.43 12.72 0.47 3.51 0.39 F WY
Parapsyche elsis 11.73 18.15 6.55 13.71 0.45 3.90 0.31 F WY
Parapsyehe elsis 12.72 20.62 6.18 13.83 0.48 3.98 0.37 F WY
Parapsyche elsis 9.88 14.20 5.06 12.35 0.51 3.28 0.27 M MT
Parapsyche elsis 10.25 14.70 5.06 12.47 0.55 3.59 0.31 M MT
Parapsyche elsis 10.00 14.45 4.82 12.60 0.55 3.43 0.27 M MT
Parapsyche elsis 9.26 13.59 5.31 12.47 0.51 3.51 0.23 M MT
Parapsyche elsis 10.13 15.07 5.19 13.09 0.51 3.51 0.31 M MT
Parapsyche elsis 9.88 15.31 5.31 12.72 0.43 3.51 0.31 M MT
Parapsyche elsis 9.63 14.70 5.06 11.98 0.47 3.51 0.31 M MT

Hydropsychidae Arctopsychinae Parapsyche elsis 10.00 14.45 4.94 11.73 0.55 3.51 0.31 M MT
Parapsyche elsis 9.63 15.44 5.31 12.35 0.55 3.59 0.31 M MT
Parapsyche elsis 963 15.31 5.06 13.21 0.59 3.74 0.31 M MT
Parapsyche elsis 8.65 13.34 4.69 11.61 0.47 3.51 0.31 M MT
Parapsyche elsis 10.00 15.44 12.97 0.55 3.67 0.31 M MT
Parapsyche elsis 11.12 15.31 5.43 12.84 0.51 3.59 0.31 M MT
Parapsyche elsis 9.76 15.44 5.31 12.10 0.47 3.12 0.31 M MT
Parapsyehe elsis 10.00 15.68 5.19 11.86 0.47 3.51 0.31 M MT
Parapsyche elsis 926 13.83 4.69 11.98 0.51 3.35 0.31 M MT
Parapsyche elsis 9.26 14.82 5.43 12.72 0.39 3.51 0.23 M UT
Parapsyche elsis 9.51 14.20 4.82 12.60 0.43 3.35 0.23 M UT
Parapsyche elsis 11.24 15.68 5.56 12.60 0.43 3.35 0.31 M OR
Parapsyche elsis 9.39 13.71 5.19 12.72 0.55 3.28 0.31 M UT

Hydropsychidae Diplectroninae Diplectrona modesta 820 8.90 9.30 0.38 2.40 0.16 F SC
Diplectrona modesta 7.10 8.60 9.70 0.45 2.30 0.16 F SC
Diplectrona modesta 9.70 9.80 10.10 0.38 2.40 0.18 F SC
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Diplectrona modesta 8.70
Diplectrona modesta 8.20
Diplectrona modesta 7.60
Diplectrona modesta 9.20
Diplectrona modesta 9.70
Diplectrona modesta 8.00
Diplectrona modesta 7.90
Diplectrona modesta 7.20
Diplectrona modesta 7.50
Diplectrona modesta 9.20
Diplectrona modesta 10.00
Diplectrona modesta 8.30
Diplectrona modesta 8.80
Diplectrona modesta 8.00
Diplectrona modesta 8.70
Diplectrona modesta 8.70
Dipleetrona modesta 7.80
Diplectrona modesta 6.60
Diplectrona modesta 8.00
Diplectrona modesta 6.90
Diplectrona modesta 6.80
Diplectrona modesta 7.20

Hydropsychidae Diplectroninae Diplectrona modesta 7.80
Diplectrona modesta 7.50
Diplectrona modesta 6.50
Diplectrona modesta 6.40
Diplectrona modesta 7.90
Diplectrona modesta 7.20
Diplectrona modesta 7.30
Diplectrona modesta 7.50
Diplectrona modesta 8.40
Diplectrona modesta 7.40
Diplectrona modesta 7.20
Diplectrona modesta 6.30
Diplectrona modesta 7.50
Diplectrona modesta 6.20
Diplectrona modesta 6.50

Hydropsychidae Hydropsychinae Ceratopsyche altemans 7.41
Ceratopsyche altemans 6.79
Ceratopsyche alternans 7.16
Ceratopsyche altemans 7.29
Ceratopsyche altemans 7.53

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

8.70 8.50 0.38 2.20 0.21 F SC
9.30 9.20 0.38 2.40 0.14 F SC
7.90 8.20 0.38 2.20 0.16 F SC
9.90 10.00 0.34 2.50 0.19 F SC
9.10 9.60 0.45 2.40 0.21 F SC
10.60 8.60 0.41 2.70 0.20 F SC
8.00 8.50 0.38 2.20 0.16 F SC
8.20 8.70 0.34 2.20 0.16 F SC
8.60 8.60 0.38 2.30 0.16 F SC
9.00 9.30 0.41 2.30 0.16 F SC
11.70 10.00 0.38 2.50 0.21 F SC
9.00 9.70 0.33 2.40 0.16 F SC
10.20 10.10 0.38 2.50 0.18 F SC
9.40 9.20 0.38 2.30 0.17 F SC
9.90 10.10 0.34 2.60 0.17 F SC
10.80 10.20 0 38 2.70 0.18 F SC
8.60 7.70 0.38 2.20 0.16 F SC
9.20 9.30 0.38 2.40 0.16 M SC
8.10 9.30 0.48 2.30 0.16 M SC
7.50 7.20 0.41 1.90 0.14 M SC
7.70 7.10 0.64 2.00 0.16 M SC
7.40 7.00 0.34 2.10 0.16 M SC
8.70 9.10 0.41 2.40 0.16 M SC
8.10 8.20 0.38 2.20 0.16 M SC
8.30 8.80 0.38 2.30 0.16 M SC
9.00 7.10 0.38 2.40 0.16 M SC
9.00 9.20 0.38 2.30 0.16 M SC
7.10 7.40 0.38 2.10 0.16 M SC
7.70 8.50 0.41 2.20 0.16 M SC
8.50 9.10 0.45 2.30 0.18 M SC
9.20 9.10 0.52 2.40 0.16 M SC
8.50 8.00 0.45 2.40 0.16 M SC
7.20 6.80 0.45 2.10 0.13 M SC
7.50 830 0.52 2.10 0.14 M SC
8.20 8.30 0.43 2.30 0.16 M SC
7.70 8.10 0.48 2.20 0.11 M SC
7.00 7.20 0.41 1.80 0.16 M SC
11.61 3.33 9.26 0.27 2.11 0.39 F MN
9.26 2.72 7.66 0.39 1.87 0.23 F AB
8.89 3.09 8.27 0.39 1.95 0.31 F AB
9.51 2.96 7.53 0.35 1.87 0.23 F AB
9.02 2.72 9.39 0.35 1.87 0.27 F AB
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Cemtopsyche altemans 7.04
Ceratopsyche altemans 5.68
Ceratopsyche altemans 7.04
Ceratopsyche altemans 7.29
Ceratopsyche altemans 5.93
Ceratopsyche altemans 6.92
Ceratopsyche altemans 7.04
Ceratopsyche altemans 8.03
Ceratopsyche altemans 7.90
Ceratopsyche altemans 6.55
Ceratopsyche altemans 6.79
Ceratopsyche altemans 6.79
Ceratopsyche altemans 6.55
Ceratopsyche altemans 6.92
Ceratopsyche altemans 7.04
Ceratopsyche altemans 6.18
Ceratopsyche altemans 5.06
Ceratopsyche altemans 5.43

Hydropsychidae Hydropsychinae Ceratopsyche altemans 6.18
Ceratopsyche altemans 6.18
Ceratopsyche altemans 6.18
Ceratopsyche altemans 6.18
Ceratopsyche altemans 6.30
Ceratopsyche altemans 6.42
Ceratopsyche altemans 5.31
Ceratopsyche altemans 7.41
Ceratopsyche altemans 7.66
Ceratopsyche altemans 7.78
Ceratopsyche altemans 6.55
Ceratopsyche altemans 6.42
Ceratopsyche altemans 7.66
Ceratopsyche altemans 6.67
Ceratopsyche altemans 6.55
Ceratopsyche altemans 5.43
Ceratopsyche altemans 6.42
Ceratopsyche cockerelli 9.26
Ceratopsyche cockerelli 10.74
Ceratopsyche cockerelli 9.14
Ceratopsyche cockerelli 9 88
Ceratopsyche cockerelli 9.76
Ceratopsyche cockerelli 7.78
Ceratopsyche cockerelli 6.92

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

9.51 2.84 8.27 0.35 1.95 0.23 F AB
7.90 2.59 6.79 0.35 1.87 0.20 F AB
8.89 2.96 7.66 0.39 1.72 0.23 F AB
9.51 2.72 7.90 0.39 1.87 0.27 F AB
9.26 2.96 7.78 0.35 1.87 0.31 F AB
9.14 2.84 8.03 0.35 1.95 0.30 F AB
10.50 3.71 9.51 0.39 1.95 0.23 F AB
10.50 3.33 8.65 0.39 1.95 0.31 F AB
10.87 3.46 9.26 0.39 1.79 0.27 F AB
9.26 2.84 803 0.39 1.87 0.23 F AB
9.02 2.84 8.15 0.39 1.95 0.23 F AB
10.99 3.33 9.02 0.35 2.11 0.31 F NY
8.77 2.59 7.53 0.39 1.79 0.27 F AB
9.02 2.72 8.27 0.31 1.72 0.23 F AB
8.52 2.47 7.53 0.39 1.64 0.23 F AB
8 89 2.84 9.02 0.35 1.72 0.23 M ON
9 39 2.84 889 0.23 1.87 0.16 M MN
9.26 2.84 9.02 0.35 1.79 0.23 M MN
9.88 3.21 9.26 0.27 2.11 0.20 M MN
9.76 2.72 9.14 0.31 1.87 0.20 M MN
10.37 3.21 8.77 0.27 2.03 0.20 M MN
8.65 2.96 8.03 0.35 2.18 0.12 M VA
9.02 2.84 9.51 0.35 1.79 0.22 M ON
9.63 2.72 10.00 0.35 2.03 0.20 M NY
8.52 2.72 8.52 0.27 1.79 0.16 M ON
9.26 3.09 9.26 0.39 1.95 0.23 M ON
9.26 2.84 10.25 0.39 1.95 0.16 M ON
9.02 2.72 7.78 0.35 1.87 0.22 M ON
8.65 2.84 9.26 0.31 1.87 0.20 M ON
9.26 2.96 9.88 0.35 1.95 0.23 M ON
8.77 3.33 10.13 0.35 1.79 0.23 M ON
9.02 2.72 9.39 0.35 1.87 0.23 M ON
9.02 2.84 9.14 0.35 1.95 0.16 M ON
8.03 2.72 8.89 0.39 1.87 0.23 M ON
9.39 2.84 10.37 0.35 2.03 0.23 M ON
12.10 3.95 9.39 0.27 2.03 0.37 F DD
12.84 3.95 9.39 0.35 2.34 0.43 F ID
10.87 3.21 9.02 0.27 2.03 0.39 F MT
11.61 3.58 9.14 0.31 2.26 0.39 F ID
11.98 3.46 9.14 0.27 2.18 0.39 F ID
10.37 3.09 7.53 0.30 2.03 0.35 F MT
11.12 3.46 8.40 0.31 2.26 0.35 F MT
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Ceratopsyche cockerelli 7.53
Ceratopsyche cockerelli 6.79
Ceratopsyche cockerelli 6.67
Ceratopsyche cockerelli 7.78
Ceratopsyche cockerelli 6.67
Ceratopsyche cockerelli 7.78
Ceratopsyche cockerelli 8.52
Ceratopsyche cockerelli 9.14
Ceratopsyche cockerelli 5.93
Ceratopsyche cockerelli 7.04
Ceratopsyche cockerelli 7.04
Ceratopsyche cockerelli 7.29
Ceratopsyche cockerelli 7.04
Ceratopsyche cockerelli 6.55

Hydropsychidae Hydropsychinae Ceratopsyche cockerelli 6.55
Ceratopsyche cockerelli 6.42
Ceratopsyche cockerelli 6.05
Ceratopsyche cockerelli 6.42
Ceratopsyche cockerelli 6.18
Ceratopsyche cockerelli 8.40
Ceratopsyche cockerelli 9.26
Ceratopsyche cockerelli 8.52
Ceratopsyche cockerelli 9.02
Ceratopsyche cockerelli 7.78
Ceratopsyche cockerelli 9.26
Ceratopsyche cockerelli 7.90
Ceratopsyche cockerelli 8.77
Ceratopsyche cockerelli 9.63
Ceratopsyche morosa 7.66
Ceratopsyche morosa 6.67
Ceratopsyche morosa 8.77
Ceratopsyche morosa 7.41
Ceratopsyche morosa 7.53
Ceratopsyche morosa 7.66
Ceratopsyche morosa 7.53
Ceratopsyche morosa 7.53
Ceratopsyche morosa 7.29
Ceratopsyche morosa 8.03
Ceratopsyche morosa 7.78
Ceratopsyche morosa 6.92
Ceratopsyche morosa 8.77
Ceratopsyche morosa 8.27

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

10.87 3.21 8.15 0.27 2.03 0.31 F MT
10.50 3.21 10.00 0.30 2.03 0.30 F m
9.39 2.72 7.41 0.31 1.79 0.27 F MT
12.10 3.71 9.14 0.35 2.11 0.35 F MT
10.87 2.96 7.90 0.31 2.11 0.35 F MT
11.73 3.33 10.62 0.35 2.03 0.35 F MT
11.12 3.21 9.14 0.35 2.03 0.35 F MT
11.49 3.46 9.14 0.35 2.26 0.35 F MT
10.00 2.96 10.13 0.27 1.87 0.16 M OR
8.89 2.84 10.13 0.35 1.95 0.22 M MT
9.88 2.84 9.88 0.27 1.95 0.23 M MT
9.88 2.84 10.25 0.35 2.11 0.23 M MT
10.13 3.09 10.50 0.31 1.95 0.23 M MT
9.51 2.84 9.14 0.27 1.95 0.23 M MT
10.13 3.09 10.37 0.35 1.87 0.27 M MT
9.51 2.96 8.89 0.31 1.79 0.22 M MT
9.14 2.84 8.89 0.30 1.95 0.27 M MT
10.37 2.96 10.00 0.31 2.11 0.23 M MT
10.00 3.09 9.88 0.27 2.03 0.23 M MT
9.14 2.84 9.14 0.31 1.95 0.23 M m
10.13 3.21 10.00 0.23 1.95 0.23 M ID
9 88 3.09 9.39 0.27 1.95 0.23 M ID
10.50 3.21 9.26 0.31 1.87 0.23 M ID
10.00 3.09 9.63 0.27 1.95 0.23 M ID
11.86 3.58 8.77 0.31 2.18 0.35 M ID
9.39 2.72 9.02 0.33 2.03 0.23 M ID
10.00 3.09 9.51 0.31 2.03 0.23 M ID
10.25 3.09 9.51 0.31 2.03 0.23 M ID
10.13 3.09 8.65 0.35 1.95 0.23 F CO
8.52 2.35 7.53 0.35 1.95 0.23 F OK
10.00 3.09 7.53 0.39 2.18 0.30 F OK
8.52 2.84 8.15 0.39 2.03 0.31 F OK
8.77 2.72 7.29 0.35 1.87 0.31 F OK
8 52 2.84 7.16 0.35 1.95 0.27 F OK
8 65 2.84 7.29 0.39 1.87 0.27 F OK
8.77 2.72 7.66 0.39 2.03 0.25 F OK
9.02 2.59 8.27 0.35 2.03 0.25 F OK
9.76 3.09 8.15 0.39 2.11 0.31 F OK
9.26 3.09 8.40 0.43 2.11 0.29 F OK
8.40 2.59 7.16 0.39 1.79 0.25 F OK
10.00 2.96 8.27 0.39 2.18 0.27 F OK
9.39 2.84 8.15 0.39 2.03 0.31 F OK
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Ceratopsyche morosa 8.27
Ceratopsyche morosa 6.79
Ceratopsyche morosa 6.79
Ceratopsyche morosa 6.92
Ceratopsyche morosa 7.41
Ceratopsyche morosa 6.92
Ceratopsyche morosa 5.31
Ceratopsyche morosa 6.18
Ceratopsyche morosa 5.56
Ceratopsyche morosa 5 68

Hydropsychidae Hydropsychinae Ceratopsyche morosa 4.94
Ceratopsyche morosa 5.43
Ceratopsyche morosa 5.31
Ceratopsyche morosa 5.93
Ceratopsyche morosa 5.68
Ceratopsyche morosa 5.68
Ceratopsyche morosa 5.43
Ceratopsyche morosa 6.30
Ceratopsyche morosa 6 67
Ceratopsyche morosa 8.52
Ceratopsyche morosa 9.02
Ceratopsyche morosa 7.41
Ceratopsyche morosa 7.78
Ceratopsyche morosa 8.27
Ceratopsyche morosa 8.77
Ceratopsyche morosa 6.30
Ceratopsyche oslari 9.63
Ceratopsyche oslari 6.55
Ceratopsyche oslari 7.78
Ceratopsyche oslari 7.53
Ceratopsyche oslari 8.40
Ceratopsyche oslari 7.66
Ceratopsyehe oslari 7.66
Ceratopsyche oslari 9.26
Ceratopsyche oslari 8.89
Ceratopsyche oslari 9.26
Ceratopsyche oslari 8 52
Ceratopsyche oslari 8.40
Ceratopsyche oslari 8.40
Ceratopsyche oslari 8.77
Ceratopsyche oslari 889
Ceratopsyche oslari 8.40

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

9.39 2.59 8.03 0.39 203 0.27 F OK
9.76 2.72 9.76 0.39 1.95 0.27 F ON
9.63 2.84 9.02 0.39 1.72 0.27 F ON
9.39 2.72 8.52 0.35 1.79 0.23 F ON
8.03 2.84 7.41 0.39 1.79 0.25 F OK
8.77 2.72 6.79 0 39 1.79 0.23 F OK
8.03 2.59 9.02 0 35 1.72 0.16 M CO
8.89 2.72 9.88 0 35 1.95 0.16 M MN
8.40 2.72 9.26 0.35 1.95 0.16 M CO
7.78 2.72 9.02 0.39 1.87 0.16 M CO
6.30 2.10 7.66 0.31 1.64 0.16 M CO
8.65 2.59 9.02 0.39 1.79 0.16 M CO
9.39 2.72 9.63 0.39 1.87 0.16 M CO
8.03 2.47 9.51 0.35 1.87 0.16 M CO
7.90 2.72 9.14 0.31 1.95 0.16 M CO
7.90 2.35 8.77 0.35 1.79 0.16 M CO
7.53 2.10 8.15 0.39 1.64 0.16 M CO
8.77 2 59 10.00 0.39 1.79 0.16 M CO
8.52 2.72 8.77 0 35 2.03 0.16 M CO
8.77 2.47 10.25 0 39 2.18 0.20 M MN
8.65 2.47 10.50 0.39 2.11 0.20 M MN
8.77 2.47 9.76 0.39 1.95 0.16 M MN
8.15 2.35 9.39 0.39 1.95 0.16 M MN
8 65 2.59 10.13 0.35 1.95 0.16 M MN
8.89 2.47 10.13 0.39 2.11 0.17 M MN
8.77 2.59 9.14 0.39 1.95 0.16 M MN
12.84 3.71 11.73 0.43 265 0.31 F AZ
10.25 3.09 9.88 0.35 2.18 0.23 F AZ
10.25 2.84 9.14 0.35 2.26 0.31 F CO
10.50 3.33 9.39 0.35 2.11 0.25 F CO
11.36 3.58 10.62 0.39 2.26 0.31 F CO
10.13 2.96 988 0.35 2.11 0.29 F CO
10.62 2.96 10.00 0.35 2.18 0.31 F CO
11.73 3.46 11.98 0.45 2.65 0.33 F AZ
12.72 3.95 12.47 0.43 2.73 0.31 F AZ
12.35 3.46 11.73 0.47 2.50 0.31 F AZ
11.98 3.83 11.98 0.39 2.57 0.31 F AZ
12.72 3.46 11.49 0.43 2.42 0.35 F AZ
13.09 4.08 11.86 0.37 2.57 0.31 F AZ
12.47 4.20 12.23 0.39 2.81 0.33 F AZ
12.10 3.21 11.86 0.43 2.50 0.31 F AZ
11.36 3.33 11.73 0.35 2.65 0.31 F AZ
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Ceratopsyche oslari 8.77
Ceratopsyche oslari 8.15
Ceratopsyche oslari 8.27
Ceratopsyche oslari 7.04
Ceratopsyche oslari 6.18
Ceratopsyche oslari 5.80

Hydropsychidae Hydropsychinae Ceratopsyche oslari 5.93
Ceratopsyche oslari 6.42
Ceratopsyche oslari 6.18
Ceratopsyche oslari 6.30
Ceratopsyche oslari 6.67
Ceratopsyche oslari 6.79
Ceratopsyche oslari 6.55
Ceratopsyche oslari 6.18
Ceratopsyche oslari 6.79
Ceratopsyche oslari 6.30
Ceratopsyche oslari 8.15
Ceratopsyche oslari 6.67
Ceratopsyche oslari 7.78
Ceratopsyche oslari 6.67
Ceratopsyche oslari 6.30
Ceratopsyche slossonae 8.77
Ceratopsyche slossonae 8.40
Ceratopsyche slossonae 8.15
Ceratopsyche slossonae 7.90
Ceratopsyche slossonae 9.76
Ceratopsyehe slossonae 8.70
Ceratopsyche slossonae 8.20
Ceratopsyche slossonae 7.00
Ceratopsyche slossonae 9.14
Ceratopsyche slossonae 9.02
Ceratopsyche slossonae 7.78
Ceratopsyehe slossonae 8.20
Ceratopsyche slossonae 9.10
Ceratopsyche slossonae 8.15
Ceratopsyche slossonae 7.29
Ceratopsyche slossonae 6.40
Ceratopsyche slossonae 9.20
Ceratopsyche slossonae 7.50
Ceratopsyche slossonae 8.20
Ceratopsyehe slossonae 9.39
Ceratopsyche slossonae 9.02

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

12.60 3.33 12.60 0.39 2.50 0.31 F AZ
11.73 3.21 12.10 0.39 2.26 0.31 F AZ
10.99 3.71 10.13 0.39 2.34 0.35 F CO
10.62 3.21 9.14 0.35 2.11 0.34 F CO
8.77 2.59 10.00 0.35 2.03 0.23 M CO
8.89 2.59 10.00 0.31 2.03 0.22 M CO
8.77 2.96 10.74 0.35 2.11 0.23 M CO
9.39 2.96 10.99 0.35 1.95 0.23 M CO
9.14 2.72 10.74 0.27 1.95 0.23 M CO
9.14 2.84 10.00 0.35 1.95 0.23 M CO
10.25 133 11.36 0.35 2.26 0.23 M CO
10.00 3.09 11.86 0.35 2.11 0.23 M CO
10.25 3.21 11.86 0.31 2.18 0.23 M CO
9.26 2.84 10.25 0.27 2.18 0.22 M CO
9.88 3.09 11.12 0.35 2.26 0.23 M CO
9.88 3.09 11.36 0.35 2.11 0.23 M CO
11.61 3.46 12.47 0.39 2.42 0.21 M AZ
11.12 3.21 11.73 0.39 2.34 0.21 M AZ
11.73 3.46 13.09 0.37 2.34 0.21 M AZ
11.61 3.46 12.35 0.35 2.34 0.23 M AZ
9.76 2.84 10.74 0.31 2.18 0.23 M CO
11.12 183 9.02 0.43 2.42 0.32 F MN
9.76 3.09 9.76 0.35 1.95 0.27 F MN
10.13 3.09 827 0.43 1.95 0.23 F MN
10.74 3.21 10.00 0.31 2.11 0.31 F MN
11.12 3.33 10.50 0.39 2.50 0.30 F MN
9.00 4.50 9.10 0.38 2.70 0.23 F PA
9.10 3.40 8.80 0.41 2.60 0.24 F PA
8.70 2.90 8.60 0.34 1.80 0.25 F PA
11.12 183 8.77 0.39 2.34 0.31 F MN
11.61 183 10.62 0.47 2.18 0.33 F MN
9.39 2.84 8.40 0.35 1.79 0.27 F MN
9.00 3.30 8.30 0 38 1.90 0.26 F PA
9.70 3.30 9.60 0.45 2.10 0.29 F PA
10.37 3.09 9.14 0.32 1.95 0.23 F MN
9 88 2.96 9.26 0.35 1.87 0.23 F MN
8.50 3.40 9.40 0.41 1.90 0.21 F PA
9.50 3.40 9.90 0.41 2.10 0.26 F PA
9.10 3.30 9.60 0.34 2.00 0.26 F PA
10.50 3.50 9.90 0.41 2.10 0.30 F PA
11.86 3.09 12.35 0.39 1.48 0.16 M NC
11.98 3.46 11.86 0.43 2.42 0.20 M NC
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Family Subfamily Genus

Ceratopsyche
Ceratopsyche

Hydropsychidae Hydropsychinae Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyehe 
Ceratopsyehe 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyehe 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche 
Ceratopsyche

Hydropsychidae Hydropsychinae Ceratopsyche 
Ceratopsyche

Appendix B. Raw data (continued).

Species Body Wing Wing Antenna
Length Length Width Length

slossonae 8.40 11.61 3.33 11.86
slossonae 9 63 12.10 3.09 12.10
slossonae 7.41 9.76 3.21 11.24
slossonae 7.16 9.26 3.09 10.50
slossonae 6.79 9.02 2.96 9.76
slossonae 7.16 9.51 2.96 10.25
slossonae 7.78 9.51 3.09 10.37
slossonae 5.90 8.30 3.00 9.30
slossonae 7.70 8.90 3.20 10.00
slossonae 6.90 8.90 3.00 10.10
slossonae 7.16 9.39 2.72 10.00
slossonae 7.53 9.76 3.21 11.12
slossonae 6.80 8.90 3.20 10.20
slossonae 8.65 10.74 3.09 10.00
slossonae 8.65 9.76 2.96 9.51
slossonae 7.20 9.00 3.10 8.20
sparna 7.30 9.20 2.90 9.10
spama 6.40 8.50 2.70 9.00
spama 6.50 9.50 2.90 8.70
spama 7.30 8.80 3.00 9.20
sparna 6.50 9.30 3.10 8.70
sparna 7.20 9.70 3.10 9.30
spama 7.70 9.80 3.10 9.50
spama 7.10 8.30 2.80 8.30
spama 7.00 8.20 2.70 9.10
spama 6.50 8 50 2.70 7.70
spama 7.40 10.70 3.20 9.80
spama 7.10 9.50 3.20 10.10
spama 7.60 9.30 3.10 9.50
spama 6.70 8.30 2.70 8.30
spama 6.70 8.50 2.80 8.30
spama 7.90 9.70 3.20 980
spama 6.40 8.40 2.70 8.30
spama 6.10 8.40 2.70 7.90
spama 7.20 9.00 2.90 9.10
spama 7.40 9.60 3.30 9.20
spama 6.60 8.50 2.60 8.70
sparna 6.60 9.50 2.60 9.50
spama 6.10 7.40 2.60 9.30
spama 6.70 9.50 3.00 9.50
spama 7.40 9.50 3.00 10.20
spama 7.00 9.00 2.80 9.90

Eye Mesotibial Mesotibial Sex State
Width Length Width
0.43 2.42 0.23 M NC
0.43 2.42 0.21 M NC
0.39 2.26 0.23 M MN
0.43 2.18 0.23 M MN
0.43 2.03 0.23 M MN
0.39 2.11 0.23 M MN
0.43 2.11 0.22 M MN
0.34 1.90 0.16 M PA
038 2.10 0.16 M PA
0.38 2.10 0.20 M PA
0.35 2.18 0.22 M MN
0.35 1.95 0.23 M MN
0.38 2.10 0.20 M PA
0.31 2.18 0.23 M MN
0.43 1.95 0.22 M MN
0.38 2.00 0.17 M PA
0.34 1.80 0.21 F SC
0.31 1.80 0.24 F SC
0.34 1.80 0.24 F SC
0.31 1.90 0.26 F SC
0.31 1.80 0.22 F SC
0.24 1.80 0.29 F SC
0.34 2.10 0.24 F SC
0.38 1.80 0.26 F SC
0.34 1.70 0.22 F SC
0.26 1.80 0.21 F SC
0.31 2.10 0.26 F SC
0.34 1.90 0.24 F SC
0.28 1.90 0.26 F SC
0.28 1.80 0.26 F SC
0.31 1.80 0.21 F SC
0.31 1.90 0.26 F SC
0.31 1.80 0.26 F SC
0.24 1.70 0.21 F SC
0.34 1.90 0.26 F SC
0.28 2.00 0.25 F SC
0.31 1.70 0.16 M SC
0.34 1.80 0.16 M SC
0.28 2.20 0.16 M SC
0.31 2.00 0.18 M SC
0.34 1.90 0.18 M SC
0.31 1.90 0.20 M SC
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Appendix B. Raw data (continued).

Family Subfamily Genus Species

Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyehe
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche
Ceratopsyche

Hydropsychidae Hydropsychinae Cheumatopsyche 
Cheumatopsyehe 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche

Hydropsychidae Hydropsychinae Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche 
Cheumatopsyche

spama
spama
spama
spama
spama
spama
spama
spama
spama
spama
spama
spama
spama
spama
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta
aphanta

Body
Length

6.90
6.90 
7.10
6.30
7.20
7.30
7.00
6.70
7.30
6.30 
6.80 
6.80 
6.60
6.00
4.69
4.20
4.08
4.20
3.71
4.69
3.71
4.08 
4.32
3.71
3.95
4.08
4.20
4.08
3.95
4.69 
4.57 
183
4.08
3.21 
4.20 
183
3.71
3.46
3.71
3.46
3.71 
183

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

9.30 3.00 9.60 0.31 2.10 0.21 M SC
9.00 2.80 9.90 0.20 1.80 0.20 M SC
9.70 2.90 10.30 0.34 2.00 0.18 M SC
9.20 2.90 9.70 0.28 1.70 0.16 M SC
9.90 3.00 10.40 0.31 2.10 0.21 M SC
9.00 2.80 10.20 0.28 1.80 0.18 M SC
9.30 2.80 9.10 0.31 1.80 0.16 M SC
9.20 2.80 10.10 0.29 1.90 0.16 M SC
9.50 3.10 10.20 0.29 1.80 0.21 M SC
120 2.60 9.00 0.34 1.70 0.16 M SC
9.30 2.90 10.10 0.34 1.90 0.16 M SC
7.70 2.80 9.20 0.34 1.80 0.16 M SC
9.40 2.80 10.60 0.26 1.80 0.18 M SC
9.00 3.00 10.10 0.34 1.60 0.16 M SC
6.05 1.85 6.42 0.23 1.25 0.16 F AR
5.80 1.73 5.93 0.17 1.09 0.16 F AR
6.05 1.85 6.55 0.20 1.17 0.14 F AR
5.56 1.61 5.43 0.23 1.17 0.16 F AR
6.42 1.73 6.67 0.22 1.17 0.17 F AR
6.18 1.61 5.80 0.23 1.25 0.16 F AR
6.05 1.73 6.55 0.23 1.17 0.14 F AR
5.93 1.85 6.18 0.20 1.01 0.16 F AR
5.68 1.61 6.05 0.22 1.17 0.16 F AR
6.05 1.73 6.18 0.23 1.09 0.16 F AR
6.05 1.61 5.43 0.22 0.94 0.16 F AR
5 68 1.61 6.30 0.23 1.17 0.16 F AR
6.30 1.73 6.05 0.20 1.17 0.16 F AR
5.56 1.61 5.56 0.23 1.17 0.16 F AR
5.56 1.61 6.05 0.22 1.09 0.16 F AR
5.93 1.61 7.41 0.23 1.17 0.08 M OH
5.80 1.61 0.20 1.17 0.08 M OH
6.42 1.85 7.90 0.23 1.33 0.10 M AR
5.80 1.85 7.16 0.20 1.17 0.14 M AR
5.31 1.61 6.30 0.22 1.17 0.08 M AR
5.56 1.85 7.16 0.20 1.25 0.12 M AR
5.93 1.73 7.53 0.23 1.17 0.08 M AR
5.56 1.85 7.16 0.23 1.17 0.09 M AR
6.05 1.85 7.53 0.20 1.33 0.08 M AR
5.80 1.73 6.67 0.20 1.17 0.09 M AR
6.18 1.85 7.41 0.20 1.17 0.16 M AR
5.93 1.85 7.04 0.20 1.01 0.12 M AR
6.30 1.85 7.78 0.20 1.33 0.10 M AR
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Cheumatopsyche aphanta 3.71
Cheumatopsyche aphanta 3.95
Cheumatopsyche aphanta 3.95
Cheumatopsyche aphanta 3.71
Cheumatopsyche aphanta 4.20
Cheumatopsyche aphanta 3.21
Cheumatopsyche gracilis 4.08
Cheumatopsyche gracilis 4.57
Cheumatopsyche gracilis 4.08
Cheumatopsyche gracilis 4.08
Cheumatopsyche gracilis 4.20
Cheumatopsyche gracilis 4.57
Cheumatopsyche gracilis 4.69
Cheumatopsyche gracilis 4.82
Cheumatopsyche gracilis 4.57
Cheumatopsyche gracilis 4.08
Cheumatopsyche gracilis 4.69
Cheumatopsyche gracilis 4.20
Cheumatopsyche gracilis 4.20
Cheumatopsyche gracilis 3.95
Cheumatopsyche gracilis 4.08
Cheumatopsyche gracilis 4.32
Cheumatopsyche gracilis 4.57
Cheumatopsyche gracilis 4.32
Cheumatopsyche gracilis 4.32
Cheumatopsyche gracilis 4.32
Cheumatopsyche gracilis 4.57
Cheumatopsyche gracilis 4.08
Cheumatopsyche gracilis 3.71
Cheumatopsyche gracilis 3.95
Cheumatopsyche gracilis 3.83
Cheumatopsyche gracilis 3.83

Hydropsychidae Hydropsychinae Cheumatopsyche gracilis 5.06
Cheumatopsyche gracilis 5.06
Cheumatopsyche gracilis 5.31
Cheumatopsyche gracilis 5.19
Cheumatopsyche gracilis 3.95
Cheumatopsyche gracilis 4.32
Cheumatopsyche gracilis 4.45
Cheumatopsyche gracilis 4.08
Cheumatopsyche gracilis 4.94
Cheumatopsyche gracilis 4.45

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

5.68 1.73 6.79 0.20 1.17 0.12 M AR
5.56 1.85 7.16 0.21 1.17 0.16 M AR
5.93 1.73 7.53 0.22 1.17 0.12 M AR
5.68 1.73 7.16 0.23 1.17 0.10 M AR
5.93 1.98 7.16 0.23 1.17 0.16 M AR
5.43 1.61 6.79 0.20 1.01 0.14 M AR
5.93 1.85 5.93 0.22 1.01 0.16 F AB
6.92 2.10 6.55 0.23 1.17 0.16 F AB
5.93 2.10 6.92 0.23 1.25 0.16 F WY
5.93 1.85 6.18 0.23 1.09 0.16 F AB
6.42 1.98 6.30 0.27 1.25 0.16 F AB
7.04 2.22 6.67 0.23 1.33 0.16 F AB
6.92 2.10 6.92 0.23 1.33 0.16 F AB
6.79 2.10 7.04 0.22 1.25 0.16 F AB
6.92 2.10 7.29 0.23 1.33 0.20 F AB
6.05 1.73 5.68 0.22 1.01 0.14 F AB
6.67 2.22 7.04 0.23 1.33 0.16 F AB
6.30 1.85 6.30 0.17 1.25 0.14 F AB
6.42 1.98 7.16 0.27 1.25 0.16 F AB
6.18 1.85 6.30 0.23 1.17 0.16 F AB
6.92 2.10 6.79 0.23 1.17 0.17 F AB
6.42 1.98 6.30 0.23 1.25 0.17 F AB
6.79 2.10 6.67 0.23 1.25 0.17 F AB
6.67 1.85 6.79 0.22 1.17 0.16 F AB
7.04 2.22 6.18 0.22 1.25 0.17 F AB
6.67 1.98 6.30 0.23 1.25 0.16 F AB
7.29 2.22 8.40 0.27 1.48 0.16 M WY
6.55 1.85 7.53 0.23 1.25 0.08 M AB
6.30 1.85 6.92 0.23 1.17 0.12 M WY
6.42 1.73 8.27 0.23 1.25 0.12 M NY
5.80 1.73 7.66 0.31 1.33 0.13 M NY
6.18 1.85 7.78 0.20 1.33 0.13 M NY
7.16 1.98 8.77 0.23 1.40 0.09 M CO
7.41 2.22 8.40 0.24 1.33 0.09 M CO
7.04 2.10 8.15 0.26 1.40 0.09 M CO
7.16 2.10 8.03 0.23 1.33 0.12 M ON
6.79 2.10 8.03 0.27 1.33 0.10 M ON
6.79 1.98 8.52 0.23 1.40 0.12 M ON
7.04 2.10 8.77 0.23 1.48 0.09 M ON
6.79 2.10 8.89 0.25 1.48 0.16 M ON
7.29 1.98 8.52 0.25 1.48 0.13 M ON
7.16 1.98 8.77 0.27 1.40 0.10 M ON

105



Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Cheumatopsyche gracilis 4.32
Cheumatopsyche gracilis 4.69
Cheumatopsyche gracilis 4.57
Cheumatopsyche gracilis 4.45
Cheumatopsyche gracilis 3.95
Cheumatopsyche gracilis 3.95
Cheumatopsyche gracilis 3.95
Cheumatopsyche gracilis 4.20
Cheumatopsyche gracilis 4.20
Cheumatopsyche gracilis 4.08
Cheumatopsyche harwoodi 5.06
Cheumatopsyche harwoodi 6.42
Cheumatopsyche harwoodi 7.29
Cheumatopsyche harwoodi 6.67
Cheumatopsyche harwoodi 6.55
Cheumatopsyche harwoodi 5.93
Cheumatopsyche harwoodi 5.68
Cheumatopsyche harwoodi 4.69
Cheumatopsyche harwoodi 4.32
Cheumatopsyche harwoodi 4.82
Cheumatopsyche harwoodi 4.57
Cheumatopsyche harwoodi 4.45
Cheumatopsyche harwoodi 5.06
Cheumatopsyche harwoodi 4.94
Cheumatopsyehe harwoodi 4.57
Cheumatopsyche harwoodi 5.56
Cheumatopsyche harwoodi 5.56
Cheumatopsyche harwoodi 4.32

Hydropsychidae Hydropsychinae Cheumatopsyche harwoodi 4.08
Cheumatopsyche harwoodi 5.56
Cheumatopsyche harwoodi 4.45
Cheumatopsyche harwoodi 4.94
Cheumatopsyche harwoodi 4.82
Cheumatopsyche harwoodi 4.94
Cheumatopsyche harwoodi 4.45
Cheumatopsyche harwoodi 4.69
Cheumatopsyche minuscula 4.45
Cheumatopsyche minuscula 618
Cheumatopsyche minuscula 5.68
Cheumatopsyche minuscula 5.31
Cheumatopsyche minuscula 5.19
Cheumatopsyche minuscula 4.82

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

6.67 2.10 8.65 0.23 1.25 0.09 M ON
7.53 2.22 9.39 0.30 1.56 0.12 M ON
6.79 2.22 7.78 0.25 1.40 0.16 M ON
7.29 2.22 8.89 0.27 1.48 0.16 M ON
7.29 2.22 8.40 0.27 1.40 0.09 M ON
6.55 1.98 8.89 0.27 1.25 0.12 M ON
7.53 2.22 9.02 0.28 1.56 0.14 M ON
6.79 2.10 8.15 0.30 1.40 0.12 M ON
6.55 1.85 7.53 0.31 1.25 0.09 M ON
6.55 1.98 0.25 1.25 0.12 M AB
6.92 1.98 6.92 0.23 1.25 0.16 F VA
7.78 2.35 6.55 0.23 1.33 0.23 F NC
8.27 2.47 7.66 0.27 1.56 0.23 F NC
8.15 2.35 7.53 0.27 1.56 0.23 F NC
7.78 2.47 6.42 0.27 1.56 0.23 F NC
6 79 2.22 7.04 0.23 1.33 0.22 F NC
6.18 1.85 5.80 0.23 1.25 0.16 F VA
5.80 1.85 6.42 0.23 1.25 0.16 F VA
7.04 1.98 7.29 0.23 1.25 0.16 F VA
6.55 1.85 6.42 0.20 1.25 0.18 F VA
6.18 1.85 7.04 0.22 1.09 0.16 F VA
6.79 2.10 7.04 0.22 1.33 0.16 F VA
6.92 1.98 7.78 0.23 1.40 0.12 M NC
6.67 1.85 7.78 0.23 1.25 0.14 M VA
6.30 1.98 7.90 0.22 1.17 0.12 M VA
7.41 2.47 8.03 0.22 1.40 0.14 M NC
6.79 2.10 7.66 0.23 1.40 0.16 M NC
6.79 1.85 8.03 0.25 1.33 0.16 M VA
6.18 1.85 7.16 0.20 1.17 0.12 M VA
7.41 2.10 8.03 0.23 1.40 0.16 M NC
6.79 1.98 7.53 0.23 1.40 0.14 M VA
7.04 1.98 8.77 0.22 1.17 0.12 M VA
6.67 1.98 8.27 0.20 1.25 0.14 M VA
7.41 2.10 8.77 0.23 1.25 0.16 M VA
6.42 1.98 8.15 0.23 1.25 0.14 M VA
6.42 1.85 7.41 0.23 1.25 0.14 M VA
7.16 2.10 6.92 0.31 1.25 0.23 F ON
8.15 2.47 7.78 0.27 1.33 0.20 F ON
7.78 2.22 7.90 0.27 1.40 0.20 F ON
7.53 2.22 7.41 0.31 1.48 0.23 F ON
7.41 2.35 7.41 0.27 1.48 0.20 F ON
7.16 1.85 7.04 0.27 1.40 0.16 F ON
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Length Width Length Width Length Width

Cheumatopsyche minuscula 6.18 8.27 2.47 8.40 0.27 1.56 0.22 F ON
Cheumatopsyche minuscula 5.19 8.03 2.22 7.66 0.23 1.56 0.20 F ON
Cheumatopsyche minuscula 5.56 8.03 2.59 7.90 0.27 1.64 0.23 F ON
Cheumatopsyche minuscula 5.31 7.66 2.35 7.53 0.35 1.40 0.23 F ON
Cheumatopsyche minuscula 5.06 8.27 2.35 8.03 0.27 1.56 0.22 F ON
Cheumatopsyche minuscula 5.19 7.66 2.22 7.78 0.27 1.25 0.22 F ON
Cheumatopsyche minuscula 5.56 8.27 2.47 7.16 0.27 1.40 0.23 F ON
Cheumatopsyche minuscula 6.05 7.41 2.35 7.53 0.27 1.56 0.23 F ON
Cheumatopsyche minuscula 5.93 8.03 2.47 7.66 0.30 1.56 0.22 F ON
Cheumatopsyche minuscula 5.43 7.41 2.35 7.66 0.27 1.48 0.16 F ON
Cheumatopsyche minuscula 5.06 7.53 2.22 7.16 0.27 1.56 0.22 F ON
Cheumatopsyche minuscula 5.56 7.78 2.47 7.90 0.23 1.56 0.20 F ON
Cheumatopsyche minuscula 5.56 8.40 2.59 7.66 0.31 1.56 0.20 F ON
Cheumatopsyche minuscula 4.69 6.92 2.22 7.53 0.27 1.48 0.12 F ON
Cheumatopsyche minuscula 4.94 7.41 2.22 7.41 0.27 1.40 0.18 F ON
Cheumatopsyche minuscula 3.95 5.31 1.61 5.19 0.23 1.17 008 M AR
Cheumatopsyche minuscula 4.82 6.55 2.10 7.04 0.27 1.40 0.16 M ON
Cheumatopsyche minuscula 4.57 7.41 2.22 8.03 0.30 1.56 0.12 M ON
Cheumatopsyche minuscula 5.06 6.92 2.22 7.53 0.27 1.40 0.14 M ON
Cheumatopsyche minuscula 5.06 7.53 2.47 6.67 0.30 1.48 0.14 M ON
Cheumatopsyche minuscula 4.45 7.29 2.22 8.40 0.31 1.64 0.16 M ON
Cheumatopsyche minuscula 4.45 6.92 2.10 6.55 0.30 1.48 0.10 M ON
Cheumatopsyche minuscula 5.06 7.41 2.47 7.66 0.25 1.40 0.14 M ON
Cheumatopsyche minuscula 5.06 7.41 2.35 803 0.30 1.48 0.14 M ON

Hydropsychidae Hydropsychinae Cheumatopsyche minuscula 4.69 6.79 2.10 7.78 0.31 1.40 0.12 M ON
Cheumatopsyche minuscula 4.82 6.67 2.10 5.93 0.27 1.40 0.16 M ON
Cheumatopsyche minuscula 4.82 7.16 2.22 7.41 0.31 1.56 0.16 M ON
Cheumatopsyche pettiti 6.10 6.20 3.00 6.70 0.21 1.30 0.16 F SC
Cheumatopsyche pettiti 6.50 7.00 2.10 7.20 0.24 1.40 0.21 F SC
Cheumatopsyche pettiti 5.40 6.10 2.00 7.00 0.24 1.30 0.16 F SC
Cheumatopsyche pettiti 5.20 6.30 1.90 6.30 0.31 1.20 0.16 F SC
Cheumatopsyche pettiti 6.10 6.50 1.90 7.20 0.24 1.40 0.22 F SC
Cheumatopsyche pettiti 6.80 6.60 2.10 7.20 0.21 1.30 0.16 F SC
Cheumatopsyche pettiti 6.70 6.60 2.00 7.20 0.21 1.40 0.21 F SC
Cheumatopsyche pettiti 6.30 7.00 2.20 6.80 0.24 1.50 0.21 F SC
Cheumatopsyche pettiti 6.60 6.60 2.10 7.60 0.24 1.50 0.21 F SC
Cheumatopsyche pettiti 6.40 6.70 2.00 7.20 0.21 1.40 0.16 F SC
Cheumatopsyche pettiti 5.10 6.50 2.00 6.50 0.28 1.40 0.18 F SC
Cheumatopsyche pettiti 6.30 6.30 2.00 680 0.24 1.30 0.18 F SC
Cheumatopsyche pettiti 5.70 6.20 2.10 7.20 0.21 1.30 0.18 F SC
Cheumatopsyche pettiti 6.60 6.70 1.90 7.40 0.28 1.60 0.21 F SC
Cheumatopsyche pettiti 5.20 6.10 2.00 6.40 0.21 1.30 0.21 F SC
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna Eye Mesotibial Mesodbial Sex State
Length Length Width Length Width Length Width

Cheumatopsyche pettiti 7.00 6.70 1.90 7.30 0.24 1.50 0.21 F SC
Cheumatopsyche pettiti 6 80 6.70 2.10 7.40 0.24 1.40 0.21 F SC
Cheumatopsyche pettiti 7.30 7.10 2.20 7.10 0.24 1.40 0.16 F SC
Cheumatopsyche pettiti 6.80 6.90 2.10 7.20 0.24 1.40 0.21 F SC
Cheumatopsyche pettiti 6.00 6.70 2.00 7.20 0.24 1.50 0.21 F SC
Cheumatopsyche pettiti 6.50 6.10 1.90 6.90 0.24 1.20 0.20 F SC
Cheumatopsyche pettiti 5.40 6.50 1.90 8.30 0.21 1.50 0.13 M SC
Cheumatopsyche pettiti 6.10 6.60 1.90 8.20 0.24 1.50 0.16 M SC
Cheumatopsyche pettiti 5.60 6.50 2.00 7.60 0.24 1.40 0.16 M SC
Cheumatopsyche pettiti 6.30 6.50 2.00 7.90 0.24 1.50 0.16 M SC
Cheumatopsyche pettiti 5.90 6.20 2.00 7.90 0.21 1.50 0.16 M SC
Cheumatopsyche pettiti 5.00 6.50 1.90 7.20 0.24 1.40 0.16 M SC
Cheumatopsyche pettiti 6.20 6.80 2.00 7.50 0.24 1.50 0.16 M SC
Cheumatopsyche pettiti 5.60 6.80 1.90 8.60 0.24 1.50 0.16 M SC
Cheumatopsyche pettiti 5.20 6.30 2.00 7.20 0.21 1.40 0.16 M SC
Cheumatopsyche pettiti 6.40 7.50 2.10 7.50 0.24 1.50 0.16 M SC
Cheumatopsyche pettiti 5.40 6.70 2.00 8.20 0.24 1.30 0.14 M SC
Cheumatopsyche pettiti 5.30 6.20 1.90 8.30 0.21 1.50 0.14 M SC
Cheumatopsyche pettiti 6.50 6.50 2.20 8.50 0.24 1.40 0.14 M SC
Cheumatopsyche pettiti 5.00 6.10 1.90 7.50 0.21 1.30 0.14 M SC

Hydropsychidae Hydropsychinae Cheumatopsyche pettiti 5.60 6.70 1.90 8.70 0.28 1.50 0.14 M SC
Cheumatopsyche pettiti 6.00 6.10 2.10 8.10 0.21 1.30 0.13 M SC
Cheumatopsyche pettiti 6.40 6.70 2.10 8.60 0.21 1.40 0.16 M SC
Cheumatopsyche pettiti 6.10 6.20 1.80 8.30 0.24 1.40 0.16 M SC
Cheumatopsyche pettiti 6.00 6.80 2.00 8.40 0.22 1.40 0.11 M SC
Cheumatopsyche pettiti 5.90 6.50 1.90 7.90 0.21 1.20 0.14 M SC
Cheumatopsyche speciosa 4.57 5.93 1.61 5.31 0.20 1.17 0.18 F MT
Cheumatopsyche speciosa 5.43 6.05 1.73 5.68 0.27 1.17 0.16 F CO
Cheumatopsyche speciosa 3.83 5.93 1.85 5.80 0.20 1.09 0.18 F MT
Cheumatopsyche speciosa 4.45 6.55 1.73 5.80 0.23 1.25 0.16 F MT
Cheumatopsyche speciosa 2.84 4.94 1.36 5.06 0.23 1.01 0.08 M MT
Cheumatopsyche speciosa 3 83 5.31 1.36 5.06 0.27 1.09 0.12 M MT
Cheumatopsyche speciosa 3.09 5.19 1.36 5.31 0.23 1.01 0.08 M MT
Ch euma topsyche speciosa 183 6.30 1.48 6.30 0.30 1.17 0.10 M MT
Cheumatopsyche speciosa 3.71 5.56 1.48 5.93 0.27 1.17 0.12 M MT
Cheumatopsyche speciosa 3.46 5 68 1.73 5.68 0.27 1.09 0.08 M MT
Cheumatopsyche speciosa 4.69 5 68 1.24 5.31 0.20 1.09 0.09 M CO
Cheumatopsyche speciosa 5.31 5.56 1.24 5.19 0.27 1.09 0.08 M CO
Cheumatopsyche speciosa 5.06 5.80 1.61 5.31 0.23 1.09 0.08 M CO

Hydropsychidae Hydropsychinae Hydropsyche betteni 9.10 11.60 3.80 11.20 0.45 2.40 0.34 F NC
Hydropsyche betteni 9.30 12.70 3.80 12.80 0.41 2.60 0.34 F NC
Hydropsyche betteni 8.70 11.10 3.80 13.00 0.41 2.30 0.29 F NC

108



Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Hydropsyche betteni 8.90
Hydropsyche betteni 9.10
Hydropsyche betteni 9.10
Hydropsyche betteni 10.30
Hydropsyche betteni 9.90
Hydropsyche betteni 9.20
Hydropsyche betteni 10.00
Hydropsyche betteni 9.70
Hydropsyche betteni 9.50
Hydropsyche betteni 9.40
Hydropsyche betteni 9.20
Hydropsyche betteni 9.90
Hydropsyche betteni 9.90
Hydropsyche betteni 10.00
Hydropsyche betteni 10.10
Hydropsyche betteni 10.30

Hydropsychidae Hydropsychinae Hydropsyche betteni 9.50
Hydropsyche betteni 8.50
Hydropsyche betteni 8.30
Hydropsyche betteni 8.00
Hydropsyche betteni 8.50
Hydropsyche betteni 7.30
Hydropsyche betteni 8.30
Hydropsyche betteni 9.00
Hydropsyche betteni 8.20
Hydropsyche betteni 7.30
Hydropsyche betteni 8.30
Hydropsyche betteni 8.30
Hydropsyche betteni 7.80
Hydropsyche betteni 9.10
Hydropsyche betteni 8.40
Hydropsyche betteni 9.10
Hydropsyche betteni 9.00
Hydropsyche betteni 8.60
Hydropsyche betteni 9.10
Hydropsyche betteni 9.90
Hydropsyche betteni 7.50
Hydropsyche betteni 8.20
Hydropsyche confusa 8.27
Hydropsyche confusa 8.40
Hydropsyche confusa 8.65
Hydropsyche confusa 8.15

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

11.40 3.70 11.50 0.38 2.60 0.26 F NC
11.10 3.20 11.90 0.52 2.40 0.26 F NC
11.70 3.30 10.40 0.41 2.30 0.32 F SC
11.30 3.80 10.10 0.41 2.40 0.32 F SC
12.30 3.90 12.60 0.45 2.60 0.34 F SC
10.70 3.80 11.00 0.41 2.50 0.29 F SC
10.90 3.50 11.40 0.38 2.50 0.29 F SC
11.00 3.80 12.00 0.45 2.60 0.34 F SC
9.70 3.30 10.80 0 38 2.20 0.29 F SC
11.10 3.30 11.70 0.38 2.50 0.26 F SC
11.30 3.20 10.30 0.38 2.40 0.32 F SC
10.60 3.20 10.60 0.38 2.30 0.26 F SC
11.00 3.60 11.90 0.38 2.40 0.26 F SC
10.50 3.90 12.20 0.38 2.40 0.32 F SC
11.20 3.50 11.60 0.38 2.40 0.29 F SC
10.70 3.80 11.60 0.41 2.60 0.26 F SC
10.10 3.50 10.50 0.45 2.40 0.26 F SC
11.60 3.90 13.80 0.48 2.90 0.16 M GA
8.00 2.80 10.10 0.45 1.90 0.16 M SC
9.80 3.30 11.00 0.42 2.30 0.21 M SC
9.00 2.90 10.70 0.41 2.20 0.17 M SC
8.40 2.80 10.30 0.38 2.20 0.16 M SC
8.70 3.10 11.00 0.41 2.20 0.20 M SC
9.50 2.90 11.20 0.45 2.20 0.22 M SC
9.00 2.80 10.50 0.41 2.10 0.16 M SC
8.90 2.70 10.40 0.45 2.10 0.18 M SC
8.70 2.90 10.30 0.41 2.10 0.16 M SC
9.30 3.20 10.50 0.41 2.10 0.16 M SC
9.40 3.10 11.60 0.45 2.20 0.18 M SC
9.90 3.30 11.80 0.45 2.00 0.18 M SC
8.80 2.90 10.00 0.38 2.50 0.16 M SC
9.80 3.00 10.80 0.34 2.20 0.21 M SC
9.20 3.40 12.10 0.38 2.30 0.20 M SC
9.40 3.80 11.10 0.38 2.30 0.21 M SC
9.80 3.00 10.30 0.41 2.10 0.18 M SC
10.40 3.10 12.60 0.41 2.40 0.21 M SC
8.80 2.80 10.00 0.34 2.00 0.16 M SC
9.40 2.50 10.30 0.41 1.60 0.16 M NC
10.99 3.09 9.76 0.39 2.11 0.33 F MT
11.12 2.96 9.26 0.35 2.11 0.35 F MT
11.12 3.21 10.00 0.35 2.11 0.35 F MT
10.50 3.09 9.88 0.35 2.11 0.31 F MT
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Hydropsyche confusa 1.29
Hydropsyche confusa 9.14
Hydropsyche confusa 8 65
Hydropsyche confusa 8.03
Hydropsyche confusa 8.65
Hydropsyche confusa 9.76
Hydropsyche confusa 9.02
Hydropsyche confusa 7.90
Hydropsyche confusa 7.53
Hydropsyche confusa 7.78
Hydropsyche confusa 8.27
Hydropsyche confusa 6.92

Hydropsycbidae Hydropsychinae Hydropsyche confusa 6.55
Hydropsyche confusa 8.03
Hydropsyche confusa 8.40
Hydropsyche confusa 7.53
Hydropsyche confusa 5.06
Hydropsyche confusa 7.04
Hydropsyche confusa 5.31
Hydropsyche confusa 6.30
Hydropsyche confusa 6.18
Hydropsyche confusa 6.79
Hydropsyche confusa 5.68
Hydropsyche confusa 6.18
Hydropsyche confusa 6.67
Hydropsyche confusa 5.56
Hydropsyche confusa 8.03
Hydropsyche confusa 5.06
Hydropsyche confusa 6.18
Hydropsyche confusa 5.43
Hydropsyche confusa 5.56
Hydropsyche confusa 5.31
Hydropsyche confusa 5.19
Hydropsyche confusa 5.43
Hydropsyche confusa 5.31
Hydropsyche confusa 5.06
Hydropsyche elissoma 9.63
Hydropsyche elissoma 7.29
Hydropsyche elissoma 7.66
Hydropsyche elissoma 7.78
Hydropsyche elissoma 7.78
Hydropsyche elissoma 7.29

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

10.25 2.84 9.14 0.35 1.95 0.31 F MT
11.86 3.33 10.62 0.43 2.11 0.39 F MT
9.63 3.21 9.26 0.35 2.03 0.35 F MT
10.50 3.09 865 0.31 2.11 0.33 F MT
10.99 2.59 10.00 0.39 2.18 0.35 F MT
11.12 2.96 10.13 0.43 2.26 0.37 F MT
10.62 3.09 9.02 0.39 2.03 0.39 F MT
9.76 2.72 9.76 0.39 1.95 0.31 F MT
9.02 2.59 8.77 0.35 1.87 0.31 F MT
9.39 2.59 8.77 0.35 1.95 0.31 F MT
10.37 2.96 10.13 0.35 1.95 0.31 F MT
9.14 2.47 8.89 0.35 1.79 0.31 F MT
9.39 2.59 9.02 0.39 1.79 0.27 F MT
9.51 2.72 8.89 0.39 1.87 0.31 F MT
9.39 2.59 8.65 0.39 1.79 0.31 F MT
10.87 2.96 10.00 0.35 1.95 0.31 F MT
7.66 2.10 8.77 0.35 1.56 0.17 M MT
8.40 2.22 9.14 0.39 1.79 0.16 M MT
8.03 2.22 8.77 0.35 1.72 0.16 M MT
7.53 2.10 8.40 0.35 1.56 0.16 M MT
8.15 2.10 852 0.35 1.64 0.16 M MT
8.40 2.22 9.39 0.37 1.87 0.17 M MT
7.41 2.10 8.03 0.35 1.64 0.16 M MT
9.63 2.59 10.00 0.35 1.64 0.23 M MT
10.37 2.59 10.25 0.31 1.64 0.17 M MT
8.15 2.10 8.77 0.31 1.72 0.16 M MT
8.89 2.47 10.00 0.35 1.79 0.23 M MT
8.15 2.22 8.77 0.35 1.72 0.16 M MT
8.15 2.35 8.77 0.35 1.72 0.20 M MT
8.27 2.22 8.77 0.35 1.72 0.16 M MT
8.40 2.22 9.26 0.37 1.72 0.16 M MT
8.52 2.22 8.65 0.31 1.72 0.16 M MT
7.78 2.22 8.77 0.35 1.72 0.17 M MT
8.15 2.10 8.40 0.33 1.64 0.16 M MT
7.66 2.22 9.26 0.31 1.72 0.16 M MT
7.90 2.10 8.40 0.35 1.56 0.16 M MT
9.63 2.59 9.39 0.27 2.11 0.23 F SC
9.39 2.47 8.03 0.39 1.95 0.29 F SC
9.14 2.35 8.65 0.35 1.79 0.29 F SC
10.13 2.72 9.76 0.35 2.11 0.23 F SC
9.63 2.59 9.14 0.35 1.95 0.27 F SC
8.89 2.47 8.77 0.31 2.03 0.23 F SC
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Hydropsyche elissoma 7.29
Hydropsyche elissoma 7.78
Hydropsyche elissoma 8.65
Hydropsyche elissoma 7.78
Hydropsyche elissoma 7.66
Hydropsyche elissoma 7.90
Hydropsyche elissoma 7.53
Hydropsyche elissoma 8.27

Hydropsychidae Hydropsychinae Hydropsyche elissoma 7.66
Hydropsyche elissoma 7.53
Hydropsyche elissoma 8.40
Hydropsyche elissoma 7.16
Hydropsyche elissoma 7.29
Hydropsyche elissoma 7.53
Hydropsyche elissoma 7.66
Hydropsyche elissoma 7.90
Hydropsyche elissoma 8.15
Hydropsyche elissoma 8.27
Hydropsyche elissoma 7.53
Hydropsyche elissoma 7.66
Hydropsyche elissoma 7.78
Hydropsyche elissoma 7.90
Hydropsyche elissoma 7.41
Hydropsyche elissoma 7.78
Hydropsyche elissoma 8.27
Hydropsyche elissoma 8.40
Hydropsyche elissoma 8.27
Hydropsyche elissoma 6.92
Hydropsyche elissoma 7.78
Hydropsyche elissoma 8.40
Hydropsyche elissoma 8.15
Hydropsyche elissoma 7.78
Hydropsyche elissoma 7.66
Hydropsyche elissoma 8.27
Hydropsyche elissoma 7.90
Hydropsyche hageni 6.05
Hydropsyche hageni 9.63
Hydropsyche hageni 9.02
Hydropsyche hageni 8.03
Hydropsyche hageni 9.02
Hydropsyche hageni 9.26
Hydropsyche hageni 7.90

Wing
Length

Wing
Width

Antenna
Length

Eye
Width

Mesotibial
Length

Mesotibial
Width

Sex State

9 88 2.96 9.14 0.30 2.03 0.27 F SC
9.14 2.72 9.02 0.35 1.79 0.23 F SC
9.63 2.84 9.39 0.35 1.95 0.23 F SC
9.39 2.72 8.65 0.35 1.95 0.23 F SC
9.39 2.59 9.02 0.39 1.79 0.31 F SC
9.51 2.59 9.63 0.35 2.03 0.31 F SC
10.00 2.72 7.53 0.31 1.95 0.27 F SC
10.37 2.72 9.39 0.37 2.18 0.31 F SC
9.26 2.22 8.89 0.35 1.87 0.23 F SC
9.63 2.72 9.26 0.27 1.64 0.23 F SC
9.76 2.10 8.65 0.29 2.03 0.23 F SC
9.39 2.47 8.52 0.31 1.79 0.23 F SC
9.51 2.72 8.40 0.34 1.87 0.31 F SC
9.26 2.35 8.27 0.39 1.79 0.20 F SC
10.00 2.72 8.77 0.35 2.18 0.16 M SC
9.14 2.10 8.89 0.39 2.11 0.16 M SC
9.51 2.47 8.89 0.43 2.18 0.16 M SC
9.63 2.22 9.14 0.39 2.11 0.16 M SC
8.65 2.10 8.27 0.39 1.95 0.16 M SC
9.39 2.22 9.14 0.39 1.79 0.16 M SC
8.89 2.47 8 65 0.41 1.95 0.16 M SC
9.26 2.35 8.65 0.41 2.03 0.16 M SC
8.89 2.59 9.02 0.34 2.03 0.16 M SC
9.63 2.72 9.14 0.39 2.03 0.16 M SC
9.76 2.47 9.14 0.35 2.18 0.16 M SC
9 88 2.22 9.76 0.37 2.11 0.20 M SC
10.00 2.59 9.51 0.41 2.11 0.20 M SC
9.02 2.59 8.52 0.35 1.72 0.16 M SC
9.02 2.47 8.89 0.35 2.03 0.23 M SC
9 88 2.72 9.39 0.39 2.18 0.20 M SC
9.39 2.22 8.52 0.39 2.03 0.16 M SC
9.39 2.59 8.77 0.35 2.03 0.16 M SC
9.39 2.72 9.02 0.39 2.03 0.16 M SC
10.00 2.72 9.39 0.39 2.18 0.20 M SC
9.76 2.47 8.89 0.39 2.03 0.16 M SC
10.13 2.72 8 89 0.35 1.79 0.25 F VA
12.60 3.71 11.24 0.55 2.26 0.33 F VA
11.86 3.33 11.86 0.43 2.26 0.37 F VA
10.62 3.09 10.00 0.47 1.87 0.35 F VA
12.35 3.58 11.24 0.45 2.26 0.31 F VA
13.09 3.46 11.36 0.47 2.26 0.31 F VA
10.25 2.84 10.62 0.70 1.95 0.18 M PA
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Wing
Length

Wing
Width

Antenna
Length

Eye
Width

Mesotibiai
Length

Mesotibial
Width

Sex State

Hydropsyche hageni 7.04 10.13 2.59 9.76 0.78 1.79 0.16 M PA
Hydropsyche hageni 8.27 9 88 3.09 988 0.66 1.95 0.16 M KY
Hydropsyche hageni 8.89 10.87 3.09 10.87 0.66 2.18 0.16 M KY
Hydropsyche hageni 8 03 10.62 3.09 9.63 0.73 1.79 0.23 M VA

Hydropsychidae Hydropsychinae Hydropsyche hageni 7.29 11.24 3.21 10.87 0.74 2.18 0.23 M VA
Hydropsyche hageni 7.53 10.13 3.21 10.37 0.72 2.11 0.22 M VA
Hydropsyche hageni 7.16 10.37 3.09 11.73 0.55 2.03 0.23 M WV
Hydropsyche hageni 7.41 9.63 2.96 10.00 0.55 1.95 0.23 M WV
Hydropsyche hageni 6.92 9.88 3.09 9.76 0.66 1.79 0.20 M VA
Hydropsyche hageni 6.79 10.62 3.09 10.62 0.74 2.03 0.23 M VA
Hydropsyche hageni 7.04 10.00 2.96 10.87 0.62 1.95 0.23 M WV
Hydropsyche hageni 6.79 9.26 2.84 10.25 0.55 2.03 0.22 M WV
Hydropsyche hageni 6.05 9.63 2.96 10.87 0.57 2.03 0.20 M WV
Hydropsyche hageni 7.16 9.88 2.72 10.74 0.74 2.03 0.23 M VA
Hydropsyche hageni 7.78 10.13 2.84 10.50 0.74 2.11 0.20 M VA
Hydropsyche hageni 7.16 10.25 3.21 10.13 0.74 1.95 0.23 M VA
Hydropsyche hageni 6.79 9.76 2.72 10.50 0.74 1.87 0.20 M VA
Hydropsyche occidentalis 6.92 9.02 2.84 7.66 0.33 1.79 0.27 F MT
Hydropsyche occidentalis 5.93 8.77 2.72 11.24 0.31 1.87 0.23 F MT
Hydropsyche occidentalis 6.55 9.63 2.59 7.78 0.31 1.95 0.25 F MT
Hydropsyche occidentalis 6.55 9.51 2.72 7.90 0.35 1.79 0.23 F MT
Hydropsyche occidentalis 7.16 9.39 2.59 7.66 0.31 1.87 0.27 F MT
Hydropsyche occidentalis 6.42 10.50 2.84 7.66 0.31 2.03 0.29 F CA
Hydropsyche occidentalis 6.18 8.40 2.47 6.30 0.35 1.72 0.23 F MT
Hydropsyche occidentalis 6.42 9.39 2.72 7.53 0.31 1.79 0.25 F MT
Hydropsyche occidentalis 6.30 9.02 2.59 6.92 0.31 1.72 0.23 F MT
Hydropsyche occidentalis 5.93 8.89 2.47 8.15 0.31 1.95 0.31 F MT
Hydropsyche occidentalis 6.42 9.14 2.84 8.15 0.30 1.79 0.30 F MT
Hydropsyche occidentalis 5.68 8.27 2.35 7.78 0.31 1.72 0.30 F MT
Hydropsyche occidentalis 6.42 8.27 2.47 7.53 0.31 1.72 0.23 F MT
Hydropsyche occidentalis 6.55 9.14 2.59 7.66 0.27 1.95 0.25 F MT
Hydropsyche occidentalis 5.93 8.27 2.47 7.66 0.27 1.72 0.23 F MT
Hydropsyche occidentalis 7.41 9.39 2.96 9.02 0.31 1.95 0.23 F MT
Hydropsyche occidentalis 6.30 8 89 2.72 7.90 0.31 1.72 0.27 F MT
Hydropsyche occidentalis 6.79 8 65 2.59 8.03 0.27 1.72 0.23 F MT
Hydropsyche occidentalis 6.18 9.02 2.59 7.53 0.27 1.72 0.23 F MT
Hydropsyche occidentalis 6.67 8.89 2.47 8.03 0.31 1.79 0.23 F MT
Hydropsyche occidentalis 6.55 9 88 2.72 11.36 0.35 2.03 0.23 M CA
Hydropsyche occidentalis 7.29 10.74 3.09 12.47 0.39 2.18 0.16 M CA
Hydropsyche occidentalis 5.93 9.51 2.59 11.73 0.31 1.95 0.16 M CA
Hydropsyche occidentalis 6.30 9.76 2.72 11.24 0.39 1.87 0.16 M CA
Hydropsyche occidentalis 6.30 9.63 2.72 10.50 0.39 1.95 0.18 M CA
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Hydropsychidae Hydropsychinae Hydropsyche occidentalis 6.67
Hydropsyche occidentalis 6.42
Hydropsyche occidentalis 6.30
Hydropsyche occidentalis 6.05
Hydropsyche occidentalis 5.19
Hydropsyche occidentalis 5.80
Hydropsyche occidentalis 5.93
Hydropsyche occidentalis 6.18
Hydropsyche occidentalis 5.93
Hydropsyche occidentalis 5.56
Hydropsyche occidentalis 6.30
Hydropsyche occidentalis 5.68
Hydropsyche occidentalis 5.93
Hydropsyche occidentalis 5.56
Hydropsyche occidentalis 4.94
Hydropsyche occidentalis 5.56
Hydropsyche scalaris 9.76
Hydropsyche scalaris 7.53
Hydropsyche scalaris 9.02
Hydropsyche scalaris 8.03
Hydropsyche scalaris 889
Hydropsyche scalaris 7.66
Hydropsyche scalaris 8.65
Hydropsyche scalaris 6.18
Hydropsyche scalaris 7.41
Hydropsyche scalaris 9.02
Hydropsyche scalaris 8.15
Hydropsyche scalaris 8.40
Hydropsyche scalaris 9.26
Hydropsyche scalaris 7.78
Hydropsyche scalaris 8.40
Hydropsyche scalaris 8.40
Hydropsyche scalaris 9.26
Hydropsyche scalaris 8.52
Hydropsyche scalaris 8.27
Hydropsyche scalaris 8.40
Hydropsyche scalaris 8.77
Hydropsyche scalaris 9.02

Hydropsychidae Hydropsychinae Hydropsyche scalaris 803
Hydropsyche scalaris 8.27
Hydropsyche scalaris 8.65

Hydropsychidae Hydropsychinae Potamyia Jlava 5.06

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

10.25 2.84 11.12 0.35 2.03 0.16 M CA
9.51 2.72 10.99 0.39 2.11 0.18 M CA
9.14 2.72 10.25 0.39 1.95 0.16 M CA
10.25 2.84 10.25 0.31 2.11 0.16 M CA
10.13 3.09 9.63 0.35 1.95 0.16 M CA
8 65 2.35 9.51 0.31 1.79 0.20 M MT
9.02 2.47 10.25 0.35 1.79 0.20 M MT
9.51 2.47 8.65 0.27 1.72 0.17 M MT
8.15 2.35 9.51 0.33 1.72 0.16 M MT
8 65 2.47 9.88 0.31 1.79 0.16 M MT
9.26 2.59 11.36 0.33 1.72 0.16 M MT
8 65 2.59 9.26 0.33 1.79 0.20 M MT
8.65 2.72 10.37 0.35 1.72 0.16 M MT
8.52 2.47 10.13 0.31 1.72 0.17 M MT
8.15 2.22 9.39 0.31 1.64 0.16 M MT
7.66 2.10 8.40 0.27 1.56 0.16 M MT
11.73 3.46 11.36 0.47 2.18 0.31 F VA
11.49 3.21 10.13 0.43 2.11 0.35 F PA
11.36 3.21 11.12 0.43 2.18 0.31 F PA
11.73 3.33 10.13 0.43 2.18 0.31 F PA
11.73 3.21 11.49 0.43 2.18 0.31 F PA
10.99 3.09 13.83 0.74 2.11 0.23 M VA
10.50 3.09 13.09 0.43 2.18 0.23 M PA
8.27 2.72 12.60 0.31 1.64 0.16 M TX
10.62 3.21 18.15 0.59 2.03 0.16 M SC
11.12 3.33 14.20 0.55 2.18 0.23 M PA
10.99 3.33 14.33 0.55 2.26 0.23 M PA
11.12 3.21 13.96 0.49 2.11 0.23 M PA
11.12 3.33 13.96 0.55 2.11 0.23 M PA
10.50 3.33 14.08 0.55 2.11 0.23 M PA
10.87 3.21 14.20 0.51 2.26 0.23 M PA
11.36 3.09 14.20 0.51 2.11 0.23 M PA
11.12 3 33 13.96 0.55 2.18 0.23 M PA
10.62 3.21 13.09 0.47 2.03 0.23 M PA
11.12 2.96 1183 0.55 2.18 0.23 M PA
10.99 3.21 13.96 0.51 2.11 0.23 M PA
10.99 3.09 14.33 0.51 2.18 0.23 M PA
11.12 3.33 14.20 0.51 2.11 0.23 M PA
10.13 3.21 13.59 0.51 1.87 0.23 M PA
10.25 3.09 13.83 0.51 2.11 0.23 M PA
10.50 3.21 13.83 0.51 2.11 0.23 M PA
7.90 2.10 8.77 0.31 1.40 0.31 F FL
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Length Width Length Width Length Width

Potamyia Jlava 6.30 7.78 2.10 9.51 0.31 1.56 0.23 F FL
Potamyia Jlava 5.31 7.41 1.98 9.76 0.27 1.25 0.18 F FL
Potamyia Jlava 5.56 6.79 1.98 8.77 0.23 1.33 0.23 F OK
Potamyia Jlava 6.79 8.27 2.35 9.26 0.31 1.56 0.31 F TX
Potamyia Jlava 6.30 7.90 2.47 10.13 0.31 1.48 0.27 F TX
Potamyia Jlava 6.18 7.41 1.98 8.89 0.27 1.33 0.23 F OK
Potamyia Jlava 5.43 6.92 2.22 8.52 0.23 1.25 0.23 F OK
Potamyia Jlava 5.80 7.29 2.10 9.26 0.25 1.40 0.23 F MA
Potamyia Jlava 5.56 6.55 1.85 7.66 0.25 1.33 0.20 F MA
Potamyia Jlava 5.19 6.67 2.10 8.15 0.27 1.25 0.23 F MA
Potamyia Jlava 5.93 6.92 2.22 8.65 0.23 1.33 0.23 F MA
Potamyia Jlava 6.42 7.41 2.10 8 89 0.30 1.33 0.23 F MA
Potamyia Jlava 5.43 7.66 2.10 9.76 0.27 1.56 0.23 F MA
Potamyia Jlava 5.93 8.03 2.10 9.76 0.31 1.40 0.23 F MA
Potamyia Jlava 6.05 7.41 2.10 9.26 0.25 1.40 0.23 F MA
Potamyia Jlava 4.69 6.55 2.10 8.40 0.25 1.33 0.22 F MA
Potamyia Jlava 5.93 7.78 2.22 9.39 0.27 1.40 0.23 F MA
Potamyia Jlava 5.19 7.53 2.22 15.07 0.23 1.56 0.16 M OK
Potamyia Jlava 5.93 8.27 2.47 17.54 0.27 1.56 0.14 M OK
Potamyia Jlava 4.57 7.41 2.22 15.19 0.33 1.40 0.12 M FL
Potamyia Jlava 4.32 8.40 2.10 14.33 0.27 1.48 0.08 M FL
Potamyia Jlava 4.94 7.78 2.35 16.18 0.25 1.56 0.12 M OK
Potamyia Jlava 5.06 8.40 2.35 17.41 0.27 1.64 0.12 M TX
Potamyia Jlava 5.31 8.27 2.35 18.77 0.27 1.48 0.10 M TX
Potamyia Jlava 5.80 8.77 2.47 17.54 0.30 1.79 0.13 M TX
Potamyia Jlava 5.68 9.02 2.59 19.02 0.31 1.64 0.13 M TX
Potamyia Jlava 5.80 8.65 2.59 17.91 0.27 1.72 0.08 M TX
Potamyia Jlava 5.93 8.89 2.59 18.77 0.29 1.48 0.14 M TX
Potamyia Jlava 4.82 8 89 2.47 17.54 0.27 1.72 0.14 M TX
Potamyia Jlava 4.94 8.03 2.10 15.81 0.23 1.48 0.14 M OK
Potamyia Jlava 5.56 7.41 2.10 14.94 0.23 1.48 0.12 M OK
Potamyia Jlava 5.43 8.03 2.22 16.18 0.23 1.56 0.12 M TX
Potamyia Jlava 4.94 7.29 2.22 16.92 0.31 1.56 0.14 M OK
Potamyia Jlava 5.80 8.15 2.47 16.18 0.23 1.64 0.09 M OK

Hydropsychidae Hydropsychinae Potamyia Jlava 5.31 8.15 2.47 15.81 0.27 1.64 0.16 M OK
Potamyia Jlava 5.19 7.66 2.22 15.31 0.22 1.56 0.12 M OK
Potamyia Jlava 5.68 8.65 2.22 18.90 0.27 1.64 0.12 M MA

Hydropsychidae Macronematinae Leptonema albovirens 10.50 14.45 4.69 0.47 3.28 0.31 F CR
Leptonema albovirens 11.24 14.45 5.06 0.51 3.74 0.31 F CR
Leptonema albovirens 11.73 14.33 5.06 0.47 3.74 0.31 F CR
Leptonema albovirens 9.39 12.35 4.20 0.45 3.35 0.31 F CR
Leptonema albovirens 11.12 14.82 5.19 0.47 3.82 0.31 F CR

114



Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Length Width Length Width Length Width

Leptonema albovirens 11.36 14.45 4.57 0.47 135 0.31 F CR
Leptonema albovirens 10.13 14.08 4.94 0.43 3.59 0.31 F CR
Leptonema albovirens 15.07 16.30 5 68 25.07 0.43 3.43 0.27 F CR
Leptonema albovirens 10.87 16.18 5.43 26.68 0.55 4.21 0.31 F MX
Leptonema albovirens 12.35 14.45 5.19 22.60 0.51 3.67 0.31 F CR
Leptonema albovirens 11.73 14.94 4.94 0.47 3.90 0.31 F CR
Leptonema albovirens 12.35 14.82 5.19 0.51 3.74 0.31 F CR
Leptonema albovirens 11.73 18.40 6.55 30.63 0.55 4.68 0.31 F MX
Leptonema albovirens 12.84 19.51 5.93 27.29 0.55 4.37 0.39 F MX
Leptonema albovirens 9.39 13.34 4.69 0.47 3.51 0.23 M CR
Leptonema albovirens 9.63 13.34 4.94 0.47 3.51 0.23 M CR
Leptonema albovirens 9.26 12.23 4.45 0.43 3.12 0.23 M CR
Leptonema albovirens 9.02 12.10 4.20 0.43 3.35 0.23 M CR
Leptonema albovirens 9.51 11.98 3.95 25.07 0.39 2 89 0.25 M CR
Leptonema albovirens 10.00 13.71 4.82 0.39 3.43 0.31 M CR
Leptonema albovirens 9 88 13.71 4.57 0.44 3.51 0.31 M CR
Leptonema albovirens 10.13 13.59 4.69 0.47 3.59 0.31 M CR
Leptonema albovirens 8.77 11.86 4.32 0.47 3.20 0.23 M CR
Leptonema albovirens 10.00 12.60 4.69 0.39 3.43 0.31 M CR

Hydropsychidae Macronematinae Macrostemnm Carolina 11.60 12.30 4.20 14.70 0.45 2.70 0.42 F SC
Macrostemum Carolina 10.10 13.60 4.60 14.30 0.52 2.90 0.51 F SC
Macrostemum Carolina 10.00 12.50 4.30 10.30 0.34 2.60 0.49 F SC
Macrostemum Carolina 10.90 13.30 4.50 13.70 0.55 2.70 0.45 F SC
Macrostemum Carolina 11.20 12.20 4.20 9.10 0.66 2.70 0.42 F SC
Macrostemum Carolina 9.30 12.50 3.90 11.10 0.59 2.50 0.43 F SC
Macrostemum Carolina 10.60 14.70 4.40 15.20 0.48 3.00 0.50 F SC
Macrostemum Carolina 9.80 12.90 4.30 14.20 0.45 2.20 0.45 F SC
Macrostemum Carolina 8.60 12.70 3.90 12.20 0.45 2.70 0.42 F SC
Macrostemum Carolina 10.10 12.70 4.00 14.10 0.45 2.70 0.47 F SC
Macrostemum Carolina 8.20 10.50 3.40 11.80 0.38 2.40 0.39 F GA

Hydropsychidae Macronematinae Macrostemum Carolina 9.40 10.70 3.50 13.70 0.45 2.30 0.42 F GA
Macrostemum Carolina 10.10 11.60 4.10 13.20 0.48 2.60 0.45 F GA
Macrostemum Carolina 9.50 11.70 3.70 11.30 0.48 2.50 0.42 F GA
Macrostemum Carolina 8.00 10.30 3.50 12.80 0.41 2.30 0.42 F GA
Macrostemum Carolina 8.50 10.30 3.30 10.50 0.45 2.30 0.37 F GA
Macrostemum Carolina 8.20 10.10 3.20 12.20 0.41 2.20 0.37 F GA
Macrostemum Carolina 9.90 11.20 4.20 12.70 0.41 2.50 0.47 F GA
Macrostemum Carolina 10.00 11.70 4.00 13.10 0.45 2.70 0.46 F GA
Macrostemum Carolina 9.20 10.80 3.70 13.20 0.48 2.40 0.42 F GA
Macrostemum Carolina 8.80 10.30 3.40 22.60 0.66 1.60 0.26 M SC
Macrostemum Carolina 8.90 10.30 3.80 16.30 0.52 2.70 0.25 M SC
Macrostemum Carolina 8.60 11.10 3.80 24.30 0.45 2.70 0.25 M SC
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Appendix B. Raw data (continued). 

Family Subfamily Genus Species Body

Macrostemum Carolina
Length

7.40
Macrostemum Carolina 8.70
Macrostemum Carolina 8.20
Macrostemum Carolina 9.00
Macrostemum Carolina 9.70
Macrostemum Carolina 9.10
Macrostemum Carolina 8.60
Macrostemum Carolina 8.50
Macrostemum Carolina 8.60
Macrostemum Carolina 9.40
Macrostemum Carolina 8.60
Macrostemum Carolina 9.30
Macrostemum Carolina 9.30
Macrostemum Carolina 9.20
Macrostemum Carolina 8.40
Macrostemum Carolina 8.30
Macrostemum Carolina 8.50
Macrostemum zebratum 9.26
Macrostemum zebratum 9.51
Macrostemum zebratum 10.50
Macrostemum zebratum 9.02
Macrostemum zebratum 8.40
Macrostemum zebratum 10.62
Macrostemum zebratum 11.36
Macrostemum zebratum 10.50
Macrostemum zebratum 10.87

Hydropsychidae Macronematinae Macrostemum zebratum 11.36
Macrostemum zebratum 10.62
Macrostemum zebratum 8.77
Macrostemum zebratum 8.65
Macrostemum zebratum 9.02
Macrostemum zebratum 9.51
Macrostemum zebratum 9.26
Macrostemum zebratum 9.63
Macrostemum zebratum 8.65
Macrostemum zebratum 8.65
Macrostemum zebratum 10.62
Macrostemum zebratum 8.89
Macrostemum zebratum 10.13
Macrostemum zebratum 9.51
Macrostemum zebratum 10.87
Macrostemum zebratum 10.74

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

10.70 3.50 19.30 0.48 2.50 0.26 M SC
10.30 3.70 21.50 0.55 2.50 0.24 M SC
9 80 3.50 19.90 0.59 2.30 0.24 M SC
10.40 3.90 19.50 0.41 2.80 0.24 M SC
10.30 3.50 21.30 0.41 2.60 0.21 M SC
10.90 3.80 23.60 0.38 2.80 0.26 M SC
11.30 3.90 22.20 0.38 2.80 0.26 M SC
9.90 3.50 19.70 0.45 2.50 0.22 M SC
10.60 3.80 21.30 0.48 2.70 0.28 M SC
11.60 4.10 25.10 0.45 2.60 0.24 M SC
10.90 3.60 20.80 0.55 2.70 0.24 M SC
10.90 3.80 23.30 0.55 2.80 0.24 M SC
11.70 4.20 22.30 0.52 2.90 0.26 M SC
11.20 3 80 26.10 0.41 2.80 0.26 M SC
11.40 3.80 23.60 0.41 2.70 0.25 M SC
10.70 3.80 24.70 0.45 2.70 0.26 M SC
10.30 3.70 20.90 0 38 2.70 0.26 M SC
13.96 3.95 17.66 0.39 2.57 0.47 F VA
13.21 3.71 18.40 0.43 2.73 0.44 F VA
12.72 3.71 17.78 0.48 2.50 0.47 F MD
11.24 3.33 15.07 0.43 2.18 0.43 F VA
10.13 2.96 15.31 0.37 1.79 0.34 F VA
12.35 3.71 16.67 0.51 2.57 0.47 F MD
14.82 4.32 21.37 0.47 3.67 0.55 F ON
12.47 3.95 19.14 0.47 2.57 0.47 F WI
12.84 3.71 19.27 0.39 2.42 0.44 F WI
12.47 3.95 19.02 0.37 2.34 0.47 F WI
13.59 4.08 18.77 0.51 2.57 0.43 F WI
13.21 3.46 17.78 0.51 2.57 0.43 F WI
11.61 133 18.53 0.47 2.42 0.39 F WI
10.37 3.21 18.90 0.39 1.95 0.37 F VA
11.49 3.09 15.07 0.41 2.26 0.39 F VA
10.87 3.09 15.68 0 35 2.34 0.39 F VA
11.86 3.09 15.56 0.43 2.34 0.39 F VA
10.62 3.21 15.19 0.39 2.26 0.39 F VA
10.99 3.21 15.07 0.41 2.18 0.39 F VA
12.60 3.71 18.15 0.45 2.57 0.45 F MD
10.99 3.09 15.19 0.37 2.26 0.39 F MD
14.20 4.08 20.75 0.47 2.57 0.48 F VA
11.86 3.71 15.44 0.39 2.34 0.47 F EL
12.97 3.71 17.54 0.43 2.81 0.47 F IL
13.34 3.58 16.92 0.43 Z89 0.47 F EL
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Macrostemum zebratum 10.74
Macrostemum zebratum 10.87
Macrostemum zebratum 9 88
Macrostemum zebratum 10.62
Macrostemum zebratum 8.52
Macrostemum zebratum 10.25
Macrostemum zebratum 8.89
Macrostemum zebratum 8.77
Macrostemum zebratum 7.53
Macrostemum zebratum 11.61
Macrostemum zebratum 8.15
Macrostemum zebratum 10.99
Macrostemum zebratum 7.90
Macrostemum zebratum 8.89
Macrostemum zebratum 9.63
Macrostemum zebratum 9.02
Macrostemum zebratum 8.77
Macrostemum zebratum 9.26
Macrostemum zebratum 8 65
Macrostemum zebratum 8.89
Macrostemum zebratum 8.27
Macrostemum zebratum 8.15

Hydropsychidae Macronematinae Macrostemum zebratum 7.90
Macrostemum zebratum 9.63
Macrostemum zebratum 8.77
Macrostemum zebratum 8.40
Macrostemum zebratum 9.26
Macrostemum zebratum 9.02
Macrostemum zebratum 8 65
Macrostemum zebratum 8.40
Macrostemum zebratum 9.20
Macrostemum zebratum 10.74
Macrostemum zebratum 9 39
Macrostemum zebratum 9.26
Macrostemum zebratum 9.14
Macrostemum zebratum 9.39
Macrostemum zebratum 7.90
Macrostemum zebratum 10.25
Macrostemum zebratum 9.63
Macrostemum zebratum 9.39
Macrostemum zebratum 7.41
Macrostemum zebratum 8.27

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

12.84 3.46 16.18 0.43 2.42 0.43 F MD
13.83 3.83 19.14 0.43 2.65 0.47 F IL
12.60 3.83 18.53 0.47 2.73 0.49 F IL
12.72 3.83 16.30 0.47 2.57 0.47 F MD
13.09 3.71 18.28 0.43 2.34 0.47 F IL
12.72 3.71 17.78 0.48 2.57 0.43 F MD
13.83 3.83 29.89 0.43 2.89 0.23 M MN
14.45 3 83 41.37 0.39 3.04 0.23 M ON
14.33 3.95 43.47 0.55 2.89 0.27 M ON
15.56 4.32 46.44 0.39 3.35 0.30 M ON
14.20 4.08 42.98 0.39 3.12 0.31 M ON
15.44 4.08 47.55 0.43 3.28 0.31 M ON
14.82 3.95 45.08 0.43 3.20 0.27 M ON
14.57 3.95 43.35 0.43 3.12 0.27 M ON
16.06 4.20 48.04 0.43 3.82 0.27 M ON
15.19 4.20 47.05 0.43 3.20 0.23 M ON
12.35 3.21 35.20 0.39 2.81 0.30 M IL
14.82 4.08 44.71 0.43 3.12 0.31 M ON
15.44 3.95 36.06 0.39 189 0.30 M ON
14.70 3.95 46.44 0.43 3.04 0.31 M ON
14.94 3.71 45.70 0.43 2.96 0.23 M ON
12.84 3.58 40.01 0.45 2.81 0.27 M VA
12.35 3.46 35.44 0.37 2.96 0.31 M IL
13.34 3.71 41.00 0.39 3.04 0.30 M IL
13.09 3.83 38.90 0.39 3.04 0.27 M IL
13.21 3.71 40.76 0.39 3.04 0.27 M IL
13.83 183 37.30 0.43 3.04 0.31 M IL
13.83 3.83 43.23 0.39 2.96 0.31 M WI
12.35 3.33 36.43 0.35 2.96 0.31 M IL
13.34 3 83 39.52 0.43 2.65 0.23 M VA
13.88 3.59 41.03 0.43 3.12 0.23 M IN
14.20 3.71 44.83 0.39 3.12 0.31 M VA
14.82 4.20 46.93 0.43 3.28 0.31 M VA
14.94 3.83 46.93 0.39 2.96 0.31 M VA
13.96 3.95 43.23 0.41 3.12 0.31 M VA
14.57 3.95 42.98 0.43 3.04 0.31 M WI
12.47 3.33 35.94 0.37 2.81 0.27 M IL
13.96 3.71 43.10 0.43 3.04 0.31 M WI
14.20 183 42.73 0.35 3.04 0.31 M IL
13.59 3.58 41.13 0.39 2.50 0.23 M WV
13.09 3.71 40.88 0.35 2.50 0.20 M WV
13.46 3.71 43.47 0.47 2.73 0.23 M WV
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Wing
Length

Wing
Width

Antenna
Length

Eye
Width

Mesotibial
Length

Mesotibial
Width

Sex State

Macrostemum zebratum 8.40 13.59 3.71 41.13 0.41 2.73 0.23 M WV
Macrostemum zebratum 9.02 13.34 3.33 38.90 0.39 2.73 0.27 M WV
Macrostemum zebratum 8.77 13.59 4.08 45.02 0.43 2.89 0.31 M WV
Macrostemum zebratum 8.27 14.45 3.95 44.58 0.43 2.89 0.23 M WV

Hydropsychidae Smicrideinae Smicridea dispar 3.95 5.80 1.73 4.69 0.23 1.33 0.16 F CA
Smicridea dispar 4.57 6.55 1.85 5.19 0.27 1.33 0.17 F CA
Smicridea dispar 3.83 5.68 1.85 4.32 0.31 1.17 0.16 F CA
Smicridea dispar 4.08 6.42 1.61 4.57 0.31 1.17 0.16 F CA
Smicridea dispar 4.82 6.67 2.10 5.43 0.23 1.25 0.16 F CA
Smicridea dispar 4.57 6.42 2.10 4.94 0.31 1.40 0.16 F CA
Smicridea dispar 3.58 6.05 2.10 4.57 0.31 1.25 0.12 F CA
Smicridea dispar 4.94 6.55 2.10 5.06 0.31 1.33 0.16 F CA
Smicridea dispar 4.69 6.42 1.98 4.94 0.26 1.25 0.16 F CA
Smicridea dispar 4.08 6.18 1.85 4.69 0.31 1.33 0.16 F CA
Smicridea dispar 4.20 6.30 1.98 5.06 0.31 1.25 0.18 F CA
Smicridea dispar 4.45 6.18 1.85 4.82 0.31 1.25 0.18 F CA
Smicridea dispar 3 83 5.19 1.85 5.06 0.31 1.25 0.10 M CA
Smicridea dispar 3.71 5.68 1.73 5.31 0.31 1.33 0.08 M CA

Hydropsychidae Smicrideinae Smicridea dispar 3.83 5.68 1.98 5.80 0.31 1.40 0.12 M CA
Smicridea dispar 3.95 5.80 1.85 5.56 0.27 1.40 0.12 M CA
Smicridea dispar 3 83 6.05 1.85 5.31 0.31 1.25 0.16 M CA
Smicridea dispar 3.83 5.43 1.85 5.06 0.31 1.17 0.12 M CA
Smicridea dispar 4.08 5.80 1.85 5.43 0.31 1.33 0.12 M CA
Smicridea dispar 4.08 5.80 2.22 5.06 0.31 1.33 0.12 M CA
Smicridea dispar 3.83 5.93 1.98 5.68 0.31 1.40 0.12 M CA
Smicridea dispar 3.71 5.80 1.48 5.31 0.39 1.33 0.08 M CA
Smicridea dispar 3.83 5.56 2.10 5.06 0.31 1.33 0.12 M CA
Smicridea dispar 3.95 5.80 1.73 5.68 0.31 1.25 008 M CA
Smicridea dispar 3.33 4.94 1.61 4.57 0.23 1.33 0.16 M CA
Smicridea dispar 3.33 5.56 1.85 4.69 0.23 1.33 0.16 M CA
Smicridea dispar 3 83 5.56 1.85 5.06 0.31 1.33 0.09 M CA
Smicridea dispar 4.20 6.05 2.10 5.68 0.27 1.33 0.12 M CA
Smicridea dispar 183 5.80 1.85 5.56 0.31 1.17 0.12 M CA
Smicridea dispar 3.83 6.05 1.85 5.68 0.31 1.25 0.08 M CA
Smicridea dispar 3.71 5.68 1.85 5.19 0.31 1.33 0.08 M CA
Smicridea dispar 183 5.93 1.85 5.68 0.23 1.33 008 M CA
Smicridea dithyra 4.80 5.90 1.90 5.60 0.17 1.30 0.16 F MX
Smicridea dithyra 4.60 5.50 1.70 5.40 0.21 1.30 0.16 F MX
Smicridea dithyra 4.30 5.80 1.70 5.70 0.21 1.30 0.16 F MX
Smicridea dithyra 4.30 5.70 1.80 5.50 0.17 1.30 0.16 F MX
Smicridea dithyra 5.10 5.60 1.90 5.50 0.21 1.30 0.16 F MX
Smicridea dithyra 5.00 5.80 1.80 5.50 0.21 1.30 0.16 F MX
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Wing
Length

Wing
Width

Antenna
Length

Eye
Width

Mesotibial
Length

MesotibiaI
Width

Sex State

Smicridea dithyra 5.00 6.10 1.90 5.60 0.21 1.20 0.12 F MX
Smicridea dithyra 4.40 5.70 2.00 6.10 0.21 1.20 0.16 F MX
Smicridea dithyra 4.10 5.40 1.70 5.70 0.17 1.20 0.16 F MX
Smicridea dithyra 4.40 5.70 1.80 5.70 0.24 1.20 0.16 F MX
Smicridea dithyra 4.60 6.00 1.90 6.00 0.17 1.30 0.16 F MX
Smicridea dithyra 5.00 6.00 1.90 6.20 0.21 1.30 0.20 F MX
Smicridea dithyra 4.20 5.30 1.70 5.30 0.21 1.20 0.14 F MX
Smicridea dithyra 4.20 6.00 1.90 6.10 0.21 1.30 0.17 F MX
Smicridea dithyra 5.10 5.80 2.00 5.30 0.21 1.30 0.14 F MX
Smicridea dithyra 4.30 5.70 1.90 5.30 0.21 1.20 0.16 F MX
Smicridea dithyra 5.10 5.30 1.70 5.40 0.21 1.20 0.16 F MX
Smicridea dithyra 4.80 5.70 1.70 5.20 0.21 1.20 0.13 F MX
Smicridea dithyra 4.60 6.10 1.90 5.70 0.21 1.40 0.16 F MX
Smicridea dithyra 5.00 6.10 1.90 6.00 0.17 1.30 0.14 F MX

Hydropsychidae Smicrideinae Smicridea dithyra 4.60 5.00 1.70 5.30 0.24 1.20 0.11 M MX
Smicridea dithyra 4.30 5.50 1.70 5.60 0.17 1.30 0.11 M MX
Smicridea dithyra 4.60 5.00 1.90 6.20 0.17 1.30 0.11 M MX
Smicridea dithyra 4.60 5.50 1.80 5.80 0.21 1.30 0.11 M MX
Smicridea dithyra 4.30 5.20 1.80 5.80 0.19 1.40 0.11 M MX
Smicridea dithyra 4.50 5.50 1.90 5.60 0.21 1.40 0.11 M MX
Smicridea dithyra 4.70 5.20 1.80 5.50 0.21 1.20 0.11 M MX
Smicridea dithyra 4.40 5.30 1.90 5.70 0.17 1.20 0.11 M MX
Smicridea dithyra 4.60 5.30 1.80 580 0.24 1.30 0.11 M MX
Smicridea dithyra 4.50 5.00 1.90 6.00 0.21 1.30 0.11 M MX
Smicridea dithyra 4.10 5.20 1.60 5.60 0.21 1.30 0.11 M MX
Smicridea dithyra 4.20 5.20 1.60 5.60 0.24 1.30 0.11 M MX
Smicridea dithyra 4.40 5.50 1.80 5.00 0.24 1.30 0.11 M MX
Smicridea dithyra 4.50 5.40 1.80 5.40 0.24 1.30 0.12 M MX
Smicridea dithyra 4.20 5.50 1.90 6.00 0.17 1.30 0.11 M MX
Smicridea dithyra 4.50 5.10 1.90 5.50 0.22 1.30 0.11 M MX
Smicridea dithyra 4.30 5.80 1.80 5.20 0.24 1.20 0.11 M MX
Smicridea dithyra 4.10 5.50 1.80 5.60 0.24 1.30 0.12 M MX
Smicridea dithyra 4.80 5.20 1.60 5.50 0.24 1.30 0.11 M MX
Smicridea dithyra 4.80 5.30 1.80 6.00 0.21 1.30 0.11 M MX
Smicridea fasciatella 5.06 6.79 2.22 6.05 0.25 1.33 0.16 F TX
Smicridea fasciatella 5.19 6.42 1.85 5.31 0.27 1.40 0.16 F TX
Smicridea fasciatella 5.06 6.55 2.10 5 68 0.27 1.40 0.16 F TX
Smicridea fasciatella 4.94 6.30 1.98 5.19 0.23 1.40 0.16 F TX
Smicridea fasciatella 5.80 6.67 2.22 5.56 0.23 1.48 0.20 F CA
Smicridea fasciatella 5.31 6.42 2.10 5.31 0.23 1.40 0.16 F TX
Smicridea fasciatella 5.06 6.18 1.85 5.31 0.23 1.48 0.14 F TX
Smicridea fasciatella 6.18 6.67 2.10 5.80 0.25 1.33 0.17 F CA
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Smicridea fasciatella 6.42
Smicridea fasciatella 5.31
Smicridea fasciatella 5.80
Smicridea fasciatella 4.57
Smicridea fasciatella 6.55
Smicridea fasciatella 4.82
Smicridea fasciatella 4.82
Smicridea fasciatella 5.19
Smicridea fasciatella 5.56
Smicridea fasciatella 6.18

Hydropsychidae Smicrideinae Smicridea fasciatella 4.94
Smicridea fasciatella 5.43
Smicridea fasciatella 4.94
Smicridea fasciatella 4.94
Smicridea fasciatella 4.32
Smicridea fasciatella 4.45
Smicridea fasciatella 4.45
Smicridea fasciatella 4.69
Smicridea fasciatella 5.68
Smicridea fasciatella 4.82
Smicridea fasciatella 4.69
Smicridea fasciatella 4.82
Smicridea fasciatella 4.69
Smicridea fasciatella 4.57
Smicridea fasciatella 5.06
Smicridea fasciatella 5.93
Smicridea fasciatella 4.57
Smicridea fasciatella 4.57
Smicridea fasciatella 4.57
Smicridea fasciatella 5.43
Smicridea fasciatella 5.68
Smicridea fasciatella 4.57

Philopotamidae Chimarrinae Chimarra aterrima 5.68
Chimarra aterrima 5.80
Chimarra aterrima 5.43
Chimarra aterrima 5.31
Chimarra aterrima 5.43
Chimarra aterrima 5 68
Chimarra aterrima 5.43
Chimarra aterrima 5.80
Chimarra aterrima 6.18
Chimarra aterrima 5.93

Wing Wing Antenna Eye Mesotibial Mesotibiai Sex State
Length Width Length Width Length Width

6.79 2.10 5.19 0.25 1.48 0.16 F CA
6.55 2.10 5.56 0.23 1.48 0.16 F CA
6.55 2.10 5.56 0.27 1.33 0.16 F TX
6.79 2.22 5.68 0.23 1.33 0.14 F TX
6.42 2.10 6.05 0.27 1.48 0.20 F CA
6.42 2.10 5.31 0.25 1.17 0.22 F CA
6.18 2.10 5.06 0.25 1.56 0.14 F TX
6.55 2.10 568 0.31 1.56 0.16 F TX
6.79 2.10 580 0.25 1.56 0.16 F CA
6.18 1.98 5.93 0.25 1.48 0.16 F CA
6.67 1.98 5.43 0.23 1.40 0.17 F CA
6.30 1.98 5.43 0.27 1.40 0.20 F CA
6.42 2.10 6.55 0.31 1.56 0.14 M TX
7.04 2.10 6.18 0.23 1.48 0.16 M TX
6.30 2.10 5.68 0.22 1.33 0.12 M CA
6.42 1.85 6.18 0.27 1.40 0.12 M CA
5.68 1.85 5.43 0.27 1.40 0.16 M TX
6.55 2.10 6.30 0.23 1.48 0.16 M TX
6.67 1.85 5.80 0.25 1.56 0.12 M CA
6.30 1.98 6.30 0.23 1.56 0.16 M TX
6.55 2.10 6.30 0.27 1.48 0.14 M TX
6.30 2.10 6.30 0.27 1.48 0.14 M TX
5.80 1.98 5.56 0.25 1.17 0.14 M TX
6.30 1.73 5.93 0.23 1.48 0.09 M CA
6.42 1.98 6.42 0.27 1.33 0.14 M CA
5.56 1.85 5.80 0.23 1.40 0.14 M CA
5.80 1.85 5.93 0.27 1.40 0.14 M TX
5.93 1.85 5.56 0.23 1.48 0.14 M CA
6.30 1.73 6.18 0.23 1.48 0.14 M TX
6.55 Z22 6.42 0.27 1.33 0.12 M CA
6.55 1.98 6.30 0.25 1.48 0.14 M CA
6.30 1.85 5.93 0.25 1.17 0.12 M CA
8.15 2.22 6.30 0.23 1.40 0.16 F VA
7.41 2.10 6.05 0.27 1.48 0.16 F VA
7.78 1.73 593 0.27 1.48 0.16 F VA
7.78 2.22 6.30 0.23 1.56 0.20 F VA
7.66 2.10 5.80 0.27 1.25 0.16 F VA
7.53 1.98 5.80 0.23 1.48 0.16 F VA
6.79 2.22 6.05 0.23 1.48 0.16 F VA
7.53 1.98 5.80 0.23 1.40 0.16 F VA
7.53 1.98 6.30 0.23 1.48 0.20 F VA
7.66 2.10 5.93 0.23 1.56 0.16 F VA

120



Appendix B. Raw data (continued).

Family Subfamily

Philopotamidae Chimarrinae

Genus Species Body Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Length Width Length Width Length Width

Chimarra aterrima 5.80 8.03 2.22 6.05 0.27 1.56 0.16 F VA
Chimarra aterrima 6.18 8.03 2.10 6.30 0.27 1.48 0.16 F VA
Chimarra aterrima 5.43 7.90 1.98 6.67 0.23 1.48 0.16 F VA
Chimarra aterrima 5.43 7.53 2.10 6.30 0.23 1.40 0.16 F VA
Chimarra aterrima 5.68 7.41 2.22 5.31 0.23 1.33 0.16 F VA
Chimarra aterrima 6.55 8.03 2.10 6.30 0.27 1.40 0.16 F VA
Chimarra aterrima 5.56 6.79 1.98 5.80 0.23 1.48 0.16 F VA
Chimarra aterrima 5.43 7.53 1.98 5.68 0.27 1.56 0.16 F VA
Chimarra aterrima 5.43 7.29 1.98 5.93 0.23 1.33 0.16 F VA
Chimarra aterrima 5.68 7.29 1.98 5.93 0.23 1.40 0.16 F VA
Chimarra aterrima 4.57 5.56 1.73 6.18 0.22 1.25 0.16 M VA
Chimarra aterrima 4.82 6.18 1.73 568 0.20 1.25 0.16 M VA
Chimarra aterrima 4.57 6.55 1.85 6.79 0.23 1.40 0.16 M VA
Chimarra aterrima 4.45 5.56 1.48 5.31 0.20 1.25 0.12 M VA
Chimarra aterrima 4.69 6.30 1.73 6.30 0.23 1.17 0.08 M VA
Chimarra aterrima 4.82 6.42 1.73 5.93 0.23 1.33 0.16 M VA
Chimarra aterrima 4.57 6.55 1.85 6.55 0.23 1.33 0.09 M VA
Chimarra aterrima 5.19 6.67 1.85 6.05 0.23 1.25 0.12 M VA
Chimarra aterrima 4.82 6.18 1.73 5.93 0.23 1.17 0.14 M VA
Chimarra aterrima 5.06 6.67 1.85 6.30 0.23 1.33 0.16 M VA
Chimarra aterrima 4.57 6.18 1.73 5.93 0.27 1.17 0.16 M VA
Chimarra aterrima 4.69 6.30 1.73 6.30 0.23 1.33 0.16 M VA
Chimarra aterrima 4.69 6.79 1.85 6.30 0.23 1.33 0.12 M VA
Chimarra aterrima 5.06 6.55 1.85 6.05 0.23 1.33 0.16 M VA
Chimarra aterrima 4.94 6.92 1.98 6.30 0.23 1.33 0.12 M VA
Chimarra aterrima 4.45 6.67 1.73 6.42 0.25 1.33 0.16 M VA
Chimarra aterrima 4.20 6.42 1.85 6.30 0.23 1.33 0.09 M VA
Chimarra aterrima 5.43 5.43 1.73 5.93 0.23 1.40 0.09 M VA
Chimarra aterrima 4.69 6.55 1.85 6.42 0.23 1.40 0.09 M VA
Chimarra aterrima 4.45 6.18 1.73 6.30 0.23 1.33 0.16 M VA
Chimarra texana 6.05 7.53 2.10 6.79 0.39 1.48 0.16 F TX
Chimarra texana 5.80 7.78 2.10 6.42 0.35 1.56 0.20 F TX
Chimarra texana 5.31 6.30 1.98 6.30 0.31 1.48 0.16 F TX
Chimarra texana 6.05 7.53 2.10 6.42 0.39 1.48 0.16 F TX
Chimarra texana 4.82 7.66 2.10 6.30 0.31 1.64 0.16 F TX
Chimarra texana 5.43 7.78 2.10 6.42 0.39 1.64 0.16 F TX
Chimarra texana 5.56 8.15 2.10 6.18 0.39 1.72 0.16 F TX
Chimarra texana 5.19 6.79 1.85 568 0.31 1.48 0.16 F TX
Chimarra texana 4.32 6.92 1.98 6.30 0.35 1.48 0.16 F TX
Chimarra texana 4.94 7.41 2.10 6.18 0.31 1.48 0.16 F TX
Chimarra texana 4.57 7.04 1.85 5.68 0.25 1.40 0.16 F TX
Chimarra texana 4.94 7.53 1.98 5.68 0.31 1.48 0.16 F TX
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Length Width Length Width Length Width

Chimarra texana 4.08 7.66 1.98 6.18 0.23 1.56 0.16 F TX
Chimarra texana 4.94 7.04 1.98 5.56 0.27 1.40 0.16 F TX

Philopotamidae Chimarrinae Chimarra texana 4.57 6.79 1.98 5.56 0.23 1.40 0.16 F TX
Chimarra texana 5.56 7.78 2.22 6.30 0.35 1.48 0.16 F TX
Chimarra texana 4.57 6.55 1.85 6.42 0.31 1.56 0.16 M TX
Chimarra texana 4.69 6.05 1.85 568 0.31 1.25 0.16 M TX
Chimarra texana 5.06 6.67 1.85 6.30 0.39 1.48 0.16 M TX
Chimarra texana 5.06 6.55 1.98 5.68 0.31 1.56 0.16 M TX
Chimarra texana 4.57 6.30 1.85 5.80 0.33 1.33 0.16 M TX

Philopotamidae Philopotaminae Dolophilodes aequalis 7.16 9.76 2.72 7.53 0.27 1.95 0.14 F MT
Dolophilodes aequalis 6.55 10.50 2.72 8.27 0.31 2.11 0.16 F MT
Dolophilodes aequalis 7.78 11.36 3.09 8.15 0.31 2.34 0.16 F MT
Dolophilodes aequalis 9.02 11.73 3.33 8.40 0.27 2.18 0.16 F WY
Dolophilodes aequalis 8.03 10.25 2.84 7.90 0.31 2J6 0.14 F WY
Dolophilodes aequalis 9.76 12.10 3.09 9.26 0.31 2.50 0.20 F ID
Dolophilodes aequalis 8.65 12.10 3.21 9.26 0.34 2.57 0.20 F ID
Dolophilodes aequalis 9.14 10.87 2.84 865 0.35 2.50 0.18 F ID
Dolophilodes aequalis 10.00 12.47 3.09 10.00 0.39 2.57 0.16 F UT
Dolophilodes aequalis 9.26 12.23 3.21 9.02 0.31 2.50 0.20 F UT
Dolophilodes aequalis 7.41 11.12 2.84 8.03 0.31 2.18 0.14 F UT
Dolophilodes aequalis 7.04 10.37 2.72 7.66 0.27 2.18 0.16 F UT
Dolophilodes aequalis 7.66 11.12 3.09 7.78 0.31 2.18 0.16 F UT
Dolophilodes aequalis 7.90 10.37 2.96 7.78 0.31 2.34 0.16 F UT
Dolophilodes aequalis 7.29 10.37 3.09 7.78 0.27 2.18 0.16 F UT
Dolophilodes aequalis 6.92 9.76 2.84 7.41 0.31 2.11 0.16 F UT
Dolophilodes aequalis 8 03 10.50 2.84 9.14 0.27 2.18 0.14 M WY
Dolophilodes aequalis 6.18 9.63 2.72 10.25 0.27 2.03 0.16 M MT
Dolophilodes aequalis 6.55 10.62 2.96 9.88 0.27 2.11 0.16 M MT
Dolophilodes aequalis 6.79 11.12 3.09 9.88 0.31 2.26 0.12 M MT
Dolophilodes aequalis 7.04 11.73 3.21 10.25 0.39 2.34 0.16 M MT
Dolophilodes aequalis 6.67 8.89 2.59 8.89 0.31 1.87 0.14 M MT
Dolophilodes aequalis 6.42 9.26 2.72 9.02 0.27 1.95 0.16 M WY
Dolophilodes aequalis 7.04 10.25 2.96 9.51 0.31 2.18 0.14 M MT
Dolophilodes aequalis 8.65 11.36 3.09 10.50 0.35 2.34 0.16 M ID
Dolophilodes aequalis 7.41 10.99 3.46 10.13 0.31 2.26 0.14 M UT
Dolophilodes aequalis 6.67 10.99 3.09 10.25 0.31 2.34 0.12 M UT
Dolophilodes aequalis 6.79 10.50 3.09 10.00 0.31 2.18 0.16 M UT
Dolophilodes distinctus 7.04 5.31 1.85 5.68 0.25 1.56 0.09 F NF
Dolophilodes distinctus 5.56 7.04 2.22 5.68 0.27 1.72 0.12 F NF
Dolophilodes distinctus 5.80 7.16 2.10 5.68 0.27 1.64 0.12 F NF

Philopotamidae Philopotaminae Dolophilodes distinctus 5.56 7.29 2.10 568 0.27 1.48 0.09 F NF
Dolophilodes distinctus 5.19 7.16 2.22 5.68 0.23 1.64 0.12 F NF
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Appendix B. Raw data (continued).

Family Subfamily

Polycentropodidae

Polycentropodidae

Genus Species Body
Length

Dolophilodes distinctus 5.19
Dolophilodes distinctus 4.82
Dolophilodes distinctus 4.69
Dolophilodes distinctus 5.56
Dolophilodes distinctus 4.82
Dolophilodes distinctus 4.45
Dolophilodes distinctus 4.08
Dolophilodes distinctus 4.45
Dolophilodes distinctus 4.32
Dolophilodes distinctus 4.57
Dolophilodes distinctus 4.82
Dolophilodes distinctus 4.45
Dolophilodes distinctus 4.32
Dolophilodes distinctus 4.45
Dolophilodes distinctus 5.06
Dolophilodes distinctus 4.45
Dolophilodes distinctus 4.82
Dolophilodes distinctus 4.69
Dolophilodes distinctus 4.20
Dolophilodes distinctus 4.69
Dolophilodes distinctus 4.45
Dolophilodes distinctus 4.69
Dolophilodes distinctus 3.95
Dolophilodes distinctus 4.69
Dolophilodes distinctus 4.45
Dolophilodes distinctus 4.08
Dolophilodes distinctus 4.69
Neureclipsis bimaculata 6.42
Neureclipsis bimaculata 6.92
Neureclipsis bimaculata 5.93
Neureclipsis bimaculata 5.56
Neureclipsis bimaculata 6.79
Neureclipsis bimaculata 6.05
Neureclipsis bimaculata 6.79
Neureclipsis bimaculata 5.43
Neureclipsis bimaculata 5.93
Neureclipsis bimaculata 5.93
Neureclipsis bimaculata 5.68
Neureclipsis bimaculata 7.04
Neureclipsis bimaculata 8 52
Neureclipsis bimaculata 8.40
Neureclipsis bimaculata 8 03

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

6.67 2.22 5.31 0.27 1.56 0.12 F NF
7.29 2.35 5.06 0.26 1.64 0.12 F NF
6.55 2.10 4.69 0.23 1.56 0.12 F NF
6.92 2.10 5.80 0.23 1.56 0.14 F NF
6.67 1.98 6.05 0.31 1.48 0.12 M NF
6.42 1.98 5.19 0.27 1.40 0.08 M NF
6.18 2.10 568 0.27 1.56 0.11 M NF
6.79 2.10 568 0.26 1.56 0.12 M NF
6.55 1.98 6.05 0.27 1.56 0.12 M NF
7.29 2.10 6.18 0.27 1.56 0.12 M NF
6.30 2.10 6.30 0.31 1.48 0.08 M NF
7.16 2.10 6.30 0.31 1.64 0.09 M NF
6.55 2.10 5.93 0.25 1.56 0.12 M NF
6.79 2.22 6.42 0.27 1.40 0.08 M NF
6.79 2.10 6.42 0.30 1.56 0.08 M NF
6.92 2.10 6.05 0.27 1.56 0.09 M NF
7.04 2.22 6.18 0.27 1.56 0.12 M NF
7.04 2.10 5.80 0.23 1.72 0.12 M NF
7.04 2.35 6.30 0.27 1.56 0.09 M NF
7.16 2.22 6.30 0.27 1.79 0.12 M NF
6.42 2.10 5.80 0.31 1.56 0.09 M NF
6.67 2.22 5.93 0.31 1.56 0.09 M NF
6.18 2.10 5.43 0.23 1.48 0.09 M NF
6.79 2.35 568 0.27 1.48 0.12 M NF
7.04 2.22 5.80 0.31 1.40 0.09 M NF
6.67 2.10 605 0.31 1.64 0.09 M NF
6.42 1.98 5.56 0.27 1.40 0.09 M NF
7.66 2^2 5.31 0.31 1.79 0.22 F AK
8 89 2.35 6.05 0.23 1.95 0.31 F NWT
8.27 2.10 568 0.23 1.87 0.27 F NWT
8.52 2.22 5.68 0.23 1.95 0.25 F NWT
9.26 2.47 6.42 0.24 2.03 0.31 F NWT
8.52 2.35 5.31 0.23 1.95 0.27 F NWT
8 65 2.35 6.18 0.27 2.03 0.29 F NWT
8.03 2.10 5.19 0.25 1.95 0.22 F NWT
8.65 2.22 5.43 0.31 1.95 0.26 F NWT
8.40 2.22 5.43 0.27 1.95 0.31 F NWT
9.51 2.47 6.55 0.35 2.18 0.32 F NWT
9.14 2.59 6.30 0.31 2.11 0.31 F NWT
9.51 2.96 5.80 0.31 2.18 0.31 F ON
8.77 2.47 6.92 0.35 2.11 0.31 F ON
9.14 2.72 6.30 0.39 2.03 0.33 F ON
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Appendix B. Raw data (continued).

Family Subfamily

Polycentropodidae

Genus Species Body
Length

Neureclipsis bimaculata 8 03
Neureclipsis bimaculata 8.15
Neureclipsis bimaculata 7.78
Neureclipsis bimaculata 8.03
Neureclipsis bimaculata 5.43
Neureclipsis bimaculata 5.43
Neureclipsis bimaculata 5.31
Neureclipsis bimaculata 4.45
Neureclipsis bimaculata 5.19
Neureclipsis bimaculata 5.68
Neureclipsis bimaculata 4.57
Neureclipsis bimaculata 4.82
Neureclipsis bimaculata 4.57
Neureclipsis bimaculata 3.95
Neureclipsis bimaculata 4.32
Neureclipsis bimaculata 4.20
Neureclipsis bimaculata 4.20
Neureclipsis bimaculata 4.94
Neureclipsis bimaculata 183
Neureclipsis bimaculata 4.20
Neureclipsis bimaculata 4.45
Neureclipsis bimaculata 4.45
Neureclipsis bimaculata 4.69
Neureclipsis bimaculata 4.69
Neureclipsis crepuscularis 6.55
Neureclipsis crepuscularis 6.30
Neureclipsis crepuscularis 5.80
Neureclipsis crepuscularis 4.82
Neureclipsis crepuscularis 5.43
Neureclipsis crepuscularis 5.56
Neureclipsis crepuscularis 6.42
Neureclipsis crepuscularis 5.19
Neureclipsis crepuscularis 5.43
Neureclipsis crepuscularis 5.19
Neureclipsis crepuscularis 6.05
Neureclipsis crepuscularis 5.43
Neureclipsis crepuscularis 6.30
Neureclipsis crepuscularis 5.68
Neureclipsis crepuscularis 4.45
Neureclipsis crepuscularis 5.19
Neureclipsis crepuscularis 5.56
Neureclipsis crepuscularis 6.42

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

9.63 2.84 6.05 0.35 226 0.33 F ON
9.39 2.96 6.30 0.39 1.87 0.34 F ON
9.51 2.59 6.18 0.35 1.64 0.35 F ON
9.51 2.84 6.55 0.35 2.11 0.33 F ON
6.79 1.98 5.56 0.27 1.56 0.16 M AK
7.41 1.98 6.18 0.27 1.79 0.16 M AK
7.41 1.98 6.18 0.25 1.72 0.17 M AK
6.79 1.98 4.32 0.23 1.64 0.17 M AK
7.16 2.22 5.68 0.27 1.64 0.16 M AK
7.04 2.10 6.05 0.30 1.72 0.22 M AK
6.79 2.10 5.06 0.23 1.56 0.16 M AK
6.42 1.73 5.43 0.23 1.64 0.16 M NWT
6.18 1.98 6.05 0.20 1.64 0.16 M NWT
6.42 1.98 5.43 0.23 1.56 0.16 M NWT
6.67 1.85 5.43 0.23 1.56 0.14 M NWT
6.18 1.73 5.06 0.20 1.56 0.16 M NWT
7.04 1.73 6.92 0.23 1.56 0.20 M NWT
6.67 1.98 5.31 0.27 1.64 0.16 M NWT
5.93 1.61 5.06 0.20 1.56 0.16 M NWT
6.67 1.98 5.56 0.23 1.56 0.17 M NWT
6.42 1.61 5.19 0.23 1.56 0.16 M NWT
6.67 1.85 5.56 0.23 1.56 0.16 M NWT
6.79 1.85 5.43 0.23 1.64 0.16 M NWT
6.79 1.98 5.80 0.23 1.56 0.16 M NWT
7.66 2.10 5.80 0.23 1.56 0.23 F ON
7.16 2.10 5.68 0.23 1.72 0.23 F ON
7.66 2.35 5.80 0.23 1.72 0.23 F ON
6.67 1.85 5.31 0.23 1.56 0.23 F ON
6.92 1.98 5.56 0.25 1.72 0.20 F ON
7.53 2.10 5.56 0.27 1.79 0.27 F ON
7.66 2.10 5.80 0.25 1.56 0.27 F ON
6.92 1.73 5.31 0.22 1.56 0.23 F ON
7.16 2.22 5.06 0.25 1.64 0.23 F ON
7.29 2.10 5.56 0.20 1.56 0.22 F ON
6.79 2.22 5.93 0.27 1.72 0.27 F ON
7.04 2.10 5.43 0.23 1.72 0.20 F ON
7.29 1.98 5.56 0.23 1.79 023 F ON
7.41 2.10 5.68 0.23 1.64 0.23 F ON
6.67 1.98 5.06 0.23 1.56 0.22 F AB
7.53 2.47 6.18 0.23 1.72 0.20 F AB
7.16 2.59 6.30 0.31 1.87 0.23 F ON
8.15 2.47 6.18 0.30 1.79 0.24 F ON
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Appendix B. Raw data (continued).

Family Subfamily

Polycentropodidae

Polycentropodidae

Genus Species Body
Length

Neureclipsis crepuscularis 4.57
Neureclipsis crepuscularis 4.69
Neureclipsis crepuscularis 4.32
Neureclipsis crepuscularis 4.45
Neureclipsis crepuscularis 4.20
Neureclipsis crepuscularis 4.20
Neureclipsis crepuscularis 5.68
Neureclipsis crepuscularis 4.69
Neureclipsis crepuscularis 4.08
Neureclipsis crepuscularis 3 83
Neureclipsis crepuscularis 4.20
Neureclipsis crepuscularis 4.20
Neureclipsis crepuscularis 4.69
Neureclipsis crepuscularis 4.82
Neureclipsis crepuscularis 3.95
Neureclipsis crepuscularis 4.08
Neureclipsis crepuscularis 4.20
Neureclipsis crepuscularis 4.20
Neureclipsis crepuscularis 4.45
Neureclipsis crepuscularis 4.32
Polycentropus cinereus 6.18
Polycentropus cinereus 6.18
Polycentropus cinereus 5.80
Polycentropus cinereus 6.05
Polycentropus cinereus 6 18
Polycentropus cinereus 5.43
Polycentropus cinereus 5.43
Polycentropus cinereus 6.79
Polycentropus cinereus 5.80
Polycentropus cinereus 6.30
Polycentropus cinereus 5.93
Polycentropus cinereus 6.05
Polycentropus cinereus 5.93
Polycentropus cinereus 5.56
Polycentropus cinereus 5.80
Polycentropus cinereus 6.30
Polycentropus cinereus 5.56
Polycentropus cinereus 5.68
Polycentropus cinereus 5.68
Polycentropus cinereus 6.18
Polycentropus cinereus 5.19
Polycentropus cinereus 5.43

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

6.05 2.10 4.82 0.35 1.56 0.16 M ON
6.55 1.85 5.19 0.23 1.56 0.16 M ON
6.18 1.85 5.19 0.23 1.56 0.16 M ON
5.19 1.85 5.43 0.23 1.56 0.16 M ON
5.93 1.61 5.19 0.23 1.40 0.16 M ON
6.05 1.73 5.43 0.23 1.48 0.16 M ON
6.67 1.98 5.68 0.31 1.72 0.23 M ON
6.30 1.85 5.19 0.23 1.48 0.14 M ON
5.43 1.85 5.31 0.23 1.48 0.12 M ON
5.31 1.73 5.31 0.31 1.33 0.12 M ON
6.05 1.85 4.82 0.23 1.40 0.16 M ON
6.55 1.98 5.43 0.23 1.56 0.16 M O
6.05 1.98 5.06 0.23 1.33 0.12 M ON
6.30 1.98 5.31 0.23 1.33 0.12 M ON
6.30 2.10 5.68 0.23 1.56 0.16 M ON
6.55 1.85 5.56 0.31 1.56 0.16 M ON
6.05 2.10 5.06 0.31 1.48 0.16 M ON
6.18 1.98 4.94 0.27 1.56 0.12 M ON
5.93 1.98 5.19 0.27 1.48 0.16 M ON
5.80 1.85 5.06 0.23 1.40 0.16 M ON
7.66 2.47 6.42 0.31 1.79 0.23 F ON
8.03 2.47 6.42 0.23 1.87 0.26 F ON
7.78 2.47 6.42 0.23 1.79 0.23 F ON
8.03 2.35 6.42 0.23 1.95 0.23 F ON
8.40 2.47 6.55 0.27 1.79 0.23 F ON
7.78 2.47 6.30 0.27 1.87 0.23 F ON
7.53 2.22 6.05 0.27 1.79 0.23 F ON
8.03 2.47 6.30 0.27 1.95 0.23 F ON
7.78 2.35 6.42 0.23 1.72 0.22 F ON
8.65 2.59 6.42 0.23 2.03 0.23 F ON
7.29 2.35 6.05 0.23 1.79 0.23 F ON
8.40 2.47 6.30 0.23 1.72 0.22 F ON
7.29 2.22 6.05 0.27 1.56 0.18 F ON
6.42 2.22 5.56 0.27 1.56 0.17 F ON
7.78 2.35 5.56 0.31 1.72 0.17 F ON
7.53 2.59 6.18 0.30 1.95 0.23 F ON
7.16 2.22 5.80 0.31 1.64 0.23 F ON
7.16 2.22 5.80 0.23 1.87 0.22 F ON
7.29 2.47 6.18 0.31 1.79 0.23 F ON
7.90 2.47 5.56 0.27 1.87 0.23 F ON
7.29 2.59 6.92 0.31 1.79 0.16 M ON
7.04 2.35 6.55 0.31 1.72 0.16 M ON
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Polycentropus cinereus 5.06
Polycentropus cinereus 5.06
Polycentropus cinereus 5.43
Polycentropus cinereus 5.31
Polycentropus cinereus 6.42
Polycentropus cinereus 5.43
Polycentropus cinereus 6.05
Polycentropus cinereus 5.19
Polycentropus cinereus 5.56
Polycentropus cinereus 5.93
Polycentropus cinereus 4.69
Polycentropus cinereus 5.56
Polycentropus cinereus 5.56
Polycentropus cinereus 5.43
Polycentropus cinereus 5.19
Polycentropus cinereus 5.56
Polycentropus cinereus 5.56
Polycentropus cinereus 5.43
Polycentropus crassicomis 6.55
Polycentropus crassicomis 6.05
Polycentropus crassicomis 6.05
Polycentropus crassicomis 5.68
Polycentropus crassicomis 6.05
Polycentropus crassicomis 6.30

Polycentropodidae Polycentropus crassicomis 6.55
Polycentropus crassicomis 6.30
Polycentropus crassicomis 6.18
Polycentropus crassicomis 6.05
Polycentropus crassicomis 6.79
Polycentropus crassicomis 5.56
Polycentropus crassicomis 6.67
Polycentropus crassicomis 5.56
Polycentropus crassicomis 6.42
Polycentropus crassicomis 5.93
Polycentropus crassicomis 5.56
Polycentropus crassicomis 6.67
Polycentropus crassicomis 6.30
Polycentropus crassicomis 5.06
Polycentropus crassicomis 6.18
Polycentropus crassicomis 6.18
Polycentropus crassicomis 7.53
Polycentropus crassicomis 6.92

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

7.41 2.47 6.92 0.27 1.79 0.23 M ON
7.16 2.22 6.55 0.31 1.79 0.16 M ON
7.29 2.47 5.93 0.31 1.79 0.16 M ON
7.16 2.22 6.30 0.31 1.79 0.16 M ON
7.53 2.59 6.92 0.27 1.87 0.16 M MT
6.79 2.10 6.67 0.31 1.79 0.16 M MT
6.92 2.22 6.30 0.31 1.72 0.16 M MT
6.79 2.22 6.55 0.27 1.56 0.16 M MT
7.41 2.22 6.55 0.29 1.79 0.16 M MT
7.90 2.35 7.04 0.27 1.87 0.16 M MT
6.55 2.10 6.30 0.27 1.64 0.14 M MT
6.79 2.22 6.30 0.31 1.64 0.16 M MT
6.55 2.10 6.42 0.31 1.64 0.16 M MT
7.16 Z22 6.79 0.27 1.72 0.16 M MT
6.92 2.10 6.42 0.31 1.64 0.16 M MT
6.92 2.22 6.42 0.27 1.64 0.16 M MT
6.92 2.10 6.92 0.27 1.64 0.16 M MT
7.16 2.22 6.92 0.23 1.79 0.16 M MT
8.27 2.59 7.53 0.31 2.03 0.20 F MD
7.90 2.35 6.42 0.24 1.79 0.16 F MD
7.90 2.47 6.92 0.27 1.95 0.18 F MD
7.53 2.22 6.18 0.27 1.72 0.16 F MD
7.90 2.47 7.16 0.27 2.03 0.16 F MD
8 03 2.35 6.30 0.27 2.03 0.16 F MD
7.78 2.47 6.55 0.23 1.72 0.16 F MD
7.66 2.35 6.30 0.23 1.87 0.17 F MD
8.03 159 6.42 0.31 1.87 0.16 F MD
7.41 2.47 5.68 0.27 1.87 0.16 F MD
8.77 2.72 6.92 0.31 1.95 0.22 F MD
7.78 2.47 6.42 0.23 1.87 0.19 F MD
8.65 2.59 7.53 0.30 2.11 0.23 F MD
7.04 2.22 6.30 0.23 1.56 0.16 F MD
7.53 2.47 6.79 0.25 1.87 0.16 F MD
7.90 2.47 6.18 0.23 1.79 0.16 F MD
7.29 2.35 6.55 0.27 1.64 0.17 F MD
7.90 2.47 6.30 0.23 1.87 0.16 F MD
7.53 2.59 6.79 0.23 1.95 0.20 F MD
7.29 2.22 5.56 0.23 1.72 0.16 F MD
7.53 2.59 6.92 0.31 1.87 0.23 F MD
8.27 2.72 889 0.35 2.18 0.23 M MD
9.02 3.09 10.37 0.39 2.34 0.23 M VA
9.88 3.21 10.00 0.41 2.50 0.23 M VA
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Polycentropus crassicornis 7.53
Polycentropus crassicomis 7.66
Polycentropus crassicornis 7.53
Polycentropus crassicomis 8.03
Polycentropus crassicomis 6.30
Polycentropus crassicomis 5.93
Polycentropus crassicomis 6.79
Polycentropus crassicomis 7.16
Polycentropus crassicomis 6.55

Psychomyiidae Psychomyiinae Lype diversa 383
Lype diversa 3.46
Lype diversa 4.57
Lype diversa 383
Lype diversa 4.57
Lype diversa 3.58
Lype diversa 3.71
Lype diversa 3.33
Lype diversa 3.21
Lype diversa 3.09
Lype diversa 3.46

Psychomyiidae Psychomyiinae Lype diversa 3.09
Lype diversa 3.21
Lype diversa 3.46
Lype diversa 3.21
Lype diversa 3.46
Lype diversa 4.20
Lype diversa 4.45
Lype diversa 3.33
Lype diversa 4.32
Lype diversa 2.96
Lype diversa 4.45
Lype diversa 2.96
Lype diversa 3.09
Lype diversa 2.96
Lype diversa 2.96
Lype diversa 3.09
Lype diversa 2.47
Lype diversa 4.08
Lype diversa 2.96
Lype diversa 2.72
Lype diversa 2.47
Lype diversa 2.59

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

10.25 3.33 11.12 0.43 2.57 0.23 M VA
8.77 2.96 10.00 0.43 2.18 0.23 M VA
10.00 3.21 11.12 0.43 2.34 0.23 M VA
10.13 3.33 11.36 0.47 1.95 0.23 M VA
9 88 3.33 9.76 0.39 2.34 0.22 M VA
9.26 3.09 10.00 0.39 2.42 0.23 M VA
9.26 2.96 9.14 0.39 2.18 0.23 M VA
9.26 3.33 9.39 0.43 2.26 0.23 M ON
8.65 2.84 8.77 0.39 2.26 0.20 M ON
5.31 1.48 6.79 0.16 1.33 0.09 F MO
5.43 1.24 4.45 0.16 1.17 0.12 F MO
5.31 1.48 4.57 0.16 1.33 0.12 F MO
5.06 1.36 4.08 0.17 1.25 0.08 F MO
5.19 1.48 4.57 0.16 1.33 0.09 F MO
4.94 1.36 3.71 0.23 1.09 0.16 F WV
5.06 1.48 4.32 0.16 1.33 0.16 F WV
5.06 1.36 3.83 0.16 1.09 0.12 F TN
5.06 1.36 3.95 0.20 1.25 0.14 F ON
4.82 1.24 183 0.16 1.17 0.13 F ON
5.56 1.36 4.32 0.16 1.25 0.16 F ON
5.19 1.36 4.32 0.16 1.17 0.16 F ON
5.43 1.36 4.08 0.17 1.25 0.16 F ON
5.19 1.36 4.20 0.16 1.25 0.16 F ON
4.45 1.24 3.71 0.20 1.09 0.16 F ON
5.31 1.36 4.20 0.20 1.25 0.14 F ON
5.19 1.24 408 0.20 1.17 0.12 F ON
5.43 1.48 4.45 0.16 1.33 0.12 F ON
4.94 1.36 3.95 0.16 1.17 0.09 F GA
4.82 1.24 3.71 0.16 0.94 0.09 F GA
4.32 1.24 4.45 0.16 1.17 0.08 M MO
4.69 1.36 5.06 0.16 1.17 0.08 M MO
4.32 1.24 4.57 0.16 1.09 0.08 M MO
3.83 1.11 4.32 0.16 1.09 0.08 M MO
4.57 1.24 4.57 0.20 1.17 0.09 M MO
4.32 1.24 4.08 0.16 1.09 0.08 M ON
4.20 1.24 4.94 0.16 1.09 0.08 M ON
3.95 1.11 4.08 0.16 1.01 0.08 M ON
3.71 1.11 4.20 0.16 1.01 0.09 M ON
4.32 1.24 4.94 0.16 1.01 0.08 M ON
3.95 1.24 4.20 0.16 1.09 0.08 M ON
4.20 1.11 4.32 0.16 1.01 0.08 M NC
3.46 1.11 183 0.16 0.94 0.08 M GA
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Appendix B. Raw data (continued).

Family Subfamily Genus Species Body
Length

Lype diversa 2.47
Lype diversa 2.47
Lype diversa 2.84
Lype diversa 2.84
Lype diversa 2.59
Lype diversa 2.47
Lype diversa 3.21

Psychomyiidae Psychomyiinae Psychomyia flavida 4.20
Psychomyia flavida 4.45
Psychomyia flavida 4.32
Psychomyia flavida 4.69
Psychomyia flavida 4.32
Psychomyia flavida 4.82
Psychomyia flavida 4.45
Psychomyia flavida 4.57
Psychomyia flavida 4.20

Psychomyiidae Psychomyiinae Psychomyia flavida 4.32
Psychomyia flavida 2.59
Psychomyia flavida 2.84
Psyehomyia flavida 2.72
Psychomyia flavida 3.33
Psychomyia flavida 3 58
Psychomyia flavida 2.47
Psychomyia flavida 2.59
Psychomyia flavida 3.09
Psychomyia flavida 2.84
Psychomyia flavida 2.84

Wing Wing Antenna Eye Mesotibial Mesotibial Sex State
Length Width Length Width Length Width

3.46 0.99 3.83 0.16 0.94 0.08 M GA
3.09 0.86 3.46 0.16 0.78 0.08 M GA
3.58 1.11 3.83 0.20 1.33 0.08 M ON
3.95 1.36 3.83 0.16 0.94 0.08 M ON
3.58 0.99 3.95 0.16 0.86 0.08 M ON
3.58 1.11 3.83 0.16 0.86 0.08 M ON
3.95 1.24 4.45 0.20 0.86 0.09 M ON
4.94 1.11 3.83 0.16 1.17 0.12 F MT
5.43 1.36 4.08 0.23 1.17 0.14 F MT
5.43 1.24 2.96 0.16 1.09 0.14 F MT
5.43 1.36 4.08 0.18 1.17 0.14 F MT
5.43 1.36 3.71 0.18 1.25 0.16 F MT
5.56 1.24 4.32 0.16 1.17 0.14 F MT
5.31 1.24 3.71 0.16 1.17 0.15 F MT
5.56 1.24 3.95 0.16 1.17 0.14 F MT
5.43 1.24 3.83 0.16 1.17 0.12 F MT
4.94 1.24 183 0.16 1.17 0.14 F MT
5.19 1.36 4.82 0.16 1.25 0.12 M MT
4.82 1.36 4.69 0.16 1.17 0.12 M MT
4.57 1.36 4.32 0.16 1.09 0.12 M MT
5.06 1.48 5.06 0.20 1.17 0.08 M MT
5.80 1.36 5.68 0.16 1.17 0.08 M MT
4.32 1.11 4.08 0.20 1.17 0.08 M MT
4.57 1.24 4.20 0.16 1.17 0.08 M MT
4.45 1.11 4.45 0.16 1.09 0.10 M MT
4.82 1.24 4.45 0.16 1.01 008 M MT
4.32 0.99 3.95 0.16 1.09 0.10 M MT
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Table A.I. Sample sizes, museum collections and state/province where specimens of Hydropsychidae caddisflies were collected.

Subfamily Sample Size Collection State/Province
G en u s s p e c ie s

F M
where collected

Arctopsychinae Montana State University Entomology
A r c to p sy c h e  g ra n d is 2 0 2 0 Collection (MTEC) MT

A r c to p sy c h e  irro ra ta 6 2 0 Clemson University Arthropod Collection SC
(CUCC)

P a r a p s y c h e  e ls is 15 2 0 National Museum of Natural History (NMNH) OR, UT, WY
MTEC MT

Diplectroninae
D ip le c tr o n a  m o d es ta 2 0 2 0 CUCC SC

Hydropsychinae Colorado State University Entomology
C h eu m a to p syc h e  a p h a n ta 15 19 Collection (CSUC) OH

NMNH AR

C h eu m a to p syc h e  g r a c il is 2 0 26 California Academy of Sciences Insect
Collection (CASC) AR, NY, WY
Royal Ontario Museum (ROME) AS, ON
CSUC CO

C h eu m a to p syc h e  h a rw o o d i 1 2 14 CASC TN
CSUC NC, VA, WV
NMNH VA

C h eu m a to p syc h e  m in u scu la 2 1 1 2 CASC, ROME AR, ON



Table A. I . Continued.

Subfamily Sample Size Collection State/Province
G en u s sp e c ie s

F M
where collected

Hydropsychinae
C h eu m a to p syc h e  p e t t i t i 21 20 CUCC SC

C h eu m a to p syc h e  sp e c io s a 4 9 CASC, CSUC MD, CO

20 20 CASC MN, NY, VA AB,
C e ra to p sy c h e  a lte rn a n s ROME ON

C e ra to p sy c h e  c o c k e re lli 15 20 CASC, MTEC OR, ID, MT

C e ra to p sy c h e  m o ro sa 20 20 CSUC CO, MN, OK
ROME OK, ON

C e ra to p sy c h e  o s la r i 20 17 CASC, NMNH AZ, CO

C e ra to p sy c h e  s lo s so n a e 19 18 Dr. Billie Kerans Personal Collection PA
CASC NC
University of Minnesota (UMSP) MN

C e ra to p sy c h e  sp a rn a 20 20 CUCC SC

H y d r o p sy c h e  b e tte n i 20 21 CUCC GA, NC, SC

H y d r o p sy c h e  con fu sa 20 20 MTEC MT

H y d r o p sy c h e  e lis so m a 20 20 CUCC SC

H y d r o p sy c h e  h a g en i 6 18 CASC, CSUC, NMNH PA, KY, VA,WV



Table AT. Continued.

Subfamily Sample Size
G en u s s p e c ie s

F M

Hydropsychinae
H y d r o p sy c h e  o c c id e n ta lis 2 0 2 1

H y d r o p sy c h e  sc a la r is 5 2 0

P o ta m y ia  f la v a 18 2 0

Smicrideinae
S m ic r id ea  d is p a r 1 2 2 0

Smicrideinae 2 0 20
S m ic r id ea  d ith y ra

S m ic r id ea  fa s c ia te l la 2 0 2 0

Macronematinae
L e p to n e m a  a lb o v ire n s 14 1 0

M a c ro s te m u m  C arolina 2 0 2 0

M a c ro s te m u m  ze b ra tu m 31 40

Collection State/Province 
where collected

CASC, MTEC CA, MT

CSUC
NMNH

SC, TX, VA 
PA, WI

CASC, CSUC, ROME 
NMNH

FE, NB, TX 
MD, OK

CASC CA

CUCC Mexico

CSUC CA, TX

CASC
UMSP

Mexico, 
Costa Rica

CUCC GA, SC

CASC, ROME 
NMNH
Illinois Natural History Survey (INHS)

IN, MN, ON 
MD, VA, WV 
IL, WI
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